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Environment
Atmosphere
Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

This conclusion is reached because:
•

the risk assessment shows that risks are not expected. Risk reduction measures already being
applied are considered sufficient.

Aquatic ecosystem
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

This conclusion is reached because of:
•

concern for birds consuming mussels exposed to DEHP near sites processing polymers with
DEHP or sites producing printing inks, sealants and/or adhesives with DEHP. The scenarios
that give concern are generic scenarios based on default emission data. There is no concern
for the limited number of sites that have reported measured emission data.

Conclusion (i)

There is a need for further information and/or testing.

Further refinement of the assessment may remove some concern. This conclusion is reached
because of:
•

concern for sediment dwelling organisms as a consequence of exposure to DEHP near sites
processing polymers with DEHP or sites producing lacquers, paints, printing inks, sealants
and/or adhesives with DEHP. The scenarios that give concern are generic scenarios based on
default emission data. There is no concern for the limited number of sites that have reported
measured emission data.

Further refinement of the assessment may remove some concern. However implementation of
risk management measures to address the risks identified for other environmental spheres will
eliminate the need for further information on sediment dwelling organisms.
Terrestrial ecosystem
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

This conclusion is reached because of:
•

VI

concern for mammals consuming earthworms exposed to DEHP near sites processing
polymers with DEHP or sites producing lacquers, paints, printing inks, sealants and/or

adhesives with DEHP. The scenarios that give concern are generic scenarios based on
default emission data. There is no concern for the limited number of sites that have reported
measured emission data.
Conclusion (i)

There is a need for further information and/or testing.

Further refinement of the assessment may remove some concern. This conclusion is reached
because of:
•

concern for soil organisms exposed to DEHP near sites processing polymers with DEHP or
sites producing printing inks, sealants and/or adhesives with DEHP. The scenarios that give
concern are generic scenarios based on default emission data. There is no concern for the
limited number of sites that have reported measured emission data.

Further refinement of the assessment may remove some concern. However implementation of
risk management measures to address the risks identified for other environmental spheres will
eliminate the need for further information on soil organisms.
Micro-organisms in the sewage treatment plant
Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

This conclusion is reached because:
•

the risk assessment shows that risks are not expected. Risk reduction measures already being
applied are considered sufficient.

Human Health
Workers
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

This conclusion is reached because of:
•

concerns for testicular effects, fertility, toxicity to kidneys, on repeated exposure and
developmental toxicity as a consequence of inhalation and dermal exposure during
production, processing and industrial end-use of preparations or materials containing DEHP

Consumers
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

This conclusion is reached because of:
•

concerns for children with regard to testicular effects, fertility, and toxicity to kidneys, on
repeated exposure as a consequence of oral exposure from toys and child-care articles, and
multiple routes of exposure.

•

concerns for children undergoing long-term blood transfusion and neonates undergoing
transfusions with regard to testicular toxicity and fertility, as a consequence of exposure
from materials in medical equipment containing DEHP.

VII

•

concerns for adults undergoing long-term haemodialys with regard to repeated dose toxicity
to kidney and testis, fertility, and developmental toxicity, as a consequence of exposure from
materials in medical equipment containing DEHP.

Humans exposed via the environment
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

This conclusion is reached because of:
•

concerns for children with regard to testicular effects, fertility, and toxicity to kidneys, on
repeated exposure as a consequence of exposure via food locally near sites processing
polymers with DEHP, or sites producing sealants and/or adhesives, paints and lacquers or
printing inks with DEHP. The scenarios that give concern are generic scenarios based on
default emission data. There is no concern for the limited number of sites that have reported
measured emission data.

•

concerns for children with regard to testicular toxicity, as a consequence of exposure via
food grown locally near sites recycling paper or municipal sewage treatment plants. The
scenarios that give concern are generic scenarios based on default emission data.

Human Health (risks from physico-chemical properties)
Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

This conclusion is reached because:
•

VIII

the risk assessment shows that risks are not expected. Risk reduction measures already being
applied are considered sufficient.
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1

GENERAL SUBSTANCE INFORMATION

1.1

IDENTIFICATION OF THE SUBSTANCE

CAS Number:
117-81-7
EINECS Number:
204-211-0
IUPAC Name:
Bis(2-ethylhexyl) phthalate
Molecular formula: C24H38O4
Structural formula:
O

CH3

O
O

CH3

O
H3C

H3C

Molecular weight:
Synonyms:

Trade names:

1.2

390.6
1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester
Bis(2-ethylhexyl) 1,2-benzenedicarboxylate
Bis(2-ethylhexyl) o-phthalate
Bis(2-ethylhexyl) phthalate
DEHP
Di(2-ethylhexyl) phthalate
Dioctyl phthalate
DOP (pseudo-synonym, incl. also other isomeric forms of the alcohol part)
Phthalic acid dioctyl ester
Phthalic acid, bis(2-ethylhexyl) ester
FLEXOL Plasticizer DOP
Union carbide
Essochem DOP
ESSO
Palatinol AH
BASF AG
BASF AG
Palatinol AH-L (med.) 99.5%
Genomoll 100 99.7%
Hoechst AG
Vestinol AH 99.5%
Hüls AG 1994a
PURITY/IMPURITIES, ADDITIVES

Purity/impurity
Only few data about the purity are available. This indicates a high purity level (99.7%). The
impurities found are mainly other phthalates (Hüls AG 1995g).
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Additives
“Bisphenol
A”;
4,4’-isopropylidenediphenol
(synonyms
e.g.:
diphenylolpropane;
2,2-bis(p-hydroxyphenyl)-propane). CAS No. 80-05-7. Some customers request this additive in
the range of 0.025 to 0.5% (ECPI 1998a).

1.3

PHYSICO-CHEMICAL PROPERTIES

Physical state
DEHP is a colourless oily liquid at normal temperature.
Melting-point
-50°C (Sorbe 1984, in Rippen 2005), –55°C (pour point, BUA 1986; CRC 1995)
Boiling-point
Approximately 230°C at 5 mm Hg (BASF1994b; Clayton 1981, in HSDB 2005)
385°C at 1013 hPa (Verscheuren 1983 and Sorbe 1984 in Rippen 2005)
Density
0.984 g/cm3 at 20°C (OECD 1979, in Rippen 2005)
0.986 g/cm3 at 20°C (IARC 1982, in HSDB 2005)
0.980-0.985 g/ml (Furtmann 1996)
Vapour pressure
A large range of values on the vapour pressure is available in the literature (0.00000004 0.0014 Pa, Staple et al. 1997b). However, recent studies have shown that many of these values
probably are overestimations due to interference from impurities (Rippen 1992). In a newly
made measurement with 99.5% pure DEHP, the vapour pressure was estimated to 0.000034 Pa at
20°C (See Table below) (Hüls AG 1997). This value is used for assessing the environmental fate.
°C

Pa

10

0.000010*

15

0.000023

20

0.000034*

30

0.00013*

40

0.00047*

50

0.0016*

60

0.0057

Comment

used in EUSES / fugacity
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70

0.011

80

0.039

90

0.10

100

0.29

110

0.76

120

1.9

140

4.5*

160

2.4*

180

80*

203

287

210

389

216

511

*

FINAL REPORT, 2008

max. indoor car (BUA 1986)

injection moulding, PVC

Extrapolated values

Water solubility
A large range of values on the water solubility is available in the literature (0.003-1.3 mg/l at
20-25°C) (see Table 1.1). A probable explanation of this is that DEHP easily forms more or less
colloidal dispersions in water, which increase the amount DEHP in the water phase (Lundberg
and Nilsson 1994). The colloidal formation might be of relevance in understanding laboratory
studies in aquatic media. A colloidal water solubility of about 0.34 mg/l (ECETOC 1985) is
assumed in this assessment. However, the non-colloidal solubility is more relevant to the fugitive
long-term distribution in the environment. Staples et al. (1997) reviewed present studies on water
solubility and compared these with different calculated values. Based on these they suggested a
non-colloidal solubility of 0.003 mg/l(the temperature for this solubility was not mentioned). An
alternative method to get round the colloidal disturbance was developed by Thomsen et al. 2001.
By measuring the surface tension the solubility in water was estimated to be about 0.017 mg/l at
22°C. The authors suggest that the deviation from earlier estimations based on slow stirring
technique may depend on high affinity for adsorption at interfaces of laboratory equipment. This
then may reduce the accuracy in the recovery of DEHP. Available studies clearly show
considerable difficulties in estimating relevant water solubility. In a bioaccumulation study on
fish (Mehrle and Mayer, 1976;Mayer 1976) made at different concentration between 1.9 to
62 µg/l a sharp reduction in the BCF was observed between 4.6 and 8.1 µg/l (see Table 3.44). A
probable explanation is that at test concentrations over 4.6 µg/l DEHP is dosed over the
non-colloidal water solubility (assuming a lower bioavailability for colloidal/precipitated
DEHP). Based on these data the value of 3 µg/l suggested by Staples et al., is used in the risk
assessment.
Natural constituents in water may influence the solubility. One study identifies a reduction of the
solubility with 15% in well water and 42% in seawater compared to distilled water (Howard et
al. 1985). Based on fundamental chemistry the water solubility for DEHP can be assumed to
increase in presence of natural occurring dissolved organic matter. Studies describing this are,
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however, not available. Monitoring studies indicate that DEHP may occur at higher
concentrations (e.g. 92 µg/l in a ground water sample near an industrial landfill, Branzén 2000).
Partition coefficient; n-octanol/water
Log Kow values from 4.8 to 9.6 are available (see Table 1.1). Due to the ability of DEHP to
form a colloidal dispersion in water, several reported values of log Kow probably are
underestimations (Howard et al. 1985). Only results based on HPLC technique or slow-stir
methods are therefore assumed to be useful. A value of 7.5 is recommended in a recent review
(Staple et al. 1997b). This value is used in the assessment. In the EUSES model the value 7.0 is
used (the highest recommended value).
Table 1.1 Available values on water solubility and log Kow on DEHP
Chemical and Physical °C
properties

Comment (Reference)

Water solubility (mg/l)
0.0006

25°C

Sea water, “generator column” method
(Staples et al. 1997)

0.0011 (calc.)

-

(Staples et al. 1997)

0.0026 (calc.)

-

(Staples et al. 1997)

0.003

?

Review recommendation. Used in this
assessment (Staples et al. 1997)

Approximately
0.007-0.04

20°C

(BASF AG 1994b)

0.017

22°C

Surface activity method (Thomsen et.al. 2001)

0.029

20°C

(Rippen 1992)

0.041

20°C

(Leyder et al. 1983)

0.045

?

(BASF AG 1989)

0.046

20°C

(OECD 1981)

0.0466

25°C

(ECETOC 1985)

0.0476

15°C

(ECETOC 1985)

0.16

?

Sea water (Howard et al. 1985)

0.28

?°C

(ECETOC 1985)

0.34

25°C

(Howard et al. 1985)

0.34

?

Colloidal suspension (ECETOC, 1985)

0.4

20°C

(ECETOC 1985)

0.6

?°C

(ECETOC 1985)

1.16

?

In sea water (Staples et al. 1997)

1.2

?

In sea water (Staples et al. 1997)

1.3

?°C

(ECETOC 1985)

Solubility ratio:1.0: 0.85: ?
0.58

Distilled water: well water: salt water (Howard
et al. 1985)

Table 1.1 continued overleaf

13

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

Table 1.1 continued Available values on water solubility and log Kow on DEHP
Chemical and Physical °C
properties

Comment (Reference)

log Kow
Approximately 4.8

?

(BASF AG 1994b)

4.88

25°C

(Batelle Institut 1982) (BUA 1986)

4.66-5.45

?

Average: 5.11 (Howard et al. 1985)

5.03

?

Calculated (Hoechst AG 1993)

7.14 ± 0.15

?

(Brooke et al 1990)

7.27

?

Measured (Ellington and Floyd 1996)

7.45 ± 0.06

?

Slow-stir apparatus (De Bruijn et al 1989)

7.5

-

Recommend. Used in this assessment(Staples
et al. 1997)

7.7

20°C

Measured, RP-HPLC (Condea 1995)

7.86

?

Measured, +- 1.33 (Klein et al. 1988)

7.94

?

“Overestimation”, HPLC-method (Howard et al.
1985)

8

20°C

(BASF AG 1987)

9.64

20°C

Calculated (Leyder et.al. 1983)

Other Physico-chemical properties
Surface tension
32.2 mN m-1 at 20°C (Marwedel 1966, in Rippen 2005)
Granulometry
Not applicable (liquid)
Flash point
200°C (DIN 51758) (Riddik et al. 1986)
Autoflammability
Ignition temperature: 370°C (BASF AG 1994a)
Explosivity
Explosion limit: 0.15-0.18 vol.% (BASF AG 1994a; Sorbe 1984 in Rippen 2005)
Explosion limit: 0.3-49 vol.% (Auergesellschaft 1989, in Rippen 2005)
Oxidising properties
Based on DEHP’s chemical structure this should be low. “Hazardous reaction influenced by:
strong oxidising agents” (Riddik et al. 1986).
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Table 1.2 Summary of physico-chemical properties
Property

Value

Reference

Physical state

Colourless oily liquid

see above

Melting point

-55°C or -50°C

see above

Boiling point

230°C at 5 mm Hg

see above

385°C at 1013 hPa
Density

0.986 or 0.984 g/cm3 at 20°C

see above

0.980-0.985 g/ml
Vapour pressure

0.000034 Pa @ 20°C

see above

Water solubility

3 µg/l @ 20°C

see above

Partition coefficient

7.5

see above

Granulometry

N.R:

see above

Conversion factors air

1 ppmv = 16.2 mg/m3 at 20°C
and 1013 hPa

Auergesellschaft 1989 in
Rippen 2005

Flash point

200°C

see above

Autoflammability, ignition
temperature

370°C

see above

Explosive properties

0.15 - 0.18 vol.%

see above

n-octanol/water (log value)

0.3 – 49 vol%
Oxidizing properties

Not strong oxidising agent

see above

Viscosity, dynamic

81 mPa s at 20°C

IARC 1982 in Rippen 2005

58 mPa s at 25°C

Frische 1979 in Rippen 2005

Henry’s constant

see section 3.1.2.2.2

1.4

CLASSIFICATION

1.4.1

Current classification

Human health:
Classification according to Annex I:

Toxic to reproduction, Category 2; R60-61

Environment:
Classification according to
Annex I:

1.4.2

None

Proposed classification

Environment
None
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Human Health
As adopted in the current classification (above); as given in the 28th ATP of Directive
67/549/EEC.
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2

GENERAL INFORMATION ON EXPOSURE

2.1

GENERAL

The substance di(2-ethylhexyl) phthalate (hereafter referred to as DEHP) is widely used as a
plasticiser in polymer products, mainly PVC. Plasticisers have the function of improving the
polymer material’s flexibility and workability. DEHP is one of a number of substances used as
plasticiser in PVC and other polymer materials. Examples of other plasticisers are other
phthalates, adipates, trimellitates, and phosphates (Kroschwitz, 1998).
The content of DEHP in flexible polymer materials varies but is often around 30% (w/w)
(Kroschwitz, 1998). Flexible PVC is used in many different articles e.g. toys, building material
such as flooring, cables, profiles and roofs, as well as medical products like blood bags, dialysis
equipment etc. DEHP is used also in other polymer products and in other non-polymer
formulations and products. Consequently the wide use of DEHP gives rise to many possible
scenarios of human and environmental exposure.
Information is available identifying life-cycle stages for production, formulation, processing,
use, transport/storage, waste/disposal and emissions of DEHP to the environment. European
manufacturers have been identified and the volumes of DEHP production, use, and import are
detailed.
The general information on manufacture and use of DEHP as a PVC plasticiser is envisaged to
be well documented. However, information on the use of DEHP in formulation and processing
of PVC polymers by down-stream industries (off-site; small industries) is not available with
respect to the number and size of the sites. Furthermore, it is not known whether the import
volumes are representative. It may be that the import volumes are underestimated. In addition,
there is no detailed information on formulation/processing of DEHP in non-PVC polymers or in
non-polymer uses, neither on the use of these products. Error! Reference source not found. gives
an overview of relevant life cycle stages for DEHP.
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Figure 2.1 Overview of the relevant life cycle stages of DEHP
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2.2

TONNAGE, PRODUCTION, CONSUMPTION

The quantities given in this report originate from industrial sources from different years, using
generic terms like “Western Europe” and “Europe” etc. The quantities may be valid for different
single years within the first seven years of the 1990´s (1990-1996).
Some information on quantities is given as the total quantity of all phthalates. The amount of
DEHP has been calculated, assuming the DEHP part of total phthalate plasticisers to be 51%
(ECPI, 1996a). The quantities of DEHP in non-PVC polymer use and in non-polymer use are
calculated from assumed percentages of the total use. This gives a rough estimate of the amounts
of DEHP in different life cycle stages. It is assumed that the volumes reported are representative
for the EU and that variation between different years is insignificant.
The production volume of DEHP in Western Europe for 1997 is 595,000 tpa (ECPI, 1998),
which is the value used in this assessment.
Europe is a significant producer and exporter of plasticisers. In 1993 manufacturers in Europe
produced 46% of the world demand of plasticisers and consumed 37% (Cears and Poppe 1993).
According to ECPI, the consumption was 476,000 tpa in 1997, which is used in this assessment.
According to the industry, the export of DEHP from the EU in 1997 was 186,000 tonnes. It was
expected to be less in 1998 (Rykfors, 1998-06-05).
The import can be calculated: Import= Consumption + Export – Production = 476,000 + 186,000
–595,000 = 67,000 tpa. This figure is used in this assessment. Two companies, which are
importing DEHP to the EU, are registered in IUCLID, one importing amounts between 1,000
and 5,000 tpa and another importing between 10,000 and 50,000 tpa.
The global production of DEHP was estimated to be between 1 and 4 million tpa, 1994
(Klöpffer, 1994 cited in Huber et al., 1996). The worldwide consumption of plasticisers is
estimated at 3.5 million tpa (Cears and Poppe, 1993). The production of DEHP in Japan was
348,600 tonnes in 1993. The import during the same period was 17,400 tonnes (MITI, 1997).
Phthalates belong to a group of substances that accounts for 92% of the consumption of
plasticisers in Western Europe. The use of DEHP corresponds to 51% of the total phthalate
consumption used as plasticiser in EU (ECPI, 1996a). The mean annual plasticiser consumption
1990-1995 in Western Europe was about 970,000 tpa. 894,000 tpa of this was phthalates. For the
entire plasticiser consumption in Western Europe (phthalates and others) approximately 90% are
used in PVC.
There is no information on the amounts of DEHP imported into or exported from the EU in
polymer products (and semi-manufactured products) or in other products. This creates
uncertainty in the quantification of emissions and exposure.
The import of articles made of PVC to Sweden has been investigated in a KemI-report (KemI,
1996). The main “countries of origin”, for most groups of articles, are within the European
countries. An exception is clothes made of plastics e.g. PVC, which are imported mainly from
Asia. Another example is the Swedish import of plastic high boots. The import of plastic high
boots from countries outside the EU was due to Swedish customs statistics 60-69% of the total
import of this product group. This might not be representative for all countries in the EU or the
EU as a unit and the situation is probably different for other product groups.
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However, from this information we assume that the main amount of articles containing DEHP
consumed in Europe are produced in Europe, but for some product groups the imported amount
are significant. No data on the export of articles containing DEHP have been submitted, but we
assume the export to be in the same order of magnitude as the import.

2.3

PRODUCTION

2.3.1

Production processes

Apparently all manufacturers of phthalate esters use similar processes. DEHP is produced by the
esterfication of phthalic anhydride with 2-ethyl-hexanol. This reaction occurs in two successive
steps. The first reaction step results in the formation of monoester by alcoholysis of phthalic
acid. This step is rapid and proceeds to completion. The second step involves the conversion of
the monoester to the di-ester. This is a reversible reaction and proceeds more slowly than the
first. To shift the equilibrium towards the di-ester, the reaction water is removed by distillation.
Elevated temperatures and a catalyst accelerate the reaction rate. Depending on the catalyst used,
the temperature in the second step varies from 140°C to 165°C with acid catalysts and from
200°C to 250°C with amphoteric catalysts. Variations in purity may occur depending on catalyst,
reactant alcohol and process type.
Excess alcohol is recovered and recycled and DEHP is purified by vacuum distillation and/or
activated charcoal. The reaction sequence is performed in a closed system. This process can be
run continuously or batchwise. Production of a particular phthalic ester may in some cases be
conducted on a campaign basis (Hüls, 1995; King, 1996). Production plants often produce DEHP
only due to the large volumes. A typical number of production days during a year is >330 days
(Rykfors, 1998-06-05).

2.3.2

Production capacity

Site specific data on the number and location of sites producing DEHP in the EU have been
submitted by industry, see Table 2.1.
Table 2.1 Companies producing and/or importing DEHP (IUCLID, ECPI, 1998)
Company

Location

Reported production year in IUCLID,
ECPI 1998 (*), and ECPI, 2000 (#)

BASF AG

Ludwigshafen, Germany

91, 94*, 97*, 98#

BASF, Espanola

Tarragona, Spain

90, 94*, 97*, 98#

BP Chemicals

Hull, UK

92, 94*, 97*, 98#

Schkopau, Germany

94*, 98#

Celanese1

Oberhausen, Germany

92, 94*, 97*, 98#

Driftal GPD

Lisbon, Portugal

94*, 97*, 98#

Elf Atochem Fr

Chauny, France

94*, 94, 97*, 98#

Industrie Generali SpA,

Samarante, Italy

(more info. will come)

BSL

Table 2.1 continued overleaf
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Table 2.1 continued Companies producing and/or importing DEHP (IUCLID, ECPI, 1998)
Company

Location

Reported production year in IUCLID,
ECPI 1998 (*), and ECPI, 2000 (#)

Lonza 3

San Giovani, Valdarno, Italy

93, 94*, 97*, 98#

Porto Marghera,Italy

93, 94*, 97*, 98#

Neste Oxo

Stenungsund, Sweden

92, 94*, 97*, 98#

Neste Oy

Porvoo, Finland

93, 94*, 98# (more info. will come)

Oxeno Olefinchemie2

Marl, Germany

92, 94*, 97*, 98#

Plastificantes de
Lutxana (PDL)

Baracaldo, Spain

97*

Pioltello, Italy

94*, 94**, 95**, 96**, 97**, 98** , 98#

SISAS Pantochim

Feluy, Belgium

94*, 97*, 94**, 95**, 96**, 97**, 98**, 98#

SISAS4

Ostend, Belgium

91, 94*, 97*, 94**, 95**, 96**, 97**, 98**, 98#

Linz, Austria

90, 91, 92, 93, 98#

Lonza5 Enichem SpA

SISAS

Ceased 1996

ÖMV, Chemie, Linz
*
**
#
1
2
3
4
5
6

2.3.3

Ceased

Ceased 1993

From ECPI, 1998a
From SISAS, 1999
From ECPI, 2000
Name changed from Hoechst in 1997
Name changed from Hüls in 1997
Name changed from Alusuisse in 1994
Name changed from UCB in 1995
Lonza is carrying on production of DEHP at the Enichem plant at Porto Marghera
Sintetica SpA is now the SISAS plant at Piotello and it closed 1996

Transport and storage

Almost all the phthalates consumed in Western Europe are distributed via road tankers. The
actual filling of a road or rail tanker typically takes 20 to 40 minutes. The filling of road and rail
tankers is carried out at gantries, which are largely in open air. The filling of drums is on the
other hand carried out in-house mainly by automated facilities. Only a low percentage of the
produced phthalates are distributed in drums.
Approximately 130 ktpa plasticisers are transported by ship within Europe (ECPI, 1996b). If
DEHP constitutes 47% of all plasticisers the amount of DEHP transported by ship is 61 ktpa.

2.4

USES

2.4.1

Introduction

For convenience the industrial use and end-use of DEHP can be divided into three main product
groups:
I)
II)
III)

PVC,
non-PVC polymers,
non-polymers.

Around 97% of DEHP is used as plasticiser in polymers, mainly PVC (97/100 . 476,000 tpa =
462,000 tpa). Examples of PVC products that contain DEHP are given in Table 2.2. Detailed
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information on volumes used in different products is only available for PVC applications (ECPI,
1996a, ECPI, 1996b). Between two and three per cent is used in other polymers e.g. other vinyl
resins and cellulose ester plastics4. In this risk assessment, all polymer products are hereafter
regarded as “PVC-products”. Approximately 78% of this volume is estimated to be used in
indoor applications and the remaining approximately 22% in outdoor applications (see
Table 2.2). The uses outdoors are divided into different applications.
Additionally, about three per cent (14,280 tpa) is used for non-polymer applications (ECPI,
November 1999) such as adhesives and sealant, lacquers and paints, printing inks for paper and
plastics, printing inks for textiles, rubber and ceramics for electronic purposes. Another use is as
dielectric fluid in capacitors (WHO, 1992), with one producer selling 40 tpa for this application
(Rykfors, 1998-06-05).
The group non-polymer uses is inhomogeneous and includes some applications with polymers in
the products e.g. in adhesives/sealant and in paints.
Non-polymer uses include additives for advanced ceramic materials (Neste, 1996). Advanced
ceramic materials are used in electronic and structural applications. Structural ceramics are
defined as stress-bearing components or ceramics coatings for stressed parts. Applications for
these include, for example, industrial thermal processing equipment and energy intensive
consumer appliances.
Raw material for advanced structural and electronic materials include inorganic oxide powders,
including alumina, zirconia, silica and barium titanates and ferrites, and organic additives, which
make the powder easier to treat, but do not remain in the final product.
Dioctylphthalate and DIDP are in the group of the most popular plasticisers used in these
advanced ceramic materials.
Table 2.2 Material types containing DEHP based on industry data (Industry, 1999). The polymer
applications for outdoor use are divided in the different uses
Material
Polymer – total

Distribution

DEHP (tpa)

Indoor uses
(approximately78%)

97%

462,000

362,000

Non-polymers
Total
****

3%

14,280

100%

476,000

Outdoor uses (approximately
22%)
100,000
Roofing material

1,000

Roofing (coil coating)

5,000

Cables

20,000

Coated fabric

21,000

Hoses and Profiles

6,000

Car under-coating

7,000

Shoe soles

40,000

****

No data available.

4 Other polymers where DEHP are used are other vinyl resins and cellulose ester plastics cellulose nitrate, cellulose acetate butyrate,
vinyl chloride/vinyl acetate copolymer with cellulose acetate butyrate, ethyl cellulose, polymethyl methacrylate, polystyrene, vinyl
chloride/vinyl acetate copolymer (Gächter R and Müller H, 1990).
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Information from the product registers in Sweden and Denmark supports the data on use pattern
of DEHP provided by industry.

2.4.2

Industrial use

2.4.2.1

Polymers (PVC and non-PVC polymers)

According to information provided by industry, formulation and processing generally occur at
the same site. However, DEHP may be formulated and processed at different sites but it is not
known to what extent this occurs. An assumption made by industry (Rykfors, 1998) estimates
that 15-25% of the total amount of DEHP used in Europe is formulated and processed to a semimanufactured product (compound) at one site and processed at another place. Large producers of
DEHP-containing products often produce the compound themselves, while smaller producers
buy the compound with a specified formula (Cadogan D. pers. comm.).
“Formulation” is used in this assessment to denote a sequence of steps mixing DEHP into a
polymer or into another material. Some examples of formulation are production of compounds
and master-batches. “Processing” includes the forming/moulding of the DEHP-containing
material.
EuPC is the professional representative body of plastic converters within Europe whose activity
embraces all sectors of the plastics converting industry. EuPC represents over 37,000
predominantly medium-sized companies. The combined processing capacity of EuPC’s members
amounts to more than 35 million tonnes of plastic per year.
EuPC estimates that 6,500 companies are involved in the soft PVC value chain. Only about 800
of these are soft PVC converting plants relevant in the scope of this DEHP emission assessment.
The other companies use intermediates, are fabricators, wholesalers and installers (EuPC, 2005).

2.4.3

Formulation

Typical formulations of DEHP in flexible PVC-products are 30% (w/w) (Kroschwitz, 1998).
According to UCD (1998) there are two major routes for plasticised PVC formulation. The resins
used in these routes are chemically the same but may differ in physical form (particle shape etc.).
•

“Dry-blending”: The PVC resin is blended with plasticiser and other additives at a
temperature of typically around 100 -120°C. Temperatures over 100°C occur occasionally.
During dry blending the exposure of hot material to open air is small. A total charge of
typically 150 kg, including 50 kg of plasticiser and a volume of air in the blender of
100 litres. At 100°C the saturation concentration of DEHP is 20 mg/m3, i.e. 0.1 m3 .
20 mg/m3=2 mg. Assuming one air exchange per run, the amount of emitted DEHP vapour
is very small. A dry powder is obtained (the so-called “dry blend”), which can be stored and
shipped in bulk or bags. The hot blended powder material can be conveyed to a
compounding extruder producing a semi-manufactured product. Further processing may
occur via extrusion, injection moulding and sometimes calendering at the same or at another
site downstream.

•

“Plastisol blending”: The PVC resin is blended with plasticiser and other ingredients at room
temperature. Approximately 30-35% of all plasticiser in PVC is used in plastisol
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applications. A pasty liquid (a so-called “plastisol” or “paste”) results. Further processing
may occur via spread-coating, dipping, spraying and various other moulding processes
A third method, rather obsolete, is the so-called Banbury blending or mixing. It is a batch
process starting with the raw material at ambient temperature and subsequently increasing the
temperature up to maximum of 120 -140°C.

2.4.4

Processing

PVC is processed in a number of ways: calendering, extrusion, injection moulding, several
plastisol applications including rotational moulding, dip coating, slush moulding, spray coating
and miscellaneous small to very small applications.
As is noted specifically for some processes, fume elimination equipment is commonly used to
reduce emissions considerably, often by one order of magnitude. However, on smaller sites such
equipment is less likely to be available.
The further processing of the “dry-blend” is performed by heating the blend in one or several
stages e.g. by friction or by heating the surfaces and transferring it into the molten state.
The moulding occurs above 160°C.
Calendering
Calendering: running it through the gaps between the hot rolls of a calender (film, flooring,
roofing). The average DEHP content in calendered products is about 25%.
Calendered flooring, roofing and wall covering is at least twice as thick as film and sheet and is
produced at lower temperatures. As a consequence of the greater thickness, the surface to
volume ratio and therefore the plasticiser loss is approximately half of that in film and sheet.
However, air purification equipment is more and more often used. For calendering this is mostly
incineration, reducing the concentration.
Extrusion and injection moulding
Extrusion: pressing it through a die with subsequent cooling (hose, tubing, cable)
Injection moulding: pressing it into a “negative”, cooled mould (boots, shoe soles)
The major different product types of plasticised PVC extrusion are “profiles” such as wire, cable
and hose, and blow moulded film.
Exposure does not occur in the extruder it self, but occurs temporarily when the hot material
leaves the dye. In addition, the surface to volume factor is much lower than in calendering.
Plastisol applications
The “plastisol” is applied by spreading on a substrate (e.g. paper or fabric) and thereafter heated
(= “gelled” or “fused”) to typically above 160°C. Major application modes are:
•
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are “fused” (gelled) in tunnel ovens heated with hot air at about 180°C. The energy is
supplied by infrared heating source (IR) and/or hot air.
•

dipping of moulds into plastisol. This is applied to the production of gloves.

•

spraying or injection of pseudoplastic onto car body as anti-corrosive coating, or into crowns
or capsules for beverage bottles

•

slush and rotational moulding (fenders, car door arm rests, balls, dolls, boots, hollow
articles). A spherical mould of required geometry is filled with the proper amount of paste,
upon rotation due to centrifugal force the paste will be homogeneously spread over the inner
walls of the mould. Gelation is accomplished by hot air and for large shapes by direct flameheating.

In processes such as application of car undercoating and sealant, rotational moulding, dip coating
and slush moulding, car undercoating is by far the largest volume application. In this process the
sprayed coating is “dried” in long air-heated tunnel ovens at relatively low temperatures (130160°C). The ovens in this industry invariably have integrated air incinerators and insignificant
amounts of DEHP are emitted (ECPI, 1996b).
The phthalate polymer-plasticiser consumption for the different processing techniques (divided
in groups of end-use products) is summarised in Table 2.3 and shown in Figure 2.2. The figures
are based on a marketing survey on the use of DEHP in Western Europe (Industry, 1999).
Table 2.3 Estimated amounts of DEHP for different applications and processes and the number
of customers buying neat DEHP for each application in Western Europe 1997
(Industry, 1999)
Process

Application

Use of DEHP (tpa)
in polymers

Number of
customers

Calendering

Film/sheet and coated products
Flooring, Roofing, Wall covering

71,400
34,748

74
20

(Total, calendering)

106,148

94

Hose and profile

57,120

82

Wire and cable
Subtotal

80,920
138,040

62

Compounding1

85,680

83

(Total extrusion)

223,720

227

Injection moulding Footwear and miscellaneous
and extrusion (from
compound)

83,680

?

Spread Coating

Flooring
General (coated fabric, wallcovering, coil coating etc)

39,032
76,160

21
115

(Total spread coating)

115,192

136

Extrusion

Table 2.3 continued overleaf
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Table 2.3 continued Estimated amounts of DEHP for different applications and processes and the number
of customers buying neat DEHP for each application in Western Europe 1997
(Industry, 1999)
Process

Application

Other plastisols

Non-polymer
applications2

Use of DEHP (tpa)
in polymers

Number of
customers

Car undercoating
Slush/rotational moulding, Dip coating

7,140
9,520

11
27

(Total other plastisols)

16,660

38

Adhesives/sealant, rubber

11,142

Lacquers and paints

1,448

10

Printing ink (paper and plastics)

1,661

10

Ceramics

29

Total, non-polymer applications

14,280

Total, all uses of DEHP

476,000

1) The semi-product (compound) is assumed to be produces by extrusion and to be used further for
extrusion, injection moulding and plastisol applications at an unknown number of downstream users.
2) According to the market survey, 20 customers are buying DEHP with a amount of 2860 tpa for
formulation of lacquers, paints and printing inks. In this assessment printing ink is defined as a separate
scenario. Based on the Swedish Product Register Paints and lacquers is about the half of the volumes
(2860/2=1,430 tpa). The market survey also identifies a use as ink for textiles of 210 tpa (no. of sites
unknown). Due to its similar use this amount is added to the printing ink scenario (1,430+210=1640 tpa).
No information is available of the number of formulation sites for these two scenarios. The number of
20 sites, however, is the total number of customers for these two scenarios and it is assumed that they
are distributed equally (10+10) between the scenarios.
New data on the use of DEHP in ceramics gives that the quantity used in this application is about
29 tonnes per year. The quantity given in the market survey (Industry, 1999) is 210 tonnes per year.
The new data on ceramics are used in the risk assessment. However, the given total amount used for
non polymer applications in the market survey (14,280 tpa) will be used. The difference between the
data on the use in ceramics (210-29=181 tpa) is proportionally shared among the remaining three
groups of non-polymer applications, based on the relative distribution between them.
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Figure 2.2 Different industrial uses of DEHP in polymers (1997)
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The technical lifetimes for different polymer and non-polymer product groups containing DEHP
are found in Table 2.4. The technical lifetime is the assumed average time span the article is in
active use in the society.
Table 2.4 Technical lifetime for different polymer and non-polymer products containing DEHP (years)
Application

Technical lifetime (years)
ECPI3

Industry1

Miljö-styrelsen2

Other

Used in RAR

7

-

-

-

7

7

-

1-55

-

7

Hoses and Profiles

104

-

1-10

-

10

Floors

10

-

-

206

20

-

-

-

-

20

30

-

30-50

-

30

Lacquers and paints

-

-

-

-

7

Printing inks

-

-

-

-

1

Roofing materials

-

20

-

-

20

Roofing (coil coating)

-

10

-

-

10

Cables

-

10-30

30-50

-

30

Coated fabrics

-

10

-

-

10

Hoses and Profiles

-

10

-

-

10

Car under-coatings

-

12

16

-

12

Shoe soles

-

5

-

-

5

Sealant, adhesives etc

-

-

-

-

20

Lacquers and paints

-

-

-

-

7

In-door application:
Coated products
Film and sheets

Sealant, adhesives etc
Cables

Out-door application

1)
2)
3)
4)
5)
6)

Industry, 1999
Miljöstyrelsen 1996 (Denmark)
ECPI 1996
Assumed to be the same as for flooring
PVC-foils.
Estimation of average age, Tarkett, 1999

The lifetimes for different PVC-products are reported to be 1-50 years (Miljöstyrelsen 1996). For
film and sheets lifetimes of 1-7 years are reported. In this assessment 7 years is used. For hoses
and profiles lifetimes of 1-10 years are reported. In this assessment 10 years is chosen. No data
on the technical lifetime for sealants, adhesives etc. are found. A technical lifetime of 20 years is
assumed as a reasonable worst case. For PVC in cars the lifetime was estimated to be
12-16 years. In this assessment 12 years is assumed to be more realistic. For roofing material
Industry (1999) propose a lifetime of 20 years, which is also used in this assessment. For coil
coating a lifetime of 10 years will be used in the assessment as proposed by ECPI, 1998b. For
cables and wires the lifetime was estimated to be 10 - 50 years (Industry, 1999, Miljöstyrelsen,
1996). In this assessment 30 years is selected as an average. The technical lifetime for a building
is assumed to be 100 year (expert judgement). No lifetime is available for fabric coating.
However, it is assumed to be 10 years (Industry, 1999).
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2.4.4.1

Non-polymer uses

No information on the formulation and processing of the non-polymer end-uses is available.
However, generic environmental release estimations will be made.

2.4.5

Use of end-products

2.4.5.1

Polymers

No detailed information on the private and professional end-use is available. Some examples of
flexible PVC end products containing DEHP:
•

Insulation of cables and wires

•

Profiles, hoses

•

Sheets, film, wall- and roof covering

•

Flooring

•

Coatings and leather imitations (car seats, home furniture), shoes and boots, out-door and
rainwear

•

Pastes for sealing and isolation

•

Plastisols e.g., car undercoating

•

Toys and child-care articles (pacifiers, teething rings, squeeze toys, crib bumpers etc.)

•

Medical products

2.4.5.2

Non-polymers

Little information has been found concerning non-PVC polymer and non-polymer uses of
DEHP. However, DEHP is used among other plasticisers as an additive to rubbers, latex, mastics
and sealant, inks and pigments, lubricants (ECPI, 1996a). Some examples of non-polymer end
products containing DEHP:
•

Lacquers and paints

•

Adhesives

•

Fillers

•

Printing inks

•

Dielectric fluids in capacitors

•

Ceramics

2.5

RECOVERY AND DISPOSAL

Products containing DEHP may be material recycled into new products or disposed after the
end-use. The disposed material may either be placed in a landfill or incinerated. A fraction of the
disposed material is expected to remain in the environment after end use.
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No information on recovery has been submitted.

2.6

RELEASES OF DEHP

2.6.1

General

Release of DEHP to the environment occurs during production, transport, storage, formulation
and processing of PVC and non-polymers. Furthermore, plasticisers are not chemically bound to
the matrix polymer in flexible PVC (or other materials). Therefore the plasticiser will to some
extent be lost from the finished article during its use and after its final disposal.
Occupational exposure may occur at the production and at the industrial uses of DEHP
(formulation, processing and at the industrial uses of end-products). Consumer exposure may
occur via food and via medical products and use of end products. Exposure via food, water and
air may occur as a result of emissions to the environment from all life cycle stages.
2.6.2

Environmental release scenarios (incl. indirect exposure of humans)

The life-cycle stages used in this assessment of environmental release are described below (see
Table 2.5).
A new life-cycle stage has been introduced: “Waste remaining in the environment”. This is
assumed to be waste particles formed by weathering of polymer and non-polymer end product
for outdoor use, such as roof coatings and car undercoating material.
Table 2.5 Description of scenarios related to different life-cycle stages used in the assessment of DEHP
Scenario
1a) Production

Tonnes
DEHP

No. of
sites

595,000

12

DEHP consumption
(90%ile) [tpa]%

Note

1b) Transport (included in No. 2)
2) Formulation/processing of polymers
2a) Calendering

106,1486

94

2,824

2b) Extrusion-compound

85,680

83

2,500

2c) Extrusion-products

138,040

144

2,500

2d) Spread coating

115,192

136

1,500

2e) Other plastisols + car undercoating

16,660

38

800

2f) Injection moulding/extrusion

85,680

27+11

?

A, C

2g) Various plastisol applications

2,000

?

?

A

Table 2.5 continued overleaf
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Table 2.5 continued Description of scenarios related to different life-cycle stages used in the assessment of DEHP
Scenario

Tonnes
DEHP

3-6) Formulation/processing/ of non-polymers:

14,280

No. of
sites

DEHP consumption
(90%ile) [tpa]%

Note

?

B

3a) Sealants – Formulation

11,142

?

?

3b) Sealants – Processing

11,142

?

?

4a) Lacquers and paint – Formulation

1,448

?

?

4b) Lacquers and paint – Processing

1,448

?

?

5a) Printing ink – Formulation

1,661

?

?

5b) Printing ink – Processing

1,661

?

?

6a) Ceramic – formulation

29

?

?

6b) Ceramic – Processing

29

?

?

7) Municipal STP
Including emissions from private use of end
products and life cycle stages 2f, 2g, and 5b.

E

8) Waste:

F

8a) Paper recycling
8b) Car shredding
8c) Incineration of waste
8d) Disposal of waste on dump sites
8e) Waste remaining in the environment

TGD default emission factors have been used for production sites where emission data are
missing. Emissions during distribution of pure DEHP (losses during transport, mainly cleaning
of vessels) have been estimated in the literature. The emission from transport is not expected to
cause any distinct local emissions. Its contribution is therefore added to the
formulation/processing scenario in the EUSES calculation (only for calc. Regional PEC). The
figures on consumption (90%ile) are assumptions based on confidential data from industry
(Industry, 1999)
A: 85,680 tpa DEHP are used for the production of a semi-product (compound). The production
of compound can be described in formulation followed by processing, in this case extrusion. The
compound is then sold for further processing. This processing is extrusion, which stands for 48%
of the used amount of DEHP in compound, injection moulding, 50% and various plastisol
processes, 2%.
B: The formulation and processing scenarios are divided into two groups, polymer and nonpolymer applications. This has been deemed necessary because emission patterns are expected to
differ.
C: The scenario injection moulding/extrusion include 50% of the amount of DEHP in compound
is used in products processed by injection moulding and 48% is processed by extrusion
(Table 3.5; Scenario 2f)
D: The polymer-processing steps injection moulding and extrusion involve little exposure of hot
product to the surrounding air and hence give rise to relatively small emissions of DEHP to the
air. This is, however, not the case for other polymer-processing steps (production of sheet and
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film by calendering or spread coating). In calendering large areas of flexible PVC are heated on
open rollers giving rise to evaporation of plasticiser.
E: Several emissions are concentrated to municipal STPs. In this assessment emissions from
private use of polymer and non-polymer products and emissions from some industrial uses (2f,
2g and 5b) is therefore added to a single local scenario. This scenario is called " Municipal STP".
This combined exposure scenario makes it easier to compare calculated PEC with monitoring
data (e.g. in sludge from municipal sewage treatment plants).
F: Five disposal scenarios are relevant: (i) Paper recycling, (ii) Car shredding, (iii) Incineration
of end products, (iv), Disposal of end products, (v) Waste remaining in the environment. The
incineration stations and dumpsites (land fills) are point sources for which local concentrations
can be calculated. The releases from waste remaining in the environment are thought to be
diffuse and widely disperse.
A realistic worst case estimation of emissions from incineration is based on the average
incineration capacity in the EU. Emissions from dumpsites are estimated based on a national
monitoring data and re-calculated to estimate emissions on an EU scale.
The different industry categories (IC), use categories (UC) and main categories (MC) used for
the different life cycle stages in the assessment are summarised in Table 2.6.
Table 2.6 Different industry categories (IC), use categories (UC) and main categories (MC) used for the different life
cycle stages in the EUSES calculations (According to TGD)
Life
cycle

Industry
Product type

Handling type

stage
1a

Raw material

1b

Main

category category

A-Table1 B-Table2

(IC)4

(UC)5

(MC)

Production

2

47

Ib

A1.1

B1.3

Transportation

15

55

-

-

-

II3

A3.2

B3.9

2

Polymer: All products

Formulation/Processing

11

473

3a

Non-polymer:

Formulation

16

47

III

A2.1

B2.2

Processing/Application

16

47

II

A3.16

B3.14

Formulation

14

477

III

A2.1

B2.2

Processing/Application

14

477

III

A3.15

B3.13

Formulation

16

52

III

A2.1

B2.2

Processing/Application

12

48

III

A3.12

B3.108

3b
4a
4b

Sealant, adhesives etc.
Non-polymer:
Lacquers and paints

5a

Non-polymer:

5b

Printing inks

6

Non-polymer: Ceramics

Formulation

16

48

III

A2.1

B2.2

7

Municipal STP

End-product uses
Diffuse ind. uses

15
-

55
-

-

-

B4.1
-

8

Waste

All waste categories

-

-

-

-

-

8a

Waste

Paper recycling

6

6

6

8b

Waste

Car shredder

15

55

-

-

-

8c

Waste

Incineration

15

55

-

-

B5.3

8d

Waste

Municipal land fill

15

55

-

-

B5.3

Table 2.6 continued overleaf
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Table 2.6 continued Different industry categories (IC), use categories (UC) and main categories (MC) used for the different life
cycle stages in the EUSES calculations (According to TGD)
Life

Industry

cycle

Product type

Handling type

stage
8e
1)
2)
3)
4)
5)
6)
7)
8)
9)

2.6.3

Waste

Waste remaining
in the environment

category

Use

Main

category category

(IC)4

(UC)5

2

47

A-Table1 B-Table2

(MC)
-

-

-

To select emission factors.
To select f-value and emission days
Sub categories: “Polymer processing” + “Thermoplastics: plasticisers” + inclusion into or onto a matrix
Since this scenario is limited to emission during application, emission during end-use is added (see text).
2 = chem. ind. basic chem;15=others;11=polymers ind;16=enginering ind;14=paints, lacquers and varnishes ind
47 = softeners; 55 = others; 52 = viscosity adjustors; 48 = solvents.
Separate calculation for emission during paper recycling.
Sub categories: “Solvent based” + “Construction, maintenance etc” (“water based” is assumed in local scenario)
Sub categories: “Large company” is used.

Product life times and accumulation in the technosphere

Due to the high persistency of the polymer matrix in the environment, emissions from polymer
end products are expected to last during a long period of time (See Section 3.1.1.3). DEHP is
assumed to be persistent as long as the molecule remains in the matrix. The total lifetime of
DEHP/polymer end products is therefore an important element in the estimation of the total
emissions.
The contribution of emissions from waste is assumed to be high. The efficiency of waste
collection and waste management strategy (recycling, incineration, landfill) will therefore have a
large influence on the emissions.

2.7

TRENDS

The consumed amount of DOP (di-octyl phthalates including DEHP) has been relatively
constant during the period from 1979 to 1998. See Figure 2.3. No data on the proportion
between DEHP and DIOP (di-octyl phthalate) or the proportion between the different
applications have been submitted. A consumed amount of DEHP in 1973 of 311 ktpa in seven of
the present EU member states (NL, IR, UK, FR, DK, FRG, BEL) can be calculated with data
from the ECDIN database.
No data from 1973 from Italy, Sweden, Finland, Austria, Spain, Portugal, Greece and
Luxembourg are available. A table of the plasticiser consumption in Western Europe in 1990
gives that these countries (and Norway and Switzerland) consumed 39% of the total
consumption of DEHP and DIOP in 1990 (ECPI, 1996b). From this data a total consumption of
DEHP of approximately 500 ktpa in 1973 can be calculated in rough outline. An estimation from
one of the manufacturers says that the production of DIOP in the 1970’s was approximately
10-20% of the production of DEHP (pers. comm. Neste Oxo, 2000). If the consumption of
DEHP was 500 ktpa in 1973 and the consumed amount of DIOP had the same relation to the
consumed amount of DEHP as the relation of the produced amounts, the consumption of DIOP
was 50-100 ktpa. The consumption of DIOP in EU, 1987, was 40 ktpa (ECDIN). The total
market volume of DIOP and another phthalate DL911P (1,2-Benzenedicarboxylic acid,
di-C9-11-alkyl esters, branched and linear CAS. No. 68515-43-5) in 1990 in Western Europe
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was estimated at 10-20 ktpa (ECPI, 1996b). Two producers have reported a production of DIOP
of 5,000-10,000 tonnes in 1991 and 1,000-5,000 tonnes in 1993 respectively (IUCLID).
A confusing fact is that DEHP can have been named DOP (Di-octyl phthalate) or DIOP
(Di-iso octyl phthalate) at some occasions, which make the retrospective description of the
consumption of the substances difficult.
Taking this data into consideration it can be assumed that the consumption of DEHP has been
significant the last 30 years. The consumption of DIOP was probably higher in the 70’s than
today.
Recent information from industry (David Cadogan, ECPI, personal communication, May 2005)
shows that the use of DEHP has decreased by more than 50% from 476 ktpa 1997 to 221 ktpa
2004, whilst the use of the phthalates DINP and DIDP have increased during the same period.
Figure 2.3 Consumption of DEHP and DIOP (di-isooctylphthalate, CAS. No. 27554-26-3) in
Western Europe 1979-1998. (Source: CEFIC)
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LEGISLATIVE CONTROLS

Identified Occupational Exposure Limits (OELs) for DEHP are presented in Table 2.7.
Table 2.7 Occupational Exposure Limits for DEHP
Country

8-hour TWA (mg/m3)

Austria

5

Denmark

3

Sweden (HGV)

3

5 (15 minutes)

Great Britain (OES)

5

10

Germany (MAK)

10

100 (30 minutes)1

Netherlands (MAC)

5

U.S.A. (ACGIH)

5

U.S.A. (OSHA)

5

Czech Republic

5

Table 2.7 continued overleaf
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10 (15 minutes)2

10

Notes

Pregnancy3

CHAPTER 2. GENERAL INFORMATION ON EXPOSURE

Table 2.7 continued Occupational Exposure Limits for DEHP
Country

8-hour TWA (mg/m3)

France (VME)

5

Belgium

5

TWA
STEL
1)
2)
3)

STEL

10

Time Weighted Average;
Short Term Exposure Limit
Once per day.
Four times per day.
No effects on pregnancy are expected at exposure levels below MAK and
BAT-values.
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3.1

ENVIRONMENTAL EXPOSURE

3.1.1

Environmental releases

3.1.1.1

Release from production

Emission to air is reported from eleven of twelve sites. Measured emission data for water are
available from eleven of twelve production sites as emitted amount to waste water (see
Table 3.1) and/or concentration in the effluent (see Table 3.37). According to information from
ten of twelve sites agricultural soil is not exposed since STP sludge from production sites is land
filled or incinerated. The situation for the other two sites is unknown. Ten of twelve producers
have reported emissions to urban/industrial soils. Six of these have reported zero emissions. Only
site 4, 5, 7 and 8 are still producing DEHP 2006. The total EU-production of DEHP 2004 was
247 ktpa, which is only slightly more than the total production of sites 4, 5, 7 and 8 in 1998
(David Cadogan, ECPI, personal communication, March 2006). When emission data are missing
a TGD default emission factor is used. For emission to air there is no default value. Instead the
highest emission factor derived from emissions reported from other production sites (site 5) is
used.
Table 3.1 DEHP emissions from production sites in EU 1998 (ECPI 2000) (bold type = values based on TGD defaults or
highest reported).Shaded sites still in production 2006
Prod
Site.

Prod.
Volume

Prod. days
per year

tpa

Emissions
To

Air

To

Urban Soil

To Waste Water before STP

tpa

Emission
factor*10-6

tpa

Emission
factor*10-6

Annual
During
Emission
release tpa prod kg/d. factor*10-6

Site 1

86,000

365

0.03

0.35

0

0

0.432

1.18

5.0

Site 2

77,000

340

0.03

0.39

0

0

10.6

31.2

138

Site 3

60,000

360

0

0

0

0

180

500

3,000

Site 4

58,000

365

0.025

0.43

0

0

0.0075

0.021

0.13

Site 5

57,000

351

<1

< 17.5

0.1

1.75

171

487

3,000

Site 6

57,000

365

0.72

12.63

0.042

0.74

30.5

83.6

535

Site 7

56,000

365

0.025

0.45

5.6

100

0.0018

0.0049

0.03

Site 8

47,000

365

0.005

0.11

0.73

15.5

141

386

3,000

Site 9

41,000

365

0.01

0.24

0

0

123

337

3,000

Site 10

17,000

365

0.001

0.06

0.088

5.18

0

0

0

Table 3.1 continued overleaf
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Table 3.1 continued DEHP emissions from production sites in EU 1998 (ECPI 2000) (bold type = values based on TGD defaults or
highest reported).Shaded sites still in production 2006
Prod
Site.

Prod.
Volume

Prod. days
per year

Emissions

tpa

To

Air

To

Urban Soil

To Waste Water before STP

tpa

Emission
factor*10-6

tpa

Emission
factor*10-6

Annual
During
Emission
release tpa prod kg/d. factor*10-6

Site 11

13,000

170

0.020

1.54

0

0

0.985

5.79

76

Site 12

8,000

300

0.14

17.5

0.8

100

24

80

3,000

Total*

577,000

340**

2.0

682

1,912

7.4

* Used as input in EUSES calculation (to Table 3.2)
** Average

The total emissions from production are summarised in Table 3.2. The continental/regional split
is based on the fact that the largest production site represents 15% of the total production. These
figures are used as input from production in the calculation of regional PECs.
Table 3.2 Emission from production (life cycle stage 1a)
Compartment

Total

Continental**

Regional**

(tpa)

(85%)

(15%)

Air

2.0

1.7

0.30

Waste water*

682

579

102

Soil, urban/ind.

7.4

6.3

1.1

Total

691

587

104

*
**

In the EUSES calculation 30% of these releases will be oriented
directly to surface water.
Used as input data in the EUSES model. The regional part is set
to be 15% based on the production volume at the largest
production site.

The release during distribution of pure DEHP (“Transportation”) is addressed to the cleaning of
transport vessels. It is assumed that this release is located to the waste water system outside the
production site. This release is estimated by ECPI (1996a) to be 40 tpa. The estimation is based
on a total “consumed” volume of 476,000 tpa. However, the release from distribution is not only
restricted to the “consumed” volume. Also the imported and exported volume will be
“Transported”. The releases during export should therefore be included in the release estimation
from the production site. The total release from distribution in the ECPI document is therefore
corrected to (595,000/476,000) . 40 = 50 tpa (based on data from 1997). A local release point
cannot be defined for this emission. The release is therefore used only for calculating
regional/continental PECs. The emissions from “Transportation” are summarised in Table 3.3.
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Table 3.3 Emission from “Transportation” (life cycle stage 1b)
Compartment

Total**

Continental**

Regional**

(tpa)

(90%)

(10%)

0

0

0

50

45

5

Soil, urban/ind.

0

0

0

Total

50

45

5

Air
Waste

water*

*

In the EUSES calculation 30% of these releases will be oriented
directly to surface water.
** Used as input data in the EUSES use pattern “2 prod.” (see
Table 3.48).

3.1.1.2

Different industrial uses (life cycle stages 2-6)

The main volume, 97-98%, of produced DEHP is used as plasticizer in polymers (mainly PVC).
Estimations of emission from polymer applications are only available for PVC-polymers. In this
assessment it is assumed that other non-PVC polymer applications do not diverge considerably
from PVC applications in their emission pattern. In the calculations of emissions the volume for
non-PVC polymer, (about 2%) is therefore added to the amount of DEHP- used for PVCapplications.
DEHP used in non-polymers is 2-3% of the total production volume. Based on a worst-case
assumption that emissions from non-polymer use are higher, the highest value in the range (3%)
is used. The use/functions of this volume and the emission potential are poorly known.

3.1.1.2.1

Polymer - release during industrial use (life cycle stages 2a-g)

There are approximately 800 soft PVC converting plants in EU15 relevant in the scope of this
emission statement. During the spring of 2005, EuPC sent a questionnaire to 45 companies and
five EuPC Sectoral Members Associations/Groups asking for information on emissions of DEHP
from the conversion sites. Of those contacted, 21 companies or groups of companies answered.
The companies that replied are mainly large ones, but there is also some of medium size, and are
located in seven countries throughout EU15. Together they represent a volume of approximately
900 out of a total of 3,800 ktonnes (or approximately 24%) of converted products, and include
all the major converting processes and most of the soft PVC applications (not cables, hoses and
footwear). Thirteen sites, representing approximately 3.5% (7% if the use of DEHP has been
halved since 1999) of the total DEHP use have also supplied water samples that have been
analysed by IVL, the Swedish environmental research institute Ltd, and quantitative data (on
flow rates etc) on their releases. Three sites supplied data on DEHP emissions to air. These were
based on exhaust air monitoring. The thirteen sites use of DEHP range from 250 to over
3,000 tonnes/year, and are presented in Table 3.4. The quantity and quality of data recieved has
been deemed relevant, reliable and adequate for the purpose of making local scenarios for the
reporting sites. The information has however not been deemed adequate for extrapolation to all
soft PVC converting and adhesives/sealants formulating sites. The coverage is too small, also
there is a risk of (unintentional) bias in the selection of samples. For example, larger sites and
sites with a focus on environmental issues are more likely to answer and also more likely to
apply measures (organisational and engineering) to reduce emissions. Furthermore in order to
generalize on emission levels, more background information on what are the critical parameters
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for quantifying emissions are needed. The information received has therefore been used to make
site-specific local risk characterisations, but the reported values have not been extrapolated to
sites without reported values. For the generic sites default emission values have been used.
Table 3.4 Summary of processing sites reporting releases
Site

Process

Release to water

Release to air

DEHP usage,
tonnes/year

F1

Spread coating

reported

reported

1,500

F2

Extrusion

reported

-

3,500

F3

Calendering

reported

-

800

S4

Calendering

reported

reported

S5

Compounding

reported

-

300

S6

Calendering

reported

-

1,800

F7

Extrusion

reported

-

2,000

S8

Spread coating

reported

-

250

I9

Extrusion

reported

reported

F10

Adhesives

reported

-

150

S11

Extrusion

reported

-

300

Es12

Polymer, not
specified

reported

-

1,000

Es13

Polymer, not
specified

reported

-

300

1,100

1,700

There has been a drastic decline in the use of DEHP from 1999 to 2004, with DINP/DIDP being
the main alternatives, and several of the contacted companies no longer use DEHP. Other
phthalates have and are used under similar practices and processes and with similar treatment
techniques. It is therefore reasonable to assume that emissions will be similar as well.
Exhaust air treatment is used by 88% of the responding companies. Condensation, filtration and
incineration are the main techniques, with one company using electrostatic precipitation in
conjunction with condensation. Companies that did not use exhaust air treatment were using
processes where emissions of plasticizers are likely to be lowest.
Emissions to water are mainly occasional and occur as the machinery is being cleaned. There is
minimal contact with effluent water as cooling water is usually in closed loop systems. One third
of the responding companies reported that there were no waste water, and 10% reported
continuous emissions to waste water. In all the latter cases the water is either treated on site or
sent to an external water treatment plant. There was little information on the fate of the sludge
from the water treatment plant. When information was available, it indicated that the sludge was
incinerated in 50% of the cases, landfilled in 20% and spread on agricultural land in 30% of the
cases.
Emissions to soil were reported to be unlikely or virtually non-existent. Theoretically, accidental
leakage from storage and condensation of air emissions could end up in soil.
Emission factors for PVC applications are derived from Use Category Document “Plastic
Additives” (UCD draft; 1998) for regional releases and generic local sites. The reported
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measured releases are used to calculate site-specific local PECs. For calculation of emissions of
DEHP from polymers at formulation, processing and end-use, volumes from Table 2.3 are used.
The techniques for formulation and processing are described in Section 2.4.2.
Based on information from the industry, PVC formulation and processing activities mainly are
located at the same sites, but for a significant fraction the formulation (compounding) and the
processing of articles are located at separate sites.
For one of the formulation techniques dry blending, a significant fraction is handled as a semiproduct, which is processed further on other sites. A dry powder is obtained (the so-called “dry
blend”), which can be stored and shipped in bulk or bags. The blended powder can be conveyed
to a compounding extruder producing “compound”. Further processing may occur via extrusion,
injection moulding and sometimes calendering at the same or at another site “downstream”. The
amount of dry-blend compound is known but not the number of sites processing the compound
downstream or the consumed amount of DEHP per site.
For the other formulation technique plastisol blending, data on the total amount formulated and
processed at separate sites is limited. No data on the consumed amount of DEHP per site or the
number of sites is available.
The combination and division of sites with formulation and processing, as it is described above,
will probably influence the local and regional release patterns. Higher releases can be expected
as an effect of addition of releases. This effect may be reduced by better conditions for cleaning
equipment.
PVC is processed in a number of ways – calendering, extrusion, injection moulding and several
plastisol applications including spread coating (with oven fusion/gelation), rotational moulding,
spray coating (with closed tunnel ovens and miscellaneous small to very small applications, see
Section 2.4.2.1). Emissions for each processing step have been estimated. The release factors are
presented in Table 3.5. For the local scale, each processing technique is considered to take place
in a separate factory. This is confirmed by a proprietary market analysis performed by the main
producers (INDUSTRY, 1999). Local emissions due to raw material handling and formulation
are included with the releases from processing.
Industry (1999) has established the consumption of DEHP at processing sites throughout
Western Europe. The study covered a majority of the consumption of DEHP in Western Europe.
Based on a summary statistical evaluation the 90-percentile consumption of DEHP per site for
different business segments could be derived, as presented in Table 3.5. The data from Table 3.5
are considered to be realistic worst case values and will be used for the derivation of Clocal.
The life cycle stage 2e “Other plastisol” is heterogeneous because it includes car under body
coating and various other plastisol processes. Except for the emissions from “Raw Materials
handling” the emission from car under body coating is assumed to be insignificant. For the other
plastisol processes in this scenario, (e.g. rotational coating, dip coating and slush moulding)
release factors of 0.05% for sites with air cleaning and 0.5% for sites without air cleaning are
suggested in the “Use Category Document for Plastic Additives”.
In two life cycle stages, 2f and 2g, processing without raw materials handling or formulation is
taking place.
During processing DEHP is released primarily to air. In this assessment it is assumed that 50%
of the primary release will be to air. The rest is assumed to be released to wastewater, in
accordance with the Emission Scenario Document (ESD) on plastics additives. In the ESD it is
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assumed that releases will mainly be to air at elevated temperature, but that subsequent
condensation could result in losses to liquid waste. Therefore as a worst case, 50% could be
assumed to be released to air and 50% to liquid waste. The reported values for release to air are
generally based on measurements at “end-of-pipe”, and can therefore not be directly compared to
the default values based on the ESD.
The local PECs for the different types of polymer formulation/processing sites are calculated
manually except for “soil” and “worm-oral” for which EUSES 1.0 was used. (see Section 3.1.4,
Table 3.51).
The regional contribution from polymer formulation/processing is calculated by adding the
average total emissions from the different processes together. The regional release is assumed to
be 10% (TGD default) of the total release (See Table 3.6).
Downstream processing of PVC-compound (lifecycle stages 2f and 2g) is assumed to be
performed at a large number of small factories. These are assumed to be connected to municipal
STPs. The wastewater releases from these life cycle stages are therefore excluded from the
EUSES calculation for polymer processing and added to the local wastewater scenario for endproduct use (life cycle stage 7 a) “Municipal STP” (“EUSES use pattern 1 priv.”, see
Table 3.48).
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Life cycle stage
Unit

2a
Calendering

2b
Extrusion
compound

2c
Extrusion
product

2d
Plastisol
spread
coating1

2e
Other
Plastisol2

2f6
Injection
Moulding/
Extrusion5

2g6
Various
plastisol
Applications3

tpa

106,148

85,680

138,040

115,192

16,660

83,680

2,000

DEHP consumption per site 90.th percentile

tpa

2,824

25,00

2,500

1,500

800

?

?

DEHP consumption per site (365 days/year)

kg/d

7,737

6,849

6,849

4,110

2,192

?

Number of emission days/year

days

300

300

300

300

300

DEHP consumption per emission day

kg/d

9,313

8,333

8,333

5,000

2,667

Release - raw materials handling4

%

0.01

0.01

0.01

0.01

0.01

-

-

Release – formulation4

%

0.01

0.01

0.01

0

0

-

-

Total EU volume
Local releases:

Release – conversion4

average air cleaning
with air cleaning
without air cleaning

%

0.05

0.01

0.01

0.16251
0.05
0.5

0.22
0.05
0.5

0.01

0.5

Release – total

average air cleaning
with air cleaning
without air cleaning

%

0.07

0.03

0.03

0.17251
0.06
0.51

0.212
0.06
0.51

0.01

0.5

Release per site. Average air cleaning
(to Table 3.51)

kg/d

6.6

2.50

2.50

8.63

5.57

?

?

Release per site. With air cleaning

kg/d

3.0

1.6

Release per site. Without air cleaning

kg/d

25.5

13.6

Total

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

42

Table 3.5 Releases of DEHP from different types of polymer formulation/processing sites

Table 3.5 continued overleaf
FINAL REPORT, 2008

Table 3.5 continued Releases of DEHP from different types of polymer formulation/processing sites
Life cycle stage
Unit

2a
Calendering

2b
Extrusion
compound

2c
Extrusion
product

2d
Plastisol
spread
coating1

2e
Other
Plastisol2

2f6
Injection
Moulding/
Extrusion5

2g6
Various
plastisol
Applications3

Environmental distribution:

Total

to EUSES

Total annual release per process type

tpa

74.3

25.7

41.4

198.7

35

8.4

10

Calc.7

Release to air

(50% of tot.)

tpa

37.2

12.9

20.7

99.4

17.5

(4.2)

(5)

188

Release to STP

(50% of tot.)

tpa

37.2

12.9

20.7

99.4

17.5

(4.2)

(5)

188

Release to surface water

(0% of tot.)

tpa

0

0

0

0

0

0

0

0

Release to urban soil

(0% of tot.)

tpa

0

0

0

0

0

0

0

0

1)
2)
3)
4)
5)
6)
7)

75% of all consumption is processed with air cleaning (release factor 0.05%) and 25% is processed without air cleaning (release factor 0.5%).
18% is processed with air cleaning (release factor 0.05%) and 38% processed without air cleaning (release factor 0.5%). The average emission factor for the process type is then 0.2%.
The emission for the process type if no air cleaning is used (emission factor=0.5%) is marked with italics.
100% of all consumption is assumed to be processed without air cleaning (release factor 0.5%) because no data are available. Downstream use. Plastisol source unknown.
UCD draft, 1998.
48% of the amount in this life cycle stage is extruded and 50% is injection moulded, both with a release factor of 0.01%.
The emissions from life cycle stages 2f and 2g are added to life cycle stage 7 (Table 3.28)
To Table 3.6.
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Table 3.6 The total emissions from all polymer formulation/
processing sites to different environmental
compartments. Used as input data for EUSES
calculation of PECregional
Compartment

Total2

Continental1

Regional1

(tpa)

90%

10%

Air

188

169

18.8

Waste water3

188

169

18.8

0

0

0

375

338

38

Soil, urban/ind.
Total
1)
2)
3)

Input data in the EUSES calculation (use pattern “3 proc.”)
From Table 3.5 (”Total”)
In the EUSES calculation 30% of this release will be oriented directly
to surface water.

Local site-specific releases to water have been calculated using measured data. Releases to air
have been based on reported values where they are available (for three sites), and when reported
values are lacking, they have been calculated using default emission factors from the Emission
Scenario Document on Plastics Additives (OECD 2004) and reported used quantity of DEHP.
For the site-specific scenarios, a very conservative approach was taken as a first step. The
highest reported hourly release to water was taken for each site, and was multiplied with
24 hours/day and 300 days/year to give yearly releases for that site. For air releases, for each site,
the highest value of releases from a range of years was chosen. This approach was taken as a first
step because only a limited number of measured values were available (one to three per site).
Where no information was available it was assumed that it was an open process, and that air
treatment is used only at sites using more than 250 tonnes DEHP/year (as suggested in the ESD).
The reported site specific releases to water are presented in Table 3.7, the reported releases to air
in Table 3.8, emission factors and calculated releases to air are shown in Table 3.9.
Table 3.7 Reported releases to water from processing sites
Release to surface
water, (mg/h)

Site

Process

F1

Spread coating

26

treated sewage

F2

Extrusion

306

plant discharge, 050318

85

plant discharge, 050321

F3

Calendering

1
36

S4

Calendering

Table 3.7 continued overleaf
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Note

plant discharge, 050321
plant discharge, 050322

26

plant discharge, rain water,
050322

24

reservoir

19

after oil-trap
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Table 3.7 continued Reported releases to water from processing sites
Release to surface
water, (mg/h)

Site

Process

S5

Compounding

S6

F7

Calendering

Extrusion

Note

1

plant discharge, sample 1

1

plant discharge, sample 2

135

effluent, 050328

147

effluent, 050322

27

plant discharge, 050321

81

plant discharge, 050322

S8

Spread coating

33

plant discharge

I9

Extrusion

8

plant discharge, sample 1

2

plant discharge, sample 2

79

plant discharge, sample 3

207

plant discharge, sample 4

0

plant discharge, 050401

0

plant discharge, 050402

Polymer, not
specified

0

well source, 050405

0

discharge, 050406

Polymer, not
specified

27

untreated sewage water

0

water for industrial use

S11

Es12

Es13

Extrusion

Table 3.8 Reported releases to air from processing sites
Site

Process

F1

Spread coating

Release to air, (g/h)

Year

43

Air treatment
some incineration

9
S4

I9

Calendering

Extrusion

101 (from calender)

-

1998

104

18 (from extruder)

1999

81

12

2000

82

23

2001

95

-

2002

38

15

2003

83

28

2004

< 2.2 (extrusion,
granulation)

< 1.6 (blending)

not reported

no air treatment
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Table 3.9 Calculated site-specific releases to air from processing

3.1.1.2.2

Site

Process

Release to
air (kg/year)

Emission factor
used (%)

Description in ESD

F2

Extrusion

175

0.005

extrusion, air treatment in use

F3

Calendering

200

0.025

calendering, air treatment in use

S5

Compounding

15

0.005

comp, dry blending, air treatment in use

S6

Calendering

450

0.025

calendering, air treatment in use

F7

Extrusion

100

0.005

extrusion, air treatment in use

S8

Spread coating

1250

0.5

S11

Extrusion

15

0.005

extrusion, air treatment in use

Es12

Polymer, not known

250

0.025

default, open process

Es13

Polymer, not known

75

0.025

default, open process

spread coating, no air treatment

Non-polymer - release during industrial use (life cycle stage 3-6)

In Europe approximately 14,300 tonnes/annum of DEHP is consumed in non-PVC applications.
Non-PVC applications include adhesives/sealant and paints/lacquers. Furthermore, DEHP is
applied in non-polymer applications, such as printing inks for plastics, paper and textiles and in
ceramics. Information on consumption of phthalates in non-PVC end-uses was available from a
market survey from 1997 (INDUSTRY, 2000).
Table 3.10 shows the breakdown of the consumption of DEHP in the EU in non-PVC products.
Table 3.10 Annual consumed amounts of DEHP in non-polymer uses
End use

Consumption in
Europe (tpa)

Fraction of tonnage
For application1

Sealant, adhesive etc

11,142

0.023408

Lacquers and paints

1,448

0.003042

Printing inks

1,661

0.003489

29

0.000061

14,280

0.03

Ceramics
Total
1)

Input data in EUSES calculations (use pattern 4-7).

According to the Swedish product register non-polymer products contain between 0.2 and 50%
DEHP. Paints contain at maximum 40% DEHP.
In printing inks DEHP, is used as solvent especially for inks used in textile industry and inks
used on plastics and paper.
The consumption of binders and plasticisers in ceramics in Western Europe was estimated to be
approximately 5,800 tpa in 1996. Of these, the major part represents binders and of the
plasticisers, the biggest share is occupied by polyalkylene glycols (SRI, 1993). According to the
German Ceramics Industry Association (Hoenen, 2000) the annual consumption volume is
approximately 29 tpa.
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In the assessment the non-polymer industrial uses are divided in four product types, each with a
separate site for formulation and processing.
1) Sealant, adhesives etc

(scenario 3a/formulation, 3b/processing)

2) Paints and lacquers

(scenario 4a/formulation, 4b/processing)

3) Printing ink (for paper and plastic)

(scenario 5a/formulation)

4) Ceramic production

(scenario 6/formulation)

Sealant, adhesives etc (life cycle stage 3a-b)
In the EUSES calculations of emissions from formulation the input values of IC=16, UC=47 and
MC=III and a fraction of DEHP in formulation of 0.1 are used. These generate a fraction of main
source of 1 and a number of emission days of 300. The same emission factor for emissions to
waste water of 1% as for paint can be used for this product group, as the processes are similar
(see below). The resulting regional and continental emissions are presented Table 3.11. The
local PECs are presented in Section 3.1.3 (see Table 3.54).
Table 3.11 Sealant, adhesives etc: Emissions from formulation to different environmental
compartments
Compartment
Air
Waste

water**

Soil, urban/ind.

Emission
Factor*

Total
(tpa)

Continental
90%

Regional
10%

0.0025

27.5

24.8

2.8

0.01

111

100

11.1

0.0001

1.10

0.99

0.11

-

140

126

14.0

Total
*
**

According to TGD
In the EUSES calculation 30% of this release will be oriented directly to surface water.

Local site-specific releases to water have been calculated for site F10 (adhesives formulation)
using measured data. Release to air have been calculated using default emission factors from the
Emission Scenario Document on Plastics Additives (OECD 2004) and reported used quantity of
DEHP. The estimated releases are shown in Table 3.12. For the site-specific scenarios, a very
conservative approach was taken as a first step. The highest reported hourly release to water was
taken for each site, and was multiplied with 24 hours/day and 300 days/year to give yearly
releases for that site. Where no information was available it was assumed that it was an open
process, and that air treatment is used only at sites using more than 250 tonnes DEHP/year (as
suggested in the ESD).
Table 3.12 Local site-specific releases from site F10 Adhesives formulation
Compartment
Air
Surface water

Emission factor
(EF) (%)

Release
(kg/year)

0.25

375

-

0 (sample 1)

Notes
EF from ESD plastics additives;
default, open process, no air treatment
measured, plant discharge

0 (sample 2)
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In the EUSES calculations of emissions from processing the input values of IC=16, UC=47,
MC=II and fraction of DEHP in formulation of 0.1 are used. These generate a fraction of main
source of 0.5 and a number of emission days of 300. The processing will be mostly at
construction sites and therefore the releases would be mainly to solid waste. The release to waste
water is probably negligible. The resulting regional and continental emissions are presented in
Table 3.13. The local PECs are presented in Section 3.1.3 (see Table 3.54).
Table 3.13 Sealant, adhesives etc: Emissions from processing to different environmental
compartments
Compartment

Emission

Total

Continental

Regional

factor*

(tpa)

90%

10%

0.0001

1.1

1.0

0.11

Waste water**

0

0

0

0

Soil, urban/ind.

0.005

56

50.1

5.6

-

57

51

5.7

Air

Total
*
**

According to TGD
In the EUSES calculation 30% of this release will be oriented directly to surface water.

Paints and Lacquers (life cycle stage 4a-b)
In the EUSES calculations of emissions from formulation the input values of IC=14, UC=47,
MC=III and fraction of DEHP in formulation of 0.05 are used. These generate a fraction of main
source of 1 and a number of emission days of 300 (Table B2.2 in TGD). This agrees with the
market survey made by Industry (see Table 2.3). In comparison with Tables 3.1 - 3.20 of the
release category document IC 14 for paints, it can be estimated that 1% is released to waste
water during the formulation of paints.The resulting regional and continental emissions are
presented in Table 3.14. The local PECs are presented in Section 3.1.3 (see Table 3.54).
Table 3.14 Paints and lacquers: Emissions from formulation to different environmental
compartments
Compartment

Air
Waste

water**

Soil, urban/ind.
Total
*
**

Emission

Total

Continental

Regional

Factor*

(tpa)

90%

10%

0.0025

3.6

3.3

0.36

0.01

14.5

13.0

1.4

0.0001

0.14

0.13

0.014

-

18

16

1.8

According to TGD
In the EUSES calculation 30% of this release will be oriented directly to surface water.

In the EUSES calculations of emissions from processing the input values of IC=14, UC=47,
MC=III and fraction of DEHP in formulation of 0.05 are used. These generate a fraction of main
source of 0.15 and a number of emission days of 300. The volume processed at a local site can
be calculated as (1,448/10) . 0.15 = 22 tpa. The majority of processed paint is assumed to be
solvent based. For the regional PEC calculations with EUSES the sub category “Solvent based”
is therefore chosen (Table A3.15 in TGD). Since water based paints also occur (Swedish Product
Register 1998-99) this is selected as a worst case assumption for the local PEC calculations.
Since “water based” processing cause five times higher waste water releases compared to
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“solvent based” the “local emissions to waste water during episode” in the EUSES calculation is
set to be five times higher, i.e. 0.0699 . 5 = 0.35 kg/day. The resulting regional and continental
emissions are presented in Table 3.15. The local PECs are presented in Section 3.1.3 (see
Table 3.54).
Table 3.15 Paints and lacquers: Emissions from processing to different environmental
compartments
Compartment

Emission

Total

Continental

Regional

Factor*

(tpa)

90%

10%

0

0

0

0

Waste water**

0.001

1.5

1.3

0.14

Soil, urban/ind.

0.005

7.2

6.5

0.72

-

8.7

7.8

0.9

Air

Total

* According to TGD
** In the EUSES calculation 30% of this release will be oriented directly to surface water.

Printing inks (life cycle stage 5a-b)
In the EUSES calculations of emissions from formulation the input values of IC=12, UC=48,
MC=III and fraction of DEHP in formulation of 0.05 (KemI 2000) are used. These generate a
fraction of main source of 1 and a number of emission days of 300. According to TGD as default
for formulation 2% is assumed to be released to waste water. However, for the formulation of
these compounds, the same emission factor for release to waste water of 1% as for paint could be
used for inks, as the processes are similar. The resulting regional and continental emissions are
presented in Table 3.16. The local PECs are presented in Section 3.1.3 (see Table 3.54).
Table 3.16 Printing ink: Emissions from formulation to different environmental
compartments
Compartment

Emission

Total

Continental

Regional

Factor*

(tpa)

90%

10%

Air

0.0025

4.1

3.7

0.41

Waste water

0.01**

16.4

14.9

1.66

Soil, urban/ind.

0.0001

0.16

0.15

0.016

20.7

18.6

2.1

Total
*
**

According to TGD
In the EUSES calculation 30% of this release will be oriented directly to surface water.

The number of processors for printing inks can be expected to be large and it is assumed that the
printing works are connected to municipal STPs. The release to waste water is therefore added to
the local scenario “Municipal STP” (life cycle stage 7). As a simplification also the emission to
air and soil are added to this life cycle stage for the contribution to regional PECs.
As no details on the nature of DEHP containing inks and their use in paper are reported the
emission factors from TGD, general Table A.3.12 (IC=12, UC=48, MC=III) proposed for
solvents are used. The calculated emissions are presented in Table 3.17.
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Table 3.17 Printing ink: Emissions from processing to different environmental
compartments
Compartment

Emission

Total*

Continental

Regional

factor*

(tpa)

90%

10%

0.05

82.0

73.8

8.2

Waste water**

0.0005

0.82

0.74

0.08

Soil, urban/ind.

0.0015

2.5

2.2

0.25

-

85.3

76.8

8.5

Air

Total

* According to TGD
** In the EUSES calculation 30% of this release will be oriented directly to surface water.
*** To Table 3.28.

Ceramics (life cycle stage 6a-b)
Plasticizers can be used as additives for ceramics to improve their processability. They work in
combination with binders to give formed, unfired parts the flexibility or deformability required
for subsequent handling and processing. They may also be added to spray dried or granulated
powders so that the granules crush easily during pressing. Common constituent in such form
liquid are polyethylene glycol, polypropylene glycol, propylene glycol and several phthalates
(SRI, 1993).
The volume used for this application is low and mainly restricted to a limited number of working
places.
In the EUSES calculations of emissions from formulation of the form liquid the input values of
IC=16, UC=47, MC=III and fraction of DEHP in formulation of 0.05 (SRI 1993) are used. These
generate a fraction of main source of 1 and a number of emission days of 300. The resulting
regional and continental emissions are presented in Table 3.18. The local PECs are presented in
Section 3.1.3 (see Table 3.54).
Table 3.18 Ceramics: Emissions from formulation to different environmental
compartments
Compartment

Air
Waste

water**

Soil, urban/ind.
Total

Emission

Total

Continental

Regional

factor*

(tpa)

90%

10%

0.0025

0.07

0.07

0.007

0.02

0.58

0.52

0.06

0.0001

0.003

0.003

0.0003

-

0.66

0.59

0.066

* According to TGD.
** In the EUSES calculation 30% of this release will be oriented directly to surface
water.

In the processing of ceramics DEHP is expected to be totally evaporated by heating (SRI 1993).
All DEHP is assumed to be released to the ambient air during a preheating phase (according to
information in Miura et.al. 1993). However, according to the German Ceramics Industry
Association (Hoenen 2000) outcoming gases are oxidised to CO2 and H2O by special post
combustion. There will then be no releases from processing of ceramics.
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3.1.1.3

Releases during use of end-products (life cycle stages 7a-b)

3.1.1.3.1

General considerations

Compared to industrial point sources the calculation of emissions from end-products needs a
different approach. The emissions from end products5 are in contrast to the emissions from
industrial uses often extended in time. This is especially pronounced for the polymer-based
products. In the polymer matrix DEHP is assumed to be resistant to biodegradation. Since the
polymer has a high environmental persistency the lifetime of the polymer will influence the
emission period.
For products with service lives longer than one year the estimation of the annual emission must
be compensated for the fact that products produced year 1 also contribute to the emission year 2
etc. Such a product will accumulate in the technosphere until a steady state level is reached (i.e.
when produced amount of the product equals the amount of the product leaving the
technosphere). If the service life of the product is longer than the period for which it has been in
production the amounts of the product in the technosphere will continue to increase and
consequently the total emissions from these products will continue to increase. The approach in
this assessment is focused on the maximum emissions when all types of emissions have reached
steady state (assuming that the present use pattern is not changed). By using the equations in
Figure 3.1 (from ECPI 1996b) the annual emissions from end products are calculated. In the
equation the annual emission is multiplied with the service life. This reflects the situation when
the amount of DEHP in the product has reached steady state. It should be noted that the emission
is assumed to be proportional to the surface area of the product and not to the content of DEHP.
Furthermore, it is assumed that the release rate is constant.
In this assessment the following definitions of different stages in a products lifetime are used:
The total lifetime:

The time period from when the product is produced until all DEHP is
totally separated from the matrix.
No specific release point.

The service life:

The time period from when the product (here defined as: matrix + DEHP)
is produced until it ends up as waste.
The release point could be the in-door or out-door environment (different
emission factors and primary recipients).

The waste lifetime:

The time period from when the product is defined as waste until all DEHP
has left the product matrix (mainly polymers).
The release point could be the incineration station, landfills, sediment or
the urban/ind. soil (different emission factors and primary recipients).

A rough estimate of the maximum total lifetime could be based on the average emission rate
from a polymer product. An assumed total emission rate of 1% per year (during use, incineration
and disposal) (Berntsson 1984) gives a half-life of 69 years (ln2/0.01 year-1). If half of the content
of DEHP in the product is released after 69 years, the total product lifetime could be expected to
be more than 100 years (longer for thicker goods and shorter for thinner goods).

5

DEHP is here defined to be emitted when it reach the surface of the polymer. The dissipation from the surface is
here considered as a part of ”environmental fate” (incl. degradation and distribution).
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Figure 3.1 Calculation of emissions from articles during service life

The surface of
the annual DEHP
Polymer consumption
(area/year)

X

Annual
emission rate
(amount/area/year)

X

Service life
(year)

=

Amount DEHP
emitted per year
(amount/year)

X

Service life
(year)

=

Tonnes DEHP
emitted per year
(tonnes/year = “tpa”)

simplification
The annual DEHP
Polymer consumption
(tonnes/year)

3.1.1.3.2

X

Annual
emission rate
(fraction/year)

Polymer - Emissions during use of end-products

Three main emission routes are identified:
1)
in-door use of products with emission to air
2)
in-door use of products with emission to waste water
3)
out-door use of products with emissions to air, water and soil
In-door use - emissions to air
The majority of flexible PVC is used indoors in applications such as flooring, wall covering,
upholstery, wire and cable etc. The total volume for in-door use of DEHP in polymer products is
approximately 362,000 tpa.
The evaporated amount has been estimated in two ways.
Method 1: Using a general emission factor of 0.05%/year (emission factor based on the total
annual loss of the annual consumption) (UCD draft, 1998) the total emission from in-door
polymer products to air would amount to: 0.05/100 . 362,000 = 181 tpa.
Method 2: If the surface area of the products is known, an emission factor of 9.5 mg/m2/year can
be used (Environ Corporation, 1988).
The total production of PVC-flooring in Europe is 2.3 . 108 m2 (ECPI, 1998b). With a service
life of 20 years the total area will be 4.6 . 109 m2. 51% of the plasticisers are assumed to be
DEHP. This gives 2.35 . 109 m2. The total emission of DEHP from PVC-flooring to air in
Europe can be calculated to: 9.5 . 2.35 . 109 = 2.23 . 1010 mg/year = 22.3 tpa
Vinyl wall covering is a typical product in this group for which statistics are available. The total
production in Western Europe in 1988 is estimated to be approximately 400 . 106 m2 (ECPI,
1996b). 51% of the plasticisers are assumed to be DEHP. Assuming an average life-time for this
application of 7 years and applying the same emission factor as for flooring gives a total
emission of: 7 . 400 . 106 . 0.51 . 9.5 = 1.36 . 1010 mg/year = 13.6 tpa.
Western European statistics for coated products, film and sheet, such as upholstery, packaging,
stationary products, luggage, clothing etc. are not available. An assumption made by ECPI
(ECPI, 1996b) states that a worst case estimate for the emission of phthalates from these
products is 40 tpa (assuming a product lifetime of 7 years). With 51% of total phthalate
consumption being DEHP the DEHP emission should be 0.51 . 40 = 20 tpa. In the ECPI
document the phthalate emissions from cables is assumed to be in the magnitude of 50 tpa. With
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51% of total phthalate consumption assumed to be DEHP the DEHP emission should be
0.51 . 50 = 25 tpa.
Assuming that the hose and profile (10 years service life, DEHP consumption 57,120 tpa) has a
similar surface to volume ratio as flooring (DEHP consumption 73,780 tpa emitting 22.3 tpa).
The
DEHP
emission
from
these
products
is
calculated
to
be:
.
.
57,120/73,780 22.3 20/10 = 8.5 tpa.
According to the information given above, the total emission of DEHP to air from in-door
applications: 22.3 + 13.6 + 20 + 25 + 8.5 = 89.4 tpa
Conclusion
The more detailed method 2 should be preferred. However, the data on the different in-door uses
is not detailed enough to calculate the emission from each product group based on surface areas
(i.e. coated products, film and sheet). Method 1 is therefore preferred as a realistic worst case
scenario. Thus, 181 tpa of DEHP is expected to evaporate from in-door use of products
containing DEHP (see Table 3.28).
In-door use - emissions to water
Leaching of DEHP by washing clothes with PVC printing - emissions to waste water
The annual tonnage for release from washing of clothes with PVC printing is based on a Danish
experimental study on T-shirts (4 different clothes, Miljöstyrelsen 1996). The release of
phthalates in Denmark was estimated to be 6.9 tpa (range: 1.3 - 13). The range in the estimation
indicates that the variation between different clothes is large. Based on separate analysis on the
different phthalates the DEHP part can be estimated to be about 21%, i.e. 1.5 tpa
(range: 0.27-2.7) tpa. With an assumption that the Danish use of PVC printing clothes is
applicable to the rest of EU (realistic worst case) the total EU emission will be:
(370,000,000 inhabitants in EU)/(5,300,000 inhabitants in DK) . 1.50 tpa = 105 tpa
(range: 18-180).
Leaching of DEHP by washing polymer floors - emissions to waste water
The release from washing of polymer floors is based on a Swedish experimental study (Forshaga
1996). A release of 5 µg/dm2 per cleaning was measured (10 days cleaning interval). It should be
noted that the experimental design only cover emission by diffusion (emission due to abrasion is
not included). The total area for PVC-flooring is estimated to be 2.3 . 109 m2 (ECPI 1998b).
This is based on an assumed service life of 10 year. However, according to a producer
(TARKETT 1999) 20 years is a more realistic service life. This gives a doubling of the area to
4.6 . 109. About 51% of this area is assumed to contain DEHP, i.e. 2.35 . 109 m2. One cleaning
per week is assumed. This will give:
2.35 . 109 . 52 . 5 = 61.1tpa
The release caused by abrasion of the floor surface is expected to be extensive in places as
offices and schools. The abrasion can be estimated by assuming a total loss during the whole
service life. According to standard test for abrasion about 0.1-0.15 mm (average 0.125) will be
lost during the service life (TARKETT 1999). With a thickness of 2 mm (TARKETT 1999) this
will give 6.25% per 20 years or 0.312%/year. This abrasion is expected to occur on surfaces
exposed to frequent walk here assumed to be half of the area. Based on these assumptions
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2,302 tpa (0.5 . 20 . 73,780 . [0.312/100]) will be released as small particles. The distribution
of this is unknown. Wastewater (wet cleaning) and landfills (via e.g. dry cleaner) are realistic
recipients. Before cleaning some of the particles may be distributed into the air as an object for
human exposure. Assuming 50% loss to waste water will give 1,151 tpa (0.5 . 2302).
The total emissions from washing and abrasion of floors will then be 61.1 + 1,151 = 1,212 tpa.
It can be questioned to add DEHP emitted in PVC-particles to the leached amount. However, the
particle size is expected to be very small and the particles are here assumed to behave in the
same way as pure DEHP.
The total emission of DEHP to waste water from in-door applications is calculated to be:
105 + 1,212 = 1,316 tpa (see Table 3.28)
Out-door use
Different products have different service lifetimes. It is therefore necessary to split the out-door
uses into different groups. The following end products are identified as important sources for
emissions during use:
1)
2)
3)
4)
5)
6)
7)

Car undercoating
Roofing material
Coils coating
Fabric coating
Cables and Wires
Hoses and Profiles
Shoe soles

In the UCD draft (1998) general emissions factors for out-door uses are recommended. These
are, however, to general to fit the calculations needed for DEHP. Firstly they are not considering
the influence of volume/area relationship on the emission rate. Secondly, the leaching rate is not
based on a study on leaching of DEHP. Thirdly, the leaching rate in the draft UCD is not
correctly derived from the study. Some recalculations of the leaching rate are therefore needed.
Recalculations
The annual emissions by leaching in out-door use is estimated from studies on roofing material
made by Pastuska et al. 1988 and Pastuska et.al 1990. In open-air exposure 0.16%/year was
released. For surface covered with gravel 0.35%/year was released (the authors show that dirt
strongly increase the emission rate). These figures are derived from PVC with a phthalate mix
that contains normal C8-C10 and iso-C10 (no more details in the original report). Assuming a
50:50% mix will cause an average chain length of 9.5 compared to 8 for DEHP. Normally the
migration rates increase with decreasing carbon length. The emission factor for DEHP is
therefore expected to be higher. A comparing study on evaporation rates for DEHP and DIDP
(Wilson et.al 1978) is available. Here the evaporation rate at 40°C (7 km/hour air stream) for
DEHP was estimated to be 8.5 times higher than for DIDP (0.017 compared to 0.002 g/m2/day).
This indicates that also the leaching rate may be higher for DEHP compared to DIDP. Until
better data are available a doubling of the emission rate derived by Pastuska is assumed to
compensate for this difference. Thus, emission rates of 0.3 and 0.7%/year for open air and
gravelled roofing materials respectively will be used in the assessment.
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Since the emission from a material is assumed to depend on the surface area and not on its
content of DEHP the emission rate/area is calculated from the study on roofing material:
The volume of 1 m2 roofing material (thickness 1.5 mm) is 1,000 . 1,000 . 1.5 = 1.5 . 106 mm3.
With a density of 1.406 mg/mm3 (65%) for PVC (ref. Sax) and 0.985 mg/mm3 for DEHP (35%)
this correspond to [(0.65 . 1.406)+(0.35 . 0.985)] . 1.5 . 106= 1.89 . 106 mg = 1,890 g. With a
starting concentration of 35 weight% DEHP and a reduction of 0.3 weight%/year for the open-air
exposure the annual emission rate will be 0.3/100 . 35/100 . 1,890 = 1.98 g/m2 (emission only
from one side). The annual emission rate for gravelled surface will then be 4.62 g/m2.
Field studies are also available for the underground use of cable and wires (de Coste, 1968
/Study I and de Coste, 1972/Study II). The techniques used and locations are almost identical in
the two studies. 0.76 mm sheet samples were buried in soil in Georgia, US (humid climate,
pH 5.2) at two different depths mounted on polyethene tubes. After 32 or 48 months the
concentration of DEHP in the exposed PVC sheets were measured. The following decreases in
concentration were observed:
Table 3.19 % DEHP loss from cable material after 32 and 48 months in soil

Exposure duration
Original conc. DEHP
Soil depth

Study I

Study II

48 month

32 month

30.6%

37.2%

15 cm

45 cm

average

25 cm

60 cm

average

Total % DEHP loss

4.7

3.1

3.9

0.90

2.50

1.70

% loss / year

1.18

0.78

0.98

0.34

0.94

0.64

These studies did not show any clear correlation between emission rate and depth. The observed
variation may depend on uncertainty in the chemical analysis. However, it may also depend on
heterogeneity in the soil compartment. The relatively low pH (5.2) in the studied soil should be
considered. An identical study was also carried out in another region (Study I, New Mexico)
with higher pH (8.2). The dissipation of phthalates was not measured in this study. However, the
change in mechanical properties (tensile stress) of the plastics where measured. Since elongation
for this type of materials is sensitive to small changes in plasticizer concentration (according to
the author) this parameter can be used as an indication of phthalate dissipation. By comparing
the changes in elongation it clearly indicates that the phthalate dissipation was higher in the basic
soil. The levels of dissipation of DEHP in Table 3.19 may therefore be an underestimation
compared to neutral and basic soils. Due to these uncertainties the highest estimated emission
rate in Table 3.19 i.e. 1.2%, is assumed in this RAR (worst case assumption). The primary
recipient is assumed to be 100% to the soil environment.
There are indications that the losses of DEHP from gravelled roofing material and soil buried
cables at least in part are due to degradation at or near the surface of the polymer meaning that
the lossess seen may not be an emission in the true sense. Besides the two studies cited above
there are several studies available investigating plasticiser dissipation:
•

Meriowsky et.al. 1999 study the long-term behaviour of PVC materials, incl. DEHP, in land
fill environments (simulation tests and field studies). The result shows that DEHP can
dissipate from the PVC matrix. The dissipation is considerable higher during the
methanogenic (anaerobic) phase compared to the acidogenic phase. The low concentrations
of DEHP in leakage water also indicate that DEHP is degraded and/or translocated within
the landfill. The mechanism for dissipation is described as diffusion where an important
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driving force is the removal of plasticizer from the surface of the PVC e.g. by leaching
(elution and rinsing) or biodegradation. The authors suggest that the diffusion flux primarily
depends on “the microbial consumption”.
•

Plate 1997 study degradation of DEHP in PVC film under land fill conditions. In difference
to Meriowsky et al. (1999) the test where conducted in soil (“ED 73 Standard soil”). The
temperature was 50°C and artificial seepage water representing “young” (pH 4.5), “old”
land fills (pH 8.5) and rain water (distilled water) where percolated through the samples
during 1.5 years. A control sample also was incubated at room temperature without seepage
water. The results show a decrease in DEHP concentration in PVC in all tests. Highest loss
was observed for “young” seepage water and the room temperature control. The high loss in
the control was explained with god condition for growth at which DEHP was used as a
source for nutrition. Further, the concentration of DEHP in the surrounding soils did not
increase considerably. The author assumed that most of emitted DEHP was degraded or
hydrolysed.

•

Bessemes 1988 (Akzo Chemie America) found in a laboratory study that the bio film grows
thicker if the phthalate in the PVC was easy degradable. Among several plasticizers DEHP
was categorized to be in medium class for attack:
Difficult to attack:
Moderate to attack:
Easy to attack:

DINP
DHP (dihexylphthalate)
DIOP
DEHP
DBP
TOF (tri-2-ethylhexyl phosphate)
DOA (di-2-2ethylhexyl adipate)
ESO (epoxidized soybean oil)

The author stated that the bio film is established because the plasticizer is used as a carbon
source. Therefore he suggests that biocides should be added to soft PVC to prevent degradation
of the plasticiser.
•

The effect of a biocide on “plasticizer” loss was studied by ”Morton International Brussels”
(cited in ECPI 2000b). After 12 months burial in soil the biocide (conc. 1%) reduces the
“plasticizer” loss from PVC about 50% (see Table 3.20 below).
Table 3.20 Plasticiser loss after 3, 6 and 12 months of burial
% weight loss during soil burial
Biocide added1

Soil burial
3 months

6 months

12 months

0%

0.272

0.711

1.03

0.5%

0.042

0.327

0.63

0.0

0.170

0.48

1%

1) VinyzeneR SB1 (containing 5% active material: 10:10
oxybisphenoxarsine)
•
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Webb et.al 1999 study the mechanism for the adhesion of a deterious fungus on PVC. He
found that the phthalate seemed to change the electrostatic forces on the PVC surface in a
way that stimulate fungus adhesion. Adding a respiration inhibitor to the test system did not
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change the increased level of adhesion. The author therefore stated that the use of the
plasticiser as a carbon source was unlikely to contribute to the observed adhesion.
•

In several long term studies Pastuska (et.al 1988, et.al 1990) estimated the loss of
plasticizers from PVC roofing materials during different environmental conditions. The
highest loss of plasticizer was observed under exposure where organic material was present
(dirt from gravel, fungi, carbon black), whereas exposure with only inorganic material had
the lowest loss rate (see Table 3.21 below). Carbon black was the most effective reducer of
plasticizers. The results show that microorganisms may contribute to some of the observed
losses but that moist organic dirt alone enhances the loss of plasticizers. The author therefore
stated that “the application of biocides may be useful to prevent the activity of micro
organisms but it cannot prevent the negative effects of organic dirt”.
Table 3.21 % Dissipation of phthalates from roofing material after 1 year1 (review of several studies)
Uncovered
0.16
1)
2)

Covered
by gravel2

Dirt from
gravel

Water

Carbon
Black

Fungi

Fungi and
nutrient

Silica
gel

Silica
gur

0.35

0.5

0.3

1

0.4

0.43

0.1

0.05

For studies lasting shorter than 1 year the loss is extrapolated.
As a protection roofing sheets can be covered by gravel.

From the studies above it can be concluded that microbial growth on plasticised PVC is possible
and that DEHP can be utilised by microorganisms at the surface of PVC or in the surrounding
environment (e.g. soil). However, in none of these studies has the degradation been quantified.
Neither has it been shown that the degradation actually takes place at the surface of the polymer.
The increased dissipation caused by organic dirt may to a large extent be an abiotic effect caused
by increased diffusion as indicated by the study with Carbon black (Pastuska, 1988). A
hypothesis is that organic dirt may act as a lipophilic diffusion bridge between PVC and the
surrounding environment. In such a case the dissipation will not be caused by biodegradation.
The further fate will depend on the actual conditions in the surrounding environment Therefore,
a worst-case assumption is used in this assessment i.e. the observed loss of DEHP from PVC is
assumed to be a release to the surrounding environment.
Used emission factors:
Air: In the UCD draft (1998) 0.05% is assumed to be evaporated for out-door use products
during service life. There is no information on the material thickness and service life lying
behind this value. It is therefore not possible to recalculate this figure to emission/area. Instead
the emission rate for in-door use, 9.5 mg/m2/year (see estimations of indoor emissions above) is
used
Water and soil: The annual emission rate derived from roofing material, 1.98 g/m2 for open air
exposure and for gravelled surface, 4.62 g/m2, will be used for all products except for soil buried
cable (air emission excluded). The emission rate for “open air” is used for all product types
except for shoe soles for which the rate from “dirty area” is used. According to UCD draft
(1998) the leached part is assumed to be equally distributed to soil and water.
Soil buried cable and wires: The annual emission rate estimated from field studies, 1.2%/year is
used.
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0.0095 g/m2/year
0.985 g/m2/year
2.31 g/m2/year
0.985 g/m2/year
2.31 g/m2/year
1.2 %/year

The leaching rates from PVC-coated roofing material have been estimated by the recalculation
presented above. The emissions from the other product groups can be calculated by applying a
“surface correction factor” (SCF), which is defined as the relative change in surface area
compared to the roofing material. In Table 3.22 SCF for the different products are estimated.
The emissions from car undercoating are due to evaporation and leaching. Only the releases due
to leaching are taken into account to estimate the releases to water. Vikelsøe et al. (1998)
measured the releases of DEHP from cars to wash water in car wash centres. Phthalate
concentrations were determined in wash water from two car wash stations in Denmark in 1996
and 1997. The samples were taken at the car wash station in the well collecting the washing
water in the washing room. DEHP was analysed in 26 samples. The concentrations varied from
11 to 140 µg/l.
The corresponding emissions per single wash varied from < 0.5 to 110 mg/wash (mean
16 mg/wash). The concentrations varied from < 3 to 760 µg/l (mean: 112 µg/l). Assuming
approximately 120 . 106 cars in Western Europe and two car washes per month and an average
release per wash of 16 mg, the release would amount to 46 tpa distributed to waste water. Further
release would also occur during normal use e.g. driving on wet roads etc. The releases during car
washing can nevertheless be considered as worst case conditions, so that it can be assumed that
the additional releases do not exceed those during car washing. This additional release is here
assumed to be equal to the amount released from washing i.e.46 tpa equally distributed to soil
and surface water.
The emission to air from car under body coating is estimated by using the emission rate for
indoor use applied to the total surface area of car undercoating. The same thickness as for
roofing material is assumed i.e. 1.5 mm. This gives an SCF of 1.
No data are available for emissions from coil coated sheets. Coil coating is about 10 times
thinner than roofing material (0.1-0.18 mm compared to 1.5 mm, Meki 1999). This gives a SCF
of 10.
No data are available for emissions from PVC-coated fabric material. However, this material is
assumed to be similar to roofing material except that emissions will be possible from two sides.
This will give a SCF of 2.
No data are available for emissions from hoses and profiles. However, this material is assumed
to be twice as thick as the roofing material, consequently the emissions are reduced to the half.
This will give a SCF of 0.5 (1.5/3).
Emissions from cables and wires are expected as evaporation and leaching. The emission rate
and recipient are assumed to be different for under-ground use compared to over-ground use.
About 20% are estimated to be used over-ground and 80% to be used under ground (ECPI 1999).
For both over and under ground use the same thickness as for roofing material is assumed. This
will give a SCF of 1. For soil buried cable and wires all emission is expected to be to the soil
compartment. The contribution from soil buried cables is special. Since this release is occurring
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deep in the ground it cannot be added together with the other more surface oriented releases. In
TGD the urban/industrial soil depth is only 5 cm. The PEC calculations are therefore not able to
cover this release. Developments of new distribution models are therefore needed (with focus on
groundwater exposure). Until better models are available the contribution from soil buried cables
are excluded from the PEC calculations.
No data are available for emissions from shoe soles. However, this material is assumed to be
similar to the roofing material except that it is 10 times thicker. This will give an SCF of
0.15 (1.5/10).
Table 3.22 Surface Correction factor (SCF) for different polymer end
products for out-door uses

Product group

Average

Emission

thickness

sides1

SCF

(mm)
1. Car undercoating

1.5

single

1

2. Roofing material

1.5

single

1

3. Coil coating

0.15

single

10

4. Fabric coating

1.5

double

2

5a. Cable and wires – air

1.5

single

1

5b. Cable and wires – soil

1.5

single

1

6. Hoses and profiles

3

single

0.5

7. Shoe soles

10

single

0.15

1)

Polymers applied on a non-diffusible material will only release DEHP from
one side.

Volumes and service life for these groups are presented in Table 3.23 (source: INDUSTRY,
1999).
Table 3.23 Consumed volumes, service life and resulting surface area of main groups
of out-door use types (polymer end products)
Type

Volumes

Service life

Total emitting surface area1

(tpa)

(year)

(m2)

car undercoating

7,000

12

44,444,444

roofing material

1,000

20

10,582,011

coil coating

5,000

10

264,550,265

fabric coating

21,000

10

222,222,222

cable and wires - air

4,000

30

63,492,063

(cable and wires – soil2

16,000

30

253,968,254

hoses and profiles

6,000

10

15,873,016

shoe soles

40,000

5

15,873,016

1) [DEHP volume of the end product] . [the area of 1 tonne roofing material=529m2] . SCF .
service life
2) The surface area of soil buried cable is not used in the calculations of emissions.
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The releases to different environmental compartments from out-door uses are summarised in
Table 3.24. The result shows that on average 1.3% of DEHP is lost during the service life (soil
buried cable excluded). The variation between product types lies between 0.2 and 36%.
Table 3.24 Summary of total releases from outdoor use of polymer end products
Scenario

Emission

to (tpa):

Total

% of initial

air

Surf. water

waste water

urban soil

car undercoating

0.42

23

46

23

0

92.4

1

roofing material

0.10

24.4

0

24.4

0

49

5

coil coating

2.5

261

0

261

0

524

10

fabric coating

2.1

219

0

219

0

440

2

cable and wires - air

0.60

62.6

0

62.6

0

126

3

cable and wires - soil

0

0

0

0

5,760

5,760

36

hoses and profiles

0.15

15.6

0

15.6

0

31

0.5

shoe soles

0.15

36.6

0

36.6

0

73

0.2

6

642

46

642

5,760

1,3363

1.3

Total1
1)
2)
3)

3.1.1.3.3

Other

soil2

Content

To Table 3.28.
Soil buried cables.
Emission from buried cable excluded

Non-polymer - Emissions during use of end-products

There is only limited information available on this product group. The use of DEHP in
non-polymer applications is stated to be maximum 3% of the total DEHP consumption
corresponding to 14,280 tpa (see Table 2.2). The only available information on emissions from
non-polymer products is a report from US-EPA (Perwak and Slimak 1981). The authors stated
that the release of phthalates during use is 80% per year with a maximum one-year product
lifetime. The primary recipients are assumed to be air (40%), waste water (40%) and soil (20%).
The authors made a reservation that these figures are highly uncertain. Since these figures also
cover other more water-soluble phthalates (such as DBP) they probably overestimate the total
release of DEHP.
Until more specific emission rates are available the emission factors derived for polymer end
products are used.
As for polymer products a surface correction factor is used to estimate the emitting area of the
products.
1)

Sealant, adhesives etc

There is no information available on the volumes used indoors and outdoors. For the purpose of
this risk assessment half of the volume is assumed to be used indoors. Since such material can be
expected to be in contact with water the emission factor for leakage during outdoor use is used
(1.98 g/m2/year). As for polymers the outdoor emissions are assumed to be equally distributed to
water and soil. For the indoor part, however, all emissions are assumed to be directed to waste
water. The thickness of sealant, adhesives etc. are assumed to be the same as for roofing material
(1.5 mm). This will give a SCF of 1 (see Table 3.25).

60

CHAPTER 3. ENVIRONMENT

2)

Lacquers and Paints

There is no information available on the volumes used indoors and outdoors. However, the same
release pattern is assumed as for sealant, adhesives etc. (see above). The normal thickness of
lacquers and paints is 0.04 mm (Fristad 2000). This will give a SCF of 38 (see Table 3.25).
3)

Printing inks

All printing ink uses are assumed to be conducted indoors. As a simplification all printing inks
are assumed to be used on paper. There is no information about the thickness of printing inks.
Here it is assumed to be 0.0015 mm. This will give a SCF of 1,000 (see Table 3.25). Only
emission to air is assumed to occur (emission factor 0.0095 g/m2/year). Most of the DEHP added
to paper via the ink is assumed to remain in the recycled paper (see Section 3.1.1.4). With 50%
paper recycling and an assumption that 94% of the DEHP is remaining in the recycled paper the
total amount of DEHP in paper is assumed to be higher than the amount added with inks. A
correction factor of 2 will be used to take account of this “retention”. Thus, the tonnage will be
2 . 1,661=3,322 tpa (see Table 3.26). The service life for printed paper is assumed to be 1 year
(this is assumed to also cover the recycling steps).
Table 3.25 Surface Correction factor (SCF) for different non-polymer end products
Product type

Average thickness (mm)

Emission sides1

SCF

Sealant, adhesives etc.

1.5

single

1

Lacquers and paints3

0.04

single

38

0.0015

single

1,000

Printing ink2
1)
2)
3)

Non-polymers applied on a non-diffusible material will only releases DEHP from one side.
No reference.
Average thickness according to Fristad (2000).

Table 3.26 Consumed volume, service life and resulting surface area of the main
groups of non-polymer end products
Product type

Volumes

Service life

Total emitting surface area1

(tpa)

(year)2

(m2)

Sealant, adhesives etc

11,142

20

117,904,762

Lacquers and paint

1,448

7

201,111,111

Printing ink

3,3223

1

878,835,979

1) [DEHP volume of the end product] . [the area of 1 tonnes roofing material=529m2] .
SCF.service life
2) From Table 2.4
3) Yearly consumption corrected for paper recycling (1,661 . 2)

The releases to different environmental compartments from out-door uses are summarised in
Table 3.27.
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Table 3.27 Summary of total releases from non-polymer end-uses
Product type

Sealants, adhesives etc

Lacquers and paint

Printing ink

Emission

to (tpa):

air

surf.water

waste water

urban soil

in-door

0.56

0

116

0

117

out-door

0.56

58.1

0

58.1

117

in-door

0.96

0

198

0

199

out-door

0.96

99.1

0

99.1

199

in-door

16.7

0

0

0

16.7

19.7

157

314

157

648

Total1
1)

Total

To Table 3.28

“Municipal STP” ÅÆ “Diffuse emissions” (life cycle stage 7a-b, → EUSES calculations)
In the society the use of end products is mainly a source for diffuse emissions. Creating a local
scenario for each type of product type is therefore not relevant. However, some of these
emissions are concentrated in the municipal STP system and cause a local emission at the STP
recipient. Here the in-door emissions to waste water are the main source. But also some
emissions from out-door uses can be expected to reach the STP (via storm water distribution to
the STP). However, in this assessment as a worst case assumption all storm water releases are
oriented to surface water. Small industrial sites like printing works or smaller factories working
with plastisol dip coating are assumed to be connected to municipal STPs. The wastewater
releases from these life cycle stages (2f, 2g and 5b) are therefore added to the local wastewater
scenario for end product use.
Estimated emissions to air, soil and surface water from polymer- and non-polymer- end products
use, and small scale industrial use (life cycle stages 2f, 2g and 5b) are only used for their
contribution to the calculation of continental/regional PECs (use pattern 2 priv. in the EUSES
calculation).
Table 3.28 sums up all emissions from life cycle stages, 2f, 2g, 5b and 7.
Table 3.28 Total emissions from End-products uses (life cycle stage 7) and small scale industrial uses (life
cycle stages, 2f, 2g and, 5b)
Compartment

Non-

polymer1

Polymer

outdoor

indoor

outdoor2

Indoor

2f3

2g3

5b4

1.5

18.2

6

181

4.2

5

82

299

Waste water

0

314

46

1,316

4.2

5

0.83

1,686

Surface water

157

0

642

0

0

0

0

799

Urban/Industrial soil

157

0

642

0

0

0

2.5

801

0

0

5,760

0

0

0

0

(5,760)

316

333

7,096

1,497

8.4

10

85.3

3,585

Air

Other soil
Total
1)
2)
3)
4)
5)

62

Small scale industrial uses

From Table 3.27.
From Table 3.24. The contribution to waste water comes from car washing.
From Table 3.5
From Table 3.17
To Table 3.29. Soil buried cable (“other soil”) is excluded.

Total5
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The continental and regional emissions are set to 90% and 10% respectively (default) and are
presented in Table 3.29. These values are used as input data in the EUSES calculation. The
releases to waste water are used to calculate a local PEC for municipal STP (see Table 3.29, use
pattern 1 priv.). In the EUSES calculation the default value on the fraction of main source of
0.002 from B-table 4.1 in the TGD is used. The number of days for emission is set to 365 days.
The remaining releases (to air, surface water and urban soil) are only used for their contribution
to the regional concentrations (see Table 1.1, Table 3.48, use pattern 2 priv.).
Table 3.29 The total, regional and continental EU emissions from end-products (life
cycle stage 7) uses and small-scale industrial uses (life stages 2f, 2g and
5b). The waste water emission is used for a local STP scenario (use
pattern 1 priv. in EUSES)
Compartment

Total

Continental

Regional

(tpa)

90%

10%

299

269***

30***

Waste water*

1,686

1,518**

169**

Surface water

799

719***

80***

Soil, urban/ind.

801

721***

80***

3,585

3,227

359

Air

Total
*
**
***

3.1.1.4

70% is assumed to be treated in STP and 30% be released directly to surface water
(according to TGD).
Input data to use pattern “1 priv.” in EUSES
Input data to use pattern “2 priv.” in EUSES

Release from disposal

In cases where a disposed product is not incinerated or recycled the emission period will be
longer due to a longer total lifetime. The emission during the waste lifetime is in many countries
mainly located to landfills. Emissions from landfills are mainly due to leaching and are
technically controllable.
An unknown amount of polymer products will, however, end up elsewhere. Examples of such
waste streams are loss of particles from car undercoating and other polymer products (caused by
weathering effects). This emission is wide disperse and out of waste management control. Such
waste remaining in the environment may therefore be an important contributor to the overall
environmental exposure.
Figure 3.2 gives a schematic view of the amount of DEHP in a product group over its total
lifetime. The different areas in the graph are roughly proportional to their contribution to the
total lifetime release from polymers. It should be noted that the relatively large area representing
“land fill” is an internal release from polymers within the landfill. Measured data show that the
releases from the municipal landfills are much lower (due to adsorption/degradation).
The strategies in waste management vary considerable between different EU countries (Figure
3.2). The incineration rate of municipal waste varies between 0 and 75% (ETSU 1996).
Consequently, the rate for municipal landfill application varies between 25 and 100%.
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Figure 3.2 Schematic view of the amount of DEHP in a product group from its introduction on the market until the end of its “total life-time”.
The thick line shows the total amount of DEHP remaining in the product group (incineration ref. ETSU 1996)

a) Only land fill (Greece, Ireland, Portugal)

→ Total
Service life
100% ↓
the total
amount
DEHP in a
product
group during
its total lifetime

→ Waste lifetime

0 % Incineration

Land fill material

0%

Waste remaining in the environment

Time →

b) Average in EU
→ Total
Service life
↓
the total
amount
DEHP in a
product
group during
its total lifetime

→ Waste lifetime

24 % Incineration

Land fill material

0%

Waste remaining in the environment

Time →

c) High incineration rate (Luxembourg)
→ Total
Service life
↓
the total
amount
DEHP in a
product
group during
its total lifetime
0%
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Five emission sources are identified for the disposal life-cycle stage:
- paper recycling
(life cycle stage 8a)
- car shredding sites
(life cycle stage 8b)
- municipal incineration stations
(life cycle stage 8c)
- municipal land fills
(life cycle stage 8d)
- waste remaining in the environment
(life cycle stage 8e)
Paper recycling (life cycle stage 8a)
The deinking of recycled paper is assumed to be a potential local release source. According to
the emission scenario document (IC-12) in the TGD, between 6 and 90% of the ink can be
washed to waste water during recycling. Given the hydrophobic nature of DEHP, the lower value
of 6% would appear to be most appropriate. The amount DEHP in recycled paper is corrected for
the amount evaporated during end-product use (see section 3.1.1.3, Table 3.27) to be 3,322 –
16.7 = 3,305 tpa. Furthermore, during primary treatment, a removal rate of 90% is estimated for
insoluble substances. With a paper-recycling rate of 50%, the release to waste water would be
3305 . 0.06 . 0.1 . 0.5 = 9.9tpa. The continental and regional emissions are set to 90% and 10%
respectively (default) and are presented in Table 3.30. This amount is used as input for use
pattern “6 recov.” in the EUSES calculation (see Table 3.48) as emission to waste water. The
default values for fraction of main source (0.3) and number of emission days (250) are used.
(The occurrence of DEHP in toilet paper has been measured in the Netherlands to be 3-16 mg/kg
(Vollebregt et.al. 2000). There was no clear difference between new and recycled papers).
Table 3.30 Distribution and total annual amount of DEHP emissions from paper
recycling sites within EU (life cycle stage 8a)
Compartment

Total

Continental*

Regional*

(tpa)

90%

10%

0

0,0

0,00

Waste water**

9,9

8.91

0.89

Surface water

0

0

0

Urban/Ind. Soil

0

0

0

9,9

8,91

0,89

Air

Total
*

Used as input data for use pattern “6 recov.” in the EUSES calculation (see
Table 3.48)
** 70% is assumed to be treated in STP and 30% be released directly to surface water
(according to TGD)

Car shredder waste (life cycle stage 8b)
Shredding of disposed vehicles is a potential source for release of DEHP (from car-undercoating
and cables). Shredding is carried out to separate the non-ferrous from the ferrous metals for
recycling purpose. A by-product is the so called light shredder fraction, which contains most of
the rigid, flexible and foamed plastics, elastomeres, wood, glass and dirt. This light shredder is
land filled within the EU. The process of dry shredding is the most practised system in Europe.
Old cars enter the shredding process after removal of fluids, batteries and converter radiators.
The shredding itself takes place through hammering on the scraps until the granulation of the
scraps is small enough to be pushed through the gates. The light fraction is separated through an
aspiration system. During the shredder process a normal temperature was measured ranging
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between 30 and 45°C, with exceptionally higher temperature occurring only temporary at
compact and large individual items (e.g. crank shafts).
The following calculation for the dry process can be made (INDUSTRY, 1999):
Car processed in Denmark and Germany:
Shredder sites in EU:
Car processed in EU:
PVC per car:
plasticizer per car:
DEHP per car:
Total EU input of DEHP in shredder:
Total input per site:

3,850,000
252
10,600,000
16 kg (source APME)
5.4 kg (average of 35% soft PVC)(ECPI)
1.1 kg (average of 25% DEHP in soft PVC)
11,000 tpa
43.5 tpa = 145 kg/d

As a worst case emission factor for the air the same release factors for “plastisol processing”, i.e.
0.05% was assumed:
Local release of DEHP into air
Total releases

145 kg/d . 0.05% = 0.0725 kg/d (= 0.021 t/300d)
5.5 tpa (0.021 . 252)

Uncontrolled releases of particles are also expected to occur to the surroundings. Based on a
rough assumption the particle emission during disposal is estimated to be 124 tpa (see
Table 3.35). It is assumed that 50% (62 tonnes) of these emissions emanates from car shredding
sites. Even if particles are released to the air compartment particles are assumed to deposit to the
ground. The recipient for this emission is therefore assumed to be the urban or industrial soil.
Release to water is not expected from the dry processing. However, some processing sites
separate metals by water flotation. The frequency is however, assumed to be low.
According to Industry use of DEHP in plastisol for cars has declined about 90% since1995. The
shredding currently in practice will on average be on cars built pre-1995. Thus this type of
DEHP emission will decrease in the future.
The continental and regional emissions are set to 90% and 10% respectively (default) and are
presented in Table 3.31.
Table 3.31 Distribution and total annual amount of DEHP emissions from car
shredding sites within EU (life cycle stage 8b)
Compartment

Total

Continental*

Regional*

(tpa)

90%

10%

5.5

5.0

0.50

Waste water

0

0

0

Surface water

0

0

0

Urban/Ind. Soil

61.9

55.7

55.7

Total

67.4

60.7

6.2

Air

* Used as input data for use pattern “8 recov.” in the EUSES calculation (see
Table 3.48).
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The values in Table 3.30 are used as input data in the EUSES calculation (see Section 3.1.3). In
the EUSES calculation the fraction of main source is set to 0.04 (252 sites in EU) and the
number of days for emission is set to 300 days.
Incineration of municipal waste (life cycle stage 8c)
Based on statistics from ETSU (1996) the average incineration capacity within EU is calculated
to be about 24% (corrected for different populations). The annual releases of DEHP from Danish
waste incineration 1992 has been estimated by Miljöstyrelsen by measuring the concentration in
smoke, ash, waste water etc. at an incineration station burning municipal waste (Miljöstyrelsen
1996, p.71). The following DEHP concentrations where measured:
5.7-17 µg/m3
1,000-5,000 µg/kg
< 0.5-1.0 µg/l
860-4,000 µg/kg
< 400-2,800 µg/kg

Exhaust gas
Gas cleaning residue product
Cleaning water
slag
fly ash

Based on these data the following emission can be calculated:
Recipient

Emission

Source

Air

0.118 tpa

Exhaust

Municipal land fill

1.17 tpa

Slag, fly ash, gas cleaning residue product

Water

0 tpa

Exhaust gas cleaning

Total

1.29 tpa

Based on the incineration capacity in Denmark of 36% (ETSU 1996) the EU emissions can be
estimated:
Population of Denmark:
Population of EU:
EU, incineration rate:
Denmark, incineration rate:

5.3 millions
370 millions
24%
36%

Conversion factor = (370 / 5.3) . (24 / 36) = 46.54
With this conversion factor the Danish figures are recalculated to EU emissions (see
Table 3.32).
The continental and regional emissions are set to 90% and 10% respectively (default) and are
presented in Table 3.32.
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Table 3.32 Distribution and total annual amount of DEHP emissions from incineration
stations within EU (life cycle stage 8c)
Compartment

Distribution

Total

Continental*

Regional*

(%)

(tpa)

90%

10%

Air

9

5.5

4.95

0.55

Waste water

0

0

0

0

Surface water

0

0

0

0

Urban/Ind. soil

0

0

0

0

Munic. Land fill

91

(54.5**)

**

**

* Used as input data for use pattern “9 recov.” in the EUSES calculation
** Not included in the EUSES calculation.

Disposal to municipal landfills is not considered as a direct release to the environment and is
therefore not used for PEC calculations. This will give a total environmental emission of 5.5 tpa
(4.95 + 0.55). The air is the only primary recipient.
The values in Table 3.33 are used as input data in the EUSES calculation for the use pattern “9
recov.” (see Section 3.1.3). In the EUSES calculation the default value on the fraction of main
source 0.2 (B-table B5.3) and the number of days for emission is set to be 300 days.
Municipal land fill (life cycle stage 8d)
The municipal landfills are identified to emit DEHP mainly through the leakage water (ECPI
1996b). Data from ECPI are used in this assessment. An estimate of the total emission within EU
based on measured data from UK (ECPI, 1996b) gives a leached amount of 15 tpa.
Table 3.33 Distribution of DEHP emitted from municipal landfills (life cycle stage 8d)
Compartment

Total*

Continental

Regional

(tpa)

90%

10%

0

0

0

Waste water**

15.0

13.5

1.5

Surface water

0

0

0

Urban/Ind. Soil

0

0

0

15.0

13.5

1.5

Air

Total
*
**

To Table 3.35
70% is assumed to be treated in STP and 30% be released directly to surface water
(according to TGD).

The low dissipation rate of DEHP in the municipal landfills environment (see Section 3.1.2.2,
Landfill conditions) will probably cause accumulation of DEHP in municipal landfills. The
future emissions from municipal landfills may therefore be higher.
A landfill is not fitting the local scenario according to TGD. These emissions are therefore only
used for the calculations of continental/regional PECs. In the EUSES calculation these emissions
are added to the use pattern“1 recov.” together with emission from “waste remaining in the
environment” (see below).
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Waste remaining in the environment (life cycle stage 8e)
Waste remaining in the environment is expected to be particles/fragments abraded from end-use
products during their service life and during disposal (e.g. particles abraded from car
undercoating, coil coating, shoe soles and fragments of plastic bags etc.). These particles are
primarily released to the urban/ind. soil compartment. However, the smallest fraction may also
be distributed to the air compartment or to the surface water environment ending up in the
sediment. Figure 3.3 gives an overview of contributions to this waste type considered in this
assessment.
End products used for out-door purpose is the most obvious source for this waste formation.
Some data to estimate the abrasion from outdoor use are available. However, for the in-door use
except for abrasion of floor (approximately 78% of the consumption of DEHP) data are missing.
Compared to the other life cycle stages in this RAR the emission from waste remaining in the
environment is more difficult to estimate. The polymer particles can be assumed to have a
certain lifetime. Therefore, it can be assumed that there is a “pool” of polymer particles in the
environment that has a far larger volume than the yearly emissions of particle bound DEHP.
However, there is no information on the fate of the polymer particles or the releases of DEHP
from them. Furthermore, the bioavailability of polymer associated DEHP is not known.
In this assessment the worst case approach is used, i.e. that the release of DEHP associated to
polymer particles is treated as an emission of DEHP.
Figure 3.3 Different (polymer) waste stream contributions to ”waste remaining in the environment” (waste streams A, B2 and C2 is not
included in the calculations)

Polymer processing

Waste stream A
(negligible)
A

Use of polymer endproducts

Waste stream B
B1

Outdoor use
(Indoor use)*

air
Waste remaining

(B2)*

in the environment

water
soil
(ground-water)*

Disposal of end-products

Waste stream C
(C2)*

−

Land-fills

−

Incineration stations

C1

* only partly included due to lack of method/data
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Waste from out-door use
Among out-door use of end-products the following are expected to form waste during use and
disposal (waste streams B and C in Figure 3.3):
1)
2)
3)
4)
5)
6)
7)
8)
9)

Car undercoating
Roofing material
Coil coating
Fabric coating
Cables and wires
Hoses and profiles
Shoe soles
Sealant, adhesives etc
Paints and lacquers

To estimate the emissions from these types of wastes, the waste formation rate (release of PVC
containing DEHP) needs to be estimated from both use (waste streams B in Figure 3.3) and
disposal (waste streams C).
1. Car undercoating
The waste formation during the service life is assumed to be approximately 10% (waste stream
B1, Volvo 1998). For the remaining 90% the release during disposal is assumed to be 2% (no
reference). Releases are expected from different waste handling processes (squeezing, shredding)
where particles will be released. The emission at the shredding sites is already covered by a
special local scenario (life stage 8b, see above) and is assumed to be half of the total particle
emission.
2. Roofing material
No data are available on the particulate losses during the service lifetime and during disposal.
The waste formation during the service lifetime is assumed to be approximately 5% (no
reference). For the remaining 95% the release during disposal is assumed to be 2% (no
reference).
3. Coil coating
Losses during the service life has been estimated in a survey on a number of buildings with PVC
coil coated roofs in Stockholm 1998 (Rathleff-Nielsen 1999, Skog 1999). This study estimates
that about 50% of the coating was lost after 10 years use. The same loss is used in this
assessment. For the remaining 50% the release during disposal is assumed to be 10% (no
reference).
4. Fabric coating
No data are available on the losses during the service life and during disposal. It is assumed that
the waste formation rate is 4% (no reference). For the remaining 96% the release during disposal
is assumed to be 2% (no reference).
5. Cable and wire
No data are available on the losses during the service life and during disposal. For over ground
applications a loss of 2% is assumed. For the remaining 98% the release during disposal is
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assumed to be 2% (no data, worst case assumption). For under ground applications a loss of 2%
is assumed. For the remaining 98% the release during disposal is assumed to be 80% (no data,
worst case assumption).
6. Hoses and profiles
No data are available on the losses during the service life and during disposal. A maximum of
2% is however assumed to be released during the service life (no ref.). For the remaining 98%
the release during disposal is assumed to be 2% (no reference).
7. Shoe soles
No data are available on the losses during the service life and during disposal. 10% is however
assumed to be released during the service life (no ref.). For the remaining 90% the release during
disposal is assumed to be 1% (no reference).
8. Sealant, adhesives etc.
No data are available on the losses during the service life and during disposal. 5% is however
assumed to be released during the service life (no reference). The release during disposal is
assumed to be 5% (no reference).
9. Paints and lacquers
No data are available on the losses during the service life and during disposal. The particle
emission during service life is assumed to be 5% (no reference). The release during disposal is
assumed to be 5% (no reference).
In Table 3.35 the emissions from different kind of waste remaining in the environment are
calculated. When calculating the particle emission from end-products corrections are made for
emissions during earlier life cycle stages.
There are no data available about the recipient of emissions from “waste remaining in the
environment”. However, since the polymers occur as solids they are assumed to end up in the
soil and sediment environments. Smaller fractions can be expected to be transported by wind and
water to sediments while larger pieces remain in the soil. Compared to the releases from product
use the emission to air and water is expected to decrease and the emission to soil increase. In this
assessment the emissions to air and water are assumed to be 0.1% and 25% respectively and the
emission to soil is assumed to be to 75% (see Table 3.34). These figures are used in Table 3.35
to estimate the environmental distribution of the emissions.
Table 3.34 Environmental distributions of DEHP released from use of end products and
waste remaining in the environment
Environmental distribution
Primary
Recipient

During normal use
(%)

From waste remaining
in the environment (%)

From soil buried cable
(use and waste) (%)

1

0.1

0

Water

49.5

25

0

Soil

49.5

75

100

Air

The calculations in Table 3.35 show that the annual releases from different waste types vary
between 59 to 8,188 tpa. The highest figure is attributed to soil buried cables. This is due to the
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assumption that 80% of the cables are left in the ground at disposal. In TGD the urban/industrial
soil depth is only 5 cm. The ordinary PEC calculations are therefore not able to cover this
release. Development of new distribution models is therefore needed (with focus on groundwater
exposure). Until better model are available the contribution from soil buried cables are excluded
from the PEC calculations. Excluding soil buried cables the annual releases vary between 59 and
4,337 tpa. Coil coating and shoe soles are the dominating sources.
The uncertainty of these figures is high due to several assumptions and simplifications.
Waste from in-door use
In-door uses of polymer end products will most probably also cause “waste remaining in the
environment”. The abrasion from floor is already included in the section for end-products use.
An obvious life cycle stage that, however, is not included is the demolishing of buildings that
contain products like electrical cables, hose profiles, polymer wallpaper, paint, sealants and
flooring (Sten 1998). Since such demolished building material may be used for land filling,
ground water can be assumed to be exposed. More data and/or new calculation methods are,
however, needed before such a life cycle stage can be introduced in the assessment.
Other waste sources
An analysis of domestic organic waste used for producing compost shows that the concentration
of DEHP is in the same level as for municipal STP sludge (Kjölholt et. al, 1998). The extent of
such use is limited today. However, new EU directives for domestic landfills will probably in the
near future increase such uses.
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Table 3.35 Out-door use: Calculation of emissions of DEHP from waste remaining in the environment at steady state (life cycle stage 8d)

Total quantity of DEHP used in
applications.

Car under

Roofing

Coil

Fabric

Cable

& Wire

Hoses

Shoe

Paint

Sealant

unit

coating

material

coating

coating

Air

Soil

Profiles

soles

Lacquer

adhesives

tpa

7,000

1,000

5,000

21,000

4,000

16,000

6,000

40,000
724

5,571

27

1,978

697

5,374

Total

106,295

Quantity of DEHP emitted from
tpa
formulation and
processing (accounted for elsewhere
in assessment)1

26

4

19

79

15

60

23

150

Quantity of DEHP present in outdoor tpa
applications.

6,974

996

4,981

20,921

3,985

15,940

5,977

39,850

Volatilisation and leaching loss during tpa
service life for
outdoor applications (accounted for
elsewhere).

92

49

524

440

126

5,760

31

73

199

117

7,411

6,881

947

4,457

20,481

3,859

10,186

5,946

39,777

498

5,257

98,284

Percentage particulate emission over %
service life of product.

10

5

50

4

2

2

2

10

5

5

Amount of DEHP emitted as waste
remaining in the
environment over service life of
product.

tpa

688

47

2,229

819

77

204

119

3,978

25

263

Amounts of DEHP remaining in
product at disposal.

tpa

6,193

900

2,229

19,662

3,782

9,976

5,827

35,799

473

4,994

% particulate emission at disposal.

%

2

2

5

2

2

80

2

1

5

5

Quantity of DEHP remaining in
outdoor applications
after volatilisation and leaching
losses.

105,696

8,449

89,836
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Table 3.35 continued overleaf

tpa

599

73

Car under

Roofing

Coil

Fabric

Cable

& Wire

Hoses

Shoe

Paint

Sealant

Total

unit

coating

material

coating

coating

Air

Soil

Profiles

soles

Lacquer

adhesives

Amount of DEHP emitted as waste
remaining in the
environment at disposal3

tpa

62

18

111

393

76

7,981

117

358

24

250

9,389

To EUSES

Total amount of DEHP as waste
remaining in the environment

tpa

750

65

2,340

1,212

153

81,858,0
27

235

4,336

49

513

17,838

calculation2

Distribution of emission to:

Soil buried

Air

%

0.1

0.1

0.1

0.1

0.1

0

0.1

0.1

0.1

0.1

Surface water

%

25

25

25

25

25

0

25

25

25

25

cable

Urban soil

%

75

75

75

75

75

100

75

75

75

75

excluded

tpa

0.75

0.07

2.34

1.21

0.15

0

0.24

4.34

0.05

0.51

9.1

Surface water

tpa

188

16

585

303

38

0

59

1,084

12

128

2,413

2,413

Soil

tpa

563

49

1,755

909

115

8,185

177

3,252

36

384

15,425

7,240
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Table 3.35 continued Out-door use: Calculation of emissions of DEHP from waste remaining in the environment at steady state (life cycle stage 8d)

Total amount of DEHP as wast
Air

9.1

remaining in the environment to:

1)
2)
3)

Based on an average emission from polymer processing/formulation of 0.38%
To Table 3.36.
Car under coating: The total emission from waste disposal of cars is 124 tpa. Half of this emission is assumed to occur at car shredding sites and is therefore removed.
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Due to the diffuse nature of the emissions from “Waste remaining in the environment” they are
only used for their contribution to the regional scenario. The total diffuse EU emissions (in tpa)
from waste remaining in the environment and landfills to different environmental compartments
are summarised in Table 3.36. The emissions from landfills are also excluded from local PEC
calculations. As a simplification the emissions from waste remaining in the environment and
landfills are added to the same use pattern (“1. Recov.”) in the EUSES calculation. The
continental and regional emissions are set to 90% and 10% respectively (default).
Table 3.36 The DEHP emission from landfills and waste remaining
in the environment (life-cycle stages 8d+e)
Compartment

*

3.1.1.5

Total

Continental*

Regional*

(tpa)

90%

10%

Air

9.1

8.2

0.91

Waste water

15

13.5

1.5

Surface water

2,413

2,172

241

Industrial/urban soil

7,240

6,516

724

Total

9,677

8,710

968

Used as input data for use pattern “1 recov.” in EUSES calculationsee
Table 3.48.

Summary of releases

Sources and recipients
The EU emissions from different parts of the total life cycle are summarised in Table 3.37 and
Table 3.38. The releases from industrial point sources are rather low compared to the high
volume that is handled. The primary recipients during production, formulation and processing
are mainly air and wastewater. Releases during end-product uses are expected to be relatively
high. These emissions cause a wide disperse distribution. All types of recipients are exposed for
these emissions. The STP is mainly exposed from in-door use and the surface water and soil are
mainly exposed from out-door use.
A study by UK water industry research limited suggest that leaching from newly installed
plastics in housing is a significant diffuse input to wastewater treatment works, see
Section 3.1.4.2. (UKWIR, 2005)
Emissions from car shredding, municipal land fills and incineration stations seem to be in the
same low order as from the industrial point sources. The primary recipients are soil (car
shredding), the water compartment (municipal landfills), municipal landfills (incineration) and
air (incineration). The low dissipation rate of DEHP in the municipal landfill environment will
probably cause accumulation. The emissions from landfills may therefore increase in the future.
Considerable emissions in particle form could be expected from end products that are not
recycled, incinerated or land filled. Dominating sources are shoe soles, out-door use of coil and
fabric coating and in-door floors. The primary recipients are expected to be soil followed by the
aquatic compartment (mainly sediment) and to a lesser extent air. The uncertainty of these
estimations is, however, high due to limited data.
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DEHP in waste formed from buried cables and demolished building material is assumed to cause
emission to ground water in urban areas. It was not possible to estimate these emissions (due to
limitations in available estimation methods).
The over all distribution of DEHP is 2% to air, 21% to water and 77% to urban/industrial soil.
Two thirds of the load to urban/industrial soil comes from cables buried deeper than 5 cm and is
therefore not included in the calculation of regional PECs.
Over-all accumulation of DEHP
Large amounts of DEHP in polymers are building up in:
•

End products with long service lives (e.g. building material);

•

Land fills;

•

Waste remaining in the environment (pieces of polymer).

Large amount of polymer end products accumulates in landfills. The content of DEHP will
sooner or later emit from the polymer matrix. Emitted DEHP may then be degraded in the
landfill or leave it. The amount of DEHP released from a landfill today is assumed to be small.
Also the release of the degradation product, MEHP, is expected to be small (Mersiowsky et.al.
1999).
Compared to land fills DEHP in “waste remaining in the environment” is much more out of
technical control. Due to high persistency of the DEHP/polymer complex this amount is also
expected to still increase in the technosphere. Some polymer end products with service lives of
several decades still in use are also accumulating in the technosphere.
As a consequence the amount of DEHP in the technosphere (incl. the waste) is still increasing.
Increasing amounts may also cause increasing emissions. With constant consumption and waste
management the DEHP levels (and emissions) will after a while reach steady state (when
consumed amount = emitted amount + incinerated amount + amount degraded in landfills).
The emissions calculated in this assessment are in some cases dominated by emitting materials
with long lifetimes (e.g. soil buried cables). This means that estimated PECs that are dominated
by such diffuse sources may to some extent reflect a future hypothetical emission. In other
words, the emissions we can expect in the future if we continue to handle DEHP in the same
ways as today. This future perspective may cause difficulties in comparing calculated regional
PEC values, which reflects a steady state situation with monitoring data. However, DEHP have
been in use since approximately 1,940. It has had a relatively stable consumption level in Europe
the last 30 years. There are only a few products that have service lives longer than that (e.g. soil
buried cables). Therefore, a major increase of concentrations of DEHP in the environment is not
to be expected over the coming years if the consumption volume and use pattern stay stable.
Thus, the estimated PECregional should be comparable with monitoring data.
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Table 3.37 A summary of the distribution in tonnes (total in EU) of DEHP emissions to different
environmental compartments during the total life cycle
Emission
Life-cycle stages

Air

Distribution
Waste

Water1

in

tonnes

/year

Urban

Soil3

Total

0-5 cm

>5 cm

1a production

2

682

7

0

691

1b transportation

0

50

0

0

50

197

197

0

0

394

3a Sealant-formulation

28

111

1

0

140

3b Sealant-processing

1

0

56

0

57

4a Paint-formulation

4

14

0.1

0

18

4b Paint-processing

0

1

7

0

9

5a Ink-formulation

4

17

0.2

0

21

5b Ink-processing

83

0.8

2

0

86

6 Ceramic-formulation

0.1

0.6

0

0

1

Total / industrial uses

319

1,074

74

0

1,467

7 Polymer-Indoor use

181

1,316

0

0

1,497

7 Polymer-Outdoor use

6

688

642

5,760

7,096

7 Non-pol. Indoor use

18

314

0

0

333

7 Non-pol. Outdoor use

2

157

157

0

316

207

2,475

799

5,760

9,241

0

9.9

0

0

10

8b Car shredder

5.5

0

62

0

67.5

8c Incineration stations

5.5

0

0

0

5.5

8d Municipal land-fill

0

15

0

0

15

8e Waste / environment2

9

2,413

7,240

8,185

17,847

Total / disposal

20

2,438

7,302

8,185

17,945

Total:

546

5,987

8,175

13,945

28,653

Polymers:
2a-g Polymer-proc/form
Non-polymers:

Total / end-product uses
8a Paper recycling

1)
2)
3)

Emission to waste waster except for scenarios 7/out door and 8e (see text for more details)
Waste remaining in the environment. Only the contribution from out-door use.
Soil buried cables in “urban/Ind. Soil” (>5 cm).
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Table 3.38 A summary of the contribution of emissions from different life stages in % of the
total DEHP emission
Emission distribution in % of total
Life-cycle stages

1a production

Air

Waste Water1

Urban soil3
0-5 cm

>5 cm

Total

0.01

2.4

0.03

0

2.4

0

0.2

0

0

0.2

0.7

0.7

0

0

1.4

3a Sealant-formulation

0.10

0.4

0.004

0

0.5

3b Sealant-processing

0.004

0

0.2

0

0.2

4a Paint-formulation

0.01

0.05

0.0005

0

0.06

4b Paint-processing

0

0.005

0.03

0

0.03

5a Ink-formulation

0.014

0.06

0.0006

0

0.07

5b Ink-processing

0.3

0.003

0.01

0

0.3

6 Ceramic-formulation

0.0003

0.002

0.00001

0

0.002

Total / industrial uses

1.1

3.7

0.3

0

5.1

7 Polymer-Indoor use

0.6

4.6

0

0

5

7 Polymer-Outdoor use

0.02

2.4

2.3

20

25

7 Non-pol. Indoor use

0.06

1.1

00

0

1.2

7 Non-pol. Outdoor use

0.005

0.6

0.6

0

1.1

0.7

8.6

2.8

20

32

0

0.03

0

0

0.03

8b Car shredder

0.02

0

0.2

0

0.2

8c Incineration stations

0.02

0

0

0

0.02

0

0.05

0

0

0.05

8e Waste / environment2

0.03

8.5

26

29

63

Total / disposal

0.07

8.5

25

29

63

Total:

1.9

21

28

49

100

1b transportation
Polymers:
2a-e Polymer-proc/form
Non-polymers:

Total / end-product uses
8a Paper recycling

8d Municipal land-fill

1)
2)
3)
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Emission to waste waster except for the scenarios 7/out door and 8e (see text for more details)
Only the contribution from out-door use
Soil buried Cables in "urban/Ind. soil" (>5 cm).
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3.1.2

Environmental fate

3.1.2.1

Degradation in the environment

3.1.2.1.1

Atmospheric degradation

The knowledge of the fate of DEHP in the atmosphere is limited. Available data indicate,
however, that photodegradation is the main degradation pathway in the atmosphere.
Furtmann (1996) found several reports concerning photodegradation in the atmosphere (reaction
with OH-radicals, 25ºC). Two of the reports concern the vapour phase. Singh et al (1983) had
estimated a half-life of 1.2 days and Klöpffer et al (1990) reported a half-life of 0.32 days. A
third study, Zetzsch (1991) reported an estimated half-life of 1.07 days concerning the aerosol
form. One report (Fraunhofer Gesellshaft 1984 in TSD 1991 or ECETOC 1985) indicated that
DEHP is rapidly photodegraded in the atmosphere, with a half-life of less than one day (no
further experimental information was available). A half-life of one day is used in this
assessment.

3.1.2.1.2

Aquatic degradation

Abiotic degradation
Available studies on abiotic degradation are summarised in Table 4 in Annex 1.
The abiotic hydrolysis of DEHP to mono(2-ethylhexyl)phthalate (MEHP) and 2-ethylhexanol is
expected to be very slow. An estimated half-life of approximately 2,000 years has been reported
(Giam et.al. 1984).
Photooxidation of DEHP in aquatic systems is reported to occur very slowly (TSD 1991). The
low photooxidative degradation of DEHP is not surprising since the resistance of DEHP to
photo-oxidation in general is one of the characteristics that make it suitable as a plasticizer in
durable products (Lundberg and Nilsson 1994).
Leyder and Boulanger (1983) determined UV absorption of 10 different dialkyl phthalate esters
including DEHP. They found that the absorption spectrum coincided within the experimental
errors. The determined UV absorption coefficients (λ maxim) were 198.5; 229.5; 275.5 and 281
nm. A broad atmospheric window covers these wavelengths up to approximately 1.5 µm
(Lillesand and Kiefer 1979).
Wolfe et al. (1980) used a simulation model (Exposure Analysis Modelling System EXAMS)
and calculated that the loss via photolysis would be 0% from a river over a period of 1 hour and
1.8% from a pond over a period of 30 days. For a period of 200 days the loss was calculated to
1.4% from a eutrophic lake and 13.7% from an oligotrophic lake.
Available studies on aerobic and anaerobic biodegradation are summarised in Tables 5 - 8 in
Annex 1. Studies assessed to be of acceptable quality for the assessment are marked with an
asterisk. Studies of unacceptable quality, for example with incomplete study reports or
insufficient information on test conditions are indicated by ”r”. Studies referred to in review
articles and other secondary literature, i.e. where no original study reports were available are
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only briefly summarised (marked with “s”). Since these studies could not be evaluated, the
quality and reliability of the data are unknown.
The degradation of DEHP by different micro-organisms and the effects on microbial respiration
has been investigated in a number of studies (e.g. Kurane et al, 1978, Engelhardt et al, 1977,
Mathur, 1974). The studies do not give any information on the rate of degradation of DEHP
under natural conditions, but the results indicate that the substance can be used as a carbon
source for a range of microbial species. Several studies also indicate that adaptation is of
importance for the degradation rate of DEHP.
Ready biodegradability
Available studies on ready biodegradability are summarised in Table 5, Annex 1.
In one study (Hüls AG 1994 (unpublished)), performed according to OECD Guideline No. 301 B
(Modified Sturm-test), DEHP is shown to be “readily biodegradable” (82% after 28 days) and
also fulfil the “10-days window” criteria (see Table 3.39). Test concentration of DEHP was
20.3 mg/l (dissolved in Vestinol) and temperature was 20-22°C.
Table 3.39 Modified Sturm-test (Guideline No. 301 B)
Exposure days

% degraded
Replicate 1

Replicate 2

4 days

0

1

8 days

0

35

14 days

30

67

18 days

63

76

22 days

72

73

25 days

80

84

28 days

80

81

29 days

78

85

The different biodegradation results in the two replicates can probably in part be explained by
the high hydrophobicity that makes it difficult to dose the chemical in a bioavailable form
(Scholz 1998, oral communication).
The biodegradation of DEHP was investigated in sludge from the STP of BASF AG (BASF AG
1984). The test procedure was a Modified Respiration Test (BOD of ThOD) according to EGGuideline 79/831. Test concentration was 100 mg DEHP/l and 10 mg/l emulsifying agent
(Nonyl-phenol, 10 EO + 5 PO). The test was performed at 20°C. After 28 days of incubation,
60-70% of the original DEHP was degraded.
In a manometric respirometry test (OECD 301F), the biodegradation was studied in fresh sludge
from a domestic STP. The test concentration of DEHP was 45.6 mg/l. The temperature was not
reported. Biodegradation started after a lag-phase of 8 days, and after 28 days 63% was
degraded.
In a CO2 evolution test, performed by Struijs and Stoltenkamp, 1990, the degradation of DEHP
was studied in sewage from a local STP. Test concentration was approximately 35 mg C/l. After
28 days at 20°C, only 4 – 5% was mineralised.
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A study performed with river water and 1% domestic sewage (Waggy, 1972) and a test
concentration of 33.3 mg/l, resulted in 54% mineralisation after 33 days. Test temperature was
not reported. In another study (Freitag et al, 1985), only 4% of the applied amount was degraded
after 5 days. However, several deficiencies in the study report, such as insufficient information
on temperature or other test conditions, makes the results of less value.
Inherent biodegradability
Available studies on inherent biodegradability are summarised in Table 5, Annex 1.
In two studies with activated sludge obtained from municipal sewage treatment plants (Saeger
and Tucker, 1976; O’Grady et al, 1985) the degradation rate of DEHP was high. The studies
were carried out using a modified 24 hours SCAS procedure. After 24 hours, 70 – 85% of the
original DEHP was transformed.
Sugatt et al, 1984 investigated the primary degradation and mineralisation of DEHP in a shake
flask biodegradation test. The chemical was exposed to an inoculum, prepared from soil and
sewage micro-organisms (1 g soil, 2 ml sewage, 50 ml raw influent sewage, 1 litre mineral salts
medium), and adapted to phthalic acid esters for 2 weeks, followed by filtration through glass
wool prior to the test initiation. The nominal concentration of DEHP was 20 mg/l in the test
solution (100 ml inoculum + 900 ml distilled water). Triplicate test flasks were incubated on a
shaker in the dark at 22°C for 28 days. Evolved CO2 was trapped in an attached reservoir
containing barium hydroxide, which was periodically sampled and titrated to measure evolved
CO2 to be compared with the blank. At the start, middle and end of the test, the entire contents of
four replicate flasks were extracted with hexane and analysed by GC-FID to determine the
primary degradation.
After 28 days, > 99% of the nominally applied DEHP was primarily degraded, while 73 – 92%
(mean 86%) was mineralised, with a lag-phase of approximately 2 days.
The influence of adaptation of micro-organisms was demonstrated in a study by Tabak et al,
1981. The original investigation of degradation in unadapted sludge (settled domestic
wastewater), resulting in no degradation, was followed by studies on first, second and third
subculture degradation. The degradation rate was enhanced for each subculture; in the third
subculture approximately 95% was eliminated after 28 days.
Anaerobic degradation
The anaerobic degradation of DEHP in activated (“digested”) sludge (undiluted and diluted to
10% in anaerobic mineral salt medium) was investigated by Shelton et al, 1984. Nominal test
concentration in the undiluted sludge was 20 mg/l (in diluted sludge, not reported). Test bottles
were prepared in duplicate for undiluted sludge and in triplicate for diluted sludge, and were
incubated at 35°C. Samples were withdrawn periodically for 10 weeks. Dried samples from
undiluted and diluted sludge were extracted with dichloromethane and hexane, respectively,
prior to analysis with GC-FID.
No significant degradation of DEHP was observed in the undiluted or diluted sludge during the
10 weeks of incubation.
Ziogou et al, 1989 investigated the degradation of DEHP in anaerobic municipal sewage sludge.
Test concentration was approximately 4 mg/l in the first stage of the study, where the samples
were kept at 37°C without shaking for 32 days. During a second stage of the study, different
concentrations were tested; 10, 1, and 0.5 mg/l (about 30 – 600 mg/kg dwt), and the samples
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were shaken during the incubation. GC equipped with electron capture detector took samples
regularly for extraction (with dichloromethane) and analysis.
In both stages of the study, DEHP was shown to be persistent to degradation - no decrease in
DEHP concentration was observed during the 32 days under anaerobic conditions.
Horowitz et al, 1982 investigated the anaerobic degradation of DEHP in two different sewage
sludges at 35C°. A 10% sludge inoculum was amended with 50 ppm carbon of the test
compound (duplicate samples). Degradation was monitored by comparing the methane
production in DEHP amended sludge and the untreated control sludge during 8 weeks. No
difference in methane production could be observed between treated and control samples.
The biodegradation of DEHP under anaerobic conditions was also investigated by O’Connor et
al, 1989. Activated (digested) sludge, obtained from a municipal wastewater treatment plant, was
diluted to 10% (v/v) in a mineral salts medium. The test concentrations of DEHP were 20, 100
and 200 mg/l. The test bottles were incubated in the dark at 37°C for 140 days. The degradation
of DEHP was measured by monitoring of the methane production regularly. Mass balance on the
conversion of organic carbon to carbon dioxide and methane were based on the stochiometry of
conversion for DEHP (C24H38O4 +12.5 H2O → 8.25 CO2 +15.75 CH4), corrected for background
levels in control samples. The residual DEHP was determined by UV scan at the end of
incubation after 140 days. The number of replicates was not given.
The methane production pattern in DEHP amended samples was identical to that of the
background control. The residual DEHP concentrations after 140 days were 0, 31 and 46% of the
nominal initial levels (20, 100 and 200 mg/l, respectively). However, the method of analysis of
DEHP, and the value of the results are questionable.
Ready-, Inherent-, Anaerobic degradation - Summary and discussion
The results from available studies on ready biodegradability vary from 4-5% mineralisation to
60–86% mineralisation after 28 days. The partly great differences obtained in the different tests
on ready biodegradability may be caused by difficulties relating to the low solubility of the test
compound. The origin of the inoculum used may also be an important factor, since adaptation to
the test compound is indicated to be of great importance for the test results (Tabak et al, 1981).
Due to the widespread use of DEHP, a major part of the domestic STP sludge can be expected to
be adapted to the substance, and the strict requirement of unadapted inoculate for ready
biodegradability testing may be difficult to fulfill.
In screening tests on inherent biodegradation, results ranged from > 95% mineralisation in 5 days
in industrial sludge (HOECHST AG 1980) to 86% degradation in 28 days (Sugatt et al, 1984).
Results from modified SCAS tests and from studies with inoculate obtained from SCAS
procedures, indicate a rapid mineralisation of DEHP (Saeger and Tucker, 1976; O’Grady, 1985).
However, in TGD, no specific criteria are developed for positive results in SCAS tests, since the
conditions in these tests are optimised for biodegradation.
Under anaerobic conditions, the screening data indicate that DEHP is persistent to
biodegradation in sludge.
For the estimation of biodegradation rate in STP to be used in this assessment, DEHP is assumed
to be readily biodegradable, since several test results has demonstrated rapid degradation, and
since in reality, most industrial and domestic STP that receive DEHP are probably adapted to the
substance. The rate constant for biodegradation in STP is set to 1(h-1), in accordance with TGD.
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Surface water
Available studies on degradation of DEHP in surface waters are summarised in Table 6,
Annex 1.
Saeger and Tucker (1976) studied the transformation (primary degradation) of DEHP in river
water from Mississippi. Test concentration was 1 mg DEHP/l in 200 ml portions of river water.
The bottles were kept at room temperature. Samples were taken after 7, 14, 28 and 35 days for
analysis by means of GC-FID. After 35 days, 35% of the original DEHP was unaltered.
Ritsema et al (1989) studied the biotransformation (primary degradation) of DEHP at 4°C and
20°C in river water from Rhine. Test concentration was 3.3 µg/l. Samples were taken on 0, 1, 3,
7 and 10 days after the start and were analysed by means of GC-ECD. Recovery of the method
of analysis was 83 – 97%, limit of detection 0.1 µg/l. During the 10 days of incubation, no
degradation occurred at 4°C, while approximately 33% of the parent compound was transformed
at 20°C.
Subba-Rao et al (1982) investigated the mineralisation of 14C-DEHP in filtrated lake water from
one eutrophic and one oligotrophic lake in USA. Test concentrations were 0.02, 0.2, 2.0 and
200 µg/l. The incubation flasks were kept in the dark at 29°C without shaking. Samples were
taken at intervals for 40 and 60 days, respectively. Generated 14CO2 was removed by bubbling
air through the solutions, after acidification with concentrated sulphuric acid. The remaining
radioactivity in the solutions was measured in triplicate by LSC.
After 40 days of incubation, 35 – 71% of the original DEHP was mineralised in the eutrophic
lake water. The mineralisation half-lives in eutrophic water could be calculated to approximately
22-64 days at 29°C based on first order kinetics. No detectable lag-phase was observed, and the
mineralisation did not seem to be concentration-dependent. In the oligotrophic lake water, no
mineralisation occurred during the 60 days of incubation.
In a study reported by Furtmann, (1993) the degradation of DEHP and other phthalates in Rhine
water was investigated. The background concentration in the water was approximately 0.4 µg/L,
and the samples were amended to concentrations of 2 and 5 µg/L, respectively. Initially,
degradation was rapid (at 20°C), with 90% primarily degraded after 8 days. However, at a
concentration close to the background, a threshold level appears to have been reached, below
which no further degradation was observed. In parallel samples kept at 4°C, no degradation
occurred during the incubation period.
Surface Water - Summary and discussion
Most of the available studies on degradation of DEHP in surface waters concern primary
degradation. Since the main metabolite MEHP (as identified in several studies) is
ecotoxicologically relevant and considered even more toxic than the parent compound, the
estimation of the biodegradation rate could preferably not be based on primary degradation.
Mineralisation was investigated in one study (Subba-Rao et al., 1982). In oligotrophic water, no
mineralisation was observed during 60 days; while in eutrophic waters 35 – 71% was
mineralised at 29°C after 40 days.
In two of the studies on primary degradation (Ritsema et al., 1989; Furtmann, 1993), different
temperatures were tested. The results indicate that the degradation rate is highly
temperature-dependent, since no degradation of DEHP took place at 4°C.
Sediment
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Available studies on degradation in sediment are summarised in Table 7, Annex 1.
Johnson and Lulves (1975) studied the aerobic and anaerobic biodegradation of 14C -DEHP at
22°C in sediment from a freshwater pond. Ten grams (WWT) of sediment were covered with
20 ml of pond water. The concentration of DEHP in the systems was 1 mg/l (corresponding to
2 mg/kg wwt). Triplicate samples (plus control) were taken for radiometric analysis after 1, 5, 7
and 30 days. Degradation products were identified by means of TLC and LSC. After 14 and
30 days of aerobic incubation, 53% and 41% of the original radioactivity was recovered in the
samples, respectively. The only residue identified, besides DEHP, at the end of incubation was
MEHP, accounting for 2% of recovered radioactivity. Approximately 60% of total applied
radioactivity was mineralised after 28 days of incubation. During anaerobic conditions, no
transformation of DEHP was observed.
Johnson, Heitkamp and Jones (1984) investigated the influence of factors such as test
concentration, temperature, pre-adaptation and anaerobiosis on the biodegradation of carbonyland ringlabelled 14C-DEHP in freshwater sediments. Four concentrations of carbonyl-14C DEHP
were used at 22°C: 0.0182, 0.182, 1.82 and 10 mg/l, corresponding to 0.0182, 0.182, 1.82 and
10 mg/kg wwt in the sediment. Four different temperatures were tested; 5°C, 12°C, 22°C and
28°C. The effects of pre-adaptation and anaerobiosis were investigated at 22°C. In the
investigation on anaerobiosis, ringlabelled 14C -DEHP was used. All samples were taken in
triplicate. The results are summarised in the Table 3.40.
Table 3.40 Degradation of DEHP in freshwater sediment (Johnson, Heitkamp and Jones 1984)
Investigation

Temperature

Test Conc. (mg/l)

Percent (%) Biodegraded
Incubation time (days)

Test conc. (mg/l)

Temperature

Pre-adaptation

7

14

21

28

0.0182

2.2

5.2

7.8

10

0.182

1.8

4.6

7.0

9.3

1.82

1.7

4.3

6.5

8.5

10

3.8

9.1

15

20

Not given

0.0

0.0

0.1

0.8

12°C

0.6

1.0

2.0

2.5

22°C

0.8

2.0

4.0

5.5

28°C

3.1

6.5

9.0

11

0.0182+acetone

2.5

5.6

8.2

10

0.0182+acetone, no adaptation

2.2

4.9

7.1

9.0

0.0182, no acetone, no adaptation

12

17

21

24

0.0143

5.1

9.1

12

14

1.0

3.2

5.7

9.9

22°C

5°C

22°C

(for 28 days)

Aerobic/
Anaerobic

22°C

The results indicate that the degradation of DEHP is significantly influenced by test temperature.
Concerning pre-adaptation, pre-adapted samples were different from the control, but not
significantly different from the solvent control, and the results are difficult to interpret. In this
study, degradation under anaerobiosis does not seem to be significantly different from aerobic
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degradation. However, no information was given on the methods for achieving oxygen free
conditions.
In a study on the effects of five different concentrations of DEHP (25 -– 400 mg/kg wwt) on the
respiration rate in a water/sediment system (Larsson et al, 1986), the residual concentration of
DEHP was measured after 28 days incubation at 5°C. The recovered DEHP after 28 days ranged
between 76 and 134% of the nominal initial concentrations, i.e. little degradation had occurred.
The anaerobic degradation of DEHP in sediment was investigated by Horowitz et al, 1982. Preincubated (24 hours) duplicate or triplicate sediment samples from a hypereutrophic lake were
treated with DEHP at concentrations of 40 or 240 mg/l. The samples were incubated at 20°C in
the dark with occasional shaking for 8 weeks. The degradation of DEHP was monitored by
measurement of gas production and by analysis for residual DEHP by GC-FID, after extraction
with methylene chloride. After 8 weeks of incubation, no degradation of DEHP had occurred,
and formation of methane and carbon dioxide was not different from that in the control.
Sediment - Summary and discussion
Since > 50% degradation was observed only in one study (Johnson and Lulves, 1975), the
environmental half-life in sediment is difficult to estimate from available data. However, it is
obvious that temperature and oxygen conditions are of major importance for the degradation
rate. In studies performed at 5°C (Johnson et al, 1984; Larsson et al, 1986), no degradation took
place, and at 12°C only 2.5% was degraded after 28 days. Under anaerobiosis, no degradation
was observed.
In conclusion, the degradation rate of DEHP in sediment must be considered to be very slow
under environmentally relevant conditions. In the temperature range between 5 and 12°C, and in
the anaerobic layers of the sediment, biodegradation is not significant. Assuming a half-life in
aerobic sediment (which accounts for 10% of the upper 3 cm layer, TGD default) of 300 days as
a rough estimate, would give an overall half-life of 3,000 days in the sediment compartment.

3.1.2.1.3

Degradation in soil

Available studies on degradation in soil are summarised in Table 8, Annex 1.
Schmitzer et al (1988) investigated the degradation of DEHP in suspended soil. A mixture of
250 g of soil and 250 ml of water was shaken for 5 days at 22°C. After this equilibration, 14.6 µg
of carboxyl-labelled 14C-DEHP was added (corresponding to 58 mg/kg dwt soil), and the
mixture was shaken for additionally 33 days. Organic volatiles and 14CO2 was trapped and
analysed by means of LSC. During the 33 days of incubation, 22% of applied radioactivity
evolved as 14CO2. In the same study, dissipation of DEHP in soil/plant systems was investigated.
In a closed laboratory system, 8.2% of applied radiocarbon was mineralised after 7 days. In an
outdoor lysimeter study, 6.9% of the applied 14C was recovered in soil 111days after application,
while 0.51% was found in the leachate at 60 cm depth. The temperature was not reported for the
soil/plant systems.
In another study, Dörfler et al (1996) studied the mineralisation of DEHP in three different soils,
freshly collected from Greenland (pH 7.2, org. C 2.6%), spruce forest (pH 3.4, org. C 5.4%) and
mixed forest (pH 4.5, org. C 5.4%), respectively. The soils were treated with DEHP to a
concentration of 0.5 mg/kg or 10 mg/kg WWT and incubated at room temperature for between
28 and 63 days. The moisture content and pH were kept at their natural levels at the time of
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sampling. Incubations were also run at lower temperatures (below 10°C). Volatile 14C was
trapped and analysed by LSC. At the higher concentration of DEHP, 32, 30 and 22% of the
initial concentrations were mineralised at room temperature in the three soils, respectively. At
the lower concentration the corresponding figures were 43 - 58% in 63 days. The mineralisation
of DEHP was not significant below 10°C and negligible below 3°C.
Rudel et al, 1993 studied the degradation of radiolabelled DEHP in the laboratory at 20°C
(according to BBA Guideline 1996) and under simulated outdoor conditions in two different
soils. An outdoor lysimeter study with the same soils was also performed. The standard
laboratory study was performed at 20°C and 40% of maximum water holding capacity. In the
simulated outdoor study, temperature and soil moisture were varied during the test period, and
the mean test temperature was 13.5°C. Initial concentration of DEHP was 1 mg/kg WWT. At
intervals during the 100 days of incubation, amounts of evolved 14CO2, extractable residues,
non-extractable residues, and the concentrations of DEHP and degradation products (MEHP and
phthalic acid) were determined (on days 0, 8 and 32 in duplicate). The outdoor lysimeter studies
were performed with undisturbed soil columns (20 cm i.d., 40 cm in height) that were kept under
natural outdoor conditions (mean temperature 13 and 14°C, respectively). The lysimeter soil was
divided into three layers (0-5 cm, 5-10 cm, and 10-20 cm) for analysis of parent compound. The
soil samples were extracted with acetone/hexane and analysed with LSC. Identification of
residues was performed by reversed phase HPLC and GC/MS.
Bound residues accounted for 9.7 and 40% of the initial radioactivity after 100 days in the
laboratory study at 20°C, while 2.6 and 47% was mineralised. No other metabolites of DEHP
were detected. In the simulated outdoor study, the half-lives of the parent compound were
calculated to 31 and 170 days, while in the outdoor lysimeters, DT50 were determined to be
14-200 days based on dissipation of the parent compound. Insignificant residues were recovered
below the 0 - 5 cm layer in the soil profile.
The fate of DEHP in three calcareous soils from New Mexico was investigated by Fairbanks et
al, 1985. The soils were unamended or amended with sewage sludge just prior to or 8 weeks in
advance of the tests at a rate of 20 g/kg soil. Test concentration of DEHP were 2 and 20 mg/kg
(dwt) soil, added drop wise to 50 g portions of dry soil and incubated for 146 days at 21-25°C.
Mineralisation was measured by monitoring of evolved 14CO2, trapped in NaOH. The soils were
analysed for 14C at termination of the incubation period. The resulting half-lives for DEHP was
8-72 days in the different soils and conditions. In general, DEHP persistence was reduced by
previous exposure of the soil to sludge, but was increased or unaffected by fresh additions of
sludge. DEHP was more persistent at 20 mg/kg than at 2 mg/kg.
In a study by Kirchmann et al, 1991, the effects of DEHP on soil respiration and nitrogen
conversion, and the primary degradation of DEHP was investigated. Soil samples of 10 g each,
treated with 5 or 250 mg DEHP/kg dwt, were placed in glass tubes, wetted to ”optimal” moisture
content and incubated for 80 days at 25°C. The DEHP content were analysed by GC after
extraction with n-hexane and water/ethanol at intervals during incubation. At the test
concentration of 250 mg/kg, 50% of the parent compound remained after 80 days, while 20%
was unaltered after 80 days at 5 mg/kg. The corresponding half-lives could be calculated to 80
and 30 days, respectively.
In a study performed by Efroymson et al, 1993, the effects of different organic solvents or
inorganic nutrients on the degradation of 14C-DEHP in soil were investigated. Duplicate portions
of moist soil (silt loam, pH 4.9, 3.8% org. mtr.) equivalent to 50 g of dry weight were amended
with 1.0 µg DEHP/g dwt in either 0.5 ml of a test organic solvent (heptamethylnonane,
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cyclohexane, hexadecane or dibutylphthalate) or in 50 - 100 µl of dichloromethane, which were
then allowed to volatilise. In parallel samples also N and P were added to the soil (in 5.0 ml
water containing 4.5 mg K2HPO4 and 1.0 mg NH4NO3), to determine whether the mineralisation
of DEHP could be enhanced by the presence of these inorganic nutrients. Evolved 14CO2 was
trapped in NaOH and analysed with LSC.
In the presence of organic solvents 1 - 25% of the initial DEHP applied to the soil was
mineralised after 20 days, compared to 50% with DEHP alone. The mineralisation was not
enhanced by addition of N and P to the soil. Since no test temperature was reported, no valuable
conclusion on degradation rate can be made from this study. However, the results points out that
the presence of organic solvents in the soil can depress the degradation of DEHP.
The aerobic and anaerobic transformation of DEHP in soil was investigated by Shanker et al,
1985. Triplicate soil samples of 10 g dry weight were amended with DEHP in 0.1 ml of
methanol to give a final nominal concentration of 500 mg/kg dwt soil. Anaerobiosis was
achieved by flooding with sterile water at least to the double height of the soil columns. The
samples were kept at 30°C for 30 days. Samples with autoclaved soil were run in parallel as
controls. Residual DEHP and produced phthalic acid were monitored regularly by HPLC after
extraction of samples with methanol. Evolved CO2 was not measured.
After 30 days of aerobiosis, 8.3% of the parent compound measured on day 0 was recovered in
the soil, while 1% of the initial DEHP was recovered as phthalic acid. Under anaerobic
conditions, 66% of initial DEHP was unaltered after 30 days, and 11% was found as phthalic
acid. However, the flooding of soil with sterile water can be suspected not to be a sufficient
measure to achieve total anaerobiosis.
Madsen et al., 1999, studied the mineralisation of DEHP in a sandy loam soil with and without
amendment of sewage sludge. The soil used had not previously received sewage sludge. DEHP
and [ring-UL- 14C] DEHP was added to the soils to concentrations of 1.6, 3.2, 9.9 or 35.1mg
DEHP/kg dwt. Soil and sludge amended soil (soil sludge ratio 58:1 (dwt:dwt)) was incubated in
the dark at 5,10 or 20oC under aerobic conditions. The water content of the soils was held at 75%
of the field capacity. The DEHP mineralisation in sludge-amended soil under anaerobic
conditions at 20oC was also studied. The 14CO2 produced during incubation was trapped in 1N
KOH and quantified by Liquid Scintillation Counting.
Mineralisation of DEHP could be divided into two distinct phases: an initial phase that followed
first order kinetics and a slower second phase that was better described by fractional power
kinetics. Mineralisation did not reach 50% during the initial phase in any of the measurements.
The authors of the study therefore suggest that the effective half time should be based on the
kinetics of the second phase. The half times for mineralisation of DEHP in soil was 224 days at
5oC, 187 days at 10oC and 73 days at 20oC. The half times for mineralisation of DEHP in sludge
amended soil was >> 365 days at 5oC, 337 days at 10oC and 150 days at 20oC. Mineralisation of
DEHP increased with increasing DEHP concentrations in sludge-amended soil. The half time
and the duration of the two phases were however not affected by the DEHP concentration.
Anaerobic mineralisation of DEHP at 20oC in sludge-amended soil was approximately 5 times
slower than aerobic mineralisation and was comparable to the aerobic mineralisation at 5oC.
The mineralisation of a number of organic contaminants, including DEHP, in sludge amended
soil was studied by Gejlsbjerg et al., 2001. A coarse sandy soil was used to study the effects of
different sludge: soil ratios and different water contents on the mineralisation. In addition the
effects of soil type on the mineralisation was studied using the coarse sandy soil and two other
soils: a sandy soil and a more clayey soil. The comparison was done with both sludge amended
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soil (sludge: soil ratio 1:100 dw) and unamended soil. Uniformly ring–labelled 14C-DEHP and
unlabeled DEHP was added to dewatered activated sewage sludge. The sludge was then mixed
with soil to achieve sludge: soil ratios of 1:20 (dwt:dwt) or 1:100 (dwt:dwt). Water was added to
the mixtures to achieve either 40 or 80% of the water-holding capacity. The soil samples were
incubated in the dark at 15oC for two months. 14CO2 produced during the incubation was trapped
in 0.5 N KOH.
The mineralisation of DEHP in the coarse soil during two months amounted to approximately
20% of added 14C in all treatments regardless of sludge: soil ratio and water content. The
mineralisation in the two other soils was lower and was 5.8 and 6.8% of added 14C in sludge
amended soil and 8.5 and 9.4 added 14C in unamended soil.
Soil - Summary and discussion
The results from studies on the degradation rate of DEHP in soil are very variable and are
difficult to interpret. The range is from 92% degraded after 30 days at 30°C to 3% mineralisation
after 100 days at 20°C. As previously mentioned, it is not appropriate to calculate the
environmental half-life based on primary degradation rates, since the main degradation product
MEHP is of toxicological relevance. Besides, unidentified “bound residues” account for a
significant part of the recovered residues.
The overall available data indicate a slow mineralisation rate in soil under environmental
conditions. A rough estimate of the soil half-life could be 150 days at room temperature, or
approximately 300 days at 10°C, using Q10=2. This estimate is supported by the two recent
Danish studies (Madsen et al., 1999 and Gejlsbjerg et al., 2001) were mineralisation in soil and
sludge amended soil was studied.
Landfill conditions
Recently, a thesis of Ejlertsson (1997) was published in which the anaerobic degradation of
phthalic acid esters was studied under simulated municipal landfill conditions. Both
methanogenic and acidogenic conditions were studied in 100 litre lysimeters containing 35-40 kg
waste material from a municipal landfill. The conditions were optimised by milling the waste,
the temperature was increased and the water content was increased.
Study 1: DEHP and the transformation product MEHP were added to samples from a
methanogenic landfill model working in the phase of stable methanogenesis (37°C). MEHP was
readily degraded via 2-ethylhexanoic acid to methane and carbon dioxide. DEHP remained
unaffected throughout the experimental period (330d).
Study 2: PVC carpet material containing Butylbenzylphthalate (BBP) and DEHP was added.
During 32 months incubation period samples (PVC and leachate water) for analysis were
collected. Both DEHP (6-216 µg/l) and MEHP (52-3,530 µg/l) occurred in the leachate water.
The occurrence of MEHP shows that DEHP was degraded. A hypothesis was proposed that
organisms that degrade the more easily degradable BBP by cometabolism also enhance the
degradation of DEHP. Another possible explanation proposed is that some organic matter in the
waste functions as a solubiliser for DEHP, thus stimulating degradation. After the exposure
period the DEHP content in different types of carpet materials were analysed. The result
indicates that the emission from PVC in a municipal landfill is a very slow process and decrease
with decreasing surface area exposed to micro-organisms. The losses of DEHP were lower
during acidogenic condition compared to methanogenic condition.
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It can be concluded that DEHP can be degraded in the anaerobic condition occurring in a
landfill. The mechanisms for degradation and emission from PVC are, however, still unclear.
The main metabolite MEHP can be degraded further in anaerobic conditions but also leave the
landfill by the leakage water. However, in a monitoring study made by Mersiowsky et.al. 1999
the MEHP concentrations in leakage water were lower than the concentration of DEHP (see
Table 14 in Annex 1).

3.1.2.1.4

Degradation pathway

The first part of the aerobic microbial degradation (ester cleavage) of DEHP can be described as
a two step reaction: esterases with low substrate specificity (Taylor et al. 1981) causes initial
hydrolysis of the ester linkage followed by a rapid decarboxylation of the exposed carbonyl
groups of the phthalic acid moiety (Johnson et al. 1984). This reaction is catalysed by either
acids or bases (Kice and Marvell 1974). The first major product is the monoester
mono (2-ethylhexyl)phthalate (MEHP) (Johnson et al. 1984) and is converted into phthalic acid
(Engelhardt et al. 1975 in WHO 1992) and 2-ethylhexanol. According to Kurane et al. (1980)
further degradation under aerobic conditions is following the pathway for benzoic acid, i.e.
degradation to CO2 and H2O via pyruvate and succinate. The 2-ethylhexanol is further oxidized
to 2-hexanoic acid. The limiting step in biodegradation (i.e. the step which determines the rate)
seems to be the hydrolysis of the second alkyl chain (Løkke 1988). Occurrence of MEHP in
leaching water from landfills (Mersiovsky et. al. 1999) shows that the further degradation of
MEHP is not complete in a landfill. This incomplete degradation of DEHP is also shown in a
study by Toshinori et al. (1996) where MEHP was identified in water extracts from a compost
mix made by activated sludge, compost and coffee residue (4:5:1).
In anaerobic conditions in the environment the mineralisation of DEHP is expected to be very
slow. The anaerobic persistence seems to be limited to the first degradation step to form the
monoester (see Figure 3.4). Recent studies by Ejlertsson (1997) show that DEHP can be
degraded in anaerobic landfill conditions if also a more easily degradable phthalate is present.
The mechanism for this is not clarified. At least in laboratory the primary degradation products
2-ethylhexanol and MEHP are further degraded in anaerobic conditions (see Figure 3.4)
(Ejlertsson 1996) to methane and carbon dioxide, initially following the same pathway as under
aerobic conditions (Ejlertsson 1996, Ejlertsson et. al. 1997).
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Figure 3.4 General degradation pathway of DEHP

a) Aerobic

DEHP

MEHP (mono(2-ethylhexyl) phthalate)

2-ETHYLHEXANOL

PHTHALIC ACID

2-ETHYLHEXANOIC ACID

PROTOCATECHUIC ACID

CO2 + H2O

ring cleavage
CO2 + H2O
b) Anaerobic

DEHP*

MEHP (mono(2-ethylhexyl) phthalate)

2-ETHYLHEXANOL

PHTHALIC ACID

2-ETHYLHEXANOIC ACID

CH4 + CO2

CH4 + CO2

* Under anaerobic conditions, the first degradation step is inhibited

3.1.2.1.5

Summary of environmental degradation

Based on available studies a half-life in the atmosphere of 1 day is decided to be used in the
EUSES calculation. Since the hydrolysis and photolysis in water is very slow the worst case
default half-life selected by EUSES (106 d for both) is not changed.
The conclusion on biodegradability is used in the EUSES model to calculate realistic worst-case
mineralisation rates (DT50) in STP. The conclusion readily biodegradable gives according to
TGD a DT50 value for STP of 0.029 days. This value is used in the assessment. For a readily
biodegradable substance, the TGD default DT50 for surface water is 15 days. However, for
surface water experimental data are available indicating slower degradation. In eutrophic lake
water 35–71% was mineralised at 29°C after 40 days. Based on this a half-life of 50 days, which
is the value suggested by TGD for readily degradable substances failing the 10 day window, is
chosen for the calculation of PEC for surface water.
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According to TGD, chemicals bound to solid phase are not degraded. Due to a high adsorption
the EUSES model calculates a DT50 of 30,000 days in aerobic sediment. However, from
available data on degradation in sediment, an overall half-life of 3,000 days in sediment was
estimated (300 days in the upper aerobic 10% of the sediment, no degradation in anaerobic
sediment). These data are used in the calculation of PEC for sediment.
The default values as given in TGD and the estimated half-lives based on available data are
given in the Table 3.41 below.
Table 3.41 Selected biological degradation half-lives for DEHP used in EUSES calculation
COMPARTMENT

DT50

(days)

default*

used

0.029

0.029

Surface water

15

50

experimental data indicates that the default DT50 for readily
biodegradable substances failing 10day window is more appropriate.

Agricultural soil

3,000

300

experimental data + temperature correction (Q10=2)

Aerobic sediment

30,000

300

experimental data

Anaerobic sediment

infinite

Infinite

default + experimental data

Sediment, overall

300,000

3,000

default (10 times of the half-life for aerobic sediment)

STP

*

BASED ON:

default

Based on Classification: “Readily biodeg.” (according to TGD)

3.1.2.2

Distribution

3.1.2.2.1

Adsorption

Available studies on adsorption/desorption are summarised in Table 1, Annex 1.
With a log Kow of about 7.5 DEHP is expected to be strongly adsorbed to organic matter. In the
environment DEHP therefore is expected to be found in the solid organic phase. Due to the high
log Kow value and low water solubility, the equilibrium for DEHP will be in favour of particles.
This is further enhanced by bonding (van der Waahls type bonds) between mineral surfaces and
the benzene rings and carbonyl groups of the phthalate ester (ECETOC 1985). Thus the transport
of DEHP in aquatic environments will to a high degree depend on the transport of particles. This
also indicates that the mobility of DEHP in soil would be low, but since DEHP is adsorbed to for
instance organic acids (especially humic substances) and to non-humic matter such as proteins,
this may not always be the case. Adsorption to colloidal matter may also enhance subsurface
transport of contaminants in soils through cracks and micropores. Experimentally derived Koc
with fresh water confirm this with values between 63,100 and 888,000 l/kg (Howard
1989)(Sullivan et. al. 1982)(ABC-Laboratories 1991). The default value obtained from the
EUSES model, 589,000 l/kg (based on log Kow = 7), falls within this range. The PCKOC model
(Syracuse model, Meylan 1992) based on structure analysis estimates Koc to 165,000. This value
seems to be more in agreement with the majority of experimental values than the EUSES
estimate and is therefore used in the EUSES calculation.
There are indications that the adsorption of DEHP on particles is enhanced by the presence of
salt). In a comparative laboratory study with salinity between fresh water and sea water the
adsorbed amount increased 8-9 times when salinity increased from 0 to 29.5 promille (Al-Omran
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and Preston 1987). This is consistent with reported decreased water solubility with increasing
salinity (Howard 1985). Furthermore, Sullivan et. al. 1982 reported Koc-values from a marine
sediment/water system of 794,000 to 1,260,000.

3.1.2.2.2

Precipitation and volatilisation

DEHP has a vapour pressure of 3.4 . 10-5 Pa (20-25°C), which indicates a low evaporation rate
from its pure state. The evaporation is also dependent on the nature of the matrix of the product.
This was demonstrated in a laboratory study where 75% of DEHP applied on a glass plate was
dissipated after 12 hours in the dark (temperature not reported, Furtmann 1996, p.39). The
evaporation from a polymer matrix, however, is much lower < 1%/year (Berntsson 1984 in BUA
1986). Nevertheless, DEHP does evaporate from products. High concentrations are observed in
indoor environment (see Section 4.1.1.2.2). The temperature probably is a key factor to
understand these evaporation patterns. In the environment high peak temperature occur during
sun light radiation. Up to 70ºC has been reported from cars exposed to the sun (BUA 1986). The
vapour pressure is 320 times higher at 70ºC compared to 20oC (see Section 1.3.5). DEHP
evaporated during high temperature peaks will probably condense at normal temperature and
form small particles or adsorb to other particles.
Reliable studies on evaporation from different environmental compartments such as soil,
vegetation etc. are not available.
A Henry’s Law constant of 4.43 Pa . m3 /mol ([390.6 . 0.000034] / 0.003, based on preferred
data for 20°C) indicates a moderate evaporation from a pure water solution (”semi-volatile”).
Klöpffer et. al. have measured an evaporation half-life of 139 days from water (0.35 mg/l, 22°C).
In natural water and STP, however, adsorption to organic matter will probably reduce the
evaporation potential significantly.
On the other hand, in a study on uptake in crop, plants were observed to assimilate DEHP that
was probably evaporated from soil fertilised with STP sludge (see also Section 3.1.1.4.2). Foliar
uptake of DEHP and similar chemicals evaporated from soil has been observed (Topp et. al.
1986, Fries 1981). ECPI have presented an estimation of the evaporation rate of DEHP from STP
sludge spread on land. Based on European conditions the evaporation rate is roughly calculated
to be at a maximum of 28 mg/m2 . 1,000h at 20ºC (ECPI 1997). This indicates that DEHP have
a theoretical potential to evaporate from soil in considerable amounts. However, the real
situation is probably more complex. To get a better understanding more knowledge of the
influence of adsorption and daily temperature variations on the volatilisation of DEHP from soil
is needed.
DEHP emitted to the atmosphere will, due to its low water solubility and vapour pressure, to
some extent be adsorbed to particles.
In cold areas with temperatures below zero in the winter DEHP is expected to accumulate in
snow and ice. High peak of DEHP may then be released into the melting water.

3.1.2.2.3

Distribution in wastewater treatment plants

The Simple Treat model is recommended in TGD to estimate the fate of a chemical in the STP.
For this the EUSES 1.0 model was used.
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Input data:
Biodegradation:

Ready biodegradability

(see Section 3.1.2.1.2)

Vapour pressure:

3.4E-5 Pa (20ºC)

Water solubility:

0.003 mg/L

Molecular weight:

391

log Kow:

7.0 Comment: The log Kow is assumed to be about 7.5.
However, the highest log Kow accepted in modelling is 7 in
EUSES (due to lack of linearity in equations used).

Henrys Laws constant:

(3.4E-5 . 391) / 0.003 = 4.43 Pa m3 mol-1 →log H = 0.65

(see Section 0)

The results are presented in Table 3.42.
Table 3.42 Output data from EUSES
Removal in STP
Adsorbed to sludge

78%

Released to water recipient

6.8%

Degraded in STP

15%

Evaporation to air

0.016%

Removal rate

93.2%

The calculation indicates that the overall removal of DEHP in a STP is approximately 93%. The
major part is expected to be adsorbed to the sludge. Approximately 7% is expected to be released
to the water recipient and 15% is expected to be degraded in the STP. Very little DEHP is
expected to evaporate. In monitoring studies on STPs, removal rates above 90% are frequently
reported (see Section 3.1.4.2). This confirms the removal rate obtained in these calculations.

3.1.2.3

Accumulation and metabolism

3.1.2.3.1

Aquatic organisms

Several bioaccumulation studies of variable quality are available. Most of them are excluded
from this assessment due to various reasons, e.g. nominal test concentrations much higher than
the solubility of DEHP in water, duration of exposure not sufficient to reach equilibrium,
combined exposure with other chemicals, or static test conditions. Available studies are
summarised in Table 9, Annex 1. Studies assessed to be of acceptable quality are reviewed
below.
Bioaccumulation in fish
The bioaccumulation of ring-14C-labelled DEHP and 32 other chemicals in bluegill sunfish
(Lepomis macrochirus, mean fat 0.37 - 0.95 g) was studied in a flow-through system (Barrows et
al, 1980). The fish were exposed to 5.82 ± 0.90 µg DEHP/l (mean measured) for 42 days,
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followed by a depuration phase of 7 days. The resulting BCF for DEHP was 114, based on total
14
C-residues. The elimination half-life was reported to be 3 days.
The bioaccumulation of carbonyl-14C-labelled DEHP in adult fathead minnows (Pimephales
promelas) was investigated in a flow-through study (Mayer and Sanders, 1973). The fish were
exposed to a test concentration of 1.9 µg DEHP/l for 56 days at 25°C, followed by a depuration
phase of 28 days. Equilibrium concentration in fish tissues was reached after 28 days of
exposure, and the BCF was determined to be 1380. Elimination half-life was 7 days.
The bioaccumulation of carbonyl-14C-labelled DEHP in adult fathead minnows (Pimephales
promelas, mean WWT 1.24 ± 0.31 g) was investigated in a flow-through study (Mehrle and
Mayer, 1976; Mayer, 1976). Test concentrations of DEHP were 1.9, 2.5, 4.6, 8.1, 14, 30 and
62 µg/l (mean measured). The fish were exposed to DEHP for 56 days at 25°C, followed by a
depuration phase of 28 days.
Besides the parent compound, the major metabolite found in the fish tissues was MEHP,
accounting for 12 - 50% of the recovered residues after the exposure period. The proportion of
MEHP increased with the exposure concentration. The data presented in Table 3.43 below
represent the level of residues in fish after 56 days of exposure in a flow-through study. The
composition of residues in water was not reported in the study, since the concentrations were
measured radiometrically only.
Table 3.43 Residue composition in fish after 56 days
Residue composition in fish after 56 days (% of total recovered).
Conc. in water DEHP
(µg/l)

MEHP

Phthalic
acid

MEHP
conjugate

Phthalic acid
conjugate

Other

1.9

79

12

2.5

4.1

1.2

1.2

2.5

70

24

1.7

2.2

1.1

1.0

4.6

69

23

4.1

1.2

0.6

2.1

8.1

70

21

5.4

1.0

1.2

1.4

14

60

30

3.6

0.6

5.1

0.7

30

42

40

11

0.4

6.6

0.3

62

33

50

5.7

0.4

9.8

1.1

Bioaccumulation factors based on total residues, DEHP+MEHP, and DEHP in fish, respectively
and exposure concentrations in the water given as total 14C are given in Table 3.44 below.
Table 3.44 Bioconcentration factors for fish after 56 days of exposure
Bioconcentration factors after 56 days.
Mean exposure
conc. (µg/l)

BCF total 14C

BCF DEHP +
MEHP

BCF DEHP

1.9

737

670

582

2.5

880

827

616

4.6

891

820

614

8.1

444

404

311

Table 3.44 continued overleaf
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Table 3.44 continued Bioconcentration factors for fish after 56 days of exposure
Bioconcentration factors after 56 days.
Mean exposure
conc. (µg/l)

BCF total 14C

BCF DEHP +
MEHP

BCF DEHP

14

357

321

214

30

287

235

121

62

155

129

51

At concentrations higher than approximately 5 µg/l, BCF was inversely correlated with the test
concentrations. However, in the two highest test concentrations, steady state does not seem to
have been reached during the 56 days of exposure. At the lowest three test concentrations, which
were below or close to the solubility of the test substance (1.9, 2.5 and 4.6 µg/l), BCF were also
calculated using a computer program BIOFAC (U.S. EPA, 1982), resulting in a mean BCF of
842±105 based on total 14C. This value will be used in the further assessment of DEHP.
The mean depuration half-life was 12.2 days based on DEHP, 13.6 days based on total
14
C-residues. At the lowest three concentrations in water, the half-life was calculated (BIOFAC)
to be 7.6±0.73 days. The bioaccumulation of carbonyl-14C-labelled DEHP was also investigated
in early life stages of rainbow trout (Salmo gairdneri) in a flow-through study (Mehrle and
Mayer, 1976). Test concentrations of DEHP were 5 - 54 µg/l (nominal). Rainbow trout eggs
were exposed for 12 days at 10°C prior to hatch, and the resulting fry were exposed for an
additional period of 90 days. No depuration period was reported.
The bioaccumulation factors in the swim-up fry (24 days after hatch) of Salmo gairdneri were
42-113, based on parent compound and nominal test concentrations in the water. Of the
recovered 14C-residues in fry, 40 - 60% was accounted for by glucuronid conjugates, 7 - 15% by
phthalic acid and 15 - 20% by MEHP. Since the calculations were based on nominal test
concentrations, the BCF values can be assumed to be underestimated.
The bioaccumulation of carbonyl-14C-labelled DEHP in estuarine mullet (Mugil cephalus, mean
WWT 4.3±0.4 g) was investigated in a flow-through study with artificial seawater (Park et al,
1990). The fish were exposed to DEHP at a nominal concentration of 50 µg/l for 15 days at
25°C, followed by a depuration phase of 14 days. Equilibrium was reached by the first day of
exposure, after which the bioconcentration factor remained between 220 and 270, based on
measured total 14C. Elimination half-life was determined to be 1.8 days.
In a recent study (Scholz et al, 1998), the bioaccumulation of ring-deuterated DEHP in Cyprinus
carpio was investigated. Fish were exposed to nominal concentrations of 5 (dissolved with
72 µg/l acetone), 50 and 150 (dissolved with 300µg/l MARLOWET R 40) µg/l for 42 days,
followed by 14 days of depuration in a flow-through system (50 l/hour). Residues in fish and
water were analysed by GC/MS.
In the two higher test concentrations, equilibrium was not reached – BCF was still increasing at
the end of the exposure period. The highest BCF values were 34 and 20 based on mean measured
exposure concentrations of 48 and 144 µg/l, respectively. Related to fat content of the fish, the
corresponding BCF values were calculated to 1,069 and 459. At the lower exposure
concentration (nominal 5 µg/l), measured levels in water were fluctuating between 0.6 and 6.7
µg/l, with a mean of 3.0 µg/l. The highest BCF, 221 (based on mean measured concentrations),
was observed after ca four weeks of exposure. Elimination half-life during the depuration period
was 1-2 weeks.
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Caunters et al (2004) calculated bioaccumulation factors (BCF) and biomagnification factors
(BMF) as a part of their multigeneration toxicity study on Fathead minnow (Pimephales
promelas). The study is reviewed in detail in Section 3.2.1.1. The fish were exposed to DEHP
both via water and via the food. Two treatments, Low Dose Food (LDF) and High Dose Food
(HDF) were employed, both having the same nominal DEHP concentration in the water (5.0µg/l)
but differing with respect to the concentration in the food, 125 mg/kg and 500 mg/kg,
respectively The mean measured DEHP concentration in water was 3.2µg/l in the the LDF-group
and 2.6µg/l in the HDF-group. The mean measured DEHP concentration in the food was
115 mg/kg in the LDF-treatment and 474 mg/kg in the HDF treatment
Calculated Bioconcentration factors for DEHP based on the assumption that the uptake was from
the water only ranged between 202 and 785 for the different groups. When including MEHP the
BCF:s ranged from 217 to 825 (see Table 3.69).
Calculating BMF factors with the assumption that all uptake was from the food gave BMF
factors ranging between 0.01 and 0.06 for the different groups (see Table 3.70). When lipid
normalised the BMF factors ranged from 0.01 to 0.07.
In a toxicity study, reviewed in detail in Section 3.2.1.1, Norman et al. fed Atlantic salmon with
DEHP contaminated food with nominal concentrations of 0, 400, 800 and 1,500 mg/kg food
(dwt). The mean measured concentrations, based on measurements at the start and the end of the
exposure period, was 358, 827 and 1648 mg/kg for the three exposure levels, respectively.
Feeding with DEHP contaminated food was initiated at the end of the yolk sac stage and
continued for 4 weeks.
DEHP and MEHP concentrations in the exposed fish were measured at the termination of the
uptake period. The concentration of DEHP was 0.66, 1.3 and 2.6 mg/kg wet weight in the three
exposure levels, respectively. The correspondeing MEHP concentrations were 0.22, 0.50 and
0.76 mg/kg wet weight. Based on this and the measured exposure concentrations lipid
normalized BMF factors were calculated. The BMF factors for DEHP was 0.011, 0.0064, 0.0073
for the three exposure levels, respectively.
Mackintosh et al. (2004) investigated the distribution of phthalate esters in a marine aquatic food
web in order to study their potential for biomagnification. This was done by sampling of
18 species representing approximately 4 trophic levels in False creek harbour, Vancouver. The
species were chosen to represent both benthic and pelagic based food webs and a variety of
feeding strategies, sizes and life histories. For each species 9 individual samples were taken. The
samples were collected between June and September at three different locations in False creek
harbour. Samples were analysed for 13 different phthalates including DEHP. The samples were
also analysed for six congeners of PCB. Only the results for DEHP will be accounted for in
detail in this summary. There were no statistically significant differences in contamination levels
in the samples from the three different locations.
The species were assigned to trophic levels using both a trophic position model and stable
nitrogen isotope analysis. For each substance the lipid normalised log concentration in the
different species were plotted against their trophic position or δ15N ratio. Food-web
magnification factors (FWMFs) were determined as the antilog of the slope of the log-linear
regression between substance concentration and trophic level or δ15N.
The FWMF represents the average increase in lipid equivalent chemical concentration for a
1.0 unit increase in trophic position or a 3.4% increase in stable nitrogen isotope ratio (δ15N). For
example, a FWMF of 2 means that the lipid equivalent concentration increases 2-fold for a
1-step increase in trophic position or an increase by 3.4% of δ15N. Conversely, a FWMF of 0.25
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indicates that the concentration at a given trophic level is 25% of the concentration at the
previous trophic level. Thus, a FWMF greater than 1 indicates biomagnification in the food web
whereas a FWMF less than 1 indicates trophic dilution.
For the low molecular weight phatalates there were no statistically significant relationships
between lipid equivalent concentrations and trophic position. For the high molecular weight
phthalates the lipid equivalent concentrations significantly declined with increasing trophic
position. The FWMF for DEHP was 0.32 (0.14-0.17, 95% CI) based on trophic position and 0.34
(0.18-0.64, 95% CI) based on δ15N indicating that DEHP does not biomagnify in the aquatic
food web studied, rather it undergoes trophic dilution. For comparison the FWMFs for the 6 PCB
congeners ranged from 1.8 to 9.5 based on trophic position and from 2.05 to 6.98 based on δ15N.
Bioaccumulation in aquatic invertebrates
The bioaccumulation of 14C-ring-labelled DEHP in third instars larvae of Chironomus plumosus
was investigated in a flow-through study (Streufert et al, 1980). The larvae were exposed to a
test concentration of 0.2 ± 0.02 µg/l (measured) for 9 days at 22 ± 1°C. Equilibrium was reached
after 7 days, resulting in a BCF of 408. Half of the larvae were withdrawn after 4 days of
exposure and transferred to clean water for 4 days of depuration. The elimination half-life was
reported to be 3.4 days. In parallel studies, the effects on bioaccumulation of sand and hydrosoil
substrate were investigated. The presence of adsorptive substrates was shown to reduce the
concentrations of DEHP in solution and also the residue levels in the organisms.
The bioaccumulation of 14C-labelled DEHP in the aquatic invertebrates Gammarus
pseudolimnaeus, Chironomus plumosus, Daphnia magna, Hexagenia bilineata and Asellus
brevicaudus was investigated in a flow-through study (Sanders, Mayer and Walsh, 1973).
Chironomus plumosus, Daphnia magna and Hexagenia bilineata were exposed to DEHP at
measured concentrations of 0.3 or 0.1 µg/l for 7 days. Gammarus pseudolimnaeus was exposed
to two concentrations, 0.1 and 62.8 µg/l, for 14 and 21 days, respectively. Asellus brevicaudus
was exposed to 1.9 and 62.3 µg DEHP/l for 21 days at both concentrations. The organisms were
not fed during the experiments.
Steady state was reached after 7-21 days of exposure for Gammarus and Asellus sp. For
Gammarus, BCF was 13,400 and 260 at the low and high test concentrations, respectively,
calculated on a dry weight basis. Assuming a water content of 80%, the corresponding values
based on fresh weight are 2,680 and 52, respectively. Asellus, exposed to 1.9 and 62.3 µg/l,
showed steady state concentrations 70 and 250 times that in the water, or 14 and 50 times when
calculated on a fresh weight basis in the two exposure concentrations respectively. Chironomus,
Daphnia and Hexagenia sp. did not reach steady state concentrations within the 7 days exposure
periods. The highest measured concentrations in these organisms based on dry weights were
3,100, 5,200 and 2,300 times that in the water, corresponding to 620, 1,040 and 460,
respectively, based on fresh weight. The elimination half-life of 14C in Gammarus was reported
to be less than 4 days.
Some of the results from Sanders, Mayer and Walsh, 1973 are also reported in Mayer and
Sanders, 1973. In this report the results appear to be given based on wet weights and the BCFs
reported for Gammarus and Chironomus at the low dose exposure were 3,600 and 350,
respectively. The BCFs reported for Daphnia and Hexagenia were 420 and 575, respectively.
The bioaccumulation of carbonyl-14C-labelled DEHP in Daphnia magna was investigated in a
semi-static test - renewal of test medium three times a week (Brown and Thomson, 1982).
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Nominal test concentrations were 3.2, 10, 32 and 100 µg/l. The daphnids were exposed for a
period of 21 days at 20°C. Concentrations of DEHP were measured before and after each
renewal of test medium. Concentrations in the daphnids were measured only at the end of the
exposure period.
Bioconcentration factors based on nominal 14C-activity ranged between 140 and 268 with a mean
BCF of 209. However, the exposure concentrations were shown to decrease by 40-60% between
each renewal of test medium. BCF based on the mean of concentrations measured in renewed
and “old” test medium ranged between 190 and 330, mean 268 (evaluator’s calculation). The
elimination rate was not investigated.
The bioaccumulation of ring-14C-labelled DEHP in Mytilus edulis was investigated in a flowthrough study (Brown and Thomson, 1982). Mean measured test concentrations were 4.1 and
42.1 µg/l. The mussels were exposed for a period of 28 days at 15°C, followed by 14 days of
depuration. Bioconcentration factors based on mean measured 14C-activity were calculated to be
2,366 at the lower test concentration, 2,627 at the higher concentration - mean 2,497. The
elimination half-life was determined to be 3.5 days. These BCFs may overestimate the
bioaccumulation potential of DEHP in mussels since they are based on14C-activity and not on
DEHP and metabolites (i.e. MEHP). Some of the radioactivity measured in the mussels may be
due to e.g. 14CO2 assimilated by algae and subsequently ingested by the mussels.
The bioaccumulation of 14C-labelled DEHP in a number of marine aquatic species was studied in
a semi-static mesocosm study (Perez et al, 1983). The microcosms were 140 litre glass tanks
containing seawater and a benthic box core, both collected from the natural system being
simulated. Water turnover was simulated by removal and replacement of 10 litres of water per
tank three times a week. Nominal test concentrations were 1, 10 and 100 µg/l. The microcosms
were exposed for a period of 30 days at 18°C (summer scenario) and 1°C (winter scenario),
respectively.
DEHP concentrations in the water decreased exponentially throughout the study. The mean
measured concentrations in the water were 0.58, 5.8 and 59 µg/l for the winter situation and
0.18, 1.2 and 16 µg/l for the summer situation. In the sediment, mean measured concentrations
were 41, 229 and 4786 µg/kg dwt in the winter, 43, 219 and 6166 µg/kg dwt in the summer
scenario. Bioconcentration factors for the filter feeder bivalves Pitar morrhuana and Mulinia
lateralis, calculated on the basis of the mean measured DEHP concentration in water, were
436-1,381 and 2,456 – 3,891, respectively, during the winter scenario. The corresponding values
for the summer scenario were 364 – 1,124 and 932 – 3,311. For the zooplankton Acartia sp.,
winter BCFs ranged between 169 and 2,572, summer BCFs between 1,995 and 5,376. Whether
these BCFs are based on the total 14C activity in the organisms or the concentration of DEHP is
unclear from the report. The highest BCF values for Acartia were observed at the lowest test
concentrations (0.58 µg/l for the winter situation, 0.18 µg/l for the summer situation). The lowest
summer BCF, 1995, was measured at a DEHP concentration in water of 16 µg/l. For the benthic
polychaete Nephtys incisa and the benthic bivalve Nucula annulata, the calculated BCFs were
based on mean measured concentrations of DEHP in sediment. None of these values were higher
than 10. Due to the fact that the DEHP concentration in the water decreased exponentially
throughout the study the results from this study will not be used in the risk characterisation.
Conclusions
The results of the studies show that the bioaccumulation of DEHP varies between different
aquatic species. In fish the bioconcentration factors, based on total radioactivity, range between
114 and 1,380. Equilibrium time vary between one and > 56 days. The studies are performed
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with 14C-labelled DEHP. The measured radioactivity refers to total 14C-residues, and the
concentration of DEHP may be overestimated. However, since the main metabolisation product
of DEHP is the reprotoxic MEHP these data are assumed to be valid. In one study, the
metabolisation products are quantified. Calculations based on DEHP+MEHP result in BCF
between 129 and 827. Furthermore, the BCF:s calculated in the multigeneration toxicity study on
fathead minnow gave BCF-values for DEHP ranging from 202 to 785 for the different groups.
When including MEHP the BCF:s ranged from 217 to 825.
The uptake in fish via food seems to be limited based on the low BMF-factors obtained in the
studies by Norman et al. and Caunters et al. (2004). DEHP does not seem to biomagnify in the
food chain as indicated by the results of the study by Mackintosh et al (2004) where there was a
negative correlation between DEHP concentrations and trophic level.
In general, the bioaccumulation of DEHP decreases at concentrations higher than approximately
5 µg/l, and the proportion of MEHP found in fish tissues increases with the exposure
concentration. This could be due to a more efficient metabolism at higher exposure levels.
Another possible explanation is that at test concentrations above the non-colloidal water
solubility (approximately 3 µg/l), a significant amount of DEHP is in the colloidal form, which
could make it less bioavailable. Decreasing BCF with increasing concentrations of DEHP in
water was also observed for zooplankton.
The elimination half-life of DEHP, based on total radioactivity, is between 3 and 14 days in the
different fish species tested. The major degradation pathway seems to be through hydrolysis of
the ester group resulting in the monoester MEHP and subsequent glucuronid conjugation.
Since DEHP is readily adsorbed onto organic surfaces and particles in the water phase and to
sediment, the highest bioaccumulation factors are obtained for zooplankton (Acartia sp.) with a
high surface/weight ratio, for Gammarus sp., a sediment dwelling amphipod, and for filtrating
molluscs. For these kinds of organisms, DEHP in the colloidal form and DEHP adsorbed to
particles can be assumed to be more easily available.
In the standard scenario on secondary poisoning a fish eating animal is selected. Since fish show
relatively low BCF values compared to invertebrates, invertebrate eating animals are probably a
more critical target group. In the Baltic Sea, for example, the filter-feeding mussel Mytilus edulis
is the predominant food for birds such as the long tailed duck (Clangula hyemalis) and the
common eider (Somateria mollissima) (Gilek et. al. 1997). Therefore, besides the fish scenario
two invertebrate scenarios are introduced. The following BCF values are chosen to represent
realistic worst case conditions:
Type of prey

BCF*

Reference

Fish

840

(Mayer et. al., 1976)

Invertebrate, mussels

2,500 WWT

(Brown and Thomson, 1982)

Invertebrates, amphipods

2,700 WWT

(Sanders, Mayer and Walsh,
1973)

* based on C-14 technique
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Terrestrial organisms

Bioaccumulation in earthworms
Earthworms (Eisenia foetida foetida) were exposed to soil with a nominal DEHP concentration
of 1,000 mg/kg (dwt) for 14 days in a toxicity test (Diefenbach, 1998b, see Section 3.2.3.2).
After the exposure period the earthworms were moved to uncontaminated soil for a depuration
period of 8 days. The earthworms were analysed for DEHP after the 14 days exposure period and
after further 1, 4 or 8 days in uncontaminated soil. The derived dry weight BCFs based on the
nominal DEHP concentration in soil were 0.126 (after 14 days of exposure), 0.174 (after 1 day of
depuration), 0.211 (after 4 days of depuration) and 0.099 (after 8 days of depuration). Assuming
a typical dry to wet weight conversion factor of 0.15 for earthworms and of 0.88 for soil, a BCF
of 0.034 based on wet weights can be derived from the highest dry weight BCF of 0.21.
The test protocol does not say anything about the number of earthworms analysed or whether or
not the gut content of the worms was removed before analysis. The BCFs are calculated based on
the nominal concentration of DEHP in soil. The DEHP concentration in the unexposed control
worms was 21 mg/kg dwt and 47 mg/kg dwt in two replicate samples. This may indicate uptake
of DEHP from the control soil or problems with contamination in the analytical procedure.
Furthermore, it is probable that steady state was not reached in this study since the exposure
period was only 14 days Taken together this makes the BCF-values derived in this study
unsuitable for use in the risk characterisation.
Albro et al. (1992) studied the metabolism of DEHP in earthworms (Lumbricus terrestris).
Individual worms were given [7-14C]-DEHP by oral gavage. Three different doses of DEHP
were tested, 35.8, 179.2 or 358.5. Analysis was made 1, 2 and 7 days after administration for the
lowest dose group and 7 days after administration for the middle and high dose group. The
distribution of 14C is given Table 3.45 below.
Table 3.45 Distribution of residues in earthworms
Dose

Time
(days)

DEHP in
worms
(% of initial
radioactivity)

MEHP in
worms
(% of initial
radioactivity)

Other
metabolites
(% of initial
radioactivity)

Total 14C in
worms
(% of initial
radioactivity)

(%of initial
radioactivity)

14C in
bedding
(% of initial
radioactivity)

(µg/worm)
35.8

1

66.8

11.6

11.6

89.9

0.5

9.6

35.8

2

75.2

10.5

9.1

94.8

1.7

3.5

35.8

7

67.4

4.8

1.3

73.5

24.8

1.7

179.2

7

65.3

4.8

1.0

71.1

25.0

3.9

358.2

7

67.4

5.2

1.1

73.7

24.9

1.4

14CO2

One day after administration of the lowest dose, approximately 90% of the initial radioactivity
was associated with the worm. Of this 67% was DEHP and 12% was MEHP. Seven days after
administration DEHP still accounted for 67% of the initial radioactivity while MEHP had
decreased to approximately 5% of initial radioactivity. The middle and high dose showed the
same pattern. This indicates that DEHP is initially hydrolysed to MEHP by the worm and that
DEHP is translocated within the worm to sites with low metabolic capacity leading to a slow
overall metabolism and thus elimination of DEHP. Based on the elimination of total radioactivity
from the worms in the Albro study Staples et al. (1997) calculates a first order depuration rate of
0.04d-1 for Lumbricus terrestris. This depuration rate may not be a relevant measure of the
elimination of DEHP from worms. The reason for this is that the elimination in the Albro study
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does not seem to follow first order kinetics. After a rapid transformation to MEHP the DEHP
concentration in the worms remains constant from day 1 after administration to the end of the
study, day 7 (see Table 3.45).
In summary it can be concluded that no valid bioaccumulation study with earthworms is
available. The study by Albro et al. shows that the metabolism of DEHP by earthworm is slow
indicating that DEHP has a potential to accumulate in earthworms. EUSES calculates a BCF
worm of 43 kg/kg. As there is a difference of about three orders of magnitude between the
measured and the estimated BCF-value, it appears that the higher value is an overestimation. In a
first approach, based on the experimental results and the low measured depuration rate, a
reasonable worst case BCF of 1 will be used in the risk assessment.
Bioaccumulation in terrestrial plants
Several studies are available on bioaccumulation in terrestrial plants (Overcash et.al. 1986,
Schmitzer et. al. 1988, Aranda et. al. 1988, Kirchmann and Tengsved 1991).
Overcash et al. (1986) studied uptake of DEHP and Di-n-octylphthalate (DOP) in fescue, corn,
soybeans and wheat under greenhouse conditions. Plants were grown at different substance
concentrations ranging between 0.044 and 4.4 ppm for DEHP respectively 0.022 and 2.2 ppm for
DOP. The uptake was monitored by measuring 14C in the plants, assuming that the 14C detected
is the parent compound. The highest uptake was recorded with fescue and corn harvested
respectively 34 and 17 days after planting while lower uptake were observed in mature wheat
and soybeans (see Table 3.46). The final soil concentration of DEHP was on average 25% if the
initial applied concentration could be used to derive a BCF. The highest uptakes were recorded
for the highest soil concentrations. Based on dry weights and initial or final soil concentrations,
the accumulation with DEHP was:
Table 3.46 Bioconcentration factors day 17 and day 34 in different crops
Plant

Initial soil conc

Final plant conc.

BCF

Final
soil conc.

Average
soil conc.*

BCF

(mg/kg dwt)

(mg/kg dwt)

(17 days)

(mg/kg dwt)

(mg/kg dwt)

(34 days)

fescue

0.044

0.028

0.63

ca. 0.011

ca. 0.022

1.3

fescue

0.44

0.27

0.61

ca. 0.11

ca. 0.22

1.2

fescue

4.4

3.2

0.72

ca.1.1

ca. 2.2

1.4

corn

0.044

0.009

0.20

ca. 0.011

ca. 0.022

0.4

corn

0.44

0.022

0.05

ca. 0.11

ca. 0.22

0.1

corn

4.4

4.6

1.04

ca.1.1

ca. 2.2

2.1

soybean

0.044

0.0

0

ca. 0.011

ca. 0.022

0

soybean

0.44

0.012

0.027

ca. 0.11

ca. 0.22

0.05

soybean

4.4

0.011

0.0025

ca.1.1

ca. 2.2

0.005

wheat

0.044

0.0046

0.10

ca. 0.011

ca. 0.022

0.21

wheat

0.44

0.030

0.07

ca. 0.11

ca. 0.22

0.14

wheat

4.4

0.315

0.07

ca.1.1

ca. 2.2

0.14

*

Geometric mean

The uptake for DOP was approximately 1 to 2 orders of magnitude lower.
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Aranda et al. (1989) also tested the uptake of DEHP under greenhouse conditions in lettuce,
carrot, chilli pepper and fescue using 14C labelled DEHP. 4 soil treatments with initial DEHP
concentration in soil between 2.65 and 14.0 mg/kg dwt was used. Based on dry weight, the
average BCFs for lettuce, carrot top, root, chilli plant, chilli fruit and fescue were 0.47, 0.28,
0.13, 0.15, 0.08 and 0.24 respectively.
Schmitzer et al. (1988) studied the uptake of DEHP in barley and potatoes in outdoor
experiments. As DEHP had completely disappeared from soil in the barley experiment, the
results could not be used to derive a BCF. The initial and final soil concentrations were
1 mg/kg dwt and 0.033 mg/kg dwt respectively, based on 14C measurements. The vegetation
period was 111 days. For assessment purposes, an average concentration (geometric mean) of
0.18 mg/kg dwt can be used for the BCF estimation, as shown in Table 3.47.
Table 3.47 Concentrations of DEHP and bioconcentration factors in different parts of potato
Sample

Average soil conc.
(mg/kg dwt)

Plant conc.
(mg/kg fresh w.)

Plant conc.
(mg/kg dwt.)*

BCF

potatoes, peeled

0.18

0.077

1.08

6.0

peel

0.18

0.032

0.45

2.5

shoots

0.18

0.119

1.67

9.2

roots

0.18

0.160

2.24

12.4

plant total

0.18

0.076

1.06

5.9

*

Calculated based on TGD defaults

These results are also based on 14C measurements, assuming that the 14C detected is the parent
compound.
Kirchmann and Tengsved (1991) measured the concentration of DEHP in barley grains grown on
sludge-amended soil. The application rate of sludge was 5 tones dwt/ha. The DEHP
concentration in sludge was 116 mg/kg dwt, and the resulting concentration in grains was
530 µg/kg dwt. The DEHP found in the grain amounted to 0.22% of the dose from the sludge.
The barley grown on N-fertiliser or pig slurry amended soil also contained DEHP at
concentrations of 89-110 µg/kg, while no DEHP was detected in the fertiliser. The experimental
area was not exposed for sludge before the experiment. This would indicate that a large portion
of the DEHP in grains is due to uptake via the air (direct uptake and/or via the soil).
Discussion
Due to its high affinity to organic matter only a limited bioaccumulation of DEHP in plants is
expected. The experimental studies confirm this with BCF ranging between 0.01 and 5.9. The
highest BCF where observed on corn and potatoes. Lower BCF values where obtained for
lettuce, carrot (top), chilli plant, soybeans and wheat.
The study on potatoes (Schmitzer et al. 1988) shows similar BCF in the whole plant. This
indicates that DEHP was easily distributed from the root to the shoot. Since BCF in this case is
based on 14C the relatively high BCF in shoots may be a result of a transport of degradation
products.
The results from Kirchmann and Tengsved (1991) indicate: (i) That DEHP in STP sludge will to
some extent be distributed to the crop: (ii) A considerable part of the uptake of DEHP occurs
from the background. (iii) DEHP will be transported within the plant (it is found in the
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unexposed grain). The root uptake and distribution within the plant normally decreases
considerably with increased hydrofobicity (according to TGD). An alternative uptake route into
the plants is via the leaves. It is not clear if the particle bound phase or the vapour phase in the
air is the main source for this uptake. Studies of other semi-volatile hydrocarbons indicate that
the vapour phase may be an important uptake route (Welsch-Pausch et. al. 1995, McLachlan
1996, Kömp et. al. 1997, Kylin 1997). The results in this study may therefore be due to an
evaporation of DEHP from the sludge.
The EUSES model calculates separate BCF for roots and leaves. The BCF was calculated to 275
in plant roots and 7.6 in plant leaves. The model assumes that most of DEHP is physically
adsorbed to the root and only to a minor part transported to the leaves (based on Koc 165,000
and Log Kow, 7.0/ highest recommended). A comparison with experimental results indicates that
this calculation show an agreement with the BCF for the leaves and an overestimation of the
BCF for the root. The experimental derived results a rather uneven. It is therefore difficult to
select a single value for the model. The highest value of 12 will therefore be used. Considering
that the results are based on 14C-distribution this value still overestimates the real BCF, as
metabolisation is not taken into account.
Using Kp_soil and an average bulk density of plant tissue RHOplant of 0.7 kg/l, a Kplant-water
value can be estimated:
Kplant-water = BCF . RHOplant . Cfdry_wet . Kp_soil = 12 . 0.7 . 0.07 . 3,300 = 1,940 m3/m3
With 'Cfdry_wet' being the plant dry to wet conversion factor.
This value will be used for the indirect exposure of humans via the environment.

3.1.3

Calculation of Predicted Environmental concentrations (PECs)

The local PECs for life cycle stage 1 production, were calculated manually mainly based on site
specific information.
The generic local PECs for the different polymer processing techniques (life cycle stage 2) were
also calculated manually but based on TGD default emissions. Local site-specific releases to
water have been calculated using measured data and measured (where available), or default
(from Emission Scenario Document) releases to air, see sections 3.1.1.2.1, and 3.1.1.2.2. The
reported emissions to water (measured after waste water treatment) were re-calculated to levels
before STP (using EUSES default efficicency of STP) and then modelled as passing through the
STP when calculating PECs in the EUSES model. This was to make sure that any DEHP in
STP-sludge is taken into account when calculating concentrations in food. As no data on inflow,
concentration in inflow to STP etc was reported, PEC for STP was not calculated for the sitespecific scenarios. For the site-specific scenarios, emission days were set to 300, and dilution
was set to default from TGD, since no actual values were reported.
The EUSES model was used to calculate local predicted environmental concentrations (PEC) for
the remaining 10 life cycle stages: 3a-b, 4a-b, 5a, 6, 7a, and 8a-c (see Table 3.48). An overview
of the EUSES files used for calculating PECs and human exposure via the environment is given
in Annex 3.
Life cycle stages 1b, 7b, and 8d-e are regarded as diffuse sources and are only used for their
contribution to regional/continental PECs. The regional/continental emissions from life cycle
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stages 1a and 2 are introduced in the EUSES calculation in use pattern 1 prod and 3 proc,
respectively.
Table 3.48 Overview of relevant scenarios for PEC calculation for DEHP
Life
cycle
stage

Description

PECLocal

1a

Raw material

Production

1b

Raw material

Transportation1

1

2 prod.

2

Polymer product

All Formulation and/or Processing

X

3 proc.

Site specific

Generic

X

1 prod.

2a

Calendering

X

X

2b

Extrusion-compound

X

X

2c

Extrusion-products

X

X

2d

Spread coating

X

X

2e

Polymer product

EUSES
Use pattern

Other plastisol + car undercoating

X

2f

Injection moulding/extrusion

2

2g

Various plastisol applications

2

X

4 form.

X

4 proc.

3a

Non-polymer:

Formulation

3b

Sealants,
adhesives

Processing/Application

4a

Non-polymer:

Formulation

X

5 form.

4b

Lacquers and
paints

Processing/Application

X

5 proc.

5a

Non-polymer:

Formulation

X

6 form.

5b

Printing inks

Processing/Application

2

6

Non-polymer:
Ceramics

Formulation

X

7 form.

7a

End Product uses

Municipal STP
(releases to waste water)

X

1 priv.

Diffuse emissions 3
(releases to air, surface water,
urban soil)

1

2 priv.

7b

X

8a

Recovery

Paper recycling

X

6 recov.

8b

Recovery

Car shredding

X

8 recov.

8c

Waste

Incineration

X

9 recov.

8d

Waste

Municipal land fill

1

1 recov.

8e

Waste

Waste remaining in the environment

1

1 recov.

1)
2)
3)

Regarded as diffuse sources. Local PECs not calculated
Local PEC not calculated. These emissions are added to life cycle stage 7a and b (see Section 3.1.1.2).
Emissions to air, surface water and urban soil from lifecyclestages 7, 2f, 2g and 5b.

Urban/Industrial soils
Urban/industrial soils are assumed to be the major target for the emissions of DEHP (77%, see
Table 3.38). However, the EUSES model does not calculate any PEC/PNEC ratios for this
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compartment. The model only calculates a regional PEC for urban/industrial soil. It can be
assumed that environmental concentrations locally are higher e.g. along roadsides. In this
assessment therefore the local PEC for urban/industrial soil is assumed to be > [PECurban/ind.
soil].

3.1.3.1

Local PECs

For production sites local PECs for all individual sites are calculated separately based mainly on
site-specific data. For polymer formulation/processing generic local PECs for the different types
of processes are calculated separately. The site-specific PECs are calculated using the EUSES
model (v 1.0). The generic local PECs for the remaining scenarios are calculated with the
EUSES model (v 1.0).
For the calculation of local PECs for production and polymer formulation/processing the
equations presented below were used:

3.1.3.1.1

Local PEC for STP

Daily release has been obtained by dividing the reported amounts of emission to water with the
number of working days (300 days in continuous working systems). The concentration of DEHP
in the influent of the STP is calculated with the following formulae:
Equation 1
Clocalinf = (Elocalwater . 106) / (EFFLUENTstp) = (Elocalwater . 106) / 2 . 106 = Elocalwater
/2
[mg/l]
Equation2
Clocaleff = Clocalinf . [1 - STPremoval] = Clocalinf . 0.068

[mg/l]

Equation 3:
a)

PEClocalSTP = Clocaleff = Clocalinf . 0.068

[mg/l]

Explanation of symbols
STPremoval
Removal rate [in STP] = 0.932 (see 3.1.3.5)
Clocalinf
Concentration in untreated water
Elocalwater
Local emission rate to waste water during emission period
EFFLUENTstp CAPACITYstp . WASTEWinhab = 10,000 . 200=2,000,000

[-]
[mg/l]
[kg/d]
[l/d]

PEClocalSTP for production and polymer formulation/processing sites are presented in
Table 3.49 and Table 3.51. PEClocalSTP has not been calculated for site-specific processing and
formulation sites since no data on concentration in inflow, total flow etc has been reported and
the risk characterisation shows very low risks.

3.1.3.1.2

Local PEC for surface water

The concentration of DEHP in the effluent (Clocaleff) of a STP is calculated with equation 3.
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For DEHP it is assumed that the elimination in a STP is 93.2% (according to SIMPLETREAT,
see section 3.1.3.5). From the effluent concentration in the STP, the local concentration in the
receiving surface water can be calculated with the equations:
Equation 4
Clocalwater = 1,000 . Clocaleff / [(1 + Kpsusp . SUSP . 10-6) . DILUTION]
= ( Clocaleff/DILUTION) . 802[µg/l]
Explanation of symbols
Kpsusp
SUSP
Focsusp
Koc
DILUTION
Clocaleff

Focsusp . Koc = 0.1 (kg/kg) . 165,000 (l/kg) = 16,500
Concentration of suspended matter in the river = 15 (default, TGD)
0.1 (default, TGD)
165,000
Dilution factor (default = 10)
Concentration in effluent water

[l/kg]
[mg/l]
[mg/l]
[l/kg]
[-]
[mg/l]

Equation 5
PEClocalsurface water = Clocalsurface water + PECregionalsurface water
PEClocalsurface water for the production and polymer formulation/processing sites are
presented in Table 3.49 and Table 3.51.

3.1.3.1.3

Local PEC for sediment

The concentration of DEHP in the sediment is calculated with the formula:
Equation 6
PEClocalsediment = PEClocalsurface water . (Ksusp-water / RHOsusp) . 1000 =
= PEClocalwater . 4,130 / 1,150 = PEClocalwater . 3.59 [mg/kg wwt] =
= PEClocalwater . 3.59 . 2.6a [mg/kg dwt] = PEClocalwater . 9.34 [mg/kg dwt]
Explanation of symbols
a
Ksusp-water
RHOsusp
PEClocalwater

Conversion factor for ”wwt” to ”dwt” (based on defaults in TGD)
Suspended matter-water partitioning coefficient TGD default =4,130 (Koc=165,000)
Bulk density of suspended matter. TGD default = 1,150 (0.1*2500+0.9*1000)
During emission period

[-]
[m3/m3]
[kg wwt/m3]
[mg/l]

PEClocalsediment for the production and polymer formulation/processing sites are presented in
Table 3.49 and Table 3.51.

3.1.3.1.4

Local PEC for air

The concentration in air at 100 m from a point source can be estimated with the formula:
Equation 7:
PEClocalair = PECregionalair + Clocalair = PECregionalair + Elocalair . Cstdair =
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= PECregionalair + (Elocalair . 2.78.10-4)
Explanation of symbols
PECregionalair
Clocalair
Elocalair Local (max.) emission rate to air
Cstdair

Standard concentration in air at source strength of 1 kg/d = 2.78 . 10-4

[mg/m3]
[mg/m3]
[mg/m3]
[kg/d]
[mg/m3]

Based on its vapour pressure and - 2 < log HENRY < 2, the annual deposition over a radius of
1000 m around the source can be estimated as:
Equation 8:
DEPtotalann = (Elocalair + Estpair) . (Fassaer . DEPstdaer + (1-Fassaer) . DEPstdgas) =
= (Elocalair + Estpair) . (1 . 10-2 + (1-1) . 4.10-4) = (Elocalair + Estpair) . 10-2 =
= [Elocalair + (Elocalwater . Fstpair)] . 10-2 =
= 0.01. Elocalair + 1.6.10-6 . Elocalwater
[mg/m2/d]
Explanation of symbols
Estpair
DEPstdgas

Local indirect emission to air from the STP = Elocalwater . Fstpair
[kg/d]
Deposition flux of gaseous compounds (-2<log HENRY<2) at source strength of 1 kg/d=4 . 10-4 [mg/m2/d]

Fassaer

Fraction of the chemical bound to aerosol = 1 (measurements at the workplace have
shown that 100% of the substance is bound to the aerosol)

DEPstdaer
Fstpair

Standard deposition flux of aerosol-bound compounds at a source strength of 1 kg/d = 10-2 [mg/m2/d]
Fraction of the emission to air from STP = 1.6.10-4 (=0.016%, from Table 3.42) [-]

Elocalwater
Elocalair

Local emission rate to waste water during emission period [kg/d]
Local (max.) emission rate to air [kg/d]

PEClocalair for production and polymer formulation/processing sites are presented in Table 3.49
and Table 3.51.

3.1.3.1.5

Local PEC for agricultural soil

The PEC values in agricultural soil for the different scenarios were calculated with the EUSES
model. It is assumed that the sludge from STP at the production sites is not distributed to
agricultural soil.
For the different types of processing sites the Elocalwater ("local release to water" from
Table 3.51) is used as input value (at "local emission to wastewater during episode").

3.1.3.1.6

Local PEC for secondary poisoning

The PEC oral-aquatic is calculated by multiplying the bioconcentration factor (BCF) with
PECsurface water. The BCF for fish used in this assessment is 840. However, it has been shown that
the BCF for fish decreases with increasing DEHP concentrations in water when the water
solubility is exceeded (see Section 3.1.4). Therefore, the water solubility 3 µg/l is used as a limit
for the calculation of PECoral aquatic fish, i.e. when a PECsurface water exceeds the water solubility the
water solubility is used for calculating PECoral aquatic. The same approach is used for the
calculation of PECoral aquatic zooplankton using a wet weight BCF of 2,700. This approach may
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underestimate the concentration in biota in highly contaminated areas since it can be assumed
that in such cases the absorption of DEHP from food becomes increasingly important. The
highest measured concentration in fish from an extensive study in Austria (Pfannhauser et al.
1997, see section 3.1.6.5) was 2.6 mg/kg wwt. This value compares quite well with the
concentration derived when multiplying BCF with water solubility (840 . 3.0 µg/l . 10-3 =
2.52 mg/kg wwt). Unfortunately the concentration of DEHP in water was not measured in the
Austrian study. For PECoral aquatic mussels however, the calculated PECsurface water is used. This is
based on a study where no difference in BCF was seen at DEHP concentrations of 4.6 and
46 µg/l respectively (see Section 3.1.2.3). Furthermore, since mussels are filter feeders it is
assumed that the non-dissolved and particle bound fractions are bioavailable. A summary of PEC
oral-aquatic is presented in Table 3.50, Table 3.53 and Table 3.55.
Local PECoral worm is not calculated for the production sites since STP sludge from production
sites is not used as fertiliser. Local PECoral worm for life cycle stage 2 are summarised in
Table 3.51 and for life cycle stages 3-8 in Table 3.54.
The regional PECs are summarised in Table 3.56.
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3.1.3.1.7

Table 3.49 Local PEC for air, STP, Surface water and Sediment at different Production sites. Measured values in italic and default values in bold
Site

Elocal air PEClocal air4

C local
influent

STP
yes / no1

Elocal2

C local
Effluent5

Effluent
flow1

Receiving Dilution C local PEClocal PEClocal
flow1
surf.water surf.water surf.water4
(/dilution) during
annual
total
emission4 average

PEClocal
Sediment

PECstp

(kg/d)

(mg/m3)

(kg/d)

(mg/l)

(mg/l)

(m3/s)

(m3/s)

(µg/l)

(µg/l)

(µg/l)

(mg/kg dwt)6

1

0.082

3.0E-05

1.18

0.592

yes

0.0402

?

?

700

0.046

2.2

2.2

21

2

0.088

3.2E-05

31.2

15.6

yes

0.0319

0.77

18.4

24

1.07

3.3

3.2

31

3

0

7.6E-06

500

250

yes

0.005

4.69

734

157

0.026

2.2

2.2

21

4

0.068

2.7E-05

0.0205

0.0103

yes

0.00085

0.023

10

10

0.068

2.3

2.3

21

5

2.849

8.0E-04

487

244

yes

0.00008

0.005

sea

10

0.0064

2.2

2.2

21

6

1.973

5.6E-04

83.6

20.4

no

20.4

0.12

100

833

19.6

22.0

22.0

204

7

0.068

2.7E-05

0.0049

0.00247

yes

0.00017

0.06

16

267

0.00050

2.2

2.2

21

8

0.014

1.1E-05

386

193

?

0.1

0.01

2

200

0.40

2.6

2.6

24

9

0.027

1.5E-05

337

168

yes

0.012

0.028

sea

1000

0.0096

2.2

2.2

21

10

0.003

8.4E-06

0

0

0

2.2

2.2

21

11

0.118

4.0E-05

5.79

2.9

yes

0.197

?

sea

10

15.8

18

9.6

168

12

0.467

1.4E-04

80

40

?

2.72

?

?

10

218.1

220.3

181.5

2058

7

1

4

5

Equation
number3

0

2 and 3

ECPI (1998a).
Elocalwater =
Local emission rate to waste water during emission period [kg/d]. From Table 3.37.
See section 3.1.5.1.
In calculating PEClocal the PECregional for surface water = 2.2 µg/l is added as a background level (see Table 3.56).
In calculating PEClocal the PECregional for air =7.5 ng/m3 is added as a background level (see Table 3.56).
5) The effluent discharge rate for STP was set to default (2*106 l/d).
6) Values with “>” are based on a calculated surface water concentration that is above the water solubility. This probably underestimates the concentration in the sediment.
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1)
2)
3)
4)

x

Summary of local PECs

Emission
to waste
water before
STP
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Table 3.50 PEC in aquatic biota (secondary poisoning). Life cycle stage 1:
production sites
Production
site

PECwater
annual average1

PEC oral-aquatic2
(mg/kg wwt)

(ug/l)

Fish3

Mussel3

Invertebrates.4

Site 1

2.2

1.8

5.6

6

Site 2

3.2

2.2

6.8

8

Site 3

2.2

1.8

5.5

6

Site 4

2.3

1.9

5.6

6

Site 5

2.1

1.8

5.4

6

Site 6

22

2.2

30

8

Site 7

2.2

1.8

5.5

6

Site 8

2.6

2.0

6.0

7

Site 9

2.

1.9

5.5

6

Site 10

2.2

1.8

5.5

6

Site 11

9.6

2.2

14.8

8

Site 12

181.5

2.2

230

8

1) Annual average. From Table 3.49
2) BCF: fish=840; mussel=2500; zooplankton=2700. The water solubility 3 µg/l
is used as a limit for the calculation of PECoral aquatic fish and PECoral
aquatic zooplankton, i.e. when PECsurface water exceeds the water solubility
the water solubility is used for calculating PECoral aquatic. For PECoral
aquatic mussels however, the calculated PECsurface water is used.
3) PECs based on the assumption that 50% of prey is sourced from the local
environment and 50% from the regional environment, according to TGD.
4) Predator fish are assumed to be stationary and consume all prey locally.
Thus, PECoral invertebrates is calculated based only on PEClocal surface water.
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Table 3.51 Local PECs for different types of polymer formulation/processing sites (life cycle stage 2).

Unit

2a

2b

2c

Calendering

Extrusion
compound

Extrusion
products

2d
Plastisol

Spread

2e
Coating

Other

Air cleaning
average

with

plastisol
Air cleaning

without average

with

without

Total release per emission
day/site1

kg/d

6.6

2.5

2.5

8.6

3.0

25.5

5.6

1.6

13.6

Elocal - waste water

kg/d

3.3

1.3

1.3

4.3

1.5

12.8

2.8

0.8

6.8

Influent STP Clocalinf

mg/l

1.65

0.6

0.6

2.2

0.8

6.4

1.4

0.4

3.4

Effluent STP Clocaleff5

mg/l

0.112

0.043

0.043

0.147

0.051

0.43

0.095

0.027

0.23

PEClocal – STP

mg/l

0.112

0.043

0.043

0.147

0.051

0.43

0.095

0.027

0.23

PEC agr.soil "30d" (fr. EUSES)

mg/kg dwt

9.2

3.5

3.5

12

4.2

35.4

7.9

2.3

19.0

PEC oral worm (fr. EUSES)

mg/kg wwt

3.5

1.3

1.3

4.5

1.6

13.3

3.0

0.9

7.1

Clocal surface water

µg/l

9

3.4

3.4

11.8

4.1

34.8

7.7

2.2

18.6

PEC surface water during
emission2

µg/l

11

5.6

5.6

14

6.3

37

9.9

4.4

20.8

PEC surface water/annual
average2

µg/l

9.7

5

5

12

5.6

30.8

8.5

4

17.5

PEClocal – sediment4

mg/kg dwt

>105

>52

>52

>130

>59

>345

>92

>41

>194

Elocal - air

kg/d

3.3

1.3

1.3

4.3

1.5

12.8

2.8

0.8

6.8

PEClocal - air3

mg/m3

7.6E-04

2.9E-04

2.9E-04

9.9E-04

3.5E-04

1.9E-04

1.3E-03

From Table 3.5
In calculating PEClocal the PECregional for surface water = 2.2 µg/l is added as a background level (see Table 3.56).
In calculating PEClocal the PECregional for air =7.5 ng/m3 is added as a background level (see Table 3.56).
Values with “>” are based on a calculated surface water concentration that is above the water solubility. This probably underestimates the concentration in the sediment.
The effluent discharge rate for STP was set to default (2*106 l/d).
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1)
2)
3)
4)
5)

1.7E-03 6.5E-04

Life cycle stage

2a calendering

Site

Air1
(µg/m3)

Surface water2 (µg/l)
during emission

annual average

Sediment
(mg/kg dwt)

Agricultural soil
(mg/kg dwt)

Oral worm
(mg/kg wwt)

F3

0.16

2.3

2.3

21

0.06

0.05

S4

0.58

2.2

2.2

218

0.06

0.05

S6

0.35

2.4

2.3

22

0.2

0.1

2b extrusion compounding

S5

0.019

2.2

2.2

21

0.02

0.04

2c extrusion product

F2

0.16

2.5

2.4

23

0.3

0.14

F7

0.08

2.3

2.3

21.5

0.1

0.07

I9

0.03

2.4

2.4

22.5

0.2

0.11

S11

0.02

2.2

2.2

21

0.02

0.04

F1

0.24

2.2

2.2

21

0.05

0.05

S8

0.97

2.2

2.2

21

0.09

0.06

Es12

0.20

2.2

2.2

21

0.02

0.04

Es13

0.06

2.2

2.2

21

0.04

0.05

2d plastisol spread coating

2? not known

1)
2)
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Table 3.52 Site specific local PECs for polymer processing/formulation

In calculating PEClocal the PECregional for air =7.5 ng/m3 is added as a background level (see Table 3.56).
In calculating PEClocal the PECregional for surface water = 2.2 µg/l is added as a background level (see Table 3.56).
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Table 3.53 PEC in aquatic biota (secondary poisoning). Life cycle stage 2: Polymer Formulation/Processing
Polymer processing
sites

2a

2b

2c

2d

2e

2?

1)
2)
3)
4)

Calendering

PECwater1
annual average
(ug/l)

PEC oral- aquatic2
(mg/kg wwt)
Fish3

Mussel3

invertebrates4

generic

9.7

2.2

15

8

site F3

2.3

1.9

5.7

6.2

site S4

2.2

1.9

5.5

5.9

site S6

2.4

1.9

6

6.5

generic

5

2.2

9

8

site S5

2.2

1.9

5.5

5.9

generic

5

2.2

9

8

site F2

2.4

2.0

6.2

6.8

site F7

2.3

1.9

5.7

6.2

siteI9

2.4

1.9

6

6.5

site S11

2.2

1.9

5.5

5.9

average air cleaning – generic

12

2.2

18

8

with air cleaning – generic

5.6

2.2

102

8

without air cleaning – generic

30.8

2.2

41

8

site F1

2.2

1.9

5.5

5.9

site S8

2.2

1.9

5.5

5.9

Other plastisols

average air cleaning – generic

8.5

2.2

13

8

Car undercoating

with air cleaning – generic

4

2.2

83

8

without air cleaning – generic

17.5

2.2

25

8

site Es12

2.2

1.9

5.5

5.9

site Es13

2.2

1.9

5.5

5.9

Extrusion-compound

Extrusion-products

Spread coating

Not known

Annual average. From Table 3.51 and Table 3.52
BCF: fish=840; mussel=2500; zooplankton=2700. The water solubility 3 µg/l is used as a limit for the calculation of PECoral
aquatic fish and PECoral aquatic zooplankton, i.e. when PECsurface water exceeds the water solubility the water solubility
is used for calculating PECoral aquatic. For PECoral aquatic mussels however, the calculated PECsurface water is used.
PECs based on the assumption that 50% of prey is sourced from the local environment and 50% from the regional
environment, according to TGD
Predator fish are assumed to be stationary and consume all prey locally. Thus, PECoral invertebrates is calculated based only on
PEClocal surface water.
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Life
cycle

Product type

Handling type

Air1

STP

stage

Surface

Water2

Sediment3

during
annual
emission average
(mg/m3)

(mg/l)

(ug/l)

(ug/l)

2.1E-03

1.26

104

86

b

2.2

4.9E-05

0

2.8E-04

Processing/Application
Formulation

Agricultural

soil

Natural

Soil

soil

pore water /
ground water

soil

pore
water

(ug/l)

(mg/kg dwt)

(ug/l)

(mg/kg dwt)

(mg/kg dwt) (mg/kg dwt)

Urban/ Ind.
soil

LOCAL
3a

Sealants, adhesives Formulation

966

103

26

35

11

b

2.2

21

0.075

8E-03

0.04

0.01

b

2.2

2.2

21

0.075

5.1E-3

0.018

5.6E-3

b

0.16

15

13

>

144

13

3.5

4.6

1.4

b

7.7E-06

0.01

3.2

3.0

>

30

1.0

0.26

0.35

0.1

b

3.35E-04

0.19

16

13.3

>

149

15.5

4

5.3

1.6

b

b

b

b

b

b

b

b

b

b

b

1.3E-05

0.007

2.8

2.7

26

0.55

0.14

0.20

0.06

b

site F10 0.29E-03
3b
4a
4b
5a

…

Processing/Application

Lacquers and paints Formulation
water based4
Printing inks

5b

Processing/Application
Formulation

>

6a

Ceramics

7

Polymer +
Non-polymer

Municipal STP

b

0.03

4.8

4.8

>

44

2.6

0.67

0.89

0.27

b

8a

Waste

Paper recycling

8.0E-06

0.04

5.2

4.2

>

48

3.0

0.77

1.0

0.3

b

8b

Waste

Car shredder

2.3E-05

0

2.2

2.2

21

0.075

0.005

0.016

0.005

b

8c

Waste

Incineration

9.1E-05

0

2.2

2.2

21

0.075

0.006

0.022

0.007

b

FINAL REPORT, 2008

1) In calculating PEClocal the PECregional for air =7.5 ng/m3 is added as a background level (see Table 3.56).
2) In calculating PEClocal the PECregional for surface water = 2.2 µg/l is added as a background level (see Table 3.56).
3) Values with “>” are based on a calculated surface water concentration above the water solubility. This probably underestimates the concentration in the sediment.
4) Water based systems have 5 times higher releases to waste water than solvent based and is therefore selected as a local worst case scenario. Water related PECs as calculated by EUSES are
therefore increased 5 times.
5) For these scenarios the EUSES model calculates a PEClocal that is lower than PECregional. That figure is therefore replaced with PECregional.
b) Not applicable
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Table 3.54 Local PECs for life cycle stages 3-8, generic values except for site F10
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Table 3.55 Local PEC in earthworm and aquatic biota (secondary poisoning). Life cycle stage 3-8.
Life cycle stage
generic values except for site F10

3a

PEC Oral worm PECwater1
(µg/l)
(mg/kg wwt)

Sealants, adhesives – formulation
adhesives site F10

PEC oral-Aquatic2
(mg/kg wwt)
Fish3

Mussel3

invertebrates4

38.6

86

2.2

133

8

0.04

2.2

1.9

5.5

5.9

3b

Sealants, adhesives - processing

0.037

2.2

1.8

5.5

6

4a

Lacquers and paints - formulation

5.1

13

2.2

21.5

8

4b

Lacquers and paints – processing5

0.4

3.0

2.2

6.80

8

5a

Printing inks - formulation

5.8

13.3

2.2

18

8

6a

Ceramics - formulation

0.24

2.7

2.1

6.2

7.6

7

Municipal STP

1.0

4.8

2.2

8.8

8

8a

Paper recycling

1.15

4.2

2.2

9.3

8

8ba

car shredder

0.036

2.2

1.8

5.5

6

8cb

incineration station

0.037

2.2

1.8

5.5

6

1)
2)

3)
4)
5)

Annual average. From Table 3.54
BCF: fish=840; mussel=2,500; zooplankton = 2,700. The water solubility 3 µg/l is used as a limit for the calculation of
PECoral aquatic fish and PECoral aquatic zooplankton, i.e. when PECsurface water
exceeds the water solubility the water solubility is used for calculating PECoral aquatic. For PECoral aquatic mussels
however, the calculated PECsurface water is used.
PECs based on the assumption that 50% of prey is sourced from the local environment and 50% from the regional
environment, according to TGD
Predator fish are assumed to be stationary and consume all prey locally. Thus, PECoral invertebrates is calculated based
only on PEClocal surface water.
Water based systems have 5 times higher releases to waste water and is therefore selected as a local worst case
scenario. Water related PECs are then increased 5 times.

3.1.3.2

Continental and Regional PECs

The regional and continental PECs were calculated with the EUSES model. The results are
presented in Table 3.56.
Table 3.56 Calculated regional and continental PECs

(mg/m3)

Surface
water
(µg/l)

(mg/kg dwt)

Regional

7.5E-06

2.2

33.7

0.07

0.02

0.015

-

3.2

Continental

1.6E-06

0.3

4

0.006

0.002

0.003

-

0.33

Scenario

3.1.4

Air

Sediment

Agricultural
Soil
Natural
Soil
Urban/Ind.
soil
pore water/
soil
pore water
Soil
(mg/kg dwt) ground water (mg/kg dwt)
(µg/l)
(mg/kg dwt)
(µg/l)

Monitoring data

A large number of monitoring studies on DEHP are available. In studies earlier than the eighties,
problems concerning contamination of samples via the sampling and analysis equipment may not
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have been fully considered in the design of the investigations, and the results have to be
interpreted with caution.

3.1.4.1

Measured levels in the aquatic compartment

Surface water and sediment
The monitoring data in surface water and sediment are summarised in tables 10 - 12, Annex 1.
Reports from earlier than 1985 are excluded from the data summary on surface water and
sediment. Several studies are also excluded due to lack of information on pollution status or/and
on sampling or analytical methods. Principally, only studies where the original reports were
available are included in the surface water and sediment section. A majority of the data is
assumed to represent regional or continental concentrations. However, it cannot be excluded that
some of the measured DEHP concentrations may result from an unknown local point source.
A monitoring project on surface water and sediment was carried out in Sweden during late
winter/spring in 1996 (Parkman and Remberger, 1996). Water- and sediment samples were taken
from two unpolluted lakes (Härsvatten and Fräcksjön) and from waters affected by diffuse
discharges from five cities in Sweden (Stockholm, Karlstad, Uppsala, Norrköping and Örebro).
Some of the sampling sites were situated downstream sewage plants. A similar project for
monitoring of DEHP in sediments was performed in 1994 (Parkman and Remberger, 1995).
Seven sampling sites were situated in unpolluted lakes, ten sites downstream Gullspångsälven –
Vänern – Göta älv with increasing anthropogenic impact. One site was situated in Riddarfjärden,
close to a dumping site for snow masses from the centre of Stockholm. Finally, samples were
taken upstream and downstream of two point sources – processing sites - in connection with
Svartån and Ronnebyån in the south of Sweden. However, little information is available about
the discharge rates from the two point sources.
Water samples were taken at a depth of 1 m below the surface, using a pre-heated glass bottle
attached to an iron rod. The water was not filtered prior to analysis. Sediment samples were
taken by means of a Benell-corer, modified for phthalate sampling by exchanging the standard
plastic and rubber parts with parts made of Teflon. Surface sediment from the upper two
centimetres was analysed, as well as a deeper layer. In one lake (Härsvatten), a depth profile of a
sediment core was analysed.
Analysis of whole (not filtered) water samples was performed after solid phase extraction by
means of GC. Sediment samples were extracted with acetonitrile, hexane/acetonitrile and
analysed by GC. Surface water concentrations in unpolluted lakes ranged from 0 – 0.013 µg/l
(mean 0.009 µg/l, n=6). Levels of DEHP in surface waters from urban areas ranged between
0.010 and 0.33 µg/l.
In the unpolluted lakes, surface sediment concentrations were 0.07 – 0.60 mg/kg dwt. The levels
were generally lower in deeper layers than in the surface sediment. In the depth profile of lake
Härsvatten, levels of DEHP decrease significantly with depth – from 0.6 mg/kg dwt in the upper
centimetre to between 0.05 and 0.08 mg/kg dwt below 5 cm depth. The uppermost 2.5 cm of the
sediment was claimed to represent the last 25 years of deposition. In the Gullspångsälven and
Göta Älv river systems, DEHP levels clearly increased downstream when expressed per organic
content of the sediment.
In urban areas affected by diffuse discharge of DEHP, sediment concentrations in the upper 2 cm
layer ranged between 0.65 and 1.22 mg/kg dwt. In sediment from Riddarfjärden, close to the
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dumping site for snow masses, the concentration of DEHP was 2.5 mg/kg dwt. Downstream the
point sources in Svartån and Ronnebyån, levels of 47 and 33 mg/kg dwt were measured in the
upper layers. In an earlier study (Thurén, 1986, samples taken in 1983) maximum sediment
concentrations of 1480 and 628 mg/kg dwt, respectively, were measured at the same sites. The
differences can be explained by the decreased use levels of DEHP and the introduction of
wastewater treatment on the two processing sites, respectively.
A similar monitoring project was carried out simultaneously in freshwater, seawater, sediment
and domestic sewage in Norway (Braaten et al, 1996). Water and sediment samples were taken
on possible points of discharges from PVC using industry (11 localities in the Oslofjord,
Drammensfjord, Grenlandsfjord and the Idefjord) and from unpolluted reference areas (lakes:
Mjösa, Femunden, Lundevatn and Heddalsvatn, marine sites: Langesundsbukta, and Faerder).
Single water samples were taken at a depth of 1 m below the surface, using a pre-heated glass
bottle attached to a steel rod. Sediment samples were taken in triplicate by means of a Limnos
sediment sampler, consisting of a tube made of polycarbonate. Surface sediment from the upper
two centimetres and from 18 - 20 cm depth were analysed. The analyses were performed
similarly as described in Parkman and Remberger, 1996.
In seawater the levels of DEHP ranged between < 0.018 and 0.38 µg/l. Concentrations in lake
water samples from unpolluted areas were < 0.060 - 0.18 µg/l.
The highest concentrations of DEHP in marine sediments were found outside a STP of Oslo,
6.6 mg/kg dwt. In Langesundsbukta and Faerder (marine reference stations), 0.034 and
0.08 mg/kg dwt were measured. The upper layer of lake sediments from unpolluted areas
contained 0.042 - 0.80 mg/kg dwt.
In a recent study, carried out in Denmark during 1996-98 (Boutrup et al, 1998), levels of a large
number of chemical substances in different environmental compartments were investigated.
Samples of surface water and sediment were taken in three rivers, four lakes and on five marine
locations in the county of Aarhus, and in marine locations in the South Western part of the inner
Danish waters.
Water samples were taken by means of pre-heated glass bottles. Sediment samples from lakes
were collected using a plexiglass/aluminium tube, while marine samples were taken by a
Hapsbund-sampler. The upper 2 cm was transferred to glass bottles with a steel spoon. On one
marine site, sediment from 19 - 21 cm depth was also analysed, representing precipitated
sediment from ca 1900.
All samples were analysed with GC/MS-SIM after extraction in dichloromethane. The
concentrations found in water were < 0.2 - 0.87 µg/l, with the highest levels observed during
increased water flow. In river sediment, the concentrations were 0.075 - 6.9 mg/kg dwt, in lake
sediment 0.31 - 2.5 mg/kg dwt. Marine surface sediment in the county of Aarhus contained
< 0.05 - 5.4 mg/kg dwt, the highest value found in the port of Aarhus. In the sediment layer of
19-21 cm depth, no DEHP was detected (limit of detection 0.05 mg/kg dwt). In sediment
samples from in the South Western part of the inner Danish waters, the measured levels ranged
between 0.031 and 16 mg/kg dwt (limit of detection 0.01 mg/kg dwt), with the highest level
observed in the Vejle fjord and the lowest concentrations in the open sea areas.
In a monitoring study performed in the Netherlands in 1992-93 (Bodar, 1996), sediment samples
were taken from five different sites in major rivers and ten different sites in small rivers. Besides,
samples from 11 sites close to producers/processors of phthalates and from five sites alongside
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highways were analysed. Water samples were taken once per month during three years from the
rivers Rhine and Meuse. Samples were also taken from eight wastewater treatment plants.
In the major rivers, DEHP concentrations in sediment between 1 and 4 mg/kg dwt were
measured. In the small rivers, the levels were close to the limit of determination (0.5 mg/kg dwt).
On sampling locations close to producers/processors, the concentrations of DEHP were
< 0.5-4.5 mg/kg dwt, and alongside highways < 0.5 - 25 mg/kg dwt. Water from Rhine and
Meuse contained < 0.1 - 1.0 µg/l and < 0.1 - 4.2 µg/l, respectively. No details on discharge
levels, sampling or analytical methods were available in the summary report.
A monitoring study on DEHP was performed in Northrhein Westfalen an industrial region in
Germany during a two-year period (Furtmann, 1993). Samples of water were taken from eleven
locations every four weeks over the test period. The sample sites were situated in the rivers
Rhine, Lippe, Ruhr, Emscher, Erft, Sieg and Wupper. In addition, water and sediment samples
were taken from the river Weser and its tributaries, from canals in Northrhein-Westfalen (which
were anticipated to be of low industrial influence) and in ports of the Rhine. In the Rhine and its
tributaries, phthalate levels adsorbed by suspended matter were also calculated. On two locations
in rivers Rhine and Lippe, depth profiles of sediment were dated and analysed for DEHP. The
stratified sample from river Lippe was taken near a known phthalate producing industry. Water
samples were taken by pre-heated glass bottles, deactivated by lining with
2, 2, 4-trimethyl pentane. Sediment samples were - in most cases - taken using a dredging grab
from a ship. On these locations, no distinction between recent and older sediment could be made,
since the depth profile was disturbed. Where stratified sediment was desired, samples were taken
by means of sediment boxes, sunk into the river. Only stainless steel tools were used. Analysis of
whole water samples was performed using solid phase extraction and GC-mass selective detector
(SIM). Sediment samples were dried, extracted with ethyl acetate and analysed by means of GC.
The levels of DEHP in surface waters ranged between 0.1 and 10 µg/l. The mean concentration
of 216 individual samples from Rhine and its tributaries was 0.85 µg/l and the 90th percentile
was 1.6 µg/l. Two sampling sites (river Emscher and Bad Honnef in Rhein) had markedly higher
mean concentrations than the other 9 sampling points probably due to local emissions. The
DEHP concentration in Weser and its tributaries average ranged from 0.1 to 4 µg/l with an
average concentration of 0.94 µg/l (n=27). The concentrations in the canals ranged from 0.07 to
0.48 µg/l with a mean of 0.22 µg/l (n= 12).
The contents of DEHP in suspended material in Rhine and its tributaries were 0-282 mg/kg dwt.
Sediment levels of DEHP in river Weser and its major tributaries were 0.1 - 8.9 mg/kg dwt, in
Rhine 1.8 - 18 mg/kg dwt. In canals in Nordrhein-Westfalen, the levels were 0.2-3.4 mg/kg dwt,
and in industrial ports 0.35 - 21 mg/kg dwt. In the stratified samples from Rhine and Lippe, the
first occurrence of DEHP was observed in sediment dated to 1945-52 and 1935-37, respectively.
Peaks were observed in the seventies – in Rhine the highest concentration was 3.5 mg/kg dwt, in
Lippe (near phthalate producer), the maximum concentration was 24 mg/kg dwt. The decreased
concentrations in more recent sediment layers are probably due to improved efficiency of the
wastewater treatment.
In a follow up study performed 1998 – 2000 (Alberti et. al. 2001) the rivers in Northrhein
Westfalen were investigated again (Rhein, Lippe, Emscher, Erft, Ruhr, Sieg, Wupper and Niers).
The river Wupper was given special attention and samples were taken at 24 sites along the river.
In addition to this surface water samples were taken from several major German rivers. Water
and sediment samples from two rainwater basins connected to motorways, suspended matter
from Rhine and Wupper, and sediment samples from three ports in Rhine were also analysed for
phthalates.
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The DEHP concentrations in river water in this study were similar to those measured in 1993.
The concentrations ranged from non-detectable to 3.1 µg/l with an overall mean of 0.63 µg/l and
a 90th percentile of 1.48 µg/l (N= 77). The concentrations in the Northrhein Westfalen rivers
(excluding Wupper) ranged from non-detectable to 2µg/l with a mean of 0.57 µg/l and a
90th percentile of 1.56 µg/l (N=22). As in the first study some of the sampling points e.g. river
Emscher had markedly higher mean concentrations than the other sampling points. The mean
concentration for the other German rivers was 0.48 µg/l and the 90th percentile was 0.98µg/l
(N=27). The DEHP concentrations along river Wupper ranged from 0.12 to 3.1 µg/l with a mean
of 0.82µg/l and a 90th percentile of 1.67µg/l (N=26). The DEHP concentration in motorway runoff was extremely high, 240µg/l at one site and 560 µg/l at the other. Also the concentrations in
sediment were extreme at the two motorway sites 1,300 and 660 mg/kg dwt, respectively. The
concentration in suspended matter at the two sampling sites in Rhine was 1.6 and 1.9 mg/kg dwt,
respectively and 9.5 mg/kg dwt at the sampling site in Wupper. The concentration in sediment
from the three harbours in Rhine was 3.7, 14 and 50 mg/kg dwt, respectively.
In a monitoring study on micro-organic compounds in water and sediments carried out in the UK
(Long et al, 1998), samples were collected from six fresh water tributaries of the Humber river
(Trent, Aire, Calder, Don, situated in urban and industrial areas; Ouse and Swale, situated in
agricultural areas). Samples were taken on four occasions at quarterly intervals from July
1995-1996.
The method for sampling of water was not described. Suspended- and “bed” sediment were
collected using a field-based continuous flow centrifugation system. Samples of suspended
sediment were collected from a total volume of 360 litres of river water. Bed sediment was
collected by “hoovering” the top few centimetres of the riverbed from an area of approximately
5 m2. Water samples were extracted with dichloromethane, subsequently dried and reconstituted
in ethyl acetate. Sediment samples were supercritical-fluid extracted prior to analysis with
GC/MS.
DEHP was shown to be present in all water- and sediment samples analysed. The whole water
concentrations ranged between 0.36 and 21 µg/l (mean 6.6 µg/l) in industrial and urban areas,
and between 0.74 and 21 µg/l (mean 5.3 µg/l) in agricultural areas. The concentrations were
significantly higher in samples taken in February and May compared with those from July and
October, probably as a result of the higher flow, which enhance the levels of suspended matter in
the water. The levels of DEHP in “bed” sediment were between 3.4 and 19.4 mg/kg dwt (mean
7.8 mg/kg dwt) in industrial and urban areas, and between 0.23 and 17.9 mg/kg dwt (mean
6.1 mg/kg dwt) in agricultural areas. In suspended sediment, the corresponding values were
3.8-115 mg/kg dwt (mean 34.5 mg/kg dwt).
Desideri et al, 1991 determined the levels of a number of organic compounds in Antarctic
sediment. Samples were taken on 14 sites at depth between 20 and 1,100 metres, by means of a
bucket or with a dredger. Samples taken near the coast were taken by an under-water diver.
Analysis was performed with GC after extraction with n-hexane/methylene chloride, methanol
and water. DEHP was shown to be present in all sediment samples, at concentrations ranging
from 0.007 - 0.14 mg/kg.
Measurements of the concentrations of DEHP and other phthalates in Dutch sediment samples
were performed by ALcontrol (1999). Single or duplicate sediment samples were taken from
25 sites within the Netherlands. In addition samples were taken in the vicinity of two production
sites A and B located outside the Netherlands. The samples were extracted with dichloromethane
and the analyses were carried out on an LC-LVI-GCMS. Measures were taken to prevent
contamination of the samples prior to analysis. The detection limit was 0.025 mg/kg dwt.
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The levels of DEHP in samples that could not be attributed to local emission sources ranged
between not detectable (< 0.025 mg/kg dwt) and 1.7 mg/kg dwt (mean of duplicate samples).
The mean was 0.29 mg/kg dwt and the 90th percentile was 0.62 mg/kg dwt. The highest regional
concentrations were observed in the major Dutch river Meuse (Maas). In the sediment samples
taken close to production site A the concentration was 2 and 7.6 mg/kg dwt at two different
sampling points, whereas the concentration in the sediment of an oxidation pond which is a part
of the WWTP system was ca 8 mg/kg dwt. It can be noted that the concentration of DIDP in the
sediments was far higher (approximately 4-5 times) so it may be questioned if this site is
producing DEHP. The concentration in sediments at site B was 0.46 mg/kg dwt 2 km upstream
and 0.25 mg/kg dwt 2 km downstream the plant.
In November 2000 sampling of sediments was performed by RIVM at 5 different locations in the
Netherlands (RIC 2001a). Two of the sites had been sampled before in the study by Alcontrol
1999. The samples were analysed by RIC using ultrasonic extraction with cyclohexane and
direct GC-MS analysis. The concentration in the sediments was: 3.3, 1.3 (0.2 in Alcontrol 1999),
1.1 (0.7 in Alcontrol 1999), 2.6 and 1.9 µg/kg dwt.
In Basseres et al (2000), surface water and sediment samples were taken near a production site in
a small French river. In water, concentrations between 1.1 and 7.4 µg/l was detected downstream
the production site. In sediment the concentrations were 40 – 146 mg/kg dwt. However, similar
levels of DEHP were also observed in water and sediment upstream this point source since other
DEHP using industries are situated nearby. Therefore, the data are difficult to interpret.
In a survey in the river Viskan in southwest Sweden sediment samples were taken at 13 sites
along the river from its origin to the river mouth (Golder Grundteknik 2000). The sediments
were analysed for metals and a large number of organic substances including phthalates. DEHP
was found in all samples. The concentrations ranged from < 0,1 mg/kg dwt to 100 mg/kg dwt.
The highest concentrations were found at two sampling sites downstream the city of Borås.
These sites have a high level of historical pollution mainly due to discharges from textile
industries and also receive discharges from a big municipal STP. At the site closest to Borås
where also a depth profile was taken the DEHP concentration in the 10-20 cm layer was
100 mg/kg dwt whereas in the upper 10 centimetres it was 40 mg/kg dwt, indicating that the
releases have decreased. In the 20-30 cm layer the DEHP concentration was 57 mg/kg dwt and in
the 30-40 cm layer 27mg/kg dwt.
Groundwater
Available monitoring studies on DEHP in groundwater are summarised in Table 15, Annex 1. In
groundwater associated to non specified contaminated land (Hutchins et. al. 1985; Anzion,
1987), measured concentrations of DEHP ranged between 0.05 and 45 µg/l. In one study
(Henriksson 1997), agricultural soil was treated with STP sludge prior to groundwater sampling.
DEHP levels in groundwater were between 0 and 510 µg/l. In groundwater close to a landfill in
Sweden (Oman and Hynning 1993), the concentration of DEHP was 1797 µg/l. However, due to
the sampling technique, errors might have occurred.
In a monitoring study performed on DEHP in private and public water supply boreholes in UK
(Kenrick et. al. 1985), DEHP was found in 7 out of 11 samples. The average measured
concentration was 0.07 µg/l.
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3.1.4.1.1

Calculated PECs compared with monitoring data Aquatic compartment

Surface water
The overall mean of detected concentrations in river waters can be calculated to 1.3 µg/l. In lake
water, the concentrations were lower, with a mean of 0.08 µg/l. The difference is probably due to
the higher levels of suspended matter in flowing waters. In marine surface waters in Norway the
concentration of DEHP was below 0.1 µg/l except for one sampling station close to a municipal
STP where the concentration was approximately 0.4µg/l.
Measured concentrations of DEHP in surface waters affected by diffuse pollution from industry
and urban areas range from non-detectable to 21 µg/l. In the most extensive study (Furtmann,
1993) the concentrations in river Rhein and some of its tributaries in Nordhrein Westfalen
ranged from 0.1 – 10 µg/l. The mean concentration of 216 individual samples was 0.85 µg/l and
the 90th percentile was 1.6 µg/l. The further measurements performed in Northrhein Westfalen in
1999 – 2000 (Alberti et. al. 2001) indicated slightly lower values. The concentrations ranged
from non-detectable to 2µg/l with a mean of 0.57 µg/l and a 90th percentile of 1.56 µg/l (N=22).
The number of samples was much lower and did not, as in the first study, take into account the
seasonal variation so the conclusion is that the DEHP concentration in surface waters in
Northrhein Westfalen has not changed since 1993. The overall mean for all measurements made
in Northrhein Westfalen rivers 1993 – 2000 is 0.83 µg/l. Since Northrhein Westfalen is a highly
industrialised and densely populated area this figure is judged to be representative for a worst
case regional situation. The EUSES model seems to slightly overestimate the surface water
concentration and calculates a regional concentration of 2.2µg/l. Based on the large amount of
data available it is concluded that the measured mean value from Northrhein Westfalen rivers of
0.8 µg/l will be used in the risk characterisation in addition to the PECregional calculated by
EUSES.
In one study (Basseres et al, 2000) samples were taken near a production site, but since other
phthalate using industries were situated nearby the measured concentrations of DEHP
(1.1-7.8 µg/l) cannot be attributed to this single point source only. Calculated local
concentrations for the production sites are mostly based on site specific data and range from 2.2
to 220 µg/l. No measured data are representative of processing and formulation sites. Calculated
local concentrations range from 4.4 – 37 µg/l.
In remote lakes in Sweden and Norway, which were expected not to be affected by industry or
other human activities, DEHP concentrations around 0.01 µg/l were measured. This level can be
compared with the calculated continental PEC of 0.3 µg/l.
Sediment
Measured concentrations of DEHP in surface sediment from rivers and lakes situated in
industrial or urban areas where no DEHP using industries were specified ranged between 0.04
and 21 mg/kg dwt. However, judging from all available data it seems plausible that the sites with
the highest concentrations are affected by point sources or historically have been affected by
point sources. The mean of 58 sites with freshwater sediment was 5.2 mg/kg dwt, to be
compared with the calculated regional PEC of 33.7mg/kg dwt. In marine sediments associated to
industrial and/or urban areas, measured concentrations averaged 1.5 mg/kg dwt.
In surface sediment originating from canals in Germany where a limited discharge of DEHP was
anticipated, the concentrations ranged between 0.15 and 3.4 mg/kg dwt (mean 1.5 mg/kg dwt,
n=10).
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Several of the sediment sampling sites were situated in the neighbourhood of DEHP using
industries. The concentrations ranged from approximately 0.3 mg/kg dwt to 1,480 mg/kg dwt.
The two highest concentrations (668 and 1,480mg/kg dwt) were measured close to a Swedish
point source in 1983. The concentrations at these sites had declined to 33 and 47 mg/kg dwt,
respectively in 1994. Outside a DEHP producer in France concentrations of 40 – 146 mg/kg
sediment dwt were measured. These concentrations are probably not solely attributed to this
point source, as also other phthalate using industries are present in the area. At a site in the river
Viskan downstream the city of Borås in Sweden high concentrations of DEHP were measured. In
the upper 10 centimetres of the sediment the concentration was 40 mg/kg dwt and in the
10-20 cm layer the concentration was 100 mg/kg dwt. This site has a high historical pollution
due to direct discharges from textile industry and is now a recipient for a municipal STP. In
sediment from three harbours in Rhine the DEHP concentrations ranged from 4 – 50 mg/kg dwt.
In marine sediments close to DEHP processing industries in Norway the concentrations ranged
from 0.1 to 3.2 mg/kg dwt. The calculated concentrations for the different production sites
ranges from 21 to 2,060 mg/kg dwt the majority based on site specific emission data. The
calculated local sediment concentrations for polymer and non-polymer processing sites are based
on default emission factors and range from 41 to 345 mg/kg dwt.
DEHP was also found in sediment from areas far away from industry or dense human
populations. In samples of Antarctic sediment levels from 0.007- 0.14 mg/kg (mean 0.027 mg/kg
(dwt?), n=14) were observed, indicating a significant long-range transport of DEHP. In
freshwater sediment from more remote areas in Sweden, Norway and Denmark, the
concentrations ranged between 0.008 and 0.8 mg/kg dwt (mean 0.25 mg/kg dwt, n=18). These
data can be compared with the calculated continental PEC in sediment, 4mg/kg dwt.
In general, measured concentrations of DEHP were lower than the corresponding calculated
levels. A value of 5 mg/kg dwt will be used to override the EUSES calculated PECregional of
33.7 mg/kg.

3.1.4.2

STP

There are many data available on DEHP concentrations in wastewater and sewage sludge (see
Table 16 and 17 in Annex 1). Most studies concern municipal wastewater treatment plants but
there are also a few data concerning industrial effluents. No information on DEHP
concentrations in influent water to industrial STPs or DEHP concentrations in industrial sewage
sludge is available
Municipal wastewater
Flow proportional 24 h samples were taken on the effluent wastewater from 5 different housing
areas with low industrial load. Furthermore samples were taken from the two main inlet tubes to
(> 95% of the inflow) and the outlet from Henriksdal sewage treatment plant in Stockholm,
Sweden in February and March 1989 (Stockholm Vatten, 1990). The DEHP concentration in
effluent water from the housing areas was 3 – 15 µg/l. In the two inlet tubes the DEHP
concentrations were 6 – 11 µg/l on weekdays and 4 – 6µg/l on a weekend. The DEHP
concentration in the outlet was below the detection limit of 1µg/l. Consequently the removal rate
was > 90%.
In a follow up study (Stockholm Vatten, 1991a) samples were taken from two of the housing
areas and from the two inlet tubes and the outlet in February 1991 (weekday 13/2 –14/2,
weekend 17/2 – 18/2). The concentrations of DEHP was higher this time: 26 - 49µg/l in the
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housing areas, 39 and 47 µg/l in the two inlets, respectively on the weekday and 34 and 46 µg/l,
respectively on the weekend. The concentration in the outlet was 28 µg/l (weekday) and 15 µg/l
(weekend). The removal rates were approximately 40% on the weekday and 67% on the
weekend. The reason for the difference in DEHP concentrations between the two studies is not
known. It shall be noted however, that different laboratories performed the analyses in 1989 and
1991.
In a third study samples from three inlet tubes to and the outlet from Bromma sewage treatment
plant in Stockholm were analysed for DEHP (Stockholm Vatten, 1991b). The samples were
collected in November – December 1990. The mean DEHP concentration in the inlet tubes was
32 µg/l whereas it was 1.8 µg/l in the outlet indicating a removal rate of approximately 95%.
The influent and effluent wastewater from three Danish sewage treatment plants (Skœvinge,
Avedøre and Marselisborg) was analysed for its content of metals and organic substances
including DEHP (Grüttner and Jacobsen, 1994). The samples were taken in October 1992. The
DEHP concentrations in the influent water was 247, 122 and 223 µg/l in Skœvinge, Avedøre and
Marselisborg, respectively, whereas the effluent water contained 5.2, 23 and 0.5 µg/l resulting in
removal rates of 98, 81 and 99%. In July 1995 a follow up study was performed on the same
three STPs (Grüttner et al., 1995). In this study two other laboratories performed the analyses
(the samples from Marselisborg were also analysed by the laboratory responsible for the 1992
analyses). Compared to 1992 the DEHP concentrations in influent water were lower while the
effluent concentrations were on the same level. There was little difference between the analysis
results from the different laboratories. The DEHP concentrations in the influent water to
Skœvinge was 33 and 14µg/l, to Avedøre 49 and 35 µg/l and to Marselisborg 39, 26 and 28 µg/l,
respectively. The DEHP concentrations in the effluent water from Skœvinge was 4 and 4µg/l,
from Avedøre 28 and 10 µg/l and from Marselisborg 0.5, < 2.5 and < 7 µg/l, respectively
indicating removal rates in the range of 70 – 90% at Skœvinge, 40 – 70% at Avedøre and
> 75-99% at Marselisborg.
In a recent Danish study from the Århus area (Boutrup et al., 1998) samples were taken from the
influent and effluent water from 2 different STPs (Søholt and Viby) in 1996. The mean DEHP
concentration (n=3) in the influent was 33.3 µg/l at Søholt and 35 µg/l at Viby. In the effluent
from the two STPs the mean concentrations were 2.4 and 1 µg/l, respectively, indicating removal
rates of 93 and 97%.
In a Norwegian study (Braaten, 1996), the DEHP concentrations in influent wastewater to three
STPs: Bekkelaget, Fugelvik and Slemmestad (VEAS) was 6.3, 12.8 and 15 µg/l, respectively.
The effluent contained 0.08, 0.13 and 0.07 µg/l respectively, indicating removal rates around
99% for all three STPs.
Furtmann (1996), reports an influent concentration of 25 µg DEHP/l in June 1992 from a sewage
treatment plant dominated by household wastewater. The effluent concentration of DEHP was
0.54 µg/l; consequently the removal rate was 98%. In a STP dominated by industrial wastewater
the influent concentration of DEHP was 71µg/l in June 1992. The effluent contained 0.9 µg/l
giving a removal rate of 99%.
Alberti et al. (2001), reports effluent concentrations ranging from 0.05 to 1.0 µg/l from 8
different municipal STPs. The mean concentration was 0.38 µg/l.
UK water industry research limited has made a study as part of a research programme to improve
the water industry’s understanding of the presence and origins of priority substances in sewage
and to prepare for the Water Framework Directive.
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The urban catchment study involved sampling and analysis of foul water samples from separate
subcatchments of the sewerage system representative of old and new housing, of the town centre
and of light industrial estate. Runoff samples were taken from a housing estate and the light
industrial estate.
DEHP was detected in all samples, including runoff. Concentrations in the new housing estate
wastewater were five times higher (average of 57 µg DEHP/l) than that of the older estate
(average of 9 µg DEHP/l) and the light industrial estate (average of 6 µg DEHP/l), suggesting
that leaching from newly installed plastics is a significant diffuse input to wastewater treatment
works.
Industrial wastewater
There are also some studies available where purely industrial wastewater has been analysed.
Källquist et al. (1991) detected 56.9 µg DEHP/l in the effluent wastewater from the Swedish
DEHP producer Neste Oxo in June 1990. In a later study flow proportional 24-hour samples of
effluent wastewater from Neste Oxo was collected during the period 15 November to 21
November 1997 (Solyom and Ekengren, 1997). The concentration of DEHP was 0.08 µg/l.
In November and December 1990 Stockholm Vatten took samples from three tubes leading
wastewater from two industrial areas (no households in the area) to the municipal STP in
Bromma, Sweden (Stockholm Vatten, 1991b). The concentrations of DEHP in the wastewater
from the three tubes were 1,800, 28 and 55 µg/l, respectively. The authors have no explanation to
the very high concentration in one of the tubes.
Alberti et al. (2001) analysed effluent wastewater from different industrial STPs and also
leachates from landfills in Germany. The DEHP concentrations in industrial effluents ranged
from 0.1 – 340 µg/l. The highest concentrations 17 and 340 µg/l were measured in effluent
wastewater from two leather-producing sites. With these two sites excluded the range was
0.1-3.1 µg/l (mean 0.97 µg/l; N= 17). At two sites also influent wastewater classified as “mixed
waste water from chemical industry” was analysed. The concentrations were 45 µg/l and 17 µg/l
in influent wastewater. The corresponding concentrations in the effluent were 0,08 and 0,9 µg/l
indicating removal rates of > 99% and 95%, respectively. The concentrations in landfills
leachates varied from 0,09 – 8 µg/l (mean 0.97 µg/l, N= 10).
OAEI (1996) reviews some results from the MISA (Municipal Industrial Strategy for
Abatement) program in Ontario, Canada. Based on measurements from 9 different sites from
October 1989 to September 1990 the concentration of DEHP in effluents from the organic
manufacturing sector ranged from 0.4 to 19µg/l. The concentration of DEHP in the effluent from
the inorganic chemical sector ranged from 0.22 to 65µg/l during the period 1989 to 1991. The
average concentration of DEHP in effluents from the Petroleum refining sector was 1.9 µg/l
(range 1.4 - 11 µg /l) based on monitoring data from 7 refineries during 1988 and 1989.
One of the producers reports a DEHP concentration of 334 µg/l from one measurement of
effluent water from the production plant in February 2000. The DEHP concentration in the
effluent water from their wastewater treatment system was at the same occasion 52 µg/l.
Sewage sludge
The Swedish EPA made a survey of organic chemicals in sewage sludge from 8 different
municipal STPs with varying degree of industrial connection during 1987 (Swedish EPA, 1988).
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The concentration of DEHP in the sludge ranged from 74 to 661 mg/kg dwt (mean
247 mg/kg dwt).
During 1989 – 1991 the Swedish EPA made another survey of organic chemicals in sewage
sludge from 11 different municipal STPs. These samples were analysed by one laboratory and
the concentrations ranged from 25 to 462 mg/kg dwt (mean = 174 mg/kg dwt) (Swedish EPA,
1992). In the same report additional data from 6 other STPs are reported. The analyses were
made during the same period but by different laboratories. The concentrations of DEHP in these
sludges ranged from 76 to 285 mg/kg dwt (mean = 144 mg/kg dwt).
Stockholm Vatten analysed sludge samples from two municipal STPs (Henriksdal and Bromma)
in Stockholm, Sweden. The concentration in sludge from Henriksdal was 67 mg/kg dwt in 1989
(Stockholm Vatten, 1990) and 93 mg/kg dwt in 1991 (Stockholm Vatten, 1991a). The sludge
from Bromma contained 116 mg/kg dwt in 1991 (Stockholm Vatten, 1991b).
In connection with a study on sludge application on agricultural soil, sludge was analysed for its
contents of a large number of organic chemicals including DEHP (Henriksson, 1997). The
sludge was collected from a STP in Malmö, Sweden. Samples were taken each year during the
period 1991 – 1996 before the sludge was applied to the soil. The analyses were performed by
two different laboratories using two different methods. The analyses from one laboratory gave a
mean DEHP concentration of 105 mg /kg dwt (range 0 – 240) whereas the analyses from the
other laboratory gave a mean of 49 mg/kg dwt (range 18 – 116).
Grüttner and Vikelsøe (1996), reported DEHP concentrations of 48, 45 and 47 mg/kg dwt from
the Danish municipal STPs Avedøre, Skœvinge and Marselisborg, respectively. The samples
were taken in October – November 1992. In July 1995 sludge from the same three STPs was
analysed (Grüttner et al., 1995). In this study two other laboratories performed the analyses (the
samples from Marselisborg were also analysed by the laboratory responsible for the 1992
analyses). The DEHP concentrations in sludge as analysed by one of the laboratories was 46, 44
and 43 for Avedøre, Skœvinge and Marselisborg, respectively, which is at the same level as in
1992. The results from the other laboratory indicated much lower concentrations (2.3, 0.9 and
1.7 mg/kg dwt) and are not considered reliable. The complementary analysis of Marselisborg
sludge performed by the laboratory responsible for the 1992 analyses resulted in a DEHP
concentration of 189 mg/kg dwt.
Kjølholt et al. (1995) compared the DEHP concentrations in winter and summer samples of
sludge from three different Danish STPs (Herning, Skœvinge and Marselisborg). The winter
samples were taken in February 1994 and the summer samples in June the same year. The winter
sample from Herning contained 120 mg DEHP/kg dwt and the summer sample 38 mg/kg dwt.
There were little difference between winter and summer samples from the other two STPs:
Skœvinge, 17 mg/kg dwt (winter) and 18 mg/kg dwt (summer); Marselisborg 41 mg/kg dwt
(winter) and 37 mg/kg dwt (summer).
Krogh et al. (1996), reports DEHP concentrations of 14 and 23 mg/kg dwt in samples taken late
fall in 1995 from two Danish municipal STPs Herning and Ringkøbing, respectively.
In another Danish study (Kristensen et al., 1996) sewage sludge from 19 STPs representative for
Danish sewage treatment were analysed. The samples were taken in 1994. The DEHP
concentrations ranged from 4 to 170 mg/kg dwt with a mean concentration of 37.8 mg/kg dwt
and a median conc. of 24.5 mg/kg dwt.
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In a recent Danish study from the Århus area (Boutrup et al., 1998) sludge samples were taken
from 6 different STPs during 1996 – 1997. The DEHP concentrations ranged from 9 – 49 mg/kg
dwt with a mean of 25 mg/kg dwt.
Braaten (1996), reports results from analyses of DEHP in sludge from three Norwegian
municipal STPs in 1996. The sludge from Bekkelaget close to Oslo contained 113 mg DEHP/kg
dwt whereas the sludge from Fuglevik where there is a PVC-foil producer in the area contained
96 mg/kg dwt. Sludge from the third STP, Slemmestad (VEAS), contained 78.5 mg/kg dwt.
The DEHP concentrations in municipal sewage sludge from five different STPs in the
Netherlands ranged from < 5 – 185 mg/kg dwt in samples taken in the period 1992 – 1993
(Bodar, 1997).
Furtmann (1996), reported data from a German survey from 1992. In sludge from a STP
dominated by industrial effluents the DEHP concentrations were 40, 21 and 85 mg/kg dwt in
fresh, activated and dewatered sludge, respectively in March. In June the DEHP concentrations
were higher: 225 and 163 mg/kg dwt in fresh and activated sludge respectively. Concentrations
of DEHP in sludge obtained in June 1992 from a STP predominated by household effluents were
194, 153 and 74 mg/kg dwt in fresh, processed and dewatered sludge, respectively.
Samples of digested sludge from 5 sewage treatment plants in Germany were analysed for DEHP
(Kolb et al., 1997). DEHP was detected in all samples in concentrations ranging from
13.4-18.3 mg/kg dwt (mean = 16.3)
Webber and Lesage (1989) compared various methods for extracting organic compounds from
municipal sludge. Out of six tested methods five gave recoveries of DEHP above 200% whereas
one gave recoveries of 86 ± 72%. Sludge samples from 15 sites (mainly from industrial centres)
were analysed with this method. DEHP was detected in 93% of the samples in concentrations
ranging from 3 – 215 mg/kg dwt (median 80 mg/kg).
Webber and Nichols (1995) analysed sewage sludge from 11 locations across Canada. Sludge
was sampled one day per month for six months, at each location, during the period of September
1993 to February 1994. The measured concentration in the sewage sludge had an overall mean of
163 mg/kg dwt.

3.1.4.2.1

Calculated PECs compared with monitoring data STP

Wastewater
In monitoring studies on different municipal STPs in Sweden, Denmark, Norway, and Germany
measured concentrations in untreated wastewater (influent) varied between 4-250 µg/l. In the
treated wastewater (effluent) the DEHP concentration varied between 0.07 and 28 µg/l with
removal rates mostly in the range 90 – 99%. However, in a few cases removal rates were lower,
in one case only 40%. For the scenario relevant to compare to effluents from municipal sewage
treatment plants (life cycle stage 7 “Municipal STP”) the estimated DEHP concentration is
32 µg/l, which compares quite well with the highest measured concentrations.
There are very few data on concentrations of DEHP in purely industrial wastewater. In the
material there is one example of very high DEHP concentrations (1,800 µg/l) in a tube that
connects wastewater from an industrial area to the main inlet tube to a Swedish municipal STP.
In effluent wastewater from industries and industrial areas in Europe, measured concentrations
varied between 0.08 and 340 µg/l. The highest value was measured in wastewater from a leather

126

CHAPTER 3. ENVIRONMENT

producing industry. Measured concentrations in the effluent are available from two DEHP
producers. At Neste Oxo in Sweden, a DEHP concentration of 57 µg/l was measured in June
1990. Seven years later in November 1997 the measured effluent concentration of DEHP was
measured to 0.08 µg/l. From another producer a measured value from February 2000 of 52 µg/l
was reported. The effluent wastewater concentrations for the different local scenarios are
calculated to be between 0 and 2.7 mg/l (see Table 3.49, Table 3.51 and Table 3.54).
Sewage sludge
In monitoring studies on DEHP in municipal STP sludge the concentrations vary between 0 and
661 mg/kg dwt in sludge from Sweden, Denmark, Norway, the Netherlands and Germany. Two
Canadian monitoring studies reported concentrations in the range of 33-440 mg/kg dwt. There
are no measurements available on purely industrial sludge. The material gives no possibilities to
draw conclusions about time trends for DEHP concentrations in sludge. Furthermore, it is
difficult to reveal any big differences in DEHP concentrations in sludge from STPs with low or
high rate of industrial connection. A crude overall mean for DEHP concentration in municipal
sewage sludge is approximately 100 mg/kg dwt.
The calculated concentration in sewage sludge for the local municipal STP scenario (lifecycle
stage 7a) is 909 mg/kg dwt. This is higher than the average measured value and also somewhat
higher than the highest measured concentrations reported from municipal STPs.

3.1.4.3

Measured levels in the atmosphere

Available monitoring studies in precipitation and air are summarised in Tables 18 and 19,
respectively, in Annex 1. DEHP has been found in the gas phase, solid phase (particles) and in
the water phase (rainwater) of air samples. In some of the studies it is not clear which phases the
concentrations reported takes into account.
In monitoring studies considered to represent regional scenarios, concentrations of DEHP
between 0.3 and 300 ng/ m3 were measured. The highest values were achieved on sampling sites
in urban or unspecified polluted areas.
Thurén and Larsson (1990) measured DEHP in air by passing air through a glass fibre particle
filter or polyurethane filters. The measurements were conducted at 14 stations spread over
Sweden during 5 sampling periods (approximately 3 months) during 1984-1985. DEHP was
found in concentrations ranging from 0.28 - 77.0 ng/m3 (median 1.95). The levels of DEHP in air
were positively correlated to the mean temperatures during the sampling periods at the different
sampling stations. This is probably an effect of increased volatility (increased vapour pressure)
that results in increased atmospheric residence time and susceptibility to long-range transport
during warmer conditions. The overall conclusion was that no specific distribution pattern or
gradients could be seen neither in air concentrations or in fallout, which implies that the import
of DEHP from sources outside Sweden is small.
Measurements of DEHP and other phthalates in air have been performed by the Research
Institute for Chromatography, RIC 1998-2000 (RIC, 2000a). Measured concentrations from four
sites in the Netherlands ranged from 8-52 ng/m3 (mean 28 ng/m3, n=8) in winter and from 9 to
400 ng/m3 (mean 118 ng/m3, n=8) in summer. Air samples taken in Belgium varied from 0.5 to
34 ng/m3 (mean 9.5 ng/m3, n=11). The median concentration for all measurements was 19 ng/m3
and the 90th percentile 54 ng/m3. Close to a DEHP processing plant in Italy a concentration of
2295 ng/m3 was measured.
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In January 2001 air samples were taken at four sites in the Netherlands (RIC 2001b). The
concentration of DEHP was below the detection limit of 2 ng/m3 in all four samples. The low
concentrations may be due to the low temperature at sampling (0oC) and the low traffic/
industrial activity (samples were taken on a Sunday).
In monitoring studies considered to represent continental or “background” levels DEHP
concentrations in air ranged between 0.06 and 2.9 ng/m3 (Ligocki et al., 1985; Atlas et al., 1988).
The rainwater concentrations and air deposition of DEHP was measured in several studies,
summarised in Table 2 and 3 in Annex 1. In a German study (urban areas), DEHP is found in
precipitation in concentrations between 60 and 9,820 ng/l (Furtmann, 1996). The overall mean
measured concentration from four sites was 1,073 ng/l (n=105). Based on these data and a yearly
precipitation the authors calculated an average annual deposition of 600 µg/m2 corresponding to
1.8 µg/m2/day.
Thurén and Larsson (1990) measured rainwater concentrations ranging from 8.3 to 429 ng/l with
a mean value of 48 ng/l (n=48) at 14 sampling stations in Sweden. This was recalculated to an
average deposition of 0.78 µg/m2/d (range 1 – 9.4 µg/lm2/d.
In Denmark the deposition rate on snow near a processing site was measured to be
0.7-4.8 µg/m2/day (Lökke and Rasmussen, 1983). In another Danish study
0.57-2.54 µg/m2 . day was detected (Vikelsøe et. al., 1999). In studies in US the deposition of
particle bound DEHP was estimated to 1.2 and 6.75 µg/m2/day in two different studies (Atlas et.
al., 1988). These data are assumed to represent a regional/continental exposure scenario. Based
on these data an average deposition rate of 1 µg/m2/d = 1 . 10-9 kg/m2 . day is chosen for
calculation of total deposition in EU (see Section 3.1.6.3.1 below).
Dry particle bound deposition and wet deposition is probably covered by the monitoring studies.
Dry gaseous deposition, however, is not dependent on settling on a horizontal surface. The
proportions between gaseous and wet particle/bound deposition is not known. However,
considerable amounts of DEHP do occur in the gaseous phase, about 30-60% according to BASF
(1989), which indicate that reported air deposition rates are underestimations.
In other studies, performed mainly in rural or remote marine areas in North America and
Sweden, the concentrations in rainwater ranged between 0.001 and 618 ng/l.

3.1.4.3.1

Calculated PECs compared with monitoring data Atmosphere

In monitoring studies considered to represent continental or “background” levels DEHP
concentrations in air ranged between 0.06and 2.9 ng/m3, to be compared with the calculated
continental PEC of 1.6 ng/m3.
The calculated regional concentration in air is 7.6ng/m3. This is lower than measured
concentrations from The Netherlands and Belgium, median 19 ng/m3 and 90th percentile
54 ng/m3, assumed to represent regional concentrations (RIC, 2000a). It is also lower than some
of the measurements performed in Sweden at sampling sites in urban areas (Thurén and Larsson
(1990).
The highest calculated PECair for processing scenarios is 2,100ng/m3. This compares quite well
with the only measured value 2,295 ng/m3 close to a DEHP processing plant in Italy (RIC,
2000a).
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The dry particle bound and wet deposition within EU can be estimated to 1,300 tpa (see below).
Since the dry gaseous deposition is not included in this value the total air deposition within EU
will probably be higher.
•

Continental deposition rate (see 3.1.6.3):

•

Total area of EU (TGD):

•

EU deposition:

1 . 10-9 kg/m2 . day

3.56 . 106 km2 = 3.56 . 1012 m2

Rate . Area = 1 . 10-9 . 3.56 . 1012 = 3,560 kg/day = 1,300 tpa

It is estimated that about 536 tpa is released to air (Table 3.49, all release scenarios included).
The deposited amount calculated above is more than twice as high as the emitted amount. With a
half-life of 1 day in the atmosphere and a residence time of 6.4 (continental) this difference will
be even larger. In the EUSES model a median concentration of 19 ng/m3 which is the median
derived from the RIC study corresponds to a total release to air of about 3,600 tpa .
Even though the database is small it seems from the available monitoring data and deposition
rates that the EUSES model slightly underestimates the regional air concentration. There may be
several reasons for this discrepancy:
1.

The emission rates to air may be higher than estimated.

2.

The emitting surface area may be higher than estimated

3.

Underestimation of the distribution to the atmospheric compartment of waste remaining
in the environment (dust particles).

4.

The degradation rate in the atmosphere may be lower than estimated.

5.

The atmospheric residential time (TGD default) may be longer than estimated.

6.

Selected monitoring values may not be representative for a regional concentration.

As a consequence, the measured median value, 19 ng/m3, is used to override the calculated
regional PECair.
3.1.4.4

Measured levels in the terrestrial compartment

Available monitoring studies in soil are summarised in Table 20, Annex 1. The majority of the
studies concern agricultural soil.
The concentration of DEHP in soil was measured during use of STP sludge as a fertiliser. In a
study from Switzerland (Diercxsens and Tarradellas, 1987, in Bergkvist P. et. al. 1989,
Naturvårdsverket 1992), the soil concentration was 0.12-0.19 mg/kg dwt directly after
application and < 0.02 mg/kg dwt after one month.
Concentrations of 4.2-139 mg/kg dwt was found in compost consisting of 50-75% organic
domestic waste (Kjölholt et al, 1998).
In a long-term study from West Germany with extremely high doses of STP sludge (333 tonnes
dwt/annum) the concentration was slightly more than 5 mg/kg dwt after 10 years application
(Kampe, 1987, in Bergkvist et. al. 1989). The measured concentration in the control was
0.024 mg/kg dwt.
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In Canadian study, the soil concentration was measured in 10 “typical” agricultural soils
(Webber and Wang, 1995). The concentration varied between 0.08 and 2.7 mg/kg dwt, mean
0.42 mg/kg dwt.
Concentrations of DEHP and other phthalates in Dutch soil samples were analysed by ALcontrol
(1999). Single or duplicate soil samples were taken from approximately 30 sites, including one
airport site, different distances from roads and motorways, etc within the Netherlands. The
samples were extracted with dichloromethane and the analyses were carried out on an LC-LVIGCMS. Measures were taken to prevent contamination of the samples prior to analysis. The
detection limit was 0.025 mg/kg dwt.
The levels of DEHP in samples which could not be attributed to local emission sources ranged
from < 0,025 and 0.17 mg/kg dwt (mean 0.057 mg/kg dwt; 90th percentile 0.11 mg/kg dwt;
n= 33). No clear gradient could be seen at different distances from motorways.
In a study by Vikelsøe et al. (1999) an agricultural soil, heavily amended with sewage
(17 tonnes dwt/ha . year) sludge for 25 years, was analysed down to a depth of 60 cm 6 years
after the sludge use had ceased. Among several xenobiotics DEHP and DINP were determined.
The results are presented in Table 3.57.
Table 3.57 DEHP concentration in soil after amendment with sewage sludge
Depth (cm)

DEHP (µg/kg dwt)

DINP (µg/kg dwt)

Agricultural soil, amended with

0-10

990

130

high amounts of sewage sludge

10-20

1,700

220

for 25 years, changed to

20-30

1,400

200

artificial fertiliser 6 years

30-40

880

96

before sampling, cattle grazing

40-50

590

93

Same location, sampled 2 years

0-10

1,400

410

later

10-20

1,700

540

20-30

1,800

670

30-40

3,400

910

40-50

1,200

280

50-60

550

63

These results indicate that DEHP and DINP are very slowly degraded (or that the deposition is
high). The study also indicates that both substances can migrate to deeper soil layers. For DEHP
the author suggest a downward movement of 10 cm/year. This phenomenon might be explained
by leaching of particulate matter. In parallel also a run-off zone of a meadow was analysed. In
contrast to the agricultural soil DEHP here stayed in top layer. The authors assume that higher
ground water level and no mixing by ploughing cause this difference. The occurrence of DEHP
was strongly correlated to the clay content of the soil. In the sand layers DEHP seems to be
eluted. The authors concluded that this observation give concern for risk of ground water
contamination.
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3.1.4.4.1

Calculated PECs compared with monitoring data Terrestrial
compartment

In 10 “typical” agricultural soils in Canada (Webber and Wang, 1995) which were not treated
with STP sludge, the mean measured DEHP concentration was 0.42 mg/kg dwt, to be compared
with the regional calculated PEC for agricultural soils, 0.07 mg/kg dwt.
In 30 soils in the Netherlands (ALcontrol, 1999), attributed mainly to air deposition of DEHP
measured levels ranged from < 0.025 to 0.17 mg/kg dwt. These data may be compared with the
calculated regional PEC for natural soils 0.015 mg/kg dwt.
In a long-term study from West Germany with extremely high doses of STP sludge (333 tonnes
dwt/annum) a concentration of slightly more than 5 mg/kg dwt after 10 years of application was
measured. In a Danish soil fertilised with sludge for 25 years the DEHP concentration in the
upper layers was around 1 mg/kg dwt 6 years after sludge fertilising had ceased. This can be
compared to the estimated concentrations in agricultural soil for the different polymer and nonpolymer scenarios that range between 0.5 and 103 mg/kg.
Although there is a limited amount of measured data available these indicate that the regional
concentrations in natural and agricultural soil may be underestimated by EUSES. On the other
hand, some of the calculated local PECs seem to be overestimated.

3.1.4.5

Measured levels in biota

A large number of predominantly older data, from the seventies and eighties, on DEHP in biota
are available in the open literature. Most of the studies have not been submitted by industry but
are cited in one or several reviews. For the compilation of this section some but not all original
publications have been evaluated separately. Instead available reviews from e.g. authorities in
the USA and UK and others have been used. Monitoring studies in biota referred to in the text
are summarised in Table 21, Annex 1.
Most studies are concerned with aquatic invertebrates and fish but there are also a few data on
DEHP in plants, terrestrial arthropods and single data on other aquatic vertebrates such as
tadpoles and seal.
This review should ideally give an overview of DEHP levels in biota with respect to taxonomic
groups, local and regional exposure regimes and possible time trends. Of the taxonomic groups
primarily aquatic invertebrates (e.g. arthropods, molluscs) and fish are covered. Where possible
data considered being more representative of local exposure in comparison to regional or
background concentrations have been identified. With regard to time trends there are hardly any
data collected in a systematic way over time to allow an analysis of temporal variability.
Plants
A recent study (Elf Atochem, 1997) on phthalates in the Seine estuary in France reported DEHP
at 650 µg/kg (dwt) in the green macroalgae Enteromorpha sampled at only one station.
Japanese data are cited to report 63,000 µg/kg in plankton in 1981 whereas no DEHP were
detected in plankton from brackish water in an industrial area in Finland in the late seventies. It
should be noted that plankton is composed not only of phytoplankton but also of zooplankton
and detritus etc.
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German data from the early to mid 1980-ies on reeds and grasses from the River Elbe (at
Hueckenlock and Harburger Hafen) report DEHP in concentrations of 2,300 to 11,300 µg/kg
(dwt). Grass from the vicinity of a PVC-processing plant without exhaust air cleaning in
Niedersachsen contained 1,200-2,500 µg/kg (dwt).
In the terrestrial plant yarrow (Achillea millefolium) from a Danish production site for plastcisers
DEHP levels ranged from < 20 to 65 µg/m2 leaf surface.
Invertebrates
Data from the seventies report DEHP in aquatic arthropods at 100 µg/kg (dwt) and 200 µg/kg,
respectively, from an industrial area in Finland and a single sample of dragonfly naiads from a
fish hatchery in the USA.
In a study in two Swedish rivers in the mid eighties aquatic invertebrates were collected
upstream and downstream of industrial effluent discharge points. Organisms from the river
Ronnebyån taken upstream the discharge (1-5 km) contained 310-14,400 µg/kg (WWT).
Organisms were absent at the discharge point. Organisms from the river Svartån taken upstream
the discharge (1-8 km) contained 110-1,810 µg/kg (WWT) while the concentration in dragon fly
larvae (Odonata sp) at the discharge was 5,310 µg/kg (WWT).
German data from the early to mid eighties on gammarids in the River Elbe report DEHP in
concentrations from Hueckenlock at 300 µg/kg (dwt) and Harburger Hafen at 800-1,100 µg/kg
(dwt). Tubifids from the same areas contained 200-300 µg/kg (dwt) and 500-900 µg/kg (dwt),
respectively.
In two samples of molluscs from the River Elbe, Germany the DEHP levels were 2,300 and
4,300 µg/kg (dwt). Mussels collected in the early eighties from the river Crouch, Essex in the
UK showed levels of 9-214 µg/kg (WWT) in the digestive gland. DEHP in mussels from the
Seine estuary in France sampled in 1997 ranged from 1,390 to 1,850 µg/kg (dwt).
Samples of molluscs and mixed invertebrates (species not specified) were taken from three
locations in the Netherlands in November 2000 and analysed for phthalates including DEHP
(RIC 2001c). The DEHP concentration in the three mollusc samples was 185, 194 and 624 µg/kg
(WWT), respectively. The corresponding dry weight concentrations were 1,188, 996 and 4,039
µg/kg. The mixed invertebrate samples had DEHP concentrations of 1,221, 1,492 and 1,546
µg/kg (WWT), respectively. The corresponding dry weight concentrations were 9,270, 18,508
and 11,621 µg/kg.
The only data available on DEHP in terrestrial invertebrates report 2,800 µg/kg (dwt) in soil
arthropods from an industrial area in Finland in the late seventies.
Vertebrates
Data on DEHP in the USA from the early seventies report concentrations in tadpoles from a fish
hatchery in Iowa at 300 µg/kg. Further data from the same study on DEHP in fish from
agricultural and industrial areas in North America ranged from not detected to 3,200 µg/kg.
In a survey of fish from Canadian lakes and rivers a background level of DEHP in the samples at
15 µg/kg (WWT) was determined to be due to laboratory contamination by analysing blank
samples. Levels less than two times the background were recorded as trace. DEHP was found at
104 µg/kg (WWT) in eel, while trace levels were found in catfish and pickerel.
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Levels of DEHP in various aquatic biota, mainly fish, collected from the Gulf of Mexico in the
early seventies varied from 1 to 135 µg/kg (WWT).
Several surveys of DEHP in fish collected in Japan during the seventies report concentrations at
70-450 µg/kg, 40-720 µg/kg, 10-19,000 µg/kg (mean 290 µg/kg), and 50-1,800 µg/kg.
Fish from an industrial area in Finland collected in the late seventies contained DEHP from
100 µg/kg (dwt) in fry and sticklebacks to 1,100 µg/kg (dwt) in roach muscle and 2,300 µg/kg
(dwt) in pike liver.
Several species of fish collected in the late seventies from the Gulf of St. Lawrence and the Bay
of Fundy in Canada were analysed for DEHP in lipid extracts. Levels on fresh weight basis were
found to range from not detected in plaice and redfish up to 7,200 µg/kg (WWT) in herring
muscle. Mackerel muscle and cod muscle contained 6,500 and 5,200 µg/kg (WWT),
respectively. Eel had lower levels of 370 µg/kg (WWT).
A maximum DEHP concentration in unspecified shark samples has been cited at 7,100 µg/kg.
Concentrations of DEHP in fish liver and muscle (dab, plaice and whiting) collected in the early
eighties from Tees Bay, UK were 43-86 µg/kg (WWT) and 13-51 µg/kg (WWT), respectively.
Dab from the Crouch estuary in Essex, UK showed lower levels in liver, approximately 2 µg/kg
(WWT) and in muscle 14 µg/kg (WWT).
German data from several surveys of various species of fish from the early to mid 1980-ies from
the lower Rhein (Niederrhein) and Elbe (Süderelbe) rivers showed concentrations of 17-70 µg/kg
(WWT) and mean concentrations of two samples of five bream were 300 and 500 µg/kg (WWT),
respectively. Mixed fish samples of unspecified origin contained < 500 µg/kg (WWT).
In a survey of plasticisers in fresh water fish in Austria in 1997 a total of 180 fishes were
collected at 58 locations (Pfannhauser et al. 1997). The samples where collected during 2 months
from March to May. Sampled species were rainbow trout, brown trout, char, carp and eel.
Samples of dorsal muscle free of skin and bones were taken for the determinations. DEHP was
the only plasticiser found in all of the 71 (39.4%) positive samples containing measurable
amounts of phthalates. The highest level of DEHP found was 2,600 µg/kg (WWT) in carp. At
five sites DEHP levels in a total of eight fish samples exceeded 1,000 µg/kg (WWT). The 90th
percentile was approximately 500 µg/kg (WWT).
In a survey in The Netherlands (RIC 2000b and c) 25 fish samples (roach and bream) caught
during 1998 at 18 different locations were analysed for phthalates. The DEHP concentrations
ranged from < 1 µg/kg to 149 µg/kg (WWT) with a 90th percentile of 89 µg/kg WWT. These
values are lower than those from the Austrian study. However, due to the fact that fewer samples
were taken and that the samples were stored for two years prior to analysis these values are
considered less reliable. In a complementary study (RIC 2001d) three additional fish samples
(roach) caught in autumn 2000 were analysed. The DEHP concentration was approximately
300 µg/kg (WWT) in all three samples. One sample was taken from a location sampled also in
the previous study. The DEHP concentration in the previous sample was much lower, 20 µg/kg
WWT.
In two hatchery-reared juvenile salmon (Salmo salar) in Canada levels of DEHP at 12,900 and
16,400 µg/kg (lipid weight) were measured in the early seventies. In the same study blubber
from a common seal pup (Phoca vitulina) contained 10,600 µg/kg (lipid weight). No collection
site was stated for the seal.
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Calculated PECs compared with monitoring data Biota

PECorals in aquatic biota for the exposure of predators have been calculated for fish, mussels,
amphipods and zooplankton. According to the TGD and EUSES PECorals are calculated as the
result of equal contribution to exposure from the local and regional levels. This has been taken
into account in the PECorals for production on the local scale given in Table 3.50 and for other
local scenarios given in Table 3.53 and Table 3.55. Local aquatic PECorals for DEHP vary
between 2 and 229 mg/kg (WWT). The regional aquatic PECorals vary from 1.8 to 6 mg/kg
(WWT).
Measured levels are available for fish, molluscs and aquatic arthropods although the quality of
data and the level of exposure they represent are in many cases difficult to assess. The data on
aquatic arthropods include amphipods and are taken to correspond to amphipods in the
calculated data. The measured data on plankton are too sparse and vary too much to allow any
attempt of comparison to the calculated values. There are no data for comparison to the
calculated levels in earthworms.
Measured levels of DEHP in aquatic arthropods vary between 100 µg/kg (dwt) and 14,400 µg/kg
(wet weight). The highest value comes from the freshwater isopod Asellus aquaticus collected
several kilometres upstream a known industrial discharge. The upper end of this range agrees
fairly well with the calculated level for the regional environment of 6 mg/kg WWT. The highest
measured value from a local discharge site is 5,300 µg/kg (wet weight) in dragonfly larvae.
Recent data on “mixed invertebrates” from the Netherlands range from 996 to 4,039 µg/kg
WWT. The calculated local levels (6 –8 mg/kg WWT) are similar to that.
Measured levels of DEHP in molluscs vary between 10 µg/kg (wet weight) and 4,300 µg/kg (wet
weight). No reviewer has specifically stated that the reported values represent local exposure
levels. The molluscs showing the highest values were collected in the River Elbe and are
assumed to represent regional exposure. The highest values agree fairly well with the calculated
regional concentration of 5.5 mg/kg WWT. Local calculated concentrations are in many cases
similar to these levels but some are one to two orders of magnitude higher. Generic production
sites based on default values are much higher.
Measured levels of DEHP in fish vary between a few µg/kg and 19,000 µg/kg. Several studies
report DEHP in the range of 2,600 to 7,200 µg/kg on a fresh weight basis in muscle. The most
recent study from Austria in 1997 reported a maximum value of 2,600 µg/kg (WWT). At five
Austrian sites DEHP levels in a total of eight fish samples exceeded 1,000 µg/kg (WWT). The
90th percentile is 250 -500 µg/kg (WWT). In the recent Dutch surveys the concentrations ranged
from below detection limit 1µg/kg (WWT) to 300µg/kg (WWT). None of the studies are
explicitly referred to as representing local exposure levels. This range of measured values
corresponds well with calculated regional levels of approximately 2 mg/kg and also with most of
the local PECorals in fish.
In summary, for three out of four trophic levels for which PECoral aquatic have been calculated
there are measured levels for comparison in the range from approximately 1-10 mg/kg (WWT).
From the available information it is assumed that these data generally represent regional or
continental exposure rather than TGD local exposure scenarios. The upper end of the range of
measured values agrees fairly well with calculated regional values. In a number of local
scenarios the PECoral aquatic exceed the measured values with one to several orders of
magnitude. However, in the cases where the difference is most pronounced calculated values are
based on default values.
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3.2

EFFECTS ASSESSMENT: HAZARD IDENTIFICATION AND DOSE
(CONCENTRATION) - RESPONSE (EFFECT ASSESSMENT)

3.2.1

Aquatic compartment

The very low water solubility of DEHP causes problems when testing toxicity to aquatic
organisms and when interpreting the results. Most aquatic studies with DEHP have been made at
test levels, which exceed the “molecular” solubility of approximately 3 µg/l (see Section 0).
However, stable dispersions are formed up to levels of around 300 µg/l. DEHP readily adsorbs to
organic particles and also to various surfaces. In test solutions with concentrations higher than
the water solubility, emulsions of micro-droplets of DEHP and surface films may be formed
(Pedersen et. al. 1996). This may cause unstable test solutions where the bioavailable fraction is
lower than the nominal concentration, and the exposure of the organism cannot be correctly
quantified. Formation of micro-droplets or surface films may also contribute to effects by direct
physical interference, e.g. entrapment at the surface (flotation) or obstruction of the gas flow
over the gills (Pedersen et al. 1996). Judging from toxicity tests with Daphnids where problems
with solubility have been reported, the ”apparent water solubility” in the tests seems to be
roughly in the order of 0.1 mg/l. Above this approximate level test solutions seem not to be
stable and solubility-related problems start to arise e.g. floaters.
In the environment, DEHP is likely to be sorbed to any suspended particles in natural waters and
the presence of dissolved organic material may furthermore increase the apparent water
solubility. This may lead to a higher apparent water solubility of DEHP than predicted from the
physico-chemical properties (Pedersen et al. 1996). The adsorption of lipophilic substances onto
particles and colloids may either decrease or increase the bioavailability and thus the toxicity.
For most substances, particles and colloids probably decrease the bioavailability, but for certain
types of organisms (especially suspension feeders or detritivores) the reverse fact might be true
(Lundberg 1994). As DEHP tends to accumulate in sediments, the evaluation of toxicity to
organisms living in or on sediment is essential.
Sediments may act as a sink for, and as a source of chemicals in the aquatic compartment.
Sediments integrate the effects of surface water contamination over time and space and may thus
present a hazard to aquatic communities (both pelagic and benthic), which is not directly
predictable from concentrations in the water column (TGD, 1996).
Several insect larvae spend their larval stage on/in the sediments, and detritivorous species, such
as several chironomids, also feed from the decaying material in the sediments. Therefore effects
on benthic organisms are of concern, not only as threats to individual species as such, but
because they play an important roll in the recycling of detrital material.
However, to date only few tests on sediment organisms have been conducted in Europe with
existing substances. The sediment environment is very complex, consisting of a quasi-stable
physical system in which numerous physico-chemical and micro-biological gradients exist and
interact. Inorganic and organic substances of both natural and anthropogenic origin partition
between sediments, interstitial water, overlaying water, and resident biota. Many sampling and
laboratory manipulations can have a dramatic impact on partitioning and, thereby, affect toxicity
responses in the test species (Burton et. al., 1992). The selection of representative organisms and
the selection of standardised sediments are still under discussion.
The high lipophilicity of DEHP implies that toxicity studies involving sediment-dwelling
organisms are of special interest in the present risk assessment. Some standardised tests and
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some papers published in scientific journals exist for DEHP and sediment exposed organisms.
These papers show somewhat contradictory results and some 'critical', controversial, nonstandardised sediment studies have therefore been paid special attention in the survey below.

3.2.1.1

Toxicity to fish

The toxicity of DEHP to fish has been tested in short and long-term studies of varying quality.
Both static, semistatic and flow-through test regimes have been applied. The problems that arises
when testing the aquatic toxicity of a poorly water soluble, lipophilic substance like DEHP, as
discussed in Section 3.2.1, are of course also obvious when the test organism is fish. In many of
the tests there has been problems maintaining test concentrations. In studies where both nominal
and measured test concentrations are reported the measured concentrations are often lower.
Therefore studies where only nominal test concentrations are reported may underestimate the
toxicity of DEHP. The occurrence of physical effects such as e.g. obstruction of gas flow over
the gills is not unequivocally supported by the short-term toxicity studies. Concentrations up to
3,000 mg/l have been tested without causing mortality except for one study where a LC50 of 540
mg/l is reported for rainbow trout (Hrudey et al., 1976). The mortality in this study is assumed
by the authors to be caused by physical action. In the long-term studies exposure of 0.554 mg
DEHP/l for 168 days did cause slight effects on growth but no mortality in Japanese medaka
(Defoe et al., 1990).
Exposure via water
Several studies on the short-term toxicity of DEHP to several fish species have been performed
using static, semistatic, and flow-through test-systems. Concentrations up to 3,000 mg/l have
been tested and in most of the studies no mortality or other effects are seen (see Table 3.71).
One study (Hrudey et al., 1976) reports a 96-hour LC50-value of 540 mg/l for rainbow trout
(Onchorhynchus mykiss). This value is based on the nominal exposure concentration. In this
static study fingerling rainbow trout were exposed to DEHP emulsified in the water without the
use of any carrying agents or stabilisers. The authors postulate that the test emulsions may have
killed primarily by means of a physical coating action on the fish. Dead fish were coated
possibly by the test compound, and fish were observed to stay near the surface and cough
throughout the test. It shall be noted that, in several other studies higher exposure concentrations
have been used without causing mortality.
From the short-term toxicity studies it can be concluded that DEHP has no acute effect on fish at
concentrations far exceeding its water solubility.
The long-term toxicity of DEHP to juvenile and adult fish of different species has also been
studied. The results from these studies are summarised in Table 3.72.
Mehrle and Mayer (1976) exposed adult, 7.5 month old, fathead minnows (Pimephales
promelas) continuously for 56 days at 25oC to DEHP. The measured exposure concentrations
ranged from 1.9 to 62 µg/l. Acetone was used as a carrier solvent in concentrations not
exceeding 0.25 ml/l. It is not clearly stated if acetone was used in the control. In this study,
which was basically a bioaccumulation study, DEHP had no effect on growth or mortality at
concentrations up to 62 µg/l.
Defoe et al. (1990) used juvenile Japanese medaka (Oryzias latipes), < 1 to 3 days old, to study
chronic effects of DEHP. The fish were exposed for 168 days to a mean measured DEHP
concentration of 0.554 mg/l in a flow through test. No solvent or dispersing agent was used. This
exposure had no significant effect on survival. However, the weight of DEHP exposed fish was
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reduced 13% compared to control after 168 days of exposure. This reduction was statistically
significant (p < 0.05). However, since only one concentration was tested, the weight reduction
was rather small, and the exposure concentration was above the apparent water solubility of
DEHP it is not considered suitable to derive a NOEC from this study.
Adema et al. (1981) reports a NOEC > 0.32 mg DEHP/l based on nominal concentrations from a
study were 3-4 week-old guppy (Poecilia reticulata) were exposed to DEHP for 28 days. DMSO
0.1ml/l was used as solvent.
Mayer et al. (1977) studied the effects of several organic chemicals including DEHP on the
synthesis of vertebral collagen and hydroxyproline. Three fish species were used: brook trout
(Salvelinus fontinalis), fathead minnow (Pimephales promelas) and rainbow trout
(Onchorhynchus mykiss). Adult brook trout (1.5 years at initiation of exposure) were
continuously exposed to DEHP concentrations ranging from 0 - 52 µg/l for 150 days. The
fathead minnows were 10 day old at initiation of exposure and were continuously exposed to
concentrations ranging from 0 - 100 µg/l for 127 days. In the rainbow trout study eyed eggs were
continuously exposed from 10 days before hatching to 80 days post hatch to DEHP
concentrations ranging from 0 - 54 µg/l. In all studies acetone was used as a solvent. However,
no information about the acetone concentrations used is given. In the brook trout study the
collagen content in backbone was significantly reduced and the level of hydroxyproline in
collagen was significantly increased (p = 0.05) already at the lowest DEHP exposure (3.7 µg/l).
However, there was no dose response relationship and the level of reduction/increase was
approximately the same at all exposure levels. Also in the fathead minnow study the collagen
content of backbone was significantly reduced and the hydroxyproline content in collagen
significantly increased at the lowest DEHP exposure (11 µg/l). The reduction in collagen content
was dose dependent but the increase in hydroxyproline was not. In the embryo-larval study with
rainbow trout collagen content was significantly reduced at next lowest exposure level, 14 µg/l,
whereas hydroxyproline content did not differ significantly from the control. There was no
mortality and no significant effects on growth in any of the three fish species tested. Although
this study gives very low NOEC-values regarding these biochemical parameters it is not
considered relevant to use them in the risk assessment since the exposure did not result in any
effects on growth or survival.
There are also several embryo larval studies of shorter or longer duration with different fish
species in which fertilised eggs and resulting fry have been exposed for DEHP. These studies are
summarised in Table 3.73.
Birge et al. (1978 and 1979) performed semistatic and flow through embryo larval studies with
5 fish species. The tested substance, reported as DOP, was actually DEHP according to the
Canadian water criteria guidelines (1993).
In the semistatic studies (Birge et al. 1978) fertilised eggs from channel catfish (Ictalurus
punctatus) and redearsunfish (Lepomis microlupus) were exposed for 3 - 4 days before hatch
until 4 days post hatch to 5 nominal exposure concentrations ranging from 0.01 - 100 mg/l.
Acetone was used as carrier solvent, 0.04 - 4 mg/l depending on toxicant concentration. Controls
with and without solvent were maintained simultaneously. It is not clear if each test
concentration was compared to a control with similar solvent volume. This put some question
marks to these studies. For channel catfish the nominal LC50 was1.21 mg/l at hatch and 0.69 mg/l
4 days post hatch. Corresponding LC50-values for redear sunfish was 77.2 mg/l at hatch and
6.18 mg/l 4 days post hatch. No NOEC-values are given in this study. For channel catfish
(4 days post hatch) the mortality was 10% at a nominal concentration of 0.1 mg/l and 45% at
1 mg/l. For redear sunfish the corresponding mortality was 0% and 12%. As effects were seen
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only at concentrations well above the “true” water solubility and at or above the ‘apparent’ water
solubility, it is uncertain if the effects seen are due to the intrinsic toxicity of DEHP. It is
therefore not considered appropriate to use these results in the risk assessment.
In the flow through studies (Birge et al., 1978 and 1979), fertilised eggs from largemouth bass
(Micropterus salmoides) and goldfish (Carassius auratus) were exposed for 3 - 4 days before
hatch until 4 days post hatch. Eggs from rainbow trout (Onchorhynchus mykiss) were exposed
for 22 days pre hatch until 4 days post hatch. The tests were run at two water hardness levels,
50 mg CaCO3/l and 200 mg CaCO3/l. No carrier solvent was used.
The resulting LC50-values based on measured exposure concentrations are shown in Table 3.58.
Table 3.58 LC50-values based on measured DEHP exposure concentrations
Species

LC50 at hatch (mg/l)

LC50 4 days post hatch (mg/l)

50 mg CaCO3/l

200 mg CaCO3/l

50 mg CaCO3/l

200 mg CaCO3/l

Largemouth bass

65.5

32.1

55.7

45.5

*

63.9

66.1

42.1

32.9

Goldfish

> 186

> 191

> 186

> 191

Rainbow trout

139.1

154.0

139.5

149.2

* Results from the same study according to Birge 1978

No NOEC-values are given in the report. We do not consider it relevant to specify NOECs for
the purpose of this risk assessment. The reason for this is that there is little or no mortality at test
concentrations at or below the apparent solubility of DEHP (approximately 0.1 mg/l) for these
species. Mortality exceeding 10% only occurs at concentrations far exceeding the true water
solubility (see Table 3.59 below).
Table 3.59 Mortality at different DEHP exposure concentrations
Species

Largemouth bass

Goldfish

Rainbow trout

50 mg CaCO3/l

Mortality

200 mg CaCO3/ l

Mortality

exposure conc.
(mg/l)

4d post hatch (%)

exposure conc.
(mg/l)

4d post hatch (%)

0.055

5

0.065

4

0.3

9

0.3

10

46.3

33

35.5

36

0.52

1

0.44

6

28.1

14

40

21

0.48

5

0.5

10

55.3

9

48.9

16

Mehrle and Mayer (1976) used rainbow trout eggs to study the effects of DEHP. The eggs were
continuously exposed to DEHP at concentrations averaging 0, 5, 14 and 54 µg/l for 12 days
before hatch and the resulting fry for 90 days after hatch. Acetone was used as carrier solvent at
a concentration not exceeding 0.28 ml/l. There was no increase in egg mortality or any effects on
hatchability in the DEHP exposed groups compared to control. There was however an increase in
the mortality of sac fry within 5 days after hatching in the two highest concentrations. The
mortality at the exposure levels 14 and 54 µg/l was 15 and 9% respectively compared to 2% in
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the control. This increase in mortality was statistically significant (p < 0.05) and increased to 20
and 23% compared to 6% in the control 24 days after hatch. Thereafter there were no statistically
significant differences in mortality or growth between DEHP exposed fish and the controls for
the remainder of the exposure period. The dose response relationship in this study was weak and
the acetone concentration used was too high. OECD-guideline 210 recommends a concentration
of solubilising agents not greater than 0.1 ml/l. Furthermore, the NOEC obtained in this study
was far below that in other studies with rainbow trout (Defoe et. al (1990), Mayer et. al (1977),
Birge et. al (1979)). The results from this study are therefore not considered relevant for the
purpose of risk assessment. It can also be noted that the results have been determined as
unacceptable by the USEPA after personal communication with the authors of the study.
In another study Defoe et al (1990) exposed rainbow trout eggs continuously to 5 concentrations
of DEHP. The measured concentrations ranged from 48 to 502 µg/l. No carrier solvent was used.
The exposure started < 72 hours after fertilisation and continued for a total of 90 days (50
eggs/aquarium, 2 aquarium/conc.). After three weeks 15 eyed embryos were selected for the
survival and growth part of the study. No statistically significant effects on hatchability, survival
or wet weights were seen in any of the test concentrations. However, mean wet weights were
reduced by 9.7 and 10.2% compared to control weights in the two highest exposure
concentrations (259 and 502 µg/l) at the end of the study. This difference, although not
statistically significant, may be an indication of effects on growth (see juvenile Japanese medaka
study by Defoe et al where a small but statistically significant weight reduction of 13% was
recorded).
In a preliminary range finding study Rhodes and McAllister (1990) exposed rainbow trout eggs
from approximately 24 h pre hatch until 18 days post hatch. The exposure was performed in a
flow through system and no carrier solvent was used. The mean measured DEHP concentration
at the highest exposure level was 0.97 µg/l, which was 2.4% of the nominal concentration
(40 µg/l). No effects on hatchability or survival were observed at or below this exposure
concentration. In the definitive investigation Cohle and Stratton (1992) used newly fertilised
rainbow trout eggs (fertilised < 8 hours before study initiation). The eggs were exposed for
approximately 35 days prior to hatch and 35 days post hatch to mean measured DEHP
concentrations of 0.33, 0.89, 2.6, 4.6 and 7.3 µg/l. No statistically significant reductions in
hatchability or survival were indicated at any test level. A statistically significant reduction in
weight and length was indicated at the next lowest exposure concentration but not in any other of
the exposure concentrations. This finding is therefore not considered substance related.
Mayer et al. (1977) noted no mortality or effects on growth when eyed eggs of rainbow trout
were exposed from 10 days before hatch until 80 days post hatch to DEHP concentrations
ranging from 0 to 54 µg/l (see also section on long term exposure above).
Adema et al. (1981) reports a nominal NOEC > 0.32 mg DEHP/l for mortality, egg development
and growth from embryo larval studies with flagfish (Jordanella floridae) and Japanese medaka
(Oryzias latipes). Eggs were exposed to DEHP < 36 hours after fertilisation until a maximum of
28 days after hatch in a semistatic test system (test solutions changed 3 times/week). DMSO
0.1ml/l was used as solvent. In a similar embryo larval study with zebra fish (Brachydanio rerio)
Canton et al. (1984) reports a NOEC > 1mg DEHP/l for mortality, egg development and growth.
Van den Dikkenberg et al (1989) used the same method when they studied the usefulness of the
Three-spined stickleback (Gastrosteus aculeatus) as a test organism. The reported NOEC for this
species was > 0.32 mg/l.
Chikae et al. (2004a) studied the effects of DEHP on embryos of Japanese medaka (Oryzias
Latipes). Newly fertilised eggs were incubated in a semistatic system and exposed to the nominal
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concentrations 0, 0.01, 0.1, 1.0 and 10.0 µg DEHP/l (40 eggs/group) until hatching. Ethanol was
used as solvent (< 100 µg/l). Eyeing, hatching time and hatching success were studied. After
hatch, the fry (n = 25 – 43) were transferred to a post-hatch solution for growth and for 5-6
months. Mortality and body weight were recorded as well as sex ratio and gonadosomatic index
for the surviving fish. No effects were seen on eyeing or hatching success. Significantly delayed
hatching were observed at 0.1 and 1.0 µg DEHP/l, but not at 10.0 µg DEHP/l. Mortality was
significantly higher in the 0.01, 0.1 and 1.0 µg DEHP/l groups, although not in the 10.0 µg
DEHP/l group. Sex ratio was significantly changed towards females at 0.01 µg DEHP/l. Whether
this was caused by feminisation or by male specific lethality could not be determined. Body
weights of males decreased in a dose dependent manner and were significantly lower (< 25%) at
the three highest concentrations, 0.1, 1 and 10 µg DEHP/l respectively. Bodyweights of exposed
females were not significantly different from the control. No significant effects on
gonadosomatic index neither for male nor female medakas could be seen. The only dose-related
effects that could be seen in this study was the decreased body weight in males. However, doserelated effects on body weights has been not been observed in any other studies on DEHP. The
interpretation of the study is hampered by the high and variable mortality. Overall, this study is
not considered sufficiently robust for use in the risk characterisation.
In another study by Chikae et al. (2004b), the effects of DEHP on the fry stage of medaka were
studied. The fry were exposed in a semi-static system to the nominal concentrations 0, 0.01, 0.1,
1 and 10 µg DEHP/l (n = 20/group) for three weeks after hatching, starting on day one posthatch. Ethanol was used as solvent. After three weeks of exposure, fish were transferred to a
balanced salt solution for growth. After five months, mortality, body weight, sex ratio and
gonadosomatic index (GSI) were measured in the adult fish. The result showed significantly
lower body weights in males at 0.01 and 10 µg DEHP/l and in females at 0.1, 1 and 10 µg
DEHP/l, although not dose-dependent. A significantly decreased GSI, however not dosedependent, was observed in males only, and at the concentrations 0.01, 1 and 10 µg DEHP/l. An
increase in mortality was observed at 0.1 µg/l and higher, although not significant. No effects on
sex ratios could be seen. The results of this study do not demonstrate any dose-related effects.
The effects still indicated, i.e. significantly lower GSI, are in conflict with the results in the
previous study conducted by the same authors using identical concentrations and species,
although at different developmental stages.
The effect of DEHP on vitellogenin production and oocyte development in Japanese medaka was
studied by Kim et al (2002). In an acute static exposure test, adult medakas (n =10/group, males
and females) were exposed to the nominal concentrations 0, 10, 50 or 100 µg DEHP/l for 5 days.
Acetone was used as solvent. At the end of exposure, blood samples were taken and semiquantitatively analysed for vitellogenin by SDS-PAGE. In a chronic exposure test, fry of medaka
(n = 30/group) were exposed semi-statically from 1 or 2 days post-hatch (dph) until the age of 3
months to the nominal concentrations 1, 10 or 50 µg DEHP/l. After three months of exposure,
one male and one female from each treatment were sampled and analyzed semi-quantitatively for
vitellogenin by SDS-PAGE. For the remaining fish, GSI was determined and histological
analysis of the reproductive organs was performed. A test was also performed in order to
determine the stability of DEHP in water. An aquaria without fish was diluted to a nominal conc
of 50µg DEHP/l, and was analysed for DEHP at 0, 24, 48 and 72 hours.
The results from the water analysis showed that the initial concentration was 88% of the nominal
concentration and declined to 57% of the nominal concentration after 72 hours. Time weighted
average was 73% of the nominal over 72 hours. In the acute exposure test, no effects on male
vitellogenin could be observed, but 2 out of 5 females in the 10 µg DEHP/l group seemed to
have lower levels of vitellogenin. In the chronic exposure test females displayed lower levels of
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vitellogenin in the DEHP treated groups (one fish/treatment). No induction of vitellogenin was
observed in males at any of the test concentrations (one fish/treatment). In males, the results of
the GSI analysis showed no effects and no histological effects were seen on testes in any group
exposed to DEHP. Females exposed to 10 and 50 µg DEHP/l had statistically significantly lower
GSI compared to control fish. Further, retardation of oocyte development was observed in
DEHP- treated females. All ovaries of control medaka reached stage II (pre-vitellogenic) or III
(vitellogenic) out of three stages, whereas a large proportion of the ovaries from DEHP exposed
fish did not. No statistically significant effects on mortality, weight and length was observed in
males or femals after 3 months of exposure. The vitellogenin data are weakened by the fact that
only one fish per sex has been studied per group. In addition, the relevance of effects on
vitellogenin in females can be questioned as it normally used as a biomarker for estrogenic
exposure in males. Although a significantly lower GSI could be observed in females, this is not
supported by other studies in medaka where, in contrast, effects only have been indicated in
males (Chikae et al (2004b). The reporting of the study is poor, affecting the reliability of the
study.
In a study by Metcalfe et al (2001), estrogenic properties of DEHP were assessed in vivo, in
japanese medaka, and in vitro in a yeast estrogen screening (YES) assay. In the in vivo study, fry
of medaka were exposed from one day post-hatch (dph) until approximately 90 dph in a
semistatic system to the nominal concentrations 0, 500, 1,000 and 5,000 µg DEHP/l
(n = 60-90/group). Acetone was used as solvent. After sampling, sex ratio, presence of intersex
as well as morphometric parameters were studied. In the YES assay, concentrations of DEHP
ranging between 50 µg/l – 100 mg/l were tested. No effects on sex ratios, incidence of intersex
or morphometric parametres could be observed in the medaka and no estrogenic activity could
be detected in the YES assay. The study was considered reliable. However, concentrations above
the water solubility of DEHP were used for all groups, indicating that they could have been
exposed to the same concentration, i.e. the water solubility limit of DEHP.
Shioda and Wakabashi (2000) studied the reproductive effects of DEHP in a semistatic test on
male medakas. Adult males were exposed to the nominal concentrations 39, 120 and 390 µg
DEHP/l (n = 3/group) for two weeks. Acetone was used as solvent (< 100 µg/l). Each male were
then transferred to dechlorinated tap water and allowed to spawn with two females for two
weeks. The number of eggs as well as the hatching rate was examined. No effects of DEHP on
the number of eggs or hatchings could be observed. This study is considered to be of poor
quality and unreliable.
Exposure via the diet
A few long-term studies where fish have been exposed to DEHP via the diet have also been
performed. One of them is a reproduction study while in the other studies the aim has been to
study the effect of DEHP on biochemical parameters. These studies are summarised in
Table 3.74.
In a reproduction study Mayer and Sanders (1973) exposed zebra fish (Brachydanio rerio) and
guppy (Poecilia reticulata) for DEHP via the diet for 90 days. Zebra fish were fed diets
containing 50 and 100 µg DEHP/g food, while guppies were fed 100 µg/g food. The number of
spawns was greater in DEHP exposed zebra fish compared to control. However, the number of
eggs per spawn was reduced and fry survival was significantly (p < 0.05) reduced at both
exposure levels. For guppies a decrease in fry per female was noted and an 8% incidence of
abortions compared to 0% in the control. None of these effects were statistically significant. The
DEHP exposed zebra fish fry died in tetany as opposed to the dying control fry were tetany did
not occur. Based on the findings that DEHP injected intraperitoneally in Coho salmon
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(Onchorhynchus kisutch) at 3 µg DEHP/kg fish increased serum calcium (Grant and Mehrle,
1970) the authors suggest that the tetany observed in zebra fish may be an effect of DEHP
altering the normal calcium metabolism in fish. This study indicates effects on fry survival.
However, due to a high mortality in the control group (49%) this study is not considered valid.
Atlantic cod (Gadus morhua) were maintained on a herring diet containing gelatine encapsulated
DEHP at 0, 10, 100 and 1,000 µg/g food for 121 days (Freeman et al. 1981). Samples from
gonads, head kidneys and livers were incubated with equimolar amounts of [3H]-pregnenolone
and [14C]-progesterone for 19 hours. Tissue from male and female fish was treated separately.
Extracts of the incubated tissues were analysed with various techniques. There were no
significant differences in steroid metabolic profiles in male fish kidneys and testicles at highest
dose (1,000 µg DEHP/g food) compared to control. In female fish there was a significant
alteration of steroid biosynthetic pathways in the head kidneys and ovaries of the DEHP-fed fish.
The isotope ratios of 11-deoxycortisol from 100 and 1,000 µg DEHP/g groups were greater than
twice the observed ratios obtained from the control and 10 µg DEHP/g. The significance of this
finding is not known.
In order to study the effects of DEHP on lipid metabolism rainbow trout were fed a zoo plankton
diet with or without 2% DEHP for seven weeks (Henderson and Sargent, 1983). Liver, adipose
tissue and muscle were assayed for lipid content and lipid class composition. The fatty acid
composition of the total lipids of these tissues was also analysed. Furthermore, the effects of
DEHP on activities of liver enzymes were assayed. There was no significant difference in body
weights or liver weights between DEHP fed trout and control fish. The total lipid content in liver
of DEHP fed trout was significantly lower (P < 0.02) than the lipid content of control fish liver
(3.3 ± 0.7% and 4.5 ± 0.2%, respectively). Also in adipose tissue the total lipid content was
significantly lower (P < 0.02) in DEHP fed trout compared to control fish, 41.2 ± 0.7% and 49.1
± 4.7%, respectively. The lipid content in muscle did not differ significantly between DEHP
exposed fish and control. The lipid class composition in these tissues was similar in DEHP fed
fish and control fish. There was also a slight difference in fatty acid composition between DEHP
fed fish and control in liver, adipose tissue and muscle. The inclusion of 2% DEHP in the diet
had no effect on the enzyme activities assayed for in this study. The relevance of these slight
effects on lipid metabolism is not known.
Norrgren et al. 1999, studied the effects on sexual differentiation in Atlantic salmon (Salmo
salar) exposed to DEHP, nonylphenolethoxilate (NPEO) or 17ß-estradiol via the food.
Experimental diets were prepared by mixing ethanol solutions of the test compounds with
granulated start feed. This resulted in a low and a high dose of 300 and 1,500 mg/kg food
respectively for both DEHP and NPEO while the low and the high dose was 15 and 30 mg/kg
respectively, for 17ß-estradiol. The control fish received food treated with ethanol only. The
ethanol was evaporated from the food before administration to the fish. Each experimental group
consisted of 200 individuals kept in separate trough (1m3) supplied with 10 l min–1 filtered river
water. Feeding started in June immediately after yolk sac resorption (approximately 4 weeks
after hatch). The fish were fed approximately 2% of their body weight daily for 4 weeks. After
that, feeding continued with non-contaminated food for 4 months. At termination of the
experiment between 82 and 184 individuals were sampled from each group. The gonads were
examined by light microscopy and the liver was dissected and weighed and the liver somatic
index (LSI) was calculated. The control group consisted of 49% females while the fish fed diets
containing15 and 30 mg/kg 17ß-estradiol developed into 88 and 100% phenotypic females,
respectively. The number of females in the groups fed DEHP contaminated food was similar to
the control in the low dose (47% females) while it was significantly higher, 64%, in the high
dose (P < 0.05 chi-square test). The sex ratio in the NPEO fed fish did not differ statistically
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from the control. The liver somatic index (LSI) of fish in the high dose was significantly higher
(**P < 0.01 ANOVA) than the LSI of control fish, 2.22 compared to 1.74. At the low dose the
LSI (1.90) did not differ statistically from the control. Consequently the NOEC in this study was
300 mg/kg food and the LOEC 1,500 mg/kg food both for sex ratio and LSI.
In addition to the feeding trial juvenile salmon weighing approximately 7.5 g were injected
intraperitoneally with different test compounds in order to study induction of vitellogenin
synthesis. Each group consisted of 5 fish that were kept in separate aquaria (50 l). The group
injected with DEHP received a total dose of 160 mg kg-1 bw during 17 days. At termination of
the exposure period blood was sampled from the fish and analysed for vitellogenin. No
vitellogenin was detected in the blood of the DEHP injected fish.
In a follow up study to the Norrgren study (Norman et al., 2007), Atlantic salmon were fed with
DEHP contaminated food with nominal concentrations of 0, 400, 800 and 1,500 mg/kg food
(dwt). The mean measured concentrations, based on measurements at the start and the end of the
exposure period, was 358, 827 and 1,648 mg/kg for the three exposure levels, respectively.
Feeding with DEHP contaminated food was initiated at the end of the yolk sac stage and
continued for 4 weeks as in the first study. Hereafter the fish were fed uncontaminated food.
Each exposure group consisted of approximately 1,000 individuals. Sampling was performed
after 4 and 9 month. In this study no effects on the sex ratio were observed. However, a 6%
incidence of ovotestis in males, which was statistically significant compared to the control were
no ovotestis was observed, occurred in the highest dose group (1,500 mg/kg dwt) after 4 month.
After 9 month an incidence of ovotestis of 1% (not statistically significant) was observed. Also
at 800 mg/kg ovotestis was observed both after 4 month and 9 months, however not statistically
different from the control group. The findings indicate that the effects obtained are reversible as
no significant effects were seen after 9 month but only after 4 month. It can be concluded that the
LOEC from this study is 1,500 mg DEHP/kg and the NOEC is 800 mg DEHP/kg. There is no
obvious explanation to the stronger response at the highest dose level (significantly changed sex
ratio) seen in the study by Norrgren et al. compared to the effects at the highest dose level in this
study (low incidence of ovotestis). However, as no analytical confirmation of the exposure
concentrations was made in the earlier study the authors of the present study speculates that the
stronger response seen in the Norrgren study may have been caused by a higher exposure than
intended. Based on the results from both studies it is concluded that the NOEC for effects on
sexual differentiation of Atlantic salmon is 800 mg/kg food.
In addition to the histopathological analyses DEHP and MEHP concentrations in the exposed
fish were measured. At the termination of the uptake period the concentrations of DEHP was
0.66, 1.3 and 2.6 mg/kg wet weight in the three exposure levels respectively. The correspondeing
MEHP concentrations were 0.22, 0.50 and 0.76 mg/kg wet weight. Based on this and the
measured exposure concentrations lipid normalised BMF factors were calculated. The BMF
factors for DEHP was 0.011, 0.0064, 0.0073 for the three exposure levels, respectively.
To further elucidate possible effects on fish from DEHP during long term exposure Brixham
Environmental Laboratory, Astra Zeneca, UK has performed a multi-generation study with
fathead minnow (Pimephales promelas) sponsored by the European Council for plasticizers and
Intermediates (ECPI) (Caunter et al., 2004). The study followed a protocol based on a guideline
adapted from USA EPA Fish Life-Cycle Toxicity test; EPA 540/9-86-137, July 1986,
incorporating biological endpoints (vitellogenin and gonad histopathology).
The study comprised three generations, F0, F1 and, F2 of Fathead minnow (Pimephales
promelas) with a total length of exposure of 472 days. The fish were exposed to DEHP both via
water and via the food. Two treatments, Low Dose Food (LDF) and High Dose Food (HDF)
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were employed, both having the same nominal DEHP concentration in the water (5.0µg/l) but
differing with respect to the concentration in the food, 125 mg/k and 500 mg/kg, respectively
The mean measured DEHP concentration water was 3.2µg/l in the the LDF-group and 2.6µg/l in
the HDF-group. The mean measured DEHP concentration in the food was 115 mg/kg in the
LDF-treatment and 474 mg/kg in the HDF treatment. In addition to this a dilution water control
(DWC) and a solvent control (SC) were employed. (see Table 3.60). During early development,
from hatch up to day 15 post hatch the fry were fed on live food, freshwater rotifers and Artemia.
This food was not “amended” with DEHP (DEHP exposure via the water only). From day 16
post hatch for each generation, fish were given DEHP amended food. Each treatment and control
was run in duplicate.
Table 3.60 Nominal and measured concentrations of DEHP in food and water of exposure groups
and controls
Treatment groups

Nominal conc. Mean measured
of DEHP in the conc. of DEHP in
water (µg/l)
the water (µg/l)

Nominal conc.
of DEHP in the
food (mg/kg)

Mean measured
conc. of DEHP in
the food (mg/kg)

Dilution Water Control
(DWC)

-

< 0.25

-

< 0.25

Solvent control (SC)

-

< 0.25

-

< 0.25

5.0
5.0

3.2
2.6

125
500

115
474

5.0 low dose food (LDF)
5.0 high dose food (HDF)

DEHP deuterated in the aromatic ring with a purity of 99.3% was used in the study. The stock
solution used for the exposure via water was prepared by dissolving DEHP in tri ethylene glycol
(trigol). The concentration of trigol in the treatment groups and in the solvent control was 2.5µl/l.
DEHP dissolved in acetone was used to prepare the fish food. The control food was treated with
acetone only.
The fish were exposed in a dynamic flow through system with all equipment constructed of
glass. The flow was 7 tank volumes/day in the tanks used for adult fish and 12 tank volumes per
day in the progeny tanks. The nominal temp during the study was 25±1oC with a photoperiod of
16 hours light: 8 hours dark and a 20 minutes dawn/dusk transition period.
The test procedure will not be described in detail in this summary but is briefly summarised in
Table 3.61.
The endpoints studied were the following:
F0
•

Hatching success

•

Length and weight 100 dph (days post hatch)

•

Egg production

In addition to this samples for VTG (vitellogenin) and histopathology were taken but not
analysed.
F1
•

Hatching success

•

Survival 28 dph
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•

Length and weight (28 and 100 dph)

•

Egg production

In addition to this samples for VTG and histopathology were taken but not analysed.
F2
•

Hatching success

•

Survival 28, 42 and 100 dph

•

Length and weight (28 and 100 dph)

•

VTG conc males and females

•

Gonad hisopathology (sex ratio)

In addition to this 11-12 fish (5-6 per replicate) in the LDF and HDF treatments from the F0 and
F1 generations were sacrificed when approximately 200 days old and analysed for DEHP and
MEHP.
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Exposure
day
(date)

Posthatch
day

Posthatch
day

Study

FO

F1

F2

Phase

Details

Embryos <24 h old

Dead embryos discarded between start and hatching

2

4*

25

200

4
(24.11.2001)

Hatch day (embryos to larvae)

Larvae released into progeny tanks, numbers of
larvae reduced, excess larvae sacrificed and
discarded

2

2

35

140

45
(04.01.2002)

Larvae transferred to adult tanks

Growth of fish requires transfer to larger tanks
Excess fish deep frozen at - 18°C

2

1

50

100

104
(04.03.2002)

Sample maximum of 25 fish per tank

Fish sampled for possible vitellogenin and
histopathology

2

1

25

50

111 (107 dph)
(11.03.2002)

25 adults used to create 4 breeding
pairs
(4x2=8 adult fish per tank)
Spare adults (max. 17) held in
progeny tanks

Fish reach sexual maturity and breeding pairs
created.
After pairing fish, spawning tiles are introduced into
breeding chambers; reproduction starts soon
thereafter

2

1

8

16

121
(21.03.2002)

Spare adults sacrificed

Spare fish deep frozen at - 18°C

2

2

4/5

9

F1 hatchabilities (2 per breeding pair)
Begin 1st F1 ELS tests (FE1)
Begin 2nd F1 ELS test (F1P)

Measure % embryo hatch
Continues to become Fl generation

125-194
122-141
169- 189

0
0

154- 173

28

273-293

100

Table 3.61 continued overleaf

Reps

Tanks
Animals
per
per tank
rep

Animals
per
treatment

Length

Weight

x

x

x

x

1st F1 ELS tests end after 28 days
post hatch

Fish sampled for weight and length

2

1

Max 50

Max 100

x

x

End of FO

Remaining F0 adults (max 8) sacrificed
fish deep frozen at- I8°C

2

2

4

8

x

x

Sample maximum of 30 fish per tank

Fish sampled for possible vitellogenin and
histopathology

2

1

30

60

x

x
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204
(12.06.2002)

In life
measurements

Number of

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

146

Table 3.61 Overview of the test procedure

Table 3.61 continued Overview of the test procedure
Exposure
day
(date)

Posthatch
day

Posthatch
day

Study

FO

F1

F2

Phase

Details

25 adults used to create 4 breeding
pairs
(4x2=8 adult fish per tank)
Spare adults (max. 17) held in
progeny tanks

Fish reach sexual maturity and breeding pairs created.
After pairing fish, spawning tiles are introduced into
breeding chambers; reproduction starts soon thereafter

107

302-375
300-326
349-367

0
0

384-393
Approx
Ends 18.12.02 200

453-472
Ends 07.03.03
*

In life
measurements

Number of

Reps

Tanks
Animals
per
per tank
rep

Animals
per
treatment

2

1

8

16

Length

Weight

F2 hatchabilities (2 per breeding pair) Measure % embryo hatch
Begin first F2 ELS tests F2E1)
Begin second F2 ELS tests F2E2)
End of F1

Remaining F1 adults (max 8) sacrificed
fish deep frozen at-18°C

2

2

4

8

x

x

28

F2E1 tests end after 28 days post

Fish sampled for weight and length

2

1

Max 50

Max 100

x

x

100

F2 E2 tests end after 100 days post
hatch

Fish sampled for possible vitellogenin and
histopathology

2

1

Max 30

Max 60

x

x

100

End of F2

Remaining adults (max 8) sacrificed
fish deep frozen at-18°C

2

2

4

8

x

x

Incubation cups are sub units (2 incubation cups per progeny tank, 2 progeny tanks per replicate)

CHAPTER 3. ENVIRONMENT

147

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

The results from the study are presented in Table 3.62 - Table 3.68.
Data was tested for normality and depending on the outcome, differences between treatments
and control were statistically analysed with parametric- (ANOVA, t-test) or non parametric-tests
(Wilcoxon´s Rank Sum Test). The survival was statistically analysed using a contingency table
procedure. If there were statistically significant differences between dilution water and solvent
control the solvent control (SC ) was used for the statistical analysis, if not pooled controls was
used.
The hatchability was significantly lower in the LDF (low dose fish) treatment for the F0
generation whereas no difference was observed in the HDF (high dose fish) treatment or in any
of the treatments of the F1 and F2 generations (see Table 3.62 and Figure 3.5). Overall the
hatchability decreased for each generation. However, as the decrease was of a similar magnitude
both in the DEHP treated groups and the controls it is probably not related to the exposure to
DEHP.
Table 3.62 Effects on hatchability
Egg hatch (%)

Treatment
5.0 + LDF

5.0 + HDF

SC

DWC

F0 (mean ± SD)

89 ± 4.2a

98 ± 1.9

94 ± 5.3

96 ± 3.3

F1 (mean ± SD)

84 ± 12

74 ± 32

71 ± 30

63 ± 33

F2 (mean ± SD)

47 ± 28

70 ± 29

61 ± 35

45 ± 29

a)

Significant reduction (P=0.05) in egg hatch compared with the pooled
controls

Figure 3.5 Effects on hatchability (graph taken from Caunters et al., 2004)
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The survival data were analysed by contingency table tests. The survival in the F1 generation
was similar to the pooled controls in the LDF treatment but significantly lower in the HDF
treatment. In the F2 generation the survival was significantly lower in the LDF treatment
whereas it was unaffected in the HDF treatment (see Table 3.63). The results indicate effects of
the DEHP exposure. However, due to the inconsistencies in the results (lack of dose response in
the F2 generation) it is not possible draw firm conclusions.
Table 3.63 Effects on survival
Survival (%)

Treatment
5.0 + LDF

5.0 + HDF

SC

DWC

F1

28 dph

92

78d

96

85

F2

28 dph

71a

101

95

83

42 dph

68b

92

93

90

100 dph

61c

92

77

77

a)
b)
c)
d)

Significant reduction (P=0.0001) in survival compared with solvent control (SC)
Significant reduction (P=0.0001) in survival compared with pooled controls
Significant reduction (P=0.01) in survival compared with pooled controls
Significant reduction (P=0.0004) in survival compared with solvent control (SC)

For the growth endpoints weight and length a number of statistically significant differences were
observed (see Table 3.64). Due to skewed distributions the statistical analysis was performed
with non- parametric tests (Wilcoxon’s rank sum test). In most cases the solvent control was
used for comparison due to statistically significant differences between the two control groups.
In 4 out of 10 treatments, F0: LDF and HDF; F1: LDF 28 dph and F2: LDF, 28 dph the mean
length of the fish was significantly different from the controls. In 3 of these 4 cases the DEHP
treated fish were longer than the control fish and in one case shorter. Regarding the weight
4 treatment groups had significantly higher body weights compared to the control (F0: HDF, F1:
LDF and HDF, 28 dph and F1: LDF, 100 dph) whereas 3 groups had significantly lower
bodyweights compared to control (F2: LDF and HDF, 28dph and F2: LDF 100 dph). Due to the
large variation and the variable results, sometimes indicating increases and sometimes decreases
from the exposure of DEHP in addition to frequent statistical differences between the dilution
water control and the solvent control it is not possible to draw any firm conclusions on the
possible effects of DEHP on growth from this study.
Table 3.64 Effects on growth
Growth (mean ± SD)
Generation Endpoint
F0

F1

Treatment
5.0 + LDF

5.0 + HDF

SC

DWC

Length 100 dph (mm)

37.4a ± 4.18

38.4a ± 3.27

36.3 ±3.24

35.7 ± 3.54

Weight 100 dph (g)

1.05 ± 0.46

1.14a ± 0.33

0.93 ± 0.29

0.94 ± 0.31

Length 28 dph (mm)

17.2b ± 2.14

17.2 ± 1.3

16.9 ± 1.21

17.3 ± 2.01

Length 100 dph (mm)

40.2 ± 5.48

38.9 ± 3.58

39.1 ± 4.09

37.1 ± 3.51

Weight 28 dph (g)

0.091b ± 0.034

0.082b ± 0.020

0.072 ± 0.018

0.094 ± 0.031

Weight 100 dph (g)

1.17 ± 0.34

1.46a ± 0.63

1.28 ± 0.45

1.14 ± 0.35

Table 3.64 continued overleaf
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Table 3.64 continued Effects on growth
Growth (mean ± SD)

Treatment

Generation Endpoint

5.0 + LDF

5.0 + HDF

SC

DWC

F2

Length 28 dph (mm)

17.8 ± 2.76

18.2 ± 1.52

18.7 ± 2.35

16.5 ± 2.17

Length 100 dph (mm)

38.6b ± 4.33

39.3 ± 4.33

40.5 ± 4.84

36.6 ± 6.75

Weight 28 dph (g)

0.098b ± 0.048

0.099b ± 0.026

0.120 ± 0.043

0.078 ± 0.030

Weight 100 dph (g)

1.38b ± 0.54

1.45 ± 0.53

1.60 ± 0.63

1.22 ± 0.65

a) Bold italic numbers indicate statistically significant differences compared to pooled controls
b) Bold numbers indicate statistically significant differences compared to solvent control.

No statistically significant effects on egg production were observed (ANOVA, t-test), neither
when based on the mean total number of eggs produced per female nor when based on mean
number of eggs produced per female and reproductive day (see Table 3.65). It should be noted
however, that due to the very large variation in egg production between individual females a
much larger material would have been needed to make it possible to reveal any statistical
differences between the groups than the 8 females/treatment used in this study.
Table 3.65 Effects on egg production
Egg production

Treatment
5.0 + LDF

5.0 + HDF

SC

DWC

F0 (No. of eggs /female)

1,184 ± 751

1,234 ± 765

1,550 ± 1,103

1,528 ± 1,316

(No. of eggs/female/daya)

13.1 ± 7.7

13.3 ± 8.2

17.0 ± 11.4

16.4 ± 14.2

F2 (No. of eggs /female)

1,449 ± 1,260

1,763 ± 1,292

1,865 ± 1,452

1,315 ± 985

15.7 ± 13.4

19.8 ± 13.4

20.5 ± 15.9

14.2 ± 10.6

(No. of

eggs/female/daya)

a) Reproductive day

For the F2 generation histopathology and vitellogenin analysis was performed.
The vitellogenin concentrations were highly variable and almost twice as high for the males in
the HDF treatment compared to the pooled controls (see Table 3.66 and Figure 3.6). The
distributions were not normal and the difference was not statistically significant when analysed
with Wilcoxon´s rank sum test. For the females a statistically significant increase in vitellogenin
concentrations of approximately 50% compared to the pooled controls was observed using
parametric statistical tests (ANOVA, t-test). A statistical analysis performed by the rapporteur
shows that the exposed group was normally distributed but the control group had a skewed
distribution and therefore a non-parametric test should have been used. However, also
non-parametric statistical methods (Mann-Whitney u-test) results in a statistically significant
difference between the exposed group and the pooled controls. When compared to the solvent
control no significant increase was observed. The authors of the study argues that the solvent
control is the more relevant to use because evidence of effects of the solvent itself is often seen
in VTG studies. In this study however, there was no statistical difference between the two
control groups, which means that the comparison should be made using the pooled controls and
the conclusion must be that there is a statistically significant increase in vitellogenin
concentration in the HDF females.
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However, due to the large variation and the small material this may as well be a random finding.
Furthermore, the ecological relevance of a small increase in female vitellogenin levels is
questionable. In this respect it is a big disadvantage that VTG has not been analysed also from
the F2 low dose group as well as from the F0 and F1 generations.
Table 3.66 Effects of DEHP on vitellogenin concentrations of theF2 generation.
Vitellogenin conc.
(ng/ml)
Males (arithmetic mean ± SD)

Treatment
5.0 +LDF

5.0 + HDF

SC

DWC

-

4,032 ± 13,231

3,384 ± 11,429

1,258 ± 2,038

658

415

469

12,043,590a ± 7,420,191

8,600,251 ± 7,346,614

7,030,970 ± 6,655,941

8,019,293

4,634,329

3,872,999

Geometric mean
Females (arithmetic mean ± SD)
Geometric mean
a)

-

Statistically significant difference compared to pooled controls
Figure 3.6 Vitellogin concentrations in F2 fish (graph taken from Caunters et al., 2004)

No effect of DEHP exposure on the sex ratio was observed (see Table 3.67). The large variation
especially between the replicates in the DEHP treated group makes these results hard to interpret
and statistical analysis not meaningful. To be able to draw a firm conclusion the material should
have been larger. An analysis of the Low dose group as well as the F0 and F1 generations would
possibly have given more reliable results.
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Table 3.67 Effects on sex ratio (F2 generation)
Treatment

Replicate

Males
(N)

5.0 + HDF

SC

DWC

A

4

B

18

A

7

B

9

A

12

B

12

Females

(%)

(N)
16

55

2
13

40

10
5

62

11

Intersex

(%)

(%)

45

0

58

3

39

0

The gonadal development was also studied. The results are presented in Table 3.68. For females
there were no obvious differences between the HDF group and the control. For males however,
the proportion individuals with immature gonads was lower than in the controls whereas the
proportion of fish with moderate spermatogenesis was higher. However, also for these findings
the variation between replicates was large which meant that no meaningful statistical analysis
could be performed.
Table 3.68 Effects on gonadal development based on total of individual
numbers in each treatment
Treatment
Gonadal development
Male (N)

5.0 + HDF

SC

DWC

(22)

(16)

(24)

Immature

(%)

4.5

25

25

Minimal spermatogenesis

(%)

4.5

37.5

25

Slight spermatogenesis

(%)

23

6

12.5

Moderate spermatogenesis

(%)

68

31

37.5

(18)

(23)

(16)

Female (N)
Previtellogenic follicles only

(%)

6

4

19

Minimal vitellogenic follicles

(%)

6

9

0

Slight vitellogenic follicles

(%)

11

9

6

Moderate vitellogenic follicles (%)

78

78

75

In summary, a number of statistically significant differences between treatments and controls
were observed in the study. In most cases however, these differences were probably not caused
by the exposure of DEHP. Due to the large variation, frequent statistically significant differences
between dilution water and solvent control groups, inconsistent and often not dose related
responses in the DEHP treated groups and for some endpoints a small group size, it is hard to
draw firm conclusions regarding the effects seen. However, the exposure levels in the study were
fairly high, much higher than normally seen in the environment. And since no serious effects that
can be unequivocally attributed to the exposure of DEHP were observed, the study gives a fair
indication that serious effects probably should not be anticipated at more environmentally
realistic exposure levels.
The bioaccumulation part of the study is reported in an addendum to the main report.
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The wet weight concentration of DEHP in F0 fish from the LDF and HDF groups was fairly
similar 2,204 µg/kg and 2,040 µg/kg, respectively. However, in the F1 generation the DEHP
concentration in the HDF group was approximately twice that of the low dose group, 646 µg/kg
and 1,396 µg/kg, respectively (see Table 3.69). The MEHP concentrations were more than an
order of magnitude lower than the DEHP concentrations. Calculated Bioconcentration factors for
DEHP based on the assumption that the uptake was from the water only ranged between 202 and
785 for the different groups. When including MEHP the BCF:s ranged from 217 to 825.
Table 3.69 Concentrations of DEHP and MEHP and corresponding BCF- values
Treatment

N

Mean DEHP
concentration
(ug/kg wet fish)

Mean MEHP
concentration
(ug/kg wet fish)

Mean measured
DEHP concentration
in water (ug/l)

BCFa

BCFb

F0: 5.0 + LDF

11

2,204

79

3.2

689

713

F0: 5.0 + HDF

12

2,040

106

2.6

785

825

F1: 5.0 + LDF

12

646

48

3.2

202

217

F1: 5.0 + HDF

11

1,396

105

2.6

537

577

Mean BCF
a)
b)

553

Based concentration of DEHP in fish
Based on concentration of DEHP + MEHP in fish

Calculating BMF factors with the assumption that all uptake was from the food gave BMF
factors ranging between 0.01 and 0.06 for the different groups (see Table 3.70). When lipid
normalised the BMF factors ranged from 0.01 to 0.07.
Table 3.70 Biomagnification factors
Mean DEHPa
(mg/kg dry
fish)

Nominal DEHP
in food (mg/kg
dry weight)

BMF

Mean DEHP1
(mg/kg fish
lipid)

DEHP in
food2
(mg/kg lipid)

BMF
(lipid
normalised)

F0:LDF

7.71

125

0.06

58

781

0.07

F0:HDF

7.13

500

0.01

54

3,125

0.02

F1:LDF

2.26

125

0.02

17

781

0.02

F1:HDF

4.88

500

0.01

37

3,125

0.01

Fish

Mean BMF
a)
b)
c)

0.03

0.03

Using mean dry weight = 28.6% of wet
Using lipid concentration in wet fish = 3.8%
Using lipid concentration in dry food = 16%

It is not possible from this study to separately quantify the uptake from the two exposure routes
or even to draw any firm conclusions regarding the relative importance of the two exposure
routes. At least for the F0 fish the mean measured DEHP concentrations in fish do not reflect the
4:1 ratio of the food level between the HDF (500 mg/kg in food) and LDF (125 mg/kg in food)
indicating that the main route of uptake in this study is via the water. This is also supported by
the calculated BCF factors which are rather similar to many of the literature BCF values for fish.
On the other hand, the DEHP concentrations in F1 fish are more than twice as high in the HDF
group compared to the LDF group, despite a slightly lower exposure via the water. This is an
indication that the exposure via food in this study may be as important as the exposure from
water.
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Summary of fish toxicity
From the effect studies on fish it can be concluded that DEHP have no acute effects at exposure
levels far exceeding its apparent water solubility.
No significant mortality was seen in the long-term toxicity studies with juvenile and adult fish.
However, there are indications that DEHP may have effects on growth at relatively high
exposure concentrations. Defoe et al. (1990) noted a statistically significant weight reduction of
13% when juvenile Japanese medakas were exposed to a mean measured concentration of
0.554 mg DEHP/l for 168 days. When fertilised rainbow trout eggs and resulting fry were
exposed to DEHP for a total of 90 days a weight reduction of approximately 10% was observed
at 0.259 and 0.502 mg/l which were the two highest exposure levels. These weight reductions
were not statistically significant (Defoe et al., 1990) but may be an indication of effects on
growth. The slightly impaired growth in these studies may be an effect of physical influence of
the test substance as the test concentrations were well above the “true” water solubility. On the
other hand the effects on growth may be a result of DEHP affecting the collagen synthesis in
fish. Mayer et al. (1977) observed effects on collagen synthesis at exposure levels as low as
0.004 mg/l when three different fish species were exposed to DEHP at concentrations up to
0.1mg/l. However, no effects on growth were seen in this study and the biological and ecological
significance of the effects on collagen synthesis is unknown. Therefore, these results are not
considered relevant to use in the risk assessment.
In the embryo larval studies effects were indicated at lower exposure levels and the most
sensitive life stage seems to be the period between hatch and swim up (yolk adsorption). The
lowest NOEC is 0.005 mg/l for rainbow trout (Mehrle and Mayer, 1976). However, the results
from this study are not considered valid for the purpose of risk assessment as discussed earlier
(see Section 3.2.1.1.1). In a semi-static study with channel catfish (Birge et al., 1978) the
mortality was 10% at a nominal concentration of 0.1 mg/l. However, it is uncertain if the effects
seen are due to the intrinsic toxicity of DEHP as effects were seen only at nominal
concentrations well above the true water solubility for fresh water. Another reservation for this
study is that the carrier solvent concentration differed between the different DEHP exposure
levels while the solvent concentration of the control was not stated.
The available studies on Japanese medaka gave very varying and contradictory results. It shall be
noted, though, that the studies are not directly comparable with each other since they are
different with respect to exposure periods, endpoints and exposure concentrations. In two of the
studies no effects of DEHP exposure was seen (Metcalfe et al., 2001, Shioda and Wakabashi,
2000). In the other three studies (Chikae 2004 a nd b, Kim 2002) various effects were observed
indicating both estrogenic or antiandrogenic as well as antiestrogenic effects. Most of the effects
observed were not dose-dependent. Furthermore, the quality of some of the studies is
questionable and the results from these studies are considered not useful for the quantitative risk
assessment.
No firm conclusions can be drawn from the few studies where the effects of DEHP on
biochemical parameters have been studied. Effects on collagen and hydroxyproline synthesis
have been demonstrated. The dose-response relationship was lacking or weak and no effects on
growth were seen. Furthermore, it seems like DEHP has slight effects on lipid metabolism and
steroid synthesis when administered via the feed at relatively high concentrations. The biological
significance of these findings is uncertain.

154

CHAPTER 3. ENVIRONMENT

In conclusion, there is no reliable long-term study indicating effects below the “apparent” water
solubility of DEHP. Therefore, it is not considered suitable to specify a chronic NOEC for fish
exposed via water.
In a three generation study on fathead minnow (Caunters et al., 2004), the effects on a large
number of endpoints of simultaneous exposure via food and water was studied. A number of
statistically significant differences between treatments and controls were observed in the study.
However, due to the large variation, frequent statistically significant differences between dilution
water and solvent control groups, inconsistent and often not dose related responses in the DEHP
treated groups and for some endpoints a small group size, it is hard to draw firm conclusions
regarding the effects seen. In most cases they were probably not caused by the exposure of
DEHP. It is therefore, not possible to derive a NOEC from the study and thus it is not possible to
use the results from the study in a quantitative risk characterisation. The exposure levels in the
study were fairly high, much higher than normally seen in the environment. Since no serious
effects that can be unequivocally attributed to the exposure of DEHP were seen the study
indicates that serious effects should probably not be anticipated at environmentally more realistic
exposure levels.
However, there are studies showing effects of DEHP when fish are exposed via the food. For
instance, there are indications of increased fry mortality from a study where zebra fish were fed
DEHP in the diet for 90 days (Mayer and Sanders, 1973). This study is not considered valid, in
order to obtain a NOEC for the risk assessment, because the mortality in the control was too
high.
In a study by Norrgren et al. (1999) effects on the sex ratio of Atlantic salmon was observed
when the fish were exposed to a nominal concentration of 1,500 mg DEHP/kg food. In a follow
up study (Norman et al., 2007) a weaker response was observed. There were no effects on sex
ratio, but a statistically significant increased incidence of ovotestis in the highest dose group
(1,500 mg/kg food), whereas the slight increase seen at 800 mg/kg was not statistically
significant. Thus the NOEC from this study was 800 mgDEHP/kg food.
The commercial food used in these two studies is a very high quality food. The approximate food
conversion from this diet is; ingestion of 1 g of food results in 1 g of increase in body weight.
The corresponding food conversion from natural diets is: 1 g food gives 0.2 g increase in
body-weight (L. Norrgren, pers. comm.). This difference is in part due to the difference in water
content between dry pelleted food and natural food. To take account of this the NOEC of
800 mg/kg is recalculated to wet weight basis using a factor of 5. The NOEC for natural diets
then becomes 160 mg DEHP/kg food (wwt). This NOEC will be used in the risk assessment.

3.2.1.2

Toxicity to amphibians

Some frogs (e.g. Rana arvalis) spend part of their lives, as eggs and newly hatched tadpoles, on
the sediment surface. Therefore frogs have been used in toxicity studies with toxicants in water
as well as in sediment. Effects on hatching and survival of tadpoles may be regarded as
indications of sediment toxicity. Burton (1992) reviewed the literature on sediment toxicity
studies with amphibians. One conclusion was that the duration of embryo contact with the
sediment was an important factor mediating exposure. According to a SETAC guidance
document on sediment toxicity tests (Hill et al., 1994), amphibian embryo-tests reasonably fulfil
the criteria for sediment tests.
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In studies on amphibians exposed to DEHP, some involve exposure via water only and some
exposure of the amphibians to spiked sediments. The toxicity data for DEHP on amphibians are
summarised in Table 3.75.
Exposure via water
Birge et al. (1978) exposed one frog-species (Rana pipiens) and one toad-species (Bufo fowleri)
to DOP (actually DEHP according to the Canadian Water Criteria Guidelines (1993)) at nominal
concentrations between 0.01 and 100 mg/l. The organisms were exposed for 7-8 days, from
newly fertilised eggs until 4 day old tadpoles. Since the tests cover sensitive life stages they are
considered to be long-term. Different volumes of acetone were added depending on toxicant
concentration. It is not clear if each test concentration was compared to a control with similar
solvent volume. The reported LC50 values were 4.44 and 3.88 mg/l for the two species
respectively. NOEC values were not mentioned. (In the test with B. fowleri, the tadpoles were
ten times more sensitive to the test substance, compared to the eggs. This was not the case with
R. pipiens.) The most sensitive test organisms, tadpoles of B. fowleri, showed 5% mortality at
0.1 mg DEHP/L and 25% mortality at 1 mg/l. Both for B. fowleri and for R. pipiens a
dose-response relation was observed for mortality at DEHP concentrations ≥ 1mg/l. Since only
nominal concentrations are reported and since the effects start to occur at or above the ‘apparent’
water solubility these results cannot be used for the purpose of this risk assessment.
Dumpert and Zietz (1983) investigated the effect of DEHP on the clawed toad Xenopus laevis in
two long-term studies. In both studies the organisms were exposed from being newly spawned
until fully developed frogs. In the first study a solvent, methyl alcohol, was added. Decreased
survival, taken as an embryo-toxic effect of DEHP, was indicated but did not occur as a
dose-response relationship. Delayed development was observed in systems with DEHP additions
as well as in the solvent control. This was taken as a sign of growth inhibition or of teratogenic
effects of methyl alcohol. This study is therefore considered invalid for the purpose of this risk
assessment.
The same authors performed another experiment, without solvent, exposing the same species to
repeated weekly applications of one concentration of DEHP. At 2 mg DEHP /L (measured) the
development time (egg to fully developed frog) was doubled compared to the control. The
pigmentation of the frog was also affected. This effect was not quantified. Hence, the LOEC
from this study is 2 mg/l and the NOEC is < 2 mg/l.
These studies indicate that amphibians might be sensitive to DEHP at high concentrations. But
since the reported effect concentrations (of which only one is measured) are above both the ‘true’
as well as the ‘apparent’ water solubility, they cannot be used in order to derive a PNECwater for
this risk assessment.
Exposure via sediment
Three studies with moor-frog (Rana arvalis) eggs exposed to DEHP contaminated sediments
have been carried out. The eggs used in all experiments were collected in the field (in Sweden).
The static test systems consisted of natural sediment, spiked with DEHP, and overlaying water to
which clumps of fertilised eggs were added.
In the first study (Larsson and Thurén, 1987, referred to as Study I in the discussion below)
2-3 day old eggs were exposed to DEHP in sediment at six test concentrations, the nominal
values ranging between 10 and 800 mg/kg WWT. The eggs hatched after three weeks and the
tadpoles were then exposed for three more weeks. Egg hatching success was determined by
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counting the tadpoles after 5, 12 and 30 days. Tadpole survival was determined at the
termination of the exposure, after 60 days. Successful hatching decreased with increasing DEHP
levels in the sediment while, after hatching, the survival rates of the tadpoles did not differ from
that in the reference group. The hatching results are reported as a dose-response curve with
standard deviation (SD) for each tested concentration plotted in a diagram. The authors report an
EC50 of 150 mg/kg (WWT) for the hatching of tadpoles. LOEC and NOEC values are not
reported. For the purpose of this assessment, SD was read from the diagram and used in onetailed T-test in order to evaluate if the reported mean effect percentages significantly differ.
LOEC was then determined as the first concentration that significantly (p < 0.05) differs from
the control. The next lower dose was set as NOEC. This evaluation of the data resulted in a
NOEC of 8.8 mg/kg (WWT) (measured). The authors report a dry weight of 25-40% of the fresh
sediment. If a mean dry weight of 33% is applied on the NOEC above, this result in a dry weight
based NOEC of about 25 mg/kg (dwt).
In the second study by Wennberg et al. (1997), referred to as study II, 4 days old eggs were
exposed to DEHP contaminated sediment. The nominal test concentrations ranged between 15
and 600 mg/kg (dwt). Sediments with different organic contents (3 - 77% LOI) were also tested
at one test concentration, 300 mg/kg (dwt). The endpoints were embryo hatching (monitored
once a week) and tadpole survival and growth, determined at the end of the experiment. The
hatching of tadpoles started between 8 and 14 days of exposure and the experiment was
terminated after 29 days. No significant effect on hatching or survival of tadpoles was observed
in any of the test concentrations. Neither was any effects observed in sediments with differing
organic contents (and about 300 mg/kg (dwt) of DEHP). The highest measured test concentration
(NOEC) was 433 mg/kg (dwt).
Questions were raised regarding the spiking method and the temperature used in Study I.
Therefore the second study was carried out, applying another spiking method and a higher
temperature. The two studies differed in the following aspects.
a) Spiking method
In study I, DEHP dissolved in ethanol was mixed directly into wet sediment. The amount of
ethanol used is not reported, but the same amount was used in all treatments (P. Larsson, pers.
com.). About 200g of the spiked sediments was placed in 2-litre bottles and was left for
evaporation overnight before 1 litre of water was added. Each such test system was then
“continuously and gently” aerated for one week before the eggs were added. In Study II the
spiking method of Brown et al. (1996) was adopted. DEHP was added with acetone (the amount
not reported) into dried sediment followed by evaporation of the solvent under reduced pressure,
in an evaporator. The spiked, dry, sediment was then blended into wet sediment and equilibrated
on a shaking board for one week before the sediment-water systems were arranged and eggs
added.
It has been shown, for some poorly soluble organic substances, that the presence of ethanol and
acetone can modify the acute toxicity of the compound to aquatic invertebrates. Since the
mechanisms for synergism and antagonism for mixtures are poorly understood, the use of
solvents should be avoided if possible (ECETOC, 1996). Another limitation for the use of
solvents like acetone and ethanol is their ready biodegradability, which might lead to oxygen
depletion in the test solution. Elimination of such solvents prior to the start of the test “by
application of adequate methods” may reduce such problems (ibid.). However, also if the solvent
(in this case acetone) is evaporated, it is likely that the drying of the sediment and the extraction
effects of the concentrated acetone markedly affect the adsorption capacity of the sediment.
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It is not likely that the observed effects in study one were caused by oxygen depletion, since a
dose-response effect curve was observed, and the same amount of ethanol was added in all tests
systems. Furthermore, a spiking method control was included in study II; DEHP in 2.75 ml
ethanol added to 2.2 kg wet sediment, without evaporation of the solvent, resulting in 305 mg
DEHP/kg (dwt). No effect was observed on the tadpoles in this ‘spiking control’. Neither, did the
DEHP concentration in lipids extracted from whole animals differ significantly between tadpoles
exposed to 300 mg/kg (dwt) in the ‘spiking control’ compared to tadpoles exposed to the same
amount of DEHP with the acetone method. This indicates that the different spiking methods had
similar effects on, alternatively did not modify, the bioavailability and the toxicity of the DEHP
in Study I. Although, the amount of added ethanol most likely differed between Study I and the
‘spiking control’ in Study II, these results suggest that the spiking method is not the main reason
for the difference in observed effects between the two studies.
b) Sediment character
In Study I, coarse sediment (fragments of leaves and bark) from a small pond was used (P.
Larsson, pers. com.), while Study II used a fine-textured lake sediment. Although the organic
content was similar in the two sediments, the adsorption capacity of DEHP was probably less in
the coarse sediment. This is supported by the higher concentrations of DEHP measured in
tadpoles in Study I (ranging between 0.28 to about 25 µg/g (WWT) in sediment exposure
concentration up to 500 mg/kg (dwt)) compared to the tadpole concentrations, 0-1.55 µg/g
(WWT), measured in Study II. Since moor frogs lay their eggs in shallow ponds or in the littoral
of lakes, a coarse sediment like the one in Study I, is more relevant for a natural frog egg/tadpole
environment, compared to the more degraded sediments used in Study II.
c) Temperature
The experiments were performed at 5°C in study I and at 10°C in Study II. R. arvalis usually lay
their eggs when water temperature has reached 10°C, but the temperature in the egg clumps most
certainly temporarily dip to < 5°C, e.g. during the nights. During the days, on the other hand, the
temperature in the egg clumps increases markedly due to the “greenhouse effect” within the
clumps. Eggs of R. arvalis are therefore naturally exposed to great variations in temperature.
The most important effect caused by the difference in temperature was probably the time
between newly spawned eggs and the hatching of tadpoles (exposure duration), and hence the
exposure time when the eggs were in direct contact with the contaminated sediment. In Study I
the tadpoles started to hatch after 3 weeks whereas in Study II the corresponding time was
1.5 weeks. Since the duration of embryo contact with the sediment has been identified as an
important factor in studies with amphibians (see above, Burton 1992) the difference in duration
to hatch between Study I and II might have been the reason for the observed difference in toxic
response. In Sweden, the tadpoles of R. arvalis normally hatch after 1-1.5 weeks in their natural
environments (Berglind pers. com., Andrén. and Nilsson pers. com.), but three weeks in the
embryonic stage also occurs, especially for eggs that is laid in the beginning of the egg-laying
period (Loman, pers. com.).
Another argument that has been used against the validity of Study I, is the “plateau behaviour” of
the dose-response curve. The author (Larsson, pers. com.) gives the following explanation to
this: The eggs were aggregated in a clump during the exposure. Therefore, the eggs in the centre
were never in direct contact with the contaminated sediment. About the same number of eggs
(25-30%) in all treatments, might therefore have been exposed to a much lower degree and hence
account for the observed “plateau behaviour”.
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The facts listed above tell against a rejection of any of the studies in favour of the other.
The third study (Solyom et al., 2001) was performed to explore some of the methodological
differences between Studies II and I. In this third study moor frog eggs were exposed to DEHP at
two temperatures 5 and 10oC using two different types of sediment, a fine sediment with mostly
degraded material (particles > 2 mm 0.1% dwt and TOC 17% dwt) and a coarse sediment
containing undegraded material (particles > 2mm 4.7% dwt and TOC 16% dwt). The sediments
were spiked with DEHP using essentially the same method as in Study II with acetone as a
solvent. The nominal exposure concentrations were 100, 300 and 1,000 mg/ kg dwt. Five beakers
with 50 eggs/beaker were used for each test concentration and temperature/sediment
combination. Controls with and without acetone were run in parallel. The photoperiod was
12 hours light/12 hours dark. The beakers were gently aerated throughout the study. Temperature
O2 and pH were measured daily and ammonia and nitrite at least once a week in 15 beakers
representing all the treatments. The total exposure time was 35 days at 5oC and 26 days at 10oC.
The average measured DEHP concentrations in the sediments were quite variable. Based on
measurements at the start and at the end of the study they ranged between 73 and 118% of the
nominal concentrations. The exception was the lowest concentration (100 mg/kg nominal) in the
test series with fine sediment at 5oC in which the DEHP concentration was 242 mg/kg (242% of
nominal).
The median hatching time at 10oC was half of that at 5oC, approximately 12 days compared to
approximately 24 days. The hatching success was higher 92-95% at 10oC compared to 73–86%
at 5oC. The mortality of the tadpoles ranged from 0 to 3% and the deformation of tadpoles
(retarded tail) ranged from 0 to 2.3% at both temperatures. No statistically significant differences
between controls and DEHP exposed groups were seen in any of the 4 test series.
Although using the same temperature (5oC) as in study I no effects on egg hatching or tadpole
survival were seen in the third study. The reasons for this difference are not clear. The oxygen
depletion caused by simultaneous degradation of ethanol and DEHP may be the cause of the
dose dependent effects seen in Study I even though this is not supported by the results from the
“ethanol” control used by Wennberg et al.. Alternatively the extremely high DEHP
concentrations in the water in study I may have caused the effects toxicologically or physically.
Despite the fact that the findings in Study I cannot be adequately explained the conclusion drawn
based on a weight of evidence is that the hatchability of eggs and survival of tadpoles does not
seem to be affected when exposed to DEHP spiked sediments up to 1,000 mg/kg dwt.

3.2.1.3

Toxicity to aquatic invertebrates

The problems with aquatic toxicity testing, caused by the low water solubility of DEHP, is
reflected by the inconsistency of the results from the testing on invertebrates and the difficulties
in interpreting them.
Formation of microdroplets or surface films at higher test concentrations than the solubility in
the actual test media may contribute to effects by direct physical interference. This could lead to
an overestimation of the toxicity. One example that has attracted special attention in this context
is entrapment of daphnids at the surface, so-called floaters. There is also a risk that the toxicity
will be underestimated due to unstable test concentrations where the actual exposure of the
organism cannot be determined. This concerns especially static test systems and studies with
only nominal test concentrations reported.
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Organic material adsorb lipophilic substances and thus increase their apparent water solubility
but may also either decrease or increase the bioavailability and thus the toxicity of the substance
(Lundberg, 1994). The actual form of DEHP in “solutions” (forming of micelles, microdroplets,
surface film, interaction with carrier solvents, adsorption etc.) in various tests using different test
concentrations and solvents may thus influence the exposure and the toxicity. However, whether
the conditions in a particular test lead to an underestimation or an overestimation of the toxicity
does not seem possible to determine today. Judging from those short term and long-term toxicity
tests with Daphnids where problems with solubility have been reported, the “apparent water
solubility” in the tests seems to be roughly in the order of 0.1mg/l. Above this approximate level
test solutions seem not to be stable and solubility-related problems start to arise, e.g. floaters.
The short-term toxicity data of DEHP to aquatic invertebrates are presented in Table 3.76. The
long-term toxicity data of DEHP to aquatic invertebrates are summarised in Table 3.77.
Numbers in brackets, [x], used in the text below refer to the numbers the studies have been given
in the tables.
Exposure via water
Short-term toxicity tests have been carried out on a variety of invertebrate species from different
taxonomic groups. Crustaceans and insects are well represented with several species tested in
freshwater, one species in marine water and one in brackish water.
Overall the reported EC50-values range from > 0.046 to > 300 mg/l. Most of the reported
EC50-values are “greater than”, indicating that no adverse effects were observed at the highest
tested concentration. In several of the tests, concentrations showing no effects are much higher
than the “apparent water solubility”. Most tests are performed in static systems and in many of
the studies only nominal test concentrations have been reported i.e. the actual concentration
exposing the organisms has not been determined.
There are 5 tests with specific EC50-values reported: 0.133 mg/l [2], 0.33 mg/l [5], 2.0 mg/l [7],
11 mg/l [8], and 16.3 mg/l [18]. No solubility problems (e.g. floaters) are reported from these
studies. The lowest value, 0.133 mg/l, is presented in a report that comprises acute toxicity tests
with Daphnia pulex on 30 compounds (Passino and Smith, 1987). The authors reported that, for
some substances, the nominal concentration required to achieve 50% or greater immobilisation
of organisms exceeded the solubility, as evidenced by cloudiness, precipitation or a surface film.
Substances with solubility problems are noted in a table. DEHP has no such note. The next
lowest EC50 value, 0.33 mg/l for D. carinata, is reported from a study with the aim to compare
different toxicity test and organisms regarding their sensitivity, testing a great number of
substances (Yoshioka et al., 1987). No problems with solubility of the test substance are
mentioned. However, test performance and results are very briefly described in the report.
Long-term toxicity tests have been carried out on several invertebrate species, but studies with
Daphnia magna as test organism predominate.
1)
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Sanders et al. (1973) and Mayer and Sanders (1973) reported a 21 days D. magna
reproduction test in an intermittent-flow system. Reproduction was significantly inhibited
at all tested concentrations: 60% at 0.003 mg/l, 70% at 0.010 mg/l and 83% at 0.030 mg/l.
However, the reproduction rate was low in this study, 11 offspring per adult. This is
lower than the condition for validity in the OECD guideline 202 and could be compared
to for instance 170 per adult (Brown and Thompson 1982a) and 200 per adult (Knowles
et al. 1987) reported in later studies. The very low effect concentration in this study is
also contradicted by the results from all later studies and the result has been determined
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as unacceptable by the USEPA after personal communication with the authors of the
study. The effect concentration value 0.003 mg/l is considered to be unreliable and for the
purpose of this risk assessment it will not be used. Accordingly, later on in this report
when referring to number of studies performed and the like, this study will not be
included.
2)

Knowles et al. (1987) reported a 21-day D. magna reproduction test in a flow through
system conducted at the same facility as the study by Mayer and Sanders (1973). The
reproduction rate in this study was 200 young per adult. Survival and reproduction was
not affected in this test at measured concentrations up to 0.158 mg/l (NOEC). At
0.811 mg/l, however, survival was significantly reduced after both 7 and 21 days. The
mean number of young per surviving adult was also reduced at this dose level (LOEC). A
NOEC of 0.072 mg/l was identified regarding both DNA content and RNA/DNA ratio at
day 7 (LOEC 0.158 mg/l). Static biochemical indicators, e.g. DNA, have been shown to
be closely associated with total growth. Dynamic biochemical indicators as RNA/DNA
ratio has been shown to reflect growth rate. Daphnids were trapped at the surface during
the test, but at close examination they appeared to be feeding and healthy, the authors
noted. The number of floaters was dependent on both dose and time. The lowest
concentration where the number of floaters significantly differed from the control was
0.158 mg/l at day 0. By day 21 floaters were observed only at 0.811 mg/l.

3)

Chronic toxicity of DEHP to D. magna was estimated in a test program comprising
14 phthalate esters (Springborn Laboratories (1984c), Cox and Moran (1984), Rhodes et
al. (1995)). The 21-day reproduction test was conducted in a flow through system.
Survival was the most sensitive end-point studied, with a NOEC-value of 0.077 mg/l and
a LOEC-value of 0.16mg/l, measured concentrations. Reproduction was a less sensitive
end-point showing no significant reduction at the highest tested concentration, 0.29 mg/l.
The reproduction rate ranged from 56 to 116 mean offspring per adult in the tests of the
14 phthalate esters. Mean offspring per adult was 56 in the DEHP test. At 0.29 mg/l
daphnids were observed entrapped on the surface throughout the study. At 0.16 mg/l
daphnids were observed entrapped on the surface day 7 and 14, but not day 21. At
0.077 mg/l daphnids were observed entrapped on the surface day 7, but not day 14 and
day 21. In the control daphnids were observed entrapped on the surface throughout the
study. According to the authors the cause of entrapment in the control solutions is
unknown; however, this entrapment did not affect the daphnids survival or reproduction
(Springborn Laboratories, 1984c).

4)

In a 21-day D. magna reproduction test under semistatic conditions Brown and
Thompson (1982a) found no effect on survival or reproduction up to the highest tested
nominal concentration of 0.1 mg/l. The reproduction rate in this study was approximately
170 young per adult. In the reproduction test (≤ 0.1 mg/l) no floating Daphnia was
reported. In an acute toxicity test presented in the same paper Daphnia floated on the
surface after 48 hours, 25% at 0.169 mg/l and 100% at 0.304 mg/l; mean measured
concentrations. The authors also found from a solubility/stability-test that DEHP at levels
below 0.18 mg/l result in stable solutions, whereas above this level loss of phthalate from
the bulk solution occurs.

5)

Adams and Heidolph (1985) reported significant effects on both survival and
reproduction at 1.3 mg/l, in a 21-day D. magna reproduction test under semistatic
conditions. NOEC was determined to be 0.64 mg/l. The reproduction rate in this study is
unknown. No floaters are mentioned in the report.
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Brown et al. (1998) presented a report including four chronic toxicity studies with D.
magna on 13 phthalate esters using dispersants. DEHP was tested in two of the studies in
21-day D. magna reproduction tests under semistatic conditions.
In one of the studies, using “Tween 20” as dispersant, two DEHP concentrations were
tested; 0.25 and 1.0 mg/l. End-points were reproduction, survival and length of surviving
adults. At both concentrations there was a reduction in numbers of offspring produced
relative to the dispersant control. The reduction was significant at 0.25 mg/l but not at
1 mg/l. Relative to the control without dispersant the reduction in numbers of offspring
was not significant in any of the concentrations. There was no significant mortality in the
test. At both concentrations there was a reduction in length relative to the control without
dispersant. The reduction was significant at 0.25 mg/l but not at 1 mg/l. Relative to the
dispersant control the reduction in length was not significant in any of the concentrations.
In the other study, using “Marlowet R40” as dispersant, only one single DEHP
concentration was tested, 1.0 mg/l. End-points were reproduction, survival and length of
surviving adults. In this study no significant adverse effects were observed relative to
dispersant control or the control without dispersant.
The reproduction rate in the controls in the phthalate studies ranged from 93 to 167 mean
offspring per adult. No floaters were observed in the studies.
In all four studies presented in the report there appeared to be a promotion in the numbers
of offspring in the dispersant control relative to the control without dispersant. This
promotion was only significant in a study using “Marlowet R40” as dispersant where
DEHP was not tested. Separate studies with the dispersants confirm the observation that
“Marlowet R40” promotes the number of young produced at a concentration of 10 mg/l,
the same dispersant concentration as used in the DEHP tests along with the DEHP
concentrations of 1 mg/l. For “Tween 20” the results do not confirm that this dispersant
also promotes the numbers of young at 10 mg/l. “Tween 20” was toxic to D. magna
reproduction at 32 mg/l.

8)

In a 21-day D. magna semistatic reproduction test using the dispersant Marlowet R 40 as
solubiliser Scholz (1995b) found no adverse effect on survival or reproduction up to the
highest tested concentration of 14 mg DEHP/l. The reproduction rate was approximately
70 young per adult in the control and 100 in the test concentrations. The dispersant,
Marlowet R40, obviously increased the number of offspring. The reproduction rate was
significantly higher in all test concentrations and in the solubilizer control, compared to
the control without solubiliser. No floaters are mentioned in the report.

9)

The effects of DEHP on overall locomotor activity of Gammarus pulex was studied by
Thurén and Woin (1991). The amphipods were exposed to DEHP at concentrations of 0.1
and 0.5 mg/l for 10 days under flow through conditions. There was a 5-day pre-exposure
and a 10-day post-exposure period. The overall locomotor activity was significantly
decreased at the higher exposure level, and the effect persisted throughout the
post-exposure period. No significant effects were observed at the lower dose level. The
authors commented that the DEHP adsorbed to and accumulated by the organisms could
have caused organs sensitive to water velocity, and “olfactory” organs to malfunction,
thereby reducing the mobility and affecting upstream movement. The decreasing activity
following DEHP exposure could therefore have been the result of mechanical and/or
physiological effects.
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10)

The sediment-dweller Chironomus plumosus was exposed to DEHP added to water, but
with sand or hydrosoil present in the test system (Streufert, 1977; Streufert et al., 1980).
No effects were observed at the highest concentrations, 0.36 and 0.24 mg/l respectively,
measured after 35-40 days of exposure.

11)

Laughlin et al. (1978) reported a 22 days semistatic toxicity test with larvae of grass
shrimps, Palamonetes pugio, as test organisms. They found no adverse effect on survival
or development rate up to the highest tested nominal concentration of 1 mg/l. At the
highest concentration, small droplets of DEHP were sometimes observed and a
considerable loss of substance could be shown within 24 hours, for all three esters tested.

12)

Brown and Thompson (1982b) reported a bioconcentration study with blue mussels,
Mytilus edulis, as test organisms, that also have been referred to as a toxicity test. The
exposure period was 28 days followed by a depuration period of 14 days. No adverse
effects were observed at the highest nominal test concentration of 0.05 mg/l (mean
measured concentration 0.0421 mg/l).

As regards long term toxicity to invertebrates exposed via water the reported NOEC-values thus
range from 0.072 to 14 mg/l. Several of the reported LOEC-values are “greater than”, meaning
that no adverse effects were observed at the highest tested concentration. In some of the tests,
using dispersants, concentrations that show no effects are much higher than the “apparent water
solubility”. However, there are three Daphnia reproduction tests showing effects at or below the
highest tested concentration with specific NOEC (and LOEC) values reported;
0.072 (0.158) mg/l [2], 0.077 (0.16) mg/l [3], and 0.640 (1.30) mg/l [5].
An overall conclusion regarding the toxicity to aquatic invertebrates exposed via water in terms
of specifying a NOEC-value for use in the risk assessment is bound up with problems. There are
several indications that the effects observed in the toxicity tests with Daphnia could be caused by
physical effects, which probably have no relevance in the environment. There are also
indications that DEHP has no shown genuine toxic effect in concentrations up to and markedly
exceeding the water solubility (neither the “true” solubility predicted from the physico-chemical
properties nor the “apparent” solubility found in some toxicity tests):
•

In three Daphnia acute toxicity tests using dispersants (Tween 20, Marlowet R40) no
significant adverse effects were observed at the highest tested concentration (1, 1 and
100 mg/l), well above the water solubility.

•

In three Daphnia reproduction tests using dispersants (Tween 20, Marlowet R40) no
significant adverse effects were observed at the highest tested concentration (1, 1 and
14 mg/l), well above the water solubility.

•

In one (two test protocols) of the five Daphnia acute toxicity studies showing effects at or
below the highest tested concentration and not using dispersants, floaters have been
reported, indicating that the effects may be physical.

•

In two of the three Daphnia reproduction tests showing effects at or below the highest tested
concentration and not using dispersants, floaters have been reported, indicating that the
effects may be physical.

•

Floaters may have been present, although not reported, in other daphnia studies possibly
causing adverse effects.
However, there are also several arguments against taking the view that all effects observed
in Daphnia toxicity studies should be of physical nature.
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•

There are only two Daphnia acute toxicity studies and two Daphnia reproduction tests with
floaters reported. This is a weak basis for assuming that floaters were present but not
reported, also in the other studies.

•

There are studies with adverse effects observed but no floaters reported at approximately the
same levels of concentration as the ”practical” water solubility found in some toxicity tests
(roughly about 0.1 mg/l) and also at concentrations clearly above this level:

•

•

−

Four Daphnia acute toxicity tests, EC50 0.133, 0.33, 2.0 and 11 mg/l.

−

One Daphnia reproduction test, NOEC 0.64 mg/l (LOEC 1.3 mg/l)

It is not obvious that there is a causal connection between floaters and the observed adverse
effects in the studies reported:
−

There are only two Daphnia reproduction tests with floaters reported. In both tests
floaters have been observed at the concentrations where the adverse effects were
observed. However, in one of the tests floaters are also reported in the control during
the whole test without any adverse effects observed. In the other study the authors noted
that the daphnids that are trapped at the surface appeared to be feeding and healthy.

−

There are only two Daphnia acute toxicity studies with floaters reported. In one of them,
there are two tests reported where all daphnids died, at exposure concentrations
exceeding 1 mg/l. In the other study no adverse effects where observed, despite that
25% of the daphnids where observed to be floaters at 0.169 mg/l and 100% at
0.304 mg/l.

The tests using dispersants do not provide conclusive evidence that DEHP has no genuine
toxic effect in concentrations up to and markedly exceeding the water solubility.
−

The absence of adverse effects at a certain concentration in one test does not in itself
show that effects reported in another test at the same or a lower concentration level
should be erroneous. To reject an observed effect requires a high level of proof. For
example, if the result is an outlier and a substantial number of test-results from the same
test organism, under similar conditions, points to another level of toxicity.
Alternatively, that a convincing causal explanation of the differences between studies
shows the one representing pronounced higher toxicity to be erroneous and the others to
be representative.

−

The interaction between DEHP and the dispersants in the tests and how the dispersants
possibly influence the uptake of DEHP does not seem clear.

−

The dispersants themselves seem to influence Daphnia reproduction positively.

−

There are significant adverse effects shown at 0.25 mg DEHP/l in one of the chronic
toxicity tests using dispersants.

All the uncertainties, the great variation in the results and the difficulties to interpret the results
regarding the DEHP toxicity to aquatic invertebrates makes it difficult to choose a precise
NOEC-value from a specific test to use as part of the basis for derivation of a PNEC for water in
the risk assessment. Depending on the approach chosen there are several options how to handle
these uncertainties/ difficulties:
•
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By way of precaution it might be appropriate to choose the lowest NOEC-values found in
long term toxicity tests, despite that floaters have been noted in the two Daphnia magna
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reproduction tests showing the lowest NOEC-values; 0.072 mg/l and 0.077 mg/l (Study 2
and 3 in Table 3.77). These NOEC-values may also be supported by the EC50-values of
0.133 mg/l, 0.33 mg/l and 2.0 mg/l in acute toxicity studies with Daphnia pulex, D. carinata
and D. magna respectively (study 2, 5 and 7 in Table 3.76).
•

Another precautionary approach might be a reasoning based on the fact that several tests
show effect or no effect level roughly about 0.1 mg/l (Study 2 and 5 in Table 3.76 and study
2, 3, 5, 7 and 9 in Table 3.77). This also seems to be the approximate level for “apparent
water solubility” of DEHP in several toxicity tests. Until more elucidative tests handling the
solubility problems with DEHP prove otherwise the value 0.1mg/l could be legitimate to use
as NOEC for aquatic invertebrates.

•

An approach of less precaution could be to consider all the effects reported physically
caused and not relevant, with the conclusion that DEHP has no (shown) toxicity up to and
markedly exceeding concentrations possible to achieve in natural waters.

•

Finally, one might conclude that it is impossible from the current data to determine whether
any effects observed in the toxicity tests may be relevant to use for derivation of a PNEC for
water. Until more elucidative tests handling the solubility problems with DEHP are
performed no value could be set to use as NOEC for aquatic invertebrates.

It appears highly uncertain whether floaters actually were present in all tests at the test
concentrations showing effects. If present, it is also unclear if the floating (or other physical
interference) is the actual cause of the effects reported. Based on the present data it is considered
not feasible to determine a level of toxicity for DEHP to aquatic invertebrates exposed via water.
Accordingly, for the purpose of this risk assessment the last option is considered legitimate to
use. Hence, it is not possible, for the time being, to state a NOECwater for aquatic invertebrates.
Exposure via sediment
Guidelines exist for sediment-tests with the amphipod Hyalella azteca and for midge larvae,
Chironomus spp. (e.g. ASTM, 1993). A test duration ≤ 10 days, for these test-organisms, is
considered as a short-term test (ibid). According to Hill et al. (1994) tests with chironomids
should be started using 1st or 2nd instar larvae. Midge exposures starting with older larvae may
underestimate midge sensitivity to toxicants (Burton, 1992). Chironomus tentans and Hyalella
azteca were exposed for 10 days (short-term) to DEHP-contaminated sediment. No effect was
observed at the highest concentration used approximately 3,000 mg/kg (dwt) (Call, 1997).
There are two long-term studies with aquatic invertebrates exposed to DEHP via contaminated
sediment. One study (Thompson et al., 1995, Brown et al., 1996) was performed with the midge
Chironomus riparius in good accordance with available guidelines (ASTM, 1993). DEHP in
acetone (4 ml) was added to a dried sediment portion and the solvent was evaporated before the
spiked portion was blended into wet sediment (resulting in a sediment portion with a total dry
weight of 170 g). No effect was observed on hatching and survival of the midges at the highest
tested concentration, 11,000 mg/kg (dwt).
In another study (Woin and Larsson, 1987), predatory dragonfly larvae were kept in aquaria for
60 days, exposed to DEHP contaminated sediment (DEHP added with 100 ml ethanol directly
into 10 litres of wet sediment). The sediment was left for 3 days to equilibrate with the phthalate
before water and larvae were added. The predation efficiency was 'significantly affected' by
15-25% compared to solvent control (containing 1 mg DEHP/kg (WWT)) at about 600 mg/kg
(WWT) (LOEC), the only concentration tested. According to TGD a NOEC can be calculated as
LOEC/2 when the effect percentage is 10-20%, resulting in a NOEC of about 300 mg/kg
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(WWT). Applying the factor of 2.6 set by TGD for converting sediment concentration from wet
weight to dry weight results in a NOEC of 780 mg/kg (dwt). However, the results from this study
are considered less reliable due to only one test concentration and the high amounts of ethanol
used when spiking the sediment.
The NOECsediment values for detritivorous and predatory invertebrates are > 11,000 and
780 mg/kg (dwt) respectively.

3.2.1.4

Toxicity to algae and higher plants

The toxicity data of DEHP to algae and higher plants are summarised in Table 3.78.
No measured LOEC values are available for algae or higher plants, only nominal effect
concentrations and “greater than” values. The long-term (7d) nominal EC50-values between 397
and 7,582 mg/l, reported for the macrophyte Lemna gibba (Davis, 1981) are several orders of
magnitude above the apparent solubility of DEHP. The actual effect concentrations in these tests
were therefore most likely lower than the reported. In addition, the comment that the toxicant
formed oil droplets etc. further supports that the actual concentration of dissolved DEHP in this
study, was considerably lower than the nominal values. This might also indicate that the
observed effects were due to physical effects, not relevant for environmental exposure
conditions.
The LOEC, 10 mg/l, reported for Scenedesmus quadricauda (Bringham and Kühn, 1980) and the
EC50 value, 30g/L, reported for the marine algae, Gymnodinium breve (Wilson et al., 1978) are
also far above reported solubility for DEHP. The actual effect concentrations are therefore, also
in these studies, probably lower than the reported nominal values and/ or the observed effects
might be due to physical interference.
Two studies exist with measured concentrations. In both these studies only one concentration of
DEHP was tested, and no effects were observed at these test concentrations, compared to the
controls:
a)

In one study Scenedesmus subspicatus was exposed to 130 mg/l in the presence of the
solubilizer MARLOWET R 40 (Hüls AG, 1995). The solubiliser might have affected the
availability of DEHP. This is not discussed in the report and hence the NOEC cannot be
used as a basis for PNEC.

b)

Selenastrum capricornutum was exposed to 0.1 mg/l (NOEC) without the use of a
vehicle (Adams et al., 1995). No LOEC was obtained.

From studies of toxicity on algae and higher plants it can only be concluded that it is impossible
from the current data to determine whether any effects observed in the toxicity tests may be
relevant to use for derivation of a PNEC for water.
Hence, from the available data, it is not possible to state a NOECwater for algae and higher plants.
3.2.1.5

Toxicity to micro-organisms

The toxicity data of DEHP to micro-organisms are summarised in Table 3.79.
Several different types of toxicity studies involving micro-organisms have been carried out with
DEHP. These include single species tests, tests on sediments as well as on sludge from sewage
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treatment plants (STP), and mesocosm studies. According to TGD results from model
ecosystems can be used in the risk assessment and should be reviewed on a case by case basis.
Three groups of studies have been identified. Each group are summarised separately in the
survey below: i) those in which natural communities from water compartments or single testspecies are exposed via water ii) those in which natural benthic communities are exposed via
contaminated sediment and iii) studies with sludge from STPs.
Exposure via water

There is only one study with micro-organisms in water, where the test concentrations were
measured. In a marine model ecosystem, no effects were observed at the highest DEHP
concentrations tested, 0.059 mg/l during winter and 0.016 mg/l during summer (Perez et al.
1983) (It should be noted that the marine conditions might have affected the bioavailability of
the substance).
Threshold concentrations (when effects start to occur, 3-5% growth inhibition) ranging between
19 and 53 mg/l are reported for three protozoa species (Bringmann and Kühn 1980, 1981). The
threshold concentrations are extrapolated from regressions between the (probably nominal)
NOEC and LOEC concentrations. However, the NOECs and LOECs are not reported. Neither
are the effect levels at higher concentrations. The extrapolated threshold concentrations are all
far above the apparent solubility level for DEHP, and the observed effects might be due to
exposure situations (e.g. aggregates of DEHP) which have no relevance for the environment.
Hence, these data cannot be used in order to derive a NOEC for protozoa.
Pseudomonas putida was exposed to DEHP in three different tests. In one of the studies 20%
inhibition of respiration was observed at concentrations between 19 and 2500 mg/l, but not at
higher concentrations (BASF AG, 1991). This study is therefore considered invalid. In the other
two studies an EC10 at the nominal concentration of 1,671 mg/l (in the presence of solubiliser)
(Hüls AG 1996) and a nominal NOEC at the highest tested concentration of 400 mg/l
(Bringmann and Kühn 1980) are reported.
Since only nominal concentrations were reported in the studies where effects were observed, a
NOEC- level for micro-organisms in water cannot be determined.
Exposure via sediment
Three unconventional studies deal with the effects of DEHP on natural microbial flora in
sediment.
Mesocosm studies are more likely to reflect reality, than are shorter laboratory studies. In a
marine mesocosm study 34% reduced ammonia flux from the benthic compartment was
observed at a sediment concentration of about 6.2 mg DEHP /kg (dwt) in the uppermost 7 cm of
the sediment (Perez et al. 1983). The effect was observed after 30 days of exposure, during
summer conditions. The next lower concentration was 0.2 mg/kg (dwt). In their discussion, Perez
et al. remark that a more realistic effect concentration, causing the reduced ammonia flux, would
be that of the uppermost 3 cm in the sediment where the concentrations were approximately
three times higher than the average concentration in the 0-7 cm layer. Therefore, for the purpose
of this risk assessment, a LOEC of 18.6 mg/kg (dwt) and a NOEC of 0.6 mg/kg (dwt) was
derived by multiplying the reported LOEC/NOEC values for the 0-7 cm layer by a factor of
about three. Weaknesses with this study are that there is no precise description of the effect
parameter used, and that the interval between the measured sediment concentrations is larger
than recommended (approximately 30 times). Therefore, the results from this study are
considered less reliable.

167

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

Larsson et al. (1986) observed reduced respiration rates in sediment cores spiked with DEHP.
Twenty hours of exposure resulted in a LOEC (17% inhibition of oxygen consumption) at 33.4
mg/kg (WWT). According to TGD a NOEC can be derived from LOEC/2 if the observed effect
level is between 10 and 20%. When applying this on the LOEC above a NOEC of 16.7 mg/kg
(WWT) is obtained. Application of a wet weight to dry weight conversion factor of 2.6 (TGD)
on these values results in a NOEC of 43 mg/kg (dwt) and a LOEC of 87 mg/kg (dwt). These
values were based on measured exposure figures that were calculated with the assumption that
all the added DEHP was evenly distributed in the uppermost five centimetres of the sediment
core. However, since the DEHP was injected 0.5 cm below the sediment water interface, a
concentration gradient with highest concentrations near the sediment surface was probably the
actual case in the analysed 5 cm layer. This may lead to an underestimation of the actual
exposure concentrations of approximately one order of magnitude. Therefore, the estimated
NOEC above cannot be used in the risk assessment. However, the results can be used as a
support to the study above, in the sense that DEHP may affect microbial processes in sediment.
A third briefly presented study showed no effect on freshwater sediment flora at a DEHP
concentration of 100 mg/l fresh sediment (Mutz and Jones, 1977).
To summarise these three sediment studies, the lowest NOECsediment was about 0.6 mg/kg (dwt)
and the corresponding LOECsediment was 18.6 mg/kg (dwt). This interval, between the NOEC and
LOEC values, was larger than recommended. In addition the actual exposure concentrations
were calculated from imprecise assumptions. Therefore, no firm conclusions can be drawn from
these studies regarding effects on microbially mediated processes in the sediment compartment.
Exposure via sludge
All results available for effects on microorganisms in STP sludge are based on nominal
concentrations, above the solubility level for DEHP in distilled water. However, the solubility of
DEHP in sludge mixtures is most likely higher than in distilled water, due to the association of
the substance to dissolved (organic) compounds. Since the bacteria are supposed to grow on the
organic material in the sludge-sewage mixture, they are also exposed to chemicals associated
with this material. In addition, Gibbons and Alexander (1989) showed that bacteria that are able
to grow on DEHP excrete products that increase the solubility of DEHP. Hence, in toxicity tests
with STP sludge inoculum, it is not irrelevant to use exposure concentrations exceeding the
molecular as well as the “apparent” solubility for DEHP.
Two studies indicate that DEHP might affect anaerobic processes in STPs, one study showing
suppression of the methanogenesis after 26-day exposure to DEHP (O'Connor et al., 1989), and
one “fermentation tube test” only accounted for in the IUCLID database. The reported NOECs
are 100 and < 10-20 mg/l respectively. The NOEC from the latter study cannot be used since no
further information on the study has been made available to us (the Industry claims that the
method used in the study “was not a satisfactory procedure” and “should not be considered valid
for the purpose of the risk assessment”).
The effect of DEHP on respiration in activated sludge was tested in three studies. In one case the
respiration was reduced by 14% at 0.4 mg/l (LOEC), compared to control (Volskay and Leslie
Grady, 1988). The origin of the activated sludge was not reported. Since a test is considered
valid if the respiration rates of the controls are within 15% of each other (according to the OECD
guideline 209) an effect level of 14%, with only one concentration tested, cannot be considered a
significant effect. Therefore this study cannot be used in order to establish a NOEC for the risk
assessment. In another study, which was performed with activated sludge from an industrial
(BASF) treatment plant, no effect was observed at the highest concentration tested, 1,960 mg/l
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(BASF AG 1983). This sludge was probably preadapted to DEHP, and the study is therefore
considered invalid in order to establish a NOEC for this RAR. In a recent study (Hüls Infracor,
1999), DEHP was added both directly and with emulsifier (TWEEN 80) to activated sludge from
the municipal treatment plant Marl-West, treating predominantly domestic sewage. No inhibition
of activated sludge respiration was observed at the highest tested DEHP concentrations, 2,007
mg/l (without emulsifier) and 1,000 mg/l (with TWEEN 80) respectively (no explanation is
given why different max. conc. were used). We consider the test without emulsifier as most
relevant. Hence, the lowest available NOEC for respiration is (>) 2,007 mg/l.
An overall conclusion: Most of the reviewed studies above, on effects of DEHP on
microorganisms in different media indicate that DEHP is not harmful to microorganisms.
However, a couple of the studies indicate that DEHP might affect especially anaerobic bacteria/
processes in sediment and also in sludge at long-term exposure (e.g. Perez et al., 1983; O'Connor
et al., 1989; and the unpublished “fermentation tube test” from IUCLID). Effects (nonsignificant) on Pseudomonas were also indicated in soil tests (see Section 3.2.3.3).

3.2.1.6

PNEC Water

Short term and/or long-term effect studies, where the test organisms are exposed to DEHP via
water, are available for fish, amphibians, aquatic invertebrates, algae, higher plants, and microorganisms. However, there are no reliable long-term studies below the apparent water solubility
of DEHP indicating effects on organisms exposed to DEHP in water. Therefore, it is not
considered suitable to specify a chronic NOEC for organisms exposed via water.
Hence a PNECwater cannot be specified.
However, there are studies showing effects of DEHP when fish are exposed via the food. A
NOEC of 160 mg/kg food (ww) can be derived from two studies where effects of DEHP
(administered via food) on gonadal development of Atlantic salmon were found (Norrgren et al.,
1999, Norman et al.). TGD does not give any guidance on how to use results from studies were
the test organisms have been exposed via the food only. However, as food probably is the most
relevant exposure route for fish this NOEC will be used in the risk assessment. Applying an
assessment factor of 10 leads to a PNECfood of 16 mg/kg (fresh food).
3.2.1.7

PNEC Sediment

Standardised sediment tests are under development and therefore no specific method has so far
been specially recommended by TGD for use in risk characterisation, but greater weight should
normally be attached to studies carried out according to current methods (e.g. EC, OECD, or
EPA) (TGD). However, based on an ad-hoc sub-group meeting on sediment toxicity testing at
TM IV (Nov. 1998), an ongoing revision work of TGD was initiated. In this work long-term tests
with Chironomus riparius / C. tentans, Lumbriculus variegatus / Tubifex tubifex and Hyalella /
Gammarus are recommended as test organisms, representing different habitats and feeding
strategies (Minutes: TM IV, ’98, Annex 8).
Several studies, mostly applying unconventional test methods, exist in which organisms are
exposed to DEHP in sediment. In these studies, which involve organisms from several trophic
levels (micro-organisms, detritivorous and predatory insect larvae, and amphibians), different
methods have been used in order to distribute the DEHP homogeneously into the sediments.
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Since no unanimous guidance exists on how to spike poorly soluble substances into sediments,
none of the studies have been invalidated due to the spiking method.
In TGD it is presumed that sediment toxicity data does not exist, hence, no guidance is given
how to use assessment factors on such data. In the ongoing revision work of TGD it has been
proposed that an AF of 10 can be used when three long-term tests with species representing
different living and feeding conditions are available (draft Technical Recommendation, TGD,
Chapter 3, Section 5.2). For the water compartment “micro-organisms representing a further
trophic level may only be used if non-adapted pure cultures was tested” according to TGD. We
consider that the sediment compartment is an especially important habitat for micro-organisms,
and think that tests with a natural micro-organism population could be regarded as representative
for a further trophic level.
The available studies with sediment-dwelling organisms exposed to DEHP show largely varying
results. Short-term and long-term tests with Chironomus spp. larvae did not result in any effect at
the highest concentrations tested, 3,000 (the only concentration tested) and 11,000 mg/kg (dwt)
respectively. The latter value represents the NOECsediment for midges (detritivorous
invertebrates). The more unconventional studies indicated a NOECsediment for predatory
invertebrates of 780 mg/kg (dwt), derived from the study with dragonfly larvae. However this
study is considered less reliable and is only used as an indication that effects may occur, since
only one concentration was tested. For amphibians, a NOECsediment > 1,000 mg/kg (dwt) was
obtained. Studies with natural benthic micro-organisms flora indicate that effects on microbially
mediated processes might occur at sediment concentrations around 1mg/kg (dwt) (see
Section 3.2.1.5).
These NOEC values indicate that the midge larvae are less sensitive than other benthic species.
This hypothesis is supported by a summary of acute toxicity studies with nine different
organisms exposed to 14 different phthalate esters via water. It appeared from this study that the
midge Paratanytarsus parthenogenetica was less sensitive to phthalate esters than were species
from other trophic levels (Adams et al., 1995). Södergren (1982) showed in static model
ecosystems, with addition of 14C-labelled DEHP that the bioaccumulation factor for Chironomus
sp. was low (up to 20 times lower) compared to BAFs for other benthic organisms. Therefore, it
seems likely that midge larvae are less sensitive than other species to exposure of sediment
associated DEHP.
Although many questions remain regarding the different sediment studies, the results taken
together indicates that effects of DEHP in the sediment compartment may arise at concentrations
around 1mg/kg (dwt). However, the results from the micro-organism studies are considered less
reliable due to methodological uncertainties and will therefore not be used to derive a PNEC
sediment. Furthermore, studies on microorganisms in sludge and soil (see Setion 3.2.3.3) do not
indicate effects at such low exposure levels. The NOEC of > 1,000 mg/kg derived from the frog
studies is chosen for the derivation of a PNECsediment. Effect studies exist with organisms from
three (four?) trophic levels. Therefore an assessment factor of 10 is used, resulting in a PNEC of
>100 mg/kg (dwt).
Since no PNECwater could be determined, the equilibrium partitioning method, given in TGD,
cannot be used to estimate PNECsediment.
PNECsediment = > 100 mg/kg (dwt)
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3.2.1.8

PNEC for micro-organisms in STP

According to TGD the PNECmicro-organisms is set equal to a NOEC from a test performed with
specific bacterial populations like nitrifying bacteria and Pseudomonas putida. (It is however
stated in TGD that results from the cell inhibition test with P. putida “should be treated with
care” when used for affect assessment for STP). When this is applied on the results discussed
above for P. putida a PNEC > 400 mg/l is obtained.
The Technical Recommendation for TGD (Doc. ECB4/TR1/98, Chapter 3, Section 4) recognises
the importance of - especially ciliated - protozoa for the functioning of conventional STPs. “The
function of the protozoa in STP is correlated to their growth”. It is therefore stated that growth
inhibition tests with ciliated protozoa are relevant for the risk assessment for STPs. There are
studies available indicating that DEHP causes growth inhibition of protozoa, at concentrations
>19 mg/l.
However, both the results for protozoa and for P. putida are based on single species tests in
water from which only nominal (?) NOECs, far above the apparent solubility level, are reported.
Therefore, they cannot be used in order to derive a PNECSTP.
Also in studies carried out with activated sludge, only nominal concentrations were reported.
However, these studies were considered valid since the solubility of DEHP in such tests is most
likely higher than in clean water, due to the association of the substance to dissolved (organic)
compounds. The results from such tests indicated effects on the anaerobic processes A NOEC at
100 mg/l was obtained for suppression of methanogenesis. This result was obtained in a 26 days
test and it is stated in TGD that “short-term measurements in terms of hours (e.g. 10 hours) are
preferred, in accordance with the retention time in a STP”. Therefore, this study is not used in
order to obtain a PNECSTP. However, it indicates that the fermentation step in the treatment of
sewage sludge could be affected by high concentrations of DEHP in the sludge.
Only one study on respiration in activated sludge was considered valid for the risk assessment.
The NOEC from this study was 2,007 mg/l (highest tested conc.).
To summarise, according to TGD only the NOEC for respiration in activated sludge can be used
to obtain a PNECSTP for the purpose of this risk assessment. According to TGD an assessment
factor of 10 should be used on NOECs obtained from respiration tests. Hence, the PNECSTP is
> 201 mg/l.
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Effect conc.
(mg/l)

20oC
St
M

96 hours

Mortality

LC50

> 0.16

Adams et al. (1995)

Cyprinidon
variegetus
Ma

25oC
Fl
M

96 hours

Mortality

LC50

> 0.17

Springborn Bionomics (1984a)
Adams et al. (1995)

Lepomis
macrochirus

St

96 hours

Mortality

LC50

> 0.20

Adams et al. (1995)

Oncorhynchus
mykiss

11oC
Fl
M

96 hours

Mortality

LC50

> 0.32

EG and G Bionomics (1983a)
Adams et al. (1995)

Brachydanio rerio

Se

96 hours

Mortality

LC50

> 0.32

in Dutch

Canton et al. (1984)

Jordanella floridae 23±2oC
(larvae 1-2 d,
Se
juvenile 4-5 w)

96 hours

Mortality

LC50

> 0.32

in Dutch

Adema et al. (1981)

Oryzias latipes
(larvae 1-2 d,
juvenile 4-5 w)

23±2oC
Se

96 hours

Mortality

LC50

> 0.32

in Dutch

Poecilia reticulata

23±2oC
Se

96 hours

Mortality

LC50

> 0.32

in Dutch

Gasterosteus
aculeatus

19±1oC
Se

96 hours

mortality

LC50

> 0.32

Van den Dikkenberg (1989)

Lepomis
macrochirus

22oC
St

96 hours

mortality

LC50

> 0.32

EG and G Bionomics (1983b)

Pimephales
promelas

Comment

Reference
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Table 3.71 continued overleaf

Vehicle

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

Endpoint,

T2
St, Se, Fl3
M, N4

Tables o feffect studies for the aquatic environment

Exposure
period

Species
(Life stage, age)
Ma, Br1

3.2.1.9
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Table 3.71 continued Short term toxicity to fish
Species
(Life stage, age)
Ma, Br1

T2
St, Se, Fl3
M, N4

Pimephales
promelas

Exposure
period

Endpoint,

Effect conc.
(mg/l)

T?
Fl

96 hours

mortality

LC50

> 0.327

Oryzias latipes

T?
Fl

96 hours

mortality

LC50

> 0.67

Oncorhynchus
mykiss

T?
Fl

96 hours

mortality

LC50

> 19.5

Pimephales
promelas

22oC
Fl
M

96 hours

mortality

LC50

> 0.67

Oryzias latipes

20±1oC
St

48 hours

Mortality

LC50

-

Pimephales
promelas

T?
St

96 hours

Mortality

LC50

>5

Waggy and Payne (1974)

Ictalurus
punctatus

T?
St

96 hours

Mortality

LC50

> 10

Mayer and Sanders (1973)

Lepomis
macrochirus

T?
St

96 hours

Mortality

LC50

> 10

Pimephales
promelas

T?
St

96 hours

Mortality

LC50

> 10

Salmo gairdneri

T?
St

96 hours

Mortality

LC50

> 10

96 hours

Mortality

LC50

> 10

Table 3.71 continued overleaf

Comment

Reference

DeFoe et al. (1990)

EG and G Bionomics (1983c)
Adams et al. (1995)
Test concentrations not reported. The study
comprised toxicity tests on 22 substances with
four organisms for comparison. The LC50 is
reported to be higher than the highest tested
concentration (≥ saturation). Solubility
reported to be < 1 mg/l.

No mortality.
No details given on experimental procedure.

Yoshioka et al. (1986)

Zitko (1972)
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Salmo salar

Vehicle

Species
(Life stage, age)
Ma, Br1

T2
St, Se, Fl3
M, N4

Vehicle

Brachydanio rerio

20±2oC
Se
M

Ictalurus
punctatus

Endpoint,

Effect conc.
(mg/l)

Reference

Marlowe 96 hours
t R 40
100mg/l

Mortality

LC50

> 100

One test concentration . No mortality

Menzel (1995)

20oC
St
N?

96 hours

Mortality

LC50

> 100

No information on test procedures. Only LC50- Johnson and Finley (1980)
value given.

Lepomis
macrochirus

17oC
St
N?

96 hours

Mortality

LC50

> 100

No information on test procedures. Only LC50value given.

Oncorhynchus
kisutch

16oC
St
N?

96 hours

Mortality

LC50

> 100

No information on test procedures. Only LC50value given.

Salmo gairdneri

12oC
St
N?

96 hours

Mortality

LC50

> 100

No information on test procedures. Only LC50value given.

Lepomis
macrochirus

18±0.5oC
St
N

96 hours

Mortality

LC50

> 250

No mortality at highest tested concentration.

Bionomics INC. (1972)

Oncorhynchus
mykiss

15±1oC
St
N

emulsifie 96 hours
d by
mechani
cal
means

Mortality

LC50

540

The authors postulate that the test emulsions
may have killed primarily by means of a
physical coating action on the fish. Dead fish
were coated, possibly by the test compound
and fish were observed to stay near the
surface and cough throughout the test.

Hrudey et al. (1976)

Cyprinidon
variegetus

T?
St
N

96 hours

mortality

LC50

> 550

No mortality at highest tested concentration.

Heitmuller et al. (1981)

48 hours

Mortality

LC50

> 1,000

In Finnish.
No mortality

Silvo (1974)

Salmo gairdneri
Table 3.71 continued overleaf
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Ma

Exposure
period
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Table 3.71 continued Short term toxicity to fish
Species
(Life stage, age)
Ma, Br1

T2
St, Se, Fl3
M, N4

Oryzias latipes

T?
St or Se
N

1)
2)
3)
4)

Vehicle

Exposure
period

Endpoint,

Effect conc.
(mg/l)

48 hours

Mortality

LC50

> 3,000

Comment

Reference

No information on mortality.

Ministry of International Trade
and Industry (1992)

Marine/ Brackish organism (otherwise freshwater)
Temperature in ºC
Static, Semistatic or Flow through
Measured or Nominal concentrations

Table 3.72 Chronic (long term) toxicity to fish exposed via the water
Species
(Life stage, age)
Ma, Br1

T2
Vehicle
St, Se, Fl3
M, N4

Exposure
period

Endpoint

Effect conc.
(mg/l)

Comment

Reference

Pimephales promelas
(7.5 months)

25oC
Fl
M

56 days

Mortality
growth

NOEC

> 0.062

test conc. 0, 0.0019, 0.0025, 0.0046,
0.0081, 0.014, 0.030, 0.062 mg/l

Mehrle and Mayer (1976)

Oryzias latipes
(larval 1- 3 d)

25 ±1oC
Fl

168 days

Growth
survival

NOEC

< 0.554

significant (p= 0,05) weight reduction,
13,4%, when compared to control
No effects on survival

DeFoe et al. (1990)

Poecilia reticulata
(juvenile 3-4 w)

?
?
?

DMSO
0.1ml/l

35 days

Mortality
growth

NOEC

> 0.32

Salvelinus fontinalis
(adult 1.5 year)

9-15oC
Fl
N

Acetone
Conc.?

150 days

reduced vertebral LOEC
collagen levels
NOEC
increased
hydroxyproline
levels in collagen

0.0037
< 0.0037

No effect on growth

Salmo gairdneri
(embryo, eyed egg)

10oC
Fl
N

Acetone
Conc.?

90 days

reduced vertebral LOEC
collagen levels
NOEC

0.014
0.005

No effect on growth

Adema et al. (1981)

Mayer et al. (1977)
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Table 3.72 continued overleaf

Acetone
0,25 ml/l

Species
(Life stage, age)
Ma, Br1

T2
Vehicle
St, Se, Fl3
M, N4

Exposure
period

Endpoint

Pimephales promelas
(juvenile 10 d)

25oC
Fl
N

127 days

reduced vertebral LOEC
collagen levels
NOEC
increased
hydroxyproline
levels in collagen

1)
2)
3)
4)

Acetone
Conc.?

Effect conc.
(mg/l)
0.011
< 0.011

Comment

Reference

No effect on growth

Marine/ Brackish organism (otherwise freshwater)
Temperature in ºC
Static, Semistatic or Flow through
Measured or Nominal concentrations

Table 3.73 Fish: Embryo larval studies, short term and long-term exposure
T2
Vehicle
St, Se, Fl3
M, N4

Exposure
period

Endpoint

Effect conc.
(mg/l)

Comment

Reference

Ictalurus punctatus
(Embryo larval)

29-31oC
Se
N

Acetone
0, 4 - 4
mg/l

7 days

Mortality
4 d post hatch

LC50
95% C.L
NOEC

0.69
0.55-0.86

DOP, DEHP according to.
Canadian Water Criteria
Guidelines

Birge et al. (1978)

Lepomis microlupus
(Embryo larval)

20-24 oC
Se
N

Acetone
0, 4 - 4
mg/l

7-8 days

Mortality
4 d post hatch

LC50
95% C.L
NOEC

6.18
4.65 - 8.04

Micropterus salmoides
(Embryo larval)

20-24 oC
F
M

7-8 days

Mortality
4 d post hatch

LC50
NOEC
LC50
NOEC

55.7

Hardness 45-55 mg CaCO3/l

Birge et al. (1979)

45.5

Hardness 190-225 mg CaCO3/l

Micropterus salmoides
(Embryo larval)

20-24 oC
F
M

7-8 days

Mortality
4 d post hatch

LC50
NOEC
LC50
NOEC

42.1

Hardness 45-55 mg CaCO3/l

32.9

Hardness 190-225 mg CaCO3/l

Table 3.73 continued overleaf

Birge et al. (1978)
Same study as Birge et al 1979 but
slightly different LC50-values reported.
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Species
(Life stage, age)
Ma, Br1
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Table 3.72 continued Chronic (long term) toxicity to fish exposed via the water

Table 3.73 continued Fish: Embryo larval studies, short term and long-term exposure
Species
(Life stage, age)
Ma, Br1

T2
Vehicle
St, Se, Fl3
M, N4

Exposure
period

Endpoint

Effect conc.
(mg/l)

Comment

Reference

Salmo gairdneri
(Embryo larval)

12.514.5oC
F
M

26 days

Mortality
4 d post hatch

LC50
NOEC
LC50
NOEC

139.5

Hardness 45-55 mg CaCO3/l

149,2

Hardness 190-225 mg CaCO3/l

Birge et al. (1978)
Birge et al. (1979)

Carassius auratus
(Embryo larval)

T?
F
M

8 days

Mortality
4 d post hatch

LC50
NOEC
LC50
NOEC

> 186

Hardness 45-55 mg CaCO3/l

> 191

Hardness 190-225 mg CaCO3/l

Salmo gairdneri
(Embryo-larval)

10oC
Fl
M

102 days
(12+90)

Hatchability
mortality
5 d post hatch

NOEC
NOEC
LOEC

> 0.05
0.005
0.014

Mehrle and Mayer (1976)

Oncorhynchus mykiss
(Embryo-larval)

10 ± 1oC
Fl

90 days

Hatchability
survival
growth

NOEC

> 0.502

DeFoe et al. (1990)

Oncorhynchus mykiss
(Embryo-larval)

Fl
M

19 days

NOEC

> 0.00097

Oncorhynchus mykiss
(Embryo-larval)

Fl
M

70 days

Hatchability
survival
growth

NOEC

> 0.0073

Jordanella floridae
(Embryo-larval)

Se
N

28 days

Mortality
egg
development
growth

NOEC

>= 0.32

in Dutch

Oryzias latipes
(Embryo-larval)

Se
N

28 days

Mortality
egg
development
growth

NOEC

>= 0.32

in Dutch

preliminary range finding study.
Rhodes and McAllister (1990)
embryos (approx. 24 h pre hatch)
exposed until 18 days post
hatch)
Cohle and Stratton (1992)

Adema et al. (1981)
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Table 3.73 continued overleaf

Acetone
0.28 ml/l

Birge et al. (1979)

T2
Vehicle
St, Se, Fl3
M, N4

Endpoint

Effect conc.
(mg/l)

Gasterosteus aculeatus 19±1oC
Se

35 days

Mortality
egg
development
growth

NOEC

> 0.32

Brachydanio rerio
(Embryo-larval)

Se
N

35 days

Mortality
development
growth

NOEC

> =1

Oryzias latipes
(Embryo-larval)

Se
N

Ethanol < newly
100µg/l fertilised
eggs
exposed
until hatch

Oryzias latipes
(Embryo-larval)

Se
N

Ethanol

Oryzias latipes
(Embryo-larval)

S
N

Acetone

Oryzias latipes
(Embryo-larval)

Se
N

Oryzias latipes
(Embryo-larval)

Se
N

Table 3.73 continued overleaf

Acetone

Comment

Reference

Van den Dikkenberg (1989)

in Dutch

Canton et al. (1984)

Hatching time,
hatching
success, sex
ratio, GSI,
mortality, body
weight

Test concentrations 0, 0.01, 0.1,
1.0 and 10.0 µg/l.
No dose dependent effects were
seen except for decreased body
weights in male fish.

Chikae et al. (2004a)

3 weeks
after
hatching

mortality, body
weight, sex
ratio, GSI,

Test concentrations 0, 0.01, 0.1,
1.0 and 10.0 µg/l.
Effects on body weight, GSI and
mortality were observed.,
however, not dose dependent.

Chikae et al. (2004b)

5 days

Blood samples
analysed for
vitellogenin

Test concentrations 0, 10, 50 and Kim et al. (2002)
100 µg/l.

1 or 2 dph
to 3
months

Vitellogenin,
GSI and
histological
analysis of
reproductive
organs

Test concentrations 0, 10 and 50
µg/l.

Kim et al. (2002)

1 dph- 90
dph

Sex ratio,
intersex
morphometry

Test concentrations 0, 500, 1000
and 5000 µg/l.

Metcalfe et al, (2001)

FINAL REPORT, 2008

Exposure
period

Species
(Life stage, age)
Ma, Br1

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

178

Table 3.73 continued Fish: Embryo larval studies, short term and long-term exposure

Table 3.73 continued Fish: Embryo larval studies, short term and long-term exposure
Species
(Life stage, age)
Ma, Br1

T2
Vehicle
St, Se, Fl3
M, N4

Oryzias latipes
(Embryo-larval)

Se
N

1)
2)
3)
4)

Exposure
period

Acetone Adult
<100µg/l males
exposed 2
weeks

Endpoint

Effect conc.
(mg/l)

No. of eggs,
hatching rate

Comment

Reference

Test concentrations 39, 120 and
390µg/l.

Shioda and Wakabashi (2000)

Marine/ Brackish organism (otherwise freshwater)
Temperature in ºC
Static, Semistatic or Flow through
Measured or Nominal concentrations

Table 3.74 Fish: Chronic (long term) toxicity to fish exposed via the diet (or intra-peritoneally)
Species
(Life stage, age)
Ma, Br1

T2
St, Se, Fl3
M, N4

Exposure Test
period
duration

Endpoint, effect
parameter

Effect conc.
(mg/kg in food)

Comment

Reference

Mayer and Sanders (1973)

Brachydanio rerio

90 days

Reproduction rate
Fry survival

NOEC
LOEC

< 50
50

Test conc,.50 and 100 mg/kg in food
Considered invalid due to 49% mortality in control

Poecilia reticulata

90 days

Reproduction rate

NOEC

100

Test conc:100 mg/kg in food, Non-significant effects
were observed

Gadhus morhua

121 days

Steroid metabolism

NOEC
LOEC

10
100

No significant differences in steroid metabolic
profiles in male fish at highest dose (1000 µg
DEHP/g food) compared to control.

Freeman et al. (1981)

Salmo salar
Table 3.74 continued overleaf

4 weeks

5m

Sex ratio and liver
somatic index

NOEC
LOEC

300
1,500

Test conc.: 300 and 1500 mg/kg food

Norrgren et. al (1999)
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In female fish there was a significant alteration of
steroid biosynthetic pathways in the head kidneys
and ovaries of the DEHP-fed fish. The ratios of 11deoxycortisol from 100 and 1000 µg DEHP/g
groups were greater than twice the observed ratios
obtained from the control and 10 µg DEHP/g.

Exposure Test
period
duration

Endpoint, effect
parameter

Effect conc.
(mg/kg in food)

Comment

Reference

Salmo salar

4 weeks

Intersex (ovotestis)

NOEC
LOEC

800
1,500

Test conc.: 400, 800 and 500 mg/kg food

Norman et al (manuscript)

Salmo gairdnerii

7 weeks

Lipid metabolism

NOEC
LOEC

<
Test conc.: 20g/kg
20,000
20,000

Species
(Life stage, age)
Ma, Br1

1)
2)
3)
4)

T2
St, Se, Fl3
M, N4

9m

Henderson and Sargent
(1983)

Marine/ Brackish organism (otherwise freshwater)
Temperature in ºC
Static, Semistatic or Flow through
Measured or Nominal concentrations

Table 3.75 Chronic (long term) toxicity to Amphibians
Study Species, organism
No5
(Life stage, age)
Ma, Br1

T2
St, Se, Fl3
M, N4

Vehicle

Exp. End-point
period

Effect conc.

Exposure via water
1

Xenopus laevis
(newly spawned eggs)

Comment

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE
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Table 3.74 continued Fish: Chronic (long term) toxicity to fish exposed via the diet (or intra-peritoneally)

Reference

(mg/l)
21°C
Se

methyl alcohol 3 m
(10ml/6L),?

larval
see
development, comment
growth,
survival

-

Dumpert and
Nominal concentrations: control, solvent control, 0.5, 1, 5, 20 mg/l.
The test organisms were exposed from newly spawned eggs until fully Zietz (1983),
Dumpert. (1981)
developed frogs
The results indicate an embryotoxic effect of DEHP, but there was no
dose-response relationship
The observed effects were also seen for the solvent control (methyl
alcohol)
No conclusion regarding effects of DEHP can be drawn from this study

Table 3.75 continued overleaf
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Table 3.75 continued Chronic (long term) toxicity to Amphibians
Study Species, organism
No5
(Life stage, age)
Ma, Br1

T2
St, Se, Fl3
M, N4

Vehicle

Exp. End-point
period

Effect conc.

Exposure via water

Reference

(mg/l)

2

Xenopus laevis
(newly spawned eggs)

Se
M

DEHP in 1/5
Holfreter
solution

3

Bufo fowleri
(newly fertilised eggs)

20-24°C
Se (12h)
N?

4

Rana pipiens
(newly fertilised eggs)

20-24°C
Se (12h)
N?

200 d

Dumpert and
Measured, the only concentration tested (single application and
Zietz (1983),
repeated weekly application), tap water control, Holfreter control.
Effect at repeated application, no effect at single application of DEHP Dumpert. (1981)
The test organisms were exposed from newly spawned eggs until fully
developed frogs
The developmental time was doubled at DEHP-exposure
Developmental retardation, to a lesser degree, was also observed for
the Holfreter control.
A high frequency of unhatched eggs (> 50%) in all treatments as well
as in the controls.

retarded
NOEC
development LOEC
time,
reduced
pigmentation
of tadpoles

<2
2

acetone (0.04 7-8 d
4000 µg/l,
depending on
toxicant conc.)

survival

LC50
LC1(extrap
olated)

Birge et. al.
3.88 Nominal? (”Exposures were based on initial toxicant concentration”)
(1978)
0.06 control, acetone control, 0.01, 0.1, 1, 10, 100 mg/l. The chemical is
named dioctylphthalate (DOP), but is actually DEHP according to the
Canadian water criteria guidelines (1993).
The test organisms were exposed from newly fertilised eggs to 4 days
old tadpoles, Hatching occurred at days 3-4. The solvent was added at
different concentrations, but no significant effect was observed in the
solvent control. The study is considered invalid for the purpose of the
risk assessment.

acetone (0.04 7-8 d
4000 µg/l,
depending on
toxicant conc.)

survival

LC50
LC1
(extrapolat
ed)

Birge et. al.
4.44 Nominal? (”Exposures were based on initial toxicant concentration”)
(1978)
0.18 control, acetone control, 0.01, 0.1, 1, 10, 100 mg/l. The chemical is
named dioctylphthalate (DOP), but is actually DEHP according to the
Canadian water criteria guidelines 1993).
The test organisms were exposed from newly fertilised eggs to 4 days
old tadpoles, Hatching occurred at days 3-4. The solvent was added at
different concentrations, but no significant effect was observed in the
solvent control. The study is considered invalid for the purpose of the
risk assessment.
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Table 3.75 continued overleaf

Comment

Study Species, organism
No5
(Life stage, age)
Ma, Br1

T2
St, Se, Fl3
M, N4

Vehicle

Exp. End-point
period

Effect conc.

Exposure via water

Comment

Reference

(mg/l)

5

Rana arvalis
Moor frog
(2-3 days old eggs)

5°C
St
M

ethanol (equal 60 d
amounts in all
treatments

Hatching
NOEC
success,
LOEC
tadpole
EC50
survival rate

Larsson and
25 Nominal concentrations, solvent control, 10, 25, 50, 200, 400, 800
75 mg/kg ww. Measured concentrations 0.9, 8.8, 23.7, 54.5, 119.5, 131.3, Thurén (1987)
650 431.4, 784.8 mg/kg ww
The test organisms were exposed from 2-3 days old eggs to about 40
days old tadpoles. The tadpoles started to hatch after 3 weeks of
exposure. Five replicates, 100 eggs per replicate.
DEHP in ethanol (volume not known) added directly to wet sediment
without evaporation of the vehicle before the exposure started.
DEHP purity 97%
The dose- response curve levels off.
LOEC and NOEC were not reported. For this evaluation sample is read
from the dose-response curve and LOEC is set as the first
concentrations (measured) that significantly (p < 0.05) differs from the
control according to one-tailed T-test. (The next lower dose =NOEC). A
dry weight content of about 33% has been used to convert the
concentrations to dw.

6

Rana arvalis
Moor frog
(4 days old eggs)

10°C
St
M

acetone

Hatching
NOEC
success,
LOEC
tadpole
survival rate,
growth

433 Nominal concentrations: Control, solvent control, spiking method control Wennberg et.
al. (1997)
>433 (ethanol, 300 mg/kg dw) 15, 30, 50, 100, 150, 300, 600 mg/kg dw.
Measured conc.: 2.5, 2.5, 305, 13, 28, 41, 77, 137, 223, 433 mg/kg dw..
The tadpoles started to hatch after 1.5 weeks of exposure
The test organisms were exposed from 4 days old eggs to about
20 days old tadpoles.
DEHP added with acetone to dried sediment. Vehicle evaporated
before start of exposure.
DEHP purity 99%
No statistics are reported. Standard errors for the means overlapped,
why no further statistical analysis was conducted.
No effect was observed for the ”Ethanol” control..

Marine/ Brackish organism (otherwise freshwater)
Temperature in ºC
Static, Semistatic or Flow through
Measured or Nominal concentrations
References
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Table 3.75 continued Chronic (long term) toxicity to Amphibians

Table 3.76 Acute (short term) toxicity to aquatic invertebrates
Study Species, organism T2
Vehicle Exp.
No5 (Life stage, age) St, Se, Fl3
period
Ma, Br1
M, N4

Endpoint

Effect conc.

Exposure via
water

Comment

References

mg/l
> 0.113
0.113
> 0.102
0.102
< 1.03
< 1.03
> 0.114
0.114
> 0.166
0.166
< 1.04
< 1.04

Buchen and
6 test protocols. Concentrations in the tests:
Vogel (1995)
1) 8.8, 18, 24, 35, 47, 71, 94, 113 µg/l
2) 8.0, 16, 21, 32, 42, 64, 85, 102 µg/l
3) 1.0, 5.1, 10,2 mg/l
4) 8.9, 18, 24, 36, 48, 72, 95, 114 µg/l
5) 13, 26, 35, 52, 69, 104, 138, 166 µg/l
6) 1.0, 5.2, 10.4 mg/l
Tests without solubilizer. In four tests with concentration up to 0.17 mg/l no surface
film or flotation of daphnids were observed. In these tests no adverse effects were
observed at the highest tested concentration. In two tests with concentrations above 1
mg/l a surface film of DEHP and flotation of daphnids were reported. In these tests all
daphnids died in all test concentrations.

Acetone, 48 hours Immobi- EC50
lisation
≤ 0.5
ml/l

0.133

5 concentrations and a solvent control.
The report comprises acute toxicity test with Daphnia pulex on 30 compounds.
The authors reported that, for some substances, the nominal concentration required
to achieve 50% or greater immobilisation of organisms exceeded the solubility, as
evidenced by cloudiness, precipitation or a surface film. Substances with solubility
problems are noted in a table. However, DEHP has no such note.

Passino and
Smith (1987)

-

> 0.16
0.16

Mean measured concentration value from test performed with a control and a single
test concentration at or near the water solubility limit of DEHP.
No adverse effects observed at this concentration. DEHP was not acutely toxic up to
its apparent limit of water solubility in the test solution. No solvent used.

Adams et al.
(1995)

1

Daphnia magna
(≤ 24 h)

20°C
M

-

2

Daphnia pulex
(≤ 24 h)

17°C
St
N

3

Daphnia magna
(≤ 24 h)

20°C
St
M

48 hours Survival 1) EC50
NOEC
2) EC50
NOEC
3) EC50
EC100
4) EC50
NOEC
5) EC50
NOEC
6) EC50
EC100

48 hours Survival LC50
NOEC

Cox and Moran
(1984)

Table 3.76 continued overleaf
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Springborn
bionomics
(1984a)

Vehicle Exp.
Study Species, organism T2
period
No5 (Life stage, age) St, Se, Fl3
Ma, Br1
M, N4

Endpoint

Effect conc.

Exposure via
water

Comment

References

mg/l

Daphnia magna
(≤ 24 h)

20°C
St
M

Acetone, 48 hours Immobi- EC50
0.5 ml/l
lisation NOEC

> 0.304
0.304

Nominal conc.: 0 (control), 0 (solvent control), 0.056, 0.10, 0.18, 0.32 mg/l.
Mean measured conc.: 0 (contr.), 0 (solv. contr.), 0.047, 0.088, 0.169, 0.304 mg/l.
No adverse effects were observed at the highest tested concentration.
Daphnia floated on the surface after 48 hours, 25% at 0.169 mg/l and 100% at
0.304 mg/l.

Brown and
Thompson
(1982a)

5

Daphnia carinata

20°C

?

0.33

Test concentrations not reported. The study comprised toxicity tests on many
substances with seven organisms for comparison. Test performance and results are
very briefly described. No floating Daphnia or surface film mentioned.

Yoshioka et al.
(1987)

6

Daphnia magna
(≤ 24 h)

20°C
St
N

Tween 48 hours Immobi- EC50
20, 10
lisation NOEC
mg/l
Marlowe
t R 0, 10
mg/l

>1
1

Nominal concentrations: 0 (control), 0 (solubilizer control), 1 mg/l.
Two tests with different dispersants.
No immobilisation and no floaters at the tested concentration.

Brown et al.
(1998)

7

Daphnia magna
(≤ 18 h)

24°C
St
N

Ethanol, 48 hours Survival EC50
NOEC
1 ml/l
LOEC

2.0
<1
1

Adams and
Concentrations: 0 (control), 0 (solvent control), 1, 2.5, 5, 10, 20 mg/l.
Heidolph (1985)
One of the reports, Adams andHeidolph (1985), comprises acute toxicity tests with
Daphnia magna on 18 substances. Adams (1978) appears to be the original report on Adams (1978)
the DEHP test.
No floating Daphnia or surface film mentioned.

8

Daphnia magna
(≤ 24 h)

22°C
St
N

?

11
1.1

5 or more concentrations, a control and (probably) a solvent control. The report
comprises acute toxicity test with Daphnia magna on 74 chemical substances.
No floating Daphnia or surface film mentioned.
For DEHP probably a co-solvent was used (triethylene glycol, ethanol, acetone or
dimethylformamide) or the chemical was added directly to the diluent water.

LeBlanc (1980)

9

Daphnia magna
(≤ 24 h)

20°C
St
N

Marlowe 48 hours Immobi- EC50
t R 40,
lisation NOEC
100mg/l

> 100
100

Nominal concentrations: 0 (control), 0 (solubilizer control), 100 mg/l.
The geometric means of measured concentrations at 0 hours and 48 hours do not
deviate by more than 20% from the nominal values. The nominal values are used.
No floating Daphnia or surface film mentioned
No adverse effects observed at this concentration

Scholz (1995a)

Table 3.76 continued overleaf

24 hours Immobi- EC50
lisation

48 hours Survival LC50
NOEC
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Table 3.76 continued Acute (short term) toxicity to aquatic invertebrates

Table 3.76 continued Acute (short term) toxicity to aquatic invertebrates
Vehicle Exp.
Study Species, organism T2
period
No5 (Life stage, age) St, Se, Fl3
Ma, Br1
M, N4

Endpoint

Effect conc.

Exposure via
water

Comment

References

mg/l
-

Test concentrations not reported. The study comprised toxicity tests on 22 substances Yoshioka et al.
with four organisms for comparison. The LC50 is reported to be higher than the highest (1986)
tested concentration (≥ saturation).

> 300

6 or more concentrations, a control and (probably) a solvent control.
Test performed in brackish water, salinity 7%.
The report comprises acute toxicity test with Nitocra spinipes on 78 compounds.

Lindén et al.
(1979)

Gammarus pulex 7and 15°C Acetone, 96 hours Survival LC50
NOEC
(Two groups:
Se
≤ 0.66
>8 mm and <5 mm) N
ml/l

> 0.4
0.4

Solvent control. In hard water 5 concentrations; 1-10 mg/l. In soft water 2
concentrations 5 and 10 mg/l.
The study was designed to examine the effects of water hardness, water temperature,
size of test organism, and duration of exposure on the acute toxicity of four
substances, including DEHP, to G. pulex. After 96 hours exposure to the test
substance the test animals were returned to toxicant-free water for 24 hours.”
DEHP was not acutely lethal in any of the experiments, despite the maximum
concentrations in all tests being in excess of its solubility in water, 0.4 mg/l”.

Stephenson
(1983)

13

Gammarus
pseudolimnaeus

St
N

-

96 hours Survival LC50

> 10

Test concentrations not reported.
The test performance and results are very briefly described.
The text indicates solvent not to be used.

Mayer and
Sanders (1973)

14

Gammarus
pseudolimnaeus

21°C
St
?

Triton X- 96 hours Survival LC50
100

> 32

Test concentrations not reported.
The test performance and results are very briefly described.

Sanders et al.
(1973)

20°C
St
M

-

10

Moina macrocopa
(≈ 5 d)

20°C
St

-

11

Nitocra spinipes
(Adult)
Br

21°C
St
N

Acetone 96 hours Survival LC50
≤ 0.5
ml/l

12

15

Table 3.76 continued overleaf

Stephenson
(1982)

Johnson and
Finley (1980)

96 hours Survival LC50
NOEC

> 0.37
0.37

Mean measured concentration value from test performed with a control and a single
test concentration at or near the water solubility limit of DEHP.
No adverse effects observed at this concentration. DEHP was not acutely toxic up to
its apparent limit of water solubility in the test solution. No solvent used.
The salinity in the test water was 22%.

Adams et al.
(1995)
Cox and Moran
(1984)
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Mysidopsis bahia
(≤ 24 h)
Ma

3 hours Survival LC50

Vehicle Exp.
Study Species, organism T2
period
No5 (Life stage, age) St, Se, Fl3
Ma, Br1
M, N4

End-point

Effect conc.

Exposure via
water
16

Orconectes nais

17

Comment

References

> 10

Test concentrations not reported.
The test performance and results are very briefly described.
The text indicates solvent not to be used.

Mayer and
Sanders (1973)

> 0.18
0.18

Mean measured concentration value from test performed with a control
and a single test concentration at or near the water solubility limit of
DEHP.
No adverse effects observed at this concentration. DEHP was not acutely
toxic up to its apparent limit of water solubility in the test solution. No
solvent used.
Benthic organism.

Adams et al.
(1995)

mg/l
96 hours Survival

Paratanytarsus
20°C
parthenogenetica St
(larvae, 2nd or 3rd M
instar)

-

48 hours Immobilisatio EC50
NOEC
n

18

Paratanytarsus
parthenogenetica
(larvae, 3rd or 4th
instar)

23°C
St
N

dimethyl 48 hours Survival
formami
de,
≤ 0.5
ml/l

LC50
NOEC
LOEC

16.3
1.25
2.5

Adams and
Concentrations: 0 (control), 0 (solvent control), 0.62, 1.25, 2.5, 5.0, 10
Renaudette
mg/l.
The LC50 was higher than the highest tested concentration (10 mg/l) and (1983)
was estimated by the probit method to be 16.3 mg/l.
Benthic organism.

19

Chironomus
tentans
(larvae)

Fl
M?

?

LC50
NOEC

> 0.046
0.046

No adverse effects were observed at the highest tested concentration
Benthic organism.
The final report is not yet available

CMA, 1997

20

Chironomus
21°C
St
tentans
(larvae, 2nd instar) N

Yes, but 48 hours Survival
not
specified

LC50
NOEC

> 10
10

Concentrations: 0 (control), 0 (solvent control), 10 mg/l.
No adverse effects were observed at the highest tested concentration,
which exceeded the solubility in the test solution.
Benthic organism

Adams and
Calvert (1983)

21

Chironomus
St
plumosus
N?
(larvae, 2nd, or 3rd4th instar)

> 18
ethanol< 48 hours Immobilis.
EC50
1.8 ml/L
Mortality: 2nd LC50 LC50 > 18
> 18
inst.
3rd-4th inst.

The concentration range was not reported
Benthic organism.

Streufert (1977)

10 days survival?

LC50

Cox and Moran
(1984)

Streufert et al.
1980
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Table 3.76 continued Acute (short term) toxicity to aquatic invertebrates

Table 3.76 continued Acute (short term) toxicity to aquatic invertebrates
Vehicle Exp.
EndStudy Species, organism T2
period point
No5 (Life stage, age) St, Se, Fl3
Ma, Br1
M, N4

Effect conc.

Exposure via
water

Comment

References

mg/l

22

Hyalella azteca

Fl
M?

?

10 days survival? LC50
NOEC

> 0.057
0.057

No adverse effects were observed at the highest tested concentration
Benthic organism. The final report is not yet available

CMA, 1997

23

Dugesia japonica
flatworm
(≈ 2cm)

20
Se

-

7 days

-

Test concentrations not reported. The study comprised toxicity tests on 22
substances with four organisms for comparison. The flatworms were cut into
two parts, head and body. The body part was used for the test and observed
for abnormal head regeneration. The LC50 is reported to be higher than the
highest tested concentration (≥ saturation).

Yoshioka et al.
(1986)

head
regeneration

EC50

mg/kg
dw

Exposure via
sediment
24

Chironomus
tentans
(larvae)

Fl

?

10 days survival

LC50
NOEC

>3,247
3,247

Only one concentration tested?

CMA, 1997

25

Hyalella azteca

Fl

?

10 days survival

LC50
NOEC

>3,306
3,306

Only one concentration tested?

CMA, 1997

1)
2)
3)
4)
5)

Marine/ Brackish organism (otherwise freshwater)
Temperature in ºC
Static, Semistatic or Flow through
Measured or Nominal concentrations
References
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Study Species, organism T2
Vehicle
No5
(Life stage, age) St, Se, Fl3
M, N4
Ma, Br1
Exposure via water

Exp.
End-point
period

Effect conc.

Comment

mg/l

1

Daphnia magna
(≤ 24 h)

21°C
Se
N?

Ethyl
alcohol,
0.1 ml/l

21 days Reproduction NOEC < 0.003 Concentrations: solvent control, 3, 10, 30 µg/l
LOEC 0.003 Food: yeast suspension.
EC60 0.003 Low reproduction rate (11 offspring per adult), which is lower than the condition for validity
in the OECD guideline 202.
The USEPA has excluded the result from the data used for Ambient Water Quality Criteria.
The test result is considered invalid for the purpose of this risk assessment.

2

Daphnia magna
(≤ 24 h)

22°C
Fl
M

Acetone,
< 50µl/l

21 days DNA-content, NOEC 0.072
RNA/DNALOEC 0.158
ratio at day 7
Survival,
NOEC 0.158
Reproduction LOEC 0.811

Nominal concentrations: 0, 75, 150, 300, 600, 1,200 µg/l.
Measured concentrations: 0, 12, 27, 72, 158, 811 µg/l.
Food: Selenastrum capricornutum, yeast suspension and PR11 trout chow.
Reproduction rate: 200 young per adult.
The study was conducted at the same facility as used by Sanders et al (1973).
Daphnids were trapped at the surface (dose and time dependent) but appeared to be
feeding and healthy. Regarding surfacing, lowest concentration significantly different from
control was 158 µg/l day 0. As they grew, the number at the surface decreased. By day 21
surfacing behaviour was observed only in daphnids exposed to 811 µg/l.
Static biochemical indicators, e.g. content of protein, RNA, DNA and glycogen, have been
shown to be closely associated with total growth (e.g. larger Daphnia contain more protein
and DNA).
Dynamic biochemical indicators as Protein/RNA and RNA/DNA ratios have been shown to
reflect growth rate.The reduced survival and reproduction of Daphnia exposed to 811 µg/l
for 21 days were preceded by reduced levels of all biochemicals measured at day 7,
except total lipids.
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Table 3.77 Chronic (long term) toxicity to aquatic invertebrates
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Table 3.77 continued Chronic (long term) toxicity to aquatic invertebrates
Vehicle
Study Species, organism T2
(Life stage, age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Exp.
End-point
period

Exposure via water
3

Daphnia magna
(≤ 24 h)

Effect conc.

mg/l
21°C
Fl
M

-

21 days Survival

NOEC 0.077
LOEC 0.16

Reproduction NOEC 0.29
LOEC > 0.29

Daphnia magna
(≤ 24 h)

20°C
Se
N

Acetone,
0.5 ml/l

21 days Survival,
NOEC 0.1
Reproduction LOEC > 0.1

5

Daphnia magna
(≤ 24 h)

21-23°C
Se
M

dimethyl- 21 days Survival
NOEC 0.640
formamide
LOEC 1.300
Reproduction NOEC 0.640
≤ 0.1 ml/l
LOEC 1.300
Growth (7d) NOEC 1.30
LOEC > 1.30

Measured concentrations: 0, 26, 45, 77, 160, 290 µg/l
Food : Unicellular algae, Ankistrodesmus sp. and yeast suspension.
No co solvent. A gas-tight syringe with a mechanical injector was used to introduce a desired
amount directly into the chemical mixing chamber. Ultrasonic dispersion in the chemical mixing
chamber.
The report comprises chronic toxicity test with Daphnia magna on 14 phthalates. Reproduction
rate, mean offspring per adult female in the 14 tests, ranged from 56 to 116. In the DEHP-test;
56.
At 0.29 mg/l daphnids were entrapped on the surface throughout the study.
At 0.16 mg/l daphnids were entrapped on the surface day 7 and 14, not day 21.
At 0.077 mg/l daphnids were entrapped on the surface day 7, not day 14 and 21.
In the control daphnids were entrapped on the surface throughout the study. This entrapment did
not affect the daphnids survival or reproduction.
Nominal concentrations: 0 (control), 0 (solvent control), 3.2, 10, 32, 100 µg/l.
Mean Measured concentrations, ”new-old”: 0, 3.08-1.33, 10.4-4.3, 33.6-17, 107-64.3 µg/l.
Food : Chlorella vulgaris and yeast suspension
Reproduction rate approximately 170 young per adult.
No effect at highest tested concentration, 0.1 mg/l.
The parent Daphnia showed bioconcentration factors of 209.
In an acute toxicity test Daphnia floated on the surface after 48 hours, 25% at 0.169 mg/l and
100% at 0.304 mg/l. In the reproduction test (≤ 0.1 mg/l) no floating Daphnia was reported. The
authors also stated that a solubility/stability-test indicated that at levels below 0.180 mg/l DEHP
gives stable solutions, whereas above this level loss of phthalate from the bulk solution occurs.
5 or more concentrations, a control and a solvent control.
Food: PR11 trout chow
Reproduction rate unknown.
No floating Daphnia or surface film mentioned.
The report comprises chronic toxicity test with Daphnia magna on 20 substances.
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Table 3.77 continued overleaf

Comment

Vehicle
Study Species, organism T2
(Life stage, age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Exp.
End-point
period

Effect conc.

Exposure via water

Comment

mg/l

6

Daphnia magna
(≤ 24 h)

20°C
Se
N

Marlowet R 21 days Survival
NOEC 1.0
40, 10 mg/l
Reproduction LOEC > 1.0
Growth

7

Daphnia magna
(≤ 24 h)

20°C
Se
N

Tween 20, 21 days Survival
2.5 mg/l at
Reproduction
test conc.
Growth
0.25 mg/l,
10 mg/l at
test conc.
1 mg/l

8

Daphnia magna
(≤ 24 h)

20°C
Se
M

Marlowet R 21 days Survival,
NOEC 14
40, 30 mg/l
Reproduction LOEC > 14

Nominal concentrations: 0 (control), 0 (dispersant control), 1.0 mg/l.
Food: Chlorella vulgaris and commercially available microincapsulated food ”Frippak Booster”.
The reproduction rate in the controls ranged from 120 to 131 mean offspring per adult.
No adverse effects at highest tested concentration, 1 mg/l.
No floaters were observed.

See
Nominal concentrations: 0 (control), 0 (dispersant control 10 mg/l), 0.25, 1.0 mg/l.
comment Food: Chlorella vulgaris and commercially available microincapsulated food ”Frippak Booster”.
The reproduction rate in the controls ranged from 155 to 167 mean offspring per adult.
At both concentrations there was a reduction in numbers of offspring produced relative to the
dispersant control. The reduction was significant at 0.25 mg/l but not at 1 mg/l. Relative to the
control without dispersant the reduction in numbers of offspring was not significant in any of the
concentrations. There were no significant mortalities in the test. At both concentrations there
was a reduction in length produced relative to the control without dispersant. The reduction was
significant at 0.25 mg/l but not at 1 mg/l. Relative to the dispersant control the reduction in
length was not significant in any of the concentrations.
No floaters were observed.
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Nominal concentrations: 0 (control), 0 (solubilizer control), 0.8, 2.0, 5.0, 12, 30 mg/l.
Mean Measured concentrations, ”freshly prepared”: 0.31, 0.90, 2.2, 5.3, 14 mg/l.
Food : Scenedesmus subspicatus
Reproduction rate approximately 70 young per adult in control and 100 in test concentrations.
No adverse effects at highest tested concentration, 14 mg/l.
The reproduction rate was significantly higher in all test concentrations and in the solubilizer
control compared to controls. It is concluded in the report that ”it is evident from the data that
Marlowet R 40, the solubilizer employed, slightly increased the number of offspring during the
study.” No floaters reported.
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Table 3.77 continued Chronic (long term) toxicity to aquatic invertebrates
Vehicle
Study Species, organism T2
(Life stage, age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Exp.
End-point
period

Effect conc.

Exposure via water

mg/l

9

Gammarus pulex
(>12 mm)

10-12°C
Fl
N

Ethanol, 10 days Mortality,
<0.025 ml/l
Locomotor
activity

NOEC
LOEC
NOEC
LOEC

10

Chironomus
plumosus
(larvae, 1st instar)

Fl
M/N

ethanol
35-40
<0.12 ml/L days

Sand
NOEC
LOEC
hydros.
NOEC
LOEC

11

Acetone,
≤ 1 ml/l

midge
emergence,
production
and
hatchability of
eggs

0.5
> 0.5
0.1
0.5

0.36
> 0.36
0.24
> 0.24

28 days Survival,
NOEC 1.0
Molting rate, LOEC > 1.0
Duration of
zoeal
development

Nominal concentrations: : 0 (solvent control), 0.1, 0.5 mg/l.
The 25 day test was divided into pre-exposure (5 days), exposure (20 days), and postexposure (10 days).
The authors commented that the DEHP adsorbed to and accumulated by the organisms could
have caused organs sensitive to water velocity, and ”olfactory” organs to malfunction thereby
reducing the mobility and affecting upstream movement. The decreasing activity following
DEHP exposure could therefore have been the result of mechanical and/or physiological
effects.
Accumulated in organisms 2,000 mg/kg at 0.5 mg/l exposure (BCF 4000). Adsorbed to the
organisms integument 2,300 mg/kg.
The bottom substrate consisted of sand and decaying alder leaves and patches of pebbles.
Test was carried out in two different systems, one with sand and one with hydrosoil present on
the bottom of the experimental systems. The exposure concentration in water was measured in
the system with the highest exposure level once during the experiment and a correction factor
was determined from this measured value relative to the nominal conc. Sand reduced the
concentration of DEHP in solution by 28% while hydrosoil reduced the concentration by 62% .
All nominal exposure concentrations were corrected with those correction factors.
Mean concentrations obtained in the sand systems were: 0, 0.14, 0.20, 0.36 mg/l
Mean concentrations obtained in the hydrosoil systems were: 0, 0.11, 0.20, 0.24 mg/l.
The bioaccumulation factors after 8 days for animals exposed to 267 ng DEHP/L was 573 in
the presence of sand and 738 in the presence of hydrosoil.
Benthic organism.
Nominal concentrations: 0 (solvent control), 0.1, 0.5, 0.75, 1.0 mg/l.
Mean Measured concentrations: ”new-old” 0.097-0.027, 0.368-0.138, 0.529-0.301, 0.510-0.39
mg/l.
Artificial seawater with salinity of 17%.
Initial experiments to determine the solubility in the test medium (artificial sea water) indicate
DEHP to be soluble to not more than 1 ppm.
At the highest concentration, small droplets of DEHP were sometimes observed indicating
incomplete equilibrium.
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Palaemonetes
22°C
pugio
Se
grass shrimp (larvae N
<24 h)
Ma

Table 3.77 continued overleaf

Comment

Vehicle
Study Species, organism T2
(Life stage, age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Exp.
End-point
period

Exposure via water
12

Mytilus edulis
15°C
(Mean shell length Fl
22.6 mm, range 20- N
28.
Mean wet tissue
weight 472 mg,
range 274-772)
Ma

Chironomus riparius 20°C
(larvae, 1st instar) St
M

Comment

mg/l
Acetone,
0.5 ml/l

28 days Deposition of NOEC 0.05
faecal/pseudo LOEC > 0.05
-faecal
material,
Byssal thread
attachment,
General
appearance,
Activity,
Survival

Exposure via
sediment
13

Effect conc.

Bioconcentration study that also have been referred to as a toxicity test.
Exposure 28 days, depuration period 14 days. 14C labelled DEHP.
Nominal concentrations: 0 (solvent control), 0.005, 0.05 mg/l.
Mean Measured concentrations: 0.0041, 0.0421 mg/l.
Bioconcentration reaches plateau level at around day 14. BCF 2500 at plateau level.
No adverse effects at highest tested concentration, 0.05 mg/l.
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mg/kg dw
acetone

28 days delayed
emergence,
number of
emerged
adults

NOEC 11,000 DEHP concentrations in test sediments: 130, 1,200 and 11,000 mg/kg dw. The test substance
LOEC > 11,000 was mixed with trace amounts of corresponding radiolabelled material and the concentrations
in the sediments were analysed by radiochemistry.
DEHP added with acetone to dried sediment. Vehicle evaporated before start of exposure
The larvae were fed daily with uncontaminated food
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Table 3.77 continued Chronic (long term) toxicity to aquatic invertebrates
Vehicle
Study Species, organism T2
(Life stage, age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Exp.
End-point
period

Exposure via
sediment
14

1)
3)
2)
4)
5)

Aeshna sp
Dragonfly
(larvae)

Effect conc.

Comment

mg/kg dw
22°C
St
M

ethanol

60 days predation
efficiency

NOEC 780
LOEC 1,560
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Marine/ Brackish organism (otherwise freshwater)
Static, Semistatic or Flow through
Temperature in ºC
Measured or Nominal concentrations
References: 1) Mayer and Sanders (1973); Sanders et al (1973)
2) Knowles et al (1987)
3) Rhodes et al. (1995); Springborn bionomics (1984c);Cox and Moran (1984)
4) Brown and Thompson (1982a)
5) Adams and Heidolph (1985)
6) Brown et. al. (1998)
7) Brown et. al. (1998)
8) Scholz (1995b); Scholz (1994)
9) Thurén and Woin (1991)
10) Streufert (1977); Streufert et. al. (1980)
11) Laughlin et. al. (1978)
12) Brown and Thompson (1982b)
13) Thompson et. al. (1995); Brown et al. (1996)
14) Woin and Larsson (1987)

One solvent control and two DEHP contaminated systems at 587 and 623 mg/kg ww. (Average
600 mg/kg ww). DEHP in ethanol added directly to wet sediment (50ml/ 5L). The sediment was
left for five days to equilibrate, before water and test organisms were added. Measured conc. in
control sediment was 1 mg/kg dw.
Experimental larvae were collected from a natural lake, acclimatised (3 w) in test aquaria (20
larvae per aquaria). Predation efficiency was then studied for 40 days. "A significant effect" (1525% reduction in predation efficiency) was observed in the DEHP aquaria, compared to
controls.
NOEC set to LOEC/2,. A factor of 2.6 was in this RA used to convert ww concentrations to dw.

Study Species, organism (Life T2
stage, age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Vehicle

Exp.
period

End-point

Effect conc.

Algae

Comment

Mg/l

1

Scenedesmus
quadricauda

27°C
St
N

?

7 days

growth inhibition, NOEC 10
NOEC=3 %
threshold value

2

Scenedesmus
subspicatus

24°C
St
M

MARLOW- 72 hours inhibition of cell NOEC 130
ET R 40,
growth and
LOEC > 130
(100 mg/l),
growth rate

3

Ankistrodesmus
bibraianus

23°C
St
N

?

72 hours growth inhibition NOEC 0.0056 Nominal concentrations: control and 0.007mg/l. The test protocol is unclear
LOEC > 0.0056 regarding the actual DEHP concentrations in tests and controls. The reported no
effect concentration was measured in separate vessels without algae (?). The
measured concentrations in the controls were almost the same as the
concentrations in the test vessels in some replicates (?). Measured DEHP
concentrations in the controls were 0.0045- 0.0048 (?) mg/l. The concentrations in
tests and controls were close to the detection limit. The test is considered invalid.

4

Selenastrum
capricornutum

22-24°C
St
M

-

96 hours growth inhibition NOEC 0.1
> 0.1
EC50

One single measured concentration No vehicle was used; The DEHP was injected
directly into the test water and homogenised for 2 min with a Polytron blender.
US EPA algal assay bottle test

5

Gymnodinium breve
Ma

25°C
St
N

-

96 hours growth inhibition EC50

DEHP added directly into test vessel (containing artificial sea-water medium) at
nominal volume percentages: 0, 0.1, 0.2, 0.5, 1, 2, 5, and 10.

Macrophytes
6

Control, solubilizer control, 130 mg/l. The test concentration was measured in
separate vessels without algae. The test is performed according to 92/69/EEC, GLP
DEHP = VESTINOL AH

mg/l
25°C
Se
N?

?

Marine/ Brackish organism (otherwise freshwater)
Temperature in ºC
Static, Semistatic or Flow through

7 days

4)
5)

growth inhibition EC50

3977,582
(mean
2,060)

7 test series were carried out resulting in 7 EC50 estimates. The concentration
ranges in the tests were not reported (only the dilution series, not the concentration
of the stock solution). No vehicle mentioned. ”The toxicant formed oil droplets or
globules, or completely covered the surface of the test chambers, depending on the
concentration.

Measured or Nominal concentrations
References:
1) Bringmann and Kühn, 1980
2) Hüls Aktiengesellschaft, 1995
3) BASF AG, 1990

4)
5)
6)

Adams et. al., 1995
Wilson et. al., 1978
Davis, 1981
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1)
2)
3)

Lemna gibba

30,000
(3.1%)

Four parallel dilution series, each of the dilutions containing 1 part v/v of the
pollutant solution in 20 to 214 parts v/v ”mixture”. Initial concentration not reported but
probably 400 mg/l according to the greater than LOEC value reported for
Pseudomonas putida in the same study.
Cell multiplication test. No vehicle was mentioned
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Table 3.78 Toxicity to algae and higher plants

Table 3.79 Toxicity to micro-organisms
Vehicle
Study Species, organism (Life stage, T2
age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Exp.
End-point
period

Effect conc.

Exposure via water
1

Natural pelagic community
Ma

mg/l
Outdoor
temp.
Se
M

acetone

30 days Reduction in NOEC
winter
NH3 flux
NOEC
summer

Pseudomonas putida

St
N?

?

16 hours growth
inhibition,

3

Pseudomonas putida

22°C
St
N

TWEEN 80 30 m
(100mg/lm
g/l)

4

Pseudomonas putida

25°C

nonylphen 5-6
olethoxypr hours
o-poxylat
(1,5 ml/L)

5

Uronema parduczi
protozoa

20°C
St
N?

?

0.059
0.016

Marine microcosm, The test was run during summer as well as winter conditions
was added to the water at nominal concentrations of 1, 10 and 100
µg/l. 5 replicates per concentration. Approximately one tenth of the water was
replaced three times per week and DEHP was added in quantities sufficient to
achieve the original test concentration in the replacement water.
The measured concentrations at the end of the experiment were for the winter
situation 0.58, 5.8 and 59 µg/l respectively, and for the summer situation 0.18,
1.2, and 16µg/l.
14C-DEHP

Threshold > 400
conc. =
3% effect

Four parallel dilution series, each of the dilutions containing 1 part v/v of the
pollutant solution in 20 to 214 parts v/v ”mixture”. Initial concentration not reported
but probably 400 mg/l according to the greater than LOEC value., Vehicle not
mentioned, Cell multiplication inhibition test,

respiration
inhibition

-

-

According to DIN 38412/27 oxygen cons. test.
Nominal concentrations: control, solvent control, 19, 39, 78, 156, 313, 625,
1,250, 2,500, 5,000, 10,000 mg DEHP/L.
No dose-response effect: 20% inhibition at 19.5 mg/l (lowest conc.)-2,500 mg/l,
no effect at higher conc., no effect at 5,000 and 10,000 mg/l. Therefore A NOEC
cannot be derived.
The study was considered invalid for the purpose for the risk assessment

respiration
inhibition

NOEC
EC10

< 1,671
1,671

Only one concentration tested 1.7 ml/L
A density of 0.983 g/cm3 was used to express the dose as mg/l
(DEHP=VESTINOL AH)

NOEC

48

The concentration range was not reported
Vehicle not mentioned
Cell multiplication inhibition test
160 potential pollutants were tested

20 hours growth
inhibition,
NOEC=3 %
threshold
value
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Table 3.79 continued overleaf

Comment

Vehicle
Study Species, organism (Life stage, T2
age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Exp.
End-point
period

Sediment

Effect conc.

Comment

mg/kg dw

7

Chilomonas paramecium
Ehrenberg protozoa

20°C
St
N?

?

48 hours growth
inhibition,

8

Natural sediment flora

5°C
St
N

ethanol

20 hours
(60)
see
comm.

Inhibition of NOEC= 43
oxygen
LOEC/2
consumption LOEC=EC 87
in overlaying 17)
water of
sediment
cores

9

Freshwater hydrosoil flora

Se

?

?

growth and NOEC
suppression LOEC
in
physiological
activity

Threshold 53
conc. =
5% effect

The concentration range was not reported
Vehicle not mentioned. Cell multiplication inhibition test. 160 potential pollutants
were tested
saprozoic
Measured test concentrations: solvent control, 33, 57, 76, 200, 315 mg/kg ww.
The oxygen consumption was recorded every 10 hours up to 60 hours. The
water was resaturated after one week and oxygen consumption was studied for
another 60 hours. The results are reported as curves for oxygen decrease over
time, for each concentration. A dw correction factor of 2.6 is used.
For this evaluation, the ECx for each concentration at 20 hours are read from the
curves.
The sediment concentrations were measured on homogenised sediment from
the uppermost 5 cm of the cores, but the DEHP was initially added 5 mm below
the sediment surface. Therefore concentrations in the surface layer were
probably much higher. However, a much stronger effect was shown for the lower
exposure concentrations when the water was resaturated after 7 days and the
oxygen demand measured again. By this time the DEHP in the sediment should
have had more time for levelling out the concentration by diffusive transport
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100mg/l Hydrosoil microcosm
> 100mg/l DEHP added to hydrosoil at nominal concentrations: 1 and 100 mg/l
Suppression in physiological activity: nitrification, ammonification , sulphur
reduction etc.
The study is only available as a short abstract
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Table 3.79 continued Toxicity to micro-organisms
Vehicle
Study Species, organism (Life stage, T2
age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Exp.
End-point
period

Sediment
10

Natural benthic communityMa

Effect conc.

mg/kg dw
outdoor
temp.
Se
M

acetone

30 days Reduction in NOEC
NH3 flux from LOEC
the benthic
compartment

Activated sludge

0.61
18.64

Marine microcosm, test was run during summer as well as winter conditions
14C-DEHP was added to the water at nominal concentrations of 1, 10 and 100
µg/l, 5 replicates. One tenth of the water replaced three times per week and
DEHP was added in quantities sufficient to achieve the original test
concentration in the replacement water.
DEHP accumulation in 0-7 cm of the sediment was measured after 30 days.
NOEC and LOEC has been calculated by us from the 0-7 cm sediment value
(reported per dw), corrected for 20% dw (standard in TGD) and an
assumption by the authors that the actual exposure concentrations (that
caused 30% reduced NH3 flux) was that of the uppermost 3 cm, which was
three times higher than the concentration in the 0-7 cm layer.
Not clear if the measured NH3flux was from a pure microbial benthic
community or if macrobenthos were present. The variation between replicates
is not reported.

mg/l

activated sludge

24 hours toxicity
threshold

12

digester sludge from municipal
wastewater treatment plant

37°C
St
N

-

13

activated sludge

24-26°C
St
N

-

NOEC
LOEC

< 10-20

from the IUCLID database, ETAD fermentation tube test, Literature not
available
activated sludge from a predominantly domestic sewage

26 days suppressio NOEC
n of
LOEC
methanoge
ne-sis

100
200

Anaerobic toxicity assay
Nominal: 20, 100, 200 mg/l tested, DEHP added directly to the test vessels

30 m

< 0.4
0.4

Nominal: The only concentration tested (corresponding to the solubility limit
according to the authors). Replicate tests. No statistics reported. The oxygen
consumption was 86% of the control => EC14
Modified OECD method 209. 33 compounds tested

respiration NOEC
inhibition LOEC
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Table 3.79 continued overleaf

Comment

Vehicle
Study Species, organism (Life stage, T2
age)
St, Se, Fl3
No5
M, N4
Ma, Br1

Exp.
End-point
period

Effect conc.

Activated sludge

Comment

mg/l

14

activated sludge from BASF
treatment plant

20°C
St
N

15

activated sludge from the
municipal sewage treatment
plant in Marl-West

18-21.1°C
St
N

activated sludge from the
municipal sewage treatment
plant in Marl-West

19-20°C
St
N

-

Tween 80

24 hours respiration NOEC
see
inhibition
comm.:
LOEC

1,960
(2 ml/L)
> 1,966

Nominal concentrations: 0, 0.06, 0.1, 0.2, 1.0, 2.0 ml/L DEHP tested. a density
of 0.983 g/cm3 was used to express the dose as mg/l .
The microbial population might have been adapted, as the inoculum
originated from the BASF treatment plant
Activated Sludge Respiration Inhibition Test (DEHP = PALATINOL AH)
according to IUCLID was the exposure time 30 min

3 hours respiration NOEC
inhibition LOEC

2,007
> 2,007

The test was carried out according to OECD 209. Test concentrations 93,
236, 556, 1,039 and 2,007. The difference in respiration rate between the two
controls was 1.9%. DCP was used as reference substance and the obtained
EC50 was within the limits set in the guidance document.

3 hours respiration NOEC
inhibition LOEC

1,000
> 1,000

The test was carried out according to OECD 209. Test concentrations 62,
125, 250, 500 and 1,000. The difference in respiration rate between the two
controls was 1.0%. DCP was used as reference substance and the obtained
EC50 was within the limits set in the guidance document.

1) Marine/ Brackish organism (otherwise freshwater)
2) Temperature in ºC
3) Static, Semistatic or Flow through
4) Measured or Nominal concentrations
5) References: 1) Perez et. al., 1983
2) Bringmann and Kühn, 1980.
3) BASF AG, 1991
4) Hüls AG, 1996
5) Bringmann and Kühn, 1981
6) Bringmann and Kühn, 1980; Bringmann and Kühn, 1981

7) Bringmann and Kühn, 1981
8) Larsson et. al., 1986
9) Mutz and Jones, 19
10) Perez et. al., 1983
11) 12) O’Connor et. al., 1989
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13) Volskay and Leslie Grady, 1988
14) BASF AG, 1983
15) Hüls Infracor, 1999

FINAL REPORT, 2008

CHAPTER 3. ENVIRONMENT

3.2.2

Atmosphere

There is no information available concerning the impact of DEHP on atmospheric processes like
global warming, ozone depletion in the stratosphere, ozone formation in the troposphere, and
acidification etc. Given the physico chemical and exposure-related properties of DEHP it does
not seem likely that it will have adverse effects on atmospheric processes like those listed above.
DEHP in the atmosphere is sooner or later deposited on the soil or surface water, as wet or dry
deposition. Plants may take up a substance from the air directly through the stomata or may
adsorb the substance on the surface of foliage and stems. Substances taken up in the plants may
then be transported to soil via the roots or the defoliation. No information is available on this
transport route for DEHP.
Methods for the determination of effects of chemicals on species arising from atmospheric
contamination have not yet been fully developed, except for inhalation studies with mammals
(TGD).

3.2.2.1

Direct exposure from the atmosphere

A Danish research group has exposed plants to DEHP in the air. In a field experiment they
investigated the effects of the two phthalates DEHP and DBP, when applicated by spraying on
the foliage of Sinapis alba and Brassica napus (Løkke and Rasmussen, 1983). No effect was
observed at the maximum dosage of 8.75 µg/cm2 of DEHP while chlorotic spots were observed
on leaves treated with 2.19 µg/cm2 of DBP or mixtures of DBP and DEHP (2.19 + 2.19µg/cm2)
(Løkke and Rasmussen, 1983). The authors concluded that DEHP seemed to have a very low
mobility in plants. In another set of experiments the same research group used closed climate
chamber to expose Sinapis alba to a mixture of DEHP, DBP and DiBP at foliage concentrations
of about 2.5 µg/cm2 of each phthalate (Løkke and Bro-Rasmussen, 1981). Chlorosis was
observed but the authors concluded from additional experiments with DBP, that this effect was
caused by DBP only. It was demonstrated in both these studies that the DEHP did not evaporate
from the leaves. The authors also added droplets of pure DEHP, without solvents, on foliage. No
adverse visible effect was observed from this treatment.
Hardwick et al. (1984) grew cabbage seedlings in a cuvette bioassay in the presence of strips of
plastic plasticised with DBP, DEHP or DIDP. Effects were observed with plastics treated with
DBP. No effects were observed with small samples of DIDP-plasticised strips. Effects were
observed with larger samples of DIDP-plasticised strips, but residual concentrations of DBP
were measured in the air while no DIDP was detected (limit of determination not indicated. No
effects (and no DEHP in the headspace air) were observed with DEHP-plasticised strips at 30°C.
The authors remarked that DINP and DEHP might be released and proved toxic at higher
temperatures, referring to an old study by Inden and Tachibana (1975): “whilst the plasticisers
DEHP and DIDP caused little or no damage to cucumber and Chinese cabbage seedlings at
normal temperatures they could be induced to volatilise on being heated to 100-200°C and the air
stream containing the vapours did then cause extensive damage to these plants.”
Al-Badry and Knowles (1980) applied DEHP topically, on the venter of abdomen, or by
intrathoracic injection to female houseflies (Musca domestica). Mortality was checked after
24 hours of exposure to 20 µg DEHP in acetone (1µl when added topically and in 10% solution
when injected), which was equivalent to 1,000 mg DEHP/kg bw. DEHP at this concentration did
not have any observed effect on the flies when added alone. When applied simultaneously with
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various organophosphates, an antagonistic interaction was apparent. However, when DEHP was
applied 30 minutes before exposure to an organophosphate, the resulting interaction was
synergistic, i.e. DEHP increased the lethal effect of the organophosphate.

3.2.2.2

PNEC atmosphere

From the studies above, no PNECatmosphere can be derived in order to compare with PECatmosphere,
calculated per cubic metre. However, a comparison can be made between the NOECs above and
known deposition rates. Supposing that the housefly has an area of 1 cm2, then a single dose of
20 µg DEHP would correspond to an isolated deposition occasion of 200 mg DEHP/m2 (NOEC).
The corresponding deposition value, calculated from the NOEC (8.75 µg/cm2) for Sinapis alba
and Brassica napus, would be 87.5 mg/m2.

3.2.3

Terrestrial compartment

The terrestrial ecosystem comprises of an above-ground community, a soil community and a
groundwater community. According to TGD it is so far not possible to carry out effect
assessment for the groundwater community, since no toxicity tests/data exist for this
compartment.

3.2.3.1

Toxicity to plants

The effect studies on plants are summarised in Table 3.80 and Table 3.81.
There are only two studies with plants exposed to DEHP in soil. Herring and Bering (1988)
found no effects on seedlings of Spinacia oleracea and Pisum sativum exposed to DEHP in soil,
at the highest concentration. It is however unclear from the paper what the actual soil
concentration was in the experiment and these results can therefore not be used in the risk
assessment.
Diefenbach (1998a) studied the effects of DEHP on the germination and growth of Triticum
aestivum, Lepidium sativum and Brassica alba according to OECD guideline 208. One nominal
concentration (100 mg/kg dwt) was tested. DEHP was mixed with quartz sand and thereafter
mixed with the test soil. For each species 20 seeds (4 parallels with 5 seeds) were exposed to
DEHP contaminated soil and 20 seeds (4 parallels with 5 seeds) were used as control. No effects
were seen on germination or growth during the 18 days the study lasted.
The bioavailability, and therefore the toxicity of a compound in soil, is dependent on soil
characteristics, such as organic matter and clay content. Subsequently, to allow comparison of
results from toxicity test carried out in different soils, test results has to be converted to a
standard soil, which is defined as a soil with a organic matter content of 3.4%. The obtained
NOECs could be normalised according to the formula:
NOEC (or EC50)standard = NOEC (or EC50)experimen *

0.034
fract. org. matter in experimental soil

The organic carbon content of the soil in the study by Diefenbach (1998a) was reported to be <
1.5%. If 1.5% is assumed this corresponds to approx. 2.6 % organic matter. When applying the
equation above on the NOEC (100 mg/kg) from this study a normalised NOEC of > 130 mg/kg
dwt is obtained.
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In the following studies plants (or parts of plants) were exposed to DEHP in water. Herring and
Bering (1988) reported 40 and 50% reduction in seed germination for Spinacia oleracea and
Pisum sativum respectively, when the seeds were soaked with water and DEHP at a nominal
concentration of 0.1% (approximately 1,000 mg/l). Langebartels and Harms (1986) grew
soybean and wheat cell cultures in nominal concentrations of DEHP up to 390 mg/l (added in
methanol). No effect on the cell growth was observed. Effects of DEHP on passive membrane
permeability in tissue disks of Beta vulgaris exposed to DEHP in water were studied in a shortterm toxicity test (Schweiger et al., 1983). No effect was observed at 0.9 mg/l (the saturating
concentration according to the authors). In these studies only nominal effect concentrations, far
above the solubility level, were reported. These results can therefore not be used for the purpose
to obtain a PNEC in this risk assessment. However, they indicate that DEHP is not harmful to
plants.

3.2.3.2

Toxicity to soil invertebrates

The effect of DEHP on the earthworm, Eisenia foetida, was tested in a short-term contact test
(Neuhauser et al., 1985) (see Table 3.82). No effect was observed at the highest concentration
tested, 25 mg DEHP/cm2 (nominal). DEHP was the least toxic compound among 44 tested. This
result indicates that DEHP is not very harmful to soil organisms. The results cannot be used for a
comparison with PECsoil, since the DEHP was added to a filter paper.
Diefenbach (1998b) studied the effects of DEHP on earthworm (Eisenia foetida foetida). Fourty
earthworms divided in four replicates were exposed to one nominal concentration (1,000 mg/kg
dw) for 14 days. The earthworms were at least 2 months old weighing between 300 and 600 mg.
DEHP was mixed with quartz sand and thereafter mixed with the test substrate whereafter water
was added to achieve a water content of 35%. Temperature was kept at 20 ± 2 oC. No mortality
or other effects were seen during the 14 days the study lasted. After the exposure period, the
DEHP concentration in the earthworms was measured (see Section 3.1.1.4.3). From this study an
unbounded NOEC of 1,000 mg/kg dwt is obtained. This NOEC cannot be normalised (see
above) since the organic contents of the test soil was not reported.
Jensen et al. (2001) studied the effects of DEHP and DBP on the collembolan Folsomia
fimetaria. Survival and reproduction on adult individuals (aged 23-26 days) were investigated by
the use of small microcosms. The organisms were exposed for 21 days to DEHP in moist soil
(< 1.5% organic carbon) at the nominal concentrations of 0, 1,000, 2,000, 3,000, 4,000 and 5,000
mg/kg dwt. The DEHP was added in acetone to dry soil. The acetone was evaporated and the soil
remoistened with water before start of the experiment. Effects of the two phthalates on newly
hatched collembolans were also tested in a multidish system. The endpoints were juvenile
mortality, growth, and development (number of cuticles), the nominal test concentrations were 0,
100, 250, 500, and 1,000 mg DEHP/ kg soil (dwt), and the test duration was six weeks.
DEHP had no effect on any of the endpoints at the tested concentrations, maximum 5,000 and
1,000 mg/kg dwt for adults and juveniles respectively (DBP had marked effects at much lower
concentrations). The study is considered reliable and the unbounded NOEC for the long-term
test, starting with juveniles, is hence 1,000 mg/kg dwt. The organic carbon content of the soil in
the study by was reported to be < 1.5%. If 1.5% is assumed this corresponds to approximately
2.6% organic matter. When applying the equation above on the NOEC (1,000 mg/kg) from this
study a normalised NOEC of > 1,300 mg/kg dwt is obtained.
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Toxicity to micro-organisms in soil

Three experimental studies involve possible effects on soil micro-organisms, exposed to DEHP
in loam soil (see Table 3.82).
In an older study, Mathur (1974) investigated the short-term (8 hours) effects of DEHP on
respiration in soils pre-exposed or not pre-exposed to 0.3% (by volume) DEHP. A nominal
addition of 49 g DEHP /kg soil (0.2 ml DEHP to 4 g soil) resulted in inhibited respiration in the
soil that had not been pre-exposed, while it enhanced the respiration in the pre-exposed soil. The
procedure described for the respiration test (in Warburg flasks) leaves doubts regarding whether
all the added DEHP was actually blended into the soil. Therefore, this study is considered invalid
for the purpose of this risk assessment.
Cartwright et al. (1999) investigated the impact of phthalate plasticizers on soil microbial
communities. They concluded that DEHP had no effect on the microbial community or
membrane fluidity, even at 100 mg/g, and was predicted to have no impact on microbial
communities in the environment. The only detected impact of DEHP on the microbial
community was a (non-significant and non dose-related) reduction in numbers (84 % after
incubation for 16 d) of Pseudomonas sp., compared to the control. The DEHP was added to the
test soils dissolved in methanol, and it is unclear if there was a solvent control. The added
amount of methanol was very high, 0.05 ml per gram soil. Therefore this study is considered not
valid for the purpose of this risk assessment.
In the third study (Kirchmann et al., 1991), the soil was incubated for 3 months with DEHP at 5
and 250 mg/kg. No effects, compared to control, were observed on soil biological processes
(respiration, nitrogen mineralisation and, nitrification) at any of the test concentrations. A
measured NOEC of 250 mg/kg is obtained. It does not say in the paper whether this value is
reported per dry weight or per wet weight.
As a worst case, it is assumed that it is reported per dry weight. The organic carbon content in
the experimental soil was 1.7% corresponding to approximately 2.9% organic matter. When
applying the equation above (see Section 3.2.3.1) on the NOEC (250 mg/kg) from this study a
normalised unbounded NOEC of about 300 mg/kg is obtained.
In a recent study (ECPI, 2000c) possible effects of DEHP on soil micro flora activity (measured
as respiration), dehydrogenase activity, and nitrogen materialisation was investigated. Two soils,
differing in e.g. organic contents (2.3 and 5.9% respectively) and particle size distribution, were
tested. DEHP at concentrations 0, 10, 30, 100, 300 and 1,000 mg /kg dwt was tested in the
respiration and dehydrogenase activity tests, while the DEHP concentrations in the nitrogen
materialisation test were 0, 30, 300, 600 and 1,000 mg/kg dwt. The results were varying and
therefore difficult to evaluate. There was marked non-dose related variation, both between the
two soils and between the tests, in the recovery of added DEHP at start (42 - 117%). This fact
adds question marks to these studies. At day 28 in soil with low organic contents, the recovery
was 10-40% in the respiration and dehydrogenase tests while it was 49-74% in the nitrogen
materialisation test. This indicates different degradation rates in the different tests. According to
the authors, significant effects were only found for respiration and dehydrogenase activity at low
organic contents and the highest dose (1,000 mg/kg dwt). Both parameters had increased at this
test concentration. It is expected that these parameters correlate, since the enzyme
dehydrogenase is activated in the respiration process. [However, the reported statistical test
results for the dehydrogenase test (sometimes performed on a 1% significance level and
sometimes on a 5% significance level) indicate that also other doses might differ significantly
(on a 5% level) from the control.] An increase in these parameters may have three different
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explanations: a) The added substance may act as a substrate for the microorganisms. This might
be supported by high degradation rates, but in the present studies the degradation rate did not
correlate with respiration or dehydrogenase activity. b) A part of the microorganism population
may die from the treatment and other species in the population may take over and increase their
biomass, partly by feeding on the dead organisms. c). The microorganisms are physically
stressed by the added substance leading to increased respiration. Due to these different
possibilities to interpret positive ‘effects’ in those tests, the results are very difficult to evaluate.
Nitrogen mineralisation is a sum parameter that includes several different processes among
which nitrate production is known to be a sensitive process. No significant effects were observed
in the nitrogen mineralisation test. However, statistical tests were only performed comparing
data from day 28 with data from day 14. For soil with high organic contents, it appears that there
might be differences when comparing nitrate production data at day 14 with day 0 data. In
addition, a negative dose–response relation is indicated for nitrate production between day 28
and day 0 for this soil.
The authors have not discussed possible effects on different processes and different functional
groups of the microorganism population. Such a discussion might have thrown some light on the
variability in the results.
In conclusion, due to the variability in the recovery of DEHP and the variability and the question
marks regarding the effects results, this study is not considered valid for determination of a
PNECsoil. However, a question mark still exists regarding possible effects on microorganisms
(compare with sediment results Section 3.2.1.5.).

3.2.3.4

PNEC soil

Since no PNECwater was determined, the equilibrium partition method, given in TGD, could not
be used to estimate PNECsoil.
There are several studies in which plants or soil organisms have been exposed to DEHP. These
studies indicate that DEHP is not harmful to soil organisms (and plants). However, most of these
studies were questionable due to irrelevant exposure situations or nominal test concentrations
above the solubility level. Only four studies exist with a relevant exposure situation that can be
used for comparison with PECsoil. The four relevant studies represent three trophic levels. The
lowest normalised unbounded NOEC from these studies was 130 mg/kg dwt (the highest tested
concentration). If an assessment factor of 10 is applied on this NOEC, a PNEC of 13 mg/kg dwt
is obtained. Since the PNEC is derived from a study where NOEC is the highest tested
concentration, it can only be concluded that PNECsoil > 13 mg/kg dwt.
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End-point
Exp.
Period

Effect conc.

Exposure via water
1

mg/l
St
N?

?

24 hours passive
membrane
permeability

NOEC 0.9
> 0.9
LC50

Nominal (?) concentrations: control and 2.3*10-3 mol/m3, corresponding to
897 mg/m3 The only concentration tested (the saturation concentration
according to the authors).
Effects on the permeability of the plasma membranes were investigated by
changes in conductivity in the incubation medium.
24 other substances were also tested. The study was designed with the
purpose to compare different test approaches with plants.

Temperature in ºC
Static, Semistatic or Flow through
Measured or Nominal concentrations
References: 1) Schweiger et. al.,1982

Table 3.81 Chronic (long term) toxicity to plants
Study Test organism
(Life stage, age)
No3

T1
M, N2

Vehicle

Exp. End-point
period

Effect conc.

Exposure via air

Comment

µg/cm-2

1

Sinapis alba
White mustard
(5-8 leave stage)

Outdoor
St
M

tween 20 3-10
days

chlorosis

NOEC
LOEC

8.75
> 8.75

Field study: The contaminants added by spraying plants in plots of 3*8m-2.
Test concentration (measured in petri dishes placed in the sprayed area):
untreated, Tween 20 at 1.05 and 3.5 µg/cm-2, DEHP at 0.44, 2.19 and
8.75 µg/cm-2.

2

Brassica napus
(4-5 leave stage)

Outdoor
St
M

tween 20 3-10
days

chlorosis

NOEC
LOEC

8.75
> 8.75

Field study: The contaminants added by spraying plants in plots of 3*8m-2.*
Test concentration (measured in petri dishes placed in the sprayed area):
untreated, Tween 20 at 1.05 and 3.5 µg/cm-2, DEHP at 0.44, 2.19 and
8.75 µg/cm-2.
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Tables on effect studies for the terrestrial compartment

1)
2)
3)
4)

Beta vulgaris
red beetroot

Comment
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Vehicle
T1
St, Se, Fl2
M, N3

Study Test organism
(Life stage)
No4

3.2.3.5
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Table 3.80 Acute toxicity to plants

Table 3.81 continued Chronic (long term) toxicity to plants
Study Test organism
(Life stage, age)
No3

T1
M, N2

Vehicle

Exp. End-point
period

Exposure via soil

Effect conc.

Comment

mg/kg dw

3

Spinacia oleracea

23-25°C -

14-16
days

seedling
NOEC
development

?

Nominal conc.: control and 0.1% ??? 12 h light: 12 h dark It is unclear what
the concentration really was. In the methods chapter it is said that 100 µg
DEHP was added with 100 ml water to 100 g dried (170°C) soil ( => 1
mg/kg) but in the results the concentration discussed is 0.1 % which is said
to have no effect on the plants. Therefore the test is considered invalid for
the purpose of the risk assessment.

4

Pisum sativum

23-25°C -

14-16
days

seedling
NOEC
development

?

Nominal conc.: control and 0.1% ??? 12 h light: 12 h dark. It is unclear what
the concentration really was. In the methods chapter it is said that 100 µg
DEHP is added with 100 ml water to 100 g dried (170°C) soil ( => 1 mg/kg)
but in the results the concentration discussed is 0.1% which is said to have
no effect on the plants. Therefore the test is considered invalid for the
purpose of the risk assessment

5

Tricitum aestivum
Lepidium sativum
Brassica alba

21.6 –
23.3°C

18 days Germination NOEC
and growth LOEC

100
>100

Limit test, only one concentration tested. No effects were seen on either of
the species tested.

-

Exposure via water

mg/l

Spinacia oleracea

N

methanol 13 days seed
NOEC
germination LOEC

< 1,000
1,000

Nominal concentrations: Control, methanol control, and 0.1%
(corresponding to approximately 1,000 mg/l).
A 50% reduction was observed compared to control. Methanol did not affect
the germination.

7

Pisum sativum

N

methanol 13 days seed
NOEC
germination LOEC

< 1,000
1,000

Nominal concentrations: Control, methanol control, and 0.1%
(corresponding to approx. 1000 mg/l).
A 40% reduction was observed compared to control. Methanol did not effect
the germination

8

Glycine max
Soybean

28°C
N

methanol 5 days cell
NOEC
suspension LOEC
growth

390
> 390

Nominal concentrations: methanol control, 10-5, 10-4.5, 10-4, 10-3.5, 10-3 mol/L,
corresponding to appr.0, 4, 12, 39, 123, 390 mg/l.
Soybean cell suspension culture was used. The substance was added in 40100 µL of methanol two days after start of the culture. The methanol control
did not affect the growth.

Table 3.81 continued overleaf
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Study Test organism
(Life stage, age)
No3

T1
M, N2

Vehicle

Exp. End-point
Period

Effect conc.

Exposure via water
9

1)
2)
3)

Triticum aestivum
Wheat

Comment

mg/l
28°C
N

methanol 5 days cell
suspension
growth

NOEC
LOEC

390
> 390

Nominal concentrations: control, 10-5, 10-4.5, 10-4, 10-3.5, 10-3 mol/L,
corresponding to appr.0, 4, 12, 39, 123, 390 mg/l.
Wheat cell suspension culture was used. The substance was added in 40100 µL of methanol nine days after start of the culture. The methanol control
did not affect the growth.

Temperature in ºC
Measured or Nominal concentrations
References: 1) Løkke and Rasmussen, 1983
2) Løkke and Rasmussen, 1983
3) Herring and Bering, 1988
4) Herring and Bering, 1988
5) Diefenbach, 1998a
6) Herring and Bering, 1988
7) Herring and Bering, 1988
8) Langerbartels and Harms, 1986
9) Langerbartels and Harms, 1986
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Table 3.81 continued Chronic (long term) toxicity to plants

Table 3.82 Toxicity to soil organisms
Study Test organism
No3 (Life stage, age)

T1
M, N2

Vehicle

Exp. End-point
Period

Exposure on filter paper
1

Eisenia foetida

Eisenia foetida foetida

20°C
N

acetone or 48 h
chloroform

survival

NOEC 25
LOEC > 25

At least five nominal concentrations up to 25 mg/cm2, and a solvent control. Ten replicates.

mg/kg soil dw
20 ± 2 °C N

14 d

survival

NOEC 1,000
LOEC > 1,000

Limit test, only one concentration tested.
FINAL REPORT, 2008

Table 3.82 continued overleaf

Comment

mg/cm2

Exposure via soil
2

Effect conc.

Table 3.82 continued Toxicity to soil organisms
Study Test organism
No3 (Life stage, age)

Vehicle

T1
M, N2

Exp. End-point
Period

Exposure via soil
3

Folsomia fimetaria
- adult
- juvenile

Effect conc.

Comment

mg/kg soil dw
20°C
N

acetone

21 d

survival
NOEC 5,000
reproduction LOEC > 5,000
survival
LOEC 1,000
growth
NOEC > 1,000
development

1)
2)
3)

Nominal concentrations: 1,000, 2,000, 3,000, 4,000, 5,000 mg/kg soil dw, and a solvent control. 10
females and 10males in each beaker, four replicates, test organisms fed bakers yeast twice, pH
checked, 12 hours light: 12 hours dark.
Nominal concentrations: 100, 250, 500, 1,000 mg/kg soil dw, and a solvent control. 20 juveniles in
each multidish, 12 hours light: 12 hours dark.

Temperature in ºC
Measured or Nominal concentrations
References: 1) Neuhauser et. al., 1985
2) Diefenbach, 1998b
3) Jensen et.al., 2001

Table 3.83 Toxicity to terrestrial micro-organisms
Study Test organism
(Life stage, age)
No3

T1
M, N2

Vehicle

Exp.
End-point
Period

Exposure via soil

Comment

mg/kg

Natural soil flora

25°C
M

-

3m

Respiration, NOEC 250
nitrogen
LOEC > 250
mineralisation,
nitrification

2

Natural soil flora

26°C
N

-

8 hours respiration
inhibition

Test concentrations: control, 5 and 250 mg/kg. Triplicates of each concentration. It is
unclear whether the concentrations are reported per dry weight or per wet weight.
The soil was dried sieved and stored (2 years) silt loam, (taken from the Swedish
long-term fertility site at Fors). DEHP was uniformly mixed with a smaller portion of
the dried soil. From this spiked soil known amounts were taken and mixed with more
soil to reach the final concentration The soil was than wetted to optimal moisture
content.
Microorganisms were not added.

NOEC < 49,150 Nominal DEHP concentration: 49,150 mg/kg (supposing a density for DEHP of 0.983
LOEC 49,150 g/cm3) and control. The DEHP (0.2 ml) and the soil (4 g) were added to different parts
of a Warburg flask which was then carefully rolled around. The soil was Grenville
loam from an experimental farm in Ottawa, with a moisture content equivalent to 66%
field capacity. The soil was not pre-exposed to PAEs. Due to the high nominal
concentration and the blending technique the study is considered invalid for the
purpose of this risk assessment.

CHAPTER 3. ENVIRONMENT

1

Table 3.83 continued overleaf

Effect conc.

207

Study Test organism
(Life stage, age)
No3

T1
M, N2

Vehicle

Exp. End-point
Period

Exposure via soil

Effect conc.

Comment

mg/kg

3

Natural soil flora

26°C
N

-

8 hours respiration
inhibition

4

Natural soil flora

20°C (?)
N

methanol

16 days Number of
NOEC 100,000 DEHP was added, dissolved in methanol (0.05 ml/g soil), to soil concentrations at 0.1,
bacteria,
LOEC >100,000 1, 10, and 100 g DEHP/kg dw. Exposure for 1, 7 and 16 days. The endpoints were total
structural and
number of culturable bacteria and Pseudomonas, and structural and functional diversity
of soil microbial community. Indications of 84% effects (non-significant) on numbers of
functional
Pseudomonas. The study is considered invalid for the purpose of this risk assessment
diversity
due to the high addition of methanol and unclear description of treatment of controls.

1)
2)
3)

NOEC 49,150 Nominal DEHP concentration: 49,150 mg/kg (supposing a density for DEHP of 0.983
LOEC >49,150 g/cm3) and control. The DEHP (0.2 ml) and the soil (4 g) were added to different parts
of a Warburg flask which was then carefully rolled around. The soil was Grenville loam
from an experimental farm in Ottawa, with a moisture content equivalent to 66% field
capacity. The soil was pre-exposed to 0.3% DEHP (=2.95 g/kg) for 14 days in 22°C.
The respiration rate was actually enhanced (30%) compared to control. Due to the high
nominal concentration and the blending technique the study is considered invalid for the
purpose of this risk assessment.
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Table 3.83 continued Toxicity to terrestrial micro-organisms

Temperature in ºC
Measured or Nominal concentrations
References: 1) Kirchmann et. al. (1991)
2) Mathur (1974)
3) Mathur (1974)
4) Cartwright et. al. (1999)
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3.2.4

Secondary poisoning

3.2.4.1

Toxicity to birds

The toxicity data of DEHP to birds are presented in Table 3.84. Figures within brackets [x]
below refer to the numbering of the studies in this table.
Toxicity tests exist for several species of birds where the exposure is via the feed. In four of the
studies [1-4] the test substance actually is a mixture of DEHP and tetradecene or
trichlorobenzene. It is not possible to distinguish between effects caused by DEHP and effects
caused by the other substance, or combination effects. Therefore, the results from these studies
are not directly used for deriving a NOEC in this risk assessment.
Effects on lipid metabolism are shown in two studies with lowered plasma lipid concentrations
and lowered cholesterol, among other effects, at relatively high concentrations of DEHP (10,000
– 20,000 ppm) [7, 8]. In another study, wild starlings gained more weight and showed an
increase in lipid deposition at low concentrations of DEHP (25 ppm). However, it seems difficult
to interpret the findings in the latter study as adverse effects with ecological relevance. Hence,
this study is not used for deriving a PNEC in this risk assessment.
In three studies on hens at relatively high concentrations of DEHP adverse effects on egg
production was shown [7-9]. In a long term study on White Leghorn Hen exposed to DEHP for
about 230 days, egg production ceased and abnormality of ovaries and hypertrophy of liver and
kidneys were found at the lowest test concentration, LOEC = 5,000 ppm (Ishida et al., 1982).
This is the lowest effect value regarding toxicity to birds (when the starling study mentioned
above is discounted). According to TGD a NOEC can be calculated as LOEC/2, when effect
percentage is 10-20. The prerequisite of 10-20% is not fulfilled in this case, since the effect was
100%. In another study on hens exposed to DEHP for 28 days decreased egg production (14%)
and effects on lipid metabolism were found at the lowest test concentration, LOEC = 10,000 ppm
(Wood and Bitman 1980). An effect level of 14% fulfil the prerequisite for dividing the LOEC
by two, resulting in a NOEC of 5,000 ppm. The feed in this study was a standard laying mash
(consisting mainly of different meals). In TGD (Appendix VII) it is stated that the energy content
of grain is higher than fish. This means that in order to obtain the same amount of energy more
wet weight of fish must be consumed compared to grain. Therefore a correction factor of 3 may
be applied for the difference in caloric content of the diet of laboratory animals and the diet of
fish-eating birds or mammals”. Hence, the NOEC can be lowered with a factor 3 resulting in a
NOEC of about 1,700 mg/kg food.

3.2.4.2

PNECoral for secondary poisoning

Effects on birds and mammal populations are rarely caused by mortality after short-term
exposure. Therefore, results from long-term studies are preferred, such as NOECs for mortality,
reproduction or growth. According to TGD, an assessment factor of 100 can be applied to the
NOEC for a 28-day repeated dose test to derive a PNEC. When chronic studies are available an
assessment factor of 10 may be used. Reproduction toxic effects are regarded as chronic effects
and for these the same assessment factor (10) may be used.
For birds there is one study with results suitable for deriving a PNEC. This is the 28-day study
with a NOEC of 1,700 mg/kg food for reproductive effects calculated from a LOEC of
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10,000 ppm. Since it is a reproductive effect strictly applying TGD would lead to the use of an
assessment factor of 10. However, there is also a long-term study (230 days exposure) in which
egg laying was totally impaired at a dose of 5,000 ppm. From this study no NOEC can be
derived but the results imply that a larger assessment factor than 10 is needed for the derivation
of PNEC from the 28-day study. Therefore, an assessment factor of 100 is chosen resulting in a
PNEC of 17 ppm. This PNEC will be used in the risk characterisation for secondary poisoning of
birds feeding on mussels.
There are several studies on mammalians exposed to DEHP via oral exposure (see
Section 4.2.9). In a continuous breeding study (chronic, > 90 days) on mice, Lamb et al. (1987)
found that 1,000 ppm DEHP produced a dose dependent and significant decrease in the number
of litters as well as the number and proportion of pups born alive. The NOAEL was 100 ppm
DEHP in food. Impairment of fertility is considered to be an ecologically relevant effect.
Applying an assessment factor of 10 to the NOAEL from this study results in a PNEC of 10
ppm.
In another chronic study, minimal to mild Sertoli cell vacuolisation was observed in testes of
young male rats, which had been given 500 ppm DEHP in the diet for 13 weeks (Poon et al.,
1997). At the next higher concentration, 5,000 ppm, the testis weights were significantly
reduced, and microscopic examination revealed a mild to moderate, bilateral, multifocal or
complete atrophy of the seminiferous tubules with complete loss of spermatogenesis. Hence,
preliminary stage of reproductive impairment was shown already at a dose of 500 ppm. Applying
an assessment factor of 10 to the NOAEL (50 ppm) for this effect results in a PNEC of 5 ppm.
Irreversible testicular damage was shown in male rats exposed in utero and during suckling at
very low dose levels. The NOAEL was 4.8 mg/kg bw/day at a food concentration of 100 ppm
(Wolfe et al., 2003). According to TGD a food conversion factor of 3 should be applied,
resulting in a NOECoral, mammalianss of 100 ppm/3= 33.3 ppm. Finally, when applying the
assessment factor of 10 (for chronic studies according to TGD) a PNEC of 3.3 ppm is obtained.
In conclusion, for the purpose of this risk assessment the PNECoral,
non-compartment specific effects relevant to the food chain is set to 3.3 ppm.
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mammalians

for

Study Test organism
(Life stage, age)
No1

Vehicle

Exp. End-point Effect conc.
period
(mg/kg)

Comment

5 days mortality

LC50
> 100,000
NOEC 100,000

The test substance was applied in the diet at concentrations of 3,125, 6,250, 12,500, 25,000,
50,000 and 100,000 ppm. The treated groups were compared with three control groups.
Eight animals were used per group. None of the animals died in any of the groups. The body
weight gains were dose-dependently reduced in all treatment groups except the lowest dose
group. Food consumption was dose-dependently reduced in the three highest dose groups but
normalised during a 3-days post treatment period, indicating that the ducklings avoided the food.
The test substance which was identified by the code name LL-1131 was a mixture of two
substances (according to IUCLID, only the code name is given in the available report):
di-(2-ethylhexyl) phthalate at 90% and tetradecene at 10%

2

Anas Platyrhynchos corn oil
(ducklings, 10 days)

5 days mortality

LC50 > 40,000
NOEC 40,000

The test substance was applied in the diet at concentrations of 2,013, 3,660, 6,655, 12,100,
22,000 and 40,000 ppm. The treated groups were compared with three control groups.
Eight animals were used per group. None of the animals died in any of the groups. The body
weight gains were dose-dependently reduced in all treatment groups (9% at the lowest
concentration). Food consumption was dose-dependently reduced in the four highest dose
groups but normalised during a 3-days post treatment period(except the two highest dose
groups). The test substance which was identified by the code name LL-1132 was a mixture of
two substances (according to IUCLID, only the code name is given in the available report):-(2ethylhexyl) phthalate at 70% and trichlorobenzene at 30%

3

Phasianus colchicus corn oil
"ring-necked"
pheasants
(10 d)

5 days mortality

LC50 40,000
NOEC < 2,013

The test substance was applied in the diet at concentrations of 2,013, 3,660, 6,655, 12,100,
22,000 and 40,000 ppm. The treated groups were compared with three negative control groups
and positive control groups, which were fed dieldrin treated food at different concentrations.
Eight animals were used per group None of the animals died in the 6,655 and 22,000 ppm
groups, 1/8 animal died in the 2,013, 3,660 and 12,100 ppm group and 4/8 animals died in the
40,000 ppm group. Mortality occurred between day 2 and 4 of the treatment in the highest dose
group and at day 5 in the other groups. Body weights were reduced showing a trend to doseresponse. Food consumption was reduced in all treatment groups with during a 3-days post
treatment period (except the highest dose group).
The test substance which was identified by the code name LL-1131 was a mixture of
two substances (according to IUCLID, only the code name is given in the available report):
di-(2-ethylhexyl) phthalate at 90% and tetradecene at 10%.
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Study Test organism
(Life stage, age)
No1

Vehicle Exp.
End-point
Period

Effect conc.
(mg/kg)

Comment

LC50
NOEC

9,000
4,222

The test substance was applied in the diet at concentrations of 2,406, 4,222, 7,407, 12,996, 22,800
and 40,000 ppm. The treated groups were compared with three negative control groups and
positive control groups, which were fed dieldrin treated food at different concentrations. Eight
animals were used per group. None of the animals died in the 2,406 and 4,222 ppm groups, 3/8
animals died in the 7,407 ppm group and 8/8 animals die in the 12,996, 22,800 and 40,000 ppm
groups. Mortality occurred between day 2 and 5 of the treatment. Body weight gains were dosedependently reduced. Food consumption was reduced in all treatment groups with normalisation
during a 3-days post treatment period.
The test substance which was identified by the code name LL-1132 was a mixture of two
substances (according to IUCLID, only the code name is given in the available report):-(2ethylhexyl) phthalate at 70% and trichlorobenzene at 30%

> 10
> 10

DEHP was applied in the diet at a concentration of 10 ppm with a control group.
Pairs of Ringdoves were maintained in individual cages and their eggs were examined.
Di-n-butyl phthalate was also tested in this study at a concentration of 10 ppm in the diet. Eggshell
thickness was decreased and permeability to water increased by the diet containing DINBP,
whereas no significant effect was found with DEHP.

< 25
25

DEHP was applied in the diet at concentrations of 25 and 250 ppm with a control group.
Twenty-one wild captured adult starlings of mixed sexes were used per group. At 30 days of
exposure eight birds were removed and examined. The remaining birds were provided untreated
food for a 14 days cleanup period. The DEHP-dosed starlings gained more weight than birds in the
control group and showed an increase in lipid deposition. The increases in body weights and
carcass lipids were not accompanied by increases in food consumption. No other treatment-related
were detected at 30 days exposure.

4

Phasianus colchicus corn oil
"ring-necked"
pheasants
(10 d)

5 days

mortality

5

Streptopelia risoria ?
ring dove
(eggs)

?

eggshell
LC50
thickness,
NOEC
breaking
strength,
permeability,
shell structure

6

Sturnus vulgaris
Starling
(adults)

30 days weight
increase,
lipid content

corn oil

NOEC
LOEC
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Table 3.84 continued Toxicity to birds
Vehicle Exp.
period

7

Gallus domesticus
Hen
(young egglaying)

-

28 days feed
NOEC
consumption, LOEC
egg
production,
plasma lipids,
liver lipids

< 10,000 DEHP was applied in the diet at a concentration of 1% with a control group.
10,000 A group fed DEHP and tallow at concentrations of 1% and 5% respectively was also tested in this
study. Tallow was added to insure that enough lipids were available for egg production in the event
DEHP exerted severe lipid lowering effects.
Fifteen hens were used per group.
Both diets containing DEHP lowered feed consumption 10% but did not significantly affect body
weight. Both diets decreased egg production for the 4-wk experimental period (14% and 5% with
and without tallow respectively). However, egg weight, egg composition (percent shell, white, and
yolk), yolk lipid and cholesterol of eggs showed no differences compared to control eggs. Total liver
lipid increased in both diets (54% and 19% with and without tallow respectively). Total cholesterol in
livers increased (81% and 29% with and without tallow respectively). The fat content of pectoralis
major muscle decreased significantly. Both diets lowered plasma lipid concentration about 20% and
free and total cholesterol 20-30%.

8

Gallus domesticus
Hen
(young egglaying)

-

28 days body weight, NOEC
feed
LOEC
consumption,
egg
production,
plasma lipids,
liver lipids

< 20,000 DEHP and three structurally related side-chain analogs, 2-ethylhexanol (2-EH), 2-ethylhexanal
20,000 (2-EHALD), 2-ethylhexanoic acid (EHA), were fed to 5 treatment groups of 8 laying hens and one
control group at concentrations of: DEHP 2%, 2-EH 1%, 2-EH 2%, 2-EHALD 1%, 2-EHA 1%.
Experimental treatments lowered feed consumption, body weight, and egg production. The DEHP
and side-chain analog diets lowered plasma total lipids. DEHP 2%, 2-EH 2%, and 2-EHA 1% diets
lowered plasma free cholesterol. Liver weights were not significantly changed, but liver fat was
reduced. Hen egg yolk percent fat, lipid classes, and free and total cholesterol were unaffected by
any experimental treatment.

9

Gallus domesticus
White Leghorn Hen
(10-month-old)

230
days

egg
production,
abnormal
ovaries, liver
or kidneys

NOEC
LOEC

< 5,000 DEHP was applied in the diet at concentrations 0 (control), 0.5 and 1g DEHP/100 g feed.
5,000
Egg production was stopped and abnormality of ovaries and hypertrophy of liver and kidneys were
found in the DEHP administration groups. It was recognised that DEHP has a tendency to
accumulate selectively in feathers and adipose tissue.

10

Gallus domesticus
White Leghorn Hen
(10-month-old)

25 days egg
production,
abnormal
ovaries, liver
or kidneys

NOEC
LOEC

> 2,000 DEHP was applied in the diet at concentrations 0 (control) and 0.2g DEHP/100 g feed.
> 2,000 All of the hens continued to lay eggs, and the livers, kidneys, and ovaries did not change.
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No1

213

Study Test organism
(Life stage, age)
No1

Vehicle Exp.
End-point
period

Effect conc.
(mg/kg)

Comment

11

Phasianus colchicus corn oil 5 days mortality
Ring-necked
(8 days)
pheasant
(10 days old)

LC50 > 5,000
NOEC > 5,000

Three concentrations of which the highest was 5,000 mg/kg. The DEHP was added to the feed with
corn oil. A corn oil control was included.
131 chemicals were tested. The DEHP was only tested in a range-finding test, since no mortality
was observed at the highest tested concentration.
8 days test: 5 days of exposure to treated diet followed by 3 days of untreated diet

12

Anas platyrhyncos
Mallard
(10 days old)

LC50 > 5,000
NOEC > 5,000

Three concentrations of which the highest was 5,000 mg/kg. The DEHP was added to the feed with
corn oil. A corn oil control was included.
131 chemicals were tested. The DEHP was only tested in a range-finding test, since no mortality
was observed at the highest tested concentration.
8 days test: 5 days of exposure to treated diet followed by 3 days of untreated diet

1)

corn oil 5 days mortality
(8 days )

References: 1) General Electric Co. (1976a)
2) General Electric Co. (1976)
3) General Electric Co. (1976b)
4) General Electric Co. (1976b)
5) Peakall (1974)
6) O´Shea and Stafford 1980
7) Wood and Bitman (1980)
8) Wood and Bitman (1984)
9) Ishida et al. (1982)
10) Ishida et al. (1982)
11) Hill et.al. (1975)
12) Hill et.al. (1975)
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3.2.5

Other effects

3.2.5.1

Endocrine disruption

Possible effects of DEHP on the normal functioning of the endocrine system have been
investigated in a number of studies summarised in Section 4.1.2.9.3. Both in vivo and in vitro
study results indicate that DEHP can interfere with the endocrine function and also influence the
sexual differentiation (e.g. Gray et al., 1999 and Jones et al 1993). Due to the effects on the
Leydig cells as measured by a decreased testosterone output, it cannot be excluded that DEHP
may exert an antiandrogen effect. The results of recently performed in vivo studies in rats
exposed to DEHP or DBP support the hypothesis that exposure to phthalates may be provoked
by an antiandrogen mechanism (Gray et al., 1999, Mylchrest and Foster, 1998).
Norrgren et al. (1999), studied the effects on sexual differentiation in Atlantic salmon (Salmo
salar) exposed to DEHP, nonylphenolethoxilate (NPEO) or 17ß-estradiol via the food (see
Section 3.2.1.1). The control group consisted of 49% females while the fish fed diets
containing15 and 30 mg/kg 17ß-estradiol developed into 88 and 100% phenotypic females,
respectively. The number of females in the groups fed DEHP contaminated food was similar to
the control, 47% females, in the low dose, (300 mg DEHP/ kg food dwt) while in the high dose
(1,500 mg/kg food dwt) it was significantly higher 64%, (P < 0.05 chi-square test).
In addition to the feeding trial juvenile salmon weighing approximately 7.5 g were injected
intraperitoneally with different test compounds in order to study induction of vitellogenin
synthesis. Each group consisted of 5 fish that were kept in separate aquaria (50 l). The group
injected with DEHP received a total dose of 160 mg kg-1 during 17 days. At termination of the
exposure period blood was sampled from the fish and analysed for vitellogenin. No vitellogenin
was detected in the blood of the DEHP injected fish.

3.2.5.2

MEHP

Mono (2-ethylhexyl) phthalate (MEHP) is the major metabolite when DEHP is degraded in the
environment as well as in biota although the rate of conversion/metabolism differ between
different environmental compartments as well as different species (see Section 3.1.2.4, 3.1.5.1,
and 4.1.2.1). MEHP has proven to be toxic in studies with mammals and the substance could be
responsible for many of the effects seen in toxicity studies with DEHP (see Section 4.1.2.6 4.1.2.9). It is therefore reasonable to believe that MEHP will be toxic also to other species like
birds, fish, frogs etc. However no such information is available. A literature search did not reveal
any toxicity studies on other species than those reviewed in Section 4 - Human Health.
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3.3

RISK CHARACTERISATION

3.3.1

Aquatic compartment (incl. sediment)

3.3.1.1

Micro-organisms in sewage treatment plants

Only one study was considered valid to be used for the risk assessment of STP. In this study no
effect on respiration was observed at the highest tested concentration (2007 mg/l). Therefore the
only conclusion that can be drawn is that PNECSTP is > 201 mg/L (see Section 3.2.1.8).
The PECs for STP are presented in Table 3.85. Reported measured site-specific data for
processing sites did not include any information on the inflow to the STP, therefore no
site-specific local risk characterisation for STP has been done for the processing/conversion step.
However, due to the small emissions to waste water from these sites it can be concluded that the
PEC/PNEC ratios would be far below 1.
Table 3.85 PEC/PNEC ratios, STP
life c. stage

Description

1a

Production site 1

0.04

<

0.0002

1a

Production site 2

0.03

<

0.0002

1a

Production site 3

0.005

<

0.00003

1a

Production site 4

0.0009

<

0.000004

1a

Production site 5

0.00008

<

0.0000004

1a

Production site 6

20

<

0.1

1a

Production site 7

0.0002

<

0.0000008

1a

Production site 8

0.1

<

0.0005

1a

Production site 9

0.01

<

0.00006

1a

Production site 10

0

1a

Production site 11

0.2

<

0.001

1a

Production site 12

2.7

<

0.01

2a

Polymer-Calendering

0.1

<

0.0006

2b

Polymer-Extrusion
comp

0.04

<

0.0002

2c

Polymer-Extrusion
prod

0.04

<

0.0002

2d

Polymer -

with air
cleaning

0.05

<

0.0003

Plastisol spread
coating

without air
cleaning

0.43

<

0.002
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Table 3.85 continued PEC/PNEC ratios, STP
life c. stage

Description

2e

Polymer

with air
cleaning

0.03

<

0.0001

Other plastisol

without air
cleaning

0.23

<

0.001

Sealants/adhesives
etc.

formulation
1.3

<

0.006

processing

0

<

0

formulation

0.16

<

0.0008

processing

0.01

<

0.00006

0.19

<

0.0009

0.007

<

0.00003

0.03

<

0.0001

0.04
0

<

0.0002
0

3a
3b
4a

Lacquers and paint

4b

PEC mg/l

5a

Printing ink

formulation

6a

Ceramics

formulation

7

Municipal STP

8a

Paper recycling

8b

Disposal - Car
shredding
Disposal - waste
incin.

8c

PEC
PNEC1

0

0

1) PNEC > 200 mg/l.

The PEC levels are in many cases higher than the “true” water solubility (3 ug/L). Even the
“apparent solubility” is exceeded in some cases. Two production sites (6 and 12) show the
highest concentrations. When DEHP arrives in the treatment plant most of it (approximately
90%) adsorbs to the sludge. The same situation is probably the case in toxicity tests with sludge.
Since the bacteria are supposed to grow on the organic material in the effluents, they are also
exposed to chemicals associated with this material.
The information on how the specific formulation sites are connected to treatment plants is sparse.
They may be connected to municipal STPs and the processing/formulation may occur
intermittently.
For all of the scenarios the PEC/PNEC ratios are below 1. Conclusion (ii).

3.3.1.2

Surface waters

Short term and/or long term effect studies on aquatic organisms, exposed to DEHP via water, are
available for fish, amphibians, aquatic invertebrates, algae, higher plants, and micro-organisms.
However, there are no reliable long-term studies below the “apparent water solubility” of DEHP
indicating effects on organisms exposed to DEHP in water only. Hence, a PNECwater cannot be
specified. However, effects are shown on fish exposed to DEHP via food only. Therefore a
PNECfood for fish has been determined: 16 mg/kg (fresh food) (see Section 3.3.4, “Secondary
poisoning”).
The Local PECs based on the estimated (EUSES) PECregional (2.2 µg/l) and
PECregional(0.8 µg/l) derived from measured data, respectively are presented in Table 3.86.
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Table 3.86 Local PECs based on EUSES-estimated PECregional (2.2 µg/l) and
PECregional (0.8 µg/l) derived from measured values
Local PEC based on
Local PEC based on
estimated PECregional (µg/l) measured PECregional (µg/l)

Life cycle stage
1a Production
site 1

2.2

0.85

site 2

3.3

1.9

site 3

2.2

0.83

site 4

2.3

0.87

site 5

2.2

0.81

site 6

22

20

site 7

2.2

0.80

site 8

2.6

1.2

site 9

2.2

0.81

site 10

2.2

0.80

site 11

18

17

site 12

220

219

11

9.8

site F3

2.3

0.8

site S4

2.2

0.8

site S6

2.4

0.9

5.6

4.2

2.2

0.8

5.6

4.2

site F2

2.5

1.0

site F7

2.3

0.9

site I9

2.4

1.0

site S11

2.2

0.8

with air cleaning-generic

6.3

4.9

without air cleaning-generic

37

36

site F1

2.2

0.8

site S8

2.2

0.8

with air cleaning

4.4

3.0

without air cleaning

21

19

site ES12

2.2

0.8

site ES13

2.2

0.80

2 Polymer form/proc.
2a-Calendering – generic

2b Extrusion comp – generic
site S5
2c Extrusion prod – generic

2d Plastisol spread coating

2e Other plastisol

Not known
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Table 3.86 continued Local PECs based on EUSES-estimated PECregional (2.2 µg/l) and PECregional
(0.8 µg/l) derived from measured values
Local PEC based on Local PEC based on
estimated PECregional measured PECregional
Life cycle stage

(µg/l)

(µg/l)

104

102

2.2

0.8

3-6 Non polymer form/proc.
3a Sealants/adhesives

formulation – generic
Adhesives site F10

3b Sealants/adhesives

processing – generic

2.2

0.8

4a Laquers and paints

formulation – generic

15

14

4b Laquers and paints

processing – generic

3.2

1.6

5a Printing inks

formulation – generic

17

16

6 Ceramics

formulation – generic

2.8

1.2

7 Municipal STP – generic

4.8

3.2

8a Paper recycling – generic

5.2

3.6

8b Car shredding – generic

2.2

0.8

8c waste incineration. –
generic

2.2

0.8

Due to the absence of effects at or below the water solubility of DEHP, there seems to be no
concern for aquatic organisms exposed to DEHP via the water phase only, and there is no need
for further testing with exposure via the water phase alone. However, studies with exposure via
the food indicate effects on fish (see Section 3.3.4, “Secondary posisoning”). Conclusion (ii).

3.3.1.3

Sediment dwelling organisms

Several studies exist in which organisms are exposed to DEHP in sediment. These studies
involve organisms from several trophic levels: micro-organisms, detritivorous and predatory
insect larvae, and amphibians and indicate that DEHP is not harmful to sediment organisms. An
overall PNECsediment of > 100 mg/kg dwt, based on an embryo /larvae study with amphibians
(frogs) where no effects were seen at the highest test concentration (1,000 mg/kg dwt), is chosen
to be used in the risk assessment.
The PEC/PNEC ratios for sediment dwelling organisms are presented in Table 3.87. For
comparison PECsediment based both on calculated and measured PECregional surface water are
shown. For the local PECs based on reported site-specific data, only the PECs based on
measured PECregional are shown.
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Table 3.87 PEC/PNEC ratios for the sediment compartment
Local PEC based
on estimated
PECregional2
(mg/kg dwt)

PEC
PNEC1

Local PEC based
on measured
PECregional3
(mg/kg dwt)

PEC
PNEC1

site 1

21

< 0.2

7.9

< 0.08

site 2

31

< 0,3

17

< 0.2

site 3

21

< 0.2

7.7

< 0.08

site 4

21

< 0.2

8.1

< 0.08

site 5

21

< 0.2

7.5

< 0.08

site 6

204

< 2.0

191

<2

site 7

21

< 0.2

7.5

< 0.08

site 8

24

< 0.2

11

< 0.1

site 9

21

< 0.2

7.6

< 0.08

site 10

21

< 0.2

7.5

< 0,07

site 11

168

< 1.7

155

< 1,6

site 12

2058

< 21

2045

< 20

104

< 1.0

91

< 0.9

site F3

-

-

7.8

< 0.08

site S4

-

-

7.7

< 0.08

site S6

-

-

9.0

< 0.09

52

< 0.5

39

< 0.4

-

-

7.5

< 0.07

52

< 0.5

39

< 0.4

site F2

-

-

10

< 0.1

site F7

-

-

8.2

< 0.08

site I9

-

-

9.2

< 0.09

site S11

-

-

7.5

< 0.07

59

< 0.6

46

< 0.5

345

< 3.5

332

< 3.3

site F1

-

-

7.7

< 0.07

site S8

-

-

7.8

< 0.08

with air cleaning – generic

41

< 0.4

28

< 0.3

without air cleaning – generic

194

< 1.9

181

< 1.8

site ES12

-

-

7.5

< 0.07

site ES13

-

-

7.7

< 0.08

Life cycle stage
1a Production

2 Polymer form/proc.
2a-Calendering – generic

2b Extrusion comp – generic
site S5
2c Extrusion prod – generic

2d Plastisol spread coating with air cleaning - generic
without air cleaning - generic

2e Other plastisol

Not known
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Table 3.87 continued PEC/PNEC ratios for the sediment compartment

Life cycle stage

Local PEC based
on estimated
PECregional2
(mg/kg dwt)

PEC
PNEC1

Local PEC based
on measured
PECregional3
(mg/kg dwt)

PEC
PNEC1

966

< 9.7

951

< 9.5

-

-

7.5

< 0.07

3-6 Non polymer form/proc.
3a Sealants/adhesives

formulation – generic
Adhesives site F10

3b Sealants/adhesives

processing – generic

21

< 0.2

6.0

< 0.06

4a Lacquers and paints

formulation – generic

144

< 1.4

129

< 1.3

4b Lacquers and paints

processing – generic

30

< 0.3

15

< 0.15

5a Printing inks

formulation – generic

162

< 1.6

149

< 1.5

6 Ceramics

formulation – generic

26

< 0.3

11

< 0.1

7 Municipal STP – generic

44

< 0.4

30

< 0.3

8a Paper recycling – generic

48

< 0.5

33

< 0.3

8b Car shredding – generic

21

< 0.2

6.0

< 0.06

8c waste incineration. – generic

21

< 0.2

6.0

< 0.06

1)
2)
3)

PNEC > 100 mg/kg dw
Local PECsediment based on PECregional surface water estimated by EUSES (2.2µg/l)
Local PECsediment based on PECregional surface water derived from measured data (0.8µg/l)

Conclusion
DEHP is slowly degraded in the sediment due to low oxygen levels. This in combination with
high ability to adsorb to organic matter contributes to high concentrations in sediments.
The PEC/PNEC ratios are in most cases below 1. For some scenarios - production sites 6, 11 and
12 the ratios are higher than 1. These sites have however, ceased production. For the generic
local scenarios 2d plastisol spread coating without air cleaning, 2e other plastisol without air
cleaning, 3a sealants formulation, 4a lacquers and paint formulation, and 5a printing inks
formulation - the ratios are also higher than 1. The PECs for these scenarios are calculated based
on default emission factors from the emission scenario document (ESD) on Plastics additives.
For the scenarios based on site-specific data in the formulation and processing stages, the
PEC/PNEC ratio is 0.1 or less.
The ESD on Plastics additives suggests that spread-coating sites without air-cleaning release ten
times more than an otherwise equivalent site with air-cleaning. Half of the release is supposed to
go to waste water. The site specific information from the two spread coating sites (F1 and S8)
indicates that the emissions to waste water from spread coating are much lower than what the
ESD suggests.
For sealants/adhesives formulation the situation is similar. The site specific information (site
F10) indicates much lower emissions to waste water than suggested by the generic release
estimation based on default emission factors. The site specific risk characterisation gives a
PEC/PNEC ratio below 0.1, which is two orders of magnitude lower than for the generic local
scenario (3a sealants formulation).
However, site-specific data is limited to a few out of many sites (in the order of 20 out of 800).
The volume used by these sites covers only a few percent of the total volume used in these use
areas. The data can therefore not be taken as representative for all other sites (see also
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Section 3.1.1.2.1). As a realistic worst case it has been assumed that there are plastisol spread
coating and sites formulating lacquers, paints, printing inks, sealant and/or adhesives that have
emissions of a magnitude as indicated by the rather recently agreed ESD, thus leading to
PEC/PNEC ratios > 1.
The PNEC used (> 100 mg/kg) is derived from a study on frog eggs where no effects were seen
at the highest tested concentration. With the exception of a study on microorganisms, which was
not considered relevant to use for deriving a PNEC, all other studies on sediment organisms
indicate even higher no effect levels. For Chironomus spp, no effects were seen up to
11,000 mg/kg dwt. The actual PNEC may thus be higher. Repeating the tests at higher test
substance concentrations than those used may refine the PNEC. This option is not chosen
because data is already available for DEHP and because of the difficulties associated with testing
very high concentrations of a substance. Alternatively more data on emissions and
concentrations in sediment could be collected. Since a refinement of the exposure assessment
may result in a conclusion (ii) for this compartment further information could be requested.
However since the same scenarios that have PEC/PNEC ratios > 1 for sediment-dwelling
organisms, also have PEC/PNEC ratios > 1 for the food chains based on aquatic organisms, the
risk reduction strategy will address the emissions in these scenarios anyway. Further studies are
therefore not requested at this point.
Therefore, for these uses a conclusion (i) “on hold” is drawn.
Further refinement of the assessment may remove some concern. However implementation of
risk management measures to address the risks identified for the other environmental spheres
will eliminate the need for further information on sediment dwelling organisms.

3.3.2

Atmosphere

No studies exist from which a PNECatmosphere (to compare with PECatmosphere) could be derived.
However, NOEC values were estimated for single applications of DEHP on foliage of plants
(87.5 mg/m2) and on the venter of abdomen of housefly (about 200 mg/m2, supposing that the
housefly has an area of 1 cm2, compare Section 3.2.2.2). These NOECs could be compared with
the measured and estimated daily deposition rates accounted for in Sections 3.1.6.3 and 3.1.6.3.1
and Annex 1. The highest measured deposition rate is 9.4 µg/m2 . day, and the highest calculated
(EUSES) deposition rate (life cycle stage 3a sealants, adhesives formulation) is 71 µg/m2 . day.
This means that to reach the NOEC value (single occasion deposition) for plants, 87.5 mg/m2,
about 1,000 days at the highest calculated deposition rate, and about 9,000 days at the highest
measured deposition rate, is needed. This is to reach a NOEC that is based on the highest tested
concentration. From this calculation we conclude that it is not likely that atmospheric
exposure/deposition of DEHP, caused by activities dealt with in this risk assessment, would have
direct effects on organisms exposed to DEHP directly from the atmosphere. Conclusion (ii)
There are no data indicating risk for the atmosphere compartment.

3.3.3

Terrestrial compartment

Several studies exist in which plants or soil organisms have been exposed to DEHP. These
studies indicate that DEHP is not harmful to soil organisms (incl. plants). The NOECs from tests
that were considered valid for the risk assessment were all the highest tested concentrations.
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Since these studies each represent one trophic level, the lowest NOEC (from a plant test) was
chosen to estimate PNEC. Hence, a PNECsoil > 13 mg/kg dwt is derived (see Section 3.2.3.4).
Agricultural soil
The PEC/PNEC ratios are presented in Table 3.88.
Table 3.88 Comparison of calculated PEClocal for agricultural soil with PNECsoil
Life cycle stage

PEC
( mg/kg dwt)

PEC
PNEC1

9.2

< 0.7

site F3

0.06

< 0.005

site S4

0.06

< 0.005

site S6

0.2

< 0.02

3.5

< 0.3

0.02

< 0.005

3.5

< 0.3

site F2

0.3

< 0.02

site F7

0.1

< 0.01

site I9

0.2

< 0.02

site S11

0.02

< 0.005

4.2

< 0.3

without air cleaning – generic

354

< 2.7

site F1

0.05

< 0.005

site S8

0.09

< 0.007

with air cleaning – generic

2

<0.2

without air cleaning – generic

19

<1.5

site ES12

0.02

<0.005

site ES13

0.04

<0.005

103

< 7.9

0.03

< 0.005

2 Polymer form/proc.
2a Polymer-Calendering –generic

2b Polymer-Extrusion comp – generic
site S5
2c Polymer-Extrusion prod – generic

2d Polymer – Plastisol spread coating with air cleaning – generic

2e Polymer - Other plastisol

2? Not known

3-6 Non polymer form/proc.
3a Sealants/adhesives

formulation – generic
Adhesives site F10

3b Sealants/adhesives

processing – generic

0.02

< 0.001

4a Lacquers and paints

formulation – generic

13

< 1.0

4b Lacquers and paints

processing – generic

1

< 0.1

Table 3.88 continued overleaf
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Table 3.88 continued Comparison of calculated PEClocal for agricultural soil with PNECsoil
Life cycle stage

PEC
(mg/kg dwt)

PEC
PNEC1

5a Printing inks

formulation – generic

15.5

< 1.2

6a Ceramics

formulation – generic

0.5

< 0.04

2.6

< 0.2

3

< 0.2

8 Disposal - Car shredding – generic

0.02

< 0.001

8c Disposal - waste incin. – generic

0.02

< 0.001

Regional

0.07

< 0.005

7 Municipal STP – generic
8a Paper recycling – generic

1) PNEC > 13 mg/kg dwt

Conclusion
The PEC/PNEC ratios are higher than 1 for agricultural soil in three of the scenarios, 2d plastisol
spread coating without air cleaning, 2e other plastisol without air cleaning, and 3a sealants
formulation. The PECs for these scenarios are calculated based on default emission factors from
the emission scenario document (ESD) on Plastics additives. For the scenarios based on
site-specific data in the formulation and processing stages, the PEC/PNEC ratio is 0.02 or less.
Furthermore, the highest available monitoring data from agricultural soil is 5 mg/kg dwt in soil
(after application for 10 years with 333 tonnes sludge per year). This indicates that the calculated
PECs may be overestimated.
The ESD on Plastics additives suggests that spread-coating sites without air-cleaning release ten
times more than an otherwise equivalent site with air-cleaning. Half of the release is supposed to
go to waste water. The site specific information from the two spread coating sites (F1 and S8)
indicates that the emissions to waste water from spread coating are much lower than what the
ESD suggests.
For sealants/adhesives formulation the situation is similar. The site specific information (site
F10) indicates much lower emissions to waste water than suggested by the generic release
estimation based on default emission factors. The site specific risk characterisation gives a
PEC/PNEC ratio below 0.005, which is three orders of magnitude lower than for the generic
local scenario (3a sealants formulation).
However, site-specific data is limited to a few out of many sites (in the order of 20 out of 800).
The volume used by these sites covers only a few percent of the total volume used in these use
areas. The data can therefore not be taken as representative for all other sites (see also
Section 3.1.1.2.1). As a realistic worst case it has been assumed that there are plastisol spread
coating and sites formulating lacquers, paints, printing inks, sealant and/or adhesives that have
emissions of a magnitude as indicated by the rather recently agreed ESD, thus leading to
PEC/PNEC ratios > 1.
The PNEC is based on a > NOEC value from a study where no effects on seed germination and
growth of plants were seen at the highest test concentration of 100 mg/kg dwt. Studies on other
organisms indicate even higher no effect levels. In a 14 days study on earthworms no effects
were seen at 1,000 mg/kg dwt and the collembolan species Folsomia fimetaria was unaffected at
5,000 mg DEHP/kg dwt after 21 days exposure. The actual PNEC may thus be higher. Repeating
the tests at higher test substance concentrations than those used may refine the PNEC. This
option is not chosen because data is already available for DEHP and because of the difficulties
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associated with testing very high concentrations of a substance. Alternatively more data on
emissions and concentrations in soil could be collected. Since a refinement of the exposure
assessment may result in a conclusion (ii) for this compartment further information could be
requested. However since the same scenarios that have PEC/PNEC ratios > 1 for soil organisms,
also have PEC/PNEC ratios > 1 for the food chains based on terrestrial organisms, the risk
reduction strategy will have to address the emissions in these scenarios anyway. Further studies
are therefore not requested at this point.
Therefore, for these use areas conclusion (i) “on hold” is drawn.
Further refinement of the assessment may remove some concern. However implementation of
risk management measures to address the risks identified for the other environmental spheres
will eliminate the need for further information on soil organisms.
Urban/industrial soil
The main source for the contamination of urban/industrial soil is the waste formed during use of
end-products and “waste remaining in the environment”. The distribution of such waste is
assumed to be limited geographically (e.g. car undercoating material emitted to soil near roads).
A worst case local PEC is therefore expected to be higher than a regional PEC. There are,
however, no local scenarios available for the urban/ind. soil compartment in TGD. Only a
regional PEC for this compartment has been calculated.
The PEC/PNEC ratios are presented in Table 3.89. The regional PEC/PNEC is calculated to be
< 0.25. Since worst case local concentrations are expected to be higher than the regional PEC,
the PEC/PNEC ratio for a local scenario may be higher than 1.
Table 3.89 Comparison of PECregional for urban/industrial
soil with PNECsoil (EUSES)
Scenario

PEC
(mg/kg dwt)

PEC
PNEC1

Regional (EUSES calc.)

3.2

< 0.25

Continental (EUSES calc.)

0.33

< 0.03

1) PNEC = >13 mg/kg dwt

3.3.4

Secondary poisoning

The PNECoral for DEHP in fresh food is 3.3 mg/kg for mammalians, 17 mg/kg for birds, and
16 mg/kg for fish (see Sections 3.2.4.2 and 3.2.1.6). In this risk assessment we propose that
mammalians eat fish, birds eat mussels, and fish eat invertebrates in food chains based on aquatic
exposure of DEHP. In the terrestrial food chain mammalians are supposed to eat DEHP exposed
earthworms. The PEC/PNEC ratios are presented in Table 3.90 and Table 3.91.
Food chains based on aquatic organisms
The PECorals are calculated based on PECregional surface water (0.8 µg/l) derived from
measured data (see Section 3.1.6.1.1). This is considered to give more realistic PECorals than
using the PECregional surface water (2.2µg/l) estimated by EUSES.

225

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

At least for fish and invertebrates, BCF values decreases with increasing concentrations of
DEHP in water. For example, for fish the BCF is about 800 at the water solubility, 360 at 14 µg/l
and 160 at 60 µg/l. Therefore, the water solubility 3 µg/l is used as a limit for the calculation of
PECoral aquatic fish, i.e. when a PECsurface water exceeds the water solubility the water solubility is used
for calculating PECoral aquatic. The same approach is used for the calculation of
PECoral aquatic invertebrates using a wet weight BCF of 2,700 (see Section 3.1.1.4.1). This approach
may underestimate the concentration in biota in highly contaminated areas since it can be
assumed that in such cases the absorption of DEHP from food becomes increasingly important.
However, the highest measured concentration in fish from an extensive study in Austria
(Pfannhauser et al. 1997, see Section 3.1.6.5) was 2.6 mg/kg WWT. This value compares quite
well with the concentration derived when multiplying BCF with water solubility
(840 . 3.0 µg/l . 10-3 = 2.52 mg/kg WWT).
The available BCF data for mussels does not indicate a negative relation between BCF and
DEHP concentrations in water. However, the BCFs may overestimate the bioaccumulation
potential of DEHP in mussels since they are based on14C-activity and not on DEHP and
metabolites (i.e. MEHP). Some of the radioactivity measured in the mussels may be due to e.g.
14
CO2 assimilated by algae and subsequently ingested by the mussels.
Table 3.90 Comparison of calculated PECoral in aquatic biota with PNECoral, for mammals eating fish, birds eating mussels and
fish that eat zooplankton
PEC surf.w1
(µg/l)

LOCAL
prey-->
life c.stage

PECoral2
(mg/kg wwt)
fish

PEC
PNEC3

mussel invertebrates

predator-->
BCF-->

840

2,500

2,700

fish

mussel invertebrates

mammal

bird

fish

1a Production
Production site 1

0.8

0.7

2

2

0.21

0.1

0.15

Production site 2

1.8

1.1

3

5

0.32

0.2

0.3

Production site 3

0.8

0.7

2

2

0.21

0.1

0.15

Production site 4

0.9

0.7

2

2

0.21

0.1

0.15

Production site 5

0.8

0.7

2

2

0.20

0,1

0.11

Production site 6

20.4

1.6

27

8

0.48

1.6

0.53

Production site 7

0.8

0.7

2

2

0.20

0.1

0.15

Production site 8

1.2

0.8

3

3

0.26

0.1

0.19

Production site 9

0.8

0.7

2

2

0.21

0.1

0.15

Production site 10

0.8

0.7

2

2

0.20

0.1

0.15

Production site 11

8.2

1.6

11

8

0.48

0.6

0.53

Production site 12

180

1.6

226

8

0.48

13

0.53

Table 3.90 continued overleaf
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Table 3.90 continued Comparison of calculated PECoral in aquatic biota with PNECoral, for mammals eating fish, birds eating mussels and
fish that eat zooplankton

prey-->
life c.stage

PECoral2
(mg/kg wwt)

PEC surf.w1
(µg/l)

LOCAL

fish

PEC
PNEC3

mussel invertebrates

predator-->
BCF-->

fish

mussel invertebrates

mammal

bird

fish

840

2,500

2,700

8.2

1.6

11

8

0.48

0.65

0.53

site F3

0.9

0.7

2

2

0.21

0.1

0.15

site S4

0.8

0.7

2

2

0.21

0.1

0.15

site S6

1.0

0.8

2

3

0.23

0.1

0.19

3.6

1.6

5

8

0.48

0.3

0.53

0.8

0.7

2

2

0.21

0.1

0.15

3.6

1.6

5

8

0.48

0.3

0.53

site F2

1.0

0.8

2

3

0.24

0.1

0.19

site F7

0.9

0.7

2

2

0.21

0.1

0.15

site I9

1.0

0.8

2

3

0.24

0.1

0.19

site S11

0.8

0.7

2

2

0.21

0.1

0.15

4.2

1.6

6

8

0.48

0.4

0.53

without air cleaning generic

29.4

1.6

38

8

0.48

2.2

0.53

site F1

0.8

0.7

2

2

0.21

0.1

0.15

site S8

0.8

0.7

2

2

0.21

0.1

0.15

with air cleaning generic

2.6

1.4

4

7

0.42

0.2

0.45

without air cleaning generic

16.1

1.6

21

8

0.48

1.2

0.53

site ES12

0.8

0.7

2

2

0.21

0.1

0.15

site ES13

0.80

0.7

2

2

0.21

0.1

0.15

2 Polymer
formulation/processin
g
2a Polymer-Calendering
– generic

2b Polymer-Extrusion
comp – generic
site S5
2c Polymer-Extrusion
prod – generic

2d Polymer - Plastisol with air cleaning spread coating
generic

2e Polymer - Other
plastisol

2? Not known

Table 3.90 continued overleaf

227

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

Table 3.90 continued Comparison of calculated PECoral in aquatic biota with PNECoral, for mammals eating fish, birds eating mussels and
fish that eat zooplankton

prey-->
life c.stage

PECoral2
(mg/kg wwt)

PEC surf.w1
(µg/l)

LOCAL

fish

PEC
PNEC3

mussel invertebrates

predator-->
BCF-->

fish

mussel invertebrates

mammal

bird

fish

840

2,500

2,700

84

1.6

106

8

0.45

6.2

0.53

0.8

0.7

2

2

0.21

0.1

0.15

processing –
3b Sealants/adhesives generic

0.8

0.7

2

2.2

0.15

0.1

0.15

formulation –
4a Lacquers and paint: generic

11.7

1.6

16

8

0.45

0.9

0.53

processing –
4b Lacquers and paint: generic

1.6

1,0

3

4

0.3

0.2

0.26

5a Printing inks

formulation –
generic

13.3

1.6

18

8

0.45

1.1

0.53

6 Ceramics

formulation –
generic

1.1

0.8

2.3

3

0.3

0.1

0.19

7 Municipal STP –
generic

3.0

1.6

4.8

8

0.45

0.3

0.53

8a Paper recycling –
generic

2.8

1.5

4.5

7.6

0.45

0.3

0.49

8b Disposal - Car
shredding – generic

0.8

0.7

2

2.2

0.15

0.1

0.15

8c Disposal - waste
incin. – generic

0.8

0.7

2

2.2

0.15

0.1

0.15

REGIONAL

0.8

1.6

2

2.2

0.15

0.1

0.15

3-6 Non polymer
form/proc.
formulation –
3a Sealants/adhesives: generic
adhesives site F10

1)
2)
3)

Annual average. Based on PEC regional surface water 0.8 µg/l derived from measured data
PECin food is calculated from the assumption that 50% of the diet comes from a local source and 50% from a regional souce.
Predator fish are assumed to be stationary and consume all prey locally. Thus, PECoral invertebrates is calculated based only on PEClocal
surface water.
PNECoral/fish=16 mg/kg wwt; PNECoral/mammal=3.3 mg/kg wwt; PNECoral/bird=17 mg/kg wwt.

Conclusion
For mammalians eating fish, and for fish eating invertebrates the PEC/PNEC ratios are below 1
in all scenarios.
For birds eating mussels the ratio is above 1 for 6 scenarios two being production sites which
now have ceased production. For all scenarios based on site-specific reported data in the
formulation and processing stages the PEC/PNEC ratio is approximately 0.1. Thus, site specific
data indicate that there is no concern for secondary poisoning.
A key parameter for the generic local PEC for plastisol spread coating and other plastisol
formulation is whether the site uses exhaust air treatment processes or not. The emission scenario
document on Plastics additives suggests that sites without air-cleaning release ten times more
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than an otherwise equivalent site with air-cleaning. Half of the release is supposed to go to waste
water. The site specific information from the two spread coating sites (F1 and S8) and the two
sites (ES12 and ES13) that are assumed to represent other plastisol formulation indicate that the
emissions to waste water are much lower than what the ESD suggests.
However, site-specific data is limited to a few out of many sites. The volume used by these sites
covers only a few percent of the total volume used in these use areas.The data can therefore not
be taken as representative for all other sites (see also Section 3.1.1.2.1). As a realistic worst case
it has been assumed that there are plastisol spread coating and sealant/adhesives formulation
plants having realeases at levels that are of concern for the sediment compartment.
For adhesives formulation the situation is similar. The site specific information (site F10)
indicates much lower emissions to waste water than the generic release estimation based on
default emission factors suggests. However, site-specific data is limited to a few out of many
sites and the data can therefore not be taken as representative for all other sites (see also
Section 3.1.1.2.1). For printing inks formulation no site specific data are available.
Therefore, for these use areas conclusion (iii) is drawn.
Food chains based on terrestrial organisms
For mammalians eating earthworms the PEC/PNEC ratios are above 1 for three of the scenarios
for formulation and processing of non-polymers and for polymer processing without air cleaning
(see Table 3.91). For all other local and regional scenarios the ratio is below 1.
Table 3.91 Comparison of calculated PECoral in terrestrial biota with PNECoral, for mammalians that eat
earthworms
life
cycle
stage

Description

PECoral
(mg/kg wwt)

PEC
PNEC1

1a

Production

-

-

2

Polymer formulation/processing

2a

Polymer-Calendering – generic

3.5

1.1

site F3

0.05

0.016

site S4

0.06

0.017

site S6

0.1

0.031

1.3

0.45

0.04

0.011

1.3

0.45

site F2

0.14

0.043

site F7

0.07

0.021

site I9

0.11

0.033

site S11

0.04

0.011

2b

Polymer-Extrusion comp. - generic
site S5

2c

Polymer-Extrusion prod. - generic

Table 3.91 continued overleaf
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Table 3.91 continued Comparison of calculated PECoral in terrestrial biota with PNECoral, for mammalians that eat
earthworms
life
cycle
stage

Description

2

Polymer formulation/processing

2d

Polymer - Plastisol
spread coating

2e

2?

PECoral
(mg/kg wwt)

PEC
PNEC1

with air cleaning - generic

1.6

0.45

without air cleaning - generic

13.4

4.05

site F1

0.05

0.015

site S8

0.07

0.020

Polymer -

with air cleaning – generic

0.9

0.3

Other plastisol

without air cleaning – generic

7.1

2.1

Not known

site ES12

0.04

0.012

site ES13

0.05

0.014

39

11.6

adhesives site F10

0.04

0.012

processing – generic

0.04

0.11

formulation – generic

5.1

1.5

processing – generic

0.4

0.15

3-6

Non-polymer formulation/processing

3a

Sealants/adhesives:

3b

4a

Lacquers and paint:

4b

formulation – generic

5a

Printing ink

formulation – generic

5.8

1.8

6

Ceramics

formulation – generic

0.2

0.08

7

Municipal STP – generic

1

0.3

8a

Paper recycling – generic

1.2

0.3

8b

Disposal - Car shredder – generic

0.04

0.01

8c

Disposal - waste incin. –generic

0.04

0.01

0.07

0.02

Regional
1)

PNECoral/mammal=3.3 mg/kg wwt (based on factors from 2nd edition of TGD)

Conclusion
Available monitoring data indicate that the DEHP concentrations in soil calculated by EUSES
may be overestimated (see Section 3.3.3.1). Consequently the concentrations in earthworms may
also be overestimated. All site specific PEC/PNEC ratios are far below 1 the highest being 0.043.
Thus, site specific data indicate that there is no concern for secondary poisoning of terrestrial
predators. The coverage of the site specific data is however low and the representativity is not
possible to judge and for the printing inks scenario there are no reported site specific data
available (see also Section 3.1.1.2.1). Therefore, on the base of the generic risk characterisation
conclusion (iii) is drawn for Plastisol spread coating without air treatment, Other plastisol
without air treatment, sealant and adhesives formulation and printing ink formulation.
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4.1

HUMAN HEALTH (TOXICITY)

4.1.1

Exposure assessment

In summary, exposure to DEHP is expected to occur for the following populations:
Workers (occupational exposure);
•

Production of DEHP

•

Industrial use of DEHP as an additive at:
o formulation of polymer compound (semi-manufactured products, “dry-blend” and
plastisol)
o formulation of non-polymer
o processing of PVC polymer products containing DEHP
o processing of non-PVC polymer products containing DEHP
o processing of non-polymer products containing DEHP

•

Industrial end-use of semi-manufactured products and end-products containing DEHP

Consumers
•

Consumer end-use of products containing DEHP

•

Via “food contact materials” including food processing and food packaging materials

•

During treatment with medical equipment containing DEHP

Humans exposed indirectly via the environment
DEHP has been used to produce flexible plastics that are part of many products intended for both
industrial and consumer use. These include building products (insulation of cables and wires,
tubes and profiles, flooring, wallpapers, out-door wall- and roof covering, pastes for sealings and
isolation mass), children’s products (teething rings, squeeze toys, crib bumpers etc.), clothing
(footwear, outwear and rainwear), car products (e.g. car under-coating, car seats made of
imitation leather) etc. DEHP is also used in non-polymer materials such as lacquers and paints,
adhesives, fillers and printing inks etc. An overview of the uses of DEHP is given in Table 2.3 in
Section 2.
Release of DEHP may occur during the production, distribution and incorporation into e.g. PVCresin. In addition, because DEHP in flexible PVC and other materials are not chemically bound
DEHP can be released when the device is heated or can leach out when the device comes into
contact with certain media. Consequently, DEHP may be lost from the end-product during its use
or after disposal of the product. Leaching may vary widely between products manufactured by
different manufacturers or even within the same batch.
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Humans may be exposed to DEHP by inhalation of gas, vapour, aerosol and airborne particles
containing DEHP.
DEHP is an oily liquid at room temperature with a low vapour pressure (0.000034 Pa at 20°C)
and a calculated saturated gas concentration of 5.3 µg/m3 at 20°C. DEHP may decompose at the
temperatures used in PVC processing; however, no data to substantiate this have been found.
When DEHP is heated, the vapour pressure will increase with a concomitant increase in the
saturated gas concentration. Increased temperature increases the volatilisation of DEHP. The gas
will condense at lower temperatures to form a mist (aerosol) or condense on different surfaces
e.g. on particles (dust) which might be airborne, and surfaces like walls and windows.
All situations of inhalation exposure to DEHP is a combination of exposure to gasous DEHP,
smaller and larger aerosol particles and particles with condensed DEHP on the surface.
The particle size in different environments may be important, both for local effects in the
respiratory tract and for the absorption via the lung, or following clearance in the respiratory
tract, exposure via the gastrointestinal tract.
DEHP may be airborne as an aerosol if it is a component in a mixture which is sprayed e.g.
laquers and paints.
In conclusion, inhalation of DEHP can occur as inhalation of:
•

the neat substance as gas or an aerosol of condensed DEHP. A mist may comprise of very
small particles with e.g. mass median diameter 0.1-0.3 µm. This kind of aerosol is generated
at processed with higher temperatures, where the substance is volitilised and then condense
in the air. This is the case at the production and at most industrial uses.

•

DEHP as an component in a spray mist of neat DEHP or a mixture of substances e.g in a
paint. In general this particles can be assumed to be 2-20 µm, depending on the application
tecnique.

•

DEHP condensed on other airborne particles

The human population can be exposed to DEHP by different portals of entry: inhalation and oral,
dermal and intravenous routes. Based on information contained in Chapter 1 and 2 the following
exposure routes for each exposed population are considered to be relevant for this assessment:
•

Production

via inhalation and dermal routes

•

Industrial use

via inhalation and dermal routes

•

Industrial end-use

via inhalation and dermal routes

•

Consumer (private) end-use

via inhalation, dermal and oral routes

•

Medical treatment

via intravenous and dermal routes

•

Via the environment

via inhalation (air) and oral routes (food and water)

Intravenous exposure may occur during medical treatment using articles containing DEHP e.g.
blood-bags and dialysis equipment. This exposure, via the intravenous route may be high in
some instances. Also it has to be considered that the population may be vulnerable because of illhealth and/or age
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In this assessment, all identified sources of human exposure data on DEHP are alluded to.
However, there may be other sources of DEHP not yet identified or that are not possible to
quantify in terms of exposure.
Bioavailability
Based on toxicokinetic data and information on human exposure situations the percentage
bioavailability for different pathways of exposure have been derived and are used in the
calculation of internal human exposure. These are summarised:
Summary of exposure route dependent systemic bioavailability
Human exposure route

Human systemic bioavailability (%)

Oral
Adults

50

Infants/children

100

Inhalation
Adults

75

Infants/children

100

Dermal (free DEHP and in products)
Adults

5

Infants/children

5

Parential routes
All subpopulations

4.1.1.1

100

Occupational exposure

Information in Chapter 2 details important life-cycle steps for occupational exposure. Workers
may be exposed to DEHP in the working environment:
•

Production of DEHP

•

Industrial use of DEHP as an additive at:
o formulation of polymer compound (semi-manufactured products, “dry-blend” and
plastisol)
o formulation of non-polymer
o processing of PVC polymer products containing DEHP
o processing of non-PVC polymer products containing DEHP
o processing of non-polymer products containing DEHP

•

Industrial end-use of semi-manufactured products and end-products containing DEHP

Each occupational exposure is assessed using the available information on the substance
(physical and chemical data), processes and work tasks. More detailed information on these

233

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

parameters may lead to a more accurate exposure assessment. The exposure is assessed without
taking account of the possible influence of personal protective equipment (PPE). Information of
the effectiveness of PPE to reduce exposure to DEHP in practical situations ís limited. The use of
PPE normally reduce the level of exposure. PPE are usually intended for use during work
operations entailing risk for increased exposure such as repair work, service and maintenance.
Information on the process and measured data have only been provided for the production of
DEHP and for formulation and processing of PVC polymer products. The process and details of
working activities and levels of DEHP in the workplace air during other processes using DEHP
may be similar to that for the formulation and processing of PVC polymers; however, there is no
information to support or refute this conjecture.
It is envisaged that the work practices for the end-use of semi-manufactured products and endproducts by professionals may be activities resulting in occupational exposure.
Data which can be used for occupational exposure assessments are:
•

physico-chemical data of DEHP, physical appearance, vapour pressure at different
temperatures (see Section 1);

•

data regarding methods and use pattern of the product;

•

temperature at which production processes take place; amount of DEHP used in the different
products (see Section 2).;

•

exposure data from HEDSET;

•

measured work place data from use of DEHP or other similar phthalates;

•

results from exposure models (EASE). 6

The main routes of occupational exposure are anticipated to be by inhalation of DEHP-gas and
liquid aerosol, and by dermal uptake of liquid DEHP, vapour and aerosol. In the polymer
industry exposed workers may be working close to processes emitting DEHP, drumming the
substance, handling products containing the substance or transferring the substance or the
products to other systems.
Much of the gas emitted from the hot processes with DEHP, will rapidly condense to form an
aerosol with the consequence that workers will be exposed to both gas and aerosol.
Measured exposure data provide only details on the levels of DEHP present in the working air
during production and formulation/processing of PVC polymers and do not examine exposure
during other occupations detailed above. Data on biological monitoring, including uptake and
effect, and health surveillance have not been provided for the occupations identified.
No data is available on the number of workers in Europe exposed to DEHP. As manufacturing
and use of flexible PVC-products is extensive, the number of workers exposed to DEHP could
be equally extensive. Due to data from industry (BASF AG, 1999) DEHP is formulated in about
560 sites in EU. The number of sites processing materials containing DEHP is assumed to be

6 EASE is a general purpose predictive model for assessing workplace exposure. The model is in widespread use across the
European Union for the occupational exposure assessment of new and existing substances. EASE is based upon assumptions
and the generated data are only approximate. EASE is only intended to generate exposure ranges and works best in exposure
assessment when the relevance of the modelled data can be evaluated against measured data. Validation of the information
generated by EASE can only be established when compared with reliable measured data.
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more than 1,000. In the USA approximately 340,790 employees at 19,400 facilities may be
exposed to DEHP (US EPA, 1996).
No information is available on gender or age of the exposed workers in the EU.

4.1.1.1.1

Occupational exposure from production of DEHP

There are at least 15 DEHP production sites in the EU. The production process is described in
Section 2.
The production of DEHP takes place in closed systems. However, both inhalation and dermal
exposure may occur during the production of DEHP. Such exposure may occur during system
leaks (breathing of a closed system), drumming and filling of road- and rail tankers, cleaning e.g.
of the tanks in which DEHP has been produced, stored or transported, service and maintenance,
transfer, and process sampling.
Inhalation exposure
Measured exposure data of DEHP in the workplace air during production
Exposure data regarding production of DEHP and other phthalates are listed in Table 4.1.
Measurements were carried out during different work tasks at a number of production sites. Not
all reported data include information on e.g. methods for sampling and chemical analysis used,
the duration of measurements or task of workers, date when samples were collected or the type
of sampling conducted (personal or area measurements).
Table 4.1 Workplace air monitoring of DEHP during production
Industries and tasks

Number of
plants

Number of
samples

Measured data (mg/m3),
full shift
Range

Average

Reference

USA
Production, maintenance
(repair of DEHP esterifier),

1

50

0.02 - 4.1

0.07

(Liss G.M et al., 19951985)

Not specified

1

4

< 0.016-4.3

< 1.09

(King D.A. 1996.), producer 1

Tanker filling

,,

2

< 0.013-0.09

< 0.11

,,

Drumming

,,

1

0.14

-

,,

Not specified

1

1

< 0.1

-

(King D.A. 1996), producer 3

Not specified

1

28**

0.03-1.56

0.36

(King D.A. 1996), producer 2

Not specified

Nd

77

< 5.0

nd

(King D.A. 1996) (HSE data)

Drumming, stationary

1

nd

0.23-0.52

0.32

Plasticiser plant, routine. 8 h
TWA, personal sampling

,,

38

< 0.05-1.2

median ca. 0.18

,,

Plasticiser plant, short term

,,

12

< 0.1-1.6

median ca. 0.6

,,

chemical operators
Europe

(Hüls, 1996)

Table 4.1 continued overleaf
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Table 4.1 continued Workplace air monitoring of DEHP during production
Industries and tasks

Number of
plants

Measured data (mg/m3),
full shift

Number of
samples

Range

Reference

Average

Europe
Personnel at normal running
of the process

1

8

< =0.013

Lillienberg, 1999

Laboratory personnel

1

2

< 0.1

,,

Maintenance

1

3

0.07 - 0.14

,,

Shipping

1

2

< 0.08

,,

Stationary sampling, control
room and laboratory

1

8

< 0.01

,,

Stationary sampling, reactor
sampling site

1

9

0.028 – 0.039

,,

Stationary sampling, process
hall

1

9

0.027-0.037

,,

Stationary sampling, process
hall

1

10

0.021-0.036

,,

Full shift exposures

1

11

< 0.1

BP Chemicals, 1999

Short term sampling during
pure tank sampling, reactor
sampling after stripping, SMF
sample, reactor sampling,
esterification running sample,
decanters

1

8

< 0.6

,,

Static samples within
laboratory

1

3

0.1

,,

Model generated data for inhalation exposure to DEHP during production
Ranges for inhalation exposure determined with the EASE-model are given below. It is assumed
that exposure occurs because of system leaks (breathing of a closed system), with process
temperatures up to 250ºC and 20ºC for drumming and cleaning/maintenance. It is expected that
the drumming is performed at 20ºC in the presence of Local Exhaust Ventilation (LEV),
although the absence of LEV cannot be excluded. Based on this model the estimates of exposure
levels of DEHP are the following:
•

system leaks; non dispersive use and LEV:
0.5-3 ppm (8 - 49 mg/ m3)

•

drumming; non-dispersive use with direct handling and dilution ventilation:
0 - 0.1 ppm (0 - 1.6 mg/m3)

•

cleaning/maintenance; wide dispersive use with direct handling:
0 - 0.1 ppm (0 - 1.6 mg/m3)

The measured values from production of DEHP are in the same magnitude as the results from
the model calculations.
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Measured dermal exposure data during production of DEHP
No measured data on dermal exposure during the production of DEHP have been provided.
Model generated dermal exposure data during production of DEHP
The dermal exposure estimates derived with the EASE-model are given below.
Drumming concerns non-dispersive use with direct handling and intermittent contact, giving an
exposure of 0.1-1 mg/cm2/day. During drumming the palm of both hands may be exposed; this
corresponds to an exposed area of 420 cm2 (approximately half of two hands), which results in a
dermal exposure of:
42-420 mg/day
Cleaning and maintenance: it is assumed that the system is flushed with a solvent before opening
and that this reduces the concentration of the substance 90% (default value). Non-dispersive use
with direct handling and an extensive contact is assumed, giving an exposure of 1-5 mg/cm2/day.
This will be reduced to 0.1–0.5 mg/cm2/day because of flushing. Assuming that both hands and a
part of the forearms are exposed (1,300 cm2) the dermal exposure is estimated to be 650 mg/day.
This exposure will probably not occur frequently but possible up to 10% of the working day.
Use of a transfer line indicates non-dispersive use with direct handling and intermittent contact
and gives an exposure of 0.1-1 mg/cm2/day. It is assumed that the fingers of both hands are
exposed. This corresponds to an exposed area of 400 cm2, which leads to an estimated exposure
of:
40-400 mg/day.
Conclusion
The highest measured values, of concentrations in the air, for the production of DEHP are in the
same magnitude as the lower values from the model calculations with the EASE-model.
Considering all available data for exposure during production of DEHP, a reasonable worst case
for exposure via inhalation is estimated to be 5 mg/ m3 (aerosol) (8-hour TWA) and for dermal
exposure to be at 650 mg/day on a skin area of 1,300 cm2. No measured data for dermal
exposure are available.

4.1.1.1.2

Occupational exposure from industrial use of DEHP

Following production, DEHP is incorporated into a polymer or to other mixtures by formulation,
see Section 2.4.2.1. There are two major processes for plasticised PVC formulation “dry
blending” and “plastisol blending”: The formulated plasticised PVC can then be processed in a
number of ways: calendering, extrusion, injection moulding, several plastisol applications
including rotational moulding, dip coating, slush moulding, spray coating and miscellaneous
small to very small applications.
The processing of the “dry-blended”-formulations is performed by heating the blend in one or
several stages e.g. by friction or by heating the surfaces and transferring it into the molten state.
The moulding occurs above 160°C. The major processes for “dry-blend” are calendering,
extrusion and injection moulding
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The “plastisol-blend” is applied by spreading on a substrate (e.g. paper or fabric) and thereafter
heated (= “gelled” or “fused”) to typically above 160°C. Major application modes for plastisol
are spreading (spread coating). dipping of moulds into plastisol. spraying or injection of
pseudoplastic onto car under-coating and slush - rotational moulding
Based on this information, the following industrial uses of DEHP are identified:
•

formulation of polymer compound (semi-manufactured products, “dry-blend” and plastisol)

•

formulation of non-polymer

•

processing of PVC polymer products containing DEHP

•

processing of non-PVC polymer products containing DEHP

•

processing of non-polymer products containing DEHP

The handling of DEHP in the polymer industry (formulation/processing) may more often be
open processes than during production. Information has been submitted by industry only on the
formulation/processing of PVC polymer products. This information includes details on
workplace measurement data and process and detail description.
Formulation and processing of polymer products containing DEHP
Exposure may occur in the following situations during the formulation and processing of flexible
PVC;
•
adding (compounding)
•

mixing the agent

•

forming into shapes

•

service and maintenance

Much of the gas emitted from the hot plasticised PVC will rapidly condense to form an aerosol
with the consequence that workers will be exposed to both gas and aerosol.
Inhalation exposure
Measured data of DEHP in the workplace air during formulation/processing
Although DEHP is extensively used, few measured data on exposure to DEHP are available.
Data which are available are not, however, considered to be of sufficient quality because: 1) the
reported information is inadequately documented, for instance, it is not detailed whether
exposure to gas or aerosol was measured; and, 2) the data are not judged to be reliable because
the data are not considered representative of the overall exposure within the EU nor may they
represent the present day situation.
Exposure data regarding formulation and processing of PVC products containing DEHP and
other phthalates are available. Measurements were carried out at different areas of a number of
production sites. Not all reported data include relevant detail regarding e.g. methods for
sampling and chemical analysis, number of measurements, duration of measurements or task of
workers. Relevant information from measurements are presented in Table 4.2.
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Table 4.2 Measured inhalation exposure to phthalates mainly DEHP during the formulation/processing -plasticised PVC.
Substance Activities

Process
temperature (°C)

Country

No. of
plants

No. of
samples

Conc. (mg/m3),
full shift
Range

DEHP

Extrusion

150-200

Extrusion

Average

4

0.05±0.03

1.5-3

(Vainiotalo, 1990)

150-195

**

5

0.3±0.2

1.5-3

”

Calendering

130-200

**

7

0.5±0.5

1.5-3

”

Hot embossing

≈180

**

5

0.05±0.02

1.5-3

”

Welding

400

**

4

0.3±0.05

1.5-3

”

Injection moulding

180-190

**

2

0.02±0.01

1.5-3

”

Compounding

120

**

5

0.02±0.01

1.5-3

”

Thermoforming

120-130

**

2

0.02±0.02

1.5-3

”

High-frequency welding

nd

**

N

<0.02

1.5-3

”

DEHP

Manufacture of pigment
dispersions

nd

nd

8

<0.25

Nd

(HSE, 1984)

DEHP

Recovery of filter residues

nd

nd

11

<1.0

Nd

”

DEHP

Manufacture of floor tiles

nd

nd

8

<0.5

Nd

”

DEHP,
BBP3

Manufacture of flexible
floor covering

nd

nd

12

<0.5

Nd

”

DEHP

Manufacture of PVC

nd

nd

7

<0.5

Nd

”

Various,
mainly

Calendar operators

1

12

1.0-2.8

2.0

2

(Nielsen et al, 1985 )

DEHP;
DIDP and
BBP

Calendar
operators/machine
attendants

1

16

0.1-0.8

0.4

2

(Nielsen et al, 1985 )

UK

SE
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Substance Activities

Process
temperature (°C)

Country

No. of
plants

No. of
samples

Conc. (mg/m3),

Duration (h) Ref.

full shift
Range

Average

Machine attendants

1

8

0.1-0.2

0.2

2

(Nielsen et al, 1985 )

Repair men

1

8

0.1-0.3

0.3

2

(Nielsen et al, 1985 )

Mixing workers

1

8

0.01-0.02

0.02

2

(Nielsen et al, 1985 )

Others

1

44

0.1-0.3

0.1

2

(Nielsen et al, 1985 )

1

Nd

0.5-3*

Various,
mainly

Calendar operations

nd

DEHP;
DIDP and
BBP

Working in mixing
departments and machine
attendants

nd

1

Nd

0.1-0.5*

”

Quality inspectors and
packaging personnel

nd

1

Nd

up to 0.1*

”

16

0.1 –1.2

0.26

2

(Dirven H.A.A.M.
et al, 1993)

Extruder, boot factory

11

0.05-0.3

0.12

2

”

Mixing, cable factory

8

0.01-0.8

0.18

2

”

Extruder, cable factory

13

0.01-1.3

0.23

3

”

DEHP

Mixing, boot factory

SE

NL

(Hagmar et al, 1990)

NL

34

0.02–0.5

RIVM, 1997

Calendering

NL

3

1.46-1.95

”

Calendering

NL

6

0.3-2

”

Waste processing

NL

1

1.23

”

Rubber (calendering)

FR

25

0.04–26.7

Table 4.2 continued overleaf

2.48±,5.98

INRS, 1997***
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Extrusion, injection
moulding, calendering,
compounding
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Table 4.2 continued Measured inhalation exposure to phthalates mainly DEHP during the formulation/processing -plasticised PVC

Table 4.2 continued Measured inhalation exposure to phthalates mainly DEHP during the formulation/processing -plasticised PVC
Substance Activities

Country

No. of
plants

No. of
samples

Conc. (mg/m3),

Duration (h) Ref.

full shift
Range

Average

Pharmaceuticals

FR

10

0.03-1.55

0.28±,0.54

”

Metallic hoses

FR

8

0.0007-0.07

0.016±0.023

”

3

< 0.001 - 0.11

Application of car sealings
and car under-coating
1)
*
**
***
nd
DIDP
BBP

Process
temperature (°C)

Hüls, 1995#

The two studies (Nielsen et al, 1985) and (Hagmar et al., 1990) are performed at the same factory.
No information if personal or area measurements
Total samples collected from nine different factories
Dioctyl phthalate exposure measurements recorded from 1987 to 1996 in the COLCHIC database
no data,
di-isodecylphthalate,
benzylbutylphthalate
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The very high concentrations of DEHP found in the COLCHIC database for the rubber industry
apply to the calendering of a rubber containing 4-8% dioctyl phthalate at more than 200°C, at a
speed of 12 m/min. The measurements were performed in the ambient atmospheres, in places
where workers were only present in case of problems or to check processing conditions. The
highest measured concentration occurred for a sampling time of 3 hours. If there is no additional
exposures the 8-hour TWA is in this case 10 mg/m3. These data indicate, however, that
short-term concentrations could be as high as 30 mg/m3.
Measured occupational DEHP exposure data (8-hour time weighted average) gathered during
calendering, extruding, gluing and welding of plastics in Germany collected from 1991 to 1995,
are listed in Table 4.3 (BGAA, 1996). The results show higher exposure at working areas with
“ventilation” than at working area without “ventilation”. This difference probably reflects
different working activities at different working areas in the presence and absence of ventilation
i.e. ventilation is used in areas of high exposure. However, there is no information on the
efficiency of the use of ventilation equipment at different working sites which may be very
different from each other.
Table 4.3 Measured occupational DEHP exposure data (8-hour time weighted average) gathered during
calendering, extruding, gluing and welding of plastics in Germany collected from 1991 to 1995
(BGAA, 1996)
Number of
measurement data

Number of
companies

50%-value
(mg/m3)

90%-value
(mg/m3)

95%-value
(mg/m3)

without ventilation

32

14

0.03

0.44

0.57

with ventilation

53

21

0.15

3.65

7.00

Total

85

31

0.08

2.45

5.93

Type of
company/work area

Model generated data for inhalation exposure to DEHP during formulation/processing
The inhalation exposure estimates derived with the EASE-model are given below:
•

transition of DEHP into a mixer at room temperature; non-dispersive use and LEV:
0-0.1 ppm (0 -1.6 mg/m3);

•

adding of DEHP to mixers at 20ºC: Non-dispersive use, direct handling, dilution ventilation:
0-0.1 ppm (0 - 1.6 mg/m3);

•

calendering; 200°C, non-dispersive use, LEV present: 0.5 - 3 ppm (8 - 49 mg/m3).

Measured dermal exposure data during formulation/processing
No data on dermal exposure of DEHP have been provided by the industry.
Model exposure data during formulation/processing
Dermal exposure during formulation and processing of DEHP may occur during transition
DEHP into mixers, manual adding of DEHP to mixers, cleaning, service and maintenance of the
process equipment, manual handling of semi-manufactured products and end products, and other
manual activities.
During most stages of the process, dermal exposure is not expected to occur, because closedsystem process is used separated at high temperature.
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Based on the EASE-model the estimates of the potential dermal exposure level of DEHP are the
following
Transition: non-dispersive use with direct handling and incidental contact: 0 - 0.1 mg/cm2/day,
all fingers may be exposed, the exposed area is estimated to be about 400 cm2, giving an
exposure of 0-40 mg/day.
Manual adding of DEHP to mixers: non-dispersive use with direct handling and intermittent
contact: 0.1-1 mg/ cm2 /day, assuming that one hand can be totally exposed, the exposed area is
estimated as about 420 cm2 and results in an exposure of 42 - 420 mg/day.
Cleaning, service and maintenance: non-dispersive use with direct handling and incidental
contact: 0 - 0.1 mg/cm2/day. It is assumed that both hands and a part of the forearms will be
exposed. The exposed area will be 1,300 cm2. The exposure will be 0 - 130 mg/day.

4.1.1.1.3

Formulation and processing of non-PVC polymer products containing
DEHP

Individuals may be exposed to DEHP during formulation and processing of non-PVC polymer
products containing DEHP.
No measured exposure data on the inhalation exposure to DEHP in workplaces during
formulation and processing of non-PVC polymer products, have been submitted.
The available information on formulation and processing of non-PVC polymer products is
insufficient to estimate exposure range with EASE.

4.1.1.1.4

Formulation and processing of non-polymer products containing DEHP

Individuals may be exposed to DEHP during formulation and processing of non-polymer
products containing DEHP.
No measured exposure data on the inhalation exposure to DEHP in workplaces at formulation
and processing of non- polymer products, have been submitted.
The available information on formulation and processing of non-polymer products is insufficient
to estimate the inhalation and dermal exposure range with EASE.
Summary/statement of the exposure level
The highest measured values, of concentrations in the air, for the industrial use of DEHP are in
the same magnitude as the lower values from the model calculations with the EASE-model.
Because of the large number of sites within this group in the EU, and that we assume it is an
inhomogenous group in the respect of size of the plants, processing techniques, ventilation
equipment’s etc, we assume, a reasonable worst case for exposure via inhalation is estimated to
be 10 mg/ m3 (8-hour TWA) and for dermal exposure to be at 420 mg/day on a skin area of
420 cm2. No measured data for dermal exposure are available.
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Industrial end-use of products containing DEHP

Few measured exposure data of DEHP in the workplace air at industrial end-uses of DEHP have
been submitted.The available information on industrial end-use of DEHP is insufficient to
estimate the inhalation and dermal exposure range with the EASE-model. No data of the number
of sites were industrial end-use of DEHP are taking place are available.
All products intended for industrial use containing DEHP may lead to human exposure. Hence,
the extent of exposure may be high and multiple routes of exposure may occur.
The use of polymer materials is very prevalent in many industrial branches and individuals may
be exposed to DEHP from the products.
DEHP may be included in PVC or non-PVC products, such as adhesives/sealings lacquers/paints
rubber, inks for textiles and ceramics for electronic purpose.
End-products are assumed to emit relative little vapour, since they are generally used at room
temperatures. Significant exposures could occur with heated products (e.g. hot-melt adhesives)
or with aerosol-forming activities (e.g. textile spread coating, car under-body spray coating);
actual DEHP concentrations may however, be limited due to their low vapour pressure, the range
of particle sizes generated (they may not be respirable if not formed by a re-condensation
mechanism), or their percentage in formulations.
There are very few exposure data available for this scenario. Although exposure is likely to be
very low in many circumstances, there is no clear evidence that worst-case exposure during
aerosol forming activities would be lower than for the industrial use of DEHP. Therefore
worst-case exposure is assumed to be 10 mg/m3 (8-hour TWA).
Conclusion
Because of the large number of sites within this group in the EU, and that we assume it is an
inhomogenous group in the respect of size of the plants, processing techniques, ventilation
equipment’s etc, we assume, a reasonable worst case for exposure via inhalation is estimated to
be 10 mg/ m3 (8-hour TWA) and for dermal exposure to be at 1,300 mg/day on a skin area of
1,300 cm2. No measured data for dermal exposure are available.

4.1.1.1.6

Exposure control

Qualitative description of production, formulation and processing of DEHP indicates that both
technical and personal protective measures are used. However, reliable documentation to
demonstrate the reliability and representativiness of these measured data are not available.
To determine that protective measures maintain DEHP levels at a relatively low level, reliable
and representative data are necessary. The available monitoring data are considered inadequate
to fulfil this requirement.
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4.1.1.2

Occupational exposure -Internal exposure

4.1.1.2.1

Inhalation

Calculation methods
The occupational internal exposure by inhalation can be calculated:

U inh =

B inh × C inh × Vinh
BW

Values used for the calculation of inhalation exposure to airborne DEHP are as follow:
U is the uptake (mg/kg/day),
Binh the bioavailability for inhalation exposure (75%/100),
Cinh the air concentration (mg/m3),
Vinh the inhalation rate (10 m3/day),
BW the body weight of a worker (70 kg) and
texp exposure duration (8h/day)
Dermal exposure
The occupational internal exposure by dermal absorption after exposure to DEHP can be
calculated, using the following formula;
U derm =

B derm × C derm × S derm
BW

Values used for the calculation of exposure to undiluted DEHP are as follow:
U is the estimated total uptake (mg/kg bw/day),
BW the body weight of a worker (70 kg),
Sderm the surface area of exposed skin,
Cderm is the amount of DEHP per skin area unit and day (mg/cm2/day) and
Bderm is the bioavailability for dermal absorption of the daily external exposure of DEHP
(5%/100).
The exposure data for scenarios of external exposure for the occupational exposure scenarios to
DEHP used for the calculation of internal exposure are summarised in Table 4.4.
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Table 4.4 Summary of the exposure for the occupational exposure scenarios of DEHP
Scenario

Cinh
Concentration
of DEHP in the
inhaled air
(mg/m3)

Uinh
Calculated
internal
exposure
(µg/kg
BW/day)

Sderm
Cderm
The amount of
DEHP per skin The skin area
exposed
area unit and day
(cm2)
2
(mg/cm /day)

Daily dermal
exposure
(mg/day)

Uderm
Calculated
internal
exposure
(µg/kg
BW/day)

Production of
DEHP

5

530

0.5

1,300

650

460

Industrial use of
DEHP

10

1,060

1

420

420

300

Industrial enduse of products
containing
DEHP

10

1,060

1

1,300

1,300

928

4.1.1.3

Consumer exposure

There is no information indicating that DEHP alone is available to consumers, however, DEHP
is used in several products, see Section 2.4.1, some of which are available to consumers.
Consumers may be exposed to DEHP released from consumer products. Because plasticisers in
flexible PVC and other materials are not chemically bound, they may be released from the
finished article during its life-time. Exposure can also occur from several sources by different
routes in different situations.
The exposure intensity is expected not to be linear over the product life-time. New products are
expected to produce a higher exposure potential than products in which DEHP has reached a
steady-state release from the product matrix to medium.
Many DEHP-containing products principally PVC-products, are used outdoors e.g. roofing
sheet, coated steel sheet, tarpaulins, automotive undercoating. One would expect little direct
human exposure to DEHP from these products. Other PVC products may be used indoors, e.g.
cable insulation and window frames, but only a small fraction of their total area would be
available to emit DEHP.
The following product groups are considered for consumer exposure to DEHP:
•
Toys and child-care articles
•

Building materials and home furnishing

•

Car interiors

•

Clothing (rainwear and clothes of artificial leather), gloves and footwear

•

Medical devices

•

Food contact materials

Data which (if available) are used for the consumer exposure assessment are actual exposure
data, results from mathematical models for consumer exposure and empirical measurements of
migration.
The routes of exposure will include inhalation, dermal and oral and possibly combinations of
these routes. Some examples of the sources of exposure for different routes are:
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•

inhalation - release of DEHP from building materials (wallpaper, floor coverings etc.), home
furnishing, car interiors etc.

•

dermal - skin contact with footwear, rainwear, PVC gloves, artificial leather on furniture and
car seats, toys etc.

•

oral route - baby- and children’s products and food contact materials

4.1.1.3.1

Exposure by food contact materials

In this report, materials which come into contact with food e.g. during processing in the food
industry and food packaging are called “food contact materials”.
Contamination of food by DEHP can occur during processing, handling, transportation and
packaging of food and via “secondary” food storage articles.
During processing, food may be contaminated from PVC tubing and other process equipment
containing DEHP. For example, transfer of DEHP from tubes to milk during different operations
in dairies may occur (Wildbrett et al., 1977, Castle et al., 1990). DEHP may be used in lubricants
in the food processing industry e.g. at slaughter-houses.
Contamination of DEHP in food products can occur via polymer and non-polymer products
contained in food packaging material. For instance, DEHP in printing ink used for flexible food
packaging, glues used for paper and plastics, in aluminium foil-paper laminates and closure seal
in bottles (MAFF, 1996c).
Contamination of DEHP from packaging material is dependent both on the concentration of
DEHP in the packaging material, the rate of migration from the packaging material to the food
product and the time under which contact occurs. The concentration of DEHP in the food from
packaging material may not be evenly distributed as migration within the food i.e. from the
surface of contact to the centre is time dependent.
No data on the DEHP contamination in the EU of food caused by food contact material have
been submitted by the industry.
The source of DEHP in food is not often known for monitoring data.
No attempt to model DEHP exposure from food contact materials alone are made in this
assessment as there are few data available to allow this.
Although never widely used in food contact materials, the use of DEHP has declined during
recent years (MAFF, 1996c). However, long term exposure to low doses of DEHP from food
contact materials may occur.
Exposure is expected to occur via oral route following ingestion. However, exposure by
inhalation may occur from packaging materials containing DEHP for pre-prepared foods
intended for direct heating in e.g. micro-wave oven without removal of the packaging material.
Additional food contamination may also occur during heating. No measured or modelled data on
this exposure is available.
The available measured data of DEHP in foodstuffs are used as a reasonable worst case on
consumer exposure via food.
Food and drink may be exposed both via the environment and via non-environmental sources
such as food contact materials. Because the media (i.e. food) and population are the same for
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convenience, these results are presented in Section 4.1.1.4. “Human exposed via the
environment”.

4.1.1.3.2

Toys and child-care articles

Many soft plastic toys and teethers are composed of PVC plastic and can contain a high
concentration of DEHP. Teethers, commonly used as child-care products or as toys for babies
are manufactured especially for chewing/biting by babies at the time when their teeth start
erupting.
The Laboratory of the Government Chemist, UK, have 1993 investigated the content of
plasticisers in 113 plastic teethers and toys. In 82 samples containing phthalates, 20 had DEHP
as the major component. The weight loss after diethyl ether extraction was used as a measure for
the plasticiser content and losses of around 50% were quite common. The year when this study
was performed is unknown (CSTEE, 1998a).
In an investigation published by Greenpeace 1997, DEHP was analysed in 72 children´s toys
purchased in 17 countries: 31 toys were purchased in EU. Of the 72 toys 64 contained PVC. Of
the 31 toys, 22 were made of PVC, 5 contained PVC-sections and 4 did not contain PVC. 25 of
the 64 (total) or 8 of 27 (EU) toys contained trace amounts of DEHP, less than 1%. This is
probably due to the presence of DEHP as an impurity in DINP. In 7 toys, DEHP was used as a
plastisiser in concentrations of between 10 and 35%. Two of these samples were bought and
made in EU- countries, and five were bought in Asian countries. Of the toys bought in Asian
countries, two were made in Japan, one in China and two were of unknown origin. At least half
of all the 72 products were produced in China (Stringer R, 1999).
Teethers available on the Spanish market were analysed for DEHP and DINP (diisononylphthalate) and the two phthalates were detected in 12 out of 30 samples. The year when
this study was performed is unknown (CSTEE, 1998a).
The UK Government has followed the content of plasticisers in PVC articles (CSTEE, 1998a).
DEHP were found in 4 of 18 articles in 1990, 13 of 27 articles in 1991, 2 of 16 articles in 1992
and 1 of 29 articles in 1996. This study and the results of the Greenpeace (1997) study (2 of
27 samples in 1997) indicates a possible decrease in the use of DEHP in articles
In one study (Rastogi S.C. et al., 1998), 16 toys were analysed for the contents of organic
solvents and phthalates. Sub-samples of the three investigated dolls (head and arm made of soft
plastic) were found to contain 20-27% di-isononyl phthalate (DINP) or DEHP.
Children may be exposed to DEHP from toys made of plasticised plastic material by the oral and
dermal routes. A significant route of exposure for small children when sucking on plasticiced
articles is via the mucous membrane in the mouth.
Exposure via inhalation of DEHP-vapour from the toys is probably low.

4.1.1.3.3

Oral exposure

For small children the oral exposure is the predominant exposure route as they suck, chew and
bite the toys. The physical “chewing” and at the same time provision of fresh saliva around the
article can be a rather effective extraction procedure for DEHP.
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Leached amounts
It is difficult to estimate the DEHP exposure of children chewing on toys and teethers made of
PVC containing DEHP. The rate of migration is affected by factors such as the relative solubility
of DEHP in the PVC-polymer and in saliva, the temperature, the thickness of the polymer and
the physical forces acting on the polymer.
The available extraction data are mainly produced in dynamic leak tests and may be
underestimates of real life situations.In an Austrian study with adult volunteers, male and female,
the release of DEHP and DINP from PVC-sheets was determined (Steiner, 1998). The volunteers
chewed or sucked on the PVC-sheets and their saliva was collected and determined for DEHP
and DINP. The results were compared with other results from different methods: static method
and methods using shaking and ultrasonic extraction. The highest release of DEHP was obtained
by the method of sucking.
Two other studies designed to determine the release rates of other phthalates, especially DINP,
from PVC samples into saliva have been carried out recently (Könemann 1998, LGC, 1998).
At present, there is, however, no standard method available to mimic the exposure during
chewing.
There are a number of determinations of phthalate leachate from toys reported. Table 4.5
presents the available data on leaching of DEHP from materials on the European market.
Table 4.5 Reported leaching of DEHP from toys under static and dynamic experimental conditions
Leaching of DEHP

Unit

Calculated maximum oral
dose* (µg/kg bw/day)

µg/dm2/24h

13

Nd

mg/kg/6h

-

1,790 - 2,130

µg/dm2/6h

27

Pindar A et al. in CSTEE (1998a)

30 – 720

µg/cm2/h

54

Spanish Ministry of Health and
Consumer Affairs in CSTEE (1998a)

10.5 - 652.9

µg/dm2/6h

8.2

CSTEE (1998)

200 – 1,000

µg/dm2/h

75

Greenpeace (1997)

µg/dm2/24h

< 0.03

CEFIC-ECPI (1998) in CSTEE (1998a)

µg/dm2/h

<8

CEFIC-ECPI (1998) in CSTEE (1998a)

<50 – 180

µg/dm2/24h

0.56

CEFIC-ECPI (1998) in CSTEE (1998a)

793

µg/dm2/3h

19.8

Steiner (1998)**

014 - 0.074

µg/ cm2/h.

nd - 4,193

<4 – 10
<100

Nd
**
***

Reference
Vikelsoe et al. (1997)
ARTSANA in CSTEE (1998a)

Turnbull and Rodricks (1989)

Not detected
Sucking by voluntary test persons
27 pacifiers, 12 teethers and 18 toys

For calculation of the individual oral exposure to DEHP from these studies values have been
used assuming a maximum exposure of 3 hours/day, with a mouthing area of 10 cm2 for a child
with 8 kg body weight.
Information on the exposure from pacifiers is not reported here as DEHP is no longer used in
pacifiers in Europe.
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Conclusion
The criteria’s for calculation of oral exposure in children suggested by the CSTEE are used here.
To estimate the internal exposure it is assumed that the bioavailability for DEHP by the oral
route for children is 100%. The leached amount of DEHP thus have been calculated per area and
time.
Reported leaching of DEHP from toys under static and dynamic experimental conditions, are
presented in Table 4.5.
Information was achieved from an Austrian study in volunteers on the release of DINP and
DEHP into saliva from PVC-sheets and -toys (Steiner, 1998). In a Dutch volunteer study the
release of DINP was studied (Könemann, 1998). The mean releases of DINP after sucking found
in the Dutch and Austrian studies were similar, 146 and 132 m g/10 cm2 and hour, respectively.
The release of DEHP during sucking (not using the teeth) was investigated in the Austrian study.
The result was almost the same as for the corresponding release of DINP in the same type of
experiment. CSTEE has therefore assumed that the DEHP release when the toy in addition is
chewed, also would have been of the same magnitude as for DINP in the chewing experiment.
For DEHP it will use the same maximum release rate as for DINP as a worst-case scenario. This
means that daily internal exposure for a child weighing 8 kg, with an daily exposure period of
3 hours and a product surface area of 10 cm2 would be 200 µg /kg/day. (CSTEE, 1998b)
Dermal exposure
DEHP is used in a variety of products where DEHP can be transferred to the skin via direct
physical contact with infants skin. These products include teethers, squeeze toys, crib bumpers
and playpen covers. The amount of DEHP that a child is exposed to is a function of the area of
skin in contact with the product, the duration of the contact, the surface availability of DEHP
from the product and the penetration of DEHP through the skin.
The maximum internal exposure (Umax) by dermal contact to toys is calculated using a dermal
absorption rate (J) for contact with articles containing DEHP (Deisinger et al, 1998). See model
(I);
Model (I)
U max =

J × S derm × t exp
BW

=

0.24 × 100 × 3
= 9 µg/kg bw/day
8

Alternatively, the calculation can account for the migration of DEHP from products (Hudson,
1983) and then the percentage absorption through the skin (5%) which has already been
corrected for interspecies differences (see model II below).
Data on the release of DEHP from products in contact with skin is limited. Contact with gums
(mouth parts) is not considered.
Experiments designed to model the dermal exposure from contact with products containing
DEHP have been performed. A flat vinyl product containing DEHP was scrubbed with a cotton
cloth attached to a wood block. Experiments were conducted where the cotton was impregnated
with lanolin to represent the oils present on human skin. The DEHP release value from the
product analysed is; R = 0.11 µg/cm2/min (6.6. µg/cm2/hour) (CMA, 1984). From this data the
exposure can be calculated with model (II):
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Model (II)
Cderm = R × t = 6.6 × 3 = 19.8 µg / cm 2

U derm =

Bderm × Cderm × S derm 0.05 × 19.8 × 100
=
= 12.4 µg / kgBW / day
BW
8

For both approaches it is assumed that the the skin contact area Sderm = 100 cm2 (estimated skin
area round the mouth and on the hands in contact with the toy), contact duration; t = 3 hours/day,
and child’s body weight BW = 8 kg.
Comparison of the results derived from these two approaches are in close agreement. The value
selected for the risk caracterisation without correction for interspecies differences is that based
on the percutaneous adsorption rate derived from Deisinger et al. (1998) i.e Model I.

4.1.1.3.4

Indoor air (building materials)

Many materials used in modern buildings - houses and flats, work-places, public buildings etc.,
are made of flexible PVC containing DEHP as a plasticiser.
The great majority of flexible PVC is used indoors in applications such as e.g. flooring, wall
covering, upholstery, wire and cable. Under normal indoor conditions of temperature and air
flow, one should anticipate that DEHP is emitted from these products. Volatilisation in an indoor
environment occurs from a combination of chemical diffusion in air and transport as a result of
air flow within the room. The mechanism controlling DEHP emission depends on the shape and
surface area of the vinyl product, its DEHP content, the air flow across the product, product
usage, etc. DEHP in plastic volatilises into the air at a low but detectable rate which, in an indoor
environment, result in low levels of inhalation exposure to individuals. In addition, inhalation
exposure to DEHP may occur as aerosol of DEHP or DEHP adsorbed to particulate matter. The
particle inhalation exposure to DEHP is considered to be significant due to its low vapour
pressure. This latter form of exposure has been identified in a Norwegian study that examines
residential exposure and considers particulate material both suspended in the air and sedimented
in the home (Øie et al.,1997). It is possible that exposure to DEHP in the form of PVC particles
may occur from material due to mechanical wear: However, due to Øie et al.(1997), this is not
likely to be the case.
In a Danish study (Clausen et al, 1999), semi-volatile organic compounds in air have been
sampled from four offices in one building, a classroom in a public school, and a room in a daycare centre in Denmark on one winter day and one spring day. The median concentration for
DEHP was 858 ng/m3.
In a study of phthalates and PAHs in 125 Californian homes (Sheldon et al.,1993) it was found
that the daytime (12 hours) air concentration (aerosol + gas phase) of DEHP had a median of
110 ng/m3 and a 90th percentile 240 ng/m3.
In a Norwegian study (Øie L. et al.,1997), aerosols have been sampled in six residences and the
phthalate content reported as mean values i µg phthalate per 100 mg aerosol. However,
calculations of the air concentration give a minimum air concentration of 1.8 ng/m3. The
maximum values are hardly more than 20 times this value. In this study, the phthalate
concentrations have been measured in the aerosol fraction sampled on a filter only.
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In a German study (v. Pöhner A et al., 1997) semi- and sparingly volatile organic compounds
have been measured in dust from dwellings in West-Germany. In 272 samples the maximum
concentration of DEHP was 8,600 ppm and the 90th percentile was 1,600 ppm. DEHP has been
measured in indoor air in rooms with new flooring (Wams, 1987). The total DEHP concentration
was around 0.2-0.3 mg/m3.
It is difficult to evaluate these data, because limited information on the use of articles containing
DEHP or activities in the room etc. is not available.
Personal samples are not available which makes the estimation of the exposure more difficult.
Exposure may be modelled to predict an exposure per event. The level of indoor DEHP in air
released from floor and wall covering can be calculated. The concentration of DEHP in the air
depends on factors which include, the volume of the room, ventilation rate, temperature, surface
area of the plastic article, the amount of DEHP in the plastic material etc. Volatilisation of DEHP
based on an emission rate has been calculated by three different methods (see Environ
Corporation, 1988). An emission rate of between 1.8 . 10-4 and 3 . 10-4 µg/m2/s at 25°C was
derived. The highest emission is used as a worst case in this risk assessment.
The concentration of DEHP released into a room can be derived from a mass balance
calculation:
At steady state the concentration (C) can be calculated as follows:
C=

3.600 × E × A
ach × V

E = DEHP emission rate, 3 . 10-4 µg/m2/s

Where:

A = area of the PVC material, m2
ach = air change rate (air changes/hour)
V = volume of the room, m3

In a room covered with PVC flooring and wall material with the dimension 2 . 3 . 2.4 (meters:
l . b . h) the total area covered with PVC material is 30 m2 and the room volume 14.4 m3. The
air exchange rate is 0.5 ach and the exposure concentration is:
C=

3.600 × 3 × 10−4 × 30
= 4.5 µg/m3
0.5 × 14.4

A study conducted to determine the amount of DEHP bound to particles in residential air in
Norway have been reported (Øie et al., 1997).
The vapour phase exposure was not measured but reference to calculated exposure was made.
Based upon vapour phase exposure and their measurements, the authors tentatively suggest that
exposure via the particulate phase is 1-3 fold greater than exposure from the vapour phase. That
3-fold more DEHP than the vapour concentration can bind to dust particles is supported by the
findings that DEHP:
•

can migrate from and into different matrices

•

that substances with a low vapour pressure are readily adsorbed to particles

•

total air concentrations of DEHP has been shown to exceed the saturated vapour pressure by
100-fold (Wams, 1987).
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Because there are no data characterising particle-bound DEHP in indoor air, it is considered
reasonable to assume that the amount of DEHP associated with particles is three times more than
the amount of DEHP present as vapour in the air.
We, therefore, propose that human exposure estimated based the vapour exposure in air and
three times this value bound to dust particles avoids underestimation of the amount of DEHP in
indoor air.
A concentration of DEHP indoors, at 20°C can be calculated using saturated vapour pressure a
concentration of 5.3 µg/m3. This concentration is in the same magnitude as the calculated
concentration above. We assume 5.3 µg/m3 to be a reasonable worst case. Since the Norwegian
study indicates that three times more DEHP is bound to particles, it can be inferred that
15.9 µg/m3 (3 . 5.3) are adsorbed on to particles. The total air concentration may then be
21.2 µg/m3.
The size of the suspended airborne dust particles in Norwegian homes is less than 2.5 µm in
diameter (Ormstad et al, 1997). The concentration of particles in the air, in the 29 households
examined, varied between 9 and 56 µg/m3.
The daily exposure to DEHP in in-door environments for adults and children is calculated, see
Table 4.6. The body weight (bw) for an adult is 60 kg and 8 kg for a child. The inhalation rate
(Vinh) for an adult is 20 m3/day and 9.3 m3/day for a child (Whalan et al., 1997).
U inh =

Binh × Cinh × Vinh × t / 24
BW

Values used for the calculation of inhalation exposure to airborne DEHP are as follow;
U is the uptake (mg/kg/day), Binh the bioavailability for inhalation exposure (75% for adults and
100% for children), Cinh the air concentration (mg/m3), Vinh the inhalation rate (20 m3/day for
adults and 9.3 m3/day for children, BW the body weight (60 kg for adults and 8 kg for children),
and texp exposure duration (20 hours/day for adults and 22 hours/day for children).
Adults: U inh =

0.75 × 21 × 20 × 20 / 24
= 4.4 µg/kg bw/day
60

BW = 60 kg, Inhalation rate = 20 m3/day (adults 30-<60 year, respiratory volume while at rest
372 l/hour, activity factor 2.3 -light activity (Whalan et al., 1997).
Children: U inh =

1 × 21 × 9.3 × 22 / 24
= 22.4 µg/kg bw/day
8

BW = 8 kg, Inhalation rate = 9.3 m3/day (children 0.5-3 year, respiratory volume while at rest
168 l/hour, activity factor 2.3 -moderate activity,Whalan et al., 1997).
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Table 4.6 Calculated human exposure to DEHP from indoor air to adults and children
Concentration in air
(µg/m3)

Uinh
Daily exposure per kg bw
(µg/kg bw/day)

Indoor, PVC-paved room,
adult

21

4.4

- ” -, children

21

22.4

However, it is recognised that the calculated air concentrations are truly worst case estimates,
and that if the risk characterisation would show that refinement of the exposure estimates is
needed, there would be a need for reliable monitoring data.
Dermal exposure to DEHP caused by dermal contact with building materials such as flooring can
be a significant route for children.

4.1.1.3.5

Gloves (clothing, gloves and footwear)

Much of the articles in this product group used in Europe are made in and imported from Asia.
The knowledge of the used plasticisers and the release is limited. DEHP is used in a variety of
products which contact human skin, these products include articles made of fabric coated by
flexible PVC containing DEHP - clothing e.g. rain wear, plastic gloves and footwear e.g. high
boots. The quantity of the human exposure to DEHP is a function of the area of skin in contact
with the product, the duration of the contact, the surface availability of DEHP from the product
and the percutaneous absorption of DEHP through the skin.

4.1.1.3.6

Dermal exposure

The amount of DEHP that a person is exposed to is a function of the area of skin in contact with
the product, the duration of the contact, the surface availability of DEHP from the product and
the penetration of DEHP through the skin.
The maximum internal exposure (Umax) by dermal contact to gloves is calculated using a dermal
absorption rate (J) for contact with articles containing DEHP (Deisinger et al, 1998). See Model
(I);
Model (I)
U max =

J × Sderm × texp
BW

=

0.24 × 840 × 2
= 6.7 µg/kg bw/day
60

Alternatively, the calculation can account for the migration of DEHP from products (Hanson,
1983) and then the percentage absorption through the skin (5%) which has already been
corrected for interspecies differences (see Model (II) below).
Data on the release of DEHP from products in contact with skin is limited.
Experiments designed to model the dermal exposure from contact with products containing
DEHP have been performed. A flat vinyl product containing DEHP was scrubbed with a cotton
cloth attached to a wood block. Experiments were conducted where the cotton was impregnated
with lanolin to represent the oils present on human skin. The DEHP release value from the
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product analysed is; R = 0.11 µg/cm2/min (6.6. µg/cm2/hour) (CMA, 1984). From this data the
exposurer can be calculated with model (II), Hanson (1983).
Model (II)
Cderm = R × t = 6.6 × 2 = 13.2 µg / cm2
U derm =

Bderm × Cderm × Sderm 0.05 × 13.2 × 840
=
= 9.3 µg/kgBW/day
BW
60

For both approaches it is assumed that the the skin contact area Sderm = 840 cm2, contact
duration; t = 2 hours/day, and persons body weight BW = 60 kg.
Comparison of the results derived from these two approaches are in close agreement. The value
selected for the risk caracterisation without correction for interspecies differences is that based
on the percutaneous adsorption rate derived from Deisinger et al. (1998) i.e model (I).

4.1.1.3.7

Car interior

Exposure to DEHP from car interiors occurs for both professional drivers and consumers.
The main route of exposure to DEHP in car interiors is assumed to be by inhalation, but dermal
absorption may occur because of dermal contact with components made of plasticised PVC e.g.
seats made of artificial leather.
The release of DEHP from details in the car interior is dependent on the temperature. Higher
temperature results in a higher release.
If a car, with car seats made of DEHP-plasticised PVC in which doors and windows are closed is
exposed to sunlight on a hot summers day, the release of DEHP may be significant. At higher
temperatures DEHP will be expected to be in the gas/vapour form. At lower temperatures, the
released DEHP will condensate either to form a mist or on surfaces. This surfaces can be either
dust particles or components in the car interior.
The amount of DEHP used in a car interior may differ considerably depending on the kind of
materials used e.g. for the car seats. Artificial leather made of PVC contains plasticiser which
might be DEHP.
For the provided measured data of DEHP in car interiors, see below, no information on the
materials used in the cars are submitted. Therefore it is not possible to establish if any of the
measured values represents reasonable worst case.
Concentrations of DEHP in car interiors was reported in 1998 (Emissionen im
Kraftfahrzeuginnenraum, 1998). The concentration of DEHP in six different cars was measured
at room temperature. DEHP was detectable in two of the 6 cars. The concentration in a new car
was 9.6 µg/m3. After 20 days 5.2 µg/m3 and after 40 days 1.8 µg/m3. No information on interior
materials used in the cars are provided. Therefore it is not possible to establish if the
concentrations represent a reasonable worst case.
Measured values of the concentration of DEHP in car interiors from 1973 (Mieure, 1973), 1977
(McEwen, 1977 cited in General Motors, 1982b) and 1987 (Wams, 1987) have been submitted.
The number of samples in the studies are not reported. In the Mieure study concentrations of
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< 0.1 µg/m3 at 25°C and 300 µg/m3 at 60°C is measured. In the McEwen study concentrations
from 0.2 to 1.2 µg/m3 were identified in the interior atmosphere of a 1975 Opel. In the Wams
study a concentration of 1,000 µg/m3 is reported.
A concentration of DEHP in car interiors can be calculated using the saturated vapour pressure
as a maximum gas concentration 5.3 µg/m3 at 20°C. This may be an underestimation because
release would be expected to be significant at higher temperatures and that DEHP condense
forming an aerosol or condense on dust particles and in these forms expose the persons in tha
cars.
Since a Norwegian study indicates that three times more DEHP is bound to particles in residence
environments, we assume the same for car interiors. Then it can be inferred that 15.9 µg/m3
(3 . 5.3) are adsorbed on to particles. The total air concentration may then be 21 µg/m3.
Considering all the data available for car interiors, a reasonable worst case is estimated at
21 µg/m3.
The daily exposure to DEHP in car interiors for adults and children is calculated, see Table 4.7.
The body weight (BW) for an adult is 60 kg and 8 kg for a child. The inhalation rate (Vinh) for an
adult is 20 m3/day and 9.3 m3/day for a child (Whalan et al., 1997).
U inh =

Binh × Cinh × Vinh × t / 24
BW

Values used for the calculation of inhalation exposure to airborne DEHP are as follow;
U is the uptake (mg/kg/day), Binh the bioavailability for inhalation exposure (75% for adults and
100% for children), Cinh the air concentration (mg/m3), Vinh the inhalation rate (m3/day)), BW the
body weight, and texp exposure duration (4 hours/day for adults and 2 hours/day for children)
Adults: U inh =

0.75 × 21 × 20 × 4 / 24
= 0.9 µg/kg bw/day
60

BW = 60 kg, Inhalation rate = 20 m3/day (adults 30-<60 year, respiratory volume while at rest
372 l/hour, activity factor 2.3 -light activity, (Whalan et al., 1997).
Children: U inh =

1 × 21 × 9.3 × 2 / 24
= 2 µg/kg bw/day
8

BW = 8 kg, Inhalation rate = 9.3 m3/day (children 0.5-3 year, respiratory volume while at rest
168 l/hour, activity factor 2.3 -moderate activity,Whalan et al., 1997).
Table 4.7 Calculated human exposure to DEHP from car interior to adults and children
Concentration in air
(µg/m3)

Uinh
Daily exposure per kg bw(µg/kg
bw/day

Car interior, adult

21

0.9

- ” -, children

21

2

The main route of exposure to DEHP in car interiors is assumed to be inhalation, but dermal
contact and absorption may also occur, eg in dermal contact with seats of plasticsed PVC.
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Dermal exposure can be assumed to be more significant for children than for adults.

4.1.1.3.8

Exposure via medical treatment

There are many different types of PVC-based medical devices, including extracorporal blood
circuits, e.g. for haemodialysis, plasma and plateletpheresis and blood oxygenation, infusion sets,
catheters and endotractheal tube. DEHP is the principal plasticiser used for the manufacture of
flexible PVC-containers for these applications. Over 95% of the total medical grade plasticised
PVC is consumed in the manufacture of containers, flexible tubing and medical gloves (ECPI,
1994). Other materials used in medicine that contain DEHP include implantation materials e.g.
artificial heart valves, gloves, catheters, syringes, several solutions and materials in
ophthalmology and dentistry (Huber et al., 1996).
Humans may be exposed to DEHP through tubing and fluid storage bags used in medical
practice. When receiving biological fluids i.e. nutrients, whole blood or blood components that
have been stored in PVC containers, patients may be exposed to plasticisers via the intravenous
route. PVC tubing used either for the administration of fluids or for dialysis may also contribute
to the exposure to plasticiser (ECPI, 1994).
Catheters made of plasticised PVC used for feeding of infants, via the oesophagus, end in the
gastric juice. This may result in significant release of DEHP in the stomach during the feeding
period. No data on the magnitude of this release are available.
When lipid-containing fluids are stored in plasticised PVC-containers or conveyed through
PVC-tubing the plasticiser will migrate from the PVC into the fluid. The rate of migration is
dependent on the lipophilicity of the surfaces of the container and of the material stored, duration
of storage, storage temperature, the extent to which the container is filled and the type of
plasticiser used. Table 4.8 shows the contamination of materials stored in PVC bags.
Two types of studies have been conducted in order to quantify human exposure to DEHP from
medical devices. The first type measures the amount of DEHP that leaches from common
medical devices, such as blood bags, into the physiologic medium that each device contains,
such as blood. The second type measures the amount of DEHP or metabolites found in the blood,
urine, or tissues of patients treated with medical devices containing DEHP.
Total DEHP exposure measured or estimated in this study varies significantly, although the exact
reasons for the variability are unclear. The variability may be due to differences in study design
and conditions, DEHP content in devices, and storage time.
Due to the wide spread use of articles for medical treatment and the assumed variations in
treatment procedures, it is difficult to make a general assessment of the exposure. In addition, the
populations exposed are inhomogeneous. Some of the persons in these populations are more
vulnerable e.g. patients with impaired kidney function and patients with leukaemia. Premature
infants receiving medical care may be exposed to DEHP during critical periods of development.
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Table 4.8 Container-derived accumulation of DEHP in blood, blood products and stored fluids (Huber et al, 1996)
Material
Whole blood

Duration of
storage

Temperature
ºC

<3w

DEHP (mg/l)

DEHP increase
(mg/l/day)

24-110

0.8 - 3.9

Reference
Jaeger et al. (1970)
Jaeger et al. (1972)
Piechocki et al. (1973)
Rock et al., (1978)
Pik et al. (1979)
NTP (1982)
Ganning et al. (1984)
Griffiths et al. (1978;1988)

Red cell concentrate

<3w

4-123

Red cell concentrate

5w

174

Platelet concentrate

2-5 d

180-650

Plonait et al. (1993)
Rock et al. (1987)
100 - 200

Rock et al. (1978)
Rubin et al. (1976)
Labow et al. (1986)
Shimizu

Plasma

1w

4

< 110

Vessman et al. (1974)

Plasma

3w

4

100-275

Vessman et al. (1974)

Plasma

10 w

4

< 890

Vessman et al. (1974)

Platelet- rich plasma

3d

22

181

Rock et al. (1978)

Platelet-poor plasma

3d

22

285

Rock et al. (1978)

Platelet-poor plasma

1-2w

20

< 500

Dine et al. (1991)

Leucocyte-poor
plasma
Fluids for peritoneal
dialysis
Polysorbate 80
(surfactant)

2d

25-32

6.3 - 7.9

Piechocki et al. (1973)

< 12 m

25

< 0.014

Nässberger et al. (1987)

1d

24

36 - 237

Pearson et al. (1993)

Table 4.9 shows the amounts of DEHP released from different medical devices under
patient-free conditions exposed in units of dialysis, transfusion and extracorporal oxygenation,
without the patient being present.
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Table 4.9 Extraction of DEHP or MEHP from units of dialysis, transfusion and
extracorporal oxygenation (Huber et al, 1996)
Reference
Dialysis

Measure

Unit

1.5 - 6

mg/h

Nässberger et al., 1987
Easterling,et al., 1974
Lewis,et al.,1978
Gerstoft et al.,1980
Bommer et al., 1981.

Dialysis

0.5

mg/l b.c.* after 5 h

Ono et al.,1975

Dialysis

1

mg/l b.c.* after 5 h

Ono et al.,1975

Blood transfusion

13 - 72

Mg extracted/l of blood given

Sjöberg,et al, 1985a

Blood transfusion

0.6 – 5

Mg extracted/l of blood given

Sjöberg,et al, 1985a

(MEHP)
Extracorporal
oxygenation

3.5 – 4

mg/l extracted/h

Schneider et al., 1989

*b.c. Blood concentration

Table 4.10 summarises the long- and short-term medical procedures that implicate the most
abundant exposure of patients to DEHP. The highest exposure to patients appears to originate
from heamodialysis although some other treatments e.g. extracorporal oxygenation and blood
transfusion, may temporarily lead to even higher exposure (Huber et al., 1996). However,
heamodialysis is a special case, which is used for many months or even years usually for the
treatment of kidney failure. It cannot be ruled out in patients with impaired kidney function that
excretion of DEHP/metabolites in the urine may be impaired resulting in a longer retention and
subsequent internal exposure.

Exposure may also occur to the hydrolysis product of DEHP, mono(2-ethylhexyl)phthalate
(MEHP). Rock et al. (1978) showed that MEHP is formed from DEHP in the plasma during
storage. Hence from plasma-exposure to DEHP + MEHP can occur simultaniously.
Table 4.10 Exposure of patients to DEHP resulting from medical treatments (Huber et al.,1996, ECPI, 1994, Doull et al.,1999)
Treatment

Short- long
term
exposure

Total
exposure

Intravenous fluids
(e.g. saline
solutions, glucose
solutions, nutrients)

Short

<1 mg/l

Plasma

Short

7-120 mg/l

Unit

Exposure
(µg/kg bw/unit)

Average daily
exposure
(µg/kg bw/day)

Reference

(Arbin et al., 1983)

(Sasakawa et al., 19871978)
(Rock et al., 1978)
(Peck et al., 1979)

Whole blood

Short

Platelet and whole
blood transfusion in
infants

Long

20-70 mg/l

(Miripol et al., 1977)
year

2,100-27,500

6-75

(Jacobson et al., 1977)

Table 4.10 continued overleaf
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Table 4.10 continued Exposure of patients to DEHP resulting from medical treatments (Huber et al.,1996, ECPI, 1994, Doull et al.,1999)
Treatment

Short- long
term
exposure

Total
exposure

Unit

Exposure
(µg/kg bw/unit)

Transfusion of
platelets

LADD1)

Long

0,5-360 mg

session

10-7,200

Reference

Doull et al., 1999

36

Neonatal transfusion
Haemodialysis

Average daily
exposure
(µg/kg bw/day)

1

1,700

Hileman, 2000

4-3100

(Nässberger et al., 1987)
(Lewis et al., 1978)
(Ono et al., 1975)
(Shneider et al., 1989)
(Gibson et al., 1976)
(Bommer et al., 1985)
(Pollack et al., 1985)
(Flaminio et al.,1988)
(Ganning et al., 1984)
Doull J et al., 1999

457
LADD1)

99

Peritoneal dialysis

Long

40 mg

year

800

2

(Nässberger et al., 1987)

Clotting factors in
hemophiliacs

Long

2 mg

day

30

30

(CPSC, 1985 in Huber et al.,
1986)

Blood transfusion in
adults

Short

14-600 mg

treatment
period

200-8,500

(Jaeger et al., 1972)
(Sjöberg et al.,1985a)
(CPSC, 1985 in Huber et al.,
1986)

Blood transfusion in
new-borns

Short

treatment
period

500-4,200

(Sjöberg et al.,1985a)
(Shneider et al., 1989)
(Sjöberg et al., 1985b)

Blood transfusion in
new-borns

Short

treatment
period

50-700 (MEHP)

Blood transfusion in
new-borns

Short

Platelet
concentrates in
adults

Short

treatment
period

1,200-22,600

(Plonait et al., 1993)

treatment
period

400-2,500

(Rubin et al., 1976)

Platelet
Short
concentrates in newborns

treatment
period

1,900

(Shneider et al., 1989)

Extracorporal
oxogenation in
infants

Short

treatment
period

42,000-140,000

(Shneider et al., 1989)

Cardiopulmonary
bypass

Short

treatment
day

30-2,400

Table 4.10 continued overleaf
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Table 4.10 continued Exposure of patients to DEHP resulting from medical treatments (Huber et al.,1996, ECPI, 1994, Doull et al.,1999)
Treatment

Short- long
term
exposure

Total
exposure

Unit

Cardiopulmonary
bypass

Short

0,25-19 mg

treatment
day

Artificial ventilation
in preterm infants

Short

Exposure
(µg/kg bw/unit)

Average daily
exposure
(µg/kg bw/day)

4-300 (MEHP)

Reference

(Jaeger et al., 1972)
(Barry et al., 1989)

0,001-4,2 mg hour

(Roth et al., 1988)

Autopheresis

Doull J et al., 1999

-short term donor

8.1
(LADD 1) 0.02

- long tem donor

8.1
(LADD 1) 0.58

1)

LADD = lifetime average daily dose. Transfusion 2 years/lifetime, haemodialysis 15 years/lifetime

Summary/statement of human exposure to DEHP from medical products
Due to the intravenous exposure to DEHP during medical treatment, the uptake is 100%.
Table 4.11 shows the data for exposure to DEHP from medical products used in the risk
characterisation.
Table 4.11 Exposure data for DEHP from medical products used for risk characterisation
Scenario
1. Long-term haemodialysis (adults)

Average daily exposure
(µg/kg BW/day)
3,100

2. Long-term blood transfusion (adults) Haemophiliacs

30

3. Long term blood transfusion (children

75

4. Transfusions (neonates)

1,700

Lifetime average daily dose (LADD)

4.1.1.4

Infusion of platelets

0.001

Haemodialysis

0.099

Autopheresis

0.00058

Humans exposed via the environment

Food and drink may be contaminated both via the environmental and via non-environmental
sources such as food contact materials. Because the media (i.e. food) and population are the
same, for convenience, these results are presented in this section. The sources of human exposure
to DEHP handled in this Section are food, water and air.
DEHP has been found in foodstuffs such as meat, fish and milk. Exposure of humans to DEHP
through intake of food and drinking water may be due to general environmental contamination of
the fresh food or contamination of food through the use of DEHP-containg materials in the
handling and processing of the foood (e.g. in the food processing industry and from food
packaging materials containing DEHP). Thus, the source of DEHP in food is not often known,
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although there are cases where the use of PVC-tubings and gloves have been the major sources.
Exposure of humans via inhalation of air may be caused by emissions of DEHP to the
environment from different life-cycle steps, see Section. 2.1.
Residues present in breast milk originate from exposure of the mother at anytime up until breast
feeding. Exposure of the mother potentially occurs from all DEHP sources.
No information on the natural occurrence of DEHP in foodstuffs is available.
DEHP may be released to the environment through waste water and air effluents at the sites
where it is produced, transported, formulated, processed, used and after end-use of articles
containing it. Indirect exposure of humans to DEHP via the environment may occur by intake of
food, drinking water, and inhalation of air. Those indirect exposure routes via the environment
are taken into account in Section 3.1.1.
The human intake from indirect exposure via food, water and air, in local and regional scenarios
calculated with the EUSES-model are presented in the table below (Table 4.12).
There are recent biomonitoring data on the excretion of DEHP-metabolites in urine of different
populations (Brock et al., 2002, Barr et al., 2003, US CDC 2003, Koch et al., 2003a,b,c, Koch et
al., 2004). Based on the measured data and the knowledge of the fraction of DEHP that is
excreted in urine, the total daily intake of DEHP (assumingly via the foood) can be calculated.
By this approach, an estimate of the total exposure is obtained, including the contribution from
handling and processing the food. Theoretically, these measured data should give more reliable
intake values than the EUSES-model (but also higher values as ‘industrial’ contamination of the
food also would be covered).
Several studies show that DEHP widely occurs in dairy products. One important source
identified was DEHP-plasticised tubing in the milk transferring systems (Wildbrett et al., 1977,
Castle et al., 1990, OAEI, 1996). However, one study indicated that DEHP occurs in a country
were DEHP is no longer used as a plasticiser in transfer tubing (Sharman et al 1994). The author,
therefore, suggests that the presence of DEHP in milk originates from an environmental source.
Monitoring studies show that DEHP was found in almost all dairy products (OAEI, 1996). The
concentrations were between 1 and 7 µg/g fat. The average (excluding butter) was calculated to
be 1.6 µg/g fat (=1.6 mg/kg fat). DEHP was found in butter with a range of 2.3 µg/g to
11.9 µg/g. A “background” level of 3-7 µg/g was analysed, when DEHP was not used in the
wrapper (9.4 µg/g with the wrapper). DEHP was found in margarine with a range of 0.7 µg/g to
11.3 µg/g. The author stated that the “Background levels of DEHP (concentration measured in
the food in the absence of DEHP in the packaging) were found to be greater in butter than in
margarine, suggesting possible environmental contamination”.
The concentration in fish has been reported to be up to 2.3-2.6 mg/kg (Pfannhauser et al 1997).

4.1.1.4.1

Biomonitoring of DEHP-metabolites in urine as a measure of the DEHPintake

Measurements of urinary concentrations of DEHP-metabolites:
Urinary levels of a number of phthalates in the US population were reported by the US Centers
for Disease Control and Prevention (US CDC, 2003). Samples from 2,541 individuals (from age
6 and older) in a US reference population were analysed for the concentration of MEHP, which

262

CHAPTER 4. HUMAN HEALTH

was reported both in ng MEHP/ml (=µg/l) urine and as µg MEHP/g creatinine. The geometric
mean of the whole population was 3.4 µg/l (3.1 µg/g creatinine), and the 95th percentile 23.8 µg/l
(18.5 µg/g creatinine). There were no differences between genders or ethnic groups. However,
when compared with age of the persons (6-11, 12-19, and > 20 years of age), the concentration
was clearly highest in the children (e.g. 5.12 in children versus 3.21 µg/l in > 20 years of age).
The mean values were 60 or 71% higher (expressed as µg/l or µg/g creatinine, respectively) in
the children (n = 328) than in the adults (n = 1,461), and the 95th percentile 54 or 139% higher in
the children than in the adults.
In another paper from the US, CDC (Barr et al., 2003) have also utilised the urinary excretion of
the secondary metabolites 5OH-MEHP and 5oxo-MEHP, in addition to MEHP, to assess
exposure to DEHP in 62 people, including both children and adults. The population is not
described in any more detail. The medians (and ranges) of concentrations were 35.9 µg/l
(2.7-2,417 µg/l) for 5OH-MEHP, 28.3 µg/l (4.2-1,860 µg/l) for 5oxo-MEHP, and 4.5 µg/l
(1.4-537 µg/l) for MEHP. Based on median concentrations, MEHP constituted 6.6% of the sum
of the three metabolites analysed. The data are not presented adjusted for creatinine levels.
Brock et el (2002) reported on urinary levels of four phthalates (including MEHP) in Californian
(US) children of age 11.8-16.5 months. Urine was collected from 19 children. The samples were
treated with glucuronidase, and the free phthalate monoesters were analysed by LC-MS. Urinary
creatinine levels were also determined and reported, but the phthalate monoester concentrations
were only reported as µg/l urine. The mean concentration (+ S.D.) of MEHP was 4.6 + 6.4 µg/l,
which is close to the data reported by US CDC (2003). The authors suggest that considering the
lower urine volume and body weight of infants, the data indicate that the daily intake (per kg
body weight) of DEHP in these infants may be at least twice higher than in adults. In some of the
children, samples obtained at different days were analysed, showing up to 4-fold differences
between the occasions.
The urinary concentrations of 5OH-MEHP, 5oxo-MEHP and MEHP were measured in 85 nonoccupationally exposed Germans (7-64 years of age, median 33) (Koch et al., 2003c). The
samples were analysed by LC/LC-MS/MS as described in a separate publication (Koch et al.,
2003b). The medians (and ranges) of concentrations were 46.8 µg/l (0.5-818 µg/l) for
5OH-MEHP, 36.5 µg/l (0.5-544 µg/l) for 5oxo-MEHP, and 10.3 µg/l (< 0.5-177 µg/l) for
MEHP. The corresponding creatinine-adjusted concentrations were 40.2 µg/g (6.9-449 µg/g) for
5OH-MEHP, 30.4 µg/g (6.4-262 µg/g) for 5oxo-MEHP, and 9.2 µg/g (< limit of
quantification-123 µg/g) for MEHP. Based on median concentrations, MEHP constituted 11% of
the sum of the three metabolites analysed. Females and males showed similar excretion
characteristics for all DEHP metabolites. No significant correlation between DEHP metabolites
and eating or drinking habits, body care habits, lifestyle or medication and medical history was
found. Based on these data, Koch et al. (2003a) have estimated the DEHP-intake in this group
(see below).
The internal exposure of nursery school children (aged 2-6 years, n = 36) to DEHP has recently
been investigated by Koch et al. (2004) and compared to that of their parents and teachers
(n = 19). MEHP, 5OH-MEHP and 5oxo-MEHP were determined in first morning urine.
Creatinine adjusted total DEHP metabolites in urine were significantly higher in children than in
adults (median values: 98.8 versus 50.9 µg/g creatinine; p < 0.0001). This also applied to the
concentrations of the two secondary metabolites 5OH-MEHP (55.8 versus 28.1 µg/g creatinine;
p < 0.0001) and 5oxo-MEHP (38.3 versus 17.2 µg/g creatinine; p < 0.0001). However, creatinine
corrected concentrations for MEHP in children and adults were very similar (8.7 versus 8.6 µg/g
creatinine; p = 0.908). Based on the sum of the three determined metabolites it was estimated
that the DEHP dose (in µg/kg body-weight) taken up by the children was about twice as high as
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the dose taken up by the adults. The study further demonstrates that calculating DEHP intake
from the concentration of metabolites in urine may give erroneous results if MEHP is the only
metabolite that is considered for the calculation. The mean relative ratio of MEHP to
5OH-MEHP+5oxo-MEHP in urine samples from the adult group was 1 to 5.5 while it was 1 to
12 in the children. This might indicate an enhanced oxidative metabolism in children. The
biological significance of this is not clear as the toxicity of the various oxidative metabolites of
DEHP has not been studied in any detail.
A higher exposure of children than of adults is also indicated by Barr et al. (2003), Brock et al.
(2002) and US CDC (2003).
Based on the most recent studies (Barr et al., 2003 and Koch et al., 2003a,b,c,d), it appears that
calculations of DEHP-exposure based on the excretion of metabolites gives more reliable results
when several metabolites are measured (and not only MEHP). The reasons are that a larger share
of the metabolites is measured and that the potential contamination of the samples with MEHP
(e.g. artificially formed from DEHP during the enzymatic hydrolysis) can be overcome. The
results by Koch et al. (2003a,b,c,d and 2004) and Barr et al. (2002) would thus be quantitatively
more reliable than those of US CDC (2003), although the larger study group in the latter study is
a clear advantage. It is also noted that the results from the studies on German and US populations
show that the median concentration of DEHP metabolites in urine is higher in the former, thus
indicating differences in DEHP exposure between the EU and the US, and advocating the use of
EU-specific exposure data in the risk characterisation. Overall, we conclude that the German
data by Koch et al (2003a,b,c) should be used for the risk characterisation.
Conversion factors for calculation of DEHP-intake based on urinary concentrations of DEHPmetabolites
To enable calculation of a DEHP-intake from data on the urinary concentrations of DEHPmetabolites, there is need for information from humans on what fraction of the given DEHP that
is excreted as the different DEHP-metabolites in urine i.e. the conversion factors for the different
metabolites. There are three studies that can be used for deciding the conversion factors (Schmid
and Schlatter 1985, Anderson et al., 2001 and Koch et al., 2003d). These studies are described in
Section 4.1.2.1.
There are shortcomings with all these studies, and there will be uncertainties with any choice of
conversion factor. From the descriptions of the studies, it is apparent that the Anderson study
(Anderson et al. 2001) is the one with the biggest shortcomings, as it studies a mixture of DEHP
and DIOP, and as the secondary metabolites is not considered. In the opinion of the rapporteur,
the DEHP-intake of people with a very fast further metabolism of MEHP is systematically
underestimated if only MEHP is measured, as a small shift of the equilibrium between MEHP
and it’s two metabolites towards the metabolites will lead to a 10-fold bigger reduction of
MEHP-concentration (the total concentration of the metabolites is approximately 10-fold higher
than that of MEHP). It has been argued that there is greater person to person variability when
secondary metabolites are measured. This seems to be the case in one of the studies (Barr et al.,
2003) but not in the Koch et al. (2003a) study. Whether the variability is indeed bigger remains
to be seen, but as the measurement of all three metabolites gives a more accurate and true picture
of the human exposure, the rapporteur is of the opinion that the scientifically most sound
approach to calculate DEHP-intake is to base it on measurements of all these three metabolites.
The Schmid and Schlatter study (1985) involves all three major metabolites, but the urinary
excretion is surprisingly low, and it may therefore lead to somewhat too low excretion factors.
The study by Koch et al. (2003d) only involves one individual, but the use of the best available
analytical techniques and deuterium-labelled DEHP lead us to propose to use the conversion
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factors found in this study. Still, we note that the relative excretion of the three metabolites in
this individual is slightly different from the ratios observed in different groups that have been
studied (Koch et al., 2003a and Barr et al., 2003). The conversion factors proposed to be used are
7.3% for MEHP, 14.9% for 5oxo-MEHP, and 24.7% for 5OH-MEHP.
Calculation of DEHP-intake based on urinary concentrations of DEHP-metabolites
Koch et al (2003a) estimated the intake of DEHP in 85 non-occupationally exposed Germans, by
measuring the concentration of 5OH-MEHP, 5oxo-MEHP, and MEHP in enzymatically
hydrolysed urine samples. The study subjects were institute staff, their families and friends and
students living in Erlangen and the vicinity. By measuring additional, secondary metabolites of
DEHP and not only MEHP, more reliable data is achieved in this study than in other studies. The
samples were analysed by LC/LC-MS/MS (Koch et al., 2003b) and the concentrations (reported
separately in Koch et al 2003c) were transformed into intake levels of DEHP by using the
fractional urinary excretion factors 0.074 for 5OH-MEHP, 0.055 for 5oxo-MEHP, and 0.024 for
MEHP. The factors were derived from a study on the excretion of these metabolites after oral
administration of DEHP to two human volunteers (Schmid and Schlatter, 1985), and the
assumption that 25% of the daily dose of DEHP is excreted as metabolites in urine. The
estimated median intake level was 13.8 µg DEHP/kg body weight/day, and the 95th percentile
52.1 µg/kg/day, when the calculation was based on the secondary metabolites. Males appeared to
have higher levels (median 35% higher, 95th percentile 237% higher) than females but there were
no correlations between levels and lifestyle habits. The study seems reliable, and the data for 3
out of 5 different phthalates are relatively close to previously published US data (US CDC,
2003). Higher intake levels of DEHP, and lower levels of DEHP, as calculated by Koch et al.
(2003a), were found in the German study than in the material from the US study.
The rapporteur is of the opinion that the approach chosen by Koch et al. (2003a) to calculate
DEHP intake from urinary concentrations of MEHP and MEHP-metabolites is sound, and that
the data can be used if simultaneously considering the uncertainties in the obtained data. Others
have advocated the use of a conversion factor of 13% (Anderson et al., 2001), which the
rapporteur would not support for reasons which have been described. However, a new useful
study, although only based on one individual, has been published, indicating a conversion factor
of 7.3% for MEHP, and 24.7% for 5OH-MEHP, 14.9% for 5oxo-MEHP (Koch et al, 2003d).
This new study, based on the most relevant techniques, would indicate that the conversion factor
suggested by the Schmid and Schlatter study (1985) may be somewhat too low. Recalculation of
the DEHP-intake in the Koch study (2003a) based on the new conversion factors and the
secondary metabolites of DEHP results in a DEHP-intake threefold lower than originally
reported i.e. a 95th percentile value of approximately 17 µg DEHP/kg body weight/day.
The rapporteur propose to use the 95th percentile intake value of 17 µg/kg/day based on German
urinary concentrations of DEHP-metabolites (Koch et al. 2003a) and conversion factors
obtained by Koch et al. (2003d). However, there is considerable uncertainty in this value as it is
based on a conversion factor obtained from a single exposure of one individual, and as there are
indications that children may be exposed to twice higher amounts of DEHP than adults. Still, a
value of 17 µg/kg/day is brought forward to the risk characterisation as a measure of the regional
exposure.
Breast milk
DEHP in human breast milk have been identified in two studies (Gruber, 1998 and
Bruns-Weller, 2000). In the Gruber study, five samples showed concentrations of 71, 76, 79, 80
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and 160 µg/kg milk and in the Bruns-Weller study five samples showed concentration of 20, 20,
110, 10 and 10 µg/kg milk. The median value for these 10 datapoints is approximately 75 µg/kg
milk. It has been argued that the highest concentration (twice the median) is an outlier, but the
variation can be compared with how the urinary concentrations of MEHP varies in different
studies. In the US CDC study on 2,541 persons, the 95th percentile value is 7-fold higher than the
mean (US CDC 2003), and in the study by Koch et al (2003) on 85 Germans, the 95th percentile
value is 4-fold higher than the median. Thus, if assuming that there is a correlation between
breast milk concentrations of DEHP and urinary concentrations of MEHP (which is likely), one
may speculate that analyses of more milk samples is not likely to give a 95th percentile value less
than the so far highest measured milk sample.
It is assumed that an infant breast feeds for 1 year, and that this year of life is subdivided into
two periods (0 to 3 months and 3 to 12 months), reflecting the changing feeding demands of the
infant. It is assumed that over the first 3 months the infant has an average weight of 6 kg, that the
infant ingests 0.8 kg of milk per day, that 100% of the ingested DEHP is absorbed and that the
breast milk has a fat content of 3.5%. From 3 to 12 months it is assumed that the infant has an
average weight of 10 kg, that the infant ingests 0.5 kg of milk per day, that 100% of the ingested
DEHP is absorbed and that the breast milk has a fat content of 3.5% (WHO 1998). It is also
assumed that the content of DEHP remains constant during the breast-feeding period.
Using the following equation and the assumptions, as detailed above, the average daily uptake
(Umilk) of the breast-feeding infant is estimated for both the 0-3 month and 3-12 month periods of
infant life. The resultant uptakes are then summed to generate an average uptake for the infant in
mg/kg/day.
U milk =

Cmilk × B ing × IRmilk
BWinfant

where:
Cmilk, represents the concentration of DEHP in mg per kg breast milk
Bing, represents the bio-availability of the ingested DEHP (100/100 = 1)
IRmilk, represents the ingestion rate of milk by the infant (kg/day)
BWinfant, represents the average infant body weight over the exposure period (kg)
DEHP in human breast milk have been identified in two German study (Gruber, 1998 and
Bruns-Weller, 2000). The highest concentration measured (160 µg/kg) is used for calculation of
reasonable worst case.
months:

U milk =

160 × 1 × 0.8
=
6

21 µg/kg/day

3-12 months:

U milk =

160 × 1 × 0.5
=
10

8 µg/kg/day

0-3

A study on the occurrence of DEHP in breast milk, blood, and urine of 42 Swedish women has
recently been performed, and the processed but unpublished data has been made available to the
Swedish rapporteur for the DEHP risk assessment (Hanberg et al, 2005). In that study, milk and
the other samples were collected (in 2003) from women approximately two to three weeks after
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they had given birth to their first child. The age of the women were 23-39, with a median age of
29. None of the women smoked during the pregnancy, but 5 before becoming pregnant. They all
lived in the southernmost area of Sweden. The milk samples (50-100 ml) were collected, using
DEHP-free pumps, into special glass bottles. Phosphoric acid was added and the samples frozen
at –80oC until analysed. Urine was also collected in glass bottles, but the urine was frozen at
-80oC without any additions. When leaving the samples, the women answered a detailed
questionnaire, but the rapporteur has not seen any analyses of the answers. Milk and blood were
analysed in 42 and 36 individuals, respectively, for DEHP and MEHP, whereas urine was
analysed in 38 individuals for DEHP, MEHP, and two MEHP-metabolites. The blood data is not
included in this evaluation. DEHP was analysed at IVL, Sweden. The milk samples were
extracted with pentane:acetone (5:2), cleaned up with HPLC-GPC, the GPC-fractions were then
extracted with hexane:MTBE, and finally analysed with GC/MS. Metabolites were analysed by
the US CDC (the US Center for Disease Control), using their standard methodology (Barr et al,
2003).
Milk data
The mean (± S.D.) concentration of DEHP in milk was 17.1 ± 46.8 µg/liter milk. The MEHP
concentration was 1.3 ± 1.3 µg/liter milk. The median values for DEHP and MEHP were 9.0 and
0.5 µg/liter, respectively, and the 95th percentile values 41.8 and 3.9 µg/liter, respectively.
Considering that MEHP is probably the active testicular toxicant, it seems relevant to calculate
the total concentration (sum) of DEHP (41.8 µg/l = 0.107 µM) and MEHP (3.9 µg/l = 0.014 µM),
which becomes 0.121 µM, or if re-converted into DEHP (using the DEHP molecular weight) to
facilitate the comparison, 47.3 µg/liter milk at the 95th percentile level (Hanberg et al, 2005).
In the two old studies (Gruber 1998, Bruns-Weller 2000), the concentration of DEHP in 10
women ranged from 10 to 160 µg/kg milk, with a median value of approximately 75 µg/liter.
Assuming that one liter milk is equivalent to one kg milk, the current Swedish concentration of
DEHP+MEHP is approximately 8 or 3.5-fold lower than the old data, depending on comparing
median values or the current 95th percentile value with the old maximum value.
For a newborn (0-3 months of age) a milk concentration of 47 µg/liter results in a daily exposure
to 6.2 µg/kg/day of DEHP and MEHP (see formula above), which is taken forward to the risk
characterisation. At an age of 3-12 months, the corresponding intake becomes 2.4 µg/kg/day.
In order to assess how representative the Swedish milk data is for the EU exposure situation, the
exposure of Swedish women to DEHP has to be compared with data from other countries within
the EU. As the urinary excretion of DEHP-metabolites is believed to correspond to the exposure
situation, the urinary DEHP excretion in the Swedish women is compared with recent data from
a German population.
Urine data
In the urine from the Swedish women, no DEHP was found, which is in conformity with other
studies. The mean (±S.D.) urinary concentrations of MEHP, 5OH-MEHP, and 5oxo-MEHP were
13.3 ± 10.2, 25.3 ± 26.5, and 18.6 ± 19.2 µg/liter urine, respectively. The median values were
9.0, 14.6, and 11.4 µg/liter urine, respectively, and the sum of the median values for the three
metabolites 35 µg/l (because of rather similar molecular weights, the addition is based on µg
even though not scientifically correct).
It can, thus, be concluded that the Swedish urinary concentrations of DEHP-metabolites (sum of
median concentration of the three metabolites is 9.0 + 14.6 + 11.4= 35 µg/liter urine) are roughly
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similar (within a factor of 3) to the concentrations in Germany (10.3 + 46.8 + 36.5= 93.6 µg/liter
urine) (Koch et al 2003c). However, it is noteworthy that the ratios between the three metabolites
differ somewhat. The reason for this is unknown. Assuming that the metabolism of DEHP does
not differ too much between the general German population and the Swedish women (which
have recently been pregnant and delivered a child), the urinary excretion indicates similar
exposure-levels to DEHP. Consequently, the data on the occurrence of DEHP and MEHP in
breast milk in Swedish mothers is most likely representative for the EU-situation.
A recent study reports on the occurrence of MEHP in breast milk of Danish women and in a few
samples of consumer (cow) milk and infant formulas (Mortensen et al, 2005). The study focuses
on the development and validation of a quantitative analytical method for measuring phthalate
metabolites in human breast milk, but it also contains data from real samples. Reasons for only
analyzing monoester metabolites are claimed to be that the monoesters are the active testicular
toxicants and that by not looking for the parent phthalate one avoids the problems with
contamination of the samples with the parent phthalate from the environment. Breast milk
samples (n=36) were collected during 1997-2001, originally for other research purposes,
1-3 months after the women had given birth. No information on the mothers is given. In addition,
seven samples of common consumer milk (1.5-3.5% fat content), and ten samples of infant
formula products were collected, presumably recently although the year is not stated.
Breast milk samples were generally collected directly into a glass or porcelain cup, but
sometimes using a breast pump. The samples were directly frozen at –20oC and kept at -20oC
until analysed. No acid was added to the samples at the time of sampling, leading to some
uncertainty as to the possible enzymatic hydrolysis of DEHP to MEHP after the sampling. The
samples were analysed at the Copenhagen University Hospital in Denmark. The milk samples
were extracted with ethyl acetate:cyclohexane (95:5), cleaned up twice with solid-phase
extraction cartridges, dissolved in 10% acetonitrile, and analysed with LC-MS-MS. In total, six
different phthalate monoesters were looked for; MEHP, monomethyl phthalate, monoethyl
phthalate, mono-n-butyl phthalate, monobenzyl phthalate, and monoisononyl phthalate.
Breast milk data
The mean (±S.D.) concentration of MEHP in milk was 13 ± 11 µg/liter milk, the median
9.5 µg/liter (corresponding to a median concentration of 0.4 µg/g lipid), and the range
2.7-72 µg/liter. The 95th percentile value is not reported. The report says that there is no
significant difference in MEHP concentration between samples collected with or without breast
pump (but no data is given), indicating negligible contamination of the samples with MEHP
from the plastics and, if contamination with DEHP had occurred, limited hydrolysis of DEHP to
MEHP. Addition of phosphoric acid to the samples at the time of thawing for the analyses did
not significantly affect the concentration of MEHP, not even when incubating the samples for up
to 24 hours prior to the analyses. There is a possibility that some hydrolysis could have occurred
after sampling , but prior to freezing, but the report states that there was only a “short time” (not
defined) available for this potential hydrolysis, thus potentially only leading to minimal
hydrolysis of DEHP to MEHP. The authors conclude that the MEHP concentrations found are
not being overestimated by an artifactual hydrolysis of DEHP to MEHP after the sampling. The
authors have been further consulted on this issue, and although they can not completely rule out
some hydrolysis in the old samples before they were frozen, the authors claim to have done
control experiments (not published) showing that no hydrolysis occurs in newly sampled breast
milk not preserved with acid when keeping them at room temperature for up to one hour.
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For the other phthalates measured, it can be noted that the median concentration of mono-n-butyl
phthalate and monobenzyl phthalate in the breast milk was somewhat lower than that of MEHP
(within a factor of 10).
Consumer milk and infant formula data
The MEHP concentrations are only reported as ranges, and the ranges are 5.6-9.1 µg/liter for
consumer milk and 7.7-9.9 µg/liter for infant formula. The order of magnitude is, thus, similar to
the one in the breast milk samples, but the variation is much smaller than in the breast milk
samples. For the other phthalates measured, the concentration of mono-n-butyl phthalate was
somewhat lower than that of MEHP (within a factor of 10), whereas no monobenzyl phthalate
could be detected.
In the Gruber (1998) and Bruns-Weller (2000) studies, the concentration of DEHP in 10 women
ranged from 10 to 160 µg/kg milk, with a median value of approximately 75 µg/liter (MEHP was
not measured). In the recent Swedish study (2005), the median values for DEHP and MEHP
were 9.0 and 0.5 µg/liter, respectively. The Danish median concentration of MEHP of
9.5 µg/liter is, thus, 19 times higher than the Swedish median concentration of MEHP. If
comparing mean concentrations of MEHP in the Danish and Swedish groups, the concentration
is 10 times higher in Denmark than in Sweden (13 versus 1.3 µg/liter). If comparing the upper
range values, there is a 18-fold difference between the maximum Danish value and the
95th percentile Swedish value. Such a big difference in MEHP concentrations between two
neighboring countries is unexpected and not easy to explain. Perhaps, it could be related to the
fact that the Danish samples are a few years older than the Swedish. More likely, it could be
caused by hydrolyses of DEHP to MEHP in the Danish samples. However, the US CDC (Calafat
et al, 2004) has recently reported similar concentrations of MEHP in three American pooled
breast milk samples (mean ± S.D. of 7.8 ± 6.8 µg MEHP/liter milk) as reported in the Danish
samples. Calafat et al (2004) also reported on the presence of MEHP-metabolites in the breast
milk, although at concentrations close to the limit of detection. However, it should be noted that
the US samples were not preserved with acid immediately at the time of collection.
If assuming a 95th percentile concentration of 35 µg MEHP/liter for the Danish mothers (based
on the range of 2.7-72 µg/liter, and calculated as mean + 2 SD), a newborn (0-3 months of age)
would be exposed to 4.6 µg/kg/day of MEHP (see formula above), without considering the
unknown contribution from the DEHP also expected to be present in the milk.
Measured data for food
DEHP concentrations in a variety of foods have been reported. The concentrations found are
presented in Annex 2. In a recent review (Huber et al., 1996) exposure of man to DEHP from
environmental sources has been reviewed. The article identifies different sources of exposure,
the environmental concentrations, amount available for potential internal exposure (e.g. inhaled
amount) and the internal exposure. The article also identifies highest exposures (“most relevant
data”) and worst case scenarios.
The concentration of DEHP in fish has been reported to be up to 2.3-2.6 mg/kg (OAEI, 1996 and
Pfannhauser et al., 1997). In fresh water fish in Austria in 1997 a total of 180 fishes were
collected at 58 locations (Pfannhauser et al. 1997). DEHP was the only plasticiser found in all of
the 71 (39.4%) positive samples containing measurable amounts of phthalates. The highest level
of DEHP found was 2.6 mg/kg (WWT) in carp. At five sites DEHP levels in a total of eight fish
samples exceeded 1 mg/kg (WWT). The 90th percentile was approximately 0.5 mg/kg (WWT).
In a survey in The Netherlands (RIC, 2000b) 25 fish samples from different locations were
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analysed for phthalates. The DEHP concentrations ranged from < 0.001 mg/kg to 0.149 mg/kg
(WWT) with a 90th percentile of 0.089 mg/kg. These values are lower than those from the
Austrian study. However due to the fact that fewer samples were taken and that the samples were
stored for two years prior to analysis these values are considered less reliable. In a
complementary study (RIC, 2001d) three fish samples gave DEHP concentrations of
approximately 0.3 mg/kg (wwt) in all three samples.
In a Danish study (Petersen, 2000), the plasticizers DEHP, di-n-butylphthalate (DBP),
butylbenzylphthalate (BBP), and di-2-(ethylhexyl)adipate (DEHA) were analysed in 29 total diet
samples, 11 samples of baby food, and 11 samples of infant formulae. In all of the total diet
samples, the presence of one or more of the plasticizers was demonstrated. DEHP was the
plasticizer determined most frequently in total diet samples (11 above limit of determination out
of 29). Maximum and minimum mean concentrations in the total diet samples were 0.11-0.18 mg
DEHP/kg. The highest concentration of DEHP in a total diet sample was 0.49 mg DEHP/kg.
Based on a total daily intake of 10 MJ (energy content in food) this sample gave an exposure of
1.1 mg/day. This is equivalent to an exposure of 16 µg/kgBW/day for a person of 70 kg BW.
Tsumura et al. (2001a) studied the concentration of DEHP in marketed prepacked lunches
(n=16) and set lunches (n=10) in Japan, by extracting DEHP from the homogenised meals with
acetonitrile, and analysing by GC/MS. The concentration of DEHP was 0.8-11.8 mg/kg in
packed lunches and 0.012-0.30 mg/kg in set lunches. By following the concentration of DEHP in
food during the processing, they showed that handling the food with disposable PVC gloves
(containing DEHP) increased the concentrations of DEHP in the food. Experiments showed that
the leakage of DEHP from the gloves to the foodstuff was pronounced, especially after ethanol
sterilisation (spraying) of the gloves.
When duplicate diet samples from Japanese hospitals were analysed in 1999, the range of
concentrations of DEHP was 10-4,400 µg/kg food (Tsumura et al 2001b). When similar hospital
duplicate diets were analysed two years later, after the use of PVC gloves for food had been
regulated (Tsumura et al 2003), the concentrations were 6-675 µg/kg food (range). The mean
intake (estimated from all samples) were 519 µg DEHP/day/person before the regulation and
160 µg DEHP/day/person after the regulation. Assuming a body weight of 60 kg, it
approximately corresponds to a mean daily exposure to 9 and 3 µg/kg/day, respectively, via the
hospital diets. High concentrations of DEHP (mean 5,990 ng/g) were found in one brand of baby
food (recommended for babies older than 7 months) (Tsumura et al 2001b). The consumption
(by a 8 kg baby) of one package per day (80 g/day) would result in a mean exposure of
59.9 µg/kg/day. The source of contamination was identified as a PVC-tube used during
production. Replacing the tube by one made of stainless steel effectively reduced the DEHP
contamination (by more than 90%). The Japanese data show that high concentrations of DEHP in
food can be obtained by contamination during handling and processing of the food. PVC gloves
are likely used in the EU as well, although the extent to which they are used in food handling is
not known.
Water
Due to the low water solubility of DEHP the exposure is very low, although individual instances
of contamination may be as high as 170 µg/l. In contaminated groundwater in the Netherlands
levels from 20 to 45 µg/l have been reported (WHO, 1992).
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Modelled
The EUSES program includes a model on the concentration of a chemical in biota which have
relevance for the food chain. Intake can be determined based on the information of the
concentration in the food and the intake data such as in EUSES. The indirect exposure of humans
to DEHP originates from several sources. The exposure assessment (EUSES) includes six
pathways: drinking water, fish, crops, meat, milk and air. The daily dose for humans is
calculated by means of the concentrations in these media and the daily intake values. The default
consumption rates for each food product are given in Table 4.12. These values represent the
highest country-average intake across all EU Member States for each food product. The
children’s intake is assumed from data on the food habits of the Swedish population in 1989
(Becker, 1989) and data on the daily energy intake for different ages (MAFF 1998d)
Table 4.12 Daily human intake (adults and children) of drinking water, different foodstuff and daily inhalation rate
Parameter

Value Adult

Value Child

Unit

Daily intake of drinking water

0.002

0.001

m3/day

Daily intake of fish

0.115

0.084

kgwwt/day

Daily intake of leaf crops (incl. fruit and cereals)

1.20

0.6

kgwwt/day

Daily intake of root crops

0.384

0.192

kgwwt/day

Daily intake of meat

0.301

0.229

kgwwt/day

Daily intake of dairy products

1.333

1.68

kgwwt/day

Daily inhalation rate

20

9.3

m3/day

Body weight

70

8

kg

The human exposure to DEHP via the environmental routes has been estimated both regionally,
and locally for all life-cycle stages, using EUSES 1.0.
The concentration of DEHP in milk used in this risk caracterisation, is 0.05 mg/kg based on
Danish milk analysis (Petersen, 1991). This value is in good agreement with data from two farms
in The Netherlands (ECPI, 2000) where concentrations in milk ranged from 0.009 to 0.07 mg/kg
with a 90th percentile of 0,05 mg/kg. In the further calculations with EUSES the measured
concentration in milk (0.05 mg/kg) is used both for the regional and local scenarios. This value is
used for the local scenarios because the contamination of milk in the local scenarios may not
only originate from the local point source but also e.g. from fodder or from the processing of the
milk in the dairy.
The total daily intake via air, drinking water and food at local scale and regional scale calculated
by EUSES are summarised in Table 4.13, Table 4.14 and Table 4.15.
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Table 4.13 Total daily intake via air, drinking water and food at local scale
Life cycle stage or scenarios

Total daily intake. Child.
(mg/kg/d)

Total daily intake. Adult
(mg/kg/d)

Site 1

0.0194

0.00189

Site 2

0.0278

0.0032

Site 3

0.0186

0.00172

Site 4

0.0195

0.0019

Site 5

0.0384

0.006

Site 6

0.0522

0.008

Site 7

0.0189

0.0018

Site 8

0.022

0.0023

Site 9

0.0186

0.00175

Site 10

0.0184

0.00169

Site 11

0.0382

0.00483

Site 12

0.0407

0.00538

2a. Processing of polymer products; calendering

0.215

0.0452

2b. Processing of polymer products; extrusion
compound

0.105

0.0201

2c. Processing of polymer products; extrusion
products

0.105

0.0201

2d. Processing of polymer products; spread coating
with air cleaning

0.118

0.0231

2d. Processing of polymer products; spread coating
without air cleaning

0.312

0.0671

2e. Processing of polymer products; other plastisol
with air cleaning

0.077

0.014

2e. Processing of polymer products; other plastisol
without air cleaning

0.277

0.0593

3a. Non-polymer. Sealants formulation

0.292

0.0626

3b. Non-polymer. Sealants processing/application

0.0195

0.00194

4a. Non-polymer. Laquers and paints

0.244

0.0519

4b. Non-polymer. Laquers and paints
processing/application

0.042

0.00659

5a. Non-polymer. Printing inks formulation

0.245

0.0522

6. Non-polymer. Ceramic formulation

0.032

0.00452

7a. Municipal STP

0.0831

0.0148

8a. Printing inks, paper recycling

0.0869

0.0161

8b. Waste. Car shredder

0.0188

0.00178

8c. Waste incineration

0.0206

0.00219

Production

2 Processing of polymer products

3 Non-polymer processing/formulation
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Table 4.14 Total daily intake via air, drinking water and food for children at sites
(life cycle stages 2 and 3) for which site specific emission data are
available
Life cycle stage and site

Total daily intake. Child.
(mg/kg/d)

2a Calendering
Site F3

0.0233

Site S4

0.034

SiteS6

0.031

Site S5

0.0187

Site F2

0.0286

Site F7

0.0224

Site I9

0.0236

Site S11

0.0187

Site F1

0.025

Site S8

0.0444

Site ES12

0.0233

Site ES13

0.0205

Adhesives Site F10

0.0259

2b Extrusion compound

2c Extrusion product

2d Spread coating

2? Polymer, not known

3a Sealants/adhesives form

Table 4.15 Regional scale concentrations and total human intake as
estimated by EUSES1.0

Intake (mg/kg/d)

Children

Adult

0.0194

0.00193

The predominant contribution to total exposure for adults in the regional scenario is from fish
(52%), dairy products (24%) and root crops (18%) and for children, fish (31%), dairy products
(58%) and root crops (7%).

4.1.1.4.2

Summary/Conclusions

Exposure via out-door air
Inhalation of air out-doors may cause human exposure to DEHP, caused by the emissions from
the industry handling DEHP and materials containing DEHP used in the society. Exposure to
DEHP via inhalation of ambient, out-door air is generally considered a minor source. Due to the
low vapour pressure the exposure is very low.
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DEHP in the atmosphere can either be adsorbed to particular matter or be in the vapour phase.
Giam et al 1980 found that more than 50% of the atmospheric DEHP is in vapour form.
The concentration and the human exposure to DEHP via air have been calculated with
EUSES 1.0.
Exposure via food, water and air - Internal exposure
The exposure has been assessed by two different approaches; based on measured urinary
excretion of DEHP-metabolites, and with the EUSES model.
Daily regional exposure to DEHP has been estimated based on measured urinary excretion of
DEHP-metabolites in a German population (Koch et al., 2003a). The report calculates a
95th percentile intake value of 52.1 µg/kg/day based on excretion conversion factors of 5.5 and
7.4% for the two secondary metabolites of MEHP. When recalculated using the new conversion
factor of Koch et al. (2003d), a 95th percentile intake value of 17 µg/kg/day is obtained. The
calculated intake value of 17 µg/kg/day (based on MEHP-metabolites), which will be brought
forward to the risk characterisation, can be compared with measured DEHP concentrations in
food from Denmark and Japan, indicating intake levels up to 16 µg/kg/day and 59.9 µg/kg/day,
respectively. Biomonitoring should theoretically include exposure through all different routes.
The EUSES-calculated exposure is based on both estimated (most foodstuff) and measured food
(milk) concentrations, and the food consumption. Exposure is calculated based on daily intake of
different foods, water and air. For adults a body weight of 70 kg and inhalation rate of 20 m3/day
is used. For children a body weight of 8 kg and inhalation rate of 9.3 m3/day is used.
Infant formulae
A MAFF survey estimated the intakes of individual phthalates and total phthalates by infants
from infant formulae (MAFF #83 1996b). A total of 59 individual samples of 15 different brands
of infant formulae were analyzed. The level of DEHP, which was the more abundant phthalate
found in samples, ranged from 0.33-0.81 mg/kg (dry powder) (casein dominant formulae),
0.38-0.98 mg/kg dry (whey-dominant) and 0.38-0.56 mg/kg dry (soy-based).
The more recent MAFF study estimated the intakes of individual phthalates and total phthalates
by infants from infant formulae (MAFF #410 1998c, MAFF #168 1998a). A total of
39 individual samples of 14 different infant formulae products (powdered and ready-to-feed)
were analysed. Levels of all phthalates measured are lower than those reported for the previous
survey in 1996 (MAFF #83 1996b). But as in 1996, DEHP was the most abundant individual
phthalate and the level ranged from 0.05-0.44 mg/kg (dry powder) (MAFF #410 1998c, MAFF
#168 1998a). The concentration of phthalates in infant formulae has also been reported from one
Danish study (Levnedsmiddelstyrelsen, 1996 and Petersen and Breindahl, 2000) and one German
study (Gruber, 1998). In the Danish study the concentration of phthalates in 13 different products
on the Danish market was analysed. The concentration of DEHP in infant formulae in the Danish
study was 0.004-0.06 mg/kg wet weight. The highest estimated intake of DEHP calculated was
0.015 mg/kg BW/day. This exposure was calculated from the recommendations given on the
package for the product (0.75 L/day) and a bodyweight of 3 kg. In the Gruber study (1998),
8 samples of infant formulae were analysed for DEHP. The concentration was between
< 0.05-0.196 mg/kg dry weight (mean 0.13 mg/kg). If the daily intake of the product is assumed
to be 81g (dry) and the body weight 2.5 kg, the internal exposure is calculated to be
< 0.002-0.006 mg/kgBW/day.
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The results of the study conducted by MAFF 1998, with support from the Danish and German
studies, show a decrease in the concentration of DEHP in infant formulae in relation to the
measured concentrations in the MAFF study from 1996. The maximum level of DEHP in
samples analysed by MAFF in 1998 is 440 µg/kg dry powder (MAFF #168 1998a). This
concentration is used as a reasonable worst case in the risk caracterisation. The internal exposure
to DEHP present in infant formulae at six different ages is shown in Table 4.16. The daily intake
of the infant formulae is based on the recommendations given on the package of the product and
information on the weight of the formula per scoop (see MAFF 1998a,c, #168 and 410, MAFF
2000). The exposure of infants, 0-3 months old, is calculated from the data for the first four
youngest age groups. The calculated exposure of babies around 3 kg (0.014 mg/kgBW/day) is
similar to the exposure (0.015 mg/kgBW/day) derived for 3 kg babies in Denmark
(Levnedsmiddelstyrelsen, 1996 and Petersen and Breindahl, 2000)
The exposures for the ages 0-3 months and 6+ months are used for calculations of MOS in the
risk characterisation. Data for the actual product for which the calculations are made is not
available for the ages 4-6 months.
Table 4.16 Infants exposure to DEHP by infant formulae at six ages
Age

Concentration DEHP
(mg/kg dry weight)

Bodyweight (kg)

Total intake infant
formulae -dry weight, (g)*

Exposure,
mg/kgBW/day

0-1 week

0.44

2.5

81

0.014

2-4 weeks

0.44

3.5

108

0.014

1-2 months

0.44

4.5

135

0.013

2-3 months

0.44

5.5

135

0.011

3-4 months

0.44

6.5

158

0.011

4-6 months

0.44

No data

No data

-

6+months

0.44

8

144

0.008

#0-3 months

0.44

4.4

124

0.013

*

The intake for the different ages are calculated based on recommended doses on the package for the product
and information on the weight of formulae per scoop.
# Calulated based on data for the first four youngest age groups. The bodyweight and the total intake are
calculated as time weighted averages.

Summary
The external and internal exposure of DEHP for the chosen populations and the worst case
scenarios for the risk characterisation are summarised in Table 4.17.

4.1.1.5

Multiple pathways

Human exposure to DEHP of different populations and sub-populations by multiple exposure
routes is possible (multiple pathways).
The external and internal exposure of DEHP for different populations and examples of multiple
pathways exposure to DEHP are presented in Table 4.17.
The exposure to DEHP can be by different routes - inhalation, dermal, oral and intravenous. In
some cases the individual may be exposed by more than one route at the same time.
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Some of these situations are identified:
•

Occupational exposure (inhalation and dermal) when handling the pure substance during
production and formulation.

•

Consumers exposure when children play with toys containing DEHP (oral and dermal).

The extent of exposure by multiple pathways is calculated as the sum of the highest exposure
from each route from all sources during a day. The total multiple routes exposure is regarded as a
worst case less probable than the individual exposures by each route.
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Table 4.17 The external and internal exposure of DEHP for different populations and examples of multiple pathways exposure to DEHP for three populations
Population

Inhalation

Inhalation

Dermal

Oral

External
(mg/m3)

Internal
(µg/kg/day)

External
(mg/day)

Internal
(µg/kg/day)

Production of DEHP

5

530

650

460

990

Industrial use of DEHP

10

1,060

420

300

1,360

Industrial end- use of products
containing DEHP

10

1,060

1,300

928

1,988

0.021

4.4

External
(mg/day)

Internal
(µg/kg/day)

Intravenous

Total multiple
routes exposure

Internal
(µg/kg/day)

Internal
(µg/kg/day)

Occupational

Consumer
- Adult
”Indoor air” (building materials)
Gloves
Car interior

4.4
6.7

0.021

Multiple pathways of exposure

6.7

0.9
5.3

0.9
6.7

12

- Children
”Indoor air” (building materials)

0.021

22.4

Toys and child-care articles
Car interior
Multiple pathways of exposure

22.4
9

0.021

1.6

200

209

2
24.4

2
9

200

233.4

Haemodialysis (adults; long-term)

3,100

Blood transfusion (adults) (shortterm)

8,500 µg/kg
bw/unit

Table 4.17 continued overleaf
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Population

Inhalation

Inhalation

Dermal

External
(mg/m3)

Internal
(µg/kg/day)

External
(mg/day)

Oral
Internal
(µg/kg/day)

External
(mg/day)

Internal
(µg/kg/day)

Intravenous

Total multiple
routes exposure

Internal
(µg/kg/day)

Internal
(µg/kg/day)

Blood transfusion (new-borns)
(short-term)

22,600 µg/kg
bw/unit

Extracorporal oxogenation in
infants (short-term)

140,000 µg/kg
bw/unit

Peritoneal dialysis (long-term)

2

2

Clotting factors in haemophiliacs
(adult; long-term)

30

30

Neonatal transfusion

1,700

1,700

Platelet and whole blood
transfusion in infants (long-term)

6-75

6-75

Infusion of platelets

1

1

Haemodialysis

99

99

Autopheresis

0.58

0.58
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Table 4.17 continued The external and internal exposure of DEHP for different populations and examples of multiple pathways exposure to DEHP for three populations

Lifetime exposure (LADD) 1)

Human exposed via the
environment2
Adult. Total –food, water and air,
local (e.g. exposure via STP,
scenario 7a)-EUSES

14.8

Adult. Total –food water and air,
regional-EUSES

1.93
FINAL REPORT, 2008

Table 4.17 continued overleaf

Table 4.17 continued The external and internal exposure of DEHP for different populations and examples of multiple pathways exposure to DEHP for three populations
Population

Inhalation

Inhalation

Dermal

External
(mg/m3)

Internal
(µg/kg/day)

External
(mg/day)

Oral
Internal
(µg/kg/day)

External
(mg/day)

Internal
(µg/kg/day)

Intravenous

Total multiple
routes exposure

Internal
(µg/kg/day)

Internal
(µg/kg/day)

Adult. Total –regional, based on
biomonitoring3

17

Child. Total –food, water and air,
local (e.g. exposure via STP,
scenario 7a)-EUSES

83

Child. Total –food, water and air,
regional-EUSES

19.4

Infants exposed via infant formulae
and breast milk
Infant formulae (0-3 months)

13

13

Infant formulae (6+ months)

8

8

Breast milk (0-3 months)

6.2

6.2

Breast milk (3-12 months)

2.4

2.4

1)
2)
3)

LADD=lifetime average daily dose. Transfusion 2 years/lifetime, haemodialysis 15 years/lifetime.
The exposure indirectly via the environment goes via the oral route and inhalation (air). The oral exposure is the main exposure route (> 99% of the total exposure via
the environment).
Based on biomonitoring (urinary excretion) of the general population. Includes exposure also from other sources than food and outdoor air.
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Combined exposure

Combined exposure of different populations and sub-populations is also possible and may occur
within the separate populations/sub-populations either at different times or together.
It is also recognised that sequential or separate exposure to other phthalates may also occur and
the possibility that interactive effects may occur is considered an issue. Due to the wide use of
DEHP in the society and the diffuse emissions from the products, humans may be exposed from
many different sources. The total exposure (body burden) is the sum of all the specific exposures
from all sources by all routes, however, all sources of human exposure to DEHP have not been
quantified or identified. Therefore the total combined exposure is probably higher than the
calculated sum of the specific exposures from the different sources.
The exposure values presented in this report are for the mean exposure. No information is
available on peak exposures, frequency and duration, this makes it difficult to calculate a total
combined exposure. Other exposure can occur due to misuse of products containing DEHP e.g.
heating food in plastic containers in micro-wave ovens. No data on this exposure is available.
In this assessment four scenarios of combined exposure are chosen see Table 4.18.
Humans may also be exposed to other similar chemicals e.g. other phthalate esters, which can
cause synergistic effects. One example is children playing with toys which can contain one or
more phthalate esters as plasticisers. The wide use of these substances in the society makes
multiple chemical exposure possible.
Table 4.18 Combined exposure
Population

Source

Occupational
Toys and children´s articles

Via the environment

4.1.1.7

Adult.
Non-Occup.

Child

Babies/
infants

X

X

X

X

X

Consumer

X
(X)

Adult.
Occup.

“Indoor air” (wall and floor covering)

X

X

Gloves

X

X

Medical

(X)

(X)

(X)

(X)

Food, water and air

X

X

X

X

Infant formulae

X

Breast milk

X

Indicates exposure
Indicates possible additional exposure

Summary

Exposure of children is considered separate from other non-occupational populations.
In addition, internal exposure is determined when not directly available from information for
each population/subpopulation. It is also recognised that all exposure groups may not have been
identified since it has been impossible to obtain information on all potential exposure situations
for DEHP within the European Union. Therefore, it is recognised that not all exposure scenarios
may have been covered.
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The populations, the routes of exposure, the kinds of exposure data and the reasons for selection
of exposure data used for the calculation of MOS are summarised in Table 4.19.
Table 4.19 Summary of reasons for selection of exposure data used for the calculation of MOS
Population

Routes

Measured

i

X

Calculated

Modelled

Rationale

Occupational
Production

Measured exposure values used
because of limited number of well
defined ”large” sites producing
DEHP

d
Industrial use/

i

X

No measured data.

X

No measured data.

X

Processing
d
Industrial end-use i

X

Few data but because of the
constant environment in a vehicle
this was accepted to be constant.
However, that data are old

d

X

No measured data

Consumer
Adult:
PVC gloves

d

X

Worst-case, no other data

Indoor air

i

X

Realistic worst-case, no other data

o

X

Realistic-worst-case

d

X

Realistic worst-case

i

X

Worst case, no other data

Child:
Toys etc.

Indoor air
Medical products
Adult:
Dialysis

i.v.

X

Measured data used because well
defined use with constant variables

blood trans. (ch)

i.v.

X

Measured data used because well
defined use with constant variables

blood trans. (ac)

i.v

X

Measured data used because well
defined use with constant variables

i.v.

X

Worst-case. Qualitative

o

X

Measured data + kinetic data

o

X

X

Measured data + EUSES

i

X

X

Measured data + EUSES

Child:
extra corp. oxy
Food, water, air
Adult:
all sources

Table 4.19 continued overleaf
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Table 4.19 continued Summary of reasons for selection of exposure data used for the calculation of MOS
Population

Routes

Measured

o

Calculated

Modelled

Rationale

X

X

Measured data + EUSES

i

X

X

Measured data + EUSES

infant formulae

o

X

Measured data.

Mothers milk

o

X

Measured data

Food, water, air
Child:
all sources

i)
o)
d)
i.v.)

4.1.2

Inhalation
Oral
Dermal
Intra-veinous

Effects assessment: Hazard identification and dose (concentration)response (effect) assessment

Numerous studies on the toxicity of di(2-ethylhexyl) phthalate (DEHP) have been performed in
experimental animals. A number of the available studies have been omitted from the risk
assessment report because of their limited quality or relevance with respect to the risk
assessment.
Very few studies have been performed according to Annex V. A number of studies are, however,
comparable to guideline studies and several studies have been performed under GLP conditions;
the information is included in the text.
When expressing results, the term “significant” is used only if the results are statistically
significant at a p-level lower than 0.05.
The term “guideline studies” is used in the following text to donate studies conducted according
to the guideline of Annex V to the Council Diretive 67/548/EEC, or comparable to guideline
studies.

4.1.2.1

Toxicokinetics, metabolism and distribution

Numerous studies on the toxicokinetics following oral administration of DEHP have been
performed in experimental animals whereas only a few studies on humans are available. Limited
data are available concerning inhalation and dermal exposure. Studies using parenteral
administration have also contributed to the understanding of the toxicokinetics.
The structures of the metabolites referred to in the text are given in Table 4.25 in the
toxicokinetic overall conclusion and named according to the widely accepted nomenclature of
Albro (Albro et al., 1983).
Studies to compare the toxicokinetic behaviour of DEHP between humans, different strains of
non-human primates, different strains of rats, mice, hamsters, guinea pigs, dogs, and miniature
pigs have been performed in different studies (CMA, 1982b; CMA, 1983; CMA, 1984a; Short et
al., 1987; Astill et al., 1986; ICI, 1982a; Shell, 1982; Rhodes et al., 1986; Lake et al., 1984b;
Ikeda et al., 1980; Egestad et al., 1996 and Albro et al., 1982a; 1982b). There are also studies
that compare the toxicokinetics after different routes of exposure (Rhodes et al., 1983; General
Motors, 1982ab; Pollack et al., 1985a; Tanaka et al., 1975; Lindgren et al., 1982). In this section
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of toxicokinetics the whole study is described once, at the first appropriate occasion, and the next
time the study is mentioned with a reference to the description.

4.1.2.1.1

Oral

The metabolism and excretion of DEHP has been extensively studied in rats following oral
administration. Other species in which the metabolism and excretion by the oral route have been
studied in less detail include mice, guinea pigs, hamsters, non-human primates, and humans.
Humans
Two healthy male volunteers (47 and 34 years old) received 30 mg DEHP (> 99% pure) as a
single dose or 10 mg/day of DEHP for 4 days (Schmid and Schlatter, 1985). In the single dose
study, urine was collected every six hours for 48 hours after dosage and metabolites were
isolated and identified by GC/MS. Urinary excretion of DEHP occurred mostly within the first
24 hours and a urinary elimination half-life of about 12 hours was estimated. 11% and 15% of
the administered dose was eliminated in the urine of the two volunteers, respectively. A total of
12 metabolites were detected with the major metabolites being identified and quantified as
MEHP (6.4 and 12.7% of the detected metabolites, in the two volunteers, respectively) and
metabolites I (1.9 and 2.1%), IV (3.7 and 1.8%), V (25.6 and 33.8%), VI (24.0 and 19.7%), VII
(5.3 and 4.0%), and IX (33.0 and 25.9%). The amount of the remaining 5 metabolites was less
than 1%. About 35% of the metabolites were unconjugated in both volunteers. In the repeated
dose study, urine was collected in 24 hour intervals until 48 hours after the last dose. Fifteen and
25% of the administered dose was eliminated in the urine of the two volunteers, respectively.
Excretion of metabolites showed strong daily fluctuations. Based on the mean excretion of
MEHP (9.6%), 5-oxo-MEHP (21.8%), 5-OH-MEHP (29.4%), and an assumed total urinary
excretion of 25%, Koch et al. (2003a) have calculated conversion factors of 2.4% (MEHP), 5.5%
(5-oxo-MEHP), and 7.4% (5-OH-MEHP) based on this study.
A volunteer was given a either a single oral dose of 213 mg or on another occasion repeatedly
70 mg/day for 3 days (210 mg) DEHP in 40% w/v ethanol solution (Bronsch, 1987, the study is
poorly described). Urine was collected and the metabolites were characterised by GC/MS.
Following the single dose, 31% (66 mg) of the dose was recovered as DEHP metabolites in the
urine within 47 hours. More than 53% (approximately 30 mg) of the recovered dose was
eliminated under 4 hours and 90% within 24 hours. MEHP was the principal metabolite
(approximately 55%) identified. Twenty-one other different metabolites were detected in the
urine. Of these, more than 99% of these were conjugated to ß-glucuronic acid. After repeated
dosing the amount eliminate in urine was 27% (57 mg) with a similar elimination time as for the
single dose.
Anderson et al. (2001) administered several 13C-labelled phthalate diesters, including DEHP, to
two groups of eight human volunteers. The low-dose group received 168-255 µg of each
phthalate and the high-dose group received 336-510 µg of each phthalate (dibutyl-, DEHP,
diisooctyl-, and benzylbutylphthalate). A third group of eight individuals served as control and
received no phthalates. The compounds were administered in spiked margarine spread on toast
as breakfast. 24-hour samples of urine were collected 1 day before dose, 1 day after dose and
subsequently 2 and 6 days after the dose. The urine was hydrolysed and analysed by LC-MS (no
details presented in the paper). The monoesters of DEHP and di-isooctylphthalate (DIOP)
coeluted in the system. Since the origin of the 13C-MIOP was not mentioned in the paper, the
authors were contacted for further details. The 13C-DIOP and 13C-MIOP were synthesised from
13
C-phthalic acid and 13C-phthalic anhydride, respectively, and an isooctanol with unknown
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positions and extent of branching (Castle, personal communication). Thus, the branching of the
administered 13C-DIOP is unknown. Secondary metabolites of MEHP were not analysed for. The
combined excretion of the two monoesters (MEHP and MIOP) corresponded to 14% and 12% of
the combined dose of the diesters for the high- and low-dose groups, respectively. The study is
well-done, and a mean excretion of 13% for the sum of these metabolites is apparent. However,
the relative contribution of MEHP and MIOP to this peak is unknown, and a conversion factor of
0-26% can be deduced for MEHP based on this study.
One may assume similar rates of hydrolysis of DEHP and DIOP in the first step of the metabolic
pathway (Lake et al., 1977). In the second step, however, one may suspect a faster further
metabolism of MEHP than of MIOP based on the general rule of thumb that branching reduces
metabolism (by reducing the accessibility of the enzymes). The degree and positions of
branching of MIOP is unknown, but since the very fast further metabolism of MEHP occurs at
the second last carbon (C-5) of the side-chain (without any branching nearby; the ethyl group is
situated at the C-2 position) the branching of MIOP is likely to lead to a slower further
metabolism than of MEHP. In fact, some 20 metabolites have been indicated for DEHP/MEHP,
and Barr et al (2003) and Koch et al. (2003c) have shown that the urinary concentrations of the
secondary metabolites of MEHP together are 8-14-fold higher than the concentration of MEHP.
If the further metabolism of MEHP is faster than that of MIOP, a build up of MIOP in urine is
likely while MEHP to a very high extent is metabolised further. If this would be the case, a
smaller part of the 13% would be represented by MEHP. In the absence of metabolism data on
DIOP/MIOP, this is a speculation, but it is based on sound scientific principles, and leads us to
conclude that the uncertainty around this value of 13% makes it impossible to use it as the basis
for a conversion factor for DEHP/MEHP. Furthermore, considering that the concentration of the
two secondary metabolites of MEHP is 8-14 times higher than the concentration of MEHP, if
13% would be a correct value for MEHP, then the total conversion factor of these three
metabolites together would be almost twice the given dose, and still, the other 10-20 minor
metabolites known to occur in urine and the share known to be excreted in feaces (10% after an
i.v. dose; Peck et al., 1982) are not considered. In discussions with the principle author of the
Anderson study (2001), he has also expressed serious doubts concerning using his study as basis
for the conversion factor (Castle, personal communication).
The time-course of DEHP metabolism and elimination in one human volunteer has been further
investigated in a recent study by Koch et al. (2003d). A single oral dose of 48.1 mg
deuterium-labelled DEHP (0.64 mg/kg bw) was administered to a male volunteer (the senior
author of the paper, age 61, body weight 75 kg). DEHP was spiked into butter and administered
on bread. By the use of deuterium-DEHP and the most modern technique (LC-LC/MS-MS), the
results are very reliable even though they only represent one individual. The urinary excretion of
MEHP, 5OH-MEHP, 5oxo-MEHP was monitored for 44 hours post-dosing and the serum levels
was monitored for 8 hours post-dosing. Peak concentrations in serum were found in the sample
taken two hours after dosage, with MEHP as the major metabolite. The half-time of all the three
measured metabolites in serum was estimated to be less than 2 hours.
The excretion of DEHP metabolites in urine followed a multi-phase elimination pattern. After an
absorption and distribution phase of 4 to 8 hours, the urine elimination pattern showed an initial
half-time (8 to 16 hours post-dosing) of about 2 hours for all three metabolites. The second
phase, beginning 14 to 18 hours post-dosing, showed a half-time of about 5 hours for MEHP but
10 hours for the secondary metabolites. The study shows that the secondary metabolites
5OH-MEHP and 5oxo-MEHP are the major metabolites of DEHP found in human urine at all
time points following a single oral dose of DEHP and that the ratio between MEHP and the
secondary metabolites varies over time. Thus, the ratios of MEHP to 5OH-MEPH + 5oxo-MEHP
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varied over time from 1 to 4.9 during the first phase (8-16 hours post dose) to 1 to 14.3 during
the second phase (16 to 24 hours post dose). In the last sample, taken 44 hours after the dose, the
ratio was 1 to 74. This difference in elimination half-times has to be taken into account when
DEHP ingestion are calculated based on either MEHP or the secondary metabolites. After
44 hours, 47% of the DEHP dose had been excreted in urine as the three measured metabolites.
MEHP comprised 7.3% of the applied dose, 5OH-MEHP 24.7% and 5oxo-MEHP 14.9%. Thus,
the ratio of excreted MEHP to 5OH-MEHP + 5oxo-MEHP was 1 to 5.4 in this individual, which
appears lower than in the two recent studies on the general population (Koch et al., 2003b and
Barr et al, 2003), where the ratio of MEHP to 5OH-MEHP + 5oxo-MEHP were 1 to 8.7 and 1 to
14.1, respectively.
Non-human primates
In a study of GLP-quality, male Cynomolgus monkeys (2 animals per group) received 100 or
500 mg/kg bw/day of unlabelled DEHP (99.8% pure) in corn oil by gavage for 21 days (Short et
al., 1987 and Monsanto, 1988). On day 22 each monkey received a single dose of (carbonyl14
C)DEHP (radiochemical purity > 97%) followed by three daily doses of unlabelled DEHP on
days 23 to 25. Urine and faeces were collected at intervals on days 22 to 25 and then the animals
were sacrificed. The percentages of (14C)DEHP derived radioactivity in urine, faeces, and
selected tissues (blood, liver, spleen, intestines, intestinal contents, fat, brain, kidneys, adrenals,
testes, urinary bladder) were determined by liquid scintillation. Urine samples collected from 024 hours were analysed for metabolites of DEHP by normal and reversed phase HPLC.
(14C)DEHP derived radioactivity was detected in some tissues (liver and intestines) at the 500
mg/kg dose level, but represented less than 0.2% of the dose administered. The plasma
concentration curves (AUC) for DEHP derived radioactivity for the first 48 hours was 133 and
283 ug-hr/ml at 100 mg/kg bw and 387 and 545 ug-hr/ml at 500 mg/kg bw. For the dose of
100 mg/kg bw, the two individual monkeys excreted 20 and 55% (20 and 55 mg) in the urine and
49 and 39% (49 and 39 mg) in the faeces. For the the 500 mg/kg bw dose, 4 and 13% (20 and 65
mg) in the urine and 69 and 56% (345 and 280 mg) in he faeces. This was measured within 96
hours but the majority was excreted within the first 24 hours after dosing, with most of the
remainder being excreted during the next 24 hours.
DEHP derived radioactivity in 0-24 hour urine samples was resolved into at least 15 metabolites
and identified as MEHP, phthalic acid, metabolites I, III, IV, V, VI, IX, X, XII, XIII, XIV, and
unidentified fractions. Major metabolites were MEHP, phthalic acid, metabolites V, IX, X, and
probably XII, however, a great variability between the two individuals in both dose groups was
observed. Polar components, including possible glucuronides, made up only a small percentage
of the urinary radioactivity. This study indicates a species difference in the metabolism of DEHP
in rats and a nonhuman primate as two of the major metabolites identified in the urine of rats
(metabolite I, the end-product of ß-oxidation of V; and metabolite VI, which is believed to be the
proximate peroxisome stimulator in rodents) were minor metabolites in monkey urine.
The recoveries of the amount of DEHP derived radioactivity in the urine indicated that
absorption at 500 mg/kg bw is equivalent to that at 100 mg/kg bw. This suggests that a
dependent reduction in the absorption of DEHP from the intestinal tract of Cynomolgus monkeys
(see Marmosets). However, the AUC is greater for 500 mg/kg bw than 100 mg/kg bw indicating
that absorption is greater above 100 mg/kg bw than at 100 g/kg bw [though one would expect
proportionally higher values but AUC for a longer time than 48 hours should be conducted for
500 mg]. The difference in none recovered radioactivity in the urine at these two different dose
groups may depend on lose, or a higher degree of an alternative excretion pathway (e.g.
hepatobilary excretion) and/or a higher degree of retention in the body at 500.
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A comparative species differences in the metabolism of DEHP was studied after administration
of a single oral dose of 100 mg/kg bw (carbonyl-14C)DEHP (radiochemical purity > 97%) in
corn oil by gavage to three male Cynomolgus monkeys, five male Fisher 344 rats and five
groups of five male B6C3F1 mice at (CMA, 1982b; CMA, 1983; CMA, 1984a; Short et al., 1987
and Astill et al., 1986). The study was using a method equivalent to a guideline study and
conducted according to GLP. Urine and faeces were collected at intervals of 12, 24, 48, 72, and
96 hours after dosing. Blood samples were taken from the femoral vein of monkeys at 2, 4, 8,
24 hours and just prior to sacrifice. All animals were killed around 96 hours after dosing for
tissue collection (liver, stomach, intestines, intestine contents, gall bladder wash and bile).
Concentrations of radioactivity in urine, faeces and blood were determined at the specified
intervals and concentrations of radioactivity in selected tissues and other biological samples were
determined by liquid scintillation at around 96 hours after dosing. Faeces samples collected from
0-48 hours were pooled for the monkeys, and urine samples collected from 0-24 hours were
pooled for each species and were analysed for metabolites of DEHP by HPLC. Urinary
metabolites were isolated and the major metabolites were analysed by GC/MS.
All three species excreted 30-40% of the dose in the urine (rats 32.9%, mice 37.3%, monkeys
28.2%), primarily during the first 12 hours for rats and mice and during the first 24 hours for
monkeys. All three species excreted around 50% of the dose in the faeces (rats 51.4%, mice
52.0%, monkeys 49.0%), primarily during the first 24 hours for rats and mice and during the first
48 hours for monkeys. The rates and extent of urinary and faecal excretion varied widely among
monkeys. DEHP was detectable in some tissues in all three species. The mean concentrations
detected, with the exception of monkey liver and rat intestinal contents, were less than 1 µg/g.
The highest concentrations were detected in liver, intestinal contents, and fat for monkeys, rats,
and mice, respectively. Total recoveries of the radioactivity administered were 79 (68-91%), 87
(82-92%) and 90% (63-102%) for monkeys, rats and mice, respectively. Radioactivity in
0-24 hour urine samples were resolved into 13, 15, and 14 components in rats, mice, and
monkeys, respectively. The components in urine were identified as MEHP (not detected in rat),
phthalic acid, metabolites I, II (not detected in monkey), III (not detected in rat), IV, V, VI, VII,
IX, X, XII, XIII, XIV, and unidentified fractions. Major urinary components in rats were
metabolites I, V, VI, and IX. Major urinary components in mice were MEHP, phthalic acid,
metabolites I, VI, IX, and XIII, and in monkeys: MEHP, and metabolites V, IX, and X. In
monkeys 15-26% of the radioactivity excreted may represent glucuronic acid conjugates whereas
in rat glucuronides are either absent or present in negligible quantities. Radioactivity in
0-48 hour monkey faecal extracts and in 0-24 hour rat and mouse faecal extracts were resolved
into 11, 10 and 10 components in rats, mice and monkeys, respectively. The faecal components
were identified as DEHP, MEHP, phthalic acid, metabolites I-IV, VI, VII, IX, X, XII, XIII (not
detected in monkey), and XIV (not detected in mouse). DEHP was a major faecal component in
all three species and MEHP a major faecal component in rats and mice.
Based on the amount of DEHP derived radioactivity recovered in the urine of Cynomolgus
monkeys, rats and mice a similar degree of oral absorption of DEHP is indicated at a dose level
of 100 mg/kg bw.
Two major species differences in the metabolism of DEHP in rat and mouse were observed as
MEHP was a major component in mouse urine but was not detectable in rat urine; metabolite V
was a major component in rat urine but a negligible component in mouse urine. Some overall
similarities were observed in the metabolism of DEHP in monkeys and rats. In both species the
MEHP formed by hydrolysis of DEHP was further metabolized via the ω-oxidation pathway,
generating metabolites X, V, and I which collectively made up 34 and 44% of the radioactivity
in the urine of monkeys and rats, respectively; and via the (ω-1)-oxidation pathway, generating
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metabolites IX and VI which collectively made up 19 and 29% of the radioactivity in the urine of
monkeys and rats, respectively. However, some overall differences in metabolism were also
observed between the two species. MEHP was a relatively major component of monkey urine
(11%) but was not detected in rat urine. Also in monkeys 15-26% of the radioactivity excreted
may represent glucuronic acid conjugates whereas in rat glucuronides are either absent or present
in negligible quantities. Furthermore, MEHP was extensively converted to metabolite V in the
monkey but, in contrast to the rat, further oxidation to metabolite I was negligible. Also
metabolite I was a major component in mouse urine. It appears therefore that ß-oxidative
metabolism of DEHP is a major pathway in rodents but not in monkeys.
The disposition of DEHP was studied in marmosets (Rhodes et al., 1983). Groups of three male
marmosets received a single dose of (14C-ring labelled) DEHP (radiochemical purity 97.5%) by
the oral route (100 and 2,000 mg/kg bw), intravenously (100 mg/kg bw), and intraperitoneally
(1,000 mg/kg bw) (Rhodes et al., 1983 and Rhodes et al., 1986). Urine and faeces were collected
for seven days and the radioactive content determined. Tissue samples were removed 7 days
after the administration.
Following intravenous administration approximately 40% of the dose was excreted in urine and
approximately 20% in the faeces (cumulative excretion) indicating a 2 to 1 ratio between the
urinary and biliary (faecal) routes of excretion in the marmoset. Around 28% of the dose
remained in the lungs with minimal levels in other tissues. A much smaller proportion of the
dose was excreted following intraperitoneal administration (10% in the urine and 4% in the
faeces) in a similar 2 to 1 ratio. Around 85% of the dose remained as unabsorbed 14C in the
peritoneal cavity with minimal amounts in the tissues (0.6%). Following oral administration of
100 mg/kg bw. 20-40% of the dose were excreted in urine and around 25% in faeces, and
following administration of 2,000 mg/kg bw around 4% and 84% were excreted in urine and
faeces, respectively. Minimal amounts remained in the tissues (< 0.1%). This indicates that oral
absorption of DEHP by marmosets is dose-limited at 2,000 mg/kg bw compared with 100 mg/kg
bw. Dose dependent reduction in the absorption of DEHP from the intestinal tract of the
marmoset (according to the authors the amount absorbed is more equivalent to that expected for
a 150 to 200 mg/kg bw dose).
A comparative toxicokinetic study was carried out in marmosets (3 males and 3 females,
12-18 months) and Wistar derived albino rats (3 males and 3 females, Alderley Park Specific
pathogen-free strain, 6-8 weeks). The animals were given (14C ring labelled) DEHP
(radiochemical purity 97.9%) at doses of 2,000 mg/kg bw daily by gavage for 14 days (ICI,
1982a; Shell, 1982 and Rhodes et al., 1986). Two samples of blood (0.5 ml) from each animal
were taken during 0-8 hour period after dosing on day 1 and 14. The rats were bled via the tail
vein and the marmosets via the femoral vein. Twenty-four hours after the final dose the animals
were killed by inhalation of carbon dioxide/oxygen, and samples of blood (5 ml) were withdrawn
from each animal via the vena cava. Excreta were collected for 24 hours after administration of
the dose on days 6 and 13. Immediately after the blood samples were taken each animal was
dissected and whole liver, kidneys and testes taken for radiochemical analysis. Radioactivity was
measured by liquid scintillation spectrometry. The radiolabelled compounds in urine and faeces
were analysed by TLC to determine the distribution between DEHP and its metabolites.
The uptake of radioactivity into the blood of rats was rapid and peaked after 2-3 hours (126 and
206 µg/g in males and females, respectively) following administration on day 1, and after
6 hours (368 and 475 µg/g in males and females, respectively) on day 14. On both days, blood
levels did not decline significantly during the 8-hour sampling period, but 24 hours after dosing
on day 14, the levels were 66 and 158 µg/g in males and females, respectively. Blood levels in
marmosets were considerably lower. They peaked 1 hour after dosing (5 and 8 µg/g in males and
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females, respectively) at day 1 and after 1 and 3 hours after dosing in males and females,
respectively, on day 14 (13 µg/g each) and had not declined significantly after 24 hours.
After dosing on day 6, male rats excreted 83% (53% in urine and 30% in faeces) and female rats
excreted 63% of the dose (39% in urine, 24% in faeces). Male marmosets excreted 69 (1% in
urine and 64% in faeces) and female marmosets excreted 80% of the dose (2% in urine and 75%
in faeces) after the same exposure period. After dosing on day 13 male rats excreted 97% (56%
in urine and 41% in faeces) and female rats excreted 96% of the dose (52% in urineand 43.6 in
faeces), while male marmosets excreted 62% (1% in urine and 59% in faeces), and female
marmosets excreted 75% of the dose (1% in urine and 71 in faeces). The discrepancies between
the sum of urine and faeces and the total is due to cage washing. Two radiolabelled compounds
were present in rat faeces (analysed by TLC), one being identified as DEHP (42% of the
radioactivity from TLC), the other more polar compound (57% of the radioactivity) was not
identified. In the faeces of marmosets, 98% of the recovered radioactivity was identified as
DEHP. The levels of radioactivity in blood, expressed as µg equivalents of DEHP per g of blood
in males and females, were 0.3 and 0.5% of the daily dose, respectively, in rats one hour after
administration on day 1. The corresponding levels for marmosets were 0.02 and 0.03%,
respectively. The levels of radioactivity in blood 24 hours after administration on 14th day of
exposure were 0.2 and 0.5%, respectively, for male and female rats. The corresponding values
for marmosets were 0.03 and 0.06%, respectively. The very high faecal elimination and the low
levels of radioactivity in urea, blood and tissues in marmosets compared with rats suggests, in
agreement with the single dose study by Rhodes et al., (1983) that DEHP at 2,000 mg/kg bw was
poorly absorbed, whereas the urinary elimination data for rats indicate that at least half the dose
was absorbed. The study also shows that repeated administration of DEHP in both rat and
marmoset did not modify the proportion of dose excreted. The tissue levels in liver and in kidney
were generally higher in female rats compared to male rats (liver 216 and 286 µg/g, kidney 115
and 176 µg/g in males and females, respectively). The mean residue level in testes was lower
(36 µg/g) than in other tissues. Tissue levels in marmosets were considerably lower than in rats
(liver 29 and 47 µg/g, kidney 15 and 35 µg/g in males and females, respectively).
Rats
Sprague-Dawley
Sjöberg et al. (1985c) studied the kinetics of DEHP and MEHP in immature and mature
Sprague-Dawley rats in two different studies. In one study (9-10 rats per group; 25, 40, or
60 days old on the day of dosing) were given a single dose of 1,000 mg/kg bw of DEHP (99%
pure) in corn oil by gavage. Blood samples, 0.25 ml drawn from a jugular vein, were taken at 1,
3, 5, 7, 9, 12, 15, 24, and 30 hours after dosing. The area under the plasma concentration-time
curve (AUC) and the elimination half-life was calculated. Detectable plasma concentrations of
DEHP (> 2 µg/ml) were found only in some of the animals 1-7 hours after dosing. MEHP was
detectable in all but five plasma samples (the 24- and 30-hour sample of two 60-day old rats, and
the 30-hour sample of one 60-day old rat). The maximal plasma concentration (Cmax) of MEHP
generally appeared one hour after dosing, but in some 25-day old animals it was observed at
3-7 hours after dosing. No differences in Cmax were observed between the different age groups.
Cmax ranged between 48 and 152 µg/ml, with a mean of 93 µg/ml. The mean AUC (0-30 hours)
of MEHP of 25-day old rats (1,213 µg⋅hr/ml) was significantly higher than that of the 40- and
60-day old rats (611 and 555 µg⋅hr/ml, respectively). No significant differences in the mean
plasma elimination half-life of MEHP were observed when comparing the different age groups.
The mean plasma elimination half-lives of MEHP were 3.9, 3.1 and 2.8 hours, respectively for
25, 40 and 60 days old rats. The binding of MEHP to plasma proteins was 98% in all dose
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groups. In a second experiment by Sjöberg et al. (1985c), the excretion of DEHP was studied in
immature and mature Sprague-Dawley rats. Two groups of 6 rats which were 25 and 60 days
old, respectively, on the day of dosing were given single doses of 1,000 mg/kg bw of
(carbonyl-14C)DEHP (99% pure) in corn oil by gavage. The urine was collected daily for three
days. The cumulative excretion of radioactivity was 44 and 26% in 25- and 60-day old rats,
respectively, within the first 72 hours after dosing. More than 85% of the urinary radioactivity
appeared within the first 24 hours. No intact DEHP or MEHP was found in the urine when
analysed by TLC.
To examine the plasma concentration time profiles of MEHP and metabolites V, VI and IX
(structures of the metabolites are given in Table 4.25) after oral administration of DEHP, two
separate experiments were performed by Sjöberg et al. (1986a). In the first experiment, a
suspension of DEHP (purity not stated) in propylene glycol was given to five 35-day old male
Sprague-Dawley rats in a dose of 2.7 mmol/kg bw. Blood samples drawn from one of the jugular
veins 0.5, 1, 2, 3, 5, 7, 9, 12, 15, and 22 hours after dosing. In the second experiment, five rats
were given daily doses of 2.7 mmol/kg bw of DEHP in propylene glycol for 7 days. After the
final dose, blood samples were collected at the same time intervals as in the first experiment. The
plasma concentrations of MEHP and the metabolites were determined by gas chromatographyelectron impact mass spectrometry.
The plasma concentrations and mean AUC’s of each of the MEHP-derived metabolites were
considerably lower than those of MEHP both after single and after repeated administration. The
maximal plasma concentrations (MEHP, 0.55 and 0.56 µmol/ml; metabolite IX, 0.15 and
0.09 µmol/ml; metabolite VI, 0.06 and 0.07 µmol/ml; metabolite V, 0.06 and 0.09 µmol/ml after
single and repeated doses, respectively) and mean AUC’s (MEHP, 5.15 and 3.44 µmol/ml;
metabolite IX, 0.84 and 0.46 µmol/ml; metabolite VI, 0.44 and 0.41 µmol/ml; metabolite V, 0.39
and 0.43 µmol/ml after single and repeated doses, respectively) did not differ significantly
between animals given single or repeated doses of DEHP. The mean elimination half-life of
MEHP was significantly shorter in animals given repeated doses (1.8 hours) than in those given
a single dose (3 hours).
The disposition kinetics of DEHP was studied in male Sprague-Dawley rats following single or
multiple administration of DEHP by various routes (peroral by gavage: 2,000 mg/kg bw;
intra-arterial: 100 mg/kg bw; intraperitoneal: 4,000 mg/kg bw) (Pollack et al., 1985a). The
animals were given a single dose of 2,000 mg/kg bw of DEHP (purity not stated) in corn oil by
gastric intubation. Blood samples were drawn over a 30-hour period. Thereafter, repetitive doses
of DEHP were administered to the same animals once daily for 7 days whereafter blood samples
were collected over a 48-hour period. The concentrations of DEHP and MEHP in whole blood
were determined by high performance liquid chromatography (HPLC). After a single oral dose,
DEHP was absorbed relatively rapidly with a peak blood concentration of DEHP observed at
approximately 3 hours. Systemic bioavailability of DEHP was low, approximately 13%. Blood
concentrations of MEHP were much higher than those of the parent compound after oral
administration. The blood concentrations of DEHP following repeated dosing were similar to
those observed after a single dose. Secondary increase in the concentration of DEHP in blood
were observed following administration by all three routes. Following a single intra-arterial
injection a large apparent volume of distribution and a high rate of clearance was observed for
DEHP. A marked route-dependency in the formation of MEHP from DEHP was observed.
Pharmacokinetic calculations revealed that approximately 80% of an oral dose of DEHP
undergoes mono-de-esterification, as compared to only about 1% of the dose following either
intra-arterial or intraperitoneal administration. Multiple intraperitoneal injections resulted in an
apparent decrease in the rate and/or extent of DEHP absorption from the peritoneal cavity, while
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no significant change in the peroral absorption of DEHP was observed. The difference in the
MEHP to DEHP AUC ratio between peroral and intraperitoneal routes was still evident after
multiple dosing.
DEHP and MEHP were secreted into the milk of lactating Sprague-Dawley (CD) rats when
given 3 oral doses of 2,000 mg/kg bw/day of DEHP in corn oil by gavage on days 15-17 of
lactation (Dostal et al., 1987a). Plasma collected 6 hours after the third dose contained virtually
no DEHP but substantial amounts of MEHP (76 µg/ml). Milk collected 6 hours after the third
dose contained 216 µg/ml DEHP and 25 µg/ml MEHP. A very efficient extraction mechanism
for DEHP was suggested because of a high milk/plasma ratio (see Sections 4.1.2.6.1 and
4.1.2.10.1).
Male Sprague-Dawley rats (number not stated, 250-350 g) were given two doses of 100 mg
(7-14C) DEHP (purity not stated) or (7-14C)MEHP (purity not stated) in corn oil by gavage,
24 hours apart (Albro et al., 1983). Urine was collected from the time the first dose was given
until 24 hours after the second dose. Metabolites were isolated and analysed by HPLC and GC,
and the profiles of radioactivity of the urinary metabolites were determined. Twenty metabolites
were identified in the urine of rats (see Table 4.25). The metabolites identified in the urine of
rats treated with either DEHP or MEHP were identical. No glucuronides or other conjugates
were detected.
In a second experiment of the same study, (7-14C)DEHP was given as a single dose to a rat
(300 g) and the urine collected was freezed immediately. One week later the same rat was given
a dose of (7-14C)DEHP identical to that above and the urine was collected. Metabolites were
isolated and analysed by HPLC and GC. The profiles of radioactivity of the urinary metabolites
in the two different samples were qualitatively identical indicating, according to the authors, that
the presence of any of the metabolites found was not due to further metabolism by bacteria in the
urine.
According to the authors, previous studies of the metabolism in rats led to the suggestion that the
enzymatic processes normally associated with ω-, (ω-1)-, α- and ß-oxidation of fatty acids could
account for the known metabolites of DEHP found in the urine. Several metabolites of DEHP
have been identified in the present study. Their formation requires that the initial hydroxylation
process is less specific than fatty acid ω- and (ω-1)-oxidation are thought to be. Furthermore, it is
necessary to postulate either that the aliphatic chain of MEHP can be oxidised at two sites
simultaneously, or that oxidation products can be recycled for a second hydroxylation prior to
excretion.
Adult male Sprague-Dawley rats (CD, 300-400 g; number not stated) were administered two
doses of 200 µl (196 mg) (7-14C)DEHP (> 99% pure) in corn oil by gavage, 24 hours apart
(Albro et al., 1973). The urine was collected for 48 hours after the first dose was given.
Metabolites in the urine were analysed by TLC and gas chromatography (GC) and characterised
by infrared (IR), nuclear magnetic resonance (NMR) and mass spectroscopy (MS). Five
metabolites were identified in the urine. The metabolites identified correspond to phthalic acid
and to metabolites I, V, VI, IX resulting from ω- and (ω-1)-oxidation of MEHP without attack
on the aromatic ring. MEHP was not detected in the urine and phthalic acid amounted to less
than 3% of the urinary metabolites. Conjugates were not detected. These results indicate,
according to the authors, that DEHP is first hydrolysed to MEHP, which then undergoes ω- and
(ω-1)-oxidation of the side chain. Alcohol intermediates may then be oxidized to the
corresponding ketones. The metabolites found in the urine suggest that, in the rat, MEHP is
metabolised like a fatty acid by ω- and (ω-1)-oxidation and then by ß-oxidation.
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The absorption, disposition, and elimination of DEHP (99% pure) was also studied after
administration of a single dose of 100 mg/kg bw of (2-hexyl-14C)DEHP by gavage to four fasted
male Sprague-Dawley rats (Eastman Kodak Co., 1983) The study was comparable to a guideline
study and according to GLP. Urine, faeces, and expired air were collected for 6 days, thereafter
the animals were killed by cervical dislocation. Radioactivity was measured in urine, faeces,
expired air, organs and tissues (brain, heart, lungs, liver, spleen, kidneys, small and large
intestines testes and samples of adipose tissue) by liquid scintillation spectrometry. Most of the
radioactivity was excreted in the faeces (62%) with 34% as DEHP and 4% as MEHP (analysed
by HPLC). The remainder of the radioactivity was eliminated in the urine (30%) as DEHPmetabolites and in the expired air as 14CO2 (4%). Less than 2% of the dose was recovered in the
carcass and tissues. All tissues except liver and abdominal fat had about the same concentration
of radioactivity as was found in the carcass. Liver and abdominal fat values were about 6 and 4
times, respectively, that of carcass.
The elimination of DEHP was studied in rats and hamsters (Lake et al., 1984b). A single dose of
(carbonyl-14C)DEHP (> 99% pure) was administered to 5-week-old male Sprague-Dawley rats
and male DSN strain Syrian hamsters at dose levels of 100 (5 rats, 3 hamsters) or
1,000 mg/kg bw (5 rats, 5 hamsters) in corn oil by gastric intubation. Urine and faeces were
collected over a period of 96 hours and then the animals were sacrificed. Radioactivity was
measured in urine, faeces, and total gut contents by liquid scintillation spectrometry. Faecal
metabolites were extracted and chromatographed on thin-layer plates. In both species the bulk of
the radioactivity was excreted within 24 hours. At the lower dose level, both species excreted
more radioactivity in the urine (rat: 51%, hamster: 53%) than in the faeces (rat: 43%, hamster:
31%), whereas at the higher dose level, the major route of excretion was via the faeces (rat: 53%,
hamster: 48%). In both species and at both dose levels, only negligible amounts of radioactivity
were present at termination in either the liver, kidney, or total gut contents. Faecal radioactivity
profiles were determined in 0-24 hour faeces samples. About 50% of the faecal radioactivity of
rats at the higher dose level appeared to be the parent compound, the remainder comprised
metabolites possibly including MEHP. In contrast, more than 95% of the faecal radioactivity of
hamsters appeared to be the parent compound. Similar results were obtained with faecal extracts
from rats and hamsters at the lower dose level.
Excretion and metabolism of DEHP were studied in a comparative study where DEHP (99.6%
pure) was administered in the diet to adult male Sprague-Dawley rats (6 animals, 200-300 g),
male beagle dogs (4 animals, approximately 1 year old, 7-10 kg), and male miniature pigs
(5 animals, Hormel strain, between 4 month and 1 year, 10-25 kg) in doses of 50 mg/kg bw/day
for 21-28 days before administration of a single dose of (carbonyl-14C)DEHP (radiochemical
purity > 98%) (50 mg/kg bw) in corn oil by gavage (Ikeda et al, 1980). Administration of the
DEHP containing diets was continued until the animals were killed. Distribution and excretion of
the radioactivity in urine, faeces, and various organs and tissues (liver, kidney, g.i.-tract with
content, lungs, brain, fat and muscle) were analysed at various times by liquid scintillation.
Excretion of radioactivity in urine and faeces during the first 24 hours was 27 and 57% (rats), 12
and 56% (dogs), and 37 and 0.1% (pigs), respectively; and after 4 days 37 and 53% (rats), 21 and
75% (dogs), and 79 and 26% (pigs), respectively. Elimination of radioactivity was rapid in rats,
slightly prolonged in dogs and least rapid in pigs; excretion in all three species was virtually
complete in 4 days. TLC revealed four radioactive metabolites in rat urine, three in dog urine and
five in pig urine. Only a trace of unmetabolised DEHP was found in the urine of rats, dogs, or
pigs. A substantial amount of radioactivity was present in the gastro-intestinal tract at day 1 in all
species and a small amount remained after 4 days. In other organs there was only a small amount
of radioactivity present in all samples. Of the remaining organs the highest level (about 2% of
the dose) was found in the livers from rats after 4 hours.Bile samples from dogs, and to a lesser
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extent from pigs, accounted for a significant amount of administered 14C dose. Less than 1% of
the administered 14C dose was secreted in the bile from bile duct cannulated rats.
Metabolism and tissue distribution of mono-2-ethylhexyl phthalate (MEHP) has been studied in
male Sprague-Dawley rats (Chu et al., 1978). To study if MEHP was readily absorbed orally, the
carotid arteries of 8 rats were cannulated and 4 days later 4 animals were given 69 mg
(7-14C)MEHP/kg (20 µCi) in corn oil via stomach tube. Serial blood samples (0.2 ml) were
collected at 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 24 and 48 hours after dosing and radioactivity was
determined. The blood level was highest in the first sample, after 0.5 hours, and then rapidly
decreased. About five hours after dosing there was a small increase in the bloodconcentration in
all animals whereafter the concentration slowly continued to decrease.
Another four rats were given 35 mg (7-14C)MEHP/kg in 5% NaHCO3 via the cannula. Serial
blood samples were collected at 2, 4, 6, 8, 12,, 14, 16, 18 and 20 minutes after the injection and
analyzed for radioactivity. Immediately after the blood samples were taken the animals were
exsanguinated and tissues and organs were removed for determination of radioactivity. The rapid
decrease was observed also in the rats administered i.v. The first blood sample showed that 53%
of the radioactivity remained in the blood. Approximately 1/3 and 1/5 of the radioactivity was
retained in the blood 10 and 20 min after administration, respectively. Twenty minutes after an
i.v. dose the liver, bladder and kidney were found to possess high radioactivity, but other tissues
also had some radioactivity. One of the major deposition sites for radioactivity shortly after i.v.
injection was the liver.
In a third experiment two groups of four rats were given 69 mg (20 µCi) and 6.9 mg (2 µCi)
(7-14C) MEHP/kg, respectively, in corn oil via stomach tube. The animals were exsaguinated
after 24 hours and tissues and organs were removed for determination of radioactivity. Twentyfour hours after an oral dose of 69 mg (7-14C) MEHP virually all radioactivity was removed from
the body and only traces were present in the kidney, liver, heart, lung, intestine and muscle. No
detectable amounts could be found in the tissues of rats 24 hours after an oral dose to 6.9 mg/kg.
In a fourth study four rats were given a single oral dose of 69 mg (7-14C) MEHP/kg (20 µCi) in
corn oil via stomach tube, and were kept individually in metabolism cages. Urine and faeces
were collected each day for 7 days for radioactivity measurements. Only the urine was examined
for metabolites as this route of excretion accounted for 81% of the dose. Excretion after 48 hours
was insignificant. At least four metabolites were identified and they had previously been
identified as DEHP metabolites.
The bile ducts were cannulated in four rats in a fifth study by the same author. These rats were
given 3.5 or 35 mg (7-14C) MEHP/kg in 5% NaHCO3 via the superficial dorsal vein of the penis.
Serial bile samples were taken hourly for 8 hours and assessed for radioactivity. Within 8 hours
52% (3.5 mg/kg) and 40% (35 mg/kg) of the dose was secreted, respectively, and secretion after
this time was insignificant.
Thus, the present study indicate that MEHP given orally to the rat undergoes ω- and (ω-1)oxidation to yield the same metabolites as does DEHP, and suggest that MEHP is the
intermediary product in the DEHP metabolism. More than 80% of the radioactivity of the orally
administered (7-14C) MEHP was excreted in urine within 24 hours. Up to 52% of the
radioactivity entered the intestine from the bile whereas only 8% of the dose was excreted in
faeces. This would indicate that resorption of radioactivity took place in the intestine. The rise in
the radioactivity in the blood after the rapid decrease could be attributed to the reabsorption of
biliary secreted material. The percent radioactivity secreted in the bile was lower, 40%, at the
higher exposure level (35 mg/kg) compared to 52% at the lower exposure level (3.5 mg/kg).
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Wistar
The distribution and elimination of DEHP and MEHP after a single oral dose of
25 mmol DEHP/kg (corresponding to 9765 mg/kg bw, purity not stated) by gastric intubation
were studied in male JCL:Wistar rats (number not stated, 200 g) (Oishi and Hiraga, 1982).
Samples of blood and tissues were collected at 1, 3, 6, 24, 48 and 96 hours post-intubation, and
analyzed by gas-liquid chromatography and a electron capture detector. The concentration of
DEHP and MEHP in blood and tissues increased to a maximum within 6-24 hours after dosing
while the highest levels observed in the heart and lungs occurred within one hour. Both DEHP
and MEHP were detected in brain and kidney, but the concentrations were very low. Only small
amounts of MEHP was measured in the lung, and DEHP was detected in the spleen at very low
levels. The concentration of DEHP in fat increased gradually until 48 hours after dosing. The
concentration of DEHP in liver declined with a half-life of 1 day while that in the epididymal fat
declined more slowly with a half-life of 6.5 days. At 6 hours after administration, the highest
ratio of MEHP/DEHP was recorded in testes (2.1). The ratio in blood was 1.1 while the ratio in
other tissues was less than one. Biological half-lives of DEHP in different tissues ranged from 8
to 156 hours in the testicular tissue and epididymal fat, respectively, and of MEHP from 23 to 68
hours in the blood and epididymal fat, respectively.
A more recent study by Oishi (1990) reported on the distribution and elimination of DEHP after
a single oral dose of DEHP (2,000 mg/kg bw) in male Wistar rats (35 days old). The blood was
collected from the caudal vena cava under deep ether anestesia and then testes were removed at
1, 3, 6, 12 and 24 hours following DEHP administration. The concentration of MEHP in blood
and in testis increased to a maximum 6 hours after administration of DEHP and then slowly
decreased. For MEHP the biological half-lives in blood and testis were 7.4 and 8.0 hours,
respectively, and the area under the concentration-time curve was 1,497 and 436 µg⋅h per ml or
per g, respectively.
Young male Wistar rats (number not stated, 100-200 g) were treated with a single dose of
(carbonyl-14C)DEHP (purity not stated) at a dose level of 2,000 mg/kg bw in corn oil by gastric
intubation following pre-treatment with DEHP (> 99% pure) for 0, 6 or 13 days (Lake et al.,
1975). At the end of 4 days, when no further radioactivity was detected in the excreta, the
animals were sacrificed, and the organs and tissues were removed. The radioactivity in excreta,
organs, and tissues were measured by liquid scintillation spectrometry. Following a single dose
of DEHP, virtually all of the administered radioactivity was excreted in the urine (52%) and
faeces (48%) within 4 days, and less than 0.1% of the radioactivity remaining in organs and
tissues. Similar results were observed in rats pre-treated with DEHP for 6 or for 13 days (60% of
the radioactivity was recovered in urine and 40% in faeces).
In several experiments by Tanaka et al., (1975), male Wistar rats (150-250g) were given single
oral doses (500 mg/kg bw) or a single intravenous doses (50 mg/kg bw) of (carbonyl-14C) DEHP
(radiochemical purity > 99%) to study distribution, metabolism and elimination. In the
elimination studies there were two animals in each group, and in the distribution studies there
were three animals in each. The peak blood level was observed about 6 hours after
administration. The concentrations in liver and kidney reached a maximum in the first 2-6 hours.
No significant retention was found in organs and tissues (brain, heart, lungs, liver, spleen,
kidney, stomach, intestine, testicle, blood, muscle an adipose tissue). About 80% of the dose was
excreted in the urine and faeces within 5-7 days following both oral and intravenous
administration. Excretion in the urine was generally slightly greater than that in the faeces. In
experiments with rats in which the bile duct was cannulated, about 5% of the dose was recovered
from the bile in 24 hours after oral administration, whereas about 24% was recovered after
intravenous administration. When urine and faecal extracts were analysed by thin-layer
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chromatography (TLC) after oral administration, four major metabolites were detected in urine.
Unchanged DEHP was excreted in the faeces, but DEHP or MEHP were not detected in the urine
or bile. After intravenous administration about 75% of the dose was recovered from the liver
after the first hour. The radioactivity of the liver declined rapidly by about 50% within the next
2 hours and only 0.17% of the radioactivity remained on the 7th day. The intestine accumulated
the next highest amount of radioactivity. The radioactivity increased as the radioactivity in the
liver decreased. After intravenous application the activity in the liver and kidneys reach a
maximum in the first 2-6 hours. Medium values were seen in the heart, lung and spleen. The
peak blood level was observed about 6 hours after administration. The testicle and brain showed
the lowest values as in the case of intravenous application.
The distribution, accumulation, and excretion of DEHP were studied in several experiments with
Wistar rats (Daniel and Bratt, 1974). Following a single oral dose of (carbonyl-14C)DEHP
(2.9 mg/kg bw; purity not stated), rats (5 adult males) excreted 42% and 57% of the administered
radioactivity in the urine and faeces, respectively, within 7 days. Rats (5 adult males) fed a diet
containing 1,000 ppm of DEHP 7 days prior to dosing with (carbonyl-14C) DEHP excreted 57%
and 38% in the urine and faeces, respectively, within 4 days.
In studies with biliary-cannulated rats, administered 2.6 mg/kg DEHP by intubation, around 10%
was excreted in the bile.
In rats (24 females) fed a diet containing 1,000 or 5,000 ppm of (carbonyl-14C)DEHP for 35 and
49 days, respectively, the amount of radioactivity in liver and abdominal fat rapidly attained a
steady-state concentration without evidence of accumulation. When returned to a normal diet,
the radioactivity in the liver declined with a half-life of 1-2 days and in fat with a half-life of
3-5 days. DEHP was extensively metabolized with 14 metabolites, including MEHP, present in
urine (analysed by TLC, MS and NMR). DEHP was not detected in the urine. The principal
metabolites detected correspond to phthalic acid and metabolites IV or V, VI and IX i.e. the acid,
alcohol, and ketone resulting from ω- and (ω-1)-oxidation of MEHP. The hexobarbital sleeping
time was reduced 39 and 43% in male and females, respectively, when given five daily oral
doses of DEHP. When DEHP was administered intravenuosly the hexobarbital sleeping time
increased by approximately 40% in male rats compared with the corresponding controls.
Rats were injected 600 mg 14C-DEHP/kg as an emulsion prepared by subjecting to
ultrasonication through the femoral vein. After 2, 24, 72 and 96 hours the animals were killed
and the lungs, liver, spleen, blood and portions of abdominal fat were removed for radiochemical
analysis. Radioactivity disappeared rapidly from the blood and about 60-70% was recovered in
the liver and lung within 2 hours of dosing. After 4 days 44% was recovered from the urine, 29%
from the faeces. About 1% was recovered in fat.
Lhuguenot et al. (1985) studied the metabolism of DEHP and MEHP in rats following multiple
dosing. Adult male Wistar rats (180-220 g, 3 rats per group and per chemical) were administered
(7-14C)DEHP (> 98% pure) or (14C)MEHP (position of label not stated; highest available purity)
by gastric intubation in corn oil at doses of 50 or 500 mg/kg bw for three consecutive days. Urine
was collected for 4 days, at 24-hour intervals, metabolites were extracted, analysed by GC and
detected by MS. After exposure to DEHP approximately 50 and 60% and after exposure to
MEHP approximately 70 and 80% of the total daily doses were recovered in the urine at the low
and high dose levels, respectively. No water-soluble conjugates were detected in the urine
following administration of DEHP or MEHP. After a single dose of either compound, the main
metabolites excreted were I, V, VI, IX. At the lower dose level, no or minor changes in urinary
metabolite profiles were seen with time; after multiple dosing at the higher dose level, increases
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in ω-/β-oxidation products (metabolites I and V) and decreases in (ω-1)-oxidation products
(metabolites VI and IX) were seen.
Fischer 344
Male Fischer 344 rats (12 animals per group) received a total of 10 daily doses of 1.8, 18, or
180 mg/kg bw of radiolabelled DEHP (purity not stated) in cottonseed oil by gavage. All rats
received the same amount of radioactivity (1.8 mg/kg bw (14C)DEHP, position of label not
stated) with different amounts of non-radioactive DEHP diluent (Albro et al., 1982a). Urine and
faeces were collected daily. Three rats from each group were sacrificed 1, 3, 10, or 12 days after
receiving their first dose of DEHP. Various tissue samples and faeces were radioassayed using a
tissue oxidizer; urine was radioassayed directly in liquid scintillation fluid. The profiles of the
radioactive metabolites in urine were determined by HPLC. Unhydrolysed DEHP was measured
by Radio-TLC. The percentage of 14C retained in the liver tended to decrease with exposure time
and also with increasing dose. There was no evidence for accumulation of DEHP in the liver.
Essentially the same observations applied to the testes except that testes had lower
concentrations than the liver. After about 4 days, excretion (cumulative excretion of 14C as a
percentage of the cumulative dose) became quite independent of the dose. Up to a dose of
180 mg/kg per day there was no indication of beginning to saturate the overall elimination
mechanism.
In a separate experiment, rats and mice were given single oral doses of DEHP in cottonseed oil
by gavage at doses ranging from 1.8 to 1,000 mg/kg bw. The animals were sacrificed 6 hours
later and the livers were assayed for intact DEHP as described above. In Fisher rats, as the dose
increased, a threshold was reached, at about 450 mg/kg bw, above which there was a steady
increase in the amount of unhydrolysed DEHP reaching the liver. According to the authors,
intact DEHP will reach the liver of rats whenever its concentration exceeds 0.43% in the diet. In
contrast, an absorption threshold could not be determined in either CD-1 or C3B6F1 mice for
doses up to 1,000 mg/kg bw. According to the authors, this may reflect the higher level of
DEHP-hydrolase in the intestines of mice than in rats. Preliminary expeiments with both
Sprague-Dawley (CD) and Fischer 344 rat revealed that the maximum amount of DEHP that
could be given as a single oral dose without significant excretion of unabsorbed DEHP in the
faeces was 200 mg/kg bw. According to the authors, pharmacokinetic studies using 14C-labelled
DEHP at doses above 200 mg/kg bw would rapidly become dominated by unabsorbed DEHP
and, according to the authors, could not be directly compared to rats of elimination at lower
doses.
Male Fischer 344 rats (100-150 g bw, 12 animals per group) were fed diets containing 1,000,
6,000, or 12,000 ppm (estimated to correspond to 85, 550 and 1,000 mg/kg bw/day, respectively)
of non-radiolabelled DEHP (99.8% pure) (CMA, 1982a; Lington et al., 1987; Short et al., 1987
and Astill et al., 1986). These groups were divided into three subgroups each consisting of 4 rats
which received diets for 0, 6 or 20 days, followed by a diet containing a similar level of
(carbonyl-14C)DEHP (radiochemical purity > 97%) for 24 hours. Urine and faeces were collected
at 24-hour intervals from 24-96 hours after administration of radiolabelled DEHP and then the
animals were sacrificed. Four animals from each dose group were sacrificed on each of days 5,
11 and 25 and terminal blood samples were collected. Liver, lung, spleen, intestines, fat, brain,
kidney, adrenals, testes and urinary bladder were removed. Urine samples collected from 0-48
hours were pooled for each of the three dose levels and three prior exposure regimens and
analysed by normal and reverse phase HPLC for metabolites of DEHP. Urinary metabolites were
isolated and the major metabolites were analysed and identified by GC-MS. Faeces samples
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were similarly pooled and analysed by normal HPLC for the metabolites of DEHP. Radioactivity
was measured by liquid scintillation.
At all dose levels and exposure times radioactivity was excreted primarily via the urinary route
and primarily during the first 24 hours. The percentage of the dose excreted in urine increased
with dose, from 53% at 1,000 ppm to 62-66% at 6,000 ppm, and 66-69% at 12,000 ppm. The
faecal excretion occurred primarily during the second 24 hours. The percentage of the dose
excreted in faeces decreased with dose, from 35-38% at 1,000 ppm to 26-30% at 6,000 ppm and
24-28% at 12,000 ppm. At all dose levels, prior exposure to DEHP did not affect the extent or
rate of urinary or faecal excretion. Less than 1% of the administered dose remained in tissues 4
days after treatment. The radioactivity in the urine samples was resolved into 14 components and
identified as phthalic acid, metabolites I, II, III, IV, V, VI, VII, IX, X, XII, XIII, XIV, and
unidentified fractions. The major urinary metabolites, I and V, were followed by metabolite IX
and phthalic acid; the remainders was all present in only minor quantities. DEHP and MEHP
were not detected in the urine. The radioactivity in the faeces sample was partially resolved into
15 components and tentatively identified as DEHP, MEHP, phthalic acid, metabolites I-V as a
pool, metabolites VI, VII, IX, X, XII, XIII, and XIV. The major faecal metabolites were MEHP,
metabolites I-V, VI and IX.
The urinary, and to a lesser extent the faecal, metabolite excretion patterns changed with dose
and prior exposure to DEHP. The major changes in metabolism occurred between the 1,000 and
6,000 ppm dose levels and between 0 and 6 days prior exposure to DEHP. Minor changes were
observed with increase in dose to 12,000 ppm. Urinary elimination of metabolites I and V were
measured as a function of dose and duration of treatment. The output of metabolite 1 was
relatively constant at all dietary levels on day 0, while the output of metabolite V increased with
dietary level on day 0. Following prior exposure to DEHP at the 1,000 ppm dose level the
urinary excretion of metabolite I doubled compared with no prior exposure, while the the urinary
excretion of metabolite V remained relatively constant. Following prior exposure to DEHP at the
6,000 or 12,000 ppm dose level the urinary excretion of metabolite I increased three or four
times, respectively, compared with no prior exposure. The urinary excretion of metabolite V
decreased two or three times, respectively, following prior exposure to DEHP at the 6,000 or
12,000 ppm dose level compared with no prior exposure. According to the authors the increase
in urinary levels of metabolite V at 6,000 ppm and higher while metabolite I remained relatively
constant, indicated that at high exposure levels the initial dose of DEHP exceeded the rats ability
convert metabolite V to metabolite I. However, the capacity for β–oxidation appeared to increase
with repeated exposure to DEHP since urinary levels of metabolite V decreased with subsequent
doses of DEHP while those of metabolite I increased.
The tissue distribution was examined in rats sacrificed 112-116 hours after receiving the
radiolabelled DEHP. A major source of radioactivity was found in the intestinal contents.
Additional sources of radioactivity included the liver, fat, kidney and adrenals. A comparison of
the tissue levels of radioactivity after 0 and 20 days of pretreatment, indicated that pretreatment
with DEHP for 20 days did not significantly alter the tissue distribution of 14C-DEHP derived
radioactivity.
To study peroxisome proliferation Fisher 344 rats (5 males/group) were fed diets containing 100,
1,000, 6,000, 12,000, 25,000 ppm DEHP, corresponding to 11, 105, 667, 1,223 and 2,100 mg
DEHP/kg bw/d (Short et al., 1987). After an overnights fast the rats were sacrificed and their
livers were examined for parameters indicative of peroxisome proliferation. Liver weight
expressed as percent of body weight was significantly increased in rats that received 667 mg/kg
bw/d and above. Palmitoyl-CoA oxidation and lauric acid 11- and 12-hydroxylation weight was
significantly increased in rats that received 667 and 105 mg/kg bw/d, respectively, and above.
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Since an increased peroxisomal score was observed at dose levels that also produced significant
changes in the biochemical parameters, these observations appear to be correlated.
Fischer 344 rats, CD mice, Syrian golden hamsters, and Hartley albino guinea pigs were given
two doses of (carbonyl-14C) DEHP (purity not stated) in cottonseed oil by stomach tube at
24 hours intervals (Albro et al., 1982b). The maximum single dose of DEHP was 180 mg/kg bw
for rats and guinea pigs, 360 mg/kg bw for mice, and 20 mg/kg bw for hamsters. Urine was
collected for a total of 48 hours following the first dose. The urinary metabolites were analysed
by HPLC and GC-MS. Rats excreted predominately metabolites having carboxyl groups on the
side chain (metabolites I-V), these diacids require from three to six oxidative steps for their
formation. Table 4.26 gives the distribution of radioactive metabolites in pools of urine from
three animals, however, it should be noted that the doses were not the same between species. No
components were detected in urine from hamsters or guinea pigs that were not also present in
urine from rats and mice. In the hamsters the main metabolites were: di methyl phthalate (DMP),
metabolite I, V, VI and IX. The main metabolites in the mouse were: DMP, MEHP, metabolites
I, VI, IX, while in the guinea pigs MEHP was the dominating metabolite. MEHP accounted for
5% of the metabolites in hamsters, and 19 and 70%, respectively, in mice and guinea pigs. Rats
did not excrete conjugates of DEHP metabolites. In contrast, each of the other three species
excreted glucuronide conjugates. No conjugates other than glucuronides were detected in any of
the species tested. Table 4.27 gives the forms of excretion products in urine.
DEHP was detected in foetal livers when pregnant albino rats were given daily doses of
1,000 mg/kg bw of DEHP in corn oil by gavage from day 6 to 15 of gestation, indicating that
DEHP can cross the placental barrier (Srivastava et al., 1989) (see also Section 4.1.2.10.1).
Parmar et al. (1985) studied the effects on rat pups from dams (strain not stated) given DEHP
through the lactation period. Pups from 10 litters were pooled and seven pups were randomly
assigned to each mother. Five mothers were given 2,000 mg/kg bw of DEHP (vehicle not stated)
daily by oral gavage from day 1 of birth up to day 21, and five mothers served as control group
and was given saline. DEHP was detected in the livers of pups from treated mothers indicating
that DEHP can be transferred through the milk (see also Section 4.1.2.10.6).
The metabolism of 2-ethylhexanol (2-EH), a metabolite of DEHP, was studied in two adult male
rats administered (1-14C)ethylhexanol (purity not stated) in cottonseed oil by gavage (Albro,
1975). Carbon dioxide (from expired air), urine, and faeces were collected at hourly intervals for
28 hours after administration. Metabolites in the urine were identified by GC and MS. 2-EH was
efficiently absorbed and radioactivity from 2-EH was rapidly excreted in respiratory
carbondioxide (6-7%), faeces (8-9%), and urine (80-82%), with essentially complete elimination
by 28 hours after administration. Other metabolites identified were 2-ethyl-5-hydroxyhexanoic
acid, 2-ethyl-5-ketohexanoic acid and 2-ethyl-1,6-hexandioic acid. Only about 3% of 2-EH was
excreted unchanged. Thus, these data indicate that the carbon chain of 2-EH is ultimately
metabolized through oxidation pathways (ω- and (ω-1)-oxidation with subsequent ß-oxidation)
to acetate and carbon dioxide.
Mice
Male C57BR mice (10-12 g, three groups of one control animal and 8 exposed) were given a
single oral dose of 6.72 mg (carbonyl-14C)DEHP (radiochemical purity >98%) by gavage. The
animals were killed after 1, 2, 4, 8, 24 hours and 3, 5, 7 days, respectively, and were examined
by whole-body autoradiography (Gaunt and Butterworth, 1982). Following absorption, the
radioactivity was widely distributed in organs and tissues without evidence of tissue storage. The
contents of stomach and small intestine showed marked evidence of radioactivity in all mice
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during the first 24 hours, but only a slight reaction of one animal was recorded on day 3.
Radioactivity was present in the caecal contents at 1 hour, increased to a maximum at 2 hours
and persisted for 1 day, but was found only in one animal on day 3. No radioactivity was
detected in the colon contents or faeces after 1 hr the activity reach a maximum at 2 and 4 hours
in colon contents and faeces, respectively. The decline in radioactivity was similar to that in
other parts of the gastro-intestinal tract. In the bladder there was a high level of activity between
1-24 hours and some activity in 2 of 3 mice on day 3. In the kidney activity in the parenchyma
was similar to that in many tissues of the same animal, but it was more concentrated in the renal
pelvis and papillae. Radioactivity in the testis was obvious only in one animal (killed after
4 hours) and was similar to the general tissue levels. In other tissues the level of radioactivity
varied considerably between animals even at the same examination interval.
The distribution and tissue retention of DEHP following intravenous and oral administration was
studied in mice with whole body autoradiography (Lindgren et al., 1982). In one experiment two
male C57BL mice received 10 µCi of (2-ethylhexyl-1-14C) DEHP (chemically and
radiochemical purity > 99%) intravenously, corresponding to 9.6 mg/kg bw of DEHP. Another 2
male mice were given 10 µCi (carbonyl-14C)DEHP intravenously, corresponding to
3.6 mg/kg bw of DEHP. The distribution was similar following administration of either
substance. Four hours after intravenous injection, a very high activity was observed in the gall
bladder, intestinal contents and urinary bladder. A high uptake was also seen in the liver, kidney,
and brown fat. Some activity was observed in the white fat, myocardium, and muscles. The level
in blood, bone, cartilage, testes, and nervous system was very low. Twenty-four hours after
administration the activity in the gall bladder, intestinal contents and urinary bladder was still
very high. The concentration in brown fat was high, but the activity in the liver and kidney was
lower than after 4 hours.
In a second experiment of the same study (Lindgren et al., 1982), the effects of pre-treatment on
the distribution of (14C)DEHP were studied in male mice by whole body autoradiography. Four
mice were given DEHP (10 mg/kg) by oral intubation once daily for 5 consecutive days, 2 mice
were given daily intraperitoneal injections of phenobarbital sodium (75 mg/kg/day) in
physiological saline for 3 consecutive days, and another 2 mice were intraperitoneally treated
with 3-methylcholantrene (30 mg/kg/day) for 4 consecutive days. Twenty-four hours after the
last administration the animals received 10 µCi DEHP in 20 µl ethanol (corresponding to 9.6 mg
DEHP/kg for 2-ethylhexyl-1-14C and 3.6 mg DEHP/kg for carbonyl-14C). The mice were killed
24 hours after injection with (14C) DEHP. Following pretreatment of male mice with either
DEHP, phenobarbital sodium or 3-methylcholantrene, the distribution 24 hours after the
injection of either (carbonyl-14C) DEHP or (2-ethylhexyl-1-14C) DEHP was similar to that in the
non-pre-treated animals, except that the concentration in the brown fat was higher in all the
pre-treated animals as compared to non-pre-treated animals.
In a third experiment of the same study Lindgren et al. (1982), six pregnant mice were each
given 10 µCi (14C)DEHP in soy bean oil by oral intubation. The mice were killed after 4 and
24 hours. Mice at gestation day 8 were given 7.7 mg DEHP/kg for 2-ethylhexyl-1-14C and
2.9 mg DEHP/kg for carbonyl-14C, and mice at day 16 of gestation received 4.8 mg DEHP/kg
for 2-ethylhexyl-1-14C and 1.8 mg DEHP/kg for carbonyl-14C. Whole body autoradiography was
performed as described previously. After the pregnant mice had been killed the uteris were
removed with their embryos, except for a few fetuses from mice in the late stage of pregnancy
which were removed surgically from the uterus. As for the uteris, the maternal livers and kidneys
were also removed for autoradiography. At early gestation marked uptake was seen in the yolk
sac. There was a high concentration in the gut of the embryo 4 hours after administration of
(carbonyl-14C) DEHP on gestation day 8. On gestation day 9, 24 hours after administration of
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(2-ethylhexyl-1-14C) DEHP pronounced activity was observed in the neuroepithelium of the
embryos. A high concentration was also seen in the uterine fluid. Except for the gut and the
neuroepithelium, uptake in the embryo was low. In the mice at late gestation, a very high
accumulation was seen in the yolk sac after oral administration of either
(2-ethylhexyl-1-14C) DEHP or (carbonyl-14C) DEHP. The distribution in the fetuses was very
similar after administration of the two 14C-labelled DEHP compounds. Four hours after
administration on gestation day 16 there was high activity in the renal pelvis, urinary bladder and
intestinal contents. Some activity was seen in the skeleton and liver. On gestation day 17 there
was little activity left in the fetuses, although a rather high activity was observed in the renal
pelvis, urinary bladder and intestinal contents.
The distribution and retention of DEHP was studied in the NMRI mouse brain and liver
(Eriksson and Darnerud, 1985). (7-14C)DEHP (0.7 mg/kg bw; purity not stated) was
administered by gavage to young mice (3-20 days old). One and 7 days after treatment the
amount of radioactivity in the liver and brain was measured. The amount of radioactivity in the
brain was low, especially in 10- and 20 days-old mice, and retention of radioactivity in the brain
was minimal. The amount of radioactivity in the liver was about 10 times that in the brain. After
24 hours the amount of radioactivity found in the livers ranged from about 27 to 2% in the order
3-, 10- and 20-day-old mice, showing significant decreases in all ages after 7 days.
Male CD mice, guinea pigs, rats, and hamsters were given two doses of (carbonyl-14C) DEHP
(360 mg/kg bw for mice) by stomach tube at 24 hours intervals to compare the toxicokinetic
behaviour of DEHP between the species (Albro et al., 1982b). The study is presented in the
section on oral administration to Fischer 344 rats. Rats predominately excreted metabolites
having carboxyl groups on the side chain (metabolites I-V), these diacids require from three to
six oxidative steps for their formation. Table 4.26 gives the distribution of radioactive
metabolites in pools of urine from three animals, however, it should be noted that the doses were
not the same between species. No components were detected in urine from hamsters or guinea
pigs that were not also present in urine from rats and mice. In the hamsters the main metabolites
were: di-methyl phthalate (DMP), metabolite I, V, VI and IX. The main metabolites in the mouse
were: DMP, MEHP, metabolites I, VI, IX, while in the guinea pigs MEHP was the dominating
nmetabolite. MEHP accounted for 5% of the metabolites in hamsters, and 19 and 70%,
respectively, in mice and guinea pigs. Rats did not excrete conjugates of DEHP metabolites. In
contrast, each of the other three species excreted glucuronide conjugates. No conjugates other
than glucuronides were detected in any of the species tested. Table 4.27 gives the forms of
excretion products in urine.
Studies to compare the toxicokinetic behaviour of DEHP between male B6C3F1 mice, rats and
Cynomolgous monkeys has been performed (CMA, 1982b; CMA, 1983; CMA, 1984a; Short et
al., 1987 and Astill et al., 1986) and is presented in the section on oral administration
tonon-human primates.
All three species excreted 30-40% of the dose in the urine (rats 32.9%, mice 37.3%, monkeys
28.2%), primarily during the first 12 hours for rats and mice and during the first 24 hours for
monkeys. All three species excreted around 50% of the dose in the faeces (rats 51.4%, mice
52.0%, monkeys 49.0%), primarily during the first 24 hours for rats and mice and during the first
48 hours for monkeys. The rates and extent of urinary and faecal excretion varied widely among
monkeys. DEHP was detectable in some tissues in all three species. The mean concentrations
detected, with the exception of monkey liver and rat intestinal contents, were less than 1 µg/g.
The highest concentrations were detected in liver, intestinal contents, and fat for monkeys, rats,
and mice, respectively. Total recoveries of the radioactivity administered were 79 (68-91%),
87 (82-92%) and 90% (63-102%) for monkeys, rats and mice, respectively. Radioactivity in
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0-24 hours urine samples were resolved into 13, 15, and 14 components in rats, mice, and
monkeys, respectively. The components in urine were identified as MEHP (not detected in rat),
phthalic acid, metabolites I, II (not detected in monkey), III (not detected in rat), IV, V, VI, VII,
IX, X, XII, XIII, XIV, and unidentified fractions. Major urinary components in rats were
metabolites I, V, VI, and IX. Major urinary components in mice were MEHP, phthalic acid,
metabolites I, VI, IX, and XIII, and in monkeys: MEHP, and metabolites V, IX, and X. In
monkeys 15-26% of the radioactivity excreted may represent glucuronic acid conjugates whereas
in rat glucuronides are either absent or present in negligible quantities. Radioactivity in
0-48 hours monkey faecal extracts and in 0-24 hours rat and mouse faecal extracts were resolved
into 11, 10 and 10 components in rats, mice and monkeys, respectively. The faecal components
were identified as DEHP, MEHP, phthalic acid, metabolites I-IV, VI, VII, IX, X, XII, XIII (not
detected in monkey), and XIV (not detected in mouse). DEHP was a major faecal component in
all three species and MEHP a major faecal component in rats and mice.
In mice (strain and number not stated) given a single oral dose of 400 mg/kg bw of (14C) MEHP
(radiochemically pure, position of label not stated) in corn oil, the major metabolites (identified
by GC/MS) in urine were recovered in the form of glucuronides (Egestad and Sjöberg, 1992).
Three new metabolites were isolated and characterised as conjugates of ß-glucose. Thus
glucosidation has been shown to be an alternative conjugation pathway, although less important.
A single oral dose of 400 mg/kg bw of (carbonyl-14C) MEHP in corn oil was given to 11 male
mice (strain not stated) and male guinea pigs (Dunkin Hartley, number of animals not stated)
(Egestad et al., 1996). The radiolabelled DEHP was dilluted with unlabelled DEHP to give a
specific activity of 2.7 and 6.1 µCi/mmol for the guinea pigs and mice, respectively. Urine was
collected over 48 hours. Following extraction, individual metabolites were purified and separated
using a combination of ion-exchange chromatography and reversed-phase HPLC. Analysis of
intact conjugates, as well as nonconjugated metabolites, was performed by GC/MS. Enzymatic
methods were used for further characterisation. The study confirmed glucuronidation as the
major conjugation pathway for MEHP in the investigated species. The recovery of 14C was
83-103% and 74-78% in guinea pigs and mice, respectively. In guinea pigs MEHP glucuronide
were the dominating metabolite whereas in the mice it was an even distribution of the
glucuronides of MEHP and its metabolites. In mice approximately 3% of the administered dose
was found in the urine as ß-glucose conjugates. The ß-glucose conjugates were not observed in
the guinea pigs.
Guinea pig
Male Hartely guinea pigs, rats, mice, and hamsters were given two doses of (carbonyl-14C)DEHP
by stomach tube at 24 hours intervals to compare the toxicokinetic behaviour of DEHP between
the species (Albro et al., 1982b). The study is presented in the section on oral administration to
Fischer 344 rats.
Rats excreted predominately metabolites having carboxyl groups on the side chain (metabolites
I-V), these diacids require from three to six oxidative steps for their formation. Table 4.26 gives
the distribution of radioactive metabolites in pools of urine from three animals, however, it
should be noted that the doses were not the same between species. No components were detected
in urine from hamsters or guinea pigs that were not also present in urine from rats and mice. In
the hamsters the main metabolites were: di methyl phthalate (DMP), metabolite I, V, VI and IX.
The main metabolites in the mouse were: DMP, MEHP, metabolites I, VI, IX, while in the
guinea pigs MEHP was the dominating metabolite. MEHP accounted for 5% of the metabolites
in hamsters, and 19 and 70%, respectively, in mice and guinea pigs. Rats did not excrete
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conjugates of DEHP metabolites. In contrast, each of the other three species excreted
glucuronide conjugates. No conjugates other than glucuronides were detected in any of the
species tested. Table 4.27 gives the forms of excretion products in urine.
A single oral dose of (carbonyl-14C)MEHP was given to male guinea pigs (Dunkin Hartely:
number of animals not stated) and mice to compare the toxicokinetic behaviour of MEHP
(Egestad et al., 1996). The study is presented in the section on oral administration to mice. The
study confirmed glucuronidation as the major conjugation pathway for MEHP in the investigated
species. The recovery of 14C was 83-103% and 74-78% in guinea pigs and mice, respectively. In
guinea pigs MEHP glucuronide were the dominating metabolite whereas in the mice it was an
even distribution of the glucuronides of MEHP and its metabolites. In mice approximately 3% of
the administered dose was found in the urine as ß-glucose conjugates. The ß-glucose conjugates
were not observed in the guinea pigs.
Hamster
The elimination of DEHP was studied in rats and hamsters (Lake et al., 1984b). A single dose of
(carbonyl-14C) DEHP (> 99% pure) was administered to 5-week-old male Sprague-Dawley rats
and male DSN strain Syrian hamsters at dose levels of 100 (5 rats, 3 hamsters) or
1,000 mg/kg bw (5 rats, 5 hamsters) in corn oil by gastric intubation. The study is presented in
the section on oral administration to Sprague-Dawley rats. Urine and faeces were collected over
a period of 96 hours and then the animals were sacrificed. Radioactivity was measured in urine,
faeces, and total gut contents by liquid scintillation spectrometry. Faecal metabolites were
extracted and chromatographed on thin-layer plates. In both species the bulk of the radioactivity
was excreted within 24 hours. At the lower dose level, both species excreted more radioactivity
in the urine (rat: 51%, hamster: 53%) than in the faeces (rat: 43%, hamster: 31%), whereas at the
higher dose level, the major route of excretion was via the faeces (rat: 53%, hamster: 48%). In
both species and at both dose levels, only negligible amounts of radioactivity were present at
termination in either the liver, kidney, or total gut contents. Faecal radioactivity profiles were
determined in 0-24 hour faeces samples. About 50% of the faecal radioactivity of rats at the
higher dose level appeared to be the parent compound, the remainder comprised metabolites
possibly including MEHP. In contrast, more than 95% of the faecal radioactivity of hamsters
appeared to be the parent compound. Similar results were obtained with faecal extracts from rats
and hamsters at the lower dose level.
Male guinea pigs, rats, mice, and Syrian golden hamsters were given two doses of
(carbonyl-14C)DEHP by stomach tube at 24 hours intervals to compare the toxicokinetic
behaviour of DEHP between the species (Albro et al., 1982b). The study is presented in the
section on oral administration to Fischer 344 rats. Rats excreted predominately metabolites
having carboxyl groups on the side chain (metabolites I-V), these diacids require from three to
six oxidative steps for their formation. In Table 4.26 the distribution of radioactive metabolites
in pools of urine from the three animals and from other animals, however, it should be noted that
the doses were not the same between species. No components were detected in urine from
hamsters or guinea pigs that were not also present in urine from rats and mice. In the hamsters
the main metabolites were: di methyl phthalate (DMP), metabolite I, V, VI and IX. The main
metabolites in the mouse were: DMP, MEHP, metabolites I, VI, IX, while in the guinea pigs
MEHP was the dominating nmetabolite. MEHP accounted for 5% of the metabolites in hamsters,
and 19 and 70%, respectively, in mice and guinea pigs. Rats did not excrete conjugates of DEHP
metabolites. In contrast, each of the other three species excreted glucuronide conjugates. No
conjugates other than glucuronides were detected in any of the species tested. Table 4.27 gives
the forms of excretion products in urine.
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Dog
A study to compare the toxicokinetic behaviour of DEHP between dog, rats and miniature pigs
has been performed by Ikeda et al. (1980). The study is presented in the section on oral
administration to Sprague-Dawley rats.
Excretion of radioactivity in urine and faeces during the first 24 hours was 27 and 57% (rats), 12
and 56% (dogs), and 37 and 0.1% (pigs), respectively; and after 4 days 37 and 53% (rats), 21 and
75% (dogs), and 79 and 26% (pigs), respectively. Elimination of radioactivity was rapid in rats,
slightly prolonged in dogs and least rapid in pigs; excretion in all three species was virtually
complete in 4 days. TLC revealed four radioactive metabolites in rat urine, three in dog urine and
five in pig urine. Only a trace of unmetabolised DEHP was found in the urine of rats, dogs, or
pigs. A substantial amount of radioactivity was present in the gastro-intestinal tract at day 1 in all
species and a small amount remained after 4 days. Bile samples from dogs, and to a lesser extent
from pigs, accounted for a significant amount of administered 14C dose. Less than 1% of the
administered 14C dose was secreted in the bile from bile duct cannulated rats.
Pigs
A study to compare the toxicokinetic behaviour of DEHP between miniature pigs, rat and dog
has been performed by Ikeda et al. (1980). The study is presented in the section on oral
administration to Sprague-Dawley rats.
Excretion of radioactivity in urine and faeces during the first 24 hours was 27 and 57% (rats), 12
and 56% (dogs), and 37 and 0.1% (pigs), respectively; and after 4 days 37 and 53% (rats), 21 and
75% (dogs), and 79 and 26% (pigs), respectively. Elimination of radioactivity was rapid in rats,
slightly prolonged in dogs and least rapid in pigs; excretion in all three species was virtually
complete in 4 days. TLC revealed four radioactive metabolites in rat urine, three in dog urine and
five in pig urine. Only a trace of unmetabolised DEHP was found in the urine of rats, dogs, or
pigs. A substantial amount of radioactivity was present in the gastro-intestinal tract at day 1 in all
species and a small amount remained after 4 days. Bile samples from dogs, and to a lesser extent
from pigs, accounted for a significant amount of administered 14C dose. Less than 1% of the
administered 14C dose was secreted in the bile from bile duct cannulated rats.
The distribution and retention of DEHP and DBP orally administered in feed to piglets has been
studied (Jarosová et al., 1999). Six piglets (33-50 kg) of which 4 received DEHP (5 g per day
and head (approximately 125 mg/kg bw/day) for 14 days and 2 served as controls were used.
After 14 days, 2 treated and the 2 controls were sacrificed. The remaining two treated-piglets
were then maintained on a DEHP-free diet, and one each sacrificed on day 14 and 28,
respectively, post dosing. DEHP and MEHP were determined by HPLC analysis. Whole blood
and urine samples were collected before sacrifice and on from treated animals on day 7 of
treatment. The concentration of DEHP was measured in the whole (wet weight) and/or fat
extracted tissues/organs of muscle, renal fat, subcutaneous fat, kidneys, lungs, brain, heart, and
liver. MEHP was only determined in the whole liver, whole blood and urine samples.
Body and tissue/organ weights were not affected by administration of DEHP.
The highest levels of DEHP were in the subcutaneous (treated see control: approximately 19 see
0.42 mg/kg fat) and renal fat (approximately 25 see 0.37 mg/kg fat), muscle (approximately 25
see 2.4 mg/kg fat), heart (approximately 12 see < 0.2 mg/kg fat) and lungs (approximately 13 see
0.25 mg/kg fat). The amount of DEHP in kidney (approximately 2 see < 0.2 mg/kg fat) was low.
MEHP, but not DEHP, level was increased in the liver, whole blood and urine: individuals
values greatly varied but an increase up to, for example, of 20-1,000-fold in blood occurred.
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DEHP was not increased in the brain. In the 14 day post dosing (recovery) animal, the level of
DEHP was decreased by around 50% in subcutaneous and renal fat, muscle, heart and lungs.
MEHP returned to control levels in liver, whole blood and urine. By 28 days, DEHP was reduced
to control levels in all tissues/organs except in renal fat and the lungs. Although only one animal
per recovery time interval was used, these data indicate that in piglets that DEHP is retained for a
considerable time post dosing.
The authors further investigated the reason for the presence of DEHP in the organs (not blood) of
the control animals. Analysis of the piglet feed showed that around 0.4 mg DEHP and 0.5 DBP
per Kg commercial feed was present. Based on a 40 kg pig eating 2 kg of feed a day, the daily
intake of DEHP is around 0.02 mg/kg bw. Comparing the daily intake (0.8 mg DEHP) with the
residue of DEHP in whole muscle of control pigs (0.10 mg/kg), a biotransfer factor (BTF: concn.
in meat (mg/kg)/daily intake of DEHP (mg/day)) of 0.125 d/kg is derived.
Broiler hens
The distribution and retention of DEHP and DBP orally administered in feed to broiler hens has
been studied (Jarosová et al., 1999). Eighteen broiler hens (750 g) per treated and control group
were used. DEHP (100 mg per day and head (approximately 135 mg/kg bw/day) was
administered for 14 days. Six hens each per treated and control group were sacrificed at 14 days,
and on post treatment days 14 and 28. DEHP and MEHP were determined by HPLC analysis.
Liver and blood samples were obtained by heart puncture to determine DEHP and MEHP.
Muscle (pooled samples of breast and thigh samples), skin (thoracic area), and mesenterial fat
were analysed for DEHP. Post DEHP dosing samples of blood, muscle and skin were pooled
from 6 individuals.
The highest levels of DEHP were in the mesenterial fat (treated see control: approximately 31
see 0.33 mg/kg fat), skin (approximately 26 see 3.8 mg/kg fat) and muscle (approximately 26 see
2.5 mg/kg fat). DEHP (approximately 6.3 see 0.47 mg/kg fat) and MEHP (approximately 0.15
see < 0.01 mg/kg whole tissue) were detected in the liver. In whole blood, levels of MEHP
varied but indicated an increase of more than 7-fold. In the 14 day post dosing (recovery) animal,
the level of DEHP decreased by more than 50% in muscle, skin, adipose tissue and liver.
However, by comparison with the all the control groups and the treated group, DEHP is
apparently retained in the muscle, skin and adipose tissue around 30%). MEHP levels in the liver
and blood were reduced to control levels by post recovery day 14.
The authors further investigated the reason for the presence of DEHP in the organs (not blood) of
the control animals. Analysis of the hens feed showed that around 1.0 mg DEHP and 2.0 DBP
per Kg commercial feed was present.

4.1.2.1.2

Inhalation

There are few studies available concerning the inhalation route of exposure. Studies available for
humans are not strictly toxicokinetic studies but case studies of patients and in the working
environment. There is only one toxicokinetic study with rats exposed to a DEHP aerosol.
Humans
In three preterm infants, artificially ventilated with PVC respiratory tubes, the estimated
inhalative exposure ranged between 1µg/h – 4,200 µg/h (Roth et al., 1988; see also
Section 4.1.2.6.2). During the fourth week of life in two of the infants DEHP, but not MEHP,
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could be demonstrated in urine samples. The authors assumed that these findings were causally
related to the exposure to high doses of DEHP released from the PVC tubes. DEHP was detected
in the lung tissue (0.23 µg/g wet weight) but not in the liver tissue of one infant who died two
weeks after birth.
For a determination of occupational exposure to phthalic acid (PA) and DEHP at a plant
manufacturing DEHP from PA and 2-EH, personal air samples were obtained over five shifts for
the determination of exposure to PA and DEHP. Pre- and post-shift urine samples were
collected, simultaneously with air sampling, for the determination of total phthalates (Liss et al.,
1985). Urine samples were obtained from 48 workers in jobs likely to be exposed to DEHP and
PA and from 47 workers in jobs unlikely to be exposed. The total phthalate concentration in
urine was determined by GC. A number of urine samples (those with the highest total phthalate)
were also assayed for DEHP and for specific metabolites by GC/MS. Of 50 personal samples
obtained, six contained levels above the analytical limit of detection (10 µg/sample), and the
time-weighted average concentrations ranged from 20 to 4 110 µg/m3 (mean 71 µg/m3). The
most heavily exposed workers had the highest mean post-shift urine phthalate concentration
(geometric mean 7.6 nmol/ml), and also the greatest mean increase (4.4 nmol/ml) in pre-shift to
post-shift urine phthalate levels. Twofold increases over the shift in total urine phthalate
concentration, and post-shift phthalate levels of greater than 10 nmol/ml were observed in 8 of
32 chemical operators, but in none of 52 other workers. MEHP was not deteced in the urine
samples.
The uptake of DEHP, in 9 workers in a boot factory and 6 workers in a cable factory, was
studied by determining the concentrations of four metabolites of DEHP in urine samples (Dirven
et al., 1993a). When the workers started work on the first day in the working week, no
occupational DEHP exposure had occurred during the last 48 hours. Urine samples were
collected on the first and last day of the 5-day working week (boot factory) or the first and fourth
day of the working week (cable factory), before work and after work. The concentration of the
following metabolites of DEHP were determined with GC/MS: MEHP and metabolites V, VI
and IX.
Personal air sampling (2 hours) was employed on the first and last day of the working week
(boot factory) or on the first day of the working week (cable factory). Within each plant exposure
levels were determined (by GC) for workers working on the mixing as well as for workers
working on the extruding processes. In the boot factory, mean concentrations were 261 (1001,214) µg/m3 in the mixing area and 120 (48-278) µg/m3 in the extruding area. In the cable
factory, mean concentrations were 180 (9-809) µg/m3 in the mixing area and 239 (10-1,266)
µg/m3 in the extruding area.
For workers in the boot factory, median concentrations of all four metabolites were comparable
in the urine samples collected on day 1 and day 5 at the start and at the end of the work-day. On
day 1 as well as on day 5, the concentrations of MEHP and metabolites V, VI and IX were
significantly increased (1.2-2.3-fold) in urine samples collected at the end of the work-day
compared to urine samples collected at the start of the work-day. For workers in the cable
factory, median concentrations of all four metabolites were comparable in the urine samples
collected on day 1 and day 4 at the start of the work-day but not in urine samples collected at the
end of the work-day. On day 1 as well as on day 4, the concentrations of MEHP and metabolites
V, VI and IX were significantly increased (1.2-4.5-fold) in urine samples collected at the end of
the work-day compared to urine samples collected at the start of the work-day.
In another study by Dirven et al. (1993b), a method for biological monitoring of exposure to
DEHP is described. The method in which the four main metabolites of DEHP (MEHP and
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metabolites V, VI and IX) are determined in urine samples (GC/MS) was used to study DEHP
metabolism in man. The quantitative distribution of the metabolites in urine were: MEHP,
26.2%; V, 21.8%; VI, 18.2%; IX, 33.8%. No details of exposure conditions are given, but the
metabolites were detected in urine from workers occupationally exposed to DEHP by inhalation.
Metabolites IX and VI were almost completely conjugated in all five persons (IX: 88-100%
conjugated; VI: 80-95% conjugated) while 32-45% of metabolite V was present in conjugated
form. For MEHP, a large interindividual variation was found with 77% and 100% present in free
form in two persons but only 20, 30 and 38% in the other three persons. Interindividual variation
in the metabolism of DEHP was examined in post-shift urine samples of 15 exposed men by
comparing the amount of metabolite V (product of ω-oxidation) with the amount of metabolite
VI and IX (products of (ω-1)-oxidation). No substantial interindividual differences were found.
The absolute concentration of metabolites VI and IX was 1.7 times as high as the concentration
of metabolite V indicating that (ω-1)-oxidation is favoured in humans.
Rats
In a study performed by General Motors (1982ab), adult male Sprague-Dawley rats (200 g) were
exposed, either once or repeatedly, by inhalation to a DEHP aerosol (98% pure). In the single
exposure study, six rats were exposed to 129 ± 26 mg/m3 of (carboxyl-14C) DEHP for 6 hours
(head-only chamber; radiochemical purity of the labelled compound 95%). Accurate particle size
determination was not technically possibly to conduct; however, the particle size was estimated
to be 0.4 - 0.5 µm. Three animals were sacrificed immediately after exposure and the remaining
three after the follow-up time. The follow-up time for collection of urine and faeces samples was
72 hours before the animals were sacrificed. Samples were collected at 12- and 24-hour intervals
for urine and faeces, respectively, and assayed for radioactivity. Blood samples (0.1 ml) were
taken from the jugular vein 1, 3, 6, hr during exposure and 1, 3, 6, 12, 18, 24 and 36 hours postexposure. Tissues (lung, liver, kidney, fat, adrenal, heart, spleen, thymus, testes, and brain) were
removed post mortem and assayed for radioactivity. Radioactivity was determined by liquid
scintillation spectrometry. Metabolites were determined by HPLC in urine samples collected
between 0-12, 12-24, 24-36 hours. Data were calculated as µmole equivalents DEHP.
During single dose inhalation exposure (14C) DEHP was absorbed rapidly as indicated by the
amount of radioactivity in the blood. Following exposure, the decrease in radioactivity in blood
was log non-linear. Immediately after exposure, approximately 1 mg (based µmole equivalents
DEHP) or 75% of the body burden was recovered in the carcass and skin. 10% was recovered in
the lung and approximately 2% in all the other tissues excluding the brian where no radioactivity
was detected. Radioactivity associated with the lung probably represents that fraction of aerosol
particles deposited in the larger airways. This fraction could be absorbed through the
gastrointestinial tract following clearance from the pulmonary spaces by mucociliary ladder
mechanism. It is probable that a large portion of DEHP is ingested. After 72-hours,
approximately 1.5 mg (3.94 µmole equivalents DEHP) was recovered mainly in the urine and
faeces. Combined, urine (52%) and faeces (40%) accounted for greater then 90% of total
recovered radioactivity. Around 6% of the original body burden radioactivity was determined in
tissues (low amount of radioactivity in the lung and liver, and trace amount in kidney), carcass,
and skin. Baesd on this information the retention of DEHP can be derived by comparison with
the calculated inhaled dose. Assuming a minute volume of 0.2 l/min and 100% inhaltion of the
aerosol the inhaled dose is around 36 mg/kg bw/day or 7.2 mg/rat/day for a 6 hour per day
inhalation exposure. Retention is thus around 21% (1.5/7.2) for DEHP with an estimated particle
size of 0.4 - 0.5 µm.
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The rate of excretion of radioactivity in the faeces was approximately first order kinetics during
72-hour. The elimination half-life was approximately 22 hours and the elimination rate constant
(Ke) 0.032 hr-1. In urine, excretion was biphasic. The initial rapid phase was approximately 10
hours (Ke = 0.069 hr-1). And was sustianed for 30 hours. The slower phase half-life was 22
hours.
At least three peaks were identified by HPLC in urine. Phthalic acid (3-5% total radioactivity)
was identified. The reamining radioactivity was confined to two other peaks, however, the
metabolites were not identified: DEHP was not detected in the urine.
Under the experimental conditions used in this study, around 1.5% of a nominal aerosol
concentration of 100 mg/m3 was absorbed by rat following a 6 hour exposure period. Both
pulmonary and gastrointestinial tract absorption are expected to contribute to the total body
burden level of detected 14C-DEHP derived radioactivity.
For comparison, General Motors (1982ab) also studied the disposition in male Sprague-Dawley
rats (200 g)(number not stated) after a single peroral (gavage) dose of (carboxyl-14C)DEHP (25
µmoles/kg bw (≈10 mg/kg bw): 25 µmoles/ml, 9.7 µCi/ml) administered in corn oil with the
results of the single exposure inhalation study (see above). The dose was selected to approximate
DEHP absorbed during inhalation (≈ 2 mg/animal). Faeces were collected over 24 hours interval
and urine over 12 hours inteval. The animals were killed after 72 hours Tissues (lung, liver,
kidney, fat, adrenal, heart, spleen, thymus, testes, and brain) were removed post mortem and
assayed for radioactivity. Radioactivity was determined by liquid scintillation spectrometry. A
more rapid excretion of 14C- in the urine and increased body burden clearance (half-life ≈ 12
hours) was observed following oral administration compared with inhalation exposure. The
percentage cumulative recovery of radioactivity in urine (54%) and faeces (43%) after 72 hours
was not significantly different as compared with inhalation exposure (52 and 40%, respectively,
in urine and faeces). Within 72 hours the recovery was 3.94 and 3.82 µmole equivalents DEHP
(approximately 1.5 mg) following single oral and inhalation administration, respectively. To
assess the relevance of this comparison route-specfic metabolism, biliary exretion and
reabsorption, and the contribution of GI-tract absorption during and following inhalation
exposure should be considered compared with unabsorbed orally administered DEHP. Urinary
excretion following single oral exposure was also biphasic with half-lifes of about 10 and 22
hours, respectively. The excretion in urine and decline in body burden were more rapid
following oral administration, especially initially.
In the repeated exposure study General Motors (1982ab), 16 rats were pretreated with 100 mg/m3
unlabelled DEHP for 2 weeks (6 hours per day, 5 days per week in an exposure chamber, mass
median aerodynamic diameter of aerosol particles: 0.6 µm) except that the last exposure was to
(carboxyl-14C)DEHP (head-only chamber).
Following repeated inhalation exposure, around 90% of the radioactivity was excreted in the
urine (50%) and faeces (40%), and 8% recovered in the carcass and skin. Excretion of
radioactivity in urine was apparently first order with a half-life of about 25 hours. Urinary
excretion seems to be initially slower compared with single inhalation exposure (see above) but
was parallell to the curve from single exposure after less than 24 hours.
The study indicates that following repeated inhalation exposure long-term retention does not
occur and that the excretion profile is not modified by prolonged inhalation exposure (2-weeks)
compared with single exposure. Hence, disposition characteristics following repeated exposure
were similar to single dose exposure.
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4.1.2.1.3

Dermal

Humans
Percutaneous absorption of a signal application of (14C) DEHP (> 98% radiochemical purity)
was determined in a human volunteer study (Wester et al., 1998). The study is poorly reported as
identification of DEHP is ambiguous as non standard and incorrect terms are used throughout the
report. Six “normal” volunteer outpatients were topically dosed with (14C)DEHP (18.5 µg/cm2)
dissolved in 50 µl ethanol spread over10 cm2 on the ventral forearm. Ethanol was allowed to
evaporate and the site was not occluded. Subjects were instructed not to touch or wash the study
area for 24 hours; however, they were allowed to wear clothing of their choice over the dosing
area. After 24 hours, the dosing site was washed and rinsed to determine the surface fraction of
non-absorbed DEHP. Only urine was collected per individual from application to 7 days to
determine systemic available (14C). 7 days after the application the skin dosing site was
cellophane tape-stripped 10 times to determine the residual (reservoir) amount (14C)-label. The
percent of (14C)-label recovered was 4.5% (skin surface wash; at 24 h), 1.1% (cumulative urine
excretion; for 7 days), and 0.15% (tape strip recovery; at 7 days). To correct the dermal
absorption for the fraction of dose excreted by other routes (e.g. faeces) or retained in the body,
Rhesus monkeys (used as human surrogate) were given an intravenous dose of DEHP. 7 days
after i.v. administration of (14C)DEHP (1.1 µCi in 0.5 ml propylene glycol) to 4 female Rhesus
monkeys the cumulative recovery of (14C)-label was 61% indicating that either bilary excretion
and/or retention had occurred. Following this correction the material mass balance recovery
considerable less than 100%. The authors suggest this to be due to lose by evaporation and/or on
clothing during 24 hour exposure period following application. The duration for which DEHP
was in contact with the skin during the 24-hour period is not known precluding an accurate
quantitative determination of dermal uptake. Hence, this study is not considered for risk
characterisation.
Rats
Dermal absorption distribution, and excretion were studied in rats by Elsisi et al. (1989). Hair
from a skin area (1.3 cm in diameter) on the backs of male F344 rats (number not stated) was
clipped, (14C)DEHP (> 96% radiochemically pure, uniformly labelled on the ring) was applied
ast a single dose of 30-40 mg/kg bw (5-8 mg/cm2) in ethanol and after evaporation the area of
application was covered with a perforated cap (nonocculded). Rats were kept in metabolic cages
and urine and faeces were collected every 24 hours for 7 days. On the 7th day the rats were
sacrificed and samples from various organs and tissues (brain, spinal cord, lung, liver, spleen,
intestine, kidney, testis, fat, muscle, and skin) were collected. The skin area of application was
also removed and analysed. The radioactivity was determined using liquid scintillation
spectrometry. Cumulative excretion in the urine and faeces was around 4.5%. The amount of
radiolabel remaining in the body 7 days after dosing was less than 2% of the applied dose.
Retention in the different organs and tissues examined was low ≥ 0.3%: muscles showed the
highest amount 1.17%. Most of the unabsorbed dose (86%) remained at the skin area of
application after 7 days. Dermal absorption (considered as the cumulative amount detected in
excreta and tissues, excluding the dosed skin (a lower bound)) is calculated to be 6.5%.
The dermal absorption of (14C) DEHP was evaluated in male F344 rats (Melnick et al., 1987). A
single dose of 30 mg/kg bw (6 mg assuming 200 g/rat: 4.5 mg/cm2) of (14C) DEHP (purity and
position of label not stated), dissolved in ethanol, was applied to a circular area of 1.3 cm
diameter (1.326 cm2) in the middle of the back of three rats. After the ethanol had evaporated, a
perforated plastic cap was glued on the skin over the site of application. Urine and faeces were

307

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

collected every 24 hours for 5 days and radioactivity was determined by liquid scintillation
spectrometry. Five days after dosing, recovery of 14C in the urine and faeces was around 5% with
3%, respectively. Body organs and the skin in the area of DEHP application site were also
collected and analysed. The amount of radiolabel retained in the body 5 days after dosing was
less than 2% of the applied dose. The highest amount was recovered in the muscle (1.2%). About
95% of the applied dose was recovered from the application site and the plastic caps which were
used to cover the application site. These results indicate that DEHP is not well absorbed through
the skin of rats. Dermal absorption (considered as the cumulative amount detcted in excreta and
tissues, excluding the dosed skin (a lower bound)) is calculated to be 9%.
The absorption of (14C)DEHP contained in a PVC plastic film (40% w/w (25.5mg/cm2): 0.5 mm
thick) in male Fischer 344 rats was studied (Deisinger et al., 1998). Sheets of PVC film (15 cm2)
were applied to the shaved backs of eight rats in two separate experiments (4 rats/experiment). In
a short term study (“study II”), the PVC was removed after 24 hours and the animals killed. In a
longer term study (“study I”), after removal of the PVC film at 24 hours the animals were
rewrapped with aluminium foil and bandage at the exposure site and sacrificed after a further 6
days. In both studies, (14C)-label was determined in the following: urine and faeces up to
sacrifice; cage washes; washed and rinsed residue from the exposure site before sacrifice; entire
clipped area including the dermal exposure site was exercised after washing and rinsing; the
remainder of the body (carcass). The PVC films were also analysed for remaining (14C) DEHP
after the 24-hour exposure period. In “study I” (longer term study), the aluminium and bandage
used from 24 hours to 7 days were analysed. The migration of (14C) DEHP from the film was
261 and 505.6 µg during 24 hours (0.725 and 1.4 µg/cm2/hour). Based on the materials mass
balance information on the combined amount of (14C)DEHP for urine, faeces, cage washes and
carcass, and residual amount in the skin at the application site, the authors calculate that the
percutaneous absorption rate (J) is around 0.24 µg/cm2/hr in both studies.
Guinea pig
Dermal absorption of a single dose radio-labelled DEHP was determined in 5 female hairless
guinea pigs [Crl:LAF/HA(hr/hr)BR, 20-30 weeks old] (Ng et al., 1992). (Carbonyl-14C)DEHP
(53 µg, 13.2 µg/cm2, > 98% pure) was dissolved in 50 µl acetone and applied topically on 4 cm2
of the washed upper dorsal area. The exposed area was then covered by a protective
nonocclusive pad to prevent ingestion of the compound. Animals were kept individually in glass
metabolism cages. 24h after dosing the pad was removed and the dosing site cleansed with soap
and water to remove unabsorbed material. Urine and faeces were collected at 6 and 12 hours on
the first day and then at daily intervals for 7 days post-treatment for radioassay. Seven days postadministration the site of application was stripped with tape 10 times. Radioactivity content on
the tape was determined by liquid scintillation spectrometry. To correct the dermal absorption
for incomplete excretion (e.g. body retention), the excretion rate of an intramuscular dose, in 5
animal, was compared with the excretion rate of a topical dose.
Three percent (7% after correction) of the dermally administered dose was absorbed in vivo and
excreted in 24 hours. Around 60% of the topical dose was not excreted in the faeces and urine
after 7 days. The percent of (14C)-label recovered was 31% from skin surface wash (performed at
24 hours), 53% (21% before corrected) cumulative urine and faeces excretion up to 7 days, and
11.3% was tape strip recovery (performed at 7 days). 13% and 5% were recovered in the
protective skin pad and body tissues (liver, fat, muscle, skin), respectively. The total recovery
was 95% (76% before corrected). To determine the amount of DEHP that might have been have
volatilized during the penetration process, DEHP was applied on a piece of skin that was kept in
a petri dish at 33ºC for 7 days. Analysis of the radioactivity content revealed that 10% of the
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dosed material was lost. Thus volatilisation can only in part account for the loss of DEHP from
the application site. Dermal absorption (considered as the cumulative amount detcted in excreta
and tissues, excluding the dosed skin (a lower bound)) is calculated, without consideration of
correction, to be 26%.
The skin reservoir and bioavailability of dermally administered (14C) DEHP in hairless guinea
pigs was determined (Chu et al., 1996). Different amounts of (14C) DEHP were applied to the
washed dorsal region of 4 female Hartely hairless guinea pigs in four different experiments for
different times and dosages: 119 µg/cm2 for 24 hours; 107 µg/cm2 for 48 hours; 442 µg/cm2 for
7 days; and, 529 µg/cm2 for 14 days. Radioactivity was measured in skin sections by
autoradiography or liquid scintillation to determine the amount of radioactivity. The authors
conclude that the results indicate that the amount of DEHP remaining in the skin after washing
will eventually enter the systemic circulation and should be considered as part of the total dose
absorbed, and that the hair follicle may play a role in percutaneous penetration. Dermal
absorption (considered as the cumulative amount detcted in excreta and tissues, including skin
dose) is calculated to be 9.7-18.9% from the four different experiments.
In vitro
Absorption, permeability constant and percutaneous absorption rate of (14C)DEHP was
determined in the epidermis of nonviable human skin (autopsy sample) and rats (AL/pk, Wistarderived) with a glass diffusion cell (Scott et al., 1987). 0.5 ml (14C)-labelled undiluted DEHP
was applied to the skin preparations. Apparently the skin discs were 7 cm2, therefore, 70 mg/cm2
(14C) DEHP was applied. 50% v/v aqueous ethanol was used as the receptor fluid and 50 µl
samples collected at regular intervals. Diffusion cells were maintained at 30ºC. The results are
presented in Table 4.20.
Table 4.20 Absorption rate data of DEHP. Adapted form Errata to Scot et al. (1987)
Human*

Rat*

Permeability constant (Kp: 10-5 cm/hr)

0.57

2.28

Percutaneous permeability rate (J: µg/cm 22/hr)

5.59

22.37

Lag time (hr)

3.1

3.9

* Epidermis, 50% aqueous ethanol

Absorption, permeability constant and percutaneous absorption rate of (14C) DEHP was
determined in the stratum corneum of human skin (autopsy sample) and full thickness rat skin
Fischer-334 with a Franz-types diffusion cell (Barber et al., 1992). 0.3 ml (14C)-labelled
undiluted DEHP was applied to 1.02 or 0.636 cm2 of skin (288-576 mg/cm2). The receptor
solution was based on Dulbecco’s phosphate-buffered (pH 7.1) isotonic saline. Diffusion cells
were maintained at 37 or 30ºC. The results are presented in Table 4.21.
Table 4.21 Absorption rate data of DEHP. Information are adapted

Permeability constant (Kp: 10-5 cm/hr)
Percutaneous permeability rate (J: µg/cm22/hr)
*
**

Human*

Rat**

0.0105

0.0431

0.1

0.42

Stratum corneum.
Full thickness skin. Buffer

309

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

The permeability constant of (14C) DEHP in the epidermis and dermis of male Spague-Dawley
rats was compared using buffer or aqueous ethanol with a diffusion cell (Pelling et al., 1998).
Absorption was determined using both phosphate buffer saline and 50% aqueous ethanol as
receptor medium. (14C)DEHP was applied in 50 µl acetone (78.6 µg; 78.6 µg/cm2 assuming
application to 1 cm2). Diffusion cells were maintained at 31.5ºC. The results are presented in
Table 4.22. The authors comment that the rate and extent of DEHP absorption through the
epidermis was greatly increased (40- and 80-fold, respectively) using 50% aqueous ethanol as
receptor fluid compared with buffer. Also in comparison with Scott et al. (1987) it is noted that
the Kp for the aqueous ethanol system is much higher (16-fold) in this study.
Table 4.22 Absorption rate data of DEHP. Information are adapted
Rat
Buffer

50% aq. Ethanol

Epidermis

1.3

94.6

Dermis

4.76

9.83

0.02

0.786

Permeability constant (Kp: 10-5 cm/hr)

Percutaneous permeability rate (J: µg/cm 2/hr)*
Epidermis

* Calculated based on data detailed in the study. The area of the applied (14C)DEHP
was assumed to be 1 cm2

The absorption of (14C) DEHP was determined in full thickness viable and nonviable guinea pig
skin with a diffusion cell (Ng et al., 1992). The receptor solution was based on Hepes-buffered
Hanks’ balanced salt solution, containing gentamicin (50 mg/l) and 4% bovine serum albumin.
(14C)DEHP was applied in 10 µl acetone (53.2, 228 and 468 µg/cm2). Diffusion cells were
maintained at 37ºC. The amount of (14C) recovered in receptor fluid, on skin disc and in skin
wash after 24 hours was determined. In vitro experiments were also carried out using perfusate
containing an esterase inhibitor, phenylmethylsulfonyl fluoride (174 mg/l). Metabolites were
identified by GC/MS.
Total recovery was between 78-90%. The results are presented in Table 4.23. The authors
comment that for a dose of 53.2 µg/cm2 the in vitro absorption of 47% (receptor fluid + skin
disc) after 24 hours is comparable with the corrected in vivo cumulative excretion (urine +
faeces) of 53% after 7 days (see Ng et al., 1987 1992 under: toxicokinetics; dermal; guinea pig).
To determine the amount of DEHP that may have volatised during the penetration process,
DEHP was applied on a piece of skin that was kept in a petri dish at 33ºC for 7 days. Analysis of
the radioactivity content revealed the 10% of the dosed material was lost. Thus volatilisation is
apparently low and can only in part account for the lose of DEHP from the application site.
DEHP was metabolised to a monoester, MEHP. In the presence of the esterase inhibitor, the dose
that permeated into the receptor fluid decreased from 3.36% in the control to 2.67% in 24 hours.
The proportion of MEHP was also reduced from 2.36 to 1.23% in the inhibitor treated group.
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Table 4.23 Percent radiolabel recovered for DEHP at 24 hr post application. Information are adapted
Dose (µg/cm2)
53.2

53.2*

228

468

Receptor fluid

6.1

5.0

2.4

2.5

Skin disc

41

40

37

36

Receptor fluid + skin disc

47

45

40

39

Skin wash

38

41

50

40

Total recovery

85

86

90

78

0.13

0.11

0.23

0.49

Estimate Per Ab rate (J: µg/cm2/h)#
*
#

Nonviable skin.
Calculated based on % in receptor fluid and 24 hours. Information on the rate of excretion is not detailed in
the study other than for at 24 hours.

The absorption of (14C) DEHP was determined in the perfused porcine skin flap (Wester et al.,
1998). Isolated skin flaps were perfused in a nonrecirculating chamber. 10 cm2 was dosed with
(14C) DEHP (18.5 µg/cm2). After 8 hours, 0.14% was recovered in the perfusate, 14.5% was
recovered in skin strips (taped 12 times), 3.8% in the remaining skin and 71% in skin surface
wash, a total material balance recovery of 94%. Based on the combined amount in the perfusate
and skin strips (14.6%) the percutaneuos absorption rate is 0.34 µg/cm2/hour.

4.1.2.1.4

Other routes

Exposure of humans to DEHP through medical treatment practices such as dialysis, respiration
therapy, blood transfusions, or parenteral nutrition where the source of DEHP is the plastic
materials used in the medical treatment devices or storage bags may also occur. The results
detailing the amounts of DEHP/MEHP that humans are internally exposed to are presented in
Section 4.1.1.2.5. More detailed information on selected studies is presented in this section. In
addition, levels of DEHP found in biological media but with unknown exposure pathways are
detailed.
Humans
Adults
DEHP was found to be extracted from polyvinyl chloride plastic blood bags by both human and
dog blood stored at 4°C at a rate of 0.25 mg/100 ml per day (Jaeger and Rubin, 1972). Seven of
12 lung-tissue samples taken at autopsy from patients who had received transfusions of stored
blood contained detectable amounts of DEHP. One patient, after open-heart surgery, excreted
both free phthalic acid and hydrolysable phthalic-acid-containing metabolites of DEHP in excess
of the amount calculated to have been received in the transfused blood. The authors suggest that
the excess came from the tubing of the by-pass system.
Six adult leukemia patients receiving platelet concentrates containing 18-38 mg/dl of DEHP
(platelets stored for up to 26 hours in vinyl plastic bags) showed peak plasma levels of DEHP
levels from 0.34 to 0.83 mg/dl at termination of the transfusion (Rubin and Schiffer, 1976). The
DEHP concentration in the blood declined with a mean half-life of 28 minutes. Urinary excretion
investigated in two patients showed 60 and 90% excretion of the total administered amount
following 24 hours post transfusion.
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Two cancer patients received larger doses of DEHP (case I: 95 mg in 4 hours., case II: 174 mg in
1.5 hour., respectively) via platelet concentrate infusions (Peck and Albro, 1982). More than
50% of the infused dose appeared as DEHP derivatives in the urine within 6 hours.
Approximately 80% of the urinary metabolites were conjugated to glucuronide. The metabolites
from case II were detected in urine by GC/MS. The metabolites in urine were identified as
MEHP (6.9%), and metabolites II (1.2%), IV (1.5%), V (4.7%), VI (7.7%), VII (8.3%), VIII
(6.1%), IX (23.4%) and X (trace) (cumulative % of dose 24 hours after infusion), numbered
according to Albro et al. (1983).
DEHP was assessed in 11 patients undergoing maintenance haemodialysis for the treatment of
renal failure (Pollack et al., 1985b). On the average, an estimated 105 mg (range 24-360 mg) of
DEHP was extracted from the dialyzer during a single dialysis session. Time-averaged
circulating concentrations of DEHP and MEHP during dialysis were similar (1.91 and
1.33 µg/ml, respectively). Blood concentrations of phthalic acid (5.22 µg/ml) were higher than
those of the esters. The length of the time patients had been receiving regular dialysis treatment
was not determinant of circulating concentrations of DEHP and MEHP, but of the circulating
concentrations of phthalic acid. The presence of significant amounts of MEHP and phthalic acid
in circulation following exposure to DEHP via hemodialysis means that the potential
contribution of the biologically active de-esterified products to the long term toxicological
effects of DEHP must be recognised.
The concentration of DEHP was measured in serum of four chronic haemodialysis patients
(2 males and 2 females, 1-8 years hemodialysis) pre- and post-dialysis (Malik et al., 1993). Predialysis concentrations ranged from 0.01 to 0.25 µg/ml. There was a strong positive correlation
between the post-dialysis concentration (0.40 to 1.01 µg/ml) and the number of years patients
had been on dialysis.
Phthalate monoester metabolites have been determined in urine samples from a reference
population of 289 adult humans in USA (Blount et al., 2000). The urinary samples were
collected during 1988-1994 from adults aged 20-60 years (37.4 ± 10.6 years; mean ± S.D.). The
gender distribution (56% females) was similar across age groups. Racial distribution was
weighted toward minority groups (Caucasian 39%. African American 30%, Mexican American
23%, and other 8%). Randomly selected urine samples from 289 subjects were analysed for
phthalate monoesters. Samples were treated with a β-glucuronidase, lacking lipase and
sulphatase activity, to release phthalate ester from its conjugated form. Chromatographic
separation by HPLC was followed with tandem mass spectrometry using atmospheric pressure
chemical ionisation. Although the exposure source and route are not detailed in this study, it may
be assumed that exposure occurs from the consumer setting and via the environment.
The amount of the DEHP monoester (MEHP) detected was 15.2 µg/g creatine (95th percentile).
Other phthalate monoesters were detected (95th percentile): monoethyl phthalate (2,610 µg/g
creatine); monobenzyl phthalate (91.9 µg/g creatine); monobutyl phthalate (162 µg/g creatine);
monocyclohexyl phthalate (1.0 µg/g creatine); monoisonyl phthalate (6.8 µg/g creatine), and;
monooctyl phthalate (2.1 µg/g creatine). Women of reproductive age (20-40 years) were found to
have significantly higher levels of monobutyl phthalate than other age/gender groups.
Due to the small population size, lack of information on the human exposure profile and, in
general, limited toxicokinetic data in humans, these data are not used for risk characterisation.
Phthalates levels have been determined in the serum of girls with premature breast development
(thelarche) (Colón et al., 2000). Based on the data accumulated from 1984 to 1993, the estimated
annual average incidence rate of premature thelarche in Puerto Rican girls 6-24 months of age is
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8 ceases per 1,000 live female births. Case subjects diagnosed with thelarche were females from
6 months to 8 years of age (mean age 31 months; median 20 months), all samples (41) were
taken from thelarche patients from January 1994 to April 1998. Control subjects were female
from 6 months to 10 years of age (mean age 70 months; median 46). Controls (35) were
undergoing general paediatric care and did not show evidence of premature sexual development
or endocrine diseases. Blood was collected, serum isolated and extracted for organic compounds.
Recovery was > 80% for all compounds. The extracts were analysed by GC/MS. Care was taken
through out the sampling and analysis to determine contamination from trace amounts of
phthalates.
DEHP was detected in 25/41 thelarche subjects (average: 450 ppb) and 5/35 control subjects
(average: 70 ppb): this difference was statistically significant. MEHP was only detected in 3/41
thelarche subjects (average: 3 ppb) but not control subjects. Dibutyl phthalate (average 42 ppb:
13/41), diethyl phthalate (average 3 ppb: 5/41) and benzyl butyl phthalate (average 4 ppb: 2/41)
were detected in thelarche subjects but not controls. The authors do not propose that higher
amounts of serum DEHP cause thelarche, but propose that further research should be conducted
to determine the role of phthalates
The relevance of this study for risk characterisation is at present unclear.
New-born infants
Four newborn infants receiving exchange transfusions were studied (Sjöberg et al., 1985a).
Three of the infants were pre-term, the length of gestations were 31, 25 and 35 weeks, and one of
the infant was full-term (length of gestation was 37 weeks). In three of the infants repeated
exchange transfusions were made. During a single exchange transfusion the amounts of DEHP
and MEHP infused ranged from 0.8-3.3 and 0.05-0.2 mg/kg bw, respectively. There were
indications that about 30% of the infused DEHP originated from parts of the transfusion set other
than the blood bag. Approximately 30% of the infused amount of DEHP was withdrawn during
the course of each transfusion. Immediately after the transfusions the plasma levels of DEHP
ranged between 5.8 and 19.6 µg/ml and subsequently they declined rapidly. This decline,
probably reflecting distribution of DEHP within the body, was followed by a slower elimination
phase. The half-life of the elimination phase was 10 hours. The maximal plasma levels of MEHP
were about 5 µg/ml. In one pre-term infant the elimination of MEHP was slower than its
formation whereas in one full-term newborn the formation appeared to be rate-limiting for the
elimination.
Developed methods for the analysis of conjugated and unconjugated metabolites of DEHP were
applied to the analysis of urine from a newborn infant after an exchange transfusion on day 3
performed due to hyperbilirubinemia (Egestad et al., 1996). During the transfusion 170 ml blood
per kg bw was exchanged. Urine was collected for 8 hours and metabolites were excreted in
amounts which could be analyzed by fast atom bombardment mass spectrometry. The fraction of
metabolites conjugated with glucuronides was dominated by several metabolites from DEHP but
no conjugated MEHP was found. According to the authors, and in comparison with data from
earlier studies in adults there is a somewhat higher capacity for oxidation of MEHP in newborns.
The exposure of six newborn infants to DEHP and its primary metabolite MEHP was studied
during exchange transfusion by measuring their contents in the infused blood (Sjöberg et al.,
1985b). Five of the infants were born at term, and one was pre-term born after 36 weeks of
gestation. Two of the infants received two transfusions with an interval between the first and the
second transfusion of 16 and 23 hours, respsctively. Plasma concentrations of DEHP and MEHP
in the blood withdrawn from the infants during the transfusion were also determined. The
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amounts of DEHP and MEHP infused varied from 1.7 to 4.2 and 0.2 to 0.7 mg/kg bw,
respectively. Immediately after the transfusions, the plasma levels of DEHP in the individual
infants varied between 3.4 and 11.1 µg/ml. MEHP in the corresponding samples varied between
2.4 and 15.1 µg/ml. Judging from the plasma concentrations of DEHP and MEHP during and
after transfusion, there was no gradual accumulation of these substances during the course of
transfusions. In the two infants who underwent a second transfusion, significant levels of
phthalates were found in plasma at 16 and 23 hours, respectively, after the first transfusion.
Plasma concentrations of DEHP in these infants declined at a faster rate than those of MEHP,
thus pointing to the importance of examining the pharmacokinetics of this poptentially toxic
metabolite.
Non-human primates
The disposition of DEHP was studied in marmosets (Rhodes et al., 1983). Groups of three male
marmosets received a single dose of (14C-ring labelled) DEHP (radiochemical purity 97.5%) by
the intravenous (100 mg/kg bw), intraperitoneal (1,000 mg/kg bw) and oral (100 and 2,000
mg/kg bw) routes. Urine and faeces were collected for seven days and the radioactive content
determined. Following intravenous administration approximately 40% of the dose was excreted
in urine and approximately 20% in the faeces (cumulative excretion for 7 days) indicating a 2 to
1 ratio between the urinary and biliary (faecal) routes of excretion in the marmoset. Around 28%
of the dose remained in the lungs 7 days after administration of 14C-DEHP, with minimal levels
in other tissues. A much smaller proportion of the dose was excreted following intraperitoneal
administration (10% in the urine and 4% in the faeces) in a similar 2 to1 ratio. Around 85% of
the dose remained as unabsorbed DEHP in the peritoneal cavity with minimal amounts in the
tissues (0.6%). The results for oral administration are presented above.
The Urinary excretion and metabolites of DEHP were studied in two African Green monkeys
following a bolus infusion with 14C-DEHP (carbonyl-14C-DEHP-enriched plasma containing
96% DEHP and 4% MEHP) (Albro et al., 1981; Peck and Albro, 1982). To closely simulate the
manner in which man is exposed to DEHP when receiving blood products, a 14C-DEHP
impregnated PVC plastic strip was immersed in 20-ml aliquot of plasma and stored for up to
5 months at 4°C. Serial plasma, urine and stool samples were obtained and measured. Urine
metabolites were isolated and identified by GC/MS. Plasma C14 concentration rapidly decreased:
less than 5% by 30 minutes post infusion. C14-MEHP increased rapidly followed by 14C-MEHP
oxidation products. The levels of MEHP was greater than the oxidation products. MEHP is
apparently quite stable since 14C-MEHP in plasma increased to a plateau within 7 minutes and
then then remained at a constant level for more than 30 minutes even though the total 14C-plasma
levels decreaseds in the plasma. The cumulative 14C excretion in urine of three monkeys was
50% and greater than 70% by 4 and 24 hours, respectively. Urine samples from two monkeys
were collected for a 5-hour post-infusion period. Approximately 80% of the urinary metabolites
were excreted in the form of glucuronide conjugates (see Table 4.27). According to the authors
the glucuronide frequency is analogous to what has been reported for human leukemia patients
but in clear contrast to rats where rat urinary metabolites are excreted unconjugated. Seven
metabolites (MEHP, V, VI, VII, VIII, IX, X, XI) were identified (GC/MS) with MEHP (29%)
and metabolite IX (38%) being the major metabolites. The remaining metabolites amounted to
7% or less.
The effects of DEHP on hepatic function and histology were evaluated in the rhesus monkey
undergoing chronic transfusion (Jacobson et al., 1977, see also Section 4.1.2.7.1). These studies
demonstrates that intravenous administration of solubilized DEHP results in detectable
concentrations of DEHP in biopsy material for up to 14 months following transfusion. The initial
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liver biopsies (100-400 mg) of all the exposed animals contained significant amount of DEHP.
Plasma or PRP (platelet-rich-plasma) stored at 22°C yielded higher levels of DEHP in the livers
of the transfused animals than plasma or PRP stored at 4°C. The 5 month follow up samples
contained concentrations similar to that initially measured. Since the post-transfusion samples
were in the lower range of sensitivity one of the animals were killed 14 month post-transfusion
and the level of DEHP in different organs was analysed. Significant levels were found in the
liver (0.7%), testis (0.4%), heart (0.8%) and fat (2.0%). The residual organ level excluding fat
was less than 1% of the dose administered. One animal had tuberculosis and was killed 5 month
post-transfusion. In this animal significant levels were found in the spleen (10%), lung (15%), fat
(20%) and liver (1.7%). Based on organ weight (excluding fat) and DEHP content, the residual
DEHP was 5 percent of the dose administered, according to the authors.
To correct the dermal absorption for the fraction of dose excreted by other routes (e.g. faeces) or
retained in the body, Rhesus monkeys (used as human surrogate) were given an intravenous
dose of DEHP (Wester et al, 1998) (see section on Dermal exposure above). 7 days after i.v.
administration of (14C)DEHP (1.1 µCi in 0.5 ml propylene glycol) to 4 female Rhesus monkeys
the cumulative recovery of (14C)-label in urine was 61% (1.67:1 ratio) indicating that either
bilary excretion and/or retention had occurred.
Rats
The disposition kinetics of DEHP was studied in male Sprague-Dawley rats following single or
multiple administration of DEHP by various routes (intra-arterial: 100 mg/kg bw; intraperitoneal:
4,000 mg/kg bw; peroral: 2,000 mg/kg bw) (Pollack et al., 1985a, the study is described in
section oral, rats).
The disposition of DEHP and four of its metabolites was studied in Sprague-Dawley rats
(40-days-old, 8 in each group) given single infusions of a DEHP emulsion in doses of 5, 50 or
500 mg DEHP/kg bw (Sjöberg et al., 1985d). Plasma concentrations of DEHP, MEHP and
metabolites V, VI and IX were followed for 24 hours after the start of infusion. The kinetics of
the primary metabolite MEHP was studied separately. The concentrations of DEHP in plasma
were at all times higher than those of MEHP which were much higher than the concentrations of
the other metabolites investigated. In animals given 500 mg/kg bw the area under the plasma
concentration-time curves (AUCs) of the other investigated metabolites were at most 15% of that
of MEHP. Parallell decreases in the plasma concentrations of DEHP, MEHP and metabolites V,
VI and IX indicated that the elimination of DEHP was the rate limiting step in the disposition of
the metabolites. This was partly supported by the observation that the clearance of MEHP was
higher than that of DEHP. Nonlinear increases in the AUCs of DEHP and MEHP indicated
saturation in the formation as well as the elimination of MEHP.
Transplacental transfer of DEHP has been observed following intraperitoneal administration of
(carboxy-14C) DEHP on gestational day 5 or 10 in SD rats (Singh et al., 1975). The dams were
killed at 24 hours interval starting on days 8 and 11 until day 20 of gestation. Radioactivity was
detected in foetal tissues, amniotic fluid and placenta at all time points. The radioactivity peaked
at 48 hours and declined rapidly thereafter. The concentration was less than that of maternal
blood and less than 1% of the administered dose.
Mice
The distribution of (carbonyl-14C)DEHP was studied in male CD-1 mice following intravenous
injection by tail vein of 1 ml DEHP-enriched plasma (2,293 µg/ml) (Waddell et al., 1977). After
1, 3, 9, 24, and 168 hours, the mice were killed and subjected to whole-body autoradiography.
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The radioactivity was rapidly accumulated in the kidney and liver, with with high concentrations
in urine, bile, and intestinal contents. There was no evidence of retention in any tissues in the
body. From the amount of radioactivity seen in the sequence of time intervals, it seems clear that
the material is rapidly and completely eliminated by the kidney and the liver. The secretion by
the liver, via the bile into the intestine appears to be the major route. No enterohepatic circulation
of DEHP was indicated since there was a persistently high concentration in the intestinal lumen.

4.1.2.1.5

In vitro studies

The enzymatic hydrolysis of DEHP by different lipases was studied in tissues from the SpragueDawley rat (CD-strain), guinea pig, hamster and mice (Albro and Thomas, 1973). DEHP was
hydrolysed to MEHP by lipases from a variety of rat tissues with pancreas, liver, and intestinal
mucosa containing the bulk of the DEHP hydrolase activity. There was no difference in DEHP
hydrolase activity in terms of units per mg of protein between intestinal homogenates from
young adult (200g) and old (450g) rats, but there was higher activity from male than from female
rats (1.7 and 0.45 units/g protein, respectively), and from fed than from fasted rats (1.7 and 0.74
units/g protein, respectively). Variation among species was not extreme, although different
mouse strains showed considerable differences (e.g. 1.2 and 4.0 units/g protein for CD-1 and
C57B1/6f, respectively). Out of 15 tissue preparations, only the liver alkaline lipase preparation
was able to further hydrolyse MEHP to phthalic acid, at a rate of 2% at which it hydrolysed
DEHP.
The activities of liver, lung and kidney of rats of various age group and that of placenta in
hydrolyzing di(2-ethylhexyl) phthalate to mono(2-ethylhexyl) phthalate have been measured
(Gollamudi et al., 1985). Male and female Sprague-Dawley rats of 45 days of age, neonatal rats
within 12 hours of parturition, and fetuses and placenta on day 19 of gestation were used. The
liver was most active in all age groups; however, the lung and the kidney also had considarable
activity. The tissues of the fetuses and the neonate had significant activity. The Km values of the
enzyme were 4, 1.25 and 5.9 mM, respectively, in the neonatal, adult and old livers (Gollamudi
et al., 1983).
The absorption of DEHP and MEHP was studied using an everted gut-sac preparation form the
male Sprague-Dawley (300-400 g) rat small intestine (White et al., 1980). MEHP was
significantly less lipophillic than DEHP, and was absorbed by the everted gut sac in a
significantly greater quantity than DEHP. Esterases within the mucosal epithelium hydrolysed
DEHP quantitatively to MEHP.
Lake et al. (1977) studied the hydrolysis of DEHP in hepatic and intestinal preparations from
various species. Hepatic postmitochondrial supernatant preparations from Sprague-Dawley rat,
olive baboon, and albino ferret were able to hydrolyse DEHP to MEHP as well as were intestinal
mucosal cell preparations from rat, baboon, ferret, and man. According to the authors, these
results show a species similarity in the metabolism of DEHP between man, a rodent, a
nonrodent, and a nonhuman primate species. Furthermore, the results suggest that orally ingested
DEHP would most probably be absorbed from the gut of the rat, baboon, ferret, and man
primarily as the corresponding monoester.
Gray et al. (1982) studied the hydrolysis of DEHP in intestinal preparations from young
Sprague-Dawley rats (28-42 days) and Dunkin-Hartely hamsters. During a 16-h incubation,
DEHP was hydrolysed to MEHP which was significanly different between rats (18.9 ± 2.1%)
and hamsters (4.1 ± 1.0%).
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The hydrolysis of DEHP was studied in hepatic post-mitochondrial supernatant fractions and in
intestinal mucosal cell whole homogenates obtained from untreated Sprague-Dawley rats and
Syrian hamsters (Lake et al., 1984b). Rat hepatic DEHP hydrolase activity was more than twice
as active as the enzyme present in hamster liver. Rat intestinal DEHP hydrolase activity was
thrice as active as the hamster intestinal activity. According to the authors, these differences may
explain the different hepatic response of rats and hamsters to DEHP.
Two groups of 6 Sprague-Dawley rats which were 25 days old and two groups of 6 SpragueDawley rats which were 60 days old were used to study in vitro metabolism (Sjöberg et al.,
1985c). One group of each age were pre-treated with DEHP (gavage, 1,000 mg/kg bw for
14 days) and the other group of each age were pre-treated with phenobarbital (intraperitoneal
injection, 100 mg/kg bw for 3 days). After the animals were killed liver microsomes were
prepared and concentrations of mono-(2-ethyl-5-hydroxyhexyl) phthalate was determined. The
conversion of MEHP to mono-(2-ethyl-5-hydroxyhexyl) phthalate in liver microsomes from
untreated 25- and 60-day-old rats were 0.37 ± 0.07 and 0.39 ± 0.08 nmol/mg protein/min,
respectively. The rate of (ω-1) hydroxylation in liver microsomes from rats pretreated with
DEHP was 0.33 ± 0.05 nmol/mg protein/min. Liver microsomes pretreated with phenobarbital
showed a two fold increase in the conversion rate 0.73 ± 0.15 nmol/mg protein/min.
In another experiment the protein binding of MEHP in plasma from 25, 40 and 60-day old
Sprague-Dawley rats at 25 µg/ml was determined using the equilibrium dialysis techqnique
(Sjöberg et al., 1985c). The binding of MEHP to plasma proteins was 97.6 ± 1.5, 98.0 ± 0.2 and
97.5 ± 0.4% in the 25, 40 and 60-day age group, respectively. The plasma protein binding was
constant in the concentration interval 5-150 µg/ml.
The hydrolysis rates of DEHP were measured in suspensions of contents of the Wistar rat
stomach, small intestine or caecum (Rowland et al., 1977). After 16 hours, 1.0% of DEHP was
hydrolysed by stomach, 22.1% by small intestine, and 6.9% by caecum contents. The hydrolysis
product was identified as MEHP.
In studies reported by Lhuguenot et al. (1985), the metabolism of MEHP was studied in isolated
and cultured rat (Wistar derived) hepatocytes. At concentrations of 50 or 500 µM (14C) MEHP
(position of label not stated, highest available purity), the substance was extensively metabolised.
No water-soluble conjugates were detected. At the low concentration, recoveries of radioactivity
of 71-79% were obtained. The amount of unchanged MEHP remaining in the medium increased
slightly from day 1 to day 3. Metabolites I and V are final products of MEHP metabolism, no
further metabolism was detected in this study. Metabolite X was transformed to metabolite V,
which was further transformed to metabolite I, and metabolite IX was transformed to metabolite
VI. A small increase in metabolite I and a decrease in metabolite VI were seen from day 1 to day
3. At the high concentration, recoveries of radioactivity ranged from 74 to 83%. The amount of
unchanged MEHP decreased from 149 µM after 1 day to 93 µM after 3 days. A fivefold increase
in metabolite I and a smaller increase in metabolite V along with time-dependent decreases in
metabolites VI and IX were observed.
Accumulation of DEHP and MEHP in blood and blood components was studied during storing
of whole blood, platelet-rich plasma and platelet-poor-plasma from 72 hours to 4 weeks (Rock et
al., 1978). Both phthalates showed a progressive increase in concentration over time. While the
levels of DEHP were much greater than those of MEHP, there was nonetheless a significant and
continual increase in MEHP in all preparations. The highest concentrations of both DEHP and
MEHP was found in platelet-poor-plasma, indicating that platelets do not have a major role in
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the accumulation of phthalates in blood. The accumulation of MEHP was shown to be direct
result of the metabolism of DEHP by plasma protein(s) rather than leaching from the blood bag.

4.1.2.1.6

Summary and Discussion

There are a limited number of studies on the toxicokinetic behaviour of DEHP in man. These
reports concern exposure by the oral, intravenous and inhalatory routes, however, they contain
limited information. A single study performed by the dermal route is not considered reliable.
Toxicokinetic studies in animals have been performed by the oral, inhalatory, dermal and
parenteral routes. The majority of these studies have, however, been performed by the oral route
and in three different strains of rat. Several studies with non-human primates, including old
world- and new world apes, and mice have been conducted. In addition, there are several studies
including other species. By the parenteral routes has been most studied in non-human primates,
but there are few studies by the dermal and inhalation routes. In addition, in vitro studies have
also contributed to the understanding of the toxicokinetics.
The majority of the toxicokinetic studies as a whole are mainly research orientated and published
in the open litreature.. Dose levels greatly varied between studies. The quality and relevance of
these studies is variable and it was necessary to examine the database as a whole to derive
conclusions.
Oral exposure
Numerous studies on the toxicokinetics following oral administration of DEHP have been
performed in experimental animals, especially rats, whereas only a few studies with humans are
available.
Absorption
The rate and extent of intestinal absorption of DEHP have been estimated indirectly by
measuring urinary excretion of 14C-DEHP-derived radioactivity as a function of time compared
with the administered dose. There are, however, only a few reports that study 14C levels in blood.
Taken together these reports indicate that DEHP, probably as MEHP, is rapidly absorbed from
the gastrointestinal (GI) tract following oral administration. Oral exposure to less than massive
amounts of DEHP does not result in exposure of internal organs to intact DEHP since hydrolysis
is very rapid in gut. In Fischer rats, as the dose increased, a threshold was reached, at about 450
mg/kg bw, above which there was a steady increase in the amount of unhydrolysed DEHP
reaching the liver (Albro et al., 1982a). In contrast, an absorption threshold could not be
determined in C3B6F1 mice for doses up to 1,000 mg/kg bw. There are no data available
concerning a possible absorption threshold in humans.
The extent of absorption in rats, non-human primates and humans is around 50% for doses up to
about 200 mg/kg bw (see Table 4.24). At higher doses it appears that absorption in non-human
primates is dose-limited in contrast to rodents (Rhodes et al., 1983). To determine the extent of
uptake based on the amount recovered in the urine, excretion via other pathways (e.g. faeces,
bile), enterohepatic reabsorption, and body retention have to be considered. In non-human
primates, an i.v. correction factor of around 1:2 (50% bioavailability) for peroral exposure is
considered valid (Rhodes et al., 1983). For rats an i.v. correction factor has not been determined
but biliary excretion is low (ca.11%), and the subsequent amount that can be reabsorbed is not
known. Hence, it is assumed that GI-tract absorption in rats may also bearound 50%. It is
however, difficult to estimate the bioavailability in mice, since biliary excretion is probably high
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and the extent of reabsorption is not known. Although there are only two studies by the oral
route in humans it seems reasonable, based on the i.v. correction factor for non-human primates
and compared with the absorption in animals that human uptake will also be around 50%. In
conclusion, an oral bioavailability of 50% in rats, non-human primates and humans is considered
valid if data on massive dose levels in non-human primates is excluded.
Observations suggest that the extent of absorption, and hence total systemic exposure to MEHP
and its metabolites, is higher in young rats than in old when DEHP is administered by gavage
(Sjöberg et al, 1985c). The reported relatively higher proportion of intestinal tissue in relation to
body weight (Younoszai and Ranshaw, 1974, 1973), and the relatively higher blood flow
through the gastro-intestinal tract (Varga and Csaky, 1976) may be factors causing an increased
absorption in young animals. Other factors involved in an age-related difference in absorption,
such as small instestinal propulsion motility and gastric emptying time have not varied between
20-day old rats and mature rats (Varga 1976, 1975). Furthermore, reports on the influence of age
on intestinal esterase (Holmes and Masters, 1967) and pancreatic lipase activities (Larose and
Morisset, 1977) indicate that the hydrolysis of DEHP is not higher in 25-day-old than in mature
rats. Apart from kinetic differences, variation in tissue sensitivity may be involved in the agerelated response.
Distribution
Distribution studies have mostly measured the distribution of radioactivity from (14C) DEHP in
tissues of laboratory animals. In most cases only total radioactivity has been measured with no
distinction between DEHP and its metabolites, so little is known about tissue distribution of
DEHP and its metabolites.
The studies available indicate that the radioactivity from (14C) DEHP is widely distributed in the
tissues without evidence of accumulation in the tissues of rat (Pollack et al., 1985a and Daniel
and Bratt, 1974). A comparative study in rats and marmosets showed similar distribution patterns
of 14C in the two species after oral administration, even though rats had higher tissue levels than
marmosets (Shell, 1982 and Rhodes et al., 1986). Thus, the difference in distribution between
species is quantitative rather than qualitative. Clearance of unlabelled DEHP from renal fat,
muscle, heart and lungs in pigs, and from muscle, skin adipose tissue and liver in broiler hens
was apparently low; however, a limited number of animals were used in these studies (Jarosová
et al., 1999).
Following single oral absorption, the radioactivity in mice was widely distributed in organs and
tissues without evidence of tissue storage (Gaunt and Butterworth, 1982). The amount of
radioactivity in the brain was low, especially in 10- and 20 days-old mice, and retention of
radioactivity in the brain was minimal (Eriksson and Darnerud, 1985). The amount of
radioactivity in the liver was about 10 times that in the brain. After 24 hours the amount of
radioactivity found in the livers ranged from about 27 to 2% in the order 3-, 10- and 20-day old
mice, showing significant decreases in all ages after 7 days.
In one study DEHP was detected in the livers of pups from mothers given DEHP through the
lactation period, indicating that DEHP can be transferred through the milk (Parmar et al., 1985).
This was supported by another study where DEHP and MEHP were secreted into the milk of
lactating rats (Dostal et al., 1987a).
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Species

Dose, mg/kg bw/day

Recovery

/strain

(duration)

Urine (%)

Faeces (%)

Rat:

100 (single)

51

43

Sprague-Dawley rat

1000 (single)

ND

53

100 (single)

30

61

ND

10 (single)

54

43

ND

approximately 50% General Motors 1982ab

50 (ca. 28 days)

37.5

53

ND

approximately 40% Ikeda et al, 1980

2.9 (single)

42

57

ND

approximately 50% Daniel and Bratt, 1974

50 (3 days)

50

ND

ND

approximately 50% Lhuguenot et al., 1985

500 (3 days)

60

ND

85 (single, 7 or 21days)

53

37

ND

550 (single, 7 or 21days)

64

28

ND

1000 (single, 7 or 21days)

68

25

ND

>50%

Monkeys

100 (single)

28

49

50%

42%

Cynomolgus

100 (21days)

20 and 55

49 and 39

50%

approximately 50% Short etal, 1987; Monsanto, 1988

500 (21days)

4 and 13

69 and 56

50%

approximately 6%

100 (single)

20-40

25

50%

approximately 45% ICI 1982a; Shell 1982; Rhodes 1983, 1986

2,000 (single)

4

84

50%

6%

2,000 (14 days)

0.9 (M) and 1.3 (F)

59 (M) and 72 (F)

50%

approximately 2%

30 mg (single)

15

ND

50%2

37.5%

Schmid and Schlatter, 1985

37.5%

Schmid and Schlatter, 1985

Wistar

Fischer 344

Marmoset

Human
Volunteers

Oral

Reference

Bioavailability1
ND

approximately 50% Lake et al., 1984b

30%

Eastman Kodak Co., 1983; 1984a

approximately 50%
approximately 50% CMA, 1982a; Lington et al., 1987; Short et al.,
1987; Astill et al., 1986
>50%

CMA, 1982b. 1983, 1984a; Short 1987; Astil 1986

Rhodes 1983

10 mg/d (4 days)

25

ND

50%2

213 mg (single)

31

ND

50%2

46.5%

Bronsch, 1987

70 mg/d (3 days)

27

ND

50%2

40.5%

Bronsch, 1987

Corrected for i.v. correction factor in non-human primates and humans
Based on monkey studies
Not Determined
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1)
2)
ND)

i.v. correcetion

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

320

Table 4.24 Data used to estimate the oral bioavailability for different species and strains

CHAPTER 4. HUMAN HEALTH

Available data indiacte that DEHP can cross the placental barrier since DEHP was detected in rat
foetal livers after feeding DEHP to the dams during gestation (Srivastava et al., 1989 and Singh
et al., 1975) and radioactivity was detected in the embryo after given (14C)DEHP to pregnant
mice (Lindgren et al, 1982). A high concentration was also seen in the uterine fluid. Except for
the gut and the neuroepithelium, uptake in the embryo was low. At late gestation, a very high
accumulation was seen in the yolk sac after oral administration of either
(2-ethylhexyl-1-14C) DEHP or (carbonyl-14C) DEHP. The distribution in the fetuses was very
similar after administration of the two 14C-labelled DEHP compounds.
Metabolism
The first step in the metabolism of DEHP is hydrolysis to MEHP and 2-ethylhexanol (see
Figure 4.1). Oral exposure to less than massive amounts (below 200 mg/kg bw) of DEHP does
not result in exposure of internal organs to intact DEHP since DEHP is rapidly hydrolysed in the
intestines. The enzymes responsible for the hydrolysis of DEHP to MEHP in vitro, the lipases,
are found in all tissues surveyed (intestinal mucosa, liver, kidney, lungs, skin, pancreas and
adipose tissues) but especially in the pancreas, indicating that most of DEHP metabolism occurs
in the lumen of the small intestine (Albro and Thomas, 1973; Daniel and Bratt, 1974). Lake et al.
(1977) concluded that the hydrolysis of phthalates is qualitatively similar between the rat, the
ferret, the baboon and humans, though it may differ somewhat quantitatively. Data from Albro
and Thomas (1973) indicate that the lipase activity is highest in the intestines of the mouse
followed by the rat, guinea pig and hamster. In addition the DEHP lipase acivity was higher in
males than in females, and higher in fed animals than in fasted. De-esterfication of DEHP
absorbed from the GI-tract occurs in the liver and blood by lipases (Albro and Thomas., 1973).

MEHP is not hydrolysed to phthalic acid by the enzyme hydrolyzing DEHP. Only one tissue
preparation out of 15 was able to hydrolyse MEHP to phthalic acid at 2% of the rate at which it
hydrolysed DEHP (Albro and Thomas, 1973). Instead MEHP is further metabolised in vivo in
the liver by oxidation (Albro et al., 1984). The oxidative metabolism of MEHP begins with
hydroxylation of the ethylhexyl side chain at five different positions resulting in the formation of
primary (ω-oxidation) and secondary ((ω-1)- and (ω-2)-oxidation) alcohols. These alcohols are
then oxidised to diacids (ω-oxidation) or diketoacids ((ω-1)-oxidation), respectively. The diacids
are apparently subject to α- or β-oxidation at the ethyl- or hexylchain, respectively, in
mitochondria and peroxisomes to yield shorter diacids. This process does not extend beyond the
branch point in the ethylhexyl-chain. It has been reported that all of the metabolites in urine of
(14C)DEHP are also found in urine of rats given
Figure 4.1 The first step in the metabolism of di-(2-ethylhexyl)phthalate DEHP is hydrolysis by lipases to mono-(2-ethylhexyl)phthalate
(MEHP) and 2-ethylhexanol (2-EH)
CH2-CH3
-CO-O-CH2-CH-(CH2)3-CH3

-COOH

+
-CO-O-CH2-CH-(CH2)3-CH3

DEHP

CH2-CH3

- CO-O-CH2-CH-(CH2)3-CH3

MEHP

CH2-CH3

HO- CH2-CH-(CH2) 3-CH3

2-EH

CH2-CH3
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Table 4.25 Structure of DEHP metabolites, adopted from Albro et al., (1983).
HOOC-C6H6-COOCH2-CH-R’
│
R’’
Metabolite

R’

R’’

I

2-ethyl-3-carboxypropyl phthalate

-CH2COOH

-CH2CH3

II

2-carboxyhexyl phthalate

-[CH2]3CH3

-COOH

III

2-ethyl-4-carboxybutyl phthalate

-[CH2]2COOH

-CH2CH3

IV

2-carboxymethylhexyl phthalate

-[CH2]3CH3

-CH2COOH

V

2-ethyl-5-carboxypentyl phthalate

-[CH2]3COOH

-CH2CH3

VI

2-ethyl-5-oxyhexyl phthalate

-[CH2]2-CO-CH3

-CH2CH3

VII

2-(2-hydroxyethyl)hexyl phthalate

-[CH2]3CH3

-CH2CH2OH

VIII

2-ethyl-4-hydroxyhexyl phthalate

-CH2-CHOH-CH2CH3

-CH2CH3

IX

2-ethyl-5-hydroxyhexyl phthalate

-[CH2]2]-CHOH-CH3

-CH2CH3

X

2-ethyl-6-hydroxyhexyl phthalate

-[CH2]3CH2OH

-CH2CH3

XI

2-ethyl-pentyl phthalate

-[CH2]3CH3

-CH2CH3

XII

2-ethyl-4-oxyhexyl phthalate

-CH2-CO-CH2CH3

-CH2CH3

XIV

2-carboxymethyl-4-oxyhexyl phthalate

-CH2-CO-CH2CH3

-CH2COOH

XV

2-ethyl-4-oxy-6-carboxyhexyl phthalate

-CH2-CO-CH2COOH

-CH2CH3

XVI

2-ethyl-4-hydroxy-6-carboxyhexyl phthalate

-CH2-CHOH-CH2COOH

-CH2CH3

XVII

2-(1-hydroxyethyl)hexyl phthalate

-[CH2]3CH3

-CHOH-CH3

XVIII

2-carboxymethyl-4-hydroxyhexyl phthalate

-CH2-CHOH-CH2CH3

-CH2COOH

XIX

2-(1-hydroxyethyl)-5-hydroxyhexyl phthalate

-[CH2]2-CHOH-CH3

-CHOH-CH3

XX

2-ethyl-4,6-dihydroxyhexyl phthalate

-CH2-CHOH-CH2CH2OH

-CH2CH3

XXI

2-carboxymethyl-5-hydroxyhexyl phthalate

-[CH2]2-CHOH-CH3

-CH2COOH

XXV

2-carboxymethyl-5-oxyhexyl phthalate

-[CH2]2-CO-CH3

-CH2COOH

XXVI

2-(1-oxyethyl)hexyl phthalate

-[CH2]3CH3

-CO-CH3
14

(14C)MEHP) (Albro et al., 1983), and at least 98% of the C present in urine of rats given
carbonyl-14C labelled DEHP either orally or i.v. has been accounted for in the form of some
20 metabolites (see Table 4.25), none of which retained both ester functions. Figure 4.2
illustrates the most important pathways to which MEHP is subjected, and the resulting
metabolites named according to the widely accepted nomenclature of Albro et al., (1983). Only
the side chain is shown since there appears to be no alteration of the aromatic ring in mammals
(Albro et al., 1983).
In Table 4.26 an attempt is made to illustrate the distribution of metabolites in urine in different
species after exposure to DEHP. MEHP is a relatively major component in urine of monkeys,
guinea pigs and mice but was mostly not detected in rat urine. However, in plasma MEHP is
present in all species tested. The plasma concentrations and mean AUC’s for each of the MEHPderived metabolites were considerably lower than those of MEHP both after single and after
repeated administration, and the maximal plasma concentrations and mean AUC’s did not differ
significantly between animals given single or repeated doses of DEHP (Sjöberg et al., 1986a,b).
MEHP is apparently quite stable since 14C-MEHP in plasma increased to a plateau within a few
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minutes and then remained at a constant level for more than 30 minutes even though the total
14
C-plasma levels decreased (Albro et al., 1981 and Peck and Albro, 1982).
Figure 4.2 Metabolites from DEHP and MEHP excreted into the urine. Only the ethylhexyl chain of MEHP and its metabolic alterations
are shown. Metabolite identified by asterix (*) has not been detected

1

O C H2

2

CH

3

C H2

4

5

C H2 C H2

6

C H3

C H2 C H3
7

8
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7 -O H

X V II
X X V I*

7 -k e to
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ω -o x id a tio n
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5 -O H
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5 -k e to

V II

X

8 -O H

6 -O H
V III
4 -O H

β -o x
X II

4 -k e to

IV

V
6 -C O O H

I
4 -C O O H
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α -o x
III

III
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Oxidative metabolism of MEHP plays a dominant role in the rat after oral administration, with
approximately 75% of urinary metabolites consisting of dicarboxylic acids derived by
ω-oxidation of the ethylhexyl chain, whereas after i.v. administration there seem to be a more
even distribution between ω- and (ω-1)-oxidation (see Table 4.26). The predominant metabolites
in non-human primates are MEHP and metabolite IX (a secondary alcohol) derived by
(ω-1)-oxidation. MEHP was converted to metabolite V in the monkey but, in contrast to the rat
and mice, further oxidation to metabolite I was negligible. Metabolite I was a major component
in both rat and mouse urine, while metabolite V was a major component in rat urine but a
negligible component in mouse urine. Thus, it appears that ß-oxidative metabolism of DEHP is a
major pathway in rodents but not in primates. With regard to DEHP metabolism the mouse is
somewhere in between rats and non-human primates. ß-oxidative metabolism of DEHP is a
major pathway in rodents but not in non-human primates, whereas high levels of MEHP and
metabolites from (ω-1)-oxidation are major metabolites in urine from non-human primates and
mice, but not from rats. The limited human data indicate that human DEHP metabolism
resembles that of other primates and mice (except for the presence of metabolite I and phthalic
acid in the mice). The similarity with the mice is supported by high levels of phthalic acid
observed in urine from patients undergoing maintenance hemodialysis for the treatment of renal
failure (Pollack et al., 1985b). However, it is not possible to draw any conclusions about the
relevance for the general population since this observation might be related to renal
insufficiency. In addition, phthalic acid was a main metabolite in urine from Cynomolgus
monkeys orally exposed to DEHP (Short et al., 1987 and Monsanto, 1988).
Enzyme induction was indicated after repeated doses in rats at high doses (i.e. increase in the
urinary excretion of ω-/β-oxidation products and decrease in (ω-1)-oxidation products), but little
or no alteration was observed in urinary metabolite profile after exposure to low doses
(Lhuguenot et al., 1985).
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Table 4.26 Example of distribution of metabolites in urine after administration of DEHP*
Single

Oral

Single

i.v.

Rat
180 mg/kg

Mouse
360 mg/kg

Guinea pig
180 mg/kg

Hamster
20 mg/kg

Green
Monkey

Man

DEHP

-

0.5(0)

-

0.3(0)

2.2

-

MEHP

-

18.6(79)

71.2(74)

4.5(39)

1.9

28.9(90)

18.3

PA

-

12.4(29)

5.4(55)

9.5(14)

1.84

Trace

0.1

ω hexyl

X

0.6

2.2(63)

1.3(72)

1.9

0.23

0.7(94)

0.1

ω hexyl

V

51.3

1.1

6.9

14.0

24

4.2(0)

5.3

ω hexyl, β

I

17.2

16.8

2.4

13.0

5.1

Trace

-

ω hexyl, α

III

1.2

0.4(45)

0.5(16)

0.3(20)

0.9

-

-

ω ethyl

VII

2.6

7.2(77)

0.8(23)

4.9

3.9

7.0(72)

11.9

ω ethyl

IV

3.3

0.8

0.4

0.4

4.0

-

1.2

ω ethyl, α

II

2.0

1.0

0.4

0.1

0.9

-

1.8

(ω-1)hexyl

IX

13.3

12.3(70)

3.4(50)

32.7(11)

18

38.2(85)

36.2

(ω-1)hexyl

VI

2.6

14.9(81)

1.1(0)

10.2(6)

18

5.9(62)

12.1

(ω-2)hexyl

VIII

-

-

-

-

0.35

5.7(74)

8.1

1.8

11.5

6.2

6.1

7.6

4.9

Oxidation

Metabolite

Other
*

Rat

Adapted from Albro et al., 1981; 1982a; 1982b; 1983; Peck and Albro, 1982. Data are based on 14C-distribution and
expressed as percentages of total metabolites. Urine was hydrolysed with β-glucuronidase for the data. Numbers in
brackets are the percentage of the metabolite in the form of glucuronide ester conjugate (Albro et al., 1981; 1982b).
It should be noted that urine was collected from several sources after single oral (rat, mice, hamster, and guinea pig)
or single i.v. (Sprague-Dawley rat, African Green monkey and human leukemia patients) administration.

According to Egestad et al. (1996), and in comparison with data from earlier studies in adults,
there is a somewhat higher capacity for oxidation of MEHP in newborns. In addition, metabolite
VIII ((ω-2)-oxidation) was found to be more abundant than metabolite VII (ω-oxidation) in urine
from old rats (Albro et al, 1983). Metabolite VIII had before that only been observed in urine
from primates. Whereas younger rats given (7-14C)DEHP excrete 40-50% of the radioactivity in
the urine in 24 hours (Albro et al., 1973), these old rats excrete only 10-15% in that time interval,
suggesting that the relative accumulation of minor metabolites may depend upon the efficiency
of elimination.
The metabolites of DEHP can be conjugated before excretion. Glucuronidation is the major
conjugation pathway for the metabolites of DEHP in the investigated species (see Table 4.27).
In addition, approximately 3% of the administered dose in mice were found in the urine as
ß-glucose conjugate (Egestad et al., 1996). The ß-glucose conjugate was not observed in the
guinea pigs. Species differences have also been observed for glucuronides since conjugates of
glucuronic acid were absent in rats, low (15% of excreted metabolites were glucuronides) in
hamsters, moderate (60-65%) in mice and guinea pigs. In primates, including humans, about
80% of the metabolites were glucuronides after intravenous administration (Albro et al., 1982).
Following oral adminstration about 65% of the metabolites were glucuronides in two volunteers
(Schmid and Schlatter, 1985), whereas in another study 99% were glucuronide conjugates
(Bronch, 1987). When urine from 5 workers occupationally exposed to DEHP by inhalation was
analysed (Dirven et al., 1993b) metabolites IX and VI were almost completely conjugated in all
five persons (IX: 88-100% conjugated; VI: 80-95% conjugated) while 32-45% of metabolite V
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was present in conjugated form. For MEHP, a large inter-individual variation was found with
77% and 100% present in free form in two persons but only 20, 30 and 38% in the other three
persons. In urine from an infant exposed to DEHP by exchange transfusion the fraction of
metabolites conjugated with glucuronides was dominated by several metabolites from DEHP but
no conjugated MEHP was found (Egestad et al., 1996). From available data (Dirven et al, 1983b;
Albro et al., 1981; 1982b) it is obvious that conjugation to glucuronic acid occurs both for
MEHP and for metabolites oxidised by ω-, (ω-1)-, and (ω-2)-oxidation (see also Table 4.26). In
addition, the data produced by Dirven et al. (1983b) indicate that there are substantial inter
individual differences in the glucuronidation of some metabolites of DEHP, and of MEHP in
particular. One possible explanation to this might be a polymorph distribution of ß-glucuronidase
within the population.
Table 4.27 Forms of excretion products in urine from different species, expressed as
percentage of total excretion products*

Species

Route

Free

Conjugated

Rat, three strains

oral

100

0

Albro et al., 1982a

Hamster

oral

85

15

Albro et al., 1982a

Mouse, CD

oral

36

64

Albro et al., 1982a

Guinea pig

oral

35

65

Albro et al., 1982a

Man

oral

35

65

Schmid and Schlatter, 1985

i.v.

20

80

Albro et al., 1982a

Man

i.v.

20

80

Albro et al., 1982a

Man¤$

oral

1

99

Bronch, 1987

Green

*

monkey¤

Reference

Urine was hydrolyzed with β-glucuronidase for the data. (Albro et al., 1981; 1982a; Peck
and Albro, 1982; Bronch, 1987; Schmid and Schlatter, 1985 ). It should be noted that urine
was collected from several sources after single oral (rat 180, mice 360, hamster 20 and
guinea pig 180 mg/kg bw) or single i.v. (African Green monkey and human leukemia
patients) administration.

Glucuronide conjugates are substrates to β-glucuronidase that is present in the lyzosomes of
some mammalian tissues and in the intestinal microflora. This enzyme can release the aglycone,
which can be reabsorbed and enter the enterohepatic recirculation. Compounds involved in this
cycle tend to have a longer lifetime in the body and may undergo more extensive
biotransformation before being excreted. Following intravenous administration of
3.5 mg/kg (14C) MEHP to Sprague-Dawley rats up to 52% of the radioactivity entered the
intestine from the bile, but only 8% of the dose was excreted in faeces (Chu et al., 1978). This
would indicate that resorption of radioactivity took place in the intestine of rats. The rise in the
radioactivity in the blood observed after the rapid decrease could be attributed to the
reabsorption of biliary secreted material (Chu et al., 1978). A secondary rise in blood DEHP
concentration was also observed in another study on Sprague-Dawley rats after oral,
intraperitoneal or i.v. dosing (Pollack et al., 1985). Apparently MEHP or its metabolites is
reabsorbed in the intestine of rats. Data on the fraction of DEHP and its metabolites present in
the bile is not available. Unfortunately, there is no data available about enterohepatic circulation
of DEHP from other species than the rat. In mice a persistently high concentration in the
intestinal lumen was observed which might indicate that no enterohepatic circulation occurred
(Waddell et al., 1977).
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In addition, to the 20 known metabolites of DEHP, derived from MEHP and retaining in the
o-phthalate moiety, at least 7 metabolites produced by rats from 2-ethylhexanol have been
identified (Albro et al., 1975). The carbon chain of 2-ethylhexanol is ultimately capable of being
metabolized in the liver to CO2 and acetate through oxidative pathways (ω- and (ω-1)- oxidation
with subsequent β-oxidation) (Albro 1975; Albro et al., 1982b). About 6-7% of orally
administered 2-ethylhexanol was exhaled by rats, while about 10 and 80% was excreted in faeces
and urine, respectively (Albro, 1975). Following oral administration of a single dose of
100 mg DEHP/kg bw rats expired 4% of the radioactivity as 14CO2, 30% of the dose was
excreted in the urine, and 62% was excreted in the faeces (Eastman Kodak Co., 1983), and
around 28% of the dose remained in the lungs with minimal levels in other tissues after i.v.
administration in rats (Rhodes et al., 1983).
Excretion
Generally, following oral administration of DEHP the substance and its metabolites are excreted
rapidly and extensively in urine and in faeces. There is limited evidence of retention in organs
and tissues.
After pre-treatment of rats elimination of 14C was rapid in rats, slightly prolonged in dogs and
least rapid in pigs; excretion in all three species was virtually complete within 4 days (Ikeda et
al., 1980). Faecal elimination was predominant in rats and dogs (53 and 75%, respectively) and
urinary excretion (79%) was predominant in pigs. No more than traces of unmetabolised DEHP
was found in urine from the three species (Ikeda et al., 1980). The ratio between radioactivity in
urine and faeces after oral exposure to 2.9 mg/kg bw was about 40 and 60%, respectively, in
urine and faeces. Following repeated exposure the ratio was changed to about 60 and 40%,
respectively, in urine and faeces.
Only 10-15 percent of a single oral dose was eliminated in the urine of two volunteers exposed to
30 mg DEHP (Schmid and Schlatter, 1985), while 31% of the dose was recovered as DEHP
metabolites in the urine within 47 hours following a single oral dose of 213 mg (Bronch, 1987).
More than 53% of the recovered dose was eliminated the first 4 hours after exposure and 90%
within 24 hours. After repeated exposure 15 and 25% of the administered dose was eliminated in
the urine of the volunteers, and this excretion of metabolites showed strong daily fluctuations
(Schmid and Schlatter, 1985). The daily fluctuations, may be associated with fluctuations in the
diet. It should be noted that a great variability in metabolism and excretion also was observed
between individuals of cynomolgus monkeys, both in the amount of the dose excreted in urine
and in the metabolites identified.
Urinary excretion of DEHP occurred mostly within the first 24 hours, and a urinary elimination
half-life of about 12 hours was estimated (Schmid and Schlatter, 1985). This short elimination
half-life indicates that accumulation of DEHP in the human body is unlikely to occur.
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Table 4.28 Quantitative distribution of metabolites of DEHP in urine of humans,
expressed as percent of the four main metabolites
Metabolite

MEHP

Workers1

Volunteers2

Patients3

%

%

%

26

10

25

IX

(ω-1, hexyl)

34

32

50

VI

(ω-1, hexyl)

18

24

17

V

(ω, hexyl)

22

33

7.4

1)
2)
3)

Inhalation, n = 15, exposure unknown; Dirven et al, 1993b
30 mg DEHP as a single oral dose, n = 2; Schmid and Schlatter, 1985
Intravenous, 95 and 174 mg to leukemia patients, n = 2; Albro et al, 1982

In another oral study the urinary elimination was considered to be biphasically, with an initial
half-life of 10 hours. The half-life of the terminal phase was estimated to 22 hours.
The only striking difference in urinary excretion between oral exposure of volunteers and
intravenous administration to leukemia patients is an increase in carboxylic derivative of the
2-ethylhexyl moiety in the volunteers (see Table 4.28). That means that the relative amount of
metabolite IX in urine from leukemia patients was higher compared to volunteers, while the
relative amount of metabolite V was lower (Albro et al., 1982b; Schmid and Schlatter, 1985;
Dirven et al., 1993b). The difference could be associated with the form of administration (oral
versus intravenous) or with the dose 30 versus 95 and 174 mg. However, it should also be
recognized that the data on humans exposed to DEHP intravenously are from patients suffering
from leukemia, and these patients have been on therapeutic regimens involving a multiplicity of
drugs and treatments.
Many of the studies do not have complete recoveries, indicating that either biliary excretion
and/or retention occur. Since many studies reveal that no significant retention was found in
organs and tissues, biliary excretion might be an important excretion route. In the literature it is
reported that the preferred route of excretion for glucuronide conjugates with molecular weight
above 350 is the bile, while the preferred route of elimination for substances with molecular
weight below 250 is in the urine (Klaassen, Amdur Doull, 1986). One study reveal that bile
samples from Beagle dogs, and to a lesser extent from miniature pigs, accounted for a significant
amount of administered 14C dose, while less than 1% of the administered 14C dose was secreted
in the bile from bile duct cannulated Sprague-Dawley rats (Ikeda et al., 1980). According to
Waddell et al., (1977) there are indications that secretion by the liver, via the bile into the
intestine appears to be the major route in mice. The rates and extent of urinary and faecal
excretion varied widely among monkeys, and data on volunteers indicate a great inter individual
variability also among humans. About 5-10% of the dose in Wistar rats was recovered from the
bile in 24 hours after oral administration of DEHP, whereas about 24%, of the dose was
recovered from the bile after intravenous administration of DEHP (Tanaka et al., 1975 and
Daniel and Bratt., 1974). From intravenous administration of MEHP the radioactivity secreted in
the bile was 40%, at the higher exposure level (35 mg/kg) compared to 52% at the lower
exposure level (3.5 mg/kg) (Chu et al., 1978). The implication for human excretion is not known.
Bioavailability
Based on experimental information derived from studies with rats, non-human primates and
adult humans, oral absorption is around 50%. In addition, hepatic first pass metabolism is not
considered to limit the systemic bioavailability. Therefore, the oral bioavailabilty for adults is

327

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

considered to be 50%. However, it cannot be ruled out that oral uptake of lower amounts of
DEHP, similar to the actual human exposure levels, may be completely absorbed. Hence, 50%
oral bioavailability is considered to represent a Reasonable Worst Case estimate.
There are limited data on the oral uptake of DEHP in young animals (Sjöberg et al., 1985c) and
no information is available concerning infants or children. In addition, the oral uptake
mechanism may depend on physiological, biochemical, and genetical age-dependent differences
between adults and the young. Therefore, a precautionary approach is deemd warranted and a
100% oral bioavalability is considered a Reasonable Worst Case estimate for infants and
children.
Inhalation
Absorption, Distribution, Metabolism and Excretion
The limited data regarding metabolism and excretion of DEHP in humans or animals following
inhalation exposure indicate that no obvious difference should be expected when compared to
oral administration.
Studies available on inhalation exposure to humans are not strictly toxicokinetic studies but case
studies of patients (Roth et al., 1988) and worker (Liss et al., 1985; Dirven et al., 1993a and
Dirven et al., 1993b). In workers exposed to DEHP by inhalation the main metabolites were:
MEHP (26%), metabolites V (22%), VI (18%) and IX (34%). Metabolites IX and VI were
almost completely conjugated in all five persons while 32-45% of metabolite V was present in
conjugated form. For MEHP, a large human inter-individual variation was found with 77% and
100% present in free form in two persons but only 20, 30 and 38% in the other three persons. No
substantial inter-individual variation in the phase I metabolism of DEHP was found. The
absolute concentration of metabolites VI and IX was 1.7 times as high as the concentration of
metabolite V supporting that (ω-1)-oxidation is favoured in humans.
In rats exposed to an aerosol of DEHP the major route of elimination was urine (General Motors,
1982ab). Within 72 hours following both single and repeated exposure, urine and faeces
accounted for about 90% of the radioactivity, with around 50% in the urine and 40% in the
faeces. The high excretion in faeces could be explained by excretion via the bile, but it is also
probable that in this study that administered DEHP was also ingested, since approximately 75%
of the aerosol retained in the animals was recovered in the lungs, and the remainder in the upper
airways and gastro-intestinal tract. Hence, the observed excretion profile probably represents the
contribution of oral and inhalatory absorption together. The study indicates that following
repeated inhalation exposure long-term retention do not occur, and that the excretion profile
following single exposure was faster initially but about 24 hours after exposure the urinary
excretion was parallel following single and repeated exposure.
Bioavailability
Inhalation exposure to aerosols and particle bound DEHP are considered to be quantitatively the
most important forms of DEHP absorption and exposure. DEHP vapour/gas is not considered
separately. Adequate animal data in a relevant animal model are not available. The systemic
bioavaibility following inhalation of DEHP will depend on different factors: 1) The size of the
aerosol – this may vary from a fine mist to large particles depending on the occupational activity.
Data on the aerosol and/or particle size are few and not sufficient to derive any quantitative
estimates of the fraction bioavailable to the lungs. 2) Only a fraction of the amount inhaled will
be available to the lungs while the majority will probably be swallowed and become orally
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bioavailable. Based on the above mentioned oral bioavailability (discussed above), this fraction
will be 50% in adults and 100% in infants and children. In addition, adequate data are not
available on the size of the aerosol/particles, and bioavailability in the respiratory system. Hence,
it is considered appropriate to use two different default value of 75% and 100% for adults and
children, respectively.
Dermal exposure
Absorption, Distribution, Metabolism and Excretion
Dermal absorption studies have been performed both in vivo and in vitro where DEHP has been
applied directly to the skin surface in all studies except for Deisinger et al., (1998). In that study
a PVC film containing DEHP was secured to rat skin. For those studies in which DEHP has been
applied directly different doses have been used. This is important since the magnitude of the
percutaneous absorption rate is interdependent on the concentration of chemical in contact with
the dermal surface (J = Kp x ∆C; where Kp is the permeability coefficient).
For several studies the percutaneous absorption rate has been derived based on the information
detailed in the individual studies. In each case, the amount of (14C) DEHP potentially
bioavailable to the systemic system has been calculated as the combined amount of (14C) DEHP
in the excretion (urine and faeces), site of skin application i.e. residual (reservoir) (determined
after washing and rinsing), and the fraction retained in the body (minus residual skin fraction).
Not all in vivo studies determined the residual fraction remaining in the skin of rats and guinea
pigs (i.e. Elsisi et al., 1989, Melnick et al., 1987 and Ng et al., 1992). Hence, the derived
percentage percutaneous absorption for these studies represent a lower bound. The magnitude by
which the percutaneous absorption is underestimated following a single application of DEHP
will, in general, depend on: dermal contact time; concentration of chemical in contact with the
skin; and amount bound to the skin. Chu et al (1996), included the skin bound dose when
estimating the absorption in guinea pigs. The calculated cumulative amount detected in excreta
and tissues (excluding the dosed skin was 6.5% (rat: Elsis et al., 1989), 9% (rat: Melnick et al.,
1987), 26% (guinea pig: Ng et al., 1992), and including the skin bound dose 9.7-18.9% (guinea
pig: Chu et al., 1996). Based on the results of the different in vivo studies, it is concluded that a
reasonable value for in vivo absorption (potentially absorbed dose) of DEHP in animals will be
around 20%. One study determined the percutaneous absorption rate (0.24 µg/cm2/hour) for
DEHP in PVC applied to rat skin (Deisinger et al., 1998).
In general the in vitro studies lack sufficient validation. Many variables are expected to influence
results obtained with these types of studies e.g. vehicle used, receptor fluid etc. and standardised
approaches are not currently recommended. Indeed, different results were obtained for diffusion
cell experiments with epidermis skin discs from rats using a diffusion cell system and with
DEHP (Scott et al., 1989 1987 and Pelling et al., 1998). Pelling et al., (1998) showed that the
DEHP absorption rate for DEHP was increased (40-fold) when a 50% aqueous ethanol solution
was used as receptor fluid compared to phosphate buffer. However, the permeability constant for
very similar conditions (the 50% aqueous ethanol system) was also greatly different higher
(16-fold) when compared with the results of Scott et al. (19891987). Difference in experimental
conditions was suggested to explain this latter result. Therefore, it is considered difficult to judge
the validity and representativeness of these studies when making conclusions about quantitative
values for risk assessment.
The in vitro results of Scott et al. (1989, 1987) and Barber et al. (1992), however, indicate that
rat skin is 4-fold more permeable than human skin. This seems a valid assumption for the
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application of high amounts of DEHP as this difference was an intra-study observation. Hence,
based on the assumption that humans absorb 4-fold less DEHP than rats when exposed to
undiluted DEHP.
Bioavailability
Based on in vivo studies in animals the cumulative bioavailbility of DEHP is 20%. Based on the
in vivo data, and application of a across-species correction factor of 4 a dermal absorption value
of 5% is considered reasonable for potential human percutaneous absorption. A dermal
bioavailability of 5% is also used for exposure to DEHP contained in PVC products because the
migration coefficient of DEHP from the product has also to be considered. Each stage is,
therefore, clearly defined. Hence, 5% is used for both exposure to free DEHP and DEHP
contained in plastic products.
Other Routes
Absorption and Bioavailability
The limited data regarding metabolism and excretion of DEHP in humans or animals following
intravenous administration indicate that no obvious difference should be expected when
compared with oral administration. When exposure to DEHP occurs via the parenteral route
uptake is 100% and because hydrolysis by intestinal lipases is bypassed and the liver is not a
first-pass organ as for oral exposure, the amounts of intact DEHP in the organs and tissues would
be expected to be higher.
It should be recognised that data on humans exposed to DEHP i.v. are mostly from patients
undergoing chronic haemodialysis or suffering from serious diseases like leukaemia, renal
failure and cancer (Pollack et al., 1985b, Malik et al., 1993 and Peck and Albro, 1982). These
patients have been on therapeutic regimens involving a multiplicity of drugs and treatments, and
it will not be possible to compare the DEHP metabolite distribution of man and laboratory
animal unless data on normal healthy humans become available. There are also data from infants
exposed to DEHP during exchange transfusion (Sjöberg et al., 1985 a,b and Egestad et al., 1996).
The immature livers of new-born infants may have a lower metabolising capacity than that of
older children and adults. Thus, these patients might be especially susceptible to possible
harmful effects of DEHP and MEHP.
Distribution
The distribution was similar following administration of (2-ethylhexyl-1-14C)DEHP and
(carbonyl-14C)DEHP intravenously to mice (Lindgren et al., 1982). Four hours after intravenous
injection, a very high activity was observed in the gall bladder, intestinal contents and urinary
bladder, a high uptake was also seen in the liver, kidney, and brown fat. Twenty-four hours after
administration the activity in the gall bladder, intestinal contents and urinary bladder was still
very high. This support the theory that secretion by the liver, via the bile into the intestine
appears to be the major route in mice.
Parallel decreases in the plasma concentrations of DEHP, MEHP and metabolites V, VI and IX
in rats, after single infusion of DEHP indicated that the elimination of DEHP was the rate
limiting step in the disposition of the metabolites (Sjöberg et al., 1985d). This was partly
supported by the observation that the clearance of MEHP was higher than that of DEHP.
Non-linear increases in the AUCs of DEHP and MEHP indicated saturation in the formation as
well as the elimination of MEHP. In mice the radioactivity was rapidly accumulated in the
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kidney and liver after intravenous injection, with high concentrations in urine, bile, and intestinal
contents. There was no evidence of retention in any tissues in the body. The secretion by the
liver, via the bile into the intestine appears to be the major route. No enterohepatic circulation of
DEHP was indicated since there was a persistently high concentration in the intestinal lumen.
Metabolism
The presence of significant amounts of MEHP and phthalic acid in circulation following
exposure to DEHP via haemodialysis (Peck et al., 1978) means that the potential contribution of
the biologically active de-esterified products to the long term toxicological effects of DEHP must
be recognized. Judging from the plasma concentrations of DEHP and MEHP during and after
transfusion, there was no gradual accumulation of these substances during the course of
transfusions (Sjöberg et al., 1985d). Plasma concentrations of DEHP in infants declined at a
faster rate than those of MEHP.
Excretion
Following intravenous administration to marmosets approximately 40% of the dose was excreted
in urine and approximately 20% in the faeces (cumulative excretion) indicating a 2 to 1 ratio
between the urinary and faecal routes of excretion (Rhodes et al., 1983). Around 28% of the dose
remained in the lungs 7 days after administration, with minimal levels in other tissues. The
cumulative 14C excretion in urine of three Green monkeys was greater than 70% of the dose after
24 hours (Albro et al., 1981; Peck and Albro, 1982). The cumulative recovery of 14C in the urine
following an i.v. dose of DEHP in Rhesus monkeys was 61%, indicating that approximately 40%
is either excreted by alternative routes (e.g. faeces) and/or retained (Wester et al., 1998).
A small proportion of the dose was excreted in marmosets following intra peritoneal
administration (10% in the urine and 4% in the faeces) in a 2 to 1 ratio. Around 85% of the dose
remained as unabsorbed DEHP in the peritoneal cavity with minimal amounts in the tissues
(0.6%) (Rhodes et al., 1983 and Rhodes et al., 1986).
There are a few studies available indicating that the radioactivity from (14C)DEHP can cross the
placenta barrier and distribute into foetal tissues (Srivastava et al., 1989; Singh et al., 1975 and
Lindgren et al., 1982).
In vitro studies
The in vitro studies have led to the proposition that no or very little unmetabolized DEHP will
reach the systemic circulation after oral administration to less than massive amounts of this
compound. Data on DEHP hydrolase activity in homogenates of intestinal tissues from rats,
mice, hamsters, and guinea pigs suggested that orally ingested DEHP is hydrolysed to MEHP
before absorption occurs (Albro and Thomas, 1973). DEHP was hydrolysed to MEHP by lipases
from a variety of rat tissues with pancreas, liver, and intestinal mucosa containing the bulk of the
DEHP hydrolase activity (Albro and Thomas, 1973). High plasma levels of MEHP and only
small amounts of DEHP in peripheral blood corroborates this hypothesis (Sjöberg et al., 1985d).
There was no difference in DEHP hydrolase activity between intestinal homogenates from young
adult (200 g) and old (450 g) rats, but there was higher activity from male than from female rats,
and from fed than from fasted rats (Albro and Thomas, 1973). Variation among species was not
extreme, although different mouse strains showed considerable differences. Out of 15 tissue
preparations, only the liver alkaline lipase preparation was able to further hydrolyse MEHP to
phthalic acid.
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Overall Conclusion

There are a limited number of studies on the toxicokinetic behaviour of DEHP in man. These
reports concern exposure by the oral, intravenous and inhalatory routes, however, they contain
limited information. A single study performed by the dermal route is not considered reliable.
Toxicokinetic studies in animals have been performed by the oral, inhalatory, dermal and
parenteral routes. The majority of these studies have, however, been performed by the oral route
and in three different strains of rat. Several studies with non-human primates, including old
world- and new world apes, and mice have been conducted. In addition, there are several studies
including other species. By the parenteral routes has been most studied in non-human primates,
but there are few studies by the dermal and inhalation routes. In addition, in vitro studies have
also contributed to the understanding of the toxicokinetics.
The majority of the toxicokinetic studies as a whole are mainly research orientated and published
in the open litreature. Dose levels greatly varied between studies. The quality and relevance of
these studies is variable and it was necessary to examine the database as a whole to derive
conclusions.
Generally, DEHP (probably in the form of MEHP), is rapidly absorbed from the gastrointestinal
tract following oral administration. The extent of absorption in rats, non-human primates and
humans is around 50% for doses up to about 200 mg/kg bw. At higher doses, it appears that
absorption in non-human primates is dose-limited in contrast to rodents.
For humans, information is not, however, available concerning the dependency of oral uptake on
dose. Also, the extent of oral absorption at doses which humans are expected to be exposed is not
known. Absorption may be 100% at daily exposure levels. In addition, the oral absorption
characteristics of human subpopulations e.g. age- and health dependent factors, is not known.
Hence, for children it is considered appropriate to assume a 100% value for oral absorption.
Because absorption via inhalation will comprise of respiratory and oral absorption, 100%
bioavailability is also considered appropriate for children. Concerning dermal absorption,
different bioavailability values were not selected for adults and children: This may be discussed.
The selected bioavailability values are summarised:
Summary of exposure route dependent systemic bioavailability
Human exposure route

Human systemic bioavailability (%)

Oral
Adults

50

Infants/children

100

Inhalation
Adults

75

Infants/children

100

Dermal (free DEHP and in products)
Adults

5

Infants/children

5

Parential routes
All subpopulations
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For rats a threshold was reached (450 mg/kg bw) above which there was a steady increase in the
amount of unhydrolysed DEHP reaching the liver. In contrast, an absorption threshold could not
be determined in C3B6F1 mice for doses up to 1,000 mg/kg bw. There are no data available
concerning possible absorption threshold in humans. Since, human exposure to DEHP is via
inhalation, dermal, parential routes, one would expect that intact DEHP could reach the liver.
Limited data on toxicokinetics, following inhalation or dermal exposure, indicate that DEHP can
be absorbed through the lungs whereas absorption through the skin appears to be limited.
Following intra peritoneal injection most of the administered dose remains in the peritoneal
cavity.
Distribution studies have mostly monitored total radioactivity rather than particular substances,
little is known about the tissue distribution of DEHP and its metabolites. The distribution studies
indicate that the radioactivity from (14C) DEHP is widely distributed in the body without
evidence of accumulation in the tissues of rat. In a limited number of pigs and broiler hens, a
lower degree of clearance of unlabelled DEHP is indicated. A comparative study of rats and
marmosets showed similar distribution patterns in the two species (oral administration) whereas
rats had higher tissue levels than marmosets. Thus, the difference in distribution between species
is quantitative rather than qualitative.
The metabolism of DEHP involves several pathways and yields a variety of metabolites. The
first step in the metabolism of DEHP is hydrolysis by lipases to MEHP and 2-EH. The lipases
are found in all tissues surveyed but especially in the pancreas, indicating that most of DEHP
hydrolysis occurs in the lumen of the small intestine, and that hydrolysis of absorbed intact
DEHP can occur in the liver and blood. The absorption of DEHP in the intestine is increased
following hydrolysis to MEHP.
MEHP is a relatively major component in urine of monkeys, guinea pigs and mice but was
mostly not detected in rat urine. However, MEHP is present in plasma in all species tested.
The oxidative metabolism of MEHP in the liver begins with hydroxylation of the ethylhexyl side
chain resulting in the formation of primary (ω-oxidation), and secondary ((ω-1)- and
(ω-2)-oxidation) alcohols. These alcohols are then oxidized to diacids (ω-oxidation) or
diketoacids ((ω-1)-oxidation), respectively. The diacids are apparently subject to α- or
β-oxidation at the ethyl- or hexylchain, respectively, in mitochondria and peroxisomes to yield
shorter diacids. This process does not extend beyond the branch point in the ethylhexyl-chain.
Generally, excluding the first hydrolysis step to MEHP, the metabolism of phthalate esters is
qualitatively unaffected by the route of administration.
The first hydrolysis step, the hydrolysis of DEHP to MEHP, is common to all investigated
species. One species difference related to the metabolism of DEHP seem to be that oxidative
metabolism of MEHP plays a dominant role in rats but not in non-human primates. Following
oral exposure approximately 75% of urinary metabolites consisting of dicarboxylic acids (mainly
metabolites V and I) derived by ω-oxidation of the ethylhexyl chain. However, after i.v.
administration there seems to be a more equal distribution between ω- and (ω-1)-oxidation. The
predominant metabolites in non-human primates are MEHP and metabolite IX (a secondary
alcohol) derived by (ω-1)-oxidation. Metabolites V and I are only minor metabolites in nonhuman primates. Regarding DEHP-metabolism, mice exhibit metabolic profiles in common with
both rats and primates. For instance, metabolite I derived from ß-oxidative metabolism of DEHP
is a major metabolite (pathway) in rodents, and occurs at relatively high levels in mice, but not in
non-human primates. Also high levels of MEHP and metabolites from (ω-1)-oxidation are the
major metabolites in the urine from non-human primates and mice, but not from rats. The limited
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human data indicate that human DEHP metabolism resembles that of other primates and of mice,
with the exception of metabolite I in the latter case. However, regarding phase I metabolism of
DEHP the species differences are quantitative rather than qualitative.
Glucuronidation is the major conjugation pathway identified in most species. In addition,
ß-glucose conjugate was shown to be an alternative conjugation pathway in mice, but not in
guinea pigs. Species differences have also been observed for glucuronidation since the fraction
conjugated to glucuronic acid is absent in rats, low in hamsters, moderate in mice and guinea
pigs. In primates, including humans, about 80% of the metabolites were glucuronides after
intravenous administration, while for orally exposed humans about 65 and 99% of the
metabolites, respectively, were glucuronides in two studies. The limited human data indicate that
there are substantial inter individual differences e.g. polymorphism in the glucuronidation of
some metabolites of DEHP, and of MEHP in particular. Mice that differ from rats in their ability
to glucuronidate MEHP respond with the same types of toxic injury as do rats, indicating a
possible partial independence of toxicity from the metabolic pathways in different species.
The elimination of DEHP largely depends on its metabolism and it might take 5-7 days to
eliminate 80% of the radioactivity given as radiolabelled DEHP, either orally or intravenously.
The half-life for DEHP and its metabolites was 3-5 days in the adipose tissue and 1-2 days in the
liver. The elimination is most rapid in rats.
Many of the studies do not have complete recoveries, indicating that either biliary excretion
and/or retention occur. Since many studies reveal that no significant retention was found in
organs and tissues of labaratory test animals, biliary excretion appears to be an important
excretion route. About 5-10% of the dose in rats was recovered from the bile in 24 hours after
oral administration of DEHP, whereas about 24%, of the dose was recovered from the bile after
intravenous administration of DEHP. In mice, biliary excretion seems to be one of the major
route of exposure. In addition, metabolites are found in faeces from mice, rats and monkeys
indicating that DEHP is absorbed, metabolised and excreted via the bile into the intestine. The
extent of biliary excretion in humans is unknown. There are indications that resorption of
radioactivity take place in the intestine of rats. Unfortunately, there is no data available on
enterohepatic circulation of DEHP from other species than the rat, and the data on rats is very
limited.
The radioactivity from (14C) DEHP can cross the placenta barrier and distribute into foetal
tissues. In addition, DEHP can be transferred through the milk from lactating rats to their pups.
One study suggests that there are age-related differences since the extent of absorption Sjöberg et
al. (1985c), and, hence, total systemic exposure to MEHP and its metabolites is higher in young
rats than in old when DEHP is administered by gavage. Clearly higher blood levels were found
in new-borns after blood transfusions, haemodialysis or treatment with platelet concentrates,
compared to similarly exposed adults. Since the immature liver may have a lower metabolising
capacity than that of older children and adults, infants and foetuses might be especially
vulnerable to exposure of DEHP and MEHP.
Conclusion
The relative extent to which different metabolites are produced and excreted is very complex and
may depend upon the species, the age of the animal, sex, inter-individual differences, state of
health, nutrition state, prior exposure to DEHP, the amount of DEHP administered, the
administration route etc. With the exception of non-existing glucuronidation in rats there is no
reason to suspect that functionally equivalent pathways for the metabolism of DEHP differ
significantly in higher species.
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The available data on the toxicokinetics of DEHP cannot explain the species differences in the
DEHP-induced toxic effects, and are consistently not adequate to support any conclusion on the
relevance or irrelevance for humans of the DEHP-induced toxic effects in experimental animals.

4.1.2.2

Acute toxicity

4.1.2.2.1

Studies in animals

Inhalation
In a study performed according to GLP principles, groups of 5 male and 5 female rats were
exposed for 4 hours to clean air (control group) or DEHP (purity not specified) in concentrations
of either 3.39, 6.82, or 10.62 mg/litre (3,390, 6,280, or 10,620 mg/m3) (Hüls, 1981). The highest
dose was considered the technical limit of aerosol generation for the test material. The control
group and the lowest dose group were exposed on the same day. The mid-dose group and the
highest dose group were exposed on different days. The exposure was nose-only. The rats were
observed for clinical signs throughout the exposure period and for the first 4 hours after dosing.
During the subsequent 14-day observation period the rats were inspected twice daily. Body
weights were measured before exposure and with regular intervals during the observation period.
A detailed macroscopic examination was performed on all animals at sacrifice at the end of the
observation period. No animals died during or after the exposure. All treated animals showed a
slightly unkempt appearance for 1-2 days after exposure, those in the highest dose group had a
yellowish staining on their fur. This group also had a reduced body weight gain on the second
day after exposure, which subsequently returned to the normal pattern. In all groups, dark red
foci and patches were observed in the lungs at post mortem inspection. These findings were
more frequent in the treated animals. In conclusion, the LC50 of DEHP via inhalation was in this
study found to be in excess of 10,620 mg/m3 for 4 hours.
Other acute inhalation studies exist. None of these studies are, however, useful for a risk
assessment due to inappropriate design or poorly reported test methods and results.
Oral
The acute oral toxicity of DEHP has been investigated in several studies. A number of the
available studies have been omitted from the risk assessment report because of limited quality of
the studies, especially with respect to the identity of the test substance and the description of test
methods.
Rats
Acute oral toxicity of DEHP in the rat has been estimated as a prerequisite to a carcinogenicity
study by NTP (1982). Doses from 800 to 20,000 mg/kg bw of DEHP (99.5% pure) were
administered in a single dose by gavage to groups consisting of 5 males and 5 females. The
vehicle was corn oil. No deaths were observed during a 14-day observation period, giving an
LD50 in excess of 20,000 mg/kg bw. No individual animal data are given.
In a study performed according to GLP principles and according to Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA) standards, groups of 5 male and 5 female rats received
either 5,000, 10,000, 20,000 or 40,000 mg/kg bw as single doses of undiluted DEHP (99.8%
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pure) in various volumes (Nuodex, 1981a). Up to 40 ml/kg were administered. During the first
days after dosing, all animals exhibited rough coat, decreased activity, and appeared wet on the
posterior, later on these signs disappeared. The number of days with clinical symptoms were
correlated to the dose. No deaths were observed. On day 14, all animals were sacrificed and
subjected to gross necropsy. No abnormalities were observed. The LD50 was determined to
> 40,000 mg/kg bw.
Mice
An acute oral toxicity study performed according to GLP principles (however, individual animal
data for acute toxicity of single doses were not presented in the report) has been carried out as a
preliminary study to a dominant lethal mutagenicity study (Nuodex, 1981b). The test substance
was 99.7% pure DEHP. Initially, a range-finding study was performed, in which groups of
5 male mice were given oral doses of 100, 250, 500, 1,000, 2,500, 5,000, 7,500, or
9,860 mg/kg bw by gavage in corn oil. As no deaths occurred during a two-week observation
period, a group of 10 male mice was given a single dose of 9,860 mg/kg by gavage (“LD50
study”). The animals were observed for 14 days. In the range-finding study, some animals
exhibited slight depression and/or rough fur during the first day, but no deaths occurred. The
LD50 was estimated to be greater than 9,860 mg/kg bw. In the LD50 study these findings were
confirmed. All 10 mice survived and gained weight. Following treatment, the mice were
depressed and had rough fur for 2 to 3 days; they also had a humped appearance several hours
after treatment, lasting about one day. Necropsy at the end of the two-week observation period
revealed no abnormalities. Thus, the acute oral LD50 in mice was > 9,860 mg/kg bw in this study.
Acute oral toxicity of DEHP in mice has also been estimated as a prerequisite to a
carcinogenicity study by NTP (1982). Doses from 800 to 20,000 mg/kg of DEHP (99.5% pure)
were administered as a single dose by gavage to groups consisting of 5 males and 5 females. The
vehicle was corn oil. No deaths were observed during a 14-day observation period, thereby
giving an LD50 value > 20,000 mg/kg bw. No individual animal data are given in the report.
The studies on rats and mice are summarised in Table 4.29.
Dermal
The acute dermal toxicity of DEHP has not been investigated in a study of guideline quality.
One study has been reported where rabbits were exposed dermally for 24 hours with doses up to
20 ml/kg (Shaffer et al., 1945). That amount killed 2 of 6 rabbits. The author concluded that the
LD50 by skin absorption would be near 25 ml/kg (approximately 24,500 mg/kg bw). However,
details of the experimental design and original results are not presented in the report.
No additional data relevant for the risk assessment have been identified.
Other routes
Acute toxicity studies using other routes of administration (intraperitoneal and intravenous) have
not been performed according to a guideline or under GLP conditions.
LD50-values ranging from 4,900 to 147,000 mg/kg bw have been reported for rats following
intraperitoneal administration, and from 5,000 to > 128,000 mg/kg bw for mice.
Following intravenous administration, LD50-values range from 250 to 2,080 mg/kg bw for rats
and from 1,060 to 1,370 mg/kg bw for mice.
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These studies are, however, not useful for the risk assessment due to inappropriate study design
or poorly reported test methods and results.

4.1.2.2.2

Studies in humans

Shaffer et al. (1945) has presented a case report on two adult male subjects who had swallowed
DEHP as single doses of 5 g and 10 g, respectively. No symptoms resulted from the 5 g dose
while the ingestion of 10 g caused mild gastric disturbances and “moderate catharsis”. No
additional human data relevant for the risk assessment have been available.

4.1.2.2.3

Summary of single exposure studies

In a study of good quality, the toxicity of a single dose of DEHP via inhalation to rats was in
excess of 10.62 mg/litre/4 hours.
The acute oral toxicity of DEHP has been studied in several experiments of good quality. The
LD50-value in rats is > 20,000 mg/kg bw and in mice > 10,000 mg/kg bw. Only one report on the
acute oral toxicity in humans has been located; the ingestion of 5 g caused no adverse effects,
while 10 g caused mild symptoms.
The acute dermal toxicity of DEHP has not been investigated in any study of good quality. Due
to poor dermal absorption of DEHP, the acute dermal toxicity is expected to be low.
Following a single iv administration of DEHP in rats, effects were observed on the lungs
including edema of the alveolar wall together with infiltration by leukocytes, hemorrage, and
lethality (LD50: 200 mg DEHP /kg; Schulz et al., 1975; Rubin and Chang, 1978). In another
study, the DEHP metabolite MEHP was injected into five rats every minute (From 0-20 mg, the
rate of injection was 0.46 mg per minute; at 20 mg, this rate was increased to 0.92 mg/minute; at
36.8 mg, the rate was increased to 1.9 mg/minute for 2 minutes, and to 3.7 mg/minute for the
next 2 minutes, and then to 4.6 mg/minutes until the animals died. The total dose for rat 1: was
58 mg, rat 2: 72 mg, rat 3: 95mg, rat 4: 75 mg, and for rat 5: 95 mg.) through the femoral artery,
and the blood pressure and heart rate were constantly recorded. For heart rate a LOAEL and
NOAEL of 57 and 28.5 mg /kg bw, respectively, were derived; and for the drop in blood
pressure a LOAEL and NOAEL of 214 and 157 mg /kg bw, respectively, were derived (Rock et
al., 1987). These effects were not considered critical for the risk characteriasation due to the
inadequacy of the reported data, lack of reproducibility as well as the severity and/or relevance
of the observed effect. However, the mentioned effects, if substantiated, may be of concern for
vulnerable populations such as newborns, elderly, and patients exposed to DEHP via medical
equipments.
The data available on acute toxicity do not suggest a classification of DEHP according to EU
criteria.
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Table 4.29 Acute oral toxicity of DEHP in experimental animals
Species

Protocol

rat, F-344

gavage, corn oil

5 rats/sex/group

800-20,000 mg/kg bw

LD50 (mg/kg bw)

References

> 20,000

NTP (1982)

comparable to guideline study
rat

methods not reported

> 20,000

BASF (1953)*

rat

methods not reported

> 9,800

BASF (1961)*

rat, F-344

gavage

> 40,000

Nuodex (1981a)

5 rats/sex/group

5,000, 10,000, 20,000, or
40,000 mg/kg bw
FIFRA standards Part 163, Title
40, GLP

mouse

methods not reported

> 31,360

Lawrence et al. (1974)*

mouse, B6C3F1

gavage, corn oil

> 20,000

NTP (1982)

5 mice/sex/group

1,250-20,000 mg/kg bw

> 10,000

BASF (1941)*

> 9,860

Nuodex (1981b)

comparable to guideline study
mouse

5,000 or 10,000 mg/kg bw
methods not reported

mouse, ICR/SIM

gavage, corn oil

5 or 10 males/group

100, 250, 500, 1,000, 2,500,
5,000, 7,500, or 9,860 mg/kg bw
GLP

*

Study of less importance for the risk assessment

4.1.2.3

Irritation

4.1.2.3.1

Studies in animals

Skin irritation
The acute dermal irritative and corrosive properties of DEHP have been investigated in a study
conforming with OECD guideline 404 (BASF, 1986a). Information about the identity of the test
substance is not enclosed with the test report. The test substance is referred to by the name
“Palatinol AH”, Batch. No. 155 H, Sept. 85. In BASF (1961), the identity of Palatinol AH is
given as DEHP. Three White Vienna rabbits were clipped free of hair on an area of skin on the
upper third of the back or flanks. A 2.5 cm . 2.5 cm gauze patch wetted with the undiluted test
substance was applied to the skin for 4 hours. The remaining test substance was removed from
the skin. Untreated skin sites of the same animal served as negative control. Observations of
degree of erythema and oedema were made according to the guideline scoring system
30-60 minutes after removal of the test patch, and at 24, 48, and 72 hours after the beginning of
application. All rabbits scored zero on both parameters at all observation points.
In another study, also performed in accordance with OECD guideline 404, skin irritation of
DEHP (> 99% pure) was studied (Hüls, 1987a). The hair was clipped from the dorsal and lateral
part of the trunk of three male Little White Russian rabbits. The undiluted test substance
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(0.5 cm2) was applied to a skin area of 6 cm2 and covered with a patch. After 4 hours, the patch
was removed and the skin gently rinsed with warm water. The skin reactions were evaluated
after 1, 24, 48, and 72 hours, and after 6 and 8 days, using the grading system of the OECD
guideline. At the 1-hour observation, all rabbits showed very slight erythema, and one rabbit also
a very slight oedema. At 24 hours, the reaction of one rabbit had progressed to a well-defined
erythema. At 48 hours, all rabbits had very slight erythema which at 72 hours was accompanied
by a dry appearance of the skin. At 6 days, the skin surface appeared scaly, and at 8 days the skin
was free from reaction. It was concluded that DEHP was slightly irritating to the skin.
In a skin irritation study performed according to GLP principles and conforming with the U.S.
Food and Drug Administration (FDA) recommended method, 3 male and 3 female New Zealand
White rabbits were used (Hüls, 1981). The skin of the back was clipped free of hair and 2 of the
4 patch test areas were abraded. One square inch chromatography paper patches were wetted
with the undiluted test substance (DEHP), or with 10% aqueous sodium lauryl sulphate (as
positive control substance). Patches were applied to both intact and abraded skin and left in
position for 24 hours, thereafter the skin was cleansed. The test sites were scored immediately
(24-hour reading) and 48 hours later (72-hour reading). Reactions were evaluated according to
the FDA recommended scoring system. DEHP caused mild to moderate reactions at 24 hours. At
the 72-hour reading, no treated sites showed any response to treatment.
Other skin irritation studies have been carried out. As the methods and results are poorly
reported and do not add any further information, these studies have been omitted in the risk
assessment report.
Eye irritation
In an acute eye irritation study performed in accordance with OECD guideline 405, the test
substance was mentioned as “Palatinol AH”, Batch. No. 155 H, Sept. 85 (BASF, 1986a).
Palatinol AH is identified as DEHP in a BASF study from 1961. Three adult White Vienna
rabbits received a single application of 0.1 ml undiluted test substance to the conjunctival sac of
the right eye. The left, untreated eye served as negative control for each animal. The test
substance was not washed out. The animals were observed 1, 24, 48, and 72 hours after
application. The observations were graded according to the guideline scoring system. The
average score value for 24, 48 and 72 hours was 0.1 for conjunctiva reddness and 0.0 for cornea
opacity, irsis and swollen conjunctiva.The results do not fulfill the EU criteria for eye irritation.
In another study also performed in accordance with OECD guideline 405, eye irritation of DEHP
(>99% pure) was studied (Hüls, 1987b). DEHP in a volume of 0.1 ml was installed in the right
eye of three male Little White Russian rabbits. The left eye served as control. The animals were
evaluated after 1, 24, 48, and 72 hours, and after 6 days of application, using the grading system
of the OECD guideline. At 1 hour, the conjunctivae of all three rabbits showed mild redness and
one rabbit showed mild discharge. No conjunctival reactions were observed at the later
observation times. All observations for chemosis, corneal opacity and lesions of the iris were
negative.
In a study performed according to GLP principles and conforming with the U.S. Food and Drug
Administration (FDA) recommended method, DEHP in a volume of 0.1 ml was introduced into
the right eye of 3 male and 3 female New Zealand White rabbits (Hüls, 1981). The eyes were
examined at 1, 24, 48, and 72 hours, and at 7 days, and the reactions were scored according to
the FDA recommended scoring system. No reactions were found in the cornea or iris at any point
of time. The conjunctivae of 5 eyes exhibited mild redness at 1 hour, while one eye showed very
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mild redness. At 24 hours, mild redness persisted in 3 eyes, while the remainder had no redness.
No redness was observed at 72 hours or 7 days.
Other studies of eye irritation have been performed. As the methods and results are poorly
reported and do not add further information, these studies have been omitted in the risk
assessment report.
Respiratory tract irritation
No studies specifically addressing this issue have been found.
In a study of acute toxicity by inhalation, groups of rats were exposed to DEHP in concentrations
of 3.39, 6.82 or 10.62 mg/litre for 4 hours (Hüls, 1981). The respiratory tract was subjected to
detailed macroscopic examination in all animals and revealed dark red foci and patches in the
lungs. These foci and patches were observed more frequently in the treated animals (present in
19 out of 30 rats exposed to DEHP) than in the controls (present in 2 out of 10 rats exposed to
clean air). The lung-to-body weight ratios of all treated groups were similar to the ratios obtained
in the control group.

4.1.2.3.2

Studies in humans

Skin
Shaffer et al. (1945) found no erythema or any other reaction resulting at any time following
application of undiluted DEHP as patch tests in 23 human subjects. The substance was applied
on the back, left in contact for 7 days and reapplied on the same spots 10 days later.

4.1.2.3.3

Summary of irritation

DEHP has been tested for skin irritation in three well reported animal studies, conducted in
accordance with guidelines and the principles of GLP. In two studies, DEHP was found slightly
irritating to the skin. The irritation was not severe enough to warrant a classification for skin
irritation according to the EU criteria.
Three well reported studies for eye irritation have been presented. The studies followed existing
guidelines and were performed in accordance with GLP. The results of the studies show that
DEHP is slightly irritating to the eye. The irritation was transient and not severe enough to
warrant a classification for eye irritation according to the EU criteria.
Irritation to the respiratory tract cannot be assessed. The results of one study designed to give
information about acute toxicity by inhalation suggest a potential for DEHP to induce lung
lesions. However, the nature of the lesions was not investigated microscopically, nor was the
dose-response relationship explored.
The available human data are not adequate for the risk assessment.

4.1.2.4

Corrosivity

See Section 4.1.2.3.
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4.1.2.5

Sensitisation

According to the TGD, the adjuvant type test (the guinea pig maximisation test) is the preferred
method for determination of sensitisation. The Buehler test is, however, also acceptable.

4.1.2.5.1

Studies in animals

Skin sensitisation
One Magnusson-Kligman guinea pig maximization test has been performed, in which female
albino Dunkin-Hartley guinea pigs were used (Hüls, 1981). The maximisation test comprised
two procedures. The induction procedure consisted of an intradermal injection of the test
material into the skin of the shoulder region followed by a topical application 7 days later. The
intradermal injection (actually 3 injections) consisted of 0.1 ml Freund’s adjuvant alone, 0.1 ml
10% DEHP in paraffin oil, and 0.05 ml 10% DEHP in paraffin oil emulsified with 0.05 ml
Freund’s adjuvant. The control group received 2 injections of Freund’s adjuvant only. For the
topical application, a 2 . 2 cm patch of filter paper was wetted with 50% DEHP in paraffin oil
and applied for 48 hours to the pre-treated area. The control group was not subjected to topical
application. The challenge procedure which consisted of a topical application was carried out
14 days after the completion of the induction period. In preliminary experiments, a solution of
50% DEHP was determined to be non-irritant; higher concentrations were not tested. A 2 . 2 cm
patch wetted with 50% DEHP was applied to a challenge site (on the right flank) of all animals
for 24 hours. The degree of response was assessed 24 hours after removal of the challenge patch
and rated. Any animal showing erythema at the challenge site was considered to have shown a
positive response. DEHP was unequivocally not sensitising in the guinea pig maximization test;
there were no positive responses.
A Buehler test has been performed according to Annex V Methods (Annex of Directive
92/69/EEC, Part B) and GLP principles (Exxon, 1994). The test substance was DEHP of
unspecified purity (Jayflex DEHP). Forty female nulliparous and non-pregnant albino
Dunkin/Hartley albino guinea pigs were allocated either to the control group (20 animals) or to
the test group (20 animals). The strain is documented sensitive to the sensitisation caused by
formalin. A preliminary study was carried out in 4 additional animals to identify possible
irritancy of a range of dilutions of the test substance (40, 60, 80, and 100%, using Alembicol D
as vehicle). The animals were observed at 0, 24, and 48 hours. No irritancy was shown in the
preliminary study, and the undiluted test substance could therefore be used for the main study.
The procedure may be considered in two parts, induction and challenge.
Induction: the skin on the left shoulder region of the guinea pigs was clipped free of hair. Three
induction applications were made on days 1, 8, and 15. Each time, a gauze patch saturated with
the test substance was maintained in contact with the skin for 6 hours, after which the patches
were removed. The control animals were treated similarly with the exception that the test
substance was omitted. The dermal reactions were observed immediately and 24 hours after each
induction application.
Challenge: two weeks after the last induction application all animals were challenged using a
new, clipped skin area on the right flank. The challenge application was identical to the
induction. The challenge sites were evaluated 24, 48, and 72 hours after removal of the patches
using a scoring system.
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The results of this study clearly show no sensitising properties of the test substance, as no dermal
reactions were seen in any of the test or control animals at any point of time during the induction
and challenge phase. There were no clinical signs of toxicity and no effects on body weight.
Other relevant studies have not been available.
Respiratory tract sensitisation
An in vitro study investigating the bronchial hyperresponsiveness to DEHP in rat tracheal tissue
has been reported (Doelman et al., 1990). Methacholine dose response curves of rat tracheal
tissue were not influenced by DEHP after incubation for 30 minutes. Incubation with 10-4 M
MEHP induced a significant dose-dependent increase in -log EC50 for methacholine in rat
tracheal tissue compared to control. MEHP-incubation also resulted in a decrease in maximal
effect for methacholine but only at relatively high concentrations. The effects seemed to be
reversible. After a 60-minute washing period, -logEC50 and maximal response for methacholine
returned to normal. The authors concluded that only continous exposure to DEHP might cause
bronchial hyperresponsiveness.

4.1.2.5.2

Studies in humans

A case study on occupational asthma due to DEHP has been described in worker at a
PVC-processing plant (Brunetti and Moscato, 1984). The orignal study (in Italian) was briefly
reported in a review (IPCS, 1992) without giving any experimental data. Therefore, it is
impossible to evaluate the relevance of this study.
The role of interior surface materials in the home in the development of bronchial obstruction (as
an indicator for development of asthma) during the first 2 years of life was assessed in a
case-control study based on the Oslo Birth cohort (246 case subject and 246 age mached
controls) (Jaakkola et al 1999).The results showed that the risk of bronchial obstruction was
greater in the presence of PVC in the floors, compared with the reference category of wood or
parquet flooring and painted walls and ceiling. On the other hand, the risk of bronchial
obstruction was not related to PVC wall materials. It was also reported that the risk of bronchial
obstruction increased in relation to the amount of plasticizer-emitting materials in the home. In
another study published by the same group (Øie et al., 1997), the exposure to plasticizers from
sedimented dust samples and suspended particulate matter samples collected from different parts
of dwellings selected from a reported “Oslo Birth cohort Study” was assessed. Different amounts
of different phthalate esters were detected in these samples: DEHP was predominant in both the
sedimented dust samples (69% of total phthalate) and the suspended particulate matter samples
(52% of total phthalate).
In conclusion, the presented studies indicate that the risk of bronchial obstruction and asthma
may increase in the presence of DEHP and other plasticizer in PVC products among a number of
other chemicals and factors in the indoor environment. However, there is no sufficient evidence
supporting a causial association between exposure to DEHP and induction of asthma.
Shaffer et al. (1945) found no erythema or any other reaction at any time following application
of undiluted DEHP. Twenty-three human subjects had been subjected to patch tests upon the
back where DEHP was left in contact for 7 days and reapplied on the same spots 10 days later.
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4.1.2.5.3

Summary of sensitisation

DEHP has been tested according to the Magnusson-Kligman Guinea Pig Maximization test as
well as the Buehler test with negative results indicating that DEHP is no skin sensitiser in
animals.
Limited in vitro data indicate that DEHP due to the formation of MEHP might provoke bronchial
hyperresponsiveness.
The available human data are not adequate for a risk assessment.
The available sensitisation data do not suggest a classification of DEHP according to EU criteria.

4.1.2.6

Repeated dose toxicity

4.1.2.6.1

Studies in humans

A case report suggests that inhalation of DEHP may induce toxic damage of the lungs in the
preterm infant. In preterm infants, artificially ventilated with PVC respiratory tubes, unusual
lung disorders resembling those observed in hyaline membrane disease were observed during the
fourth week of life in two infants (Roth et al., 1988). In a third infant, who died two weeks after
birth, DEHP was detected in the lung tissue but not in the liver tissue. The estimated inhalative
exposure in the three infants ranged between 1µg/hour – 4,200 µg/hour. DEHP, but not MEHP,
could be demonstrated in urine samples. The authors assumed that these findings were causally
related to the exposure to high doses of DEHP released from the PVC tubes.
A morbidity study was carried out on a group of 97 men and 4 women employed in a German
plant producing DEHP (Thiess et al., 1978b). The average exposure period was 12 years
(4 months to 35 years). Background levels were generally low (0.001-0.004 ppm ≈
0.016-0.064 mg/m3) with higher levels up to 0.01 ppm (0.16 mg/m3) in the vicinity of the
chemical reactor. Blood lipids, serum activities of liver enzymes, and routine haematological
tests were normal, and no excess of any pathological condition was found. All 58 children
fathered by the exposed men were normal. Due to the low exposure levels and the lack of a
referent group, this study is considered inadequate with respect to the risk assessment.
A mortality study of 221 workers exposed to DEHP in the plant was also conducted. Eight
deaths occurred in the cohort compared with expected values of 15.9 and 17.0 for city and
country, respectively (Thiess et al., 1978c). This study is considered inadequate with respect to
the risk assessment due to small cohort size, short follow-up, and low exposure levels.
Three epidemiological studies on neurological symptoms in workers exposed to phthalate esters,
including DEHP, by inhalation are available. However, due to several limitations including lack
of an appropriate referent group, small size of the exposed population, inadequate
documentation, and mixed exposure to other substances than DEHP, these studies are considered
inadequate with respect to risk assessment.
A morbidity study was conducted in the USSR of 147 workers at a PVC-processing plant
(Milkow Milkov et al., 1973). The workers were exposed to a mixture of phthalates, including
DEHP as a minor constituent. Tricresyl phosphate (a neurotoxin) was a component of the
incombustible materials produced in 10-20% of machines assigned to various workers. The total
phthalate air concentrations recorded varied between 1.7 and 66 mg/m3. No referent group was
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included in the study. Frequent complaints of ill-effects were made by those exposed to
phthalates. A high incidence of pain in the upper and lower extremities was reported in 57% of
those employed for 6-10 years and 82% of those employed for more than 10 years.
Polyneuropathy was evident in 47 workers (32%); the incidence increased with length of
employment. Another 22 workers (15%) were said to have functional disorders (not specified) of
the nervous system. Vestibular abnormalities were evident in 63 workers (78%) of 81 workers
specifically examined.
In a cross-sectional study, symptoms and signs of polyneuropathy were reported in 12 out of
23 workers at a plant for phthalate production in Italy (Gilioli et al., 1978). The workers were
exposed to a mixture of phthalates, including DEHP, but also, to a lesser degree, to the
corresponding alcohols and to phthalic anhydride. Total phthalate air concentrations recorded
varied between 1 and 60 mg/m3. No referent group was included in the study. The authors
concluded that no definite conclusion could be drawn from the study because of the limited
number of workers examined. The study is reported in Italian with an abstract in English.
In a study involving a Swedish PVC-processing factory, 54 male workers were examined for
peripheral nervous system symptoms and clinical signs. The workers were exposed mainly to
DEHP, di-isodecyl phthalate, and butylbenzyl phthalate (Nielsen et al., 1985). They were divided
into three groups of approximately equal size and with mean phthalate exposures of 0.1, 0.2, or
0.7 mg/m3. Some workers displayed various peripheral nervous system symptoms and signs, but
these were not related to the level of exposure. None of the workers reported symptoms
indicating work-related obstructive lung disease. Neither did conventional lung function test
results show any association with exposure levels. Some biochemical parameters (haemoglobin,
α-1-antitrypsin, and immunoglobulin A) showed exposure-related associations.
There are no data available concerning peroxisome proliferation in humans exposed to DEHP.
Data from studies of other peroxisome proliferators (hypo-lipidemic drugs) do not indicate that
humans are sensitive to peroxisome proliferation.
Conclusion: the available studies in humans is inadequate for risk assessment.
4.1.2.6.2

Studies in animals

A few inhalation studies in experimental animals are available and the only study available
following dermal exposure to DEHP is inadequate for risk assessment.
A large number of studies have investigated the toxicity of DEHP following repeated oral
administration to experimental animals, mainly rats. The most pronounced effects included,
effects on the liver (hepatomegaly, peroxisome proliferation, and replicative DNA synthesis),
testes (tubular atrophy), effects on the kidneys and cardiopulmonary tissues andhypo-lipidemic
effects (decreased plasma levels of cholesterol and triglyceride). Other, less pronounced, effects
have also been observed, e.g. reduced body weight and body weight gain, and alterations in
clinico-chemical parameters. The oral studies in rats and mice are summarised in Table 4.30
with dietary intakes converted from ppm and percent into mg/kg bw.
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4.1.2.6.3

Short-term repeated dose studies (up to 28-days exposure)

Inhalation
Rats
Wistar rats (10 males and females per group in the main dose group; 2 males and females per
group in satellite group I, 15 males and 2-5 females per group in satellite group II; an equal
number of control rats in each group; 9 weeks old at the beginning of exposure) were exposed in
head-nose inhalation systems to DEHP (99.7% pure) aerosols of respirable particle size (mass
median aerodynamic diameter < 1.2 ± 2.9-9.5 µm) or air (controls) (BASF, 1990 and Klimisch et
al., 1992). Exposure duration was 6 hours per day, 5 days per week for 4 weeks at 0, 0.01, 0.05,
or 1.0 mg/litre (0, 10, 50, or 1,000 mg/m3). The animals of the main dose group were sacrificed
at the end of the exposure period. Before sacrifice, male rats from satellite group II had a
recovery period of 2 or 6 weeks after termination of exposure. Livers of animals from satellite
groups I and II were examined by light and electron microscopy. No animals died during the
study. Clinical examination and blood chemistry parameters did not reveal treatment-related
effects. Body weights of treated rats and controls were similar. In the highest dose group, a
significant increase in relative lung weights was seen in male rats. This was accompanied by
foam cell proliferation and thickening of the alveolar septi. Absolute liver weights (females) and
relative liver weights (both sexes) were slightly but significantly increased but there were no
corresponding histological findings. All these effects were reversible within the post-exposure
observation period. No testicular toxicity was detected histologically. Electron microscopical
examination of liver samples from all three concentration groups and controls at the end of
exposure and after the post-exposure period did not reveal clear ultrastructural changes in
hepatocytes that could be attributed to the exposure or to peroxisome proliferation. The NOAEL
in this study is 50 mg/m3. It should be noted that the conclusions of this study are not always
based on described values. For example, no evidence supporting the reversibility of the liver and
lung effects is presented; also the histopathological results and information on the absolute and
relative weights of the testis is lacking. Furthermore the reliability of this study is questioned
since effects on peroxisome proliferation were not observed in contrast with a similar study
conducted earlier by BASF (Merkle et al., 1988). In that report reference is made to a rangefinding study in which “exposure-related” peroxisome proliferation was observed in dams from
200 to 1,000 mg/m3. Therefore, this study is not considered reliable for risk characterisation.
In a range-finding teratogenicity study (BASF, 1986b as cited by Merkle et al., 1988), pregnant
rats were exposed in a head/nose regimen to DEHP aerosol concentrations of 0, 0.2, 0.5 or
1.0 mg/litre (0, 200, 500 or 1,000 mg/m3; MMAD < 1.2 ± 5.8 –16.8) (purity: the maximum level
that was technically achievable) from gestation day 6 through 15. The animals were sacrificed on
day 16. Electron microscopic evaluation (two rats per dose group) revealed peroxisome
proliferation with an increasing trend at all dose levels, from slight at the control level to very
marked at the highest exposure level. In each of the 200 and 500 mg/m3 dose groups, one animal
showed moderate and one animal very marked peroxisome proliferation. No effect on body
weight gain or food consumption was observed in the highest dose group. This study is
inadequate for risk assessment as no original data are available.
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Peroral
Rats
Fischer 344 rats (5 animals/sex/group) were given 0.67% DEHP (purity not specified) in the diet
for 28 days (Hodgson, 1987). No effects were observed on body weight gain and food intake.
Relative liver weights were significantly increased in dosed rats compared to controls. A
moderate increase in the number of peroxisomes and induction of three enzymes (PCoA,
catalase, and CAT) indicative of peroxisome proliferation was observed.
In a following study, the effects of feeding either DEHP or 2-EH (purity: not specified) were
compared. Fischer 344 rats were given 100, 320, or 950 mg/kg bw/day of 2-EH or
700 mg/kg bw/day of DEHP by gavage (vehicle not specified) for 21 days. A control group was
included in the study. No further details of study design are given. A significant decrease in body
weight gain was observed in the high-dose 2-EH-group but not in the other dosed groups.
Relative liver weights were significantly increased in the high-dose 2-EH-group and in the
DEHP-group when compared to the control group. The number of peroxisomes was slightly and
moderately increased in the high-dose 2-EH-group and in the DEHP-group, respectively.
Induction of PCoA, LAH-11, and LAH-12 was observed in the high-dose 2-EH-group and in the
DEHP-group. At 950 mg/kg bw/day, 2-EH caused approximately the same increase in enzymatic
activity as did 700 mg/kg bw/day of DEHP. Male Wistar rats (4 rats per dose group, 6 control
rats) were fed a diet containing 0 or 2% DEHP (> 99.5% pure) for 3, 10, or 21 days (Mann et al.,
1985). Body weights were significantly decreased after 10 and 21 days of treatment. Relative
liver weights were increased in all dosed rats; electron microscopic examination showed
significantly increased peroxisome proliferation, changes in mitochondria, and proliferation of
the smooth endoplasmatic reticulum already after 3 days of treatment. The activities of
peroxisomal enzymes (PCoA, α-GD, and catalase) were significantly increased.
In a study comparable to a guideline study and performed according to GLP principles, Fischer
344 rats (5 animals/sex/group) were fed diets containing 0.2, 0.67 or 2.0% DEHP (99.8% pure)
for 28 days (Nuodex, 1981c). The average weekly body weights were significantly reduced in
high dose males from day 14 of exposure and in high dose females throughout the study. The
mean absolute and relative liver weights were significantly and dose-dependently increased at all
dose levels in both sexes. The livers of all rats in the highest dose group were enlarged. No
microscopically lesions were observed in adrenals, liver, spleen, heart, testes, ovaries, kidney, or
brain of treated rats. Total lipid levels were significantly and dose-dependently reduced at all
dose levels in both sexes. The activities of hepatic catalase and CAT were significantly increased
in all dose groups.
In an other study comparable to a guideline study and performed according to GLP principles,
Alderley Park rats (10 animals/sex) were given 2,000 mg/kg bw/day of DEHP (99.7% pure) by
gavage in corn oil for 14 days (ICI, 1982 and Rhodes et al., 1986). The control group was given
the vehicle. The body weight gain was significantly reduced in males but not in females. Slight
signs of systemic toxicity were observed in treated rats of both sexes. Plasma cholesterol and
triglyceride levels were significantly reduced in male rats but not in females. Absolute and
relative liver weights (both sexes) and kidney weights (females) were significantly increased.
Testis weights were significantly reduced in 3 male rats and testicular tubular atrophy was
observed in 4 male rats. Brain weights were unaffected. Electron microscopy of livers revealed
marked peroxisome proliferation (an 8-fold increase in males and 5-6-fold increase in females).
Both number and size of peroxisomes were increased. Disorganisation of rough endoplasmic
reticulum, mild proliferation of smooth endoplasmic reticulum, and increased number of
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lysosomes and mitochondria were observed in a number of rats. A significantly increased
activity in the peroxisomal enzymes α-GD and PCoA and an increased activity in catalase
(males only, not significant) was observed. Peroxisome proliferation was also observed in the
proximale tubule of the kidney (2-fold increase in both sexes).
In a study comparable to a guideline study and performed according to GLP principles, male
Fischer 344 rats (8 animals) were fed 2% DEHP (100% pure) in the diet for one week (Exxon,
1982 a,b). A slight body weight loss was observed but was not significant when compared to the
control group. Food consumption was significantly reduced. No changes in haematological
parameters were observed. The absolute and relative liver and kidney weights were significantly
increased compared to controls. No compound-related microscopic changes were observed in
testes, liver, or kidneys. Cholesterol and triglyceride levels were significantly reduced.
In a study comparable to a guideline study and performed according to GLP principles, Fischer
344 rats (5 animals/sex/group) were fed 0, 0.01, 0.1, 0.6, 1.2, or 2.5% DEHP (99.9% pure;
corresponding to 0, 11, 105, 667 1,224, or 2,101 mg/kg bw in males and 0, 12, 109, 643, 1,197,
or 1,892 mg/kg bw/day in females) in the diet for 21 days (CMA, 1984b; Barber et al., 1987). In
the highest dose group, rats of both sexes lost weight during the first week of the study and body
weights were significantly reduced compared to controls from day 3 of the study. Animals given
1.2% gained less weight than the controls during the first three days of treatment, although the
differences were not significant. Food intake was significantly decreased in the highest dose
group (both sexes) and in females from the 1.2% dose-group. Absolute and relative liver weights
were significantly increased from 0.6%. Histological examination showed a reduction in
cytoplasmic basophilia in livers from male rats given 0.6% and more and in female rats given
1.2% and more. Relative kidney weights were significantly increased in the highest dose group;
no histological abnormalities were, however, observed. Testis weights were significantly reduced
in male rats in the highest dose group and moderate to severe testicular atrophy were noted. In
male rats, serum triglyceride levels were significantly increased at 0.01% but significantly
reduced from 0.6%. In female rats, serum triglycerides were significantly increased from 1.2%.
There was no dose-related reduction in serum cholesterol levels. Electron microscopy revealed a
dose-related increase in numbers of peroxisomes from 0.1% in males and from 0.6% in females.
At dietary levels of 0.6% and above, the size range of the peroxisomes was also increased and
there were changes in peroxisomal morphology. PCoA showed a dose-related increase at dietary
levels of 0.6% and above. LAH-11 and LAH-12 were increased in males from 0.1% and more
and in females from 1.2% and more. No NOAEL can be derived from this study. The LOAEL is
0.01% in the diet (corresponding to 11 mg/kg per day in males and 12 mg/kg per day in
females).
In an other study comparable to a guideline study and performed according to GLP principles,
Fischer 344 rats (4-5 animals/sex/group) were fed 0, 0.1, 0.6 or 1.2% DEHP (purity > 99%) (0,
80, 480, or 960 mg/kg/day) in the diet for one or three weeks (CMA, 1982c). A post observation
period of 2 weeks followed. No effects on growth and feed consumption were noted. Dosedependent increases (significant) in liver weights were seen from week 1 and throughout the
study. Following the recovery period, liver weights decreased considerably but remained
significantly higher in mid- and high-dose males and in high-dose females. Hepatocellular
hypertrophy was seen in high-dose males and in 3 of 5 mid-dose males after 1 and 3 weeks, and
in high-dose females after 3 weeks. After the recovery period, this effect was seen only in
high-dose males. An increased number of peroxisomes was observed in high-dose males but was
less marked in females. Catalase activities showed moderate increases in high-dose animals at
1 week of treatment. After 3 weeks, catalase levels remained elevated in high-dose males, and to
a lesser extent in the females. Following the recovery period, catalase activities were similar to
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controls. Activities of CAT exhibited marked dose-dependent and significant increases after
1 week, decreased substantially during the recovery period but remained significantly higher in
mid- and high-dose animals than in controls. Dose-related moderate increases in kidney weights
were observed in rats of the two highest dose groups. Other organ weights (brain, spleen, testes,
and thyroids) were not significantly altered. Serum triglycerides were significantly reduced at all
dietary levels after 1 and 3 weeks but normalised during the recovery period. Serum cholesterol
levels were significantly reduced after one week in mid- and high-dose females and to a lesser
extent in males. After three weeks, cholesterol levels remained lower in females but were normal
in males. Cholesterol levels were normal in all treated rats following the recovery period. No
NOAEL can be derived from this study. The LOAEL is 0.1% in the diet (corresponding to about
80 mg/kg per day).
In a study performed according to GLP principles, DEHP (99.9% pure) was fed to groups of
5 male Fischer 344 rats at dietary levels of 0.02, 0.05, 0.1, 0.5, 1.0, or 2.5% (24, 52, 115, 559,
1,093, or 2,496 mg/kg bw/day) for 28 days (BIBRA, 1990). The control group (10 male rats)
received basic diet. A significant reduction in body weight and a reduced food intake was
observed after 7 days of treatment in high-dose rats and was persistent throughout the study.
Absolute liver weights were significantly increased from 0.5% while relative liver weights were
significantly increased at all dose levels. Hepatic PCoA was significantly increased from 0.1% in
the diet. Testis weights were significantly reduced at 2.5% in the diet; marked testicular atrophy
was observed histologically. This study identifies no NOAEL; the LOAEL corresponds to the
lowest dose administered, that is 0.02% in the diet (24 mg/kg/day).
Male Sprague-Dawley rats (5 animals per group) were given 25, 100, 250 or
1,000 mg/kg bw/day of DEHP (> 99% pure) by gavage in corn oil for 14 days (Lake et al.,
1984b). Control rats (5 animals) received the vehicle. Relative liver weights were significantly
and dose-dependently increased in the three highest dose groups. A marked dose-dependent
increase in the activities of PCoA and CAT was also observed.
Male Fischer 344 rats (5 animals per group) were fed 0, 100, 1,000, 6,000, 12,000 or 25,000 ppm
(0, 11, 105, 667, 1,223, or 2,100 mg/kg bw/day) of DEHP (99.8% pure) in the diet for 21 days
(Short et al., 1987). The relative liver weight and PCoA oxidation in liver homogenates were
significantly increased from 6,000 ppm. LAH-11 and LAH-12 hydroxylation were significantly
increased from 1,000 ppm. Peroxisome proliferation was examined by electron microscopy and
evaluated as moderate to very marked in the three highest dose groups.
In a study designed to reveal a NOAEL for peroxisome proliferation, male Wistar rats (6 animals
per group) were fed 0, 60, 200, 600, 2,000 or 6,000 mg/kg of DEHP (> 98.4% pure) (0, 5, 18, 52,
182, or 549 mg/kg bw/day) in the diet for 2 or 4 weeks (RIVM, 1992). Peroxisome proliferation
was evaluated by morphometric analysis (light and electron microscopy) and by measurement of
the activity of peroxisomal associated enzymes (PCoA, ECoA, catalase, CAT, LAH-11, and
LAH-12). There were no significant differences in body weights between control animals and
treated groups. The liver weights of animals in the two highest dose groups were significantly
increased in a dose-related manner compared to the control group following 2 or 4 weeks of
treatment. The morphometric analysis revealed a significant increase in volume density and
number of peroxisomes in animals given 200 mg/kg DEHP or more in the diet for two weeks.
For all enzymes, a dose-response relationship was observed. The NOAEL for induction of LAH11, LAH-12, and ECoA was 200 mg/kg, for PCoA 600 mg/kg, and for catalase 2,000 mg/kg.
The activity of CAT (the most sensitive parameter in the study) was significantly increased in all
treated groups. An overall NOAEL for peroxisome proliferation was established as 60 mg/kg
DEHP (5 mg/kg bw/day) in the diet. The results for CAT were not taken into account in the
establishment of the NOAEL as this enzyme is not specific for peroxisome proliferation.
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In an attempt to relate the chemical structure to biological activity, the hepatic effects of DEHP
and related compounds on hepatic peroxisome proliferation and peroxisomal enzymes have been
studied (Moody and Reddy, 1978). Male Fischer 344 rats (4-5 animals per group) were given 2%
of DEHP, 2-EH, 2-ethylhexyl aldehyde, and 2-ethylhexanoic acid in the diet for 3 weeks.
Hepatic peroxisome proliferation in association with an increase in liver size, increase of hepatic
activities of the peroxisome-associated enzymes catalase and CAT, and hypo-lipidemia were
observed in all treated groups. The changes induced by 2-EH and 2-ethylhexanoic acid were
comparable to those induced by DEHP whereas those of 2-ethylhexyl aldehyde occurred to a
lower extent.
The induction and deduction of peroxisomal enzymes by DEHP was studied in male Wistar rats
(3 animals per group) (Miyazawa et al., 1980). One group of rats was administered 2% DEHP
(purity not specified) in the diet for 4 weeks. Another group was administered DEHP for 14 days
followed by the control diet for 14 days. The liver weight increased during treatment with DEHP
and decreased in the withdrawal period. The activities of enzymes of peroxisomal β-oxidation
and of catalase were markedly increased by DEHP. The time required to reach half-way to the
maximal induction for enzymes of peroxisomal β-oxidation was 5 to 7 days, whereas that for
catalase was 3 days. On the withdrawal of DEHP, activities of the β-oxidation system and of
catalase decreased to the control levels with a half-life of 2 to 3 days.
Female Sprague-Dawley rats were given 5 oral doses of 2 000 mg/kg bw/day of DEHP (> 99%
pure) in corn oil by gavage on days 2-6, 6-10 or 14-18 of lactation (Dostal et al., 1987a) (see also
Section 4.1.2.10.5). The rats were sacrificed 24 hours after the last dose. The body weights of
lactating rats and of their suckling pups were significantly reduced in all treatment intervals.
Food consumption was reduced in the mothers dosed on days 14-18. Relative liver weights were
increased in the lactating dams at all three stages of lactation but not in the suckling pups. The
hepatic peroxisomal enzyme activities (PCoA and CAT) were increased by 5- to 8-fold in treated
dams at all three stages of lactation. Two-fold increases in these enzyme activities were also
observed in pups suckling the treated dams. Also hypo-lipidemia was observed in treated
lactating rats at all three stages of lactation. Plasma cholesterol and triglyceride concentrations
were decreased by 30-50%.
In a following experiment, female Sprague-Dawley rats were given 3 oral doses of
2,000 mg/kg bw/day of DEHP in corn oil by gavage on days 15-17 of lactation. The rats were
sacrificed 6 hours after the last dose. Increased activities of PCoA and CAT in dams and pups
were observed also in this study. Mammary gland weights, both absolute and relative, was
significantly reduced in treated rats. In treated rats, total milk solids, lipid, and protein were
increased relative to control rats, whereas milk lactose was significantly decreased. Milk
collected 6 hours after the third dose contained 216 µg/ml DEHP and 25 µg/ml MEHP. In
contrast, plasma contained virtually no DEHP (< 0.5 µg/ml) but substantial amounts of MEHP
(76 µg/ml) resulting in a high milk/plasma ratio for DEHP and a low milk/plasma ratio for
MEHP. DEHP and MEHP were not detected in the plasma of the pups. After addition of
(14C) DEHP to milk in vitro, most of the radioactivity was associated with the fat globule layer.
In a study comparable to a guideline study, male Sprague-Dawley rats were given 10, 100, 1,000
or 2,000 mg/kg bw/day of DEHP (> 99% pure) in corn oil by gavage for 5 days beginning at an
age of 6 (1-week-old), 14-16 (2-week-old), 21 (3-week-old), 42 (6-week-old) or 86 (12-weekold) days (Dostal et al., 1987b) (see also Section 4.1.2.9.1). The control group was given the
vehicle. After two doses of 2,000 mg/kg bw/day virtually all pups in the three youngest age
groups died whereas 6- and 12-week-old rats showed significantly decreased body weights with
no fatalities. Five daily doses of 1,000 mg/kg bw/day caused significant decreases in body
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weight gain in 1-, 2-, and 3-week-old rats. Absolute and relative liver weights were significantly
increased at 100 mg/kg bw/day in all age-groups except in 1-week-old rats and in all age groups
at higher dose levels. Absolute kidney weight was reduced in some cases whereas relative kidney
weight was increased at doses of 1,000 mg/kg bw/day or more in 3-week-old rats or older rats.
Morphological examinations revealed increased peroxisome proliferation in neonatal as well as
adult rats. The activities of PCoA and CAT were increased in a dose-dependent manner in all age
groups. The activities of these enzymes were similar in control rats of all ages. Plasma
cholesterol concentrations were higher in suckling control rats (1- and 2-week-old) than in
weanling (3-week-old) and adult controls. In DEHP-treated rats, plasma cholesterol
concentrations were significantly reduced in weanling and adult rats given doses of 1,000 mg/kg
bw/day or more. In suckling rats plasma cholesterol levels were increased at 1,000
mg/kg/bw/day. Plasma triglyceride levels in the control group were similar at all ages whereas
significant decreases in plasma triglycerides were observed in weanling and adult rats; in
suckling rats only small decreases (not significant) occurred.
Male Wistar rats (5 rats per group) were orally administered 250, 500, 1,000, or
2,000 mg/kg bw/day of DEHP (purity not specified) diluted in groundnut oil for 14 days (Khaliq
and Srivastava, 1993). The control group was given the vehicle. Body weight gain was decreased
in the two highest dose groups. Absolute liver weights were significantly increased in the two
highest dose groups and relative liver weights in the three highest dose groups. The levels of
liver polyamines were induced (spermidine 11-138% and spermine 3-78%) in a dose-dependent
manner. The levels of spermidine increased more rapidly than those of spermine and the
spermidine/spermine ratio was found to increase with increasing doses of DEHP. According to
the authors, similar induction of polyamines occurred in tumour-bearing rats and they suggested
that the increase in polyamine levels might be in correlation with the reported carcinogenic effect
of DEHP.
The effects of DEHP on lipid metabolism were studied in male Sprague-Dawley rats
(5-10 animals per parameter examined) given 1% DEHP (purity not stated) in the diet for
21 days (Bell et al., 1978). The relative liver weights were significantly increased. Hepatic total
cholesterol and total lipid was not significantly different from control values. A significant
reduction in serum cholesterol was seen in rats after 7 days of DEHP administration.
In a study of the effects of DEHP on the thyroid, male Wistar rats (18 rats per group) were fed
diets containing 0 or 1% of DEHP (purity not specified) corresponding to approximately
1,000 mg/kg bw/day (Hinton et al., 1986). Six rats from the treatment group and six controls
were sacrificed 3, 10, or 21 days after beginning of feeding. Serum thyroxin (T4) and serum
triiodothyronine (T3) were measured. A significant decrease in serum levels of T4 was observed
whereas the levels of T3 were unaffected (slight alterations observed were not significant).
Electron microscopic examination of the thyroids of treated rats showed marked ultrastructural
changes (increase in the number and size of lysosomes, enlargement of the Golgi apparatus, and
damage of mitochondria) indicative of hyperactivity of the thyroid.
The neurobehavioural effects were tested in rats by a functional observational battery (FOB) and
motor activity measurements before exposure, at specified times after a single dose exposure,
and during and after a 14-day repeated dose exposure (Moser et al., 1995). Female Fischer 344
rats (number not given) were administered 150, 500, 1,500 or 5,000 mg/kg bw/day of DEHP
(> 99% pure) (single dose study), or 50, 150, 500 or 1,500 mg/kg bw/day of DEHP (repeated
exposure, 14 days) in corn oil by gavage. The FOB included following measures: autonomic,
activity, excitability, neuromuscular, sensorimotor, and physiological measures. Motor activity
was measured in a maze. The FOB was performed on each rat just prior to the first dose.
Thereafter, the FOB followed by motor activity assessmentswas conducted at 4 and 24 hours
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after exposure (single dose study), and on day 4 and 9 (before the daily dose) and 24 hours after
the last dose. No lethality occurred. A single administration of the highest dose produced
pronounced signs of general debilitation in two rats 24 hours after dosing. No changes in body
weight were observed in either study. No functional domain was overall affected in either study.
Mice
In a study performed according to US-EPA Toxic Substances Control Act Test Guidelines 40
CRF 798 and to GLP principles, B6C3F1 mice (10 animals/sex/group) were fed 0, 1,000, 5,000,
10,000, or 25,000 ppm of DEHP (> 99% pure) in the diet for 4 weeks (Eastman Kodak, 1992b).
Four male and three female mice from the highest dose-group died during the study.
Compound-related clinical signs were observed only in the highest dose group. Body weights
and body weight gains were significantly decreased in high-dose males and females and in males
at the 5,000 ppm dose group. The weakly mean food consumption was significantly decreased at
week 1 for males in the three highest dose groups and at week 2 for males in the highest dose
group. Absolute and relative liver weights were significantly and dose-dependently increased in
males and females fed 5,000 ppm DEHP or more. Hepatocellular hypertrophy (cytoplasmic
enlargement, eosinophilia of hepatocytes around central veins) characterised as being moderate
to severe was observed microscopically in high-dose mice. Focal coagulative necrosis occurred
in males and females at the three highest dose groups. Absolute kidney weights were
significantly decreased in males at the three highest dose groups. Relative kidney weights were
significantly decreased in males at the 5,000 ppm group and in females at the 25,000 ppm group.
Acute inflammation of the kidney (tubular necrosis, tubular dilatation with proteinaceous casts
formation, tubular regeneration) occurred in mice at the three highest dose groups. Absolute and
relative testes weights were significantly decreased in males of the two highest dose groups.
Testicular atrophy was observed in males at the 25,000 ppm group. Other microscopic findings
included thymic atrophy in mice of both sexes at the highest dose group and absence of corpora
lutea in ovaries of females at the highest dose group.
Hamsters
Male DSN Syrian hamsters (5 animals per group) were given 25, 100, 250 or
1,000 mg/kg bw/day of DEHP (> 99% pure) by gavage in corn oil for 14 days (Lake et al.,
1984b). Control hamsters (5 animals) received the vehicle. The relative liver weight was
significantly increased in high-dose animals. No significant increase in the activities of PCoA
and CAT was observed. Administration of similar doses of DEHP to rats resulted in a significant
and dose-dependent (from 100 mg/kg bw/day) increase in liver weight as well as marked and
dose-dependently increased activities of PCoA and CAT (see above).
Monkeys
In a study comparable to a guideline study and performed according to GLP principles,
marmosets (5 animals of each sex) were given 2,000 mg/kg bw/day of DEHP (99.7% pure) by
gavage in corn oil for 14 days (ICI, 1982b and Rhodes et al., 1986). The control group was given
the vehicle. Body weight gains were unaffected. No effects were observed on liver and testis
weights whereas the relative kidney weights were significantly reduced in females. Gross and
microscopic examination of the liver, kidney, testes, and pituitary showed no changes. Electron
microscopy revealed only a slight increase in peroxisomes. Plasma cholesterol and triglyceride
levels were similar in treated and control animals. A significant increase in hepatic catalase
activity was seen in males. In a comparative study in rats (ICI, 1982b, Rhodes et al., 1986 and
see above), hepatomegaly, marked peroxisome proliferation, and an increase in the activity of
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peroxisomal, mitochondrial and smooth endoplasmatic reticulum (microsomal) enzymes
concerned with fatty acid metabolism were observed following a similar dosage regimen.
Male cynomolgus monkeys (one animal per group) were given 0, 100 or 500 mg/kg bw/day of
DEHP (99.8% pure) by gavage in corn oil for 21 days (Short et al., 1987). There were no
treatment related changes in relative liver weight, PCoA oxidation, CAT, or LAH-11 and
LAH-12 hydroxylation. In addition, no treatment related effects were observed at light and
electron microscopic examination of the livers. In contrast to these results, relative liver weight
and PCoA oxidation, and LAH-11 and LAH-12 hydroxylation were significantly increased in
male rats given doses from 6,000 ppm (667 mg/kg bw/day) or from 1,000 ppm
(105 mg/kg bw/day), respectively, in the diet for 21 days. Peroxisome proliferation was
moderate to very marked from 6,000 ppm.
The effects of DEHP as a peroxisome proliferator were evaluated in young adult male
cynomolgus monkeys after 14 days of treatment, with emphasis on detecting hepatic and other
effects seen in rats and mice after treatment with high doses of phtalater (Pugh et al, 2000).
Monkeys weighing 2-2.9 kg were exposed to 500 mg DEHP/kg/day (dissolved in 0.5%
methylcellulose) administrated in a constant volume of 10 ml/kg once a day for 14 consecutive
days using an adult/pediatric nasogastric tube.
All animals were observed twice a day for mortality, morbidity, and toxicological or other
clinical signs, including behavioural changes, appetite, and excreta.
Blood samples were collected during the second and fourth week of the pre-test period and prior
to necropsy. Monkeys were sacrificed on the day following the last dose. A gross necropsy was
performed including a thorough visual examination of all organs and body tissues. Organ
weights were obtained for the liver, kidney, and testes/epididymis, adrenals, brain, heart, lung,
spleen, and thyroid/parathyroid, and organ to body weight ratios were calculated. Sections of
liver, kidney, and testes, were fixed and embedded for subsequent histopathological evaluation,
assessment of replicative DNA synthesis by immunohistochemical detection, evaluation of GJIC
and for assessment of peroxisomal activity.
There were no overt changes in the general health or behaviour of the monkeys following
14 days of dosing. Treatment with DEHP had no effect on body weights, food consumption, or
relative weights of any organs assessed.
There were no changes in hematological parameters, serum chemistry or in the urine analysis.
No inflammation or necrosis was seen in any of the tissues examined.
The test substance did not produce any toxicologically important changes in the monkeys (Pugh
et al., 2000)
Dermal
In the only available dermal study, DEHP (purity not specified) was percutaneously administered
to DDY-mice (3 animals per dose group in a first experiment and 2 per group in a second) as
daily doses of 0.2 ml of a 10, 30, 50, or 100% solution in olive oil for one month (Watari et al.,
1978). Macroscopically, the liver was greatly enlarged, lacked elasticity, and had a dark brown
colour. Inflammatory signs were observed in the peritoneum in the two highest dose groups.
Structural alterations of the liver tissues were observed by light and electron microscopy and by
cytochemistry in all dosed groups. In hepatic cells, the nuclei were atrophied and frequently
contained fat droplets. The smooth endoplasmic reticulum was proliferated and vesiculated.
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Mitochondria were decreased in size and some were degenerated. An unusual proliferation of the
microbodies and their morphological alterations were found. The authors concluded that the
results showed that DEHP is absorbed percutaneously and accumulates in the mouse liver
resulting in damage to the cellular organelles. Due to several shortcomings, this study is,
however, not adequate for use in the risk assessment.
Other Routes
A 3-day-old neonatal rat model was used to assess DEHP toxicity following intravenous
administration (Greener et al., 1987). Neonates (12 rats per group, 2 to 4 days old) were injected
30.8, 91.7, or 164.8 mg/kg bw of DEHP (purity not specified) in 4% bovine serum albumin
(BSA) solution for 18 consecutive days. Control neonates were injected a solution of 4% BSA or
saline, or were untreated. Neonates were examined for signs of toxicity immediately after
treatment and again 1 to 3 hours later. After sacrifice, a complete necropsy was performed and
selected tissues (brain, heart, lungs, liver, spleen, kidneys, injection site, eyes, stomach,
duodenum, and caecum) were prepared for histopathological evaluation. Body weight gains and
average weight gain per day were significantly and dose-dependently decreased from days 4 to
21 of the treatment period. Absolute and relative liver weights were significantly increased in a
dose-related manner. No conclusive histopathological alterations were detected in the tissues
with the exception of local lesions at the injection site (subacute dermatitis), also noted in half of
the BSA and saline control rats.

4.1.2.6.4

Subchronic toxicity studies (>28-days exposure <chronic exposure)

Oral
Rats
Fischer 344 rats (10 animals/sex/group, five- to six-week old) were given 0, 1,600, 3,100, 6,300,
12,500 or 25,000 ppm of DEHP (> 99.5% pure) in the diet for 13 weeks to determine the high
and low doses for a following chronic study (NTP, 1982). One male rat fed 6,300 ppm died.
Depression of mean body weight gain of male and female rats fed 25,000 ppm was 29% and
55%, respectively, relative to controls. Testicular atrophy was observed in all males fed
25,000 ppm but was less pronounced in males fed 12,500 ppm (1,250 mg/kg/day). No other
compound-related histopathological findings were observed.
In a study performed according to OECD guideline 408 and GLP principles, young male
(105-130 g) and female (93-111 g) Sprague-Dawley rats (10 animals/sex/group) were
administered 0, 5, 50, 500 or 5,000 ppm (0, 0.4, 3.7, 37.6 or 375.2 mg/kg bw in males and 0.4,
4.2, 42.2 or 419.3 mg/kg bw/day in females) of DEHP (99.6% pure) in the diet for 13 weeks
after a one-week acclimatisation period (Poon et al., 1997). No clinical signs of toxicity were
observed. Body weight gain and food consumption were not affected. There were slight but
significant decreases in red blood cell counts and serum haemoglobin, albumin, and potassium
levels in male rats fed the 5,000 ppm diet. A reduction in the cholesterol concentration was
observed in female rats of the same dose group. In the 5,000 ppm dose group, the liver was
enlarged in 10 male and in 5 female rats and absolute and relative liver weights and relative
kidney weights were significantly increased in rats of both sexes. Microscopic examination
revealed minimal to mild hepatocellular hypertrophy in the liver from all rats of both sexes,
minimal focal necrosis in one male and two females. Electron microscopy of liver samples
revealed an increased number of peroxisomes in rats of both sexes. Significantly decreased
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absolute and relative testicular weight and mild to moderate seminiferous tubule atrophy and
mild to moderate Sertoli cell vacuolation in male rats (9/10) were also found at 5,000 ppm. In the
thyroid, mild histological changes consisting of reduced follicle size and colloid density were
detected in eight animals. In the 500 ppm dose group, the liver of one male rat was enlarged and
minimal Sertoli cell vacuolation was observed in 7 male rats. The NOAEL for the testicular
effects (based on Sertoli cell vacuolation in male rats) was considered to be 50 ppm DEHP in the
diet (3.7 mg/kg bw/day). A NOAEL for the effects on the kidney, can be considered to be
500 ppm (37.6 mg/kg bw in males).
In a study performed according to US-EPA Toxic Substances Control Act Test guidelines 40
CFR 798 and according to GLP principles, Fischer 344 rats (10 animals/sex/group) were fed 0,
1,000, 4,000, 12,500 or 25,000 ppm of DEHP (99.7% pure; corresponding to 0, 63, 261, 850, or
1,724 mg/kg bw/day in males and 0, 73, 302, 918 or 1,858 mg/kg bw/day in females) in the diet
for 13 weeks (Eastman Kodak, 1992a). All animals survived throughout the study. The body
weight gains were significantly decreased in high-dose animals of both sexes and in females
given 12,500 ppm. Absolute and relative liver weights were significantly and dose-dependently
increased in all treated animals except for the 1,000 ppm females. Hepatocellular enlargement
was observed microscopically in animals of both sexes from the two highest dose groups and in
males from the 4,000 ppm dose group. Relative kidney weights were significantly increased in
the two highest dose groups and in the 4,000 ppm male group. In males of the highest dose
group, testis and epididymides weights were significantly decreased; atrophy of testes and
epididymal aspermia were observed histologically. The identified LOAEL of 1,000 ppm
(63 mg/kg/day in males and 73 mg/kg/day in females) corresponds to the lowest dose level used
in this study.
In two separate studies with exposure duration of 9 weeks or 4 weeks, male Wistar rats were
dosed with DEHP by gavage and exposed to drinking water with or without acetone (0.5% wt/v
in the 9-week study, 1% wt/v in the 4-week study)(Dalgaard M. et al, 2000). 2-ethylhexanol is a
metabolite of DEHP, which role is not fully elucidated. Both the phtalic acid and the aliphatic
(ethylhexyl) part of DEHP may be toxic to the testis. The possible contribution of the aliphatic
part to the testis toxicity can be examined by administering acetone concomitantly with DEHP.In
the 9-week study the doses of DEHP were 0, 125, 500 or 1,000 mg/kg bw with soya oil as a
vehicle in a dose volume of 2 ml/kg bw. In the 4-week study the doses of DEHP were increased
to 1,000, 5,000 and 10,000 mg/kg bw. In each study 80 male rats were used; 10 animals per
group, weighing approximately 160g. In the 4-week study additionally 80 female rats,
approximately 10 weeks of age, were used to investigate male fertility. The rats were housed two
per cage in wire cages with a 12-hour reversed day:night cycle. They were given a standard diet
and they were observed twice a day for clinical signs of toxicity. During both studies body
weight was measured once a week. Food and water consumption per cage was registered on a
weekly basis. The rats were tested in a Functional Observational Battery (FOB). On the day
before sacrifice, rats were anaesthetised and blood was collected for clinical biochemical
analyses. During the last week of the 4-week study all male rats from each dose group were
mated with undosed females. On day 15 after mating or at the end of the allocated mating period,
the female rats were sacrificed, and the uteri and ovaries removed. The uterus was opened and
the number of implantations and dead or retarded foetuses was counted. All males from each
group underwent a thorough autopsy. Liver, kidneys, adrenals, heart, spleen, testes, epididymis,
seminal vesicles, and brain were excised and weighed. In the 9-week study the histopathology
was only performed in the control group and in the group receiving the highest dose level of
DEHP. Histopathological findings of the testes were graded into normal, slight/moderate
atrophy, or severe atrophy. In the 4-week study immunohistochemical investigations were
performed on testis vimentin.
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In the 9-week study no animal died and no other clinical abnormalities were observed. No effect
on body weight, food and water consumption was observed. No histopathological changes were
observed in any of he investigated organs of he control and animals exposed to 1,000 mg/kg bw
DEHP. The only effect of DEHP was the statistically significant increase in relative liver weight
in the dose group exposed to 500 and 1,000 mg DEHP/kg bw with or without acetone in the
drinking water.
In the 4-week study a statistically significant reduction in body weight and food and water
consumption was observed in the middle and high dose groups. This reduction was getting more
pronounced during the study and was dose-dependent for DEHP. Six animals died due to
emaciation, two animals in the group dosed with 10,000 mg/kg bw DEHP and four animals
dosed with the same amount of DEHP combined with 1% acetone in the drinking water. No
differences were found between groups in the FOB test. Hindlimp grip strength was statistically
significantly reduced in the groups receiving acetone compared to the groups not receiving
acetone. Forelimb grip strength was statistically significantly reduced with increasing doses of
DEHP. There was a statistically significant reduction in the level of cholesterol in animals dosed
with 125mg, 500 or 1,000 mg DEHP/kg bw and in animals exposed to 250 mg DEHP/kg bw in
combination with 0.5% acetone.
The number of males without recognised mating increased in a dose-related manner although the
effect was only statistically significant in the group receiving 10,000 mg DEHP/kg bw plus 1%
acetone (4/6). The number of pregnant females decreased with increasing DEHP dose levels
(9/10→1/8). The most pronounced effect of DEHP was a statistically significant increase in
relative liver weight, which was observed in treated animals. In the middle and high dose groups
body weight was statistically significantly reduced, while the relative weights of kidney and
brain were statistically significantly increased. Testes weight was statistically significantly
reduced in the groups exposed to 5,000 and 10,000 mg DEHP/kg bw with or without acetone.
The weight of epididymals and seminal vesicles were statistically significantly reduced at the
highest dose level. DEHP had no effect on the weight of spleen. The testis of two rats dosed with
5,000 mg/kg bw showed severe atrophied tubules with massive loss of spermatids and
spermatocytes sloughed into the lumen. In most tubules the majority of the germinal epithelium
was lined by spermatogonia and Sertoli cells or by Sertoli cells alone. 5 animals that received
5,000 mg DEHP/kg bw + acetone had some microscopic features of severe atrophy of the testes
and occasionally thickening of the basal lamina of the tubule. Slight to moderate atrophy was
seen in two animals: one dosed with 10,000 mg DEHP/kg bw and one dosed with 5,000 mg
DEHP/kg bw + 1% acetone. All other surviving animals dosed with 10,000 mg DEHP/kg bw
with or without acetone in the drinking water showed severe seminiferous tubular atrophy. A
slight diffuse Leydig’s cell hyperplasia was observed in testes with severe atrophy.
Mice
B6C3F1 mice (10 animals/sex/group) were given 0, 800, 1,600, 3,100, 6,300 or 12,500 ppm of
DEHP (> 99.5% pure) in the diet for 13 weeks (NTP, 1982). Seven out of 10 mice in the highest
dose group died; these deaths were, however, accidental. Two female mice in the 3,100 ppm
group and one female in each of the control, 6,300 and 12,500 ppm groups died. A mean body
weight gain depression of 10% or more was observed in males fed 3,100 ppm and more and in
all female dose groups except for those fed 1,600 ppm. No other compound-related effects were
observed.
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Rabbits
Rabbits were given DEHP (purity not specified) by gavage in olive oil (BASF, 1961). Three
female rabbits and three male rabbits died following administration of 4-5 doses of
2 ml/kg bw/day (1,960 mg/kg bw/day) and 1 ml/kg bw/day (980 mg/kg bw/day), respectively.
Two male rabbits died following administration of 24 or 31 doses of 0.5 ml/kg bw/day
(490 mg/kg bw/day) whereas one female rabbit in this dose group survived administration of
50 doses. One female rabbit died following administration of 9 doses of 0.2 mg/kg bw/day (196
mg/kg bw/day) whereas the two other females in this dose group survived 50 and 51 doses,
respectively. Pathological examination revealed pneumonia, liver and kidney lesions. In the
control groups (given 1 or 2 ml/kg bw/day of olive oil), the two high-dose rabbits died after 8
and 52 application, respectively; the two low-dose rabbits died after 32 and 50 applications,
respectively. Pathological examination revealed pneumonia and necrosis of the liver in 3 out of 4
animals. No further details are available. The quality of this study is not considered adequate for
use in the risk assessment as the results are very briefly reported, few animals were examined,
and similar effects were observed both in the controls and in the treated groups.
Cats
Three cats were given 60 daily doses of 1 or 2 ml DEHP/kg bw (980 or 1,960 mg/kg bw/day;
purity not specified) in olive oil by gavage (BASF, 1961). None of the cats died. Reduced food
intake, weight loss, diarrhoea, and vomiting were observed. Pathological and histological
examinations of the low-dose animals revealed bronchitis, bronchopneumonia, and in one cat
hepatitis and kidney lesions. Similar pathological findings were observed in the vehicle control
animals. No further details are available. The quality of this study is not considered adequate for
use in the risk assessment as the results are very briefly reported, few animals were examined,
and similar effects were observed both in the control group and in the treated groups.
Monkeys
In a 13-week oral study performed according to GLP principles, marmosets (4/sex/group) were
daily administered 0 (corn oil), 100, 500 or 2,500 mg/kg DEHP (purity not specified) in corn oil
(Kurata et al., 1995). Males were dosed from 13 to 14 months of age and females from 12 to
15 months of age.
The body weight gain was significantly suppressed in males administered 2,500 mg/kg. There
was a significant decrease of the absolute weight of the spleen in dosed males and also a similar
trend for the relative weight; this was thought to be of little toxicological significance as no
histopathological changes were found. Other organ weights, including liver, testes, and pancreas,
were not different from the control weights. In the DEHP dosed groups there was a significant
rise in the total and free cholesterol and phospholipid levels in administration week 4. In week
13, only the total cholesterol value in the 500 mg/kg males was different from the control value.
It could not be concluded that the effect was caused by the administration of DEHP. A clear rise
in blood testosterone and oestradiol concentrations in all groups, including controls, were
concluded to be hormonal changes accompanying sexual maturity occurring at the age of about
12 months. In the 500 and 2,500 mg/kg group males, a significant increase in the average hepatic
peroxisome area was observed, but there was no difference from the control group in terms of
the number of peroxisomes per cell or the area density with respect to the cell area of the
peroxisomes. No difference from the control group was seen concerning hepatic peroxisome
enzyme activities in the DEHP dosed groups. A rising trend (not statistically significant) in the
hepatic microsome protein content and an accompanying rising trend in the cytochrome P-450
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content per unit liver weight were observed in all dosed males and in mid- and high-dose
females.
The effects on various organs of long-term oral administration of DEHP have also been studied
in marmosets (Kurata et al., 1996; 1998). Marmosets (12-15 months old; 4 animals per sex and
group) were given daily doses of 0, 100, 500 or 2,500 mg/kg bw of DEHP (purity not specified)
by gavage in corn oil for 13 weeks. The control group was given the vehicle. A significant
suppression of body weight gain was observed in high-dose males. Dose-related decreases in
spleen weight were observed in all dosed males. Light and electron microscopic examination
revealed no substance-related abnormality in the liver in any dosage group. A slight but
significant increase in the mean hepatic peroxisome volume was observed in mid- and high-dose
males, but the number of peroxisomes and their volume density was not different from those in
the control group. No substance-related change of peroxisome-related enzyme activity (catalase,
CAT, and PCoA) was observed in any dosage group. No effects on the testes were seen.

4.1.2.7

Chronic Toxicity studies (more than 10% of the test animals lifespan)

4.1.2.7.1

In vivo studies

Inhalation
Mice
Young male ICR mice (20 animals) were exposed to air saturated with vapours of DEHP (purity
not specified) for 2 hours per day, 3 days per week, for 4-16 weeks (Lawrence et al., 1975).
Control mice were similarly exposed to air. At the end of 4, 8, 12, and 16 weeks, five mice from
each group were sacrificed. None of the mice died during the study. The lungs and several other
tissues were examined histopathologically. The histological examination of the tissues,
particularly the lungs, failed to reveal consistent abnormalities which could be attributed to
inhalation of vapour of DEHP. No further data are available. This study is considered to be of a
limited quality with respect to risk assessment of adverse effects following inhalation of DEHP
as the documentation is insufficient for an assessment.
Hamster
The only long-term inhalation study available (Schmezer et al., 1988, see Table 4.39) is on
hamsters, and is considered inadequate for risk assessment as:
•
•

•

only one dose of DEHP was used in the study.
this dose was very low (continuos inhalation of 15 µg/m3 for 23 months). According to the
authors: “The aim of the study was to use dose range of environmentally relevant exposure
similar to the human situation in indoor circumstances, and much higher concentrations may
occur at some work places for short time periods”
MTD was not reached as no signs of any toxicological effects were reported.
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Oral
Rats
Male Fischer 344 rats (18 animals per group) were fed a diet containing 0 or 1.2% DEHP (purity
not specified) (Eagon et al., 1994). After 4, 8, and 16 weeks of treatment 6 animals from the
treatment group and the control group were sacrificed. Body weight was significantly decreased
after 4 weeks, but not after 8 and 16 weeks. The liver weight was significantly increased at all
exposure times. The concentrations of total lipids, cholesterol, cholesterol esters and
triglycerides in the serum were significantly decreased after 4 and 8 weeks, but not after
16 weeks. Oestrogen receptor activity was significantly reduced in cytosolic and nuclear
fractions from livers of rats treated for 8 and 16 weeks. Serum oestradiol was significantly
elevated at all exposure times. Hepatic microsomal oestrogen 2-hydroxylase was significantly
reduced after 4 and 8 weeks, and slightly but not significantly after 16 weeks. Male oestrogen
binding protein and oestrogen receptor mRNA were significantly decreased after 8 weeks.
According to the authors, the observed changes in hepatic oestrogen metabolism together with
the induced hyperplasia could play a crucial role in the hepatocellular carcinogenesis induced by
DEHP in rats.
In a study comparable to a guideline study, Sprague-Dawley rats (15 animals/sex/group) were
given diets containing 0, 0.2, 1.0 or 2.0% DEHP (purity specified as conforming with British
Standards Institution) (0, 143, 737 or 1,440 mg/kg/day in males and 0, 154, 797, or 1,414 mg/kg
bw/day in females) for 17 weeks (Gray et al., 1977). Rats in the highest dose-group showed
clinical signs of toxicity (loss of fur) from week 1 through week 17 of treatment. The body
weights of rats in the two highest dose groups were reduced compared to controls, significantly
from day 2 in both sexes given 2% DEHP and from day 6 or day 83 in males or females,
respectively, given 1% DEHP. The body weights of low-dose rats were lower (not significant)
than in controls. Food intake was significantly reduced only in rats given 2% DEHP. Both
absolute and relative liver weights were significantly increased in all dose groups when
compared to controls. The absolute weights of most other organs (including testes) in rats of the
two highest dose groups were lower than those of controls while the relative weights were
increased. Histological examination revealed severe seminiferous tubular atrophy and cessation
of spermatogenesis which could be related to the dietary level of DEHP. These changes were
evident as early as week 2. No histological changes attributable to DEHP treatment were
observed in the livers. No NOAEL can be identified from this study; the LOAEL corresponds to
the lowest dose level, 0.2% in the diet (143 mg/kg/day in males and 145 mg/kg/day in females).
Chu et al. (1981) studied the toxicity of MEHP in male Sprague-Dawley rats (6 animals per dose
group) administered single oral doses of 50, 100, or 200 mg/kg bw of MEHP (> 99% pure) or
2,000 mg/kg bw of DEHP (> 99% pure) by gavage in 2% gum acacia. The control group
received the vehicle. Body weight and food consumption were not affected. Relative liver weight
was significantly increased in mid- and high-dose animals given MEHP and in animals given
DEHP.
In a subsequent 28-day study, male weanling Sprague-Dawley rats (10 animals per group) were
fed diets containing 0, 25, 100, 400, 1,600 or 6,400 ppm of MEHP (Chu et al., 1981). Major
organs were excised and weighed (including testes). At 6 400 ppm a significant growth
retardation was noted. Liver and heart weight were significantly increased from 1,600 ppm.
Histological examination revealed, however, no treatment-related abnormalities. In the following
3- and 6-month feeding studies, weanling Sprague-Dawley rats (20 animals/sex/group) were fed
diets containing 0, 1, 5, 25, 125 or 625 ppm of MEHP. After 3 months, 10 animals of each sex
from each group were necropsied. The remaining animals were maintained on the same diet and
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sacrificed after six months. Relative organ weights were not altered in the 3-month period, but
the liver weights of high-dose females were significantly increased in the 6-month period.
Treatment-related lesions were found in the liver (midzonal and periportal eosinophilic
cytoplasmic inclusions, and vacuolations with isolated binucleated and necrotic hepatocytes),
heart (mild enlargement of myocardial nuclei and segmental deregistration of myocardial
striations), and adrenals (vacuolation of the zona fasciculata).
In a study comparable to a guideline study and performed according to GLP principles, groups of
male and female Alderley Park rats (20 animals/sex per treatment group, 30 animals/sex in the
control group) were fed diets containing sufficient DEHP (> 99.7% pure) to ensure intakes of 0,
50, 200 or 1,000 mg/kg bw/day (CEFIC, 1982; Mitchell et al., 1985a). Four rats from each
treatment group and six controls and were sacrificed 3, 7, 14, 28 days, and 9 months after
beginning of feeding. No clinical signs of toxicity were observed during the study. Food
consumption of the treated rats was either similar to or greater than that of controls. Body weight
was significantly reduced only in rats given 1,000 mg/kg bw/day for 9 months. Liver weights
were increased in male rats fed 50 and 200 mg/kg bw/day for 14 days or more and in all highdose rats at all time intervals. Examination of liver sections by light microscopy showed
periportal accumulation of fat and mild centrilobular loss of glycogen, both effects were dosedependent. Electron microscopy revealed that the number of peroxisomes was significantly
increased at 50 mg/kg bw/day after 14 days in males and after 9 months in females. Higher doses
caused increased number of peroxisomes after 3 days in males and after 14 days in females, the
increase was dose-dependent in both sexes. Dose-dependent alterations to the endoplasmatic
reticulum (ER) was also observed. Smooth endoplasmatic reticulum proliferation was
significantly increased at 50 mg/kg bw/day after 7 days in males and after 14 days in females.
Changes in rough endoplasmatic reticulum were observed at 200 mg/kg bw/day after 3 days in
males and after 28 days in females. The density of the mitochondrial matrix was increased in
male rats although there was no dose dependence. Biochemical studies revealed a marked
induction of the peroxisomal enzymes PCoA and α-GD; the induction was dose and timedependent. The effects in female rats increased more slowly than in male rats but were
equivalent by 28 days. The ER-associated enzymes cytochrome P-450 and LAH were dose-, but
not time-dependently increased with maximal activity observed at 3 days of treatment. No effect
on testis weight was observed. Alterations of the kidneys (lysosomes in the cells of the proximal
tubule were enlarged) were observed at 200 and 1,000 mg/kg bw/day. In thyroids of rats fed
1,000 mg/kg bw/day for 9 months showed also alterations (basophilic deposits in the colloid and
enlargement of the lysosomes).
Male Fischer 344 rats (5-10 animals per group) were fed 1.2% DEHP (purity not specified) in
the diet for 1, 2, 4, 8, 18, 39, 77, 151 or 365 days (Conway et al., 1989). Livers were examined
biochemically. Catalase activity was increased (25%) after 8 days and remained at this level up
to 365 days. Glutathione peroxidase activity showed a 50% and 80% decrease after 8 or 365 days
of treatment, respectively. Lipofuscin, which was contained within lysosomes, was increased 3fold after 39 days and remained at this level up to 365 days of treatment. The activities of the
lysosomal enzymes α-fucosidase, ß-galactosidase and N-acetylglucosaminidase were increased
50-100% for 39-365 days of treatment.
In a study on male rats (Crocker et al., 1988), the animals were treated by gavage, three times
weekly, with DEHP, a leachate resulting from toluene extraction of a phthalates-containing
artificial kidney, or sesame oil. 65 animals were divided into 3 groups: (a) 150 mg DEHP/
70 kg bw, approximately 0.9 mg/kg bw/day, (b) 150 mg leachate/70 kg bw, approximately
0.9 mg/kg bw/day or (c) sesame oil controls. Four rats from each group were sacrificed at 3, 6, 9
and 12 months and their kidneys were removed for histopathologic examination and phthalate
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analysis. Also, at each of these intervals, a 24-hour urine and blood samples were collected to
determine creatinine clearance. A statistically significant increase (p = 0.04) in the incidence of
focal cystic changes was observed in kidneys of rats received DEHP or leachate and killed at
12-month interval. Creatinine clearance was significantly decreased (p = <0.01) only in rats
receaved pure DEHP and killed at the 12-months interval.
In a more recent long-term study, comparable to a guideline study and conducted according to
the principles of GLP (Moore, 1996), F-344 rats were administered DEHP at dietary
concentrations of 0, 100, 500, 2,500 or 12,500 ppm (0, 5.8, 28.9, 146.6 or 789.0 mg/kg/day,
respectively, for males, and 0, 7.3, 36.1, 181.7 or 938.5 mg/kg/day, respectively, for females),70
males and females/group, for at least 104 weeks (see Section 0). An additional group was
administered 12,500 ppm DEHP for 78 weeks, followed by a recovery period of 26 weeks.
There were no treatment-related effects at 100 and 500 ppm. At 2,500 ppm the mean serum
albumin concentration and mean liver weights were significantly increased. At Week 79 and at
study termination also absolute and relative kidney weights were increased in both sexes at
2,500 ppm. At the highest dose level, there was a decreased survival, increased incidence of
clinical abnormalities, and decreased body weight gain in both sexes. A diffuse hepatomegali
and histopathological hepatic changes were demonstrated as were effects on the kidneys,
including increased absolute and relative kidney weights (both sexes), increased incidence and
severity of mineralisation of the renal papilla in males, increased incidence and/or sseverity of
tubule cell pigment in both sexes, and increased severity of chronic progressive nephropathy in
the males. In the males, also absolute and relative testis weights were significantly decreased at
12,500 ppm, with associated increased incidence of bilateral aspermatogenesis, and decreased
incidence of interstitial cell neoplasms. In the pituitary, an increased number of castration cells
were observed in 30/60 males compared to 1/60 of the control males. There was no indication in
rats killed at study termination that DEHP-related changes in the kidney, testis, and pituitary
were reversible upon cessation of DEHP-exposure. The NOAEL for systemic non-neoplastic
effects, including the effects on the kidney is considered to be 500 ppm DEHP in the diet
(corresponding to 28.9 mg/kg bw/day in the males and 36.1 mg/kg/day in the females) based on
increased absolute and relative kidney weight in both sexes at the next higher dose level
(LOAEL: 2,500 ppm corresponding to 146.6 mg/kg bw/day in the males and 181,7 mg/kg
bw/day in the females).
In a two years-study, Fischer 344 rats (50 animals/sex/group) were given 0, 6,000 or 12,000 ppm
of DEHP (> 99.5% pure) in the diet. (NTP, 1982) Mean daily ingestions of DEHP were
calculated to 322 and 674 mg/kg bw/day for low- and high-dose male rats, respectively, and to
394 and 774 mg/kg bw/day for low- and high-dose female rats, respectively. The survival rate
was unaffected. At the end of the study, mean body weights of dosed male rats and high-dose
female rats were marginally to moderately lower than those of the corresponding controls. Food
consumption was slightly reduced in rats of either sex. In high-dose males, the incidence of
hypertrophy of the anterior pituitary was significantly increased (45%); and in the testis,
degeneration of the seminiferous tubules occurred in 90% of the animals (for details see Section
0 Carcinogenicity and the effects on the liver are described in detail in Section 0.
Male Sprague-Dawley rats (a total of 520 animals) were fed 0, 0.02, 0.2 or 2% DEHP (0, 7, 70 or
700 mg/kg bw/day; > 99% pure) in the diet for 102 weeks (Ganning et al., 1987, 1990). The
body weights were significantly reduced in the highest dose group reaching 20% lower values
after 25 weeks of treatment. Significantly reduced body weights were also observed in the middose group but to a lesser extent (around 10%). Electron microscopy revealed characteristic
changes in hepatocytes. After one week of treatment with 2% DEHP, peroxisome proliferation
(varying size) was observed and was persistent throughout the study. The number of
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mitochondria was increased whereas no changes were observed in rough and smooth
endoplasmatic reticulum. After feeding with 0.2% DEHP for 16 months, an increased number of
peroxisomes and mitochondria and well-developed endoplasmic reticulum were observed. The
number of peroxisomes and mitochondria was not significantly increased after feeding of 0.02%
DEHP when compared with the control group. The activity of PCoA was significantly increased
in all dose-groups with a doubling of the activity in the lowest dose group after 2 years of
treatment. This long-term treatment with DEHP had complex effects on catalase activity with
decreasing activity during the initial phase, at 10 weeks the activity exceeded that of the control,
but returned to normal at the end of the study. The activity of urate oxidase decreased throughout
the study. No hyperplastic nodules or primary liver carcinoma or other tumours were observed.
In all dose-groups, DEHP exerted a pronounced effect on the function of the testes after
prolonged treatment, consisting of inhibition of spermatogenesis and general tubular atrophy. No
NOAEL can be derived from this study; the LOAEL is 0.02% in the diet (7 mg/kg bw/day), the
lowest dose administered. In a following study investigating the reversibility of the observed
effects, rats were fed a diet containing 2% DEHP for 1 year and then the basal diet for 3 weeks.
PCoA and catalase activities decreased after cessation of treatment and reached control levels
after 2 weeks.
Five male Sprague-Dawley rats were fed 2% DEHP (> 98% pure) in the diet for 2 years (Lake et
al., 1987). The control group consisted of 8 male rats. The relative liver weights were
significantly increased compared to control values. Morphological changes in form of liver
nodules were observed. Ultrastructural examination of both non-nodular and nodular areas from
treated rats showed a marked increase in the number of mitochondria and a smaller increase in
the number of peroxisomes. Hepatic peroxisomal and microsomal fatty acid oxidising enzyme
activities were induced whereas little change in catalase activity was observed. The activities of
cytosolic GSH peroxidase and GSH S-transferases were markedly reduced. Increased lipid
peroxidation (up to 6-fold) was observed in the treated rats. According to the authors, these
results demonstrate that prolonged peroxisome proliferation can result in lipid peroxidation and
that certain enzymes which metabolise hydrogen peroxide and organic hydroperoxides are either
little affected or markedly inhibited.
Mice
In a study comparable to a guideline study and performed according the principles of GLP
(Moore, 1997) B6C3F1 mice (70-85 of each sex/dose group) were administered DEHP daily in
the diet at concentrations of 0, 100, 500, 1,500 and 6,000 ppm (0, 19.2, 98.5, 292.2 or
1,266.1 mg/kg/day, respectively, for males, and 0, 23.8, 116.8, 354.2 or 1,458.2 mg/kg/day,
respectively, for females), for 104 weeks (see also Section 4.1.2.9.1). One additional group
(55 males and females/group) were administered 6,000 ppm DEHP for 78 weeks, followed by a
26-week recovery period. At 1,500 ppm, there was a significant decrease in kidney weight in
males and an increased incidence and/or severity of chronic progressive nephropathy in both
sexes. The testicular weight was also significantly decreased, with an increased incidence and
severity of bilateral hypospermia and an associated increased incidence of immature/abnormal
sperm forms and hypospermia in the epididymis. At the highest dose level, there was a
statistically significant decrease in survival in males, treatment-related clinical signs and a
significantly reduced body weight gain for both males and females. In both males and females,
the kidney weight indices were significantly decreased at study termination. In the recovery
group, some treatment-related findings were reversible or did not progress after cessation of
DEHP exposure such as effects in the liver, including induction of neoplasms (described in detail
in Section 0). In contrast to the liver, the effects of DEHP on the kidney and testis were not
reversible following cessation of exposure. The NOAEL in this study is considered to be
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500 ppm (due to effects on the kidney at the next higher dose level) corresponding to 98.5 mg/kg
in males and 116.8 mg/kg in females.
In a study performed according to GLP principles, B6C3F1 mice (50 animals/sex/group) were
given 0, 3,000, or 6,000 ppm of DEHP (> 99.5% pure) in the diet for 103 weeks (NTP, 1982).
Mean daily ingestion of DEHP was calculated to 672 and 1,325 mg/kg bw for low- and
high-dose males, respectively, and to 799 and 1,821 mg/kg bw for low- and high-dose females,
respectively. The survival rate was unaffected in male mice but several female mice in the lower
dose group died after 75-90 weeks of treatment. These deaths were not attributed to DEHP
administration. Mean body weights of female mice were marginally to moderately lower than
those of the corresponding controls at the end of the study. A significantly higher incidence of
chronic inflammation of the kidney was observed in high-dose males. Bilateral seminiferous
tubular degeneration and testicular atrophy were observed in 14% of the male mice in the highdose group. This lesion was also found in one control male mouse and in two low-dose males.
Non-neoplastic lesions were not observed in female mice. Effects on the liver are described in
detail in Section 4.1.2.9.1.
Guinea pigs
Guinea pigs (22-24 animals/sex/group) were given 0, 0.04% (19 mg/kg bw/day), or 0.13%
(64 mg/kg bw/day) of DEHP (purity not specified) in the diet for one year (Union Carbide,
1950). The mortality was 11/46, 14/46 and 7/47 in the control group, and in the 0.04% and
0.13% dose groups, respectively. Around 60% of the deaths were attributed to infections of the
lung. The body weights were significantly increased in the low dose animals. Food consumption
was significantly increased in animals of both dose groups. Relative liver weights were
significantly, but not dose-dependently, increased in dosed females but not in males. Kidney
weights were unaffected. There were no gross or microscopic alterations in the liver, kidney, or
lung.
Dogs
Dogs (2 animals of each sex) received 0.06 ml DEHP/kg bw/day (purity not specified)
(59.1 mg/kg bw/day) in gelatine capsules 5 times weekly for one year (Union Carbide 1951).
The control group (2 animals of each sex) were given gelatine capsules without DEHP. No
significant differences were observed between treated dogs and control dogs in the following
parameters: mortality, body weight gain, blood counts, and gross and microscopic examination
of organ and tissues (liver, kidney, lung, heart, stomach, upper and lower intestine, caecum,
spleen, adrenal, ovary or testes, bladder, and thyroid).
Other Routes
Monkeys
The effects of DEHP on hepatic function and histology were evaluated in the rhesus monkey
undergoing longterm platelet and plasma transfusion (Jacobson et al., 1977 and Kevy and
Jacobson, 1982). Three monkeys were transfused weekly for one year with 15 ml of PVC
platelet-rich plasma (PRP) stored for 48 hours at 22°C (total dose of DEHP: 24.4, 30.0, or
26.2 mg/kg bw/monkey, respectively) and two monkeys received PRP stored at 4°C (total dose
of DEHP: 8.7 or 6.6 mg/kg bw/monkey, respectively). Another two monkeys were transfused biweekly for 6 months with 15 ml of platelet-poor plasma (PPP) stored for 5 days at 22°C (total
dose of DEHP: 30.0 or 33.0 mg/kg bw/monkey, respectively). Three monkeys were used in an
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untransfused control group and two monkeys were transfused PRP stored for 48 hours at 22°C in
polyethylene blood bags. Four out of the seven PVC-transfused monkeys had abnormal 99mTc
Sulphur Colloid Liver-Spleen Scan ratios (severe or moderate impairment of hepatic perfusion
and/or infiltration are detected by irregular distribution of the tracer within the liver). Four out of
seven monkeys demonstrated abnormal sulfobromo-phthalein clearance indicative of subclinical
liver disease. Sex out of the seven had abnormal liver histology (aggregates of inflammatory
cells, hepatocyte degeneration, and multi- and bi-nucleated giant cells) upon completion of
transfusion period. None of the six control animals had abnormal liver histology. These findings
persisted in three of the five surviving monkeys throughout the follow-up period of 26 months.
The nontransfused monkeys and those transfused with platelets stored in polyethylene bags were
normal. None of the monkeys had reached sexual maturity at study termination. All seven
PVC-transfused rhesus monkeys showed abnormal liver histology

4.1.2.7.2

In vitro studies

The effects of the metabolites of DEHP have been studied in primary hepatocyte cultures of rat,
rabbit, guinea pig, and monkey (Dirven et al., 1993c). The cell cultures were derived from male
Wistar rats, male Dunkin Hartley guinea pigs, male New Zealand rabbits, and male cynomolgus
monkeys and cultured in the presence of various concentrations of MEHP (> 99% pure),
mono(5-carboxy-2-ethylpentyl)
phthalate
(metabolite
V)
(purity:
96%),
or
mono(2-ethyl-5-oxohexyl) phthalate (metabolite VI) (purity: 99%). In rat hepatocyte cultures,
MEHP and metabolite VI were equally potent in inducing peroxisome proliferation (50%
increase in peroxisomal palmitoyl-CoA oxidase activity and microsomal lauric acid
ω-hydroxylation activity with 5-15 µM MEHP), while metabolite V was much less potent. In
hepatocyte cultures derived from guinea pigs, rabbits, and monkeys, a 50% increase in
peroxisomal palmitoyl-CoA oxidase activity was found after treatment with 408-485 µM MEHP.
No induction of microsomal lauric acid ω-hydroxylation activity was found in these three
species.
The effects of the DEHP metabolite mono(2-ethyl-5-oxohexyl) phthalate (metabolite VI) (purity
not specified) have also been studied in primary hepatocyte cultures of male Alderley Park rats,
Dunkin Hartley guinea pigs, and humans (Elcombe et al., 1997). Metabolite VI increased
peroxisomal fatty acid β-oxidation in cultured rat hepatocytes, similar exposures of guinea pig or
human hepatocytes did not provoke an induction.
A primary rat hepatocyte culture system was utilised to determine the proximate peroxisome
proliferator(s) derived from DEHP (Mitchell et al., 1985b). DEHP (purity not specified) was
administered to rats by gavage and the urinary metabolites were identified and isolated. The
major metabolites of the ω-oxidation pathway [mono(5-carboxy-2-ethyl-pentyl) phthalate
(metabolite V) and mono(3-carboxy-2-ethylpropyl) phthalate (metabolite I)] and of the
(ω-1)-oxidation pathway [mono(2-ethyl-5-hydroxyhexyl) phthalate (metabolite IX) and
mono(2-ethyl-5-oxo-hexyl) phthalate (metabolite VI)] together with MEHP and 2-EH were
added to primary rat hepatocyte cultures and the effect on peroxisomal enzyme activity was
determined. The (ω-1)-oxidation products (metabolite V and IX) produced a large (7- to 11-fold)
induction on PCoA oxidation whereas the ω-oxidation products (metabolite I and V) produced
little or no effect. Similar effects were observed for the induction of cytochrome P-450-mediated
LAH.
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Evaluation and conclusions of repeated dose toxicity

Limited human data are available.There is, however, a study suggesting that toxic damage of the
lungs in preterm infants artificially ventilated with PVC respiratory tubes may be causally related
to inhalation of DEHP. The estimated inhalative exposure ranged between 1 µg/h –
4,200 µg/h DEHP. Other studies, one morbidity and one mortality study, and three
epidemiological studies conducted on workers exposed to DEHP and other phthalate esters are
considered inadequate with respect to the risk assessment.
In experimental animals three inhalation studies are available. A 4-weeks study in rats (BASF,
1990 and Klimisch et al., 1992), a 4-16 weeks study in mice (Lawrence et al., 1975) and a
23-month study in hamster (Schmezer et al., 1988). However, these studies are considered
inadequate for risk characterization (for details see Section 4.1.2.6.23 and 4.1.2.7.1).
The only study available following dermal exposure to DEHP is inadequate for risk assessment.
Numerous studies have investigated the toxicity of DEHP following repeated oral administration
to experimental animals, preferably rats. Many of these studies are comparable to guideline
studies and conducted in conformity with GLP. Critical organs for DEHP induced toxicity in
laboratory animals are the, testis, kidney, and liver.
Testicular effects are discussed in more detail in Section 4.1.2.1010.
The effects on the kidneys include: reduced creatinine clearance, increased absolute and relative
kidney weights, increased incidence and severity of mineralization of the renal papilla, increased
incidence and/or severity of tubule cell pigment, and increased incidence and/or severity of
chronic progressive nephropathy. The majority of these changes were observed in both sexes, in
different species following different exposure time. In long-term studies in rats and mice (Moore,
1996 and 1997), there was no indication that DEHP-related changes in the kidney were
reversible upon cessation of DEHP-exposure.
In a one-year study on male rats (Crocker et al., 1988), an increase in the incidence of focal
cystic changes in kidneys (p = 0.04), and a decrease in Creatinine clearance (p = 0.01) was
observed in rats receiving very low doses of DEHP (approximately 0.9 mg/kg bw/day). In
clinical chemistry, reduced creatinine clearance is used as a validate indicator for disturbance in
kidney functions. Therefore, 0.9 mg/kg bw/day DEHP may be regarded as the lowest LOAEL
for kidney toxicity in rats, especially when related to the more severe kidney effects observed at
higher levels of DEHP in a number of studies conducted with different animal species. However,
in Crocker’s study only few animals were used (4 rats/group), and the reported data is not always
clear. As the effect on creatinine clearance at such low levels of DEHP has not been reported in
other studies, a LOAEL of 0.9 mg/kg bw/day may be an overestimate of risk. Therefore, based
on the available studies, it is not possible to motivate the use of this LOAEL for risk
characterisation.
Alternatively, the NOAEL for kidney toxicity is considered to be 500 ppm DEHP in the diet
(corresponding to 28.9 mg/kg bw/day in the males and 36.1 mg/kg/day in the females) derived
from a well-performed 104-week-study in rats (Moore 1996) and based on increased absolute
and relative kidney weight in both sexes at the next higher dose level (LOAEL: 2,500 ppm
corresponding to 146.6 mg/kg bw/day in the males and 181.7 mg/kg bw/day in the females).
More severe kidney lesions (increased absolute and relative kidney weights (both sexes),
increased incidence and severity of mineralisation of the renal papilla in males, increased
incidence and/or severity of tubule cell pigment in both sexes, and increased severity of chronic
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progressive nephropathy in the males) were observed at the highest dose level (12,500 ppm
corresponding to 789 mg/kg bw/day in the males and 938.5 mg/kg bw/day.
Based on the available data on the DEHP-induced kidney toxicity the NOAEL of
28.9 mg/kg bw/day is selected for risk characterisation, however, the NAEL may be lower if the
effects on creatinine clearance at lower doses are substantiated.
In the liver, the most striking effects observed are hepatomegaly due to hepatocyte proliferation
(characterised by increased replicative DNA synthesis/cell division and hypertrophy),
peroxisome proliferation, and hepatocellular tumours.
Marked species differences are apparent in response to the hepatotoxic effects of DEHP and
other peroxisome proliferators (PPs). Rats and mice are very sensitive whereas hamsters, guinea
pigs, and monkeys appear to be relatively insensitive or non-responsive at dose levels that
produce a marked response in rats. It has been suggested that there may be an association
between peroxisome proliferation and the occurrence of liver tumours in rats and mice after
long-term exposure. Recent investigations have demonstrated that activation of the peroxisome
proliferator-activated receptors (PPAR-α) is required for induction of the different PPs-induced
liver effects observed in experimental animals (Peters et al., 1997, Ward et al., 1998 and Cattley
et al., 1998). The low sensitivity of human liver to the hepatotoxic effects of PPs could be
explained by the low level of PPAR-α found in human liver and genetic variations that render
the human PPAR-α less active as compared to PPAR-α in rodent liver (Tugwood et al., 1996,
Palmer et al., 1998 and Woodyatt et al., 1999).
Most recently, a Working Group of the “International Agency for Research on Cancer” (IARC)
have concluded that the mechanism by which DEHP increases the incidence of liver tumours in
rodents (activation of PPAR-α) is not relevant to humans. Therefor, and based on the overall
evaluation of the available data, the DEHP-induced hepatotoxic effects in rats and mice will not
be considered in the risk characteriasation.
Other effects have been reported in different studies following repeated dose exposure to DEHP,
for example, hypolipidemic effects (including decreased plasma levels of cholesterol and
triglyceride) and effects on heart, thyroid and lung (including changes in relative and/or absolute
weight, and histopathological changes). However, these effects were not considered critical for
the risk characteriasation due to the inadequacy of the reported data, lack of reproducibility as
well as the severity and/or relevance of the observed effect.
The data available on repeated dose toxicity (not including reproductive effects) do not suggest a
classification of DEHP according to EU criteria.
Table 4.30 Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

↓bw

Dostal et al. (1987a)

Short-term studies (up to 28-days exposure)
Rat, Sprague-Dawley
females

5 days (2-6, 6-10, or 14-18 of
lactation), gavage, corn oil
0 or 2,000 mg/kg/day

liver: ↑relw all groups,
↑p.enz.act.
↓TG, ↓CHO

Table 4.30 continued overleaf
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Table 4.30 continued Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

mortality: all pups in three
youngest age groups at
2,000 mg/kg/day groups

Dostal et al. (1987b)

Short-term studies (up to 28-days exposure)
rat, Sprague-Dawley
Males

5 days (from day 6, 14-16, 21,
42, 86 of age)
gavage, corn oil
0, 10, 100, 1,000 or
2,000 mg/kg/day
comparable to guideline study

↓bw in two highest dose groups
liver: ↑absw and relw from
100 mg/kg/day, ↑pp, ↑p.enz.act.
↓TG, ↓CHO
NOAEL 10 mg/kg/day
liver: ↑absw and relw

Takagi et al. (1992)*

1 week, diet

↓CHO, ↓TG

Exxon (1982a,b)

0 or 2% (1,600 mg/kg/day**)

↑ absw and relw for liver and
kidney

Rat, F344

1 week, diet

5 males/group

0 or 1.2% (0 or 670 mg/kg/day**)

Rat, F344
8 males

comparable to guideline study,
GLP

no histological findings in liver,
kidney, or testes

Rat, Wistar

3, 10, or 21 days, diet

↓bw after 10-21 days

4 males/ dose group

0 or 2% (1,830, 1,650 or
1,810 mg/kg/day after 3, 10, or
21 days**)

liver: ↑relw in all dosed males,
↑pp, ↑pSER, ↑p.enz.act.,
mitoch changed

3, 7, 14, 28 days, or 9 months,
diet

↓bw at 1,000 mg/kg/day for
9 months

0, 50, 200 or 1,000 mg/kg/day;

liver: ↑w from 50 mg/kg/day,
↑pp, ↑pSER, ↑p.enz.act.,
mitoch changed (males);

6 male controls
Rat, Alderley Park
20 rats/sex/group
30 rats/sex in control group

comparable to guideline study,
GLP

Mann et al. (1985)

CEFIC (1982)
Mitchell et al. (1985a),

LOAEL: 50 mg/kg/day
Rat, Wistar

7 or 21 days, gavage, corn oil

↓bwg (males)

6 rats/sex

2,500 mg/kg/day

liver: ↑relw, no histological
findings, ↑nb peroxisomes,
↑pSER

Rat, F344

1 or 3 weeks, diet

4-5 rats/sex/group

0, 0.1, 0.6, or 1.2% (0, 80, 480,
or 960 mg/kg/day**)

liver: ↑w from 0.1%,
hepatocellular hypertrophy from
0.6% (males) and at 1.2%
(females), ↑nb peroxisomes at
1.2%, ↑p.enz.act. from 0.1%

comparable to guideline study,
GLP

↓TG from 0.1%
↓CHO from 0.6%
LOAEL: 0.1%
(80 mg/kg/day)

Table 4.30 continued overleaf
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Table 4.30 continued Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

mortality: 2/5 males and
4/5 females at 100,000 ppm

NTP (1982)*

Short-term studies (up to 28-days exposure)
Rat, F344

14 days, diet

5 rats/sex/group

0, 6,300, 12,500, 25,000, 50,000
or 100,000 ppm (0, 630, 1,250,
2,500, 5,000 or
10,000 mg/kg/day**)

Rat, Alderley Park
10 rats/sex/group

↓bwg from 25,000 ppm (males),
from 50,000 ppm (females)
testes: atrophy from 12,500 ppm
↓bwg (males)

ICI (1982b),

liver: ↑absw, ↑relw, ↑pp,
↑pSER, mitoch changed

Rhodes et al. (1986)

0 or 2,000 mg/kg/day
comparable to guideline study,
GLP

kidney: ↑weight (females), ↑pp

14 days, gavage,
corn oil

testes: ↓weight, atrophy
↓CHO (males) ,
↓TG (males)

Rat, Sprague-Dawley

14 days, gavage, corn oil

6 males per group

0 or 1,000 mg/kg/day

Rat, Sprague-Dawley

14 days, gavage, corn oil

5 males per group

0, 25, 100, 250, or
1,000 mg/kg/day

liver: ↑relw, ↑p.enz.act.

Lake et al. (1984a)*

liver: ↑relw from 100 mg/kg/day,
↑p.enz.act. from 25 mg/kg/day

Lake et al. (1984b)

LOAEL 25 mg/kg/day
liver: dose-related ↑absw from
2,000 mg/kg following 2 or
4 weeks of treatment,

Rat, Wistar

2 or 4 weeks, diet

6 males per group

0, 60, 200, 600, 2,000 or
6,000 mg/kg (0, 5, 18, 52, 182, or
549 mg/kg/day)
↑nb peroxisomes from
200 mg/kg,

RIVM (1992)

↑p.enz.act. from 60 mg/kg
NOAEL: 60 mg/kg
(5 mg/kg bw/day)
Rat, Wistar

14 days, gavage, groundnut oil

↓bw from 1,000 mg/kg/day

5 males per group

0, 250, 500, 1,000 or
2,000 mg/kg/day

liver: ↑absw from
1,000 mg/kg/day, ↑relw from
500 mg/kg/day
NOAEL 250 mg/kg/day

Rat, Wistar

16 days, diet

liver: ↑relw

5-6 males/group

0, 0.01, 0.025, 0.05, 0.1, 0.5, or
1.0% (0, 8, 22, 42, 88, 500, or
900 mg/kg/day**)

NOAEL: 0.05%

Rat, F 344

3 weeks, diet

liver: ↑relw, ↑p.enz.act.

4-5 males per group

0 or 2%

hypolipidemia

Khaliq and Srivastava
(1993)

Fukuhara and
Takabatake (1977)*

(42 mg/kg/day)
Moody and Reddy
(1978)
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Table 4.30 continued Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

General Motors
(1982)*

Short-term studies (up to 28-days exposure)
Rat, Sprague-Dawley

3 weeks, diet

↓bw and bwg

4 males

0 or 2% (900 mg/kg/day**)

liver: ↑absw and relw, ↑nb
peroxisomes, ↑pSER,
↑p.enz.act.
kidney: ↑absw and relw
↑CHO and TG (trend only)

Rat, F344
5 rats/sex/group

↓bw at 2.5%; liver: ↑absw and
relw from 0.6%, histological
0, 0.01, 0.1, 0.6, 1.2, or 2.5% (0,
findings from 0.6%, ↑nb
11, 105, 667, 1,224 or
peroxisomes from 0.1% (males)
2,101 mg/kg/day [males]; 0, 12,
and from 0.6% (females),
109, 643, 1,197 or 1,892 /kg/day
↑p.enz.act.; kidney: ↑relw at
[females])
2.5%
comparable to guideline study,
testes: ↓w at 2.5%;
GLP
↓TG from 0.6% (males) ↑TG at
0.01%(males), 1.2% (females)
LOAEL: 0.01%
(11 mg/kg/day)
21 days, diet

Rat, F344,

21 days, diet

5 males per group

0, 100, 1,000, 6,000, 12,000 or
25,000 ppm (0, 11, 105, 667,
1,223 or 2,100 mg/kg/day)

Rat, Wistar

4 weeks, diet, 2% or

3 males/group

liver: ↑relw from 6,000 ppm, ↑nb Short et al. (1987)
peroxisomes from 6,000 ppm,
↑p.enz.act. from 1,000 ppm

2 weeks, diet, 2% +
2 weeks control diet

liver: ↑ weight during treatment
period,
↓ during withdrawal period; ↑
p.enz.act. during treatment, ↓
during withdrawal

Miyazawa et al.
(1980)

Rat, F344

28 days, diet

↓bw at 0.67%

Nuodex (1981c)

5 rats/sex/group

0, 0.2, 0.67, or 2.0% (0, 150,
504, or 1563 mg/kg/day [males];

liver: ↑absw and relw from 0.2%,
↑p.enz.act.

0, 147, 490 or 1,416 mg/kg/day
[females]**)

↓total lipid from 0.2%

comparable to guideline study,
GLP
Rat, F344

28 days, gavage, corn oil

5 males

1,000 mg/kg/day

Rat, F344

28 days, diet

5 rats/sex/group

0 or 0.67% (0 or
350 mg/kg/day**);
21 days, gavage
0 or 700 mg/kg/day
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Barber et al. (1987)

LOAEL: 0.2%
(150 mg/kg/day)
liver: ↑absw and relw

Tenneco (1981)*

Hodgson (1987)
liver: ↑relw, ↑nb peroxisomes,
and ↑p.enz.act. at both 0.67% in
the diet and
700 mg/kg/day
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Table 4.30 continued Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

BIBRA (1990)

Short-term studies (up to 28-days exposure)
Rat, F344

28 days, diet

↓bw at 2.5%

5 males per dose group

0, 0.02, 0.05, 0.1, 0.5, 1.0, or
2.5% (0, 24, 52, 115, 559, 1,093
or 2,496 mg/kg/day)

liver: ↑absw from 0.5%, ↑relw
from 0.02%, ↑p.enz.act. from
0.1%

GLP

testes: ↓absw and relw and
atrophy at 2.5%
LOAEL 0.02%
(24 mg/kg/day)

Mouse, B6C3F1

5 days, gavage, corn oil

bw and bwg unaffected

10 males per group

0, 1,879, 2,844, 4,304, 6,514 or
9,860 mg/kg/day

liver: enlarged with a slight
dose-response trend from
1,879 mg/kg/day

10 male controls

GLP
Mouse, CD-1

8 days, gavage, corn oil

10 females per group

0, 6,000, 7,690 or
9,860 mg/kg/day

Nuodex (1981b)*

clinical signs of toxicity from
6,000 mg/kg/day; bw and bwg
unaffected

Hazleton (1983)*

mortality: 5/5 (males) and 5/5
(females) at 100,000 ppm,

NTP (1982)*

GLP
Mouse, B6C3F1

14 days, diet

5 mice/sex/group

0, 6,300, 12,500, 25,000, 50,000
or 100,000 ppm (0, 630, 1,250,
2,500, 5,000 or
10,000 mg/kg/day**)

1/5 (males) and 4/5 (females) at
50,000 ppm
↓bw: from 25,000 ppm (males)
and from 50,000 ppm (females)
↓bwg : dose-related
mortality: 4/10 (males) and 3/10
(females) at 25,000 ppm

Mouse, B6C3F1

4 weeks, diet

10 mice/sex/group

0, 1,000, 5,000, 10,000 or 25,000
ppm (0, 250, 1,210, 2,580 or
↓bw and bwg from 5,000 ppm
6,990 mg/kg/day** [males])
(males) and at 25,000 ppm
(females)
0, 270, 1,430, 2,890 or
**
7,900 mg/kg/day [females])
liver: ↑absw and relw from
5,000 ppm, hepatocellular
US-EPA standard, GLP
hypertrophy at 25,000 ppm

Eastman Kodak
(1992b)

kidney: ↓absw from 5,000 ppm
(males) inflammation from
5,000 ppm;
testes: ↓absw and relw from
10,000 ppm, atrophy at
25,000 ppm
thymus: atrophy at 25,000 ppm
ovaries: absence of corpora
lutea at 25,000 ppm
NOAEL 1,000 ppm
(250 mg/kg/day)
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Table 4.30 continued Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

Enzymes responsible for
production of H2O2 peroxisomal
palmitoyl CoA oxidase): 9-fold
and 21-fold ↑ in rats and mice,
respectively.

Tomaszewski et al.
(1986)

Short-term studies (up to 28-days exposure)
F344 rats, 5 males/gr. and
B6C3F1 mice, 5 females/gr.

DEHP, 2,000 mg/kg bw, by
gavage in corn oil for 14 days.
Activities of peroxisome enzymes
were assayed in liver
homogenates.

Enzymes responsible for
degradation of H2O2
Catalase:
2-fold and 3-fold ↑ in rats and
mice, respectively.
Glutathione peroxidase:
↓ to 50% and 35% of the control
in rats and mice respectively.
Subchronic Studies (> 28-days exposure <chronic exposure)
Rat, Sprague-Dawley

13 weeks, diet

10 rats/sex/group

0, 5, 50, 500 or 5,000 ppm (0,
0.4, 3.7, 37.6, or
375.2 mg/kg/day [males])
0, 0.4, 4.2, 42.2 or
419.3 mg/kg/day [females])
guideline study, GLP

liver: enlarged (both sexes),
↑absw and relw, hypertrophy,
↑nb peroxisomes at 5,000 ppm

Poon et al. (1997)

kidney: ↑relw at 5,000 ppm (both
sexes)
thyroid: histological changes at
5,000 ppm
testes: mild to moderate Sertoli
cell vacuolation from 500 ppm
(7/10); ↓ absw and relw
testicular weight, atrophy, and
complete loss of
spermattogenesis at 5,000 ppm
(9/10)
NOAEL 50 ppm
(3.7 mg/kg bw/day)

13 weeks, diet

10 rats/sex/group

0, 1,600, 3,100, 6,300, 12,500 or testes: atrophy from 12,500 ppm
25,000 ppm (0, 80, 160, 320, 630 NOAEL 6,300 ppm
or 1,250 mg/kg/day**)
(320 mg/kg/day)

Table 4.30 continued overleaf

370

↓bwg at 25,000 ppm

Rat, F344

NTP (1982)

CHAPTER 4. HUMAN HEALTH

Table 4.30 continued Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

Subchronic Studies (> 28-days exposure <chronic exposure)
Rat, F344
10 rats/sex/group

↓bwg from 12,500 ppm
(females) and at 25,000 ppm
0, 1,000, 4,000, 12,500 or 25,000
(males)
ppm (0, 63, 261, 859, or 1,724
mg/kg/day [males]; 0, 37, 302,
liver: ↑absw and relw from
918, 1,858 mg/kg/day [females]) 1,000 ppm, hepatocellular
hypertrophy from 4,000 ppm
US-EPA standard, GLP
(males) and from 12,500 ppm
(females)
13 weeks, diet

Eastman Kodak
(1992a)

kidney: ↑relw from 4,000 ppm
(males) and from 12,500 ppm
(females)
testes: ↓w from 12,500 ppm
LOAEL: 1,000 ppm
(63 mg/kg/day [males],
73 mg/kg/day [females]
Mouse, B6C3F1

13 weeks, diet

10 mice/sex/group

0, 800, 1,600, 3,100, 6,300 or
12,500 ppm (0, 100, 200, 400,
800 or 1,600 mg/kg/day**)

↓bwg from 3,100 ppm (males)
and from 800 ppm (females)
LOAEL 800 ppm
8,100 mg/kg/day)

NTP (1982)

↓bw from 1.0%

Gray et al. (1977)

Chronic Toxicity studies (> 10% of the test animals lifespan)
Rat, Sprague-Dawley
15 rats/sex/group

17 weeks, diet;
0, 0.2, 1.0 or 2.0% (0, 143, 737
or 1,440 mg/kg/day [males]; 0,
154, 797 or 1,414 mg/kg/day
[females])
comparable to guideline study

liver: ↑absw and relw from 0.2%,
no histological findings
testes: ↓absw and ↑relw from
1.0%, atrophy
LOAEL: 0.2%
(154 mg/kg/day)

Rat, F344
5-10 males per group

1, 2, 4, 8, 18, 39, 77, 151 or
365 days, diet

↑p.enz.act.

Conway et al. (1989)

overall mortality: 85-96%

Harris et al. (1956)*

0 or 1.2%
(600 mg/kg/day**)
Rat, Wistar

3, 6, 12, or 24 months, diet

43 rats/sex/group

0, 0.1, or 0.5% (0, 50-80, or 300- ↓bw at 0.5%
400 mg/kg/day**)
liver and kidney weight increased
at 0.5% after 3-6 months but not
after 12-24 months
no histological findings
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Table 4.30 continued Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

Ganning et al. (1987,
19901)

Chronic Toxicity studies (> 10% of the test animals lifespan)
Rat, Sprague-Dawley

102 weeks, diet

↓bw from 0.2%

520 males in total

0, 0.02, 0.2 or 2.0%
(0, 7, 70 or 700 mg/kg/day**)

liver: ↑pp and nb mitoch from
0.2%, ↑p.enz.act. from 0.02%,
no tumours

comparable to guideline study

testes: atrophy and inhibition of
spermato-genesis from 0.02%
LOAEL: 0.02%
(7 mg/kg/day)
↓bw at 12,000 ppm

Rat, F344

103 weeks, diet

50 rats/sex/group

0, 6,000 or 1,2000 ppm (0, 322
hypertrophy anterior pituitary at
or 674 mg/kg/day [males]; 0, 394 12,000 ppm (males);
or 774 mg/kg/day [females])
liver: neoplastic lesions from
comparable to guideline study,
6,000 ppm;
GLP
testes: seminiferous tubular
degeneration at 6,000 (5%) and
at 12,000 ppm (90%)

Rat, F344

104 weeks, diet

70-85/sex/group
Recovery group: 55/sex

NTP (1982)

Moore (1996)
liver: ↑ weight (males) and
peroxisome proliferation at
0, 100, 500, 2,500 or 12,500 ppm
500 ppm;
(0, 5.8, 28.9, 146.6, or 789.0
mg/kg bw/day [males]; 0, 7.3,
kidney: ↑ weight from
36.1, 181.7 or 938.5 mg/kg
2,500 ppm; ↑ mineralization of
bw/day [females]) or 12,500 for
the renal papilla (males), tubule
78 weeks, followed by a recovery cell pigment (both sexes), and
period of 26 weeks
chronic progressive nephropathy
(males) at 12,500 ppm;
pituitary: ↑ castration cells
(30/60 males) ar 12,500 ppm
testes: ↓ weight, ↑ incidence
and severity of bilateral
aspermatogenesis;
↓ incidence of interstitial cell
neoplasms;
epididymis: ↑ immature or
abnormal sperm forms and
hypospermia from 12,500 ppm;
changes in the kidneys, testes,
and pituitary were not reversible
upon cessation of exposure
NOAEL 500 ppm
(28.9 mg/kg bw/day [males] and
36.1 mg/kg/day [females])

Rat, Sprague-Dawley
5 dosed males,
8 control males
Table 4.30 continued overleaf
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Table 4.30 continued Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

liver: necroses and fat infiltration
in a few animals

BASF (1960)*

Chronic Toxicity studies (> 10% of the test animals lifespan)
Rat, Sprague-Dawley

Life-time, diet

10 rats/sex/group

0 or 0.5%
(0 or 200 mg/kg/day)

kidney: nephroses in a few
animals

Mouse, B6C3F1

103 weeks, diet

↓bw at 6,000 ppm (females)

50 mice/sex/group

0, 3,000 or 6,000 ppm (0, 672 or
1,325 mg/kg/day (males)

liver: hepatocellular neoplastic
lesions

0, 799, or 1,821 mg/kg/day
(females)

kidney: inflammation at
6,000 ppm (males)

GLP

testes: seminiferous tubular
degeneration and testicular
atrophy at 6,000 ppm

Mouse, B6C3F1

104 weeks, diet

70-85/sex/group;

0, 100, 500, 1,500 or 6,000 ppm
(0, 19.2, 98.5, 292.2 or
1,266.1 mg/kg/day [males]; (0,
23.8, 116.8, 354.2 or
1,458.2 mg/kg/day [females]) or
6,000 ppm followed by a
recovery period of 26 weeks

liver: peroxisome proliferation
and ↑ weight (males) from
500 ppm;
↑ weight, adenomas and
carcinomas (both sexes) from
1,500 ppm;

Recovery group: 55/sex

NTP (1982)

Moore (1997)

kidney: ↓ weight (especially
males) and chronic progressive
nephropathy (both sexes) from
1,500 ppm;
testes: ↓ weight, ↑ incidence
and severity of bilateral
hypospermia from 1,500 ppm;
epididymis: ↑ immature or
abnormal sperm forms and
hypospermia from 1,500 ppm;
↓ survival (males)
changes in liver, kidneys, and
testes were at least partially
reversible following recovery
period;
NOAEL 100 ppm (19.2 mg/kg
[males] and 23.8 mg/kg
[females])
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Table 4.30 continued Effects of DEHP following repeated oral administration
Species

Protocol

Results

References

Chronic Toxicity studies (> 10% of the test animals lifespan)
Male rats, 4 rats from each
One year, by gavage, three times
dose group were sacrificed at weekly,
3, 6, 9, and 12 months.
3 dose groups: (a) 150 mg
DEHP/70 kg bw, approximately
0.9 mg/kg bw/day, (b) 150 mg
leachate (leachate resulting from
toluene extraction of an
phthalates-containing artificial
kidney)/70 kg bw, approximately
0.9 mg/kg bw/day (c) sesame oil
controls

statistically significant increase
Crocker et al., 1988
(p= 0.04) in the incidence of
focal cystic changes was
observed in kidneys of rats
received DEHP or leachate and
killed at 12-month interval.
Creatinine clearance was
significantly decreased
(p = < 0.01) only in rats receaved
pure DEHP and killed at the 12month interval.

↓/↑
Decreased and increased, respectively
bw / bwg
Body weight and body weight gain, respectively
absw / relw Absolute and relative weight, respectively
mitoch
Mitochondria
nb
Number
p.enz.act.
Peroxisomal enzyme activity or activities;
pp
Peroxisome proliferation
pSER
Proliferation of smooth endoplasmatic reticulum
CHO / TG
Cholesterol and triglyceride, respectively
w
Weight
*
Studies not included in the risk assessment
**
The conversion of daily intakes into mg/kg bw/day have been derived from IUCLID
NOAEL-values for the risk assessment have been selected from studies with references in extra bold type

Table 4.31 Summary of some in vitro studies on peroxisome proliferative activity
Species

Protocol

Results

References

In vitro,
hepatocytes
from Wistar
rats

MEHP, 200 or 300 µM (57
or 84 µg/ml) , Gap
Junctional Intercellular
Communication (GJIC) was
studied.

CJIC was inhibited, Authors Concl.: inhibition of GJIC may
contribute to the tumour promoting activity of MEHP, but is
not sufficient for their tumour promoting action

Leibold et al. (1994)

In vitro,
human
hepatocytes

MEHP, 0.2 mM (56 µg/ml)
for 48 or 72 hours

No induction of the enzymes palmitoyl-CoA oxidase (a
peroxisome specific enzyme) and carnitine
acetyltransferase (a peroxisomal enzyme also found in
mitochondria)

Butterworth et al. (1989)

In vitro,
nontumouro
genic line of
mouse liver
epithelial
cells, BNLCL.2

DEHP, 0.1 or 1 mM (39 or
390 µg/ ml) for 1 or 4 hours.
The effect on fos and jun
family of nuclear protooncogenes was
investigated.

DEHP (1mM) caused a very small ↑ in c-fos and c-jun
expression, but the substance was a fairly strong inducer of
jun-B and jun-D expression.

Ledwith et al. (1993)

↓/↑

374

Decreased/increased, respectively

Authors Concl.: DEHP activates growth-regulatory signal
transduction pathways that lead to the immediate-early
induction of the fos and jun family of nuclear protooncogenes. This gene activation must be independent of
the effects on peroxisome proliferation, since the BNL-CL.2
cell line does not undergo peroxisome proliferation and
since the induction of immediate-early gene expression
would precede peroxisome proliferation in cells that do
undergo peroxisome proliferation.
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4.1.2.8

Mutagenicity

The possible genotoxic effect of DEHP has been thoroughly investigated in several different
short-term tests. A great number of these studies were part in the International Programme on
Chemical Safety’s (IPCS) collaborative study on evaluation of short-term tests for carcinogens
(Ashby et al., 1985). The major metabolites of DEHP, MEHP and 2-EH, have also been
examined and the results of these studies will appear in the text.
Few studies have been conducted according to Annex V, however, a number of studies are
comparable to guideline studies. If studies are performed according to a guideline and to GLP
principles, or are comparable to guideline studies, it will be obvious in the text. When expressing
results, the term “significant” is used only if the result is statistically significant at a p-level
lower than 0.05.

4.1.2.8.1

In vitro studies

Gene mutation
(see Table 4.32).
Bacteria
DEHP and MEHP were tested in Salmonella typhimurium (TA98, TA100) and Escherichia coli
trp- (uvr+, uvr-) at concentrations from 50 to 2,000 µg/plate with and without metabolic
activation with rat S9-mix (Yoshikawa et al., 1983). DEHP and MEHP did not show any
mutagenic activity but some lethality towards the S. typhimurium strains.
In a study comparable to a guideline study and performed according to GLP principles, DEHP,
MEHP and 2-EH were tested in S. typhimurium (TA98, TA100, TA1535, TA1537, TA1538) at
concentrations from 0.1-10 µl DEHP/plate (purity: 99.9%) (98-9,800 µg/plate), 0.002-0.2 µl
MEHP/plate (purity: 94.7%), and 0.01-1.0 µl 2-EH/plate (purity: 99.7%) (8.3-830 µg/plate) with
and without metabolic activation with Arochlor-induced rat liver S9 (Nuodex, 1980 and Kirby et
al., 1983). No significant mutagenic activity was observed for any of the substances.
In a study comparable to a guideline study and performed according to GLP principles, DEHP
and MEHP were tested in the standard Ames test and 2-EH was tested in a volatile containment
system using S. typhimurium (TA98, TA100, TA1535, TA1537, TA1538) at concentrations from
0.5 to 5,000 µg DEHP/plate (purity: > 97%), 7.5-750 µg MEHP/plate (purity: > 97%), and
0.4-1.8 µg 2-EH/vessel (purity: > 97%) with and without metabolic activation with rat S9-mix
(Eastman Kodak, 1984b and DiVincenzo et al., 1985). No increase in revertants was observed in
any of the tester strains neither with nor without metabolic activation. In a second test, the
mutagenicity of urine from rats treated with DEHP or 2-EH was examined. Male SpragueDawley rats were administered a daily dose of 2,000 mg/kg bw of DEHP or 1,000 mg/kg bw of
2-EH in corn oil by gavage for 15 days. Urine was collected and pooled and tested undiluted by a
direct plating procedure (0.02, 0.06, 0.20, 0.66, 2.0 ml urine per plate) in S. typhimurium (TA98,
TA100, TA1535, TA1537, TA1538) with and without metabolic activation with rat S9-mix.
There was no evidence that mutagenic substances were excreted in the urine following
administration of DEHP or 2-EH.
In a study comparable to a guideline study, DEHP, MEHP and 2-EH were tested in
S.typhimurium (TA98, TA100, TA1535, TA1537) with quantities of 100-10,000 µg DEHP/plate
(purity: 99.6%), 10-3,333 µg MEHP/plate (purity: not stated), and 3.3-220 µg 2-EH/plate

375

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

(purity: 99%) with and without metabolic activation with S9-mix from rat and hamster (Zeiger et
al., 1982, 1985a, 1985b). DEHP, MEHP and 2-EH exhibited no mutagenicity in any of the tester
strains neither with nor without metabolic activation.
DEHP (purity: > 99%) was tested in (TA102), a strain sensitive to mutations arising as a cause of
oxidative DNA damage, in concentrations from 1.0 to 20.0 µmol/plate (391-7,812 µg/plate) in
the presence of enzymes proposed to be responsible for the metabolic activation of DEHP
(Schmezer et al., 1988). No mutagenic response was observed. Similarly, MEHP (purity not
stated) was not mutagenic in S. typhimurium (TA100, TA102) when tested in concentrations
from 0.16 to 1.25 µmol/plate (45-348 µg/plate) with and without metabolic activation with S9
(rat).
DEHP (purity: analytical grade) and MEHP (purity: > 99%) were tested in S. typhimurium
(TA100) at a concentration of 5,000 µg/plate in the presence of rat liver S9-mix (DEHP) or at a
concentration of 1250 µg/plate with and without metabolic activation (MEHP) (Tomita et al.,
1982a). According to the authors, the results for DEHP and MEHP were significantly different
from controls. However, DEHP or MEHP did not induce a doubling of the number of
revertants/plate compared to control, therefore the positive result may be considered as being
only marginally positive.
Four metabolites of DEHP (MEHP, metabolites V, VI, IX) were tested for mutagenicity in the
Ames assay using S. typhimurium (TA97, TA98, TA100, TA102) at concentrations of 0, 0.5, 2,
10, 50, 200, 1,000 µg/plate with and without metabolic activation with Arochlor 1254-induced
rat liver S9 or DEHP-induced rat liver S9 (Dirven et al., 1991). Negative results were obtained
for all four metabolites in the absence and presence of metabolic activation.
Fungi
DEHP (purity: not stated) was tested in Saccharomyces cerevisiae for point mutations in strains
XV185-14C and RM52 using two different cell culture conditions at concentrations from 1,541
to 12,325 nl/ml (1,510-12,080 µg/ml) with and without metabolic activation with rat S9 (Mehta
and van Borstel, 1985). DEHP induced point mutations his+ with S9 in strain XV185-14C
cultured in buffer pH 7.0 being significant only in the lowest and the highest concentration.
When cultured in YEPD medium pH 6.3, DEHP induced point mutations his+ in strain RM52
(-S9), arg+/his+ (+/-S9), trp+ (+S9) in strain XV185-14C. Mutation frequencies were 2-fold
increased but not dose-dependent. According to the authors, overall test results were positive.
DEHP was tested in the ade forward-mutation system in Schizosaccharomyces pombe P1 in
concentrations from 369 to 5,870 µg/ml with and without metabolic activation with S9 (rat)
(Loprieno et al., 1985). According to the authors, 3-fold increases in mutant frequency were
obtained over 3 consecutive doses in the assay without metabolic activation, but in a second
experiment this finding was not confirmed. The results were therefore regarded as equivocal.
Mammalian cells
DEHP, MEHP and 2-EH were tested in the L5178Y TK+/- mouse lymphoma cell mutagenicity
assay with and without metabolic activation with S9 (Nuodex, 1981d and Kirby et al., 1983).
DEHP (purity: 99.9%) was tested at concentrations from 0.016 to 1.0 µl/ml (15-206 µg/ml)
without activation and from 0.067- 5.0 µl/ml (66-4,900 µg/ml) with activation without exhibiting
any significant mutagenic activity. Unlike DEHP, in the initial toxicity test both MEHP (purity:
94.7%) and 2-EH (purity: 99.7%) demonstrated complete toxicity at concentrations > 1.0 µl/ml.
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These metabolites were therefore tested at concentrations from 0.013 to 1 µl/ml, the results
obtained were negative.
DEHP was tested for the ability to induce mammalian cell mutation in the L5178Y TK+/- mouse
lymphoma cell forward-mutation assay with and without metabolic activation with rat S9 at
concentrations from 10 to 620 µg/ml (-S9) or 1.0-80 µg/ml (+S9) (Oberly et al., 1985). A dosedependent decrease in values for total survival was obtained in the absence of S9 ranging from 5
to 73% and a 2-fold or greater increase in mutation frequency was seen at 2 dose levels,
however, survival was only 12 and 5% at these dose levels. In the presence of S9, a dose-related
decrease in total survival was observed ranging from 5 to 90% and a 2-fold or greater increase in
mutant frequency was seen at three dose levels. According to the authors, DEHP was mutagenic
in the assay with metabolic activation.
Table 4.32 Gene mutation in vitro
Species

Protocol

Results

Reference

S. typhimurium

Ames test

negative

TA98, TA100

50, 100, 200, 500, 1,000, 2,000 µg/plate; -/+ S9mix (rat)

Yoshikawa et al.
(1983)

S. typhimurium

Ames test

negative

TA98, TA100,TA1535,
TA1537, TA1538

50, 100, 500, 1,000, 5,000 µg/plate, -/+ S9 (rat)

Rexroat and Probst
(1985)*

S. typhimurium

Ames test

negative

TA98, TA100,TA1535,
TA1537, TA1538

0.1, 0.5, 2.5, 5.0, 10.0 µl/plate (989,800 µg/plate); -/+ Arochlor-induced rat liver
S9; comparable to guideline study, GLP

Nuodex (1980),
Kirby et al. (1983)

S. typhimurium

Ames test

negative

TA98, TA100, TA1535,
TA1537, TA1538

0.5, 5.0, 50, 500, 5,000 µg/plate, -/+ S9-mix
(rat); comparable to guideline study, GLP

Eastman Kodak
(1984b), DiVincenzo
et al. (1985)

S. typhimurium

Ames test

negative

CMA (1982d)*

TA98, TA100, TA1535,
TA1537, TA1538

0.15, 0.47, 1.50, 4.74, 15.0, 47.43,
150.0 µl/plate (147-14,700 µg/plate), -/+
Arochlor-induced rat liver S9; comparable to
guideline study, GLP

S. typhimurium

spot-test

negative

TA98, TA100,TA1535,
TA1537, TA1538, TA2637

500 µg/plate

Agarwal et al*.
(1985a)

S. typhimurium

Ames test

negative

TA98, TA100, TA1535,
TA1537

100-2,000 µg/plate

Agarwal et al.*
(1985a)

S. typhimurium

Ames test

negative

TA98, TA100, TA1535,
TA1537

100, 333, 1,000, 3,333, 10,000 µg/plate; -/+ S9mix (rat, hamster);

Zeiger et al. (1982,
1985a, 1985b)

Bacteria

-/+ S9 (rat)

comparable to guideline study
Table 4.32 continued overleaf
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Table 4.32 continued Gene mutation in vitro
Species

Protocol

Results

Reference

S. typhimurium

Ames test

negative

TA98, TA100

up to 1,000 µg/plate; -/+ S9 (rat)

Kozumbo et al.
(1982)*

S. typhimurium

Ames test

negative

TA102

0, 1.0, 2.5, 5.0, 10.0, 20.0 µmol/plate
(391-7,812 µg/plate), various enzymes

Schmezer et al.
(1988)

S. typhimurium

Ames test

negative

Jung et al. (1992)*

TA102

up to 5,000 µg/plate;

negative

Baker and Bonin
(1985)*

Bacteria

-/+ S9-mix (rat);
comparable to guideline study
S. typhimurium

Ames test

TA97, TA98, TA100, TA102

0, 320, 1,000, 3,200, 10,000 µg/plate, -/+
S9-mix (rat)

S. typhimurium

Ames test

TA100

5 mg/plate, + S9-mix (rat)

S. typhimurium

Ames test

TA97, TA98, TA100, TA102

0, 100, 200, 500, 1,000, 2,000, 5,000 µg/plate; /+ S9 (rat)

S. typhimurium

Ames test

TA98, TA100

0.30, 39, 3,900 µg/ml; -/+ S9 (rat)

S. typhimurium

Ames test

TA98, TA100, TA1535,
TA1537, TA1538

0.02, 0.06, 0.20, 0.66, 2.00 ml urine from rats
treated 15 days with 2,000 mg/kg/day;

marginally positive, see Tomita et al. (1982a)
text
negative

Matsushima et al.
(1985)*

negative

Warren et al. (1982)*

negative

Eastman Kodak
(1984b), DiVincenzo
et al. (1985)

negative

Liber (1985)*

negative

Yoshikawa et al.
(1983)

Inge-Vechtomov et
al. (1985)*

-/+ S9-mix (rat)
S. typhimurium

bacterial forward mutation assay

TM677

50, 200, 500 µg/ml; -/+ S9 (rat)
Ames test

E.coli
trp-

(uvr+,

uvr-)

50, 100, 200, 500, 1,000, 2,000 µg/plate, -/+ S9
(rat)

Fungi
S. cerevisiae

gene mutation

negative

PV-1, PV-2, PV-3

1-1,000 µg/ml

forward mutation

-/+ S9 (rat)

(PV-1) and reverse
mutation (PV-2, PV-3)

S. cerevisiae

gene mutation

negative

D7

0, 40, 200, 1,000, 5,000 µg/ml,

point mutation

Arni (1985)*

-/+ S9
S. cerevisiae

gene mutation

negative

D7

up to 50 mg/ml

point mutation
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Table 4.32 continued Gene mutation in vitro
Species

Protocol

Results

Reference

S. cerevisiae

gene mutation

negative

D7

200, 500, 1,000, 2,000, 3,000, 5,000 µg/ml; -/+
S9-mix (rat)

point mutation

Parry and Eckardt
(1985)*

S. cerevisiae

gene mutation

equivocal, see text

XV185-14C, RM52

1,541, 3,081, 6,163, 12,325 nl/ml (1,51012,080 µg/ml); -/+ S9 (rat)

Mehta and van
Borstel (1985)

S. pombe P1

forward mutation assay

equivocal, see text

Loprieno et al.
(1985)

CMA (1985)*

Fungi

369, 738, 1,467, 2,935, ,5870 µg/ml,
-/+ S9(rat)
Mammalian cells
Chinese hamster ovary cells

forward mutation (HGPRT)

negative

CHO-K1-BH4

5, 10, 20, 40, 80 nl/ml (4.9-78 µg/ml), -/+ S9
(rat); comparable to guideline study, GLP

for mutant frequency

Mouse embryo cells

gene mutation

negative

Balb/c-3T3

0, 79, 250, 791, 2,000, 7,910 nl/ml (777,752 µg/ml); + S9 (rat)

for ouabain resistance

Mouse lymphoma cells

gene mutation (fluctuation assay)

negative

L5178Y

12.5-200 µg/ml, -/+ S9 (rat)

for ouabain and 6thioguanine resistance

Mouse lymphoma cells

gene mutation

L5178Y TK+/-

184-2,468 µg/ml +S9

Amacher and Turner
(1985)*

22-301 µg/ml -S9

negative for trifluorothymidine resistance
with S9; inconclusive
without S9

Mouse lymphoma cells

mouse lymphoma assay

negative

Styles et al. (1985)*

L5178Y TK+/-, L5178Y clone
372+/+

0, 78, 392, 1,962, 9,810 µg/ml,

Mouse lymphoma cells

mouse lymphoma assay

negative

L5178Y TK+/-

0.016-1.0 µl/ml (15-206 µg/ml);

Nuodex (1981d),
Kirby et al. (1983)

positive

Oberly et al. (1985)

negative

Myhr et al. (1985)*

Matthews et al.
(1985)*

Garner and
Campbell (1985)*

-/+S9 (rat)

-S9 (rat); 0.067-5.0 µl/ml (66-4,900 µg/ml) +S9
(rat); compar-able to guideline study, GLP
Mouse lymphoma cells
L5178Y

TK+/-

Mouse lymphoma assay,
10, 20, 30, 40, 50, 100, 200, 400, 620 µg/ml
-S9 (rat); 1.0, 2.5, 5.0, 7.5, 10, 20, 40, 80 µg/ml
+S9 (rat)

Mouse lymphoma cells
L5178Y

TK+/-

Mouse lymphoma assay
250, 500, 1,000, 2,000, 3,000, 5,000 nl/ml
(245-4,900 µg/ml),
-/+S9(rat)
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Table 4.32 continued Gene mutation in vitro
Species

Protocol

Results

Reference

Human lymphoblasts

gene mutation

negative

Crespi et al. (1985)*

TK6, AHH-1

0, 200, 250, 400, 600, 750, 800, 1,000 µg/ml; /+S9 (rat) (TK6)

for gene-locus
mutations

Mammalian cells

-S9 (AHH-1)
*
E.coli
S. cerevisiae
S. typhimurium
-/+ S9
DNA damage

Studies which are only included in the table;
Escherichia coli;
Saccharomyces cerevisiae;
Salmonella typhimurium;
Without/with metabolic activation with S9 liver-tissue fraction from rat or hamster
(see Table 4.33)

Bacteria
The DNA damaging potential of DEHP, MEHP and 2-EH was tested in the Rec-assay with
Bacillus subtilis (H-17 (rec+), M-45 (rec-) (Tomita et al., 1982a). DEHP (purity: analytical grade)
was negative when tested in a concentration of 500 µg/plate. MEHP (purity: > 99%) was positive
when tested in concentrations of 400 and 500 µg/plate but negative in concentrations ranging
from 50 to 300 µg/plate. 2-EH (purity: analytical grade) was slightly positive at a concentration
of 500 µg/plate (see Table 4.33).
Mammalian cells
DEHP and MEHP were tested for induction of unscheduled DNA synthesis (UDS) in primary
mouse hepatocytes at concentrations from 0.01 to 1.0 mM DEHP (purity: 99.8%)
(3.9-390 µg/ml) or 0.1-0.5 mM MEHP (purity: not stated) (28-139 µg/ml) with negative results
(Smith-Oliver and Butterworth, 1987).
DEHP (purity: not stated) was tested for the capacity to enhance the adenovirus (SA7)
transformation of Syrian hamster embryo cells (SHE) at concentrations from 0, 0.2, 0.3, 0.6, 1.3
and 2.6 mM (78-1,016 µg/ml) (Hatch and Anderson, 1985). No enhancement of virus
transformation was observed in a first experiment. A second experiment detected activity at the
two highest concentrations that was independent of cytotoxicity for significance.
Table 4.33 DNA damage in vitro
Species
Bacillus subtilis
H17

(rec+),

M45

(rec-)

Protocol

Results

Reference

Recombination assay

negative

Tomita et al. (1982a)

500 µg/plate

rat hepatocytes

DNA damage and repair assay 391,
1,172, 3,907 µg/ml

negative for singlestrand breaks

Bradley (1985)*

rat and hamster hepatocytes

DNA damage and repair assay 0,
1.25, 2.5, 3.125, 5.0, 12.5,
25.0 µmol/tube (488-9765 µg/tube)

negative for singlestrand breaks

Schmezer et al. (1988)*

Chinese hamster ovary cells
(CHO)

DNA damage and repair assay 391,
1,170, 1,950, 2,730, 3,910 µg/ml

negative for singlestrand breaks

Douglas et al. (1985,
1986)*
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Table 4.33 continued DNA damage in vitro
Species

Protocol

Results

Reference

Syrian hamster embryo cells
(SHE)

DNA damage and repair assay (DNA
adenovirus (SA7) trans-formation); 0,
0.2, 0.3, 0.6, 1.3, 2.6 mM (781,016 µg/ml)

equivocal, see text

Hatch and Anderson
(1985)

Primary rat hepatocytes

UDS

negative

Probst and Hill (1985)*

negative

Butterworth et al. (1989,
1984)*

negative

Kornbrust et al. (1984)*

negative

Williams et al. (1985)*

negative

Nuodex (1981e)*

negative

Smith-Oliver and
Butterworth (1987)

0.19, 0.39, 1.95, 3.9, 19.5, 39, 195,
390, 1,950, 3,900 µg/ml
Primary rat hepatocytes and
primary human hepatocytes

UDS DNA repair assay

Primary rat hepatocytes

UDS, DNA repair assay

0.1, 1, 10 mM (39-3,900 µg/ml)
comparable to guideline study

0.01, 0.1, 1, 10 mM (3.9-3,900 µg/ml)
comparable to guideline study
Primary rat hepatocytes

UDS
0.1, 1, 10, 100, 1,000, 10,000 µg/ml

Primary rat hepatocytes

UDS
0.078, 0.156, 0.313, 0.625, 1.25, 2.5,
5.0, 10.0 µl/ml (76-9,800 µg/ml);
comparable to guideline study, GLP

Primary mouse hepatocytes

UDS, DNA repair assay
0.01, 0.1, 1 mM (3.9-390 µg/ml)

*
Studies which are only included in the table;
UDS Unscheduled DNA synthesis

Chromosomal effects
(See Table 4.34).
DEHP (purity: not stated) was tested in a fibroblast cell line (CH1-L) from Chinese hamster at
concentrations up to 50 µl/ml (49 mg/ml) without metabolic activation (Parry et al., 1984).
DEHP produced increases in hyperploidy cells (chromosome number > 22) but was negative for
hypoploidy and polyploidy cells.
DEHP (purity: not stated) was tested in primary liver cells (CH1-L) from Chinese hamster at
concentrations from 5 to 50 mg/ml (Parry, 1985). The mitotic index was reduced at the top dose,
the AT/M ratio was reduced in a dose related manner, and the chromosome cluster group and the
abnormal division stage was increased by treatment. According to the author, these observations
indicate a positive spindle effect. There was no effect on chromosome dislocation, multipolar
spindles, or chromosome lagging and bridge formation.
DEHP, MEHP and 2-EH were tested for clastogenic activity in cultured Chinese hamster ovary
(CHO) cells (Phillips et al., 1982). DEHP (purity: 99%) did not induce chromosome aberration
(CA) at concentrations from 0.5 to 2.0 mM (195-780 µg/ml), 2-EH (purity: not stated) had a
slight effect at the highest dose level tested (2.4 mM (313 µg/ml)). MEHP (purity: not stated)
had a marked effect on chromosome integrity at doses in the cytotoxic range. Concentrations of
MEHP up to 1.25 mM (348 µg/ml) caused increasing amounts of chromosome damage but
above 1.25 mM no further increase was observed. MEHP was without effect in the tests for
sister-chromatid exchange and for HGPRT cell-mutation.
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DEHP and MEHP were tested in cultured Syrian hamster embryo (SHE) cells at concentrations
from 1 to 100 µM DEHP (purity: not stated) (0.39-39 µg/ml) or 1-300 µM MEHP (purity: not
stated) (0.28-84 µg/ml) with and without metabolic activation with rat S9 (Tsutsui et al., 1993).
Chromosome aberrations were induced following exposure of cells for 2 hours to DEHP and
MEHP in the presence of metabolic activation, but were not induced by treatment for 24 hours
with DEHP and MEHP in the absence of metabolic activation.
Table 4.34 Chromosomal effects in vitro
Species

Protocol

Results

Reference

S. cerevisiae

induction of mitotic aneuploidy

positive

Parry (1985)*

D7

up to 50 µl/ml (49 mg/ml)

increase in hyperploidy
(chromosome no >22)

S. cerevisiae

induction of mitotic aneuploidy

negative

Zimmerman et al. (1985)*

D61.M

saturated solution

Chinese hamster liver
cells, CH1-L

cytogenetic assay

positive

Parry et al. (1984)

up to 50 µl/ml (49 mg/ml)

increase in hyperploidy
(chromosome no >22)

Chinese hamster liver
cells, CH1-L

cytogenetic assay

positive

5, 12.5, 25, 50 mg/ml

effect on the spindle

human leukocytes

cytogenetic assay

negative for breaks, gaps,
abnormal forms

0.06, 0.6, 6, 60 µg/ml
human foetal lung cells

cytogenetic assay
6 µg/ml

rat liver cells RL4

Chinese hamster lung
fibroblasts (CHL)

Parry (1985)

Stenchever et al. (1976)*

negative for breaks, gaps,
Stenchever et al. (1976)*
abnormal forms, aneuploidy

cytogenetic assay

negative

0, 125, 250, 500, 1,000 µg/ml

for CA and SCE

cytogenetic assay

negative for CA

Ishidate and Sofuni
(1985)*

negative

Phillips et al. (1982)

1,375, 2,750, 4,130 µg/ml;

Priston and Dean (1985)*,
Shell (1983)*

-/+ S9 (rat)
Chinese hamster ovary
cells (CHO)

cytogenetic assay

Chinese hamster ovary
cells (CHO)

cytogenetic assay

negative

50, 160, 500, 1,600, 2,000,
3,000, 4,000, 5,000 µg/ml (CA),

for CA and SCE

0.5, 1.0, 2.0 mM (195-780 µg/ml) for CA

-/+ S9(rat);
5, 16, 50, 160, 500, 1,600, 3,000,
4,000, 5,000 µg/ml (SCE);
-/+ S9(rat).
comparable to guideline study
Table 4.34 continued overleaf
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Table 4.34 continued Chromosomal effects in vitro
Species

Protocol

Results

Reference

Chinese hamster ovary
cells (CHO)

cytogenetic assay

negative

3.9, 19.5, 39, 195, 390, 1,170,
2,340, 3,900 µg/ml; -/+ S9 (rat)

for SCE

Douglas et al. (1985,
1986)*

Chinese hamster ovary
cells (CHO)

micronucleus assay

negative

Douglas et al. (1985,
1986)*

human lymphocytes

cytogenetic assay

negative

Turner et al. (1974)*

3.2, 15.7, 30.6, 45.0, 61.3,
75.4 µg/ml

for CA

Syrian hamster embryo
cells (SHE)

cytogenetic assay

positive

0, 1, 3, 10, 30, 100 µM (0.3939 µg/ml); -/+ S9 (rat)

for CA

human peripheral
lymphocytes

cytogenetic assay

negative

10, 100, 1,000 µg/ml

for SCE

0.1, 1, 10, 100 mM (3.93,900 µg/ml), -/+ S9 (rat)

Tsutsui et al. (1993)

Obe et al. (1985)*

-/+ S9 (rat)

*
CA
SCE
S. cerevisiae

4.1.2.8.2

Studies which are only included in the table;
Chromosome aberration;
Sister-chromatid exchange;
Saccharomyces cerevisiae

In vivo studies

Gene mutation: Studies on gene mutation in vivo are summarised in Table 4.35. Abbreviations
are explained below the table.
Table 4.35 Gene mutation in vivo
Species

Protocol

Results

References

mouse, C57BL/6f

transgenic mouse mutation assay
120 days, diet, 3,000, 6,000 ppm (600,
1,200 mg/kg/d**)

negative

Gunz et al. (1993)

somatic mutation assay (unstable eye
mosaic test)
96 hours, addition to culture medium of
10, 20, 40, 80, 160, 320 mM
(3.9-125 mg/ml)

positive at 20 mM

Drosophila melanogaster

somatic mutation assay
4 days, feed
2 mM (0.78 mg/ml)

questionable results

Vogel (1985)

Drosophila melanogaster

somatic mutation assay (wing spot tests)
48, 72, 96 hours, feed
200 mM (78 mg/ml)

Negative
except for induction of twin
spots after 48 hours

Würgler et al. (1985)

lacI transgenic
Drosophila melanogaster

no increase in mutant frequency
in the lacI gene of liver DNA
Fujikawa et al. (1985)

negative at other concentrations
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Table 4.35 continued Gene mutation in vivo
Species

Protocol

Results

References

Drosophila melanogaster

somatic mutation assay (wing spot tests)
48 hours, feed
200 mM (78 mg/ml)

positive for large single spots;
ambiguous for twin spots;
negative for small single spots

Graf et al. (1989)

**
quoted from IUCLID;
mg/kg/d mg/kg bw/day

DNA damage
(see Table 4.36).
To evaluate the relationship between hydrogen peroxide generation and subsequent DNA
damage caused by peroxisome proliferation, DNA damage and changes in peroxisomal
ß-oxidation activity in rat liver were examined (Tamura et al., 1991). In male F-344 rats
(4 rats/group) fed 2% DEHP in the diet for 52 or 78 weeks, hepatocarcinomas or neoplastic
nodules were seen in 1/4 or 2/4 rats, respectively. The hepatic DNA from tumour-bearing rats
showed a 5-fold increase in single strand DNA breaks whereas no increase was observed in non
tumour-bearing rats. According to the authors, the results show that although prolonged
treatment with peroxisome proliferators induces markedly peroxisomal ß-oxidation activity, the
active oxygen species from peroxisomal ß-oxidation are not enough to give rise to significant
DNA damage. On the other hand, Nilsson et al. (1991) found no evidence of DNA damage
induced by the potent peroxisome proliferator nafenopin in vivo, either measured as single strand
breaks in presence of inhibitors of DNA-repair, or as effects on unscheduled DNA-synthesis.
Similar results were obtained even when oxidative stress was induced by administration of
buthionine sulfoximine at a dose that drastically lowered the endogenous glutathione pool in
liver. Nafenopin also failed to potentiate the yield of micronuclei in hepatocytes induced by
ionising radation (Nilsson et al., 1991).
Table 4.36 DNA damage in vivo
Species

Protocol

Results

Rat, F344

DNA-adduct formation

32P-postlabelling

3 males per group

3 days, gavage

Reference

of hepatic DNA
Gupta et al. (1985)*
preparations revealed that no adducts
were detected

2,000 mg/kg/d
Rat, F344

DNA-binding study

carbonyl-14C:

Females

single dose of 500 mg/kg
carbonyl-14C or alcohol-14C
labelled; with or without a

no radioactivity was detectable in liver
DNA

4-week prefeeding period with
1% in the diet

radioactivity was clearly measurable
in the DNA

DNA-damage

levels of

3 males per group

1, 2, 3, 6, 9, 12 months,

8-OH-deoxyguanosine (marker for
oxidative DNA-damage) in liver DNA
was 2-fold increased after 1 month

Table 4.36 continued overleaf
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Table 4.36 continued DNA damage in vivo
Species

Protocol

Results

Rat, F344

DNA-damage

4 males per group

2, 40, 78 weeks,

5-fold increase in single strand breaks Tamura et al. (1991)
in tumour-bearing rats;

diet 2% (900 mg/kg/d**)
Rat, F344
Males

UDS, DNA repair assay,
alkaline elution assay
14 days, gavage in corn oil,
150 mg/kg/d;

Reference

no increase in other rats
negative
DNA repair and DNA damage (strand
breakage) was not induced in
hepatocytes isolated from treated rats

Butterworth et al.
(1984)*

500 mg/kg 2, 12, 24, 48 hours
before sacrifice
Rat, F344
Males

UDS, DNA repair assay,
alkaline elution assay
30 days, feed 12,000 ppm
(600 mg/kg/d**); followed by
500 mg/kg by gavage

Rat, SpragueDawley
Males

negative
DNA repair and DNA damage (strand
breakage) was not induced in
hepatocytes isolated from treated rats

UDS, DNA repair assay

negative

4 or 8 weeks, gavage

DNA repair was not induced in
hepatocytes isolated from treated rats

5,000 mg/kg;

Butterworth et al.
(1984)*

Kornbrust et al. (1984)*

4 or 8 weeks, feed 2%
(1,000 mg/kg/d**); followed by
5,000 mg/kg by gavage
Mouse, B6C3F1

UDS, DNA repair assay

negative

Males

7, 14, 28 days, gavage in corn
oil 10, 100, 500 mg/kg;

DNA repair was not induced in
hepatocytes isolated from treated
mice

7, 14, 28 days, feed

Smith-Oliver and
Butterworth (1987)*

6,000 ppm (1,200 mg/kg/d**)
*
**
mg/kg/d
CA
Sc
UDS

Studies which are only included in the table;
Quoted from IUCLID;
mg/kg bw/day;
Chromosomal aberration;
Subcutane,
Unscheduled DNA synthesis

Chromosomal effects
(see Table 4.37).
In a study performed according to GLP principles, DEHP, MEHP and 2-EH were tested for their
ability to induce chromosomal damage in male Fischer rats after oral administration (Putman et
al., 1983 and Nuodex, 1981i). Five rats per group were given by gavage in corn oil 0.5, 1.7,
5.0 ml/kg/day of DEHP (purity: 99.9%), 0.01, 0.05, 0.14 ml/kg/day of MEHP (purity: 94.7%), or
0.02, 0.07, 0.21 ml/kg/day of 2-EH (purity: 99.7%) for 5 consecutive days. A positive control
group was included. No significant increase in chromatid and chromosome breaks or structural
rearrangements were noted and the mitotic index was also unaffected.
Chromosomal aberrations and morphological transformations were assayed in Syrian golden
hamster (SHE) embryo cells after transplacental administration of DEHP or MEHP (Tomita et
al., 1982a). DEHP (purity: analytical grade; 3,750, 7,500, 15,000 mg/kg) or MEHP (purity:
> 99%; 375, 750, 1,500 mg/kg) were administered orally to pregnant animals on day 11 of
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gestation, followed by the cultivation of embryonic cells for 15-20 days. Exposure to DEHP led
to an aberration rate of 8, 10 and 24% and exposure to MEHP of 14, 14 and 22% in the three
dose groups respectively. In the control group, 3% of the cells were aberrant. Morphological
transformation showed a tendency to increase at a dose level of 3,750 mg/kg DEHP and was
significantly increased at the two highest dose levels. For MEHP, the transformation ratio was
significantly increased at 375 and 750 mg/kg.
In a dominant lethal test, male CD-1 mice (10 per group) were given DEHP or MEHP as a single
dose of 12,500 and 25,000 mg DEHP/kg (purity: not stated) or 175 and 350 mg MEHP/kg
(purity: not stated) by gavage (Hamano et al., 1979). On the day after administration and over the
following 6 weeks, the males were mated with untreated females. On the 12th or 13th day of
pregnancy, females were killed and the number of corpora lutea, of implants, of living foetuses,
and of dead foetuses was determined. Pre- and postimplantation loss and dominant lethality was
calculated. No significant differences between the untreated control group and treated groups
were observed.
In a dominant lethal study comparable to a guideline study and performed according to GLP
principles, male ICR/SIM mice (25 per group) were given 2,465, 4,930 or 9,860 mg DEHP/kg
(purity: 99.7%), 50, 100 or 200 mg MEHP/kg (purity: 94.7%), or 250, 500 or 1,000 mg 2-EH/kg
(purity: 99.7%) by gavage in corn oil for 5 consecutive days (Nuodex, 1981b). The control group
received the corn oil vehicle daily. A positive control group was also included. After the
treatment period, 20 males from each group were mated with 2 untreated females for one week
and this procedure was repeated every week for a total of 8 weeks. The females were sacrificed
14-17 days after the first day of mating and scored for pregnancy, living foetuses, early and late
deaths and for intercurrent infections. The mutagenic effect was determined by total implants
(live foetuses plus early and late foetal deaths), total death (early and late foetal deaths), and
number of dead implants per total implants. All the examined parameters were within the normal
range and DEHP, MEHP and 2-EH did not appear to be mutagenic in the mouse following oral
exposure.
Male ICR mice (10 per group) were given DEHP (purity: not stated) as a single dose of 12,530,
18,790 or 25,060 mg/kg by intraperitoneal injection (Singh et al., 1974). Each male was caged
with two virgin adult females, which were replaced weekly with two new virgin females during a
12-week period. Between days 13 and 17 of gestation, the pregnant mice were sacrificed and
examined for number of corpora lutea, total number of implantations, early and late foetal
deaths, preimplantation losses, and viable foetuses (litter size). The mutagenic effect was
determined directly from the increased number of early foetal deaths in individual mice, and
indirectly by the reduced number of total implantations. The incidence of early foetal deaths was
increased and the number of implantations was markedly reduced during the first three weeks in
the highest dose group. Studies on chromosomal effects in vivo are summarised in Table 4.37.
Abbreviations are explained below the table.
Table 4.37 Chromosomal effects in vivo
Species

Protocol

Results

Reference

rat, F344

cytogenetic assay

negative

5 males per group

5 days, gavage in corn oil
0.5, 1.7, 5.0 ml/kg/day
(500, 1,700, 5,000 mg/kg/d**)
GLP

for CA

Putman et al. (1983), Nuodex
(1981i)

Table 4.37 continued overleaf
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Table 4.37 continued Chromosomal effects in vivo
Species

Protocol

Results

Reference

Syrian hamster

cytogenetic assay

positive

Tomita et al. (1982a)

females

single dose at 11th day of
gestation; 0, 3,750, 7,500,
15,000 mg/kg

for CA, CT

mouse, CD-1

single dose by gavage,

negative

10 males per group

12,500, 25,000 mg/kg

for dominant lethal effect

mouse, ICR/SIM

negative

25 males per group

5 days, gavage 2,465, 4,930,
9,860 mg/kg; comparable to
guideline study, GLP

mouse, ICR

single dose by ip

positive

10 males per group

12,530, 18,790, 25,060 mg/kg

for dominant lethal effect

Drosophila
melanogaster

SLRL, feed 18,600 ppm

Zimmering et al. (1989)*

exposure period not given

negative, the percentage
of lethals was 0.07
compared to 0.11 in the
control group

SLRL

negative

Yoon et al. (1985)*

injection, single dose 20 ppm

the percentage of lethals
was 0.03 compared to
0.05 in the control group

Canton-S
Drosophila
melanogaster
Canton-S
*
**
mg/kg/d
CA
CT
ip
SLRL

Hamano et al. (1979)

Nuodex (1981b)

for dominant lethal effect
Singh et al. (1974)

Studies which are only included in the table;
Quoted from IUCLID;
mg/kg bw/day;
Chromosomal aberration;
Cell transformation;
Intraperitoneal;
Sex linked recessive lethal

4.1.2.8.3

Studies in humans

The frequency of chromosomal aberrations in blood lymphocytes were investigated in ten
workers employed from 10-30 years in a DEHP production plant in Germany (Thiess and Fleig,
1978). Exposure levels ranged from 0.0006 to 0.01 ppm (0.01-0.16 mg/m3). In comparison to a
control group of 20 workers, no evidence of an increased frequency of chromosome aberrations
could be found. This study is considered inadequate for evaluation of genotoxicity to DEHP in
humans because of the small number of workers examined and the low exposure levels.

4.1.2.8.4

Other in vitro and in vivo studies related to mutagenicity and/or
carcinogenicity

(see Table 4.38).
DEHP (purity not stated) was tested in Saccharomyces cerevisiae for gene conversion in strain
D7-144 using two different cell culture conditions at concentrations from 1,541 to 12,325 nl/ml
(1,510-12,080 µg/ml) with and without metabolic activation with rat S9 (Mehta and van Borstel,
1985). When cultured in YEPD medium pH 6.3, DEHP induced gene conversion with and
without metabolic activation but not when cultured in buffer pH 7.0. According to the authors,
overall test results were positive.

387

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

DEHP and MEHP were examined for activity in the C3H/10T½ murine fibroblast cell
transformation system in concentrations from 0 to 100 µM DEHP (purity: 99.8%) (0-39 µg/ml)
or 50-1,500 µM MEHP (purity: not stated) (14-418 µg/ml) (Sanchez et al., 1987). DEHP and
MEHP did not produce cell transformation, initiate transformation in cultures treated with a
tumour promoter or promote transformation in cultures pre-treated with a chemical carcinogen.
DEHP (purity: 99.9%) was tested for the ability of inducing in vitro morphological transforming
potential using the Balb/c-3T3 clone A31 mouse cell line with (0.1, 0.3, 1.0 µl/ml (98980 µg/ml)) and without (0.01, 0.1, 1.0 µl/ml (9.8-980 µg/ml)) metabolic activation with rat S9
(Nuodex, 1981f). The transformation frequency was not significantly increased in the presence
of S9 whereas significantly increased and dose-related frequencies of transformed foci were
observed in the absence of S9.
DEHP and MEHP were tested in cultured Syrian hamster embryo (SHE) cells at concentrations
from 3 to 100 µM DEHP (purity: not stated) (1.2-39 µg/ml) or 1-300 µM MEHP (purity: not
stated) (0.28-84 µg/ml) with and without metabolic activation with rat S9 (Tsutsui et al., 1993).
Morphological transformation was significantly induced by treatment for 2 hours with DEHP at
30 and 100 µM and with MEHP at 200 and 300 µM in the presence of S9. In the absence of S9,
DEHP produced a low level of transformation at 3 and 10 µM.
DEHP was evaluated in the Syrian hamster embryo (SHE) cell transformation assay in three
different laboratories using the same basic experimental protocol with minor modifications at
concentrations from 13 to 4,000 µg/ml (Jones et al., 1988). In one laboratory, DEHP induced a
high level of transformation in two assays but gave only one transformed colony at a single dose
(> 1,000 µg/ml) in a third assay. In a second laboratory, transformation was observed generally
at concentrations above 1,000 µg/ml. In a third laboratory, a low number of transformed colonies
were observed in two assays. It was concluded by the authors that DEHP was positive for
induction of morphological transformation in this assay.
DEHP and MEHP (purity: not stated) induced morphological cell transformations when
evaluated in the Syrian hamster embryo (SHE) cell transformation assay at concentrations from 0
to 75 µM (DEHP: 0-29 µg/ml; MEHP: 0-21 µg/ml) (Sanner et al., 1991).
Table 4.38 Other in vitro and in vivo studies related to mutagenicity and/or carcinogenicity
Species

Protocol

Results

Reference

S. cerevisiae

1-1,000 µg/ml

PV-2, PV-3, PV-4a,b

-/+ S9 (rat)

negative for gene conversion and mitotic Inge-Vechtomov et al.
recombination (PV-2, PV-3); illegitimate (1985)*
mating induction (PV-4a, PV-4b)

S. cerevisiae

0, 40, 200, 1,000, 5,000 µg/ml negative, mitotic cross over and aberrant Arni (1985)*
colonies; negative, mitotic gene convers-/+ S9
ion at 40-1,000 µg/ml;

Fungi

D7

positive, mitotic gene conversion at
5,000 µg/ml
S. cerevisiae

up to 50 µl /ml (49 µg/ml)

D7
S. cerevisiae
D7-144

Parry, (1985)*

mitotic segregation
1,541, 3,081, 6,163,
12,325 nl/ml (1,51012,080 µg/ml); -/+ S9

Table 4.38 continued overleaf
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Table 4.38 continued Other in vitro and in vivo studies related to mutagenicity and/or carcinogenicity
Species

Protocol

Results

Reference

200, 500, 1,000, 2,000, 3,000,
5,000 µg/ml; -/+ S9

negative, mitotic gene conversion

Parry and Eckardt
(1985)*

Fungi
S. cerevisiae
D7

positive, (questionable)
mitotic segregation +S9

S. cerevisiae

mitotic recombination

negative, frequencies of deletions;

Carls and Schiestl
(1994)*

RS112

0, 3000, 10,000, 30,000,
100,000, 200,000 µg/ml; -/+
S9 (rat)

interchromosomal recombinations

Aspergillus nidulans
diploid strain P1

mitotic recombination

negative

Carere et al. (1985)*

Positive

Steele et al. (1989)*

negative

Sanchez et al. (1987)

negative

Lawrence and
McGregor (1985)*

negative

Matthews et al.
(1985)*

Nuodex (1981f)

0, 2,465, 4,930, 9,860 µg/ml

Mammalian cells
primary rat tracheal
epithelial cells

CTA

mouse fibroblasts

CTA

C3H/10T½

0-100 µM (39 µg/ml)

mouse fibroblasts

CTA

C3H/10T½

10, 20, 40 µg/ml; -S9

37.5 µg/ml

250, 500, 1,000 µg/ml; +S9
mouse embryo cells

CTA

Balb/c-3T3

0, 0.9, 3.5, 7.0, 12.0, 21.0
µg/ml, - RLC; 0, 10,000,
25,000, 50,000 nl/ml (98,0049,000 µg/ml),
+ RLC

mouse Balb/c-3T3

CTA

negative + S9

clone A31 cells

0.1, 0.3, 1.0 µl/ml (98-980
µg/ml) + S9 (rat); 0.01, 0.1,
1.0 µl/ml (9.8-980 µg/ml) - S9

positive - S9

GLP
mouse Balb/c-3T3

CTA

negative

Nuodex (1981c)*

clone I13 C14 cells

0.498, 4.98, 12.5, 24.9, 49.8
µg/ml; GLP

mouse Balb/c-3T3

CTA

negative

Nuodex (1981d)*

clone I13 C14 cells

1.64-32.8 µg/ml; GLP

Syrian hamster embryo CTA
cells (SHE)
0, 3, 10, 30, 100 µM (1.2-39
µg/ml), -/+ S9

Positive

Tsutsui et al. (1993)

Syrian hamster embryo CTA
cells (SHE)
13-4,000 µg/ml

Positive

Jones et al. (1988)

Table 4.38 continued overleaf
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Table 4.38 continued Other in vitro and in vivo studies related to mutagenicity and/or carcinogenicity
Species

Protocol

Results

Reference

Syrian hamster embryo CTA
cells (SHE)
0-75 µM (0-29 µg/ml)

Positive

Sanner et al. (1991)

Syrian hamster embryo CTA
cells (SHE)
0.01, 0.1, 1.0, 10, 100 µg/ml

Positive

Barrett and Lamb
(1985)*

Syrian hamster embryo CTA
cells (SHE)
0.8-300 µg/ml

Positive

Syrian hamster embryo CTA
cells (SHE)
77 µM (30 µg/ml)

Positive

Chinese hamster V79
cells

inhibition of metabolic
cooperation assay; 0.5-200
µg/ml

positive

Elmoore et al. (1985)*

Chinese hamster V79
cells

inhibition of metabolic
cooperation assay

negative

Kornbrust et al.
(1984)*

negative

Umeda et al. (1985)*

Mammalian cells

0.2-0.9% transformed colonies in the
three highest concentrations

transformation frequency up to 6%

transformation in 12/1,197 colonies

Sanner and Rivedal
(1985)*
Mikalsen and Sanner
(1993)*

up to 300 nM (0.12 µg/ml)
Chinese hamster V79
cells

inhibition of metabolic
cooperation assay,
0, 0.01, 0.02, 0.05, 0.1, 0.2,
0.5 mM (3.9-195 µg/ml)

rat, F344

stimulation DNA synthesis

4 males

single dose, gavage

increased ratio of thymidine incorporation Büsser and Lutz
compared to control
(1987)*

1.73 mmol/kg (676 mg/kg)
rat, F344

replicative DNA synthesis

5 or 10 males per
group

1, 2, 4, 8, 18, 77, 151, 365
days, diet 1.2%
(500 mg/kg/d**)

rat, F344

replicative DNA synthesis

6 males per group

8 weeks, diet 1.2%

pulse-labelling technique: labelling index
of hepato- cyte nuclei significantly
increased only at 2 days

Marsman et al. (1988)*

pump infusion technique:
significant increase in hepatic nuclear
labelling at 8 days
urinary bladder epithelium labelling index Hagiwara et al.
unaffected
(1990)*

(600 mg/kg/d**)
rat, F344

replicative DNA synthesis

replicative DNA

males

single dose, gavage or sc

synthesis in hepatocytes was increased
at both doses at 24 hours but not at 39
and 48 hours after administration

1,000, 2,000 mg/kg
rat, Alderley Park
10 males and
10 females

replicative DNA synthesis 14
days, gavage in corn oil
2,000 mg/kg/day
comparable to guideline study,
GLP

Table 4.38 continued overleaf
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Table 4.38 continued Other in vitro and in vivo studies related to mutagenicity and/or carcinogenicity
Species

Protocol

Results

Reference

primary rat
hepatocytes

stimulation of DNA-synthesis

Positive

Reddy et al. (1992)*

mouse, B6C3F1

replicative DNA synthesis

Ward et al. (1988)*

48 males per group

2, 8, 24, 40 weeks,

hepatocyte labelling index: significantly
elevated at 12,000 ppm (24,40 weeks)
thymidine kinase activity in liver: at
12,000 ppm, increase at 2 weeks,
decrease at 8 weeks; at 6,000 ppm,
increase at 2 and 40 weeks

replicative DNA synthesis

no difference in

ICI (1982b)*

14 days, gavage in corn oil

3H-thymidine

Mammalian cells

200 µM (78 µg/ml)

diet 0, 6,000, 12,000 ppm
(1,000, 2,000 mg/kg/d**)
Marmoset
5 males, 5 females

2 ml/kg/d (1,960 mg/kg/d**)

test animals

uptake between control and

comparable to guideline study,
GLP
*
**
CTA
S. cerevisiae

4.1.2.8.5

Studies which are only included in the table;
Quoted from IUCLID;
Cell transformation assay;
Saccharomyces cerevisiae

Summary and evaluation of mutagenicity

The possible genotoxic effect of DEHP has been thoroughly investigated in several different
short-term tests. The major metabolites of DEHP, MEHP and 2-EH, have also been examined.
Most of the studies are performed according to GLP principles and are comparable to guideline
studies.
The results have been negative in the majority of the in vitro and in vivo studies on DEHP,
MEHP and 2-EH for detection of gene mutation, DNA damage, and chromosomal effects. The
more conclusive positive results were obtained on cell transformation, induction of aneuploidy,
and cell proliferation. These test systems are, however, also sensitive to several non-genotoxic
substances such as tumour promoters and/or peroxisome proliferators. Taken together all the
results, both negative and positive, DEHP and its major metabolites are considered to be
non-mutagenic substances.
The data available on genotoxicity do not suggest a classification of DEHP according to the
criteria for classification and labelling of dangerous substances (Annex IV to Commission
Directive 93/21/EEC of 27 April 1993 adapting to technical progress for the 18th time Council
Directive 67/548/EEC).

4.1.2.9

Carcinogenicity

Numerous studies on the carcinogenicity/mechanisms of carcinogenicity of DEHP have been
performed in vivo and in vitro and are summarised in the Table 4.39 and Table 4.44. The studies
considered critical for the risk assessment; and performed according to the guideline of Annex V
to the Council Diretive 67/548/EEC, or comparable to guideline studies and/or performed
according to GLP principles; are described thoroughly in the text. When expressing results, the
term “significant” is used only if the result is statistically significant at a p-level lower than 0.05.
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Studies in animals

Long-term studies
Inhalation
The only inhalation study available (Schmezer et al., 1988, see Table 4.39) is on hamsters, and is
considered inadequate for risk assessment as:
•
•

•

only one dose of DEHP was used in the study;
this dose was very low (continuous inhalation of 15 µg/m3 for 23 months). According to the
authors: “The aim of the study was to use dose range of environmentally relevant exposure
similar to the human situation in indoor circumstances, and much higher concentrations may
occur at some work places for short time periods”;
MTD was not reached as no signs of any toxicological effects were reported.

Oral
The Moore studies (rats, 1996 and mice, 1997):
Recently two long-term carcinogenicity studies in rats and mice have been conducted by Corning
Hazleton Incorporated (CHV). The studies are comparable to guideline studies and performed
according to GLP.
In the rat study, groups of F-344 rats (70 - 85 males and females per group) received in their
diets DEHP concentrations of 0, 100, 500, 2,500 or 12,500 ppm (0, 5.8, 28.9, 146.6 or
789.0 mg/kg/day, respectively, for males, and 0, 7.3, 36.1, 181.7, or 938.5 mg/kg/day,
respectively, for females) for 104 weeks. In an additional recovery group, rats (55 males and
females/group) were administered 12,500 ppm DEHP for 78 weeks, followed by a 26-week
recovery period in which they were fed basal diet alone. In addition to the study of all relevant
parameters for a carcinogenicity study, DEHP-induced cell proliferation and peroxisome
proliferation in the livers of dosed rats was evaluated.
In the 2,500 ppm dose group, in both male and female rats, induction of peroxisome
proliferation, increased absolute and/or relative liver weights, and increased absolute and relative
kidney weights were reported. An increase in the incidence of hepatocellular adenomas and
mononuclear cell leukemia (MCL, a known spontaneous neoplasm in F-344 rats) was also
observed in the males of this group. In the high-dose group, 12,500 ppm, the following nonneoplastic changes were observed in both sexes: increased incidence of clinical abnormalities,
increased absolute and relative mean liver weights, diffuse hepatocellular enlargement, induction
of liver peroxisome proliferation, increased absolute and relative kidney weights, accompained
by an increase in the incidence and severity of mineralisation of the renal papilla (only males),
and increased severity of chronic progressive nephropathy (only males). Also absolute and
relative testis weights were decreased, associated with increased incidence of bilateral
aspermatogenesis, and decreased incidence of interstitial cell neoplasms. The incidence of
hepatocellular adenomas and carcinomas were increased in both males and females of this group
(first detected at week 79). The incidence of MCL was also increased in the male rats as
compared with the concurrent controls or with the historical controls of the same Laboratory. In
the recovery group (12,500 ppm), at the end of the study, peroxisome proliferation activity,
diffuse hepatocellular enlargement and increased cytoplasmic eosinophilia in the livers of both
males and females were comparable to the controls. The incidence of hepatocellular
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adenomas/carcinomas for both male and female recovery animals was decreased as compared to
the animals in the high dose group (12,500 ppm). In contrast to the liver, the treatment-related
changes in the kidney, testis and pituitary were not reversible, and the incidence of mononuclear
cell leukemia increased further in the recovery animals. The LOAEL for tumour induction (total
male rats with hepatocellular neoplasms and MCL) and for the effects on the liver, kidney and
testis in this rat study is 2,500 ppm DEHP in the diet (147 mg/kg bw/day for males). An overall
NOAEL for the tumour induction and for the effects on the liver, kidney and testis was
established as 500 ppm DEHP (29 mg/kg bw/day for male rats). The tumour incidence are
presented in Table 4.40, the historical control data for MCL incidence in Table 4.41, and MCL
incidence in rats exposed to different phthalates in Table 4.42.
In the mice study, groups of 70 male and female B6C3F1 mice received in their diets DEHP
concentrations of 0, 100, 500, 1,500 or 6,000 ppm (0, 19.2, 98.5, 292.2, or 1,266.1 mg/kg/day,
respectively, for males, and 0, 23.8, 116.8, 354.2, or 1,458.2 mg/kg/day, respectively, for
females) for 104 weeks. In an additional recovery group, the mice (55 males and 55 females)
were administered 6,000 ppm DEHP for 78 weeks, followed by a 26-week recovery period in
which they were fed basal diet alone. In addition to the study of all relevant parameters for a
mouse carcinogenicity study, DEHP-induced cell proliferation and peroxisome proliferation in
the livers of dosed mice was evaluated.
At the end of the study, in the 500 ppm animals, induction of peroxisome proliferation but not
hepatocellular proliferation, (both sexes), increased liver weights (males), and increased
incidence of hepatocellular neoplasms (males, significant when compared with the concurrent
controls) were observed. In the two high dose groups, 1,500 and 6,000 ppm, the effects on the
liver including increased liver weights, induction of peroxisome proliferation but not
hepatocellular proliferation, and increased incidence of hepatocellular adenomas and carcinomas
were more pronounced in both sexes. In these two dose groups, decreased testis weight indices
with an increased incidence and severity of bilateral hypospermia associated with an increased
incidence, in the epididymis, of immature/abnormal sperm forms and hypospermia was also
observed. Kidney weight indices (males of the 1,500 ppm-dose group and both sexes of the
6,000 ppm-dose group) were decreased and the incidence and/or severity of chronic progressive
nephropathy were increased (both sexes of the both dose groups). In the 6,000 ppm recovery
animals, at the termination of the study, liver peroxisome proliferation activity was comparable
to control animals. Mean absolute and relative liver weights at study termination remained
increased in this group compared to the control mean values, although the increase was less
severe than that seen in 6,000 ppm group. The incidence of hepatocellular adenomas, but not
carcinomas, was less in the 6,000 ppm recovery mice when compared to the animals in
6,000 ppm group. The decrease in testis weights and associated hypospermia was less severe in
6,000 ppm recovery males compared to 6,000 ppm animals. In the kidney, the severity of chronic
progressive nephropathy, but not the effects on the kidney weights, was decreased in males and
females of the recovery group compared to the 6,000 ppm animals. The LOAEL and the NOAEL
for tumour induction (total male mice with hepatocellular neoplasms) in this study is 1,500 and
500 ppm DEHP in the diet, respectively (corresponding to 292 and 98 mg/kg bw/day for males
of the two dose groups respectively). The LOAEL and the NOAEL for non-neoplastic effects on
the liver in this study is 500 and 100 ppm DEHP in the diet, respectively (98 and 19 mg/kg
bw/day for males of the two dose groups respectively). The tumour incidence is presented in
Table 4.40.
The NTP studies (rats and mice, 1982):
The carcinogenicity of DEHP has been tested in rats and mice in the US National Toxicology
Program (NTP, 1982; Kluwe et al., 1982 and Kluwe et al., 1983). The studies are comparable to
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guideline studies and performed according to GLP. Fischer 344 rats and B6C3F1 mice
(50 animals of each sex per group) were fed diets containing 6,000 or 12,000 (rats) and 3,000 or
6,000 (mice) ppm of DEHP (purity: > 99.5%) for 103 consecutive weeks. Controls (50 animals
of each sex and species) were fed the diet without DEHP. The study was initiated when the
animals were approximately 6 weeks old. All of the animals were given the control diet for
1-2 weeks after the 103 weeks of treatment and were then sacrificed and examined both grossly
and microscopically. Histopathological analyses were conducted on all animals sacrificed or
discovered dead during the study and included examination of skin, lungs, bronchi, trachea,
bone, bone marrow, spleen, lymph nodes, heart, salivary gland, liver, pancreas, stomach, small
intestine, large intestine, kidneys, urinary bladder, pituitary, adrenal, thyroid, parathyroid,
mammary gland, prostate, seminal vesicles or uterus, testis or ovary, brain, thymus, larynx and
oesophagus.
For rats, the survival rate was unaffected by the test substance administration. Mean body
weights of male rats in the two dose groups and that of the high-dose female rats were
marginally to moderately lower than those of the corresponding controls throughout the latter
three-fourths of the study. Food consumption was slightly reduced in treated rats of either sex
compared to the control group. Mean daily ingestion of DEHP was calculated to be 322 and
674 mg/kg bw/day for low- and high-dose male rats, respectively, and to 394 and
774 mg/kg bw/day for low- and high-dose female rats, respectively. Seminiferous tubular
degeneration and testicular atrophy were observed in 90% of high-dose male rats compared to 2
and 5% in the control group and low-dose group, respectively. Hypertrophy of cells in the
anterior pituitary (cytoplasmic enlargement) was observed in 45% of high-dose male rats
compared to 2 and 0% in the control group and low-dose group, respectively. The incidence of
animals with foci of clear cell changes in the liver was increased in both sexes in a dose-related
manner. No other non-neoplastic pathological lesions were observed. Treatment with DEHP
caused liver tumours in both males and females. The incidences of hepatocellular carcinomas in
male rats were 1/50, 1/49 and 5/49 (control-, low-, and high-dose group, respectively). Pairwise
comparisons did not indicate a significant increase whereas a significant dose-related trend effect
was observed. In female rats, the incidences of hepatocellular carcinomas were 0/50, 2/49 and
8/50 (control-, low-, and high-dose group, respectively). Pairwise comparisons revealed that the
incidence in high-dose females was significantly greater than that in controls and there was a
significant dose-related trend effect. Metastatic hepatocellular carcinomas were not observed.
The incidences of neoplastic nodules in male rats were 2/50, 5/49 and 7/49 (control-, low-, and
high-dose group, respectively) but the incidence was not significantly increased when evaluated
by either pairwise comparisons or trend tests. The incidences of neoplastic nodules in female rats
were 0/50, 4/49 and 5/50 (control-, low-, and high-dose group, respectively). The incidence was
significantly greater in high-dose females than in the controls and displayed a significant doserelated trend effect. When combined, the incidence of rats with either hepatocellular carcinomas
or neoplastic nodules exhibited a significant dose-related trend effect in both sexes and was
significantly greater than controls for high- and low-dose female rats and for high-dose male rats
by pairwise comparisons. An increase, not statistically significant, in the incidences of
Myelomonocytic Leukemia was also observed in both males and females of the treated groups.
The incidences of male rats with pituitary tumours, thyroid C-cell tumours, or testicular
interstitial-cell tumours were all significantly lower in DEHP-treated animals as compared with
the controls (pairwise comparisons or by trend tests). A NOAEL for DEHP-induced tumour
development in the rat has not been identified as the lowest dose in the study resulted in an
increase of the incidence of liver tumours. The LOAEL for tumour induction in rat is 6/000 ppm
DEHP in the diet (320 mg/kg bw/day for male rats). The tumour incidence is presented in
Table 4.43.
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For mice, the survival rate was unaffected in male mice, but several low-dose female mice died
after 75-90 weeks of treatment; however, these deaths were not attributed to DEHP
administration. At the end of the study, mean body weights of female mice were marginally to
moderately lower than those of the controls. Food consumption was similar in treated groups and
the control group. Mean daily ingestion of DEHP was calculated to be 672 and
1,325 mg/kg bw/day for low- and high-dose male mice, and to 799 and 1,821 mg/kg bw/day for
the low- and high-dose female mice. Seminiferous tubular degeneration and testicular atrophy
were observed in 14% of high-dose male mice compared to 2 and 4% in the controls and
low-dose group, respectively. A significantly higher incidence (20%) of chronic inflammation of
the kidney was observed in high-dose male mice compared to 2 and 4% in the controls and lowdose group, respectively. Non-neoplastic lesions were not observed in female mice. Treatment
with DEHP caused liver tumours in both sexes. The incidences of hepatocellular carcinomas in
male mice were 9/50, 14/48 and 19/50 (control-, low-, and high-dose group, respectively). The
incidence was significantly higher in high-dose males than that in controls and a significant
dose-related trend was observed. The incidences of hepatocellular carcinomas in female mice
were 0/50, 7/50 and 17/50 (control-, low-, and high-dose group, respectively). The incidences
were significant at both dose levels and a significant and dose-related trend was observed.
Pulmonary metastases were observed in seven low-dose and five high-dose male mice and in 1
low-dose and 7 high-dose female mice. The incidences of hepatocellular adenomas in male mice
were 6/50, 11/48 and 10/50 (control-, low-, and high-dose group, respectively) and in female rats
1/50, 5/50 and 1/50 (control-, low-, and high-dose group, respectively). The incidences of
hepatocellular adenomas did not differ from controls in both sexes. When combined, the
incidence of mice with either hepatocellular carcinomas or adenomas exhibited a significant
dose-related trend effect in both sexes and was significantly greater than controls for both sexes
at either dose groups by pairwise comparisons. Lymphomas, hemangiomas, mammary-gland
adenocarcinomas, and alveolar or bronchiolar carcinomas or adenomas were also diagnosed in
one or more mice, but their incidences in treated animals did not differ significantly from that in
controls. A NOAEL for DEHP-induced tumour development in mice could not be identified as
the lowest dose in the study resulted in a significant increase of the incidence of liver tumours.
The LOAEL for tumour induction in mice is 3,000 ppm DEHP in the diet (670 mg/kg bw/day for
male mice). The tumour incidence is presented in Table 4.43.
In conclusion, the results of four different peroral long-term carcinogenicity studies in rats and
mice indicate clearly that DEHP is a hepatocarcinogen in both males and females of the two
species. In rat studies, the incidence of mononuclear cell leukemia (MCL) was also increased in
both sexes, significant in males of Moore- study only. An increase in the incidence of Leydig
cell tumours in male rats exposed for DEHP has also been reported in an abstract (Berger, 1995,
Table 4.39)
Dermal
No studies have been reported.
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Table 4.39 Summary of the carcinogenicity studies with DEHP
Species

Protocol

Results

References

Rat, F344,

104 weeks, diet

Moore (1996)

70 - 85 rats/sex/group

0, 100, 500, 2,500, and
12,500 ppm

↑ incidence of hepatocellular
adenoma and carcinomas

(0, 6/7, 29/36, 147/182, 789/939
mg/kg bw/day for males/females)
Mouse, B6C3F1
70mice/sex/group

104 weeks, diet; 0, 100, 500,
1,500, 6,000 ppm

↑ incidence of mononeuclear
cell leukaemia
↑ incidence of hepatocellular
adenoma and carcinomas

Moore (1997)

↑ incidence of hepatocellular
carcinomas and neoplastic
nodules

NTP (1982a),

(0, 6/7, 29/36, 147/182, 789/939
mg/kg bw/day for males/females)
Rat, F344

103 weeks, diet

50 rats/sex/group

0, 6,000, 12,000 ppm
(0, 322/394, 674/774
males/females; mg/kg bw/day)

↓ incidence of pituitary, thyroid
C-cell, and testicular interstitialcell tumours in males

Life-time study, diet, 30, 95,
300 mg/kg bw/day

↑ incidence of Leydig cell
tumours;

Berger (1995).

2 years, diet

↑ incidence of hepatocellular
carcinomas and neoplastic
nodules at 1.2%-dose group

50 mice/sex/group

0, 3,000, 6,000 ppm (0, 672/799,
1,325/1,821 males/females; mg/kg
bw/day)

Rat, Sprague-Dawley,

20 animals/group

0, 0.03, 0.1, 1.2% (ca. 0, 15, 50,
550 mg/kg bw/daya)

Rat, F344, only males

95 weeks, diet 2%

10 treated, 8 controls

(ca. 1,000 mg/kg/da)

Rat, F344, only males

108 weeks, diet 2%

14 treated, 10 controls

(ca. 1,000 mg/kg/da)

Rat, F 344, only males

Upp to79 weeks,

4-6 rats/group

for more details see
Table 4.43 and/or the text

An abstract with few
experimental details.
Cattley et al. (1987)

liver tumours in 6/10 dosed rats Rao et al. (1987)
and in 0/8 controls
hepatocellular carcinomas and
neoplastic nodules in 11/14
dosed rats and in 1/10 controls

Rao et al. (1990)

Tamura et al. (1990 a, b)

2% DEHP in diet

hepatocellular carcinomas in
1/4 and 2/4 given DEHP for 52
and 78 weeks, respectively.

Rat, Wistar, only males

upp to79 weeks,

No neoplastic lesions

4-6 rats/group

2% DEHP in diet

Syrian golden hamster,

Inhalation, continuously exposure
for life-time,

65 treated and 80
controls/ sex

15 gm3 DEHP vapour (total
exposure of 7-10 mg/kg bw)

Table 4.39 continued overleaf
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for more details se
Table 4.43 and/or the text

NTP (1982a)

103 weeks, diet

Rat, F344, only females

for more details see
Table 4.40 and/or the text

↑ incidence of hepatocellular
carcinomas

Mouse, B6C3F1

only males

for more details see
Table 4.40 and/or the text

No significant differences in
tumour incidence. The study is
considered inadequate for risk
assessment as only one dose
of DEHP was used and the
dose seem to be too low.

Schemezer et al. (1988)
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Table 4.39 continued Summary of the carcinogenicity studies with DEHP
Species

Protocol

Results

References

Syrian golden hamster

Life-time, ip injections of
3,000 mg/kg bw every week (gr.1),
every 2 weeks (gr.2), or every 4
weeks (gr.3)

No differences in the tumour
incidence in the treated groups
compared with the control
group

Schmezer et al. (1988)

25 animals/sex/group

a) Quoted from IUCLID
↓/↑ Decreased/increased, respectively

Table 4.40 Tumour incidence in the Moore studies (rats, 1996; mice, 1997)a
Tumours

RATSb
Number examined

Dose Groups
1

2

3

4

5

6

Control

100 ppm

500 ppm

2,500 ppm

12,500 ppm

Recovery

80

50

55

65

80

55

1 ( 1%)

0

1 ( 2%)

3 ( 5%)

24 (30%)

7 (13%)

0

1 ( 2%)

0

1 ( 2%)

14 (18%)

4 ( 7%)

4 (5%)

5 (10%)

3 (6%)

8 (12%)

21 (26%)

12 (22%)

0

3 (6%)

1 (2%)

2 (3%)

8 (10%)

6 (11%)

5 ( 6%)

5 (10%) d

4 (7%)

11 (17%) d,e

34 (43%)d,e

18 (33%) d,e

0

4 ( 8%) d

1 (1%)

3 (5%)

21 (26%)d

9 (16%) d

15 (19%)

13 (26%)

16 (29%)

32 (49%)d,e

27 (34%)d

29 (53%)d,e

14 (18%)

17 (34%)

11 (20%)

16 (25%)

17 (21%)

18 (33%)

Control

100 ppm

500 ppm

1,500 ppm

6,000 ppm

Recovery

70

60

65

65

70

55

4 (6%)

5 (8%)

9 (14%)

14 (22%)

22 (31%)

12 (22%)

3 (4%)
4 (6%)

2 (3%)
10 (17%)

3 (5%)
13 (29%)

10 (15%)
14 (22%)

16 (23%)
19 (27%)

0

2 (3%)

4 (6%)

9 (14%)

34 (49%)

8 (11%)

14 (23%)

21 (32%)d

27 (42%)d,e

37 (53%)d,e

3 (4%)

4 (7%)

7 (11%)

19 (29%)d

44 (63%)d

Hepatocellular carcinoma
Males
Females
Hepatocellular adenoma
Males
Females
Total number of rats with
Hepatocellular tumours
Males
Females
MCL
Males
Females

MICEc
Number examined
Hepatocellular carcinoma
Males

23 (42%)
3 (6%)
13 (24%)
Table 4.40 continued overleaf
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Table 4.40 continued Tumour incidence in the Moore studies (rats, 1996; mice, 1997)a
Tumours

RATSb

Dose Groups
1

2

3

4

5

6

Control

100 ppm

500 ppm

2,500 ppm

12,500 ppm

Recovery

Hepatocellular carcinoma
Males

14 (26%)d
30 (55%)d

Females
Hepatocellular adenoma
Males
Females
Total number of mice with
Hepatocellular tumours
Males
Females
a)
b)

c)

d)
e)

398

The studies (104 weeks, via diet) are comparable to guideline studies and performed according to GLP. The table was
modified from text table 6, Moore (1996) and text table 7, Moore (1997).
Doses in mg/kg bw /day for RATS
group 1,Control
group 2, males: 5.8 mg/kg bw/day; females: 7.3 mg/kg bw/day
group 3, males: 28.9 mg/kg bw/day; females: 36.1 mg/kg bw/day
group 4,males: 146.6 mg/kg bw/day; females: 181.7 mg/kg bw/day
group 5, males: 789.0 mg/kg bw/day; females: 938.5 mg/kg bw/day
group 6, recovery: As group 5 for the first 78 weeks, followed by the basal diet alone
for 26 week.
Doses in mg/kg bw/day for MICE
group 1, Control
group 2, males: 19.2 mg/kg bw/day; females: 23.8 mg/kg bw/day
group 3, males: 98.5 mg/kg bw/day; females: 116.8 mg/kg bw/day
group 4,males: 292.2 mg/kg bw/day; females: 354.2 mg/kg bw/day
group 5, males: 1266.1 mg/kg bw/day; females:1458.2 mg/kg bw/day
group 6, recovery: As group 5 for the first 78 weeks, followed by the basal diet alone for 26 week.
statistically significant different from study control, Fisher’s Exact Test, P ≤ 0.05
(Aristech Chemical Corporation and Eastman Chemical Company, 1998)
statistically significant different from historical control, Fisher’s Exact Test,
P ≤ 0.05 (Aristech Chemical Corporation and Eastman Chemical Company, 1998)
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Table 4.41 Historical controls from Covance laboratory (the same laboratory that performed Moore studies)
Mononuclear Cell Leukemia (MCL) in rats:*
Study Number

117DE

215DE

216DE

219DE

217DE

175DE

193DE

281DE

Animals/study

50

50

59

58

50

50

48

55

MCL

12

18

22

21

8

15

12

20

24%

36%

38%

36%

16%

30%

25%

36%

117DE

212DE

216DE

219DE

217DE

175DE

193DE

281DE

Animals/study

50

49

60

60

50

50

50

55

MCL

5

16

8

21

7

10

11

14

10%

33%

13%

35%

14%

20%

22%

25%

MALE RATS

%
Study Number
FEMALE RATS

%
*

Modified from Aristech Chemical Corporation and Eastman Chemical Company (1998)

Table 4.42 Incidence of Mononuclear Cell Leukemia (MCL) in rats exposed for different phthalates
Compound

Study design

dose a
(mg/kg bw/day)

Di (2-ethylhexyl)
phthalate (DEHP)

diet, 104 weeks

146.6

males: 49%

Moore, 1996

diet, 103 weeks

Up to 674.0

females: N.S.
N.S. b

NTP, 1982a

Disononyl phthalate
(DINP)

diet, 103 weeks

152.0

males: 60%

Lington et al., 1997

184.0

females: 38%

100.0

males: N.S.

Diallyl phthalate (DAP) gavage, 5 d/week,
103 weeks
Butyl Benzyl phthalate
(BBP)

diet, 103 weeks
diet, 103 weeks

a
b
c

% animals with Reference
MCL

NTP, 1985

females: 51%
ca 600.0 (12,000 ppm
in diet) Up to
24,000 ppm i

males: c

NTP, 1982,b

females 36%
N.S.

NTP, 1997

Lowest dose with a statistically significant increased MCL incidence.
N.S.: Not significantly different from the control group.
Surviving males were killed at weeks 29-30 because of poor survival in the dosed groups

Table 4.43 Tumour incidence in the NTP studies (1982a)a
Tumours

Control

Low dose

High dose

P valued

RATSb

0 ppm

6,000 ppm

12,000 ppm

Males

1/50 (2%)

1/49 (2%)

5/49 (10%)

< 0.05

Females

0/50 (0%)

2/49 (4%)

8/50 (16%)

< 0.005

Hepatocellular carcinoma

Table 4.43 continued overleaf
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Table 4.43 continued Tumour incidence in the NTP studies (1982a)a
Tumours

Control

Low dose

High dose

P valued

RATSb

0 ppm

6,000 ppm

12,000 ppm

2/50 (4%)

5/49 (10%)

7/49 (14%)

not sign.

0/50 (0%)
13/50 (26%)

4/49 (8%)
20/50 (40%)

5/50 (10%)
17/50 (34%)

< 0.05
not sign.

10/50 (20%)

14/50 (28%)

17/50 (34%)

not sign.

0 ppm

3,000 ppm

6,000 ppm

Males

9/50 (18%)

14/48 (29%)
7/50

19/50 (38%)
17/50

< 0.05

Females

0/50 (0%)

(14%)

(34%)

< 0.0001

Hepatocellular adenoma

6/50 (12%)

11/48 (23%)

10/50 (20%)

not sign

Males

1/50 (2%)

5/50 (10%)

1/50 (2%)

not sign

Neoplastic nodules
Males

Females
Myelomonocytic Leukemia
Males
Females
MICEc
Hepatocellular carcinoma

Females
a)
b)
c)
d)

The table was modified from WHO (1992). The studies (103 weeks, via diet) are comparable to
guideline studies and performed according to GLP.
RATS Low dose, males: 322 mg/kg bw/day; females: 394 mg/kg bw/day
High dose, males: 674 mg/kg bw/day; females: 774 mg/kg bw/day
MICE Low dose, males 672 mg/kg bw/day; females 799 mg/kg bw/day
High dose, males 1,325 mg/kg bw/day; females 1,821 mg/kg bw/day
Probability level in Cochran-Armitage test for linear trend when P < 0.05

Studies on tumour initiating and/or promoting activity
Since DEHP is considered to be a non-genotoxic substance, it has been suggested that the
carcinogenic effect is exerted during the promotion phase of hepatocarcinogenicity. DEHP has
therefore been tested in several initiation/promotion experiments in rats and mice where the
end-point has been the number and/or volume of altered liver cell foci. The studies are
summarised in Table 4.44. In conclusion, DEHP have no tumour initiating activity, a positive
promoting activity in mice liver and a weak or no promoting activity in rat liver.
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Table 4.44 Summary of the Studies on tumour initiating and/or promoting activity
Species

Protocol

Results

References

Initiating test, 10 g DEHP/kg bw at 6, 12,
or 24 hours, single oral dose ; 2-acetylaminofluorene (AAF) was used as positive
promoting chemical and diethylnitrosamine (DEN) as positive
initiating chemical.

No tumour initiating activity of
DEHP observed. Number and
volume of preneoplastic foci was
incresed in the positive control
group.

Garvey et al
(1987)

Initiating test, 1.2% DEHP (ca. 600 mg/kg
bw/day), 12 weeks exposure in the diet;
Phenobarbital (PB) was used as promoting
chemical and diethyl-nitrosamine (DEN) as
positive initiating chemical.

No tumour initiating activity of
DEHP observed. Number and
volume of preneoplastic foci was
incresed in the positive control
group.

F344 rats, 6-18 males/gr.

Initiating and promoting test, 24 weeks
exposure, 12,000ppm DEHP (ca 550
mg/kg bw/ day) in the diet, Phenobarbital
(PB) was used as positive promoting
chemical and N-2-fluorenylacetamide
(FFA) as positive initiating chemical.

No initiating, promoting, or
sequential syncarcinogenic effect
was reported

Sprague-Dawley (SD)
rats,

Promoting test, 10, 100, 200, or 500 mg
A weak promoting effekt was
DEHP/kg bw by gavage in olive oil, 3 times noted (a 2-fold ↑ in the number
a week, for 11 weeks, di-ethylnitrosamine and area of ATPase-deficient foci
(DEN) was used for initiation.

Rat liver
F344 rats, 10 females/gr.

5 females/gr.

Williams et al.
(1987)

Oesterle and
Deml (1988)

SD rats, 8-10 females and Promoting test, 50, 200, 500, 1,000 or
males/gr.
2,000mg DEHP/kg bw by gavage in olive
oil, 3 times a week, for 7-11 weeks; diethylnitrosamine (DEN) was used for
initiation.

A weak promoting effekt was
Gerbracht et al.
noted in some treated groups (↑in (1990)
the number and area of ATPasedeficient foci and GGTase-positive
foci in the lower dose groups but
were ↓ in the higher dose groups).

F344 rats, 18-20
males/gr.

Promoting test, 3,000ppm DEHP (ca. 150
mg /kg bw) in the diet for 6 weeks, diethylnitrosamine (DEN) was used for
initiation. All rats were partially
hepatectomised to maximise any
interaction between proliferation and the
effect of the tested compound.

No promoting effect was reported

Ito et al. (1988)

F344 rats, 10 females/gr.

Promoting test, 1.2% DEHP (ca.
600 mg/kg bw), in diet for 3 or 6 months,
di-ethylnitrosamine (DEN) was used for
initiation and phenobarbital (PB) as
positive promoting control

No promoting effect was reported

Popp et al. (1985)

Mouse liver
B6C3F1 mice, 30 females Initiating test, single dose of 25,000 or
No initiating activity was reported.
and 30 males/gr.
50,000 mg/kg bw,by gavage.
Phenobarbital (PB) was used as promoting
chemical
Promoting test, 3,000, 6,000, or
12,000 ppm DEHP (ca. 600, 1,200, or
2,400 mg /kg bw), in diet for 2, 4, or 6
months, di-ethylnitrosoamine (DEN) was
used for initiation

Ward et al.
(1983a)

Positive promoting activity
(numerous foci and neoplasms
were seen in mice given DEHP
after DEN

Table 4.44 continued overleaf
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Table 4.44 contiued Summary of the Studies on tumour initiating and/or promoting activity
Species

Protocol

Results

References

Promoting test, 3,000 ppm DEHP (ca.
1,200 mg /kg bw), in diet for 28, 84 or
168 days; di-ethylnitros-amine (DEN) was
used for initiation.

Positive promoting activity after
only 28 days of exposure
(significant and time-dependent ↑
in incidence of focal hepatocellular proliferative lesions;
sinificant ↑ in incidence of liver
tumours at 168 days.

Ward et al. (1984)

Mouse liver
B6C3F1 mice, 29
males/gr.

B6C3F1 mice, 2 males/gr. Promoting test, 12,000 ppm DEHP (ca.
2,400 mg /kg bw), in diet for 6 months,
di-ethylnitrosamine (DEN) was used for
initiation.
Phenobarbital (PB) was used as positive
promoting chemical.

Positive promoting activity (liver
Schuller and Ward
tumours were seen in mice given (1984)
DEHP after DEN) A pronounced
peroxisome proliferation were
observed in non-tumourous liver in
DEN- and DEHP-treated mice and
also in the liver tumours induced
by DEHP alone but not in liver
tumours after DEN initiation and
DEHP promotion.

B6C3F1 mice, 30
males/gr.

Promoting test, 6,000 ppm DEHP (ca.
1,200 mg /kg bw), in thediet for 29 weeks,
di-ethylnitrosoamine (DEN) was used for
initiation

Positive promoting activity

B6C3F1 mice, 48- 55
males and females
offspring, 6 weeks of age.

promoting test, 6,000 ppm DEHP (ca.
1,200 mg /kg bw), in diet for up to
78 weeks of age, transplacental initiation:
N-nitrosoethylurea (NEU), ip to pregnant
C57BL/6NCr mice. DNA synthesis:
6 males from each group were given
200 mg/kg bw of 5-bromo-2’-deoxyuridine
(Brdu), ip, for determination of the DNA
synthesis in kidneys tubular cells and in
the hepatocytes

Positive promoting activity

Promoting test, 12,000 ppm DEHP (ca.
2,400 mg /kg bw), in diet for 26 weeks,
N-nitrosodiethylamine (NDEA) was used
for initiation.

Positive promoting activity

C3H/HeNCr mice,
females and males

(↑ in incidence of focal
hepatocellular proliferative
lesions(FHPL) and number of
FHPL per area); 4 mice given DEN
and DEHP had hepatocellular
adenomas

Hagiwara et al
(1986)

Ward et al. (1990)

(↑ in incidence of focal
hepatocellular proliferative
lesions(FHPL) including
hyperplastic foci, hepato-cellular
adenomas and carcinomas).
Authors Concl.: tumour promotion
in liver may be a consequence of
↑ DNA synthesis in initiated or
focus cells rather than in nonproliferative hepatocytes.

(↑ in incidence of liver tumours in
mice given NDEA and DEHP
compared with mice exposed to
NDEA alone

Weghorst et al.
(1993/1994)

Rat, kidney and bladder
Fischer 344 rats, 20
males/ gr

Table 4.44 continued overleaf
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Promoting test, 1.2% DEHP (ca.
Positive promoting activity
600 mg/kg bw), in diet for 24 weeks,
N-ethyl-N-hydroxyethylnitrosamine (EHEN) (↑ in incidence of renal cell
adenomas and denocarcinomas
was used for initiation
and the number of tumours per
kidney, in rats given DEHP after
EHEN).

Kurokawa et al.
(1988)
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Table 4.44 contiued Summary of the Studies on tumour initiating and/or promoting activity
Species

Protocol

Results

References

Promoting test (uracil-accelerated
transitional cell proliferation model),

No promoting activity

Hagiwara et al
(1990)

Rat, kidney and bladder
F344 rats, 15 males/gr.

0.3, 0.6 or 1.2% DEHP (ca. 250, 300, or
600 mg /kg bw), in the diet during
experimental weeks 5-8 and weeks 12-20,
N-butyl-N-(4-hydroxybutyl)nitrosamine
(BBN) was used for initiation
↓/↑ Decreased/increased, respectively

Studies on peroxisome proliferation
It has been suggested that a mechanistical association could exist between peroxisome
proliferation and the occurrence of liver tumours in rodents. Therefore, the effects of DEHP on
the liver (peroxisome proliferation, hepatomegaly, and replicative DNA-synthesis) have been
investigated in a large number of studies. The in vivo studies are summarised in Table 4.30 and
the in vitro studies in Table 4.31 (see also Sections 4.1.2.6.2 and 4.1.2.9.3). In conclusion,
DEHP induce proxisome proliferation in the livers of experimental animals and there is species
differences with respect to this effect.

4.1.2.9.2

Studies in humans

In a mortality study (prospective cohort), eight deaths were observed (expected values of 15.9
and 17.0 from the city and county data, respectively) among 221 workers exposed to DEHP for
periods of 3 months to 24 years (average 11.5 years) (Thiess et al., 1978c). One carcinoma of the
pancreas and one bladder papilloma were reported. No information about exposure levels is
given in the report. In two other reports by Thiess et al. (1978a,b) examining the DEHP exposed
workers (see Section 4.1.2.6.2), exposure levels ranging from 0.0006 to 0.01 ppm
(0.01-0.16 mg/m3) are given. The mortality study is considered inadequate for evaluation of
carcinogenicity to DEHP in humans due to small cohort size, short follow-up, and low exposure
levels.
Recently, occupational exposure to polyvinyl chloride (PVC) and other products in the plastics
industry were assessed in a case-control study on testicular cancer using self-administered
questionnaires (148 cases and 315 controls) (Hardell et al, 1997). An increased risk was
observed for exposure to PVC (an increased odds ratio of 6.6; 95% confidence interval, 1.4-32),
but not for other types of plastics. A possible association between exposure to DEHP and other
phthalates (used as plasticisers in PVC), a potential oestrogenic effect of these chemicals, and the
increased risk of testicular cancer was discussed by the authors.
In conclusion, the human data is inadequite for risk assessment.

4.1.2.9.3

Proposed mechanisms of hepatocarcinogenicity

The mechanisms through which peroxisome proliferators (PPs) such as DEHP induce liver
tumours in rodents have been extensively studied and discussed in the last years A brief
overview of the current opinion on mechanisms and the significance for humans will be outlined
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here, for further details are referred to relevant reviews and criteria documents (Doull et al, 1999;
Cattley et al., 1998; Youssef and Badr, 1998; Wolfgang et al., 1996; IARC, 1995; ATSDR,
1993; Bentley et al., 1993; ECETOC, 1992; WHO, 1992).
Negative results have been obtained in the majority of the genotoxicity studies on DEHP, MEHP
and 2-EH. More conclusive positive results were obtained on cell transformation, induction of
aneuploidy, and cell proliferation. These test systems are, however, also sensitive to several nongenotoxic substances such as tumour promoters and peroxisome proliferators.
Taken together all the results, both negative and positive, DEHP and its major metabolites are
considered to be non-genotoxic substances (see Section 4.1.2.8). The results of tumour initiating
and/or promoting studies indicate that DEHP have no tumour initiating activity, positive
promoting activity in mice liver and a weak or no promoting activity in rat liver.
In the past, generally, two mechanisms have been proposed to account for liver carcinogenesis
induced by DEHP and other PPs in rodents: 1) induction of peroxisome proliferation leading to
oxidative stress and generation of electrophilic free radicals, and 2) increased hepatocyte
proliferation/suppression of hepatocellular apoptosis which could lead to fixation of a previously
existing DNA-damage, enhancing the conversion rate of initiated cells to tumor cells, as well as
increasing the susceptiblity of hepatocytes to replication and subsequent neoplastic
transformation. Recently a third mechanism through activation of peroxisome
proliferator-activated receptors (PPARα) has been accepted by most of the experts in this field.
The possible mechanisms of hepatocarcinogenicity and the species differences with respect to
these hepatic effects of PP will be discussed in this section.
Peroxisome proliferation
Peroxisomes are cytoplasmic organelles present in all cell types and contain a number of
hydrogen peroxide generating oxidases, catalase (which catalyses the degradation of hydrogen
peroxide), and a fatty acid β-oxidation enzyme system. Peroxisome proliferation is characterised
by increased peroxisome volume density (resulting from an increase primarily in the number of
peroxisomes, although size may also be increased), changes in morphology, and induction of
peroxisomal enzyme activities. Studies on DEHP induced peroxisome proliferation are described
in Section 07, and summarised in Table 4.30 and Table 4.31. Other reported effects of PPs in
hepatocytes of rats and mice include mitochondrial proliferation (with changes in enzyme
activities), increase in the number of lysosomal bodies (with changes in enzyme activities and
lipofuscin deposition), and induction of some microsomal enzyme activities. While marked
effects have been observed in hepatocytes, only minor effects have been observed in certain
other tissues. The term PPs covers substances, which in rodents induce peroxisome proliferation
and liver enlargement (hepatomegaly), the latter being due to both hepatocyte hyperplasia
(increased replicative DNA synthesis and cell division) and hypertrophy. Hepatomegaly and
peroxisome proliferation is an early event during exposure to DEHP and has been observed in
rats from about 14 days of exposure and throughout the exposure period at dose levels from
0.05% DEHP in the diet.
It has been suggested that liver tumour formation following prolonged administration of PPs
arises from a sustained oxidative stress to rodent hepatocytes due to an imbalance in the
production and degradation of hydrogen peroxide. The imbalance in the hydrogen peroxide
production and degradation might be a result of that catalase is induced to a much lesser extent
than peroxisomal β-oxidation enzymes. The increased level of hydrogen peroxide in hepatocytes
might, either directly or via other reactive oxygen species (e.g. hydroxyl radicals) cause DNA
damage and subsequent neoplastic transformation, or apoptosis, e.g. by oxidative damage to
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intracellular membranes which then can lead to increased cell turnover thus increasing the
probability of spontaneous tumour formation or to cell death.
However, there is evidence suggesting that the level of oxidative damage in vivo may be too low
to account entirely for the carcinogenicity of PPs. Following prolonged administration (up to
79 weeks) of DEHP to rats (Tamura et al., 1990a,b), a 20-fold increase in peroxisomal
β-oxidation activity was found after 2-4 weeks of treatment with a gradual decrease from week
20 to week 79 but remaining at an 8-10-fold higher level than control levels. Catalase activity
increased (2-3-fold) after short-term treatment and remained at this level throughout the
treatment period. The hepatic hydrogen peroxide level also increased but only 1.2-1.7-fold. As
the hepatic hydrogen peroxide levels increased only slightly and did not correspond to the
increase in peroxisomal β-oxidation activity, these results indicate that a large part of the
hydrogen peroxide produced by peroxisomal β-oxidation could be rapidly scavenged by catalase.
This could be explained by the fact that the maximal hepatic catalase activity in vitro is
thousands of times greater than the corresponding β-oxidation activity in untreated animals.
After treatment with peroxisome proliferator, the maximal activity of catalase is still thousands
of times greater, even though catalase is only up-regulated 2- 3-fold and acyl-CoA oxidase
increases as much as 20-fold. This indicates that liver tumours produced after long-term
administration of DEHP might not be due only to the oxidative stress introduced by the enhanced
peroxisomal β-oxidation. This conclusion is strengthened by the fact, that even when oxidative
stress was induced by the administration of buthionine sulfoximine at a dose that drastically
lowered the endogenous glutathione pool in liver, the potent peroxisome proliferator, nafenopin,
failed to induce unscheduled DNA synthesis, or increase the level of DNA single strand breaks
in hepatocytes from animals treated in vivo (Nilsson et al., 1991). These authors also suggested,
that the modest increase in the levels of the oxidation product 8-hydroxydeoxy-guanosine
(8-OHdG), and that was found in liver DNA from animals treated with the potent peroxisome
proliferators over long periods of time (Kasai et al., 1989), most probably represents an artifact
from isolation of the DNA where no precautions had been taken to prevent e.g. OH-radicals to
be formed through Fenton-like reactions (Nilsson et al., 1991).
In conclusion, induction of peroxisome proliferation alone is not enough to explain the
hepatocarcinogenic activity of DEHP in rodents.
Hepatocyte proliferation and apoptosis
Hepatocyte proliferation (characterised by increased replicative DNA synthesis and cell division,
and hypertrophy) is an important response in rodent liver to PPs and has been implicated in the
mechanims of rodent hepatocarcinogenesis. Hepatocyte proliferation occurs in the tumours that
develop in rats and mice after administration of PPs and is seen in lesions that are the direct
progenitors of tumours Thus, at least for the more potent PPs, a close correlation has been found
between induction of sustained replicative DNA synthesis and the potency of various PP with
respect to induction of liver tumors (Marsman et al., 1988, 1992). Howevere, the association of
cell proliferation with tumour formation in rodent liver is complex and the magnitude of
response for hepatomegaly and hepatocyte proliferation is not entirely predictive of eventual
tumour yield. For PPs, it is important to differentiate short-term from prolonged stimulation of
cell replication. Hepatomegaly is evident during the first few days of administration of PPs and
is largely due to transient hepatocyte proliferation that subsides after several days as liver weight
reaches a new plateau. Hepatomegaly has also been seen in rodent liver after prolonged
administration of some, but not all, PPs. There are some indications that suppression of
hepatocellular apoptosis also occurs during the induction of hepatomegaly. The increase in liver
weight is dependent on continued exposure and is reversible upon cessation of exposure and it
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has been suggested that this reversal could be related to large increases in hepatocellular
apoptosis.
An increased rate of cell proliferation can be a critical effect both in tumour initiation, by
increasing the frequency of spontaneous mutations and the rate of conversion of DNA adducts
into mutations before they are repaired, and in tumour promotion by facilitating the promotion of
initiated cells. This effect could be strengthened by suppression of hepatocellular apoptosis,
which lead to increasing the number of mutant hepatocytes susceptible to replication and
subsequent neoplastic transformation. It has been reported recently (James et al., 1998), that
DEHP and its metabolite MEHP can induce DNA synthesis and inhibit hepatocyte apoptosis in
rats and mice hepatocytes in both in vivo and in vitro studies. Also a tumour-promoting activity
of DEHP was observed in the liver of mice whereas a promoting activity in the liver of rats is
equivocal (see Section 4.1.2.8.1.2). As first suggested by Préat et al. (1986a, 1986b), in addition
to cell proliferation PPs appear to have an important role in promoting the selective growth of
basophilic preneoplastic foci. Thus, whereas phenobarbital causes an increase in the number of
preneoplastic foci in a liver initiated by e.g. diethylnitrosamine, a potent PP like nafenopin or
WY-14,643 does not increase the number of such foci appreciably, but causes a great increase in
the size of these foci. Further, the basophilic foci induced by PPs seem to have a much higher
likelihood to progress to hepatocellular carcinomas by boosting the selection of transformed cells
(Préat et al., 1986a, 1986b; Cattley and Popp, 1989). Development of foci and adenomas
depends on the continuous exposure to PPs, where cessation of exposure results in disappearance
of benign lesions, and continued exposure is essential for progression to malignant tumors
(Marsman and Popp, 1994; Miller and Cattley, 1996).
In conclusion, induction of hepatocyte proliferation combined with suppression of hepatocellular
apoptosis could play a major role in the hepatocarcinogenicity of DEHP.
Activation of PPARα
The mechanism by which PPs induce peroxisome and hepatocyte proliferation as well as
hepatocarcinogenicity is unclear. Howevere, recent investigations have demonstrated the central
role of a class of nuclear receptors, the peroxisome proliferator-activated receptors (PPARs), in
mediating the effects of PPs (reviewed by Cattley et al., 1998). In the presence of PPs or fatty
acids, the PPAR receptors induce the transcriptional regulation of PP-responsive genes. Out of
four different subtypes, the subtype PPARα, that is strongly expressed in tissues catabolising
fatty acids (liver, digestive mucosa, kidney proximal tubules, muscle and retina), seems to be the
most important with respect to processes associated with peroxisome proliferation. The
expression of PPARα may be, to some extent, affected by glucocorticoids (Lemberger et al.,
1994, 1996), providing an explanation of the previously observed effects on peroxisome
proliferation induced by fasting and stress caused e.g. by hypothermia (de Duve, 1983; Reddy
and Lalwani, 1983). Gene transcription is affected through a heterodimeric receptor complex
involving PPAR α and the retinoid X receptor (RXR) that is activated by PPs and 9-cis-retinoic
acid (present endogenously). The activated receptor complex regulates transcription via binding
to the promoter regions of peroxisome responsive genes, e.g. those involved in the ß-oxidation of
fatty acids. However, the fact that potent PPs will act as hypolipidemic drugs in man without
causing detectable peroxisome proliferation seems to indicate, that other genes are also affected
by PPARα, e.g. the promoter regions of the human apolipoprotein genes (apo A-I, apo A-II, apo
C-III). The fact that long-term administration of DEHP in the feed down to a concentration of
200 ppm increases the dolichol content of lysosomal membranes (Edlund et al., 1986) also bears
evidence of the multifaceted effects induced by PPs.
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When DEHP (1.2% in the diet) was administered to Sv/129 mice entirely lacking the PPARα,
none of the responses typical for peroxisome induction (such as increase in the number of
peroxisomes, induction of replicative DNA-synthesis, and hepatomegaly) found in the wild type
mouse could be detected, (Ward et al., 1998). Further, whereas the wild type mouse fed DEHP
exhibited typical lesions in liver, kidney and testis, no signs of liver toxicity was detected in the
“knockout mouse”. On the other hand, evidence of lesions in kidneys and testes were also found
in the latter, indicating PPARα independent pathways for induction of toxicity in these organs.
In another study with PPARα null mice fed the potent peroxisome proliferator, Wy-14,643 at
0.1% in the diet for 11 months, no indication of replicative DNA synthesis in the liver, and no
increase in the incidence of liver tumors were observed. In contrast, after 11 months
administration, 100% of the wildtype mice exhibited multiple hepatocellular neoplasms (Peters
et al., 1997). Although it is established that PPARα could mediate liver cell proliferation and
hepatocarcinogenesis of the studied PPs, the pathways involved have not been elucidated.
A report from 2003 (Klaunig et al, 2003) provides an in-depth analysis of the state of the science
on several topics critical to evaluating the relationship between the mode of action (MOA) for
PPARα agonist, such as DEHP, and the human relevance of related animal tumours. Topics
include a review of existing tumor bioassay data, data from animal and human sources relating to
the MOA for PPARα agonists in several different tissues, and case studies on the potential
human relevance of the animal MOA data. The summary of existing bioassay data discloses
substantial species differences in response to peroxisome proliferators in vivo, with rodents more
responsive than primates. It is clear from the published studies that humans possess a functional
PPARα, and that peroxisome proliferators activate the human receptor. It is clear that some of
the genes modulated by these chemicals in humans differ from those regulated by rodent
PPARα. The available epidemiological and clinical studies are inconclusive, but, nonetheless, do
not provide evidence that peroxisome proliferators, such as DEHP, cause liver cancer in humans.
In conclusion, the available, studies on transgenic mice, indicate that PPARs may play a central
role in mediating the hepatotoxic effects of DEHP, such as increase in the number of
peroxisomes, induction of replicative DNA-synthesis, and hepatomegaly. Also, it has been
demonstrated that PPARs is required in mediating the hepatocarcinogenic effects of the PPs Wy14,643 in mice.
Species differences
Marked species differences with respect to hepatic response to PPs are apparent, were rats and
mice seem to exhibit the highest sensitivity. Guinea pigs and monkeys are relatively insensitive,
while Syrian hamsters have demonstrated a sensitivity intermediate between these two groups of
mammals. In a comparative study (14 days) of rats and hamsters, the liver weight of hamsters
was significantly increased only at 1,000 mg/kg bw/day with no significant increases in
peroxisomal enzyme activities, whereas a significant and dose-dependent (from
100 mg/kg bw/day) increase in rat liver weight as well as in peroxisomal enzyme activities was
observed (Lake et al., 1984). In marmosets, the liver weight was not affected and microscopic
examination revealed only a slight increase in peroxisomes following administration of
2,000 mg/kg bw/day for 14 days. In rats, hepatomegaly, marked peroxisome proliferation, and
increased peroxisomal enzyme activities was observed following a similar dosage regimen
(Rhodes et al., 1986). In another comparative study (21 days) with rats and cynomolgus
monkeys, no treatment related changes in liver weight and peroxisomal enzyme activities were
observed in monkeys at dose levels up to 500 mg/kg bw/day, whereas in rats marked effects on
the same parameters were seen at a similar dosage regimen (Short et al., 1987). The studies of
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DEHP on this aspect are described in Section 4.1.2.1.6, and summarised in Table 4.30 and
Table 4.31.
In vitro studies using primary hepatocyte cultures from rodents and primates have supported the
in vivo findings. Thus, whereas a number of different PPs have caused peroxisome proliferation
in rat and mouse hepatocytes, several investigations have demonstrated a lack of activity in
primate and human cells (reviewed in: Ashby et al., 1994; IARC, 1995; Elcombe et al., 1997).
MEHP, a metabolite of DEHP, did not stimulate peroxisome proliferation in human cells,
although a marked response was obtained in rat hepatocytes (Butterworth et al., 1989).
The potential human response to PPs has been examined in liver biopsies obtained from patients
treated with hypolipidemic drugs. Morphometric measurements in liver biopsies did not reveal
evidence for peroxisome proliferation. The potential carcinogenic risk of hypolipidemic therapy
with fibrates (clofibrate and gemfibrozil, both being potent PPs) has been evaluated in two
limited clinical trials with no evidence for carcinogenesis obtained (IARC, 1996). No relevant
data are available on humans exposed to DEHP. But in a study where liver biopsies had been
obtained from dialysis patients, who are exposed to significant quantities of DEHP leached from
PVC dialysis tubings, Ganning et al. (1987) reported an increased number of peroxisomes in
exposed individuals. However, this claim was based on two electron micrographs from two
different patients, where an apparent increase in the number of peroxisomes was found in one
specimen.
In rodent liver, hepatomegaly and peroxisome proliferation require expression of functional
PPARα (Lee et al, 1995). The slight or no responsiveness of human liver to some effects of PPs,
such as hepatomegaly and peroxisome proliferation, could be explained by a low level of
PPARα found in human livers (1-10% of the level found in rat and mouse liver), as well as
observations of genetic variations that render the human PPARα receptor less active as
compared to PPARα expressed in rodent liver (Tugwood et al., 1996; Palmer et al., 1998;
Woodyatt et al., 1999).
In conclusion, the available data indicate a quantitative species differences in the response to the
hepatic effects of DEHP and in the activation of PPARα.

4.1.2.9.4

Summary and evaluation of carcinogenicity

No relevant studies in humans on the carcinogenicity of Di(2-ethylhexyl) phthalate (DEHP) is
available.
In experimental animals, the only inhalation study available (Schmezer et al., 1988) is on
hamsters, and is considered inadequate for risk assessment as only one dose of DEHP was used
in the study. Also, the dose of DEHP used was very low and MTD was not reached as no signs
of any toxicological effects were reported.
Following oral exposure, the carcinogenicity of DEHP has been investigated in numerous animal
studies summarised in Table 4.30. Four long-term studies (Moore 1996, 1997; NTP, 1982a)
performed in rats and mice are of good quality and are considered adequate for evaluation of
carcinogenicity of DEHP in experimental animals. DEHP shows clear evidence of
hepatocarcinogenicity in both sexes of rats and mice in the four different studies. The increase in
tumour incidence in the liver was statistically significant and a dose-response relationship exists
(see Table 4.40 and Table 4.43). In rats, an increase in the incidence of mononuclear cell
leukaemia (MCL) was also observed, significant in males of Moore study only (see Table 4.40
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and Table 4.43). The LOAEL and the NOAEL for tumour induction in rats (both liver tumours
and MCL) were established as 2,500 ppm (147 mg/kg bw/day for males) and 500 ppm (29 mg/kg
bw/day for males) DEHP in the diet, respectively (Moore 1996). In mice the LOAEL and the
NOAEL for induction of liver tumour is 1,500 ppm (292 mg/kg bw/day for males) and 500 ppm
(98 mg/kg bw/day for males) DEHP in the diet, respectively (Moore 1997). Additionally, an
increase in the incidence of Leydig cell tumours in male rats exposed for DEHP has been
reported (Berger, 1995).
Based on the overall evaluation of the studies on mutagenicity (see Section 4.1.2.8) DEHP and
its major metabolites can be regarded as non-genotoxic agents.
Hepatocarcinogenicity
Concerning the hepatocarcinogenicity of DEHP, previously, two different modes of action have
been suggested for DEHP and other Peroxisome Proliferators (PPs):
•

induction of peroxisome proliferation leading to oxidative stress and generation of
electrophilic free radicals and/or

•

increased hepatocyte proliferation/ suppression of hepatocellular apoptosis which could lead
to fixation of a previously existing DNA-damage; enhancing the conversion rate of initiated
cells to tumor cells; as well as increasing the susceptiblity of hepatocytes to replication and a
subsequent neoplastic transformation.

None of these mechanistic premises provides a wholly satisfactory explanation of the mechanism
of cancer induction caused by DEHP. However, in view of the available evidence, a mechanism
due to oxidative stress seems to be the least likely to play a major role (Cattley et al., 1998;
Youssef and Badr, 1998; IARC, 1995).
Recently a third and a more feasible mechanistic basis for hepatocarcinogenicity through
activation of Peroxisome Proliferator activated Receptor alpha (PPARα) has been accepted by
most of the experts in this field. Activation of PPARα is also required for the induction of
peroxisome proliferation, cell proliferation, and most probably also of several other aspects of
the multifaceted effects brought about by the PPs (Peters et al., 1997, Ward et al., 1998, Cattley
et al., 1998). The role of PPARα in the toxicity of DEHP has been investigated, recently, in a
subchronic study in PPARα-null and wild-type male Sv/129 mice (Ward et al., 1998). Whereas
the wild-type mouse fed DEHP exhibited typical lesions in the liver (such as increase in the
number of peroxisomes, induction of replicative DNA-synthesis, and hepatomegaly), kidney,
and testes, no signs of liver toxicity was detected in the PPARα-null mice. On the other hand,
evidence of lesions in kidneys and testes were found also in the PPARα-null mice, indicating a
PPARα independent pathway for induction of toxicity in these organs. It has been demonstrated
in another study with knockout mice fed the potent peroxisome proliferator Wy-14,643 (Peters et
al., 1997) that PPARα is required for the hepatocarcinogenicity of this substance. However,
there is still no clear evidence showing that the carcinogenicity of DEHP in rodent is mediated
through activation of PPARα.
Species differences are evident regarding the response to the different effects of the PPs on the
liver. Rats and mice are very sensitive, Syrian hamsters appear to exhibit an intermediate
response, whereas guinea pigs and monkeys appear to be relatively insensitive. The potential
human response to PPs has been examined in liver biopsies obtained from patients treated with
hypolipidemic drugs with no evidence of peroxisome proliferation. The low sensitivity of human
liver to the effects of PPs could be explained by the low level of PPARα found in human liver
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(1-10% of the level found in rat and mouse liver) and genetic variations that render the human
PPARα less active as compared to PPARα expressed in rodent liver (Palmer et al., 1998;
Tugwood et. al, 1996; Woodyatt et al., 1999). The potential carcinogenic risk of hypolipidemic
therapy with fibrates, potent PPs, has been evaluated in two limited clinical trials with no
evidence for carcinogenesis obtained. No relevant data are available on humans exposed to
DEHP.
It has been suggested that the hepatocarcinogenic effects of PPs, such as DEHP, in experimental
animals are rodent-specific and irrelevant for human. This position is held by a number of
experts and is a defensible conclusion based on the available mechanistic data. However, the
following arguments still indicate that a certain human cancer risk cannot, with certainity, be
excluded:
1. The arguments for rodent-specificity of the liver tumours and the irrelevance of the
experimental data for humans are based on the overall evidence available for all the PPs
together. The weight of evidence available for each of the PPs, for example DEHP, is
weaker.
2. The available data indicate a quantitative but not a qualitative, species variation in the
expression of PPARα. Humans express PPARα in liver, albeit in levels lower than those
found in rodents (Tugwood et al., 1996; Palmer et al., 1998). Therefor, a certain human
cancer risk may still exist for some of the highly potent peroxisome proliferators. Also
inter-individual differences in expression of human PPARα have been demonstrated
(Tugwood et al., 1996). This evidence supports the conclusion reported by Vanden Heuvel
(1999) “Therefore, although PPs may pose little risk to the population as a whole, the
potential human carcinogenicity of these chemicals cannot be summarily ignored.”
3. DEHP has shown positive activity in several cell transformation assays and this effect is
correlated with inhibition of gap junctional intercellular communication. It may be argued
that these effects on cell transformation and intercellular communication by DEHP points at
a different mechanism of carcinogenicity independent of PPARα (Dybing and Sanner, 1997;
Mikalsen and Sanner, 1993; Tsutsui et al., 1993).
4. An association between non-peroxisomal effects of PPs and the carcinogenic process could
exist. Possible changes in non-peroxisomal parameters (such as mitochondrial effects;
regulation of cytochrome P-452, hormonal disturbances; and effects on cellular biology and
ion homeostasis) in experimental animals and the relevance of such effects to humans have
not been well studied (Youssef and Badr, 1998; Eagon et al., 1996).
Most recently, a Working Group of the “International Agency for Research on Cancer” (IARC)
have concluded that the mechanism by which DEHP increases the incidence of liver tumours in
rodents (activation of PPAR-α) is not relevant to humans. Therefor, and based on the overall
evaluation of the available data, the DEHP-induced liver tumours in rats and mice will not be
considered in the present Risk Assessment Report on DEHP.
Leydig cell (LC) tumours in rats
An increase in the incidence of testicular interstitial cell tumours (LC tumours) was observed in
rats exposed to DEHP in a long-term study (Berger 1995). In this study, 2,170 male
Sprague-Dawley rats were exposed, lifelong, for the three non-genotoxic liver carcinogens
DEHP, phenobarbital-sodium (PHB), and carbon tetrachloride (CCl4) to assess their
hepatocarcinogenic effects alone or in combination. DEHP at dose levels of 30, 95 and
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300 mg/kg, in the diet, did not cause liver tumours but induce LC tumours. However, the study
was published as an abstract and only few experimental data were given.
In another study on the antiandrogenic effects of Di(n-butyl) phthalate (DBP) in
Sprague-Dawley rats (Mylchreest et al., 1999), pregnant rats were exposed for 0, 100, 250 or
500 mg/kg bw/day, by gavage, during the gestation days 12 to 21 (the prenatal period of male
reproductive tract differentiation in the rat). In the 3-month-old F1 males of the two high dose
groups, LC hyperplasia and adenomas were observed (LC hyperplasia: 1 and 5 animals in the
middle dose group and high dose group, respectively; LC adenomas: 0 and 2 animals in the
middle dose group and high dose group, respectively) in addition to other testicular lesions. No
incidences of hyperplasia or adenomas were observed in the control or in the low dose groups.
The effects could have been more significant if the animals were allowed to live longer than
3 months according to the authors (Mylchreest et al., 1999) “Because Leydig cell adenomas
generally have a late onset (1- to 2-year-old rats), it is possible that the occurrence of
DBP-induced adenomas and hyperplasia would have been higher had the animals been allowed
to age. In particular, the focal hyperplasia seen at 3 months of age may have eventually led to
Leydig cell adenomas.” In conclusion, this finding is important as the exposure to DBP is very
short (only 10-days in utero) and the onset of lesions is early (the F1 male rats were only
3 months old when they developed the tumours).
In a recently conducted two-generation reproduction toxicity range-finding study in Wistar rats
(Schilling et al., 1999), DEHP (approximately 0, 110, 339 and 1,060 mg/kg bw/day) was
administered, in the diet, to groups of 10 males and 10 females sexually immature animals
(F0 parental generation). Males and females from the same dose group were mated 70 days after
the start of treatment. The females were allowed to litter and rear their pups (F1 generation pups)
until day 21 post partum. All male and female F1 generation pups with the exception of one male
and one female pup/litter (each first surviving pup/sex) were sacrificed on day 21 post partum.
The selected pups (F1 generation pups) were reared for at least 10 weeks to become the F1
generation parental animals. The male animals of the F1 generation parental animals were killed
after the mating period. In the 3-month-old F1 males, a slight (grade 2) diffuse LC hyperplasia
were observed in all six high dose animals. The authors considered the lesion to be treatmentrelated. This DEHP-related effect is critical as the prenatal exposure period was relatively short,
the onset of the lesions is early and the development of LC hyperplasia to LC tumours is possible
if the 3-month-old animals had been allowed to age. This report support the results of Berger
(1995) showing induction of LC tumours in Sprague-Dawley rats exposed for DEHP.
The relevance for humans of rodent LC tumours has recently been evaluated in an international
workshop (summarised in Clegg et al, 1997) as well as in a published review (Cook et al, 1999).
It was concluded that the pathways for regulation of the Hypothalamo-Pituitary-Testis (HPT)axis in rats and humans are similar and hence, compounds that induce LCTs in rats by disruption
of the HPT-axis pose a risk to human health with exception of two classes of compounds GnRH
and dopamine agonists. Since it has been demonstrated that DEHP and other phthalates has a
direct effect on the foetal testes the two latter mechanisms are not relevant for phthalates, and the
induction of LC tumours in rats exposed for pthalates should be regarded as relevant to humans
taking into consideration the species differences in sensitivity (Jones et al., 1993; Mylchreest et
al., 1999; Foster, 1999).
In conclusion, the presented evidence for the phthalates-induced LC tumours in rats, and the
possible endocrine effects of phthalates (Mylchreest and Foster, 1998; Schilling et al., 1999).
Together with the fact that developing rats are more sensitive to the phthalates-induced testicular
toxicity than sexually mature animals (Mylchreest et al., 1999) should be considered seriously.
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Especially, when related to the limited human data of Hardell et al. (1997) suggesting an
increased risk for testicular cancer in workers in PVC-industry.
MCL
The observed increase in the incidence of MCL in F344 rats is within the range of NTP’s
hisorical control data. However, the concurrent study control groups remains most appropriate
for comparisons, and the historical control data, if considered, must be from the test laboratory
itself. Therefore, the increase in the incidence of MCL in male rats (Moore 1996) may be
DEHP-related, as the incidence were significantly increased compared to the study control and in
addition to the historical control data from the same laboratory (see Table 4.40 and Table 4.41).
Additionally, it should be noted that increases in the incidence of MCL in F344 rats exposed to
other phthalates, for example, diisononyl phthalate, diallyl phthalate, and butylbenzyl phthalate
have been reported (see Table 4.42).
Whereas Ward and Reynolds (1983b) consider MCL in F344 rats as having similar pathology to
an uncommon human tumour (large granular lymphocytic leukemia) and representing a unique
model for study of natural tumour immunity, other experts regard MCL as F344 rats-specific,
with little relevance for humans (Caldwell 1999). Based on the available data the relevance for
humans of the DEHP-induced MCL in F344 rats is not clear.
Conclusions
The results clearly show that DEHP is carcinogenic in rats and mice (a statistically significant
increase in the incidence of liver tumour with a dose-response relationship in rats and mice of
both sexes, and an increase in the incidence of LC tumours and MCL in male rats). However,
there is a plausible mechanism for the PPs-induced hepatocarcinogenicity in rodents (activation
of PPARα) and there is evidence showing that humans are less sensitive to the hepatotoxic
effects of PPs by the suggested mechanism. Therefor, the relevance for humans of the liver
tumours in rodents induced by DEHP, a weak PPs, is regarded to be neglgible. Also the
relevance of the DEHP-induced MCL in F344 rats is questionable. On the other hand, the
induction of LC tumours in rats exposed for DEHP should be regarded as relevant to humans
and, therefor, a careful evaluation of the orignal data of Berger (1995) is necessary before
concluding the possible carcinogenic risk of DEHP.
Based on the overall evaluation of the available data, no classification for carcinogenicity is
proposed.

4.1.2.10

Toxicity for reproduction

4.1.2.10.1

Male reproductive toxicity

Effects on fertility
Inhalation
In a 4-week inhalation study conducted according to OECD guideline 412 and the principles of
GLP, male Wistar rats (10 rats per group) were exposed 5 days/week, 6 hours/day to 0, 0.01,
0.05 or 1 mg DEHP/litre (0, 10, 50 or 1,000 mg DEHP/m3) (99.7% pure) as liquid aerosol
(Klimisch et al., 1992) (see also Section 4.1.2.6.1.1). The males were mated to untreated females.
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No effects on male fertility were observed 2 and 6 weeks after the end of exposure and no
testicular toxicity was detected histologically. This study is, however, not considered adequate
(see Section 4.1.2.6.2).
Oral
Rats
Wolfe et al. (2003) studied the multigenerational reproductive toxicity of DEHP in
Sprague-Dawley rats. The unaudited draft was evaluated, without having access to all individual
data. The methodology used in this study to a large extent complied with OECD Guideline 416.
The number of animals in each test and control group was 17 males and 17 females only (the
Guideline recommends a sufficient number of animals in each test and control group to yield
preferably not less than 20 pregnant females at or near parturition). However, it is considered
that enough pregnancies were produced in the study to assure a meaningful evaluation. Therefore
the failure to achieve the desired number of pregnant animals does not invalidate the study. The
F0 animals were administered the test article during a 6-week pre-mating period (according to
the Guideline a dosing continued for at least 10 weeks before the mating period is required).
This, however, is not considered to be a serious deviation since the study was conducted on three
generations instead of two, and males of two generations (F1 and F2 animals) were dosed during
complete spermatogenic cycle. Thus the study has provided satisfactory information concerning
effects on spermatogenesis. The 10,000 ppm animals only completed the F1 generation and were
terminated due to the inability to produce any F2 generation animals. This, however, is not
considered to be a serious deviation since the number and choice of original dose levels
(10,000 ppm group not included) is considered to be satisfactory for the purpose of the study. In
excess of Guideline requirements, crossover cohabitation was performed on the control and
selected F1/F2 animals. This is considered to be scientifically advantageous as it may provide
additional data on effects on fertility. Except for females during the lactation period body weight
and food consumption of parent animals was measured at limited time points approximately
every second week (the Guideline recommends weekly measurements at a minimum). However,
the limited number of measurements made in this study is considered to be satisfactory for the
purpose of the study. At the time of termination brain and spleen were not weighed in adults or
in pups. Nor where thymus weighed in pups. However, the deviation from the Guideline do not
affect the scientific validity of this study. A complete necropsy was performed on all surviving
control animals and 10 treated animals from each dose group for each sex (according to the
Guideline full histopathology should be performed for all high dose and control animals selected
for mating, and organs demonstrating treatment-related changes should also be examined in the
low-and mid-dose groups). However, tissue samples from a number of 10 animals/sex/group are
in this study considered enough to assure a meaningful histopathological examination. The
deviations and/or omissions from the Guideline do not affect the scientific validity of this study.
The study is performed according to GLP (although statement not yet signed), and considered
acceptable.
DEHP (purity 99.8%) was administered in the diet at concentrations of 1.5 (Control 1 and 2), 10,
30, 100, 300, 1,000, 7,500 and 10,000 ppm to groups of 17 male and 17 female Sprague-Dawley
Crl:CD®BR rats (source: Charles River Laboratories, Portage, Michigan). The control dose level
was set at 1.5 ppm as this was the amount of DEHP found in the control feed. The 10,000 ppm
group and their corresponding control group (Control 2) were added to the study structure after
the initiation of the original seven dose groups and followed the same study design. Mating pairs
were allowed to produce three litters (a, b, c) each. Animals in the F0 generation began exposure
as adults (5 weeks of age) and were bred to produce the F1 generation (F1a, 1b, 1c), the F1 adults
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(selected from F1c weanlings) were bred to produce the F2 generation (F2a, 2b, 2c), and the F2 adults
(selected from F2c weanlings) were bred to produce the F3 generation (F3a, 3b, 3c). The animals
were administered the test article during the pre-mating period (6 or 10 weeks), and also during
the mating-, gestation- and lactation periods for breeding of the F1, F2 and F3 litters/pups until the
day of necropsy (approximately 2 weeks after the last weaning). The F1, F2 and F3 animals
received diets containing DEHP after weaning (day 21 post partum) with the same concentration
of DEHP as their parents received until necropsy. Additional non-mating males (up to three per
litter) were selected from the F1c, and F2c litters, and were maintained following similar
procedures as those for mating males, except they were not cohabited with females. The
10,000 ppm animals only completed the F1 generation and were terminated due to the inability to
produce any F2 generation animals. A one-week cross over cohabitation was performed on the
control and 10,000 ppm F1 animals (up to 17 animals/sex/group), and on the control and
7,500 ppm F2 animals (up to 17 animals/sex/group) in order to determine the affected sex. F1 and
F2 animals were then paired with naive animals and received control feed during the
cohabitation. Upon separation, the F1 and F2 animals received dosed feed.
Parameters evaluated over the course of the study included body weights, feed consumption,
clinical observations, reproductive performance, anogenital distance, pup survival, sexual
development, oestrous cyclicity, sperm endpoints, gross pathology, organ weights, and
limited/selected histopathology. Based on measured feed consumption, mg/kg daily doses were
calculated to be 0.12, 0.78, 2.4, 7.9, 23, 77, 592 and 775 mg/kg bw/day in the F0 animals; 0.09,
0.48, 1.4, 4.9, 14, 48, 391 and 543 mg/kg bw/day in the F1 animals; and 0.1, 0.47, 1.4, 4.8, 14, 46
and 359 mg/kg bw/day in the F2 animals.
Parental data (general condition and behaviour, bodyweight, food intake)
The incidence of intercurrent deaths amongst treated F0 animals (17 animals/sex/group) was 1,
1, 0, 0, 1, 1, 0 in the 10, 30, 100, 300, 1,000, 7,500 and 10,000 ppm groups. The respective
numbers for the F1 generation (17 animals/sex/group) were 0, 1, 1, 1, 1, 2, 0 in the 10, 30, 100,
300, 1,000, 7,500 and 10,000 ppm groups. The incidence of intercurrent deaths amongst treated
F2 animals (17 animals/sex/group) was 1, 2, 0, 0, 1, 1 in the 10, 30, 100, 300, 1,000 and
7,500 groups. The incidence of intercurrent deaths amongst animals in the control groups was
0-2. Clinical signs were generally comparable among all groups in all generations and were not
treatment-related in incidence or severity (stated by the author) Comment: No data were
available to confirm this statement.
Statistically significant reductions in terminal body weights were noted in adult animals at
10,000 (F0 males: 6%; F1 mating males: 16%; F1 non-mating males: 21%; F1 females: 19%)
(There were no F2 animals at 10,000 ppm), and at 7,500 ppm (F1 non-mating males: 10%; F2
mating males: 14%; F2 non-mating males: 14%; F2 females: 8-18% during Week 1-6).
Statistically significant reductions in dam body weights were also noted at delivery (9-11%) and
during lactation (11-20%) in F0 females at 10,000 ppm.
Parental feed consumption was generally comparable in all groups in all generations on a
g/animal/day basis, but was statistically significant increased at 7,500 and 10,000 ppm on a
g/kg bw/day basis, except during lactation where dam feed consumption was statistically
significant decreased in F0 animals at 7,500 (17%) and 10,000 ppm (11%, PND 4-7).
Reproductive toxicity (for necropsy results see below).
F1-, F2-and F3-Mating Trial
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Pregnancy indices were decreased at 7,500 and 10,000 ppm (see Table 4.45). None of the F1
mating pairs produced offspring at 10,000 ppm (this finding was correlated with no sperm or
spermatids noted in these animals), and at 7,500 ppm statistically significant decreases in the
pregnancy indices were noted for the F2 mating pairs. The total number of males per litter was
decreased at 10,000 ppm in the F1a litter (26%) and at 7,500 ppm across all F1 litters combined
(F1a+F1b+F1c) (approximately 20%). The total number of F1a pups per litter was decreased at
7,500 ppm (22%) and at 10,000 ppm (21%). The total number of pups per litter across all F1
(F1a+F1b+F1c) litters combined (18%) was also decreased at 7,500 ppm. There was also an
increase in the number of cumulative days to deliver the F1a litter for F0 animals at 10,000 ppm.
Table 4.45 Pregnancy index F0-, F1- and F2 mating pairs (percent pregnant)
Dose
groups
(ppm)
Litter

1.5

10

30

100

300

1,000

7,500

10,000

(Control 1)
F1a

16/17 (100)

17/17
(100)

17/17
(100)

17/17
(100)

17/17
(100)

16/17
(94)

17/17
(100)

15/17 (88) vs 16/17
(94) in Control 2

F1b

17/17 (100)

16/17
(94)

16/17
(94)

17/17
(100)

17/17
(100)

16/17
(94)

16/17
(94)

12/17 (71) vs 15/17
(18) in Control 2

F1c

14/17 (82)

12/17
(71)

15/17
(88)

14/17
(82)

17/17
(100)

14/16
(88)

13/17
(76)

8/17 (47) vs 10/17
(59) in Control 2

F2a

15/17 (88)

17/17
(100)

16/17
(94)

17/17
(100)

16/17
(94)

16/17
(94)

12/17
(71)

*0/17 (0) vs 16/17
(94) in Control 2

F2b

13/17 (76)

13/17
(76)

15/17
(88)

15/17
(88)

13/16
(81)

14/17
(82)

10/17
(59)

*0/17 (0) vs 15/15
(100) in Control 2

F2c

10/17 (59)

11/17
(65)

10/17
(59)

10/17
(59)

9/16
(56)

11/17
(65)

10/17
(59)

*0/17 (0) vs 12/15
(80) in Control 2

F3a

17/17 (100)

17/17
(100)

17/17
(100)

17/17
(100)

17/17
(100)

17/17
(100)

*9/17
(53)

-

F3b

17/17 (100)

17/17
(100)

17/17
(100)

17/17
(100)

17/17
(100)

16/17
(94)

*8/17
(47)

-

F3c

11/17(65)

*16/17
(94)

13/17
(76)

12/17
(71)

8/17
(47)

12/17
(71)

6/17
(35)

-

*

Statistically significant (P < 0.05)

At 10,000 ppm, male and female pup weights, unadjusted and/or adjusted for litter size, were
decreased in the F1a, F1b and F1c litters (7-12%). At 7,500 ppm male and female pup weights,
unadjusted and adjusted for litter size, were decreased in the F2c litter (14%) and combined F2a,
2b, 2c litters (10%).
Male anogenital distance (AGD) was decreased at 10,000 ppm in the F1a, F1b, and F1c pups
(8-15%) and at 7,500 ppm in the F1a and F1b pups (6.6-8%), in the F2a and F2c pups (13-17%)
and in the F3a pups (13%). No changes were noted in the female AGD throughout all the mating
trials. Retained nipples were observed in the F3c male pups (11%) at 7,500 ppm. Testes descent,
vaginal opening, and preputial separation were delayed at 10,000 ppm in the F1c pups, and at
7,500 ppm in the F1c, F2c and F3c pups.
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The relative length of time spent in estrous stages was statistically significant increased for the
F0 females at 10, 300, 1,000 and 7,500 ppm. However, no changes were revealed in the number
of females with regular cycles, cycle length, number of cycles and in number of cycling females
across the dose groups as compared to the control.
F1- and F2 Crossover-Mating Trial
At 7,500 and 10,000 ppm, when treated males were crossed with nulliparous naive females, there
were decreased numbers of implantation sites (54% at 7,500 ppm, 98% at 10,000 ppm), and
decreased indices of mating, pregnancy (8/17 versus 15/17 at 7,500 ppm; 0/17 versus 11/17 at
10,000 ppm), and fertility (8/14 versus 15/17 at 7,500 ppm; 0/17 versus 11/17 at 10,000 ppm). At
7,500 and 10,000 ppm, when treated females were crossed with naive males, there was a
decrease in AGD in the male pups (11.5% at 7,500 ppm; 17% at 10,000 ppm). Also at
7,500 ppm, male, female, and combined pup weights were decreased, both when unadjusted and
adjusted for litter size (8-16%).
Sperm end-points
At terminal necropsies, various sperm end-points were found to be decreased at 7,500 ppm in the
F1, F2, and F3 males and at 10,000 ppm in the F0 and F1 males. Epididymal sperm density was
decreased at 7,500 ppm in the F2 (64%) and F3 males (94%), and at 10,000 ppm in the F1 males
(99.6%). Comment: As a result of technical difficulties the epididymal sperm data for the 10,000
ppm F0 males was not obtained. Total spermatid/cauda was decreased at 7,500 ppm in the F1
(61%), F2 (73%) and F3 males (95%), and at 10,000 ppm in the F1 males (99.8%). Total
spermatid/testis was decreased at 7500 ppm in the F1 (69%), F2 (74%) and F3 males (79%), and
at 10,000 ppm in the F0 males (31%). At 10,000 ppm no spermatids were present in the testes of
F1 males. Spermatid/mg testes was decreased at 7,500 ppm in the F1 (56%), F2 (57%) and F3
males (67%). Decrease in the motile percentage was noted in the F2 males (25%) at 7,500 ppm.
Decrease of 12.8% in track speed was revealed along with a 15.6% decrease in the lateral
amplitude in the F0 males at 10,000 ppm. Abnormal sperm morphology was seen in the F2
males at 100, 300, 1,000 and 7,500 ppm (stated by the author) Comment: No further data were
available. Organ weight changes (statistically significant) noted for adult F0-, F1- and F2animals are highlighted below (see Table 4.46 and Table 4.47)
Table 4.46 F0-, F1-, F2 adult male necropsy results (% change relative to Control)
Males
Parameter

1,000 ppm
mating
F0

F1

7,500 ppm

non-mating
F2

F1

F2

mating
F0

F1

10,000 ppm

non-mating

mating

non-mating

F2

F1

F2

F0

F1

F1

↓14

↓10

↓14

↓6

↓16

↓21

↑43 ↑25

↑21

↑14

↑47

↑14

↑45 ↑33 ↑36

↑35

↑34

↑55

↑43

Terminal body weights
Organ weights
Absolute liver

↑13

Relative liver

↑8

↑4

↑8

↑11

Absolute kidney
Relative kidney
Relative adrenal
Table 4.46 continued overleaf
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↑4

↑14

↑17

↑13

↑17

↑17
↑25

↑18
↑27

↑31
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Table 4.46 continued F0-, F1-, F2 adult male necropsy results (% change relative to Control)
Males
Parameter

1,000 ppm
mating
F0

F1

7,500 ppm

non-mating
F2

F1

mating

F2

F0

F1

10,000 ppm

non-mating

mating

non-mating

F2

F1

F2

F0

F1

F1

Absolute right cauda
epididymis

↓37 ↓43

↓19

↓32

↓19

↓62

↓44

Relative right cauda
epididymis

↓32

↓54

↓34

Absolute right epididymis

↓35 ↓36

↓55

↓54

Relative right epididymis

↓30

↓47

↓42

Absolute right testis

↓51 ↓60

↓34

↓49

↓80

↓80

Relative right testis

↓47 ↓53

↓28

↓40

↓76

↓75

Absolute ventral lateral
prostate

↓28

↓20
↓20

↓27

↓16

↓23

↓32
↓29

Absolute dorso-lateral
prostate
↓24

Absolute seminal vesicles

↓29

Absolute pituitary

↑19

Relative pituitary

↑47

Increased absolute liver weights were also noted in the 10 ppm F0 males (13%)

Table 4.47 F0-, F1-, F2 adult female necropsy results (% change relative to Control)
Females
Parameter

300 ppm
F0

F1

1,000 ppm
F2

F0

F1

7,500 ppm
F2

F0

F1

Terminal body weights

10,000 ppm
F2

F0

F1

↓18

↓11-20

↓19

Organ weights
Absolute liver
Relative liver

↑10
↑10

↑12

↑27

↑29

↑32

↑36

↑36

↑39

↑51

↑53

↓18

Absolute kidney
Relative kidney

↑38

↑12

↑15

Relative adrenal
Relative uterus

↑36

Relative ovaries

↑35

The results above show statistically significant organ weight changes noted in adult animals in
the liver, kidney, male accessory sex organs at the 7,500 and 10,000 ppm doses, and in the liver
at 10 (males only), 300 (females only) and 1,000 ppm. At 10,000 ppm organ weight changes
were also observed in adrenal glands (males only), pituitary (males only), uterus and ovaries.
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Statistically significant organ weight changes were also noted in F3 animals. A dose-related
increase in the absolute and relative liver weights were noted in the 1,000 ppm (21% and 17%,
respectively) and 7,500 ppm (51% and 63%, respectively) males. The relative liver weight was
also increased (36%) in the 7500 ppm females. Absolute and relative right testis weights were
decreased in the 7500 ppm males (48% and 45% respectively). Decreases in absolute dorsolateral prostate weight (41%) and relative epididymis weights (35%) were also noted for the
7500 ppm males.
The Gross pathological examination findings of reproductive and other organs performed on the
F0-mating animals (see Table 4.48), F1 mating animals (see Table 4.49), F1 non-mating males
(see Table 4.50), F2 mating animals (see Table 4.51) and F2 non-mating males (see Table 4.52)
are highlighted below Comment: no individual animal data on gross observations were available.
Table 4.48 F0 mating animals: Number of Gross Observations
DEHP Dose (ppm)

1.5

10

30

100

300

1,000

7,500

10,000

16 or 17

10

10

10

10

10

10

10

0

0

0

0

0

0

0

2

Testis (left) small

0

0

0

0

0

0

0

1

Prostate (ventral) small

0

0

0

0

0

0

1

0

Number of Animals Observed
Testis∗ (right) small
∗

∗

It is not specified whether the findings on testis were bilateral or not. No individual animal data were available

Table 4.49 F1 mating animals: Number of Gross Observations
DEHP Dose (ppm)

1.5

10

30

100

300

1,000

7,500

10,000

Number of Animals Observed

17

10

10

10

10

10

10

10

Testis (bilateral) small

0

0

0

0

0

0

7

10

Testis∗ (right) soft

0

0

0

0

0

0

1

0

Testis (left) soft

0

0

0

0

0

0

1

0

Epididymis∗∗ (right) small

0

0

0

0

0

0

1

0

Epididymis∗∗ (left) small

0

0

0

0

0

0

1

0

Cauda epididymis small

0

0

0

0

0

0

1

0

Seminal vesicles small

0

0

0

0

0

0

1

0

Prostate (ventral) discoloured

0

0

1

0

0

0

0

0

Prostate (dorsolateral) small

0

0

0

0

0

0

1

0

∗

∗
∗∗

It is not specified whether the findings on testis were bilateral or not. No individual animal data were available
It is not specified whether the findings on epididymis were bilateral or not. No individual animal data were available

Table 4.50 F1 non-mating males: Number of Gross Observations
DEHP Dose (ppm)

1.5

10

30

100

300

1,000

7,500

10,000

27 or 39

36

39

40

45

43

30

21

Testis (bilateral) small

0

0

0

0

2

0

9

21

Testis (unilateral) small

0

0

0

0

0

0

1

0

Number of Animals Observed

Table 4.50 continued overleaf
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Table 4.50 continued F1 non-mating males: Number of Gross Observations
DEHP Dose (ppm)

1.5

10

30

100

300

1,000

7,500

10,000

27 or 39

36

39

40

45

43

30

21

Testis (right) aplasia

0

0

0

0

1

0

0

0

Epididymis (bilateral) small

0

0

0

0

1

0

0

21

Epididymis (right) aplasia

0

0

0

0

1

0

0

0

Cauda epididymis (right) small

0

0

0

0

0

0

0

21

Cauda epididymis (right) aplasia

0

0

0

0

1

0

0

0

Seminal vesicles (right) lobe missing

0

0

0

0

0

0

0

1

Seminal vesicles (right) lobe hypoplasia

0

0

0

0

1

0

0

0

Seminal vesicles (right) lobe small

0

1

0

0

0

0

0

0

Seminal vesicles (left) lobe small

0

0

0

0

1

0

0

0

Prostate (dorsolateral) small

0

0

0

0

0

1

0

1

Prostate (ventral) small

0

0

0

0

0

3

1

1

Number of Animals Observed

Table 4.51 F2 mating animals: Number of Gross Observations
DEHP Dose (ppm)

1.5

10

30

100

300

1,000

7,500

1,0000

Number of Animals Observed

17

10

10

10

10

10

10

-

Testis (bilateral) small

0

0

0

0

0

0

8

-

Testis (unilateral) small

0

0

0

0

0

0

1

-

Epididymis (bilateral) small

0

0

0

0

0

0

8

-

Epididymis (unilateral) small

0

0

0

0

0

0

1

-

Cauda epididymis small

0

0

0

0

0

0

8

-

Table 4.52 F2 non-mating males: Number of Gross Observations
DEHP Dose (ppm)

1.5

10

30

100

300

1,000

7,500

10,000

Number of Animals Observed

20

25

25

21

21

25

20

-

Testis (bilateral) small

0

0

0

0

1

1

11

-

Testis (unilateral) small

0

0

0

0

0

2

0

-

Testis (left) soft

0

0

0

0

0

1

0

-

Epididymis (bilateral) small

0

0

0

0

1

1

7

-

Epididymis (unilateral) small

0

0

0

0

0

2

0

-

Cauda epididymis (right) small

0

0

0

0

1

1

6

-

All other gross findings seen at necropsy were considered not dose related and incidental.
Aplastic testes, epididymis and seminal vesicles, and small testes and epididymis were noted in
1-3 non-mating males at 300 ppm. At 1,000 ppm small prostates were noted in 3 or 4 non-mating
males. In comparison of the incidence of these findings to TherImmune´s (the laboratory in
question) historical control data, the incidence of the findings in the seminal vesicle and prostate
is similar while the incidence for male testis and epididymis is increased (stated by the author).
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Comment: No data were available to confirm this statement (historical control data were not
included in the draft).
Histopathology
Treatment-related microscopic findings stated by the author are highlighted below. Comment:
No data were available to confirm these statements (the Pathology Report including microscopic
analysis was not included in the draft).
In the testes, minimal to marked atrophy of the seminiferous tubules characterized by loss of
germ cells and the presence of Sertoli cell-only tubules, as well as occasional failure of sperm
release, were noted at 10,000 ppm in the F0 and F1 males, and at 7,500 ppm in the F1 and F2
males. Minimal atrophy of seminiferous tubules was also observed in F1 males at 100 ppm
(1/10) and at 300 ppm (1/10). The changes noted in the testes were correlated with “small testis”
observed grossly in the most severe cases of F0 males, and were found in all 7,500 and
10,000 ppm F1 males. In F2 males atrophy of the seminiferous tubules, presents in 10/10 males
at 7500 ppm, was correlated to the gross observation of atrophy, and there was failure of sperm
release in 1/10 males. Comment: No data were reported for the 1,000 ppm group. Secondary
changes were present in the corresponding epididymis including sloughed epithelial cells/
residual bodies (3/10 F0 males at 10,000 ppm; 6/10 F1 males at 7500 ppm) and aspermia (1/10
F0 males at 10,000 ppm; 4/10 F1 males at 7,500 ppm; 9/10 F1 males at 10,000 ppm). Secondary
changes (including aspermia, oligospermia, residual bodies/sloughed epithelial cells) were also
present in the corresponding epididymis of F2 males at 7,500 ppm (number of animals not
specified).
Minimal to mild hepatocellular hypertrophy was noted at 10,000 ppm in the F0- (males: 9/10;
females: 10/10) and F1 animals (males: 6/10; females 9/10), at 7,500 ppm in the F0- (males:
10/10; females 9/10), F1- (males: 10/10; females: 10/10) and F2 animals (males: 10/10; females:
10/10), and at 1,000 ppm in the F1- (males: 5/10) and F2 animals (number of animals not
specified).
Dilatation of the tubules and mineralization occasionally associated with chronic pyelonephritis
was observed at 10,000 ppm in the F1 animals (males: 5/10; females: 3/10), at 7,500 ppm in the
F1- (males: 3/10; females: 5/10) and F2 animals (males: 4/10; females. 5/10) and at 1,000 ppm in
the F1 animals (females 1/10)
Cortex vacuolisation of the adrenals was noted at 10,000 ppm in the F0- (males 6/10 versus 1/10
in the controls) and F1 animals (males 5/10 versus 1/10 in the controls), and at 7,500 ppm in the
F1 animals (males 4/10 versus 2/10 in the controls). Comment: Findings in the adrenal glands
(not specified) were also noted in the F1 animals at 1,000 ppm (stated by the author). No further
data were available.
Results of the Pathology Working Group’s (PWG’s) reexamination
Sertoli cell vacuolation was observed in the control group as well as in the 1,000 ppm and
7,500 ppm F1 males. It was not observed in the 10,000 ppm animals with diffuse seminiferous
tubule atrophy. In the 7,500 ppm males, Sertoli cell vacuolation was observed in seminiferous
tubules without atrophy. This vacuolation was similar to that observed in the control group males
Comment: The vacuolation of Sertoli cells observed resulted from disortion during fixation and
processing of the tissues according to the PWG. This distortion could have obscured any
minimal toxic effects that may be present.
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Conclusion
The no-observed adverse effect level (NOAEL) for testicular toxicity in this study was 100 ppm
(equivalent to approximately 8 mg DEHP/kg bw/day in the F0 animals and approximately
5 mg DEHP/kg bw/day in the F1 and F2 animals) and was based on decreased absolute and/or
relative testis weights noted at 7,500 (F1, F2 and F3 males) and 10,000 ppm (F0 and F1 males),
macroscopic pathological findings (small or aplastic testes) noted at 300 (3/45 non-mating F1
males, 1/21 non-mating F2 males), 1,000 (3/25 non-mating F2 males), 7,500 (7/10 mating F1
males, 10/30 non-mating F1 males, 9/10 mating F2 males, 11/20 non-mating F2 males) and
10,000 ppm (2 or 3 of 10 F0 males, 10/10 mating F1 males, 21/21 non-mating F1 males), and
microscopic pathological findings (testis seminiferous tubular atrophy) noted at 300 (1/10 F1
males), 7,500 (all F1 and F2 males) and 10,000 ppm (all F1 males, 2 or 3 of 10 F0 males).
Microscopic and/or macroscopic pathological findings and organ weight changes (absolute
and/or relative) were also noted in the epididymis, seminal vesicles and prostate. Thus,
macroscopically small and/or aplastic epididymis were noted at 300 (2/45 non-mating F1 males,
1/21 non-mating F2 male), 1,000 (3/25 non-mating F2 males), 7,500 (1 or 2 of 10 mating F1
males, 9/10 mating F2 males, 7/20 non-mating F2 males) and 10,000 ppm (21/21 non-mating F1
males). Small seminal vesicles were noted at 300 (1/45 non-mating F1 males) and 7500 ppm
(1/10 mating F1 males), and small prostate was noted at 1,000 (3 or 4 of 43 F1 non-mating
males), 7,500 (1/10 F0 mating males, 1/10 F1 mating males, 1/30 non-mating F1 males) and
10,000 ppm (1 or 2 of 21 non-mating F1 males). Microscopic pathological changes in the
epididymis including sloughed epithelial cells/residual bodies and aspermia/oligospermia were
found in F0 and F1 males at 7,500 and 10,000 ppm. Organ weight changes were noted in the
epididymis (F1 and F2 males at 7,500 ppm; F0 and F1 males at 10,000 ppm), seminal vesicles
(F2 males at 7,500 ppm; F1 males at 10,000 ppm) and prostate (F1 males at 7,500 and
10,000 ppm). At 7,500 ppm changes in epididymis and prostate weights were also noted in F3
males.
The low observed adverse effect level (LOAEL) for testicular toxicity was set at 300 ppm
(equivalent to approximately 23 mg DEHP/kg bw/day in the F0 animals and 14 mg DEHP/kg
bw/day in the F1 and F2 animals). At this dose level macroscopic pathological findings in testes
(aplastic and/or small) were noted in animals of both generations (F1 and F2), and microscopic
pathological findings in testes (seminiferous tubular atrophy) were noted in 1/10 F1 males.
Further on, macroscopic pathological findings in male accessory sex organs other than testes
(mentioned above) were also present at this dose level and at higher doses. Atrophy of
seminiferous tubules in testis was also observed at 100 ppm. However, this effect on testis at
100 ppm was only noted in one animal in one generation (F1) and in the absence of any
accompanying findings. At 300 ppm additional parameters and several generations of animals
were affected. Effects on male accessory sex organs other than testis could also be taken into
consideration at this dose level. Therefore the LOAEL was set at 300 ppm.
The NOAEL for fertility toxicity in this study was 1,000 ppm (equivalent to approximately
77 mg DEHP/kg bw/day in the F0 animals, and 48 and 46 mg DEHP/kg bw/day in the F1 and F2
animals respectively) and was based on impaired fertility and litter parameters noted at
7,500 ppm and above, and decreased various sperm end-points noted at 7500 (F1-, F2-, F3
males) and 10,000 ppm (F0-, F1 males). None of the F1 mating pairs produced offspring at
10,000 ppm (this finding was correlated with no spermatids present in the testes of F1 males at
10,000 ppm). At 7,500 ppm statistically significant decreases in the pregnancy indices were
noted for the F2 mating pairs (8/17 vs. 17/17). The total number of males per litter was decreased
at 10,000 ppm in the F1a litter (26%) and at 7,500 ppm across all F1 litters combined
(F1a+F1b+F1c) (approximately 20%). The total number of F1a pups per litter was decreased at
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7,500 ppm (22%) and at 10,000 ppm (21%). The total number of pups per litter across all F1
(F1a+F1b+F1c) litters combined (18%) was also decreased at 7,500 ppm. There was also an
increase in the number of cumulative days to deliver the F1a litter for F0 animals at 10,000 ppm.
The NOAEL for developmental toxicity in this study was 100 ppm (equivalent to approximately
8 mg DEHP/kg bw/day in the F0 animals and approximately 5 mg DEHP/kg bw/day in the F1
and F2 animals) and was based on the fact that the testicular effects were much more severe in
the F1 and F2 generations than in F0, indicating the developmental phases as sensitive to the
testicular toxicity of DEHP.
The NOAEL for effects not related to reproductive toxicity in adult animals was 300 ppm
(equivalent to approximately 23 mg DEHP/kg bw/day in the F0 animals, and 14 mg DEHP/kg
bw/day in the F1 and F2 animals) and was based on reductions in bodyweights noted in both
sexes at 7,500 (F1, F2 animals) and 10,000 ppm (F0, F1 animals), absolute and/or relative organ
weight changes noted at 1000 ppm and above (increased liver: 1,000 ppm and above; increased
kidneys: 1,000 ppm and above; increased adrenals: 10,000 ppm; increased pituitary:
10,000 ppm), and microscopic pathological findings noted at 1,000 ppm and above (liver
hypertrophy: 1,000 ppm and above; cortex vacuolisation of the adrenals: 7,500 ppm and above;
dilation of the tubules and mineralization in the kidneys occasionally associated with chronic
pyelonephritis: 1,000 ppm and above). Microscopic pathological findings in the adrenal glands
were also indicated in F1 animals at 1,000 ppm (no further data).
Table 4.53 Summary of the testicular- fertility- and developmental-toxicity in the Wolfe study
Dose F0 (only
F1
(ppm) exposure
as adults)

F2

F3 (shorter survival time)

small testes 0/?

100

testis min.atrophy 1/10

300

small testes 2/45

small testes 1/21

testis aplasia 1/45

small epididymes 1/21

small epididymes 2/45
small seminal vesicles 1/45
seminal vesicle hypoplasia 1/45
testis min.atrofi 1/10
1,000*

small testes 0/43

small testes 3/25

small prostate 3 or 4/43

small epididymes 3/25

Table 4.53 continued overleaf
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Table 4.53 continued Summary of the testicular- fertility- and developmental-toxicity in the Wolfe study
Dose F0 (only
F1
(ppm) exposure
as adults)

F2

F3 (shorter survival time)

7,500

small testes 9/10 (mating males)

small testes 0/?

small testes 11/20 (non-mating males)

↓testis weight (abs. 48%, rel
45%)

small
prostate
1/10

small testes 10/30 (non-mating
males)
small testis 7/10 (mating males)
small epididymes 1 or 2/10

small epididymes 9/10 (mating males)

↓prostate weight (abs. 41%)

small seminal vesicles 1/10

small epididymes 7/20 (non-mating
males)

small prostate 1/10 (mating males)

testis atrophy 10/10

↓epididymis weight (rel.
41%)

small prostate 1/30 non-mating
males)

epididymis histopat. changes ?/10

sperm reduction

↓testis weight (abs. 60%, rel, 53%)

decreased anogenital
distance

testis atrophy 10/10 (mating males)
testis atrophy 30/30 (non-mating
males)

↓epididymis weight (rel. 27%)
↓seminal vesicles weight (abs. 24%)

epididymis histopat. changes 6/10

decreased fertility

↓testis weight (abs. 51%, rel. 47%)

sperm reduction

↓epididymis weight (abs. 35%, rel.
30%)

decreased pregnancy indices

↓prostate weight (abs. 28%)

decreased anogenital distance

sperm reduction

affected sexual development

retained nipples
affected sexual development

reduced pup weights

impaired litter parameters
decreased anogenital distance
affected sexual development
10,000 small

small testes 21/21 (non-mating
testes 2 or males)
3/10;
small testes 10/10 (mating males)
testis
atrophy 2 small epididymes 21/21
or 3/10;
seminal vesicles aplasia 1/21

no offspring

⎯

epididymis small prostate 1 or 2/21
histopat.
testis atrophy 10/10
changes
3/10;
epididymis histpat. changes 9/10
↓testis
weight
(abs.
25%);

↓testis weight (abs. 80%, rel. 76%)

sperm
reduction

impaired litter parameters

↓epididymis weight

↓prostate weight (abs. 28%)
↓epididym
↓seminal vesicles weight
is weight
(rel. 16%); no spermatids
reduced pup weights
decreased anogenital distance
affected sexual development

423

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

In conclusion, a NOAEL of 4.8 mg/kg/day is obtained for testicular toxicity and developmental
(testicular ) toxicity. The NOAEL for fertility is 46 mg/kg/day.
Results from a recently performed 2-generation reproduction toxicity study in Wistar rats
indicate effects on reproductive performance, several organs, survival (overall, 8 of 50 adult high
dose females died or were killed for humane reasons), as well as on development (Schilling et
al., 2001). The study was performed according to current guidelines and in conformity with
GLP. Wistar rats (25 rats/sex and generation) were exposed to dietary levels of 0, 1,000, 3,000 or
9,000 ppm DEHP (corresponding to approximately 0, 113, 340 or 1,088 mg/kg bw and day). The
F0 animals were exposed as from the age of 37 days, for at least 73 days before mating, and until
weaning. F1 pups were raised and mated to produce a F2 generation. Selected F2 male and
female animals (10 of each sex) performed a functional observation battery, motor activity, and a
water maze test at 21 days of age. Considering the known testicular toxicity of DEHP, effects on
the testis will be presented separately (Table 4.54), followed by other findings. The most
relevant findings are compiled in the tables below.
Histopathology of the testis was performed with light microscopy after Bouins fixation, paraplast
embedding, and Haematoxylin and Eosin staining. Evaluation of the testis showed focal tubular
atrophy to be the most frequent finding. In the F0 animals, the frequency was 0/25, 1/25, 3/25,
and 6/25 in the control, low, mid, and high dose groups, respectively. The number of affected
tubules/testis, as well as the presence of diffuse tubular atrophy, was increased in the high dose
group.
In the F1 adult males, the frequency of focal tubular atrophy was 3/25, 7/25, 4/25, and 14/25 in
the control, low, mid, and high dose groups, respectively. Although fewer animals were affected
in the mid than in the low dose group, the effects in the mid dose animals were more pronounced
than in the low dose animals. Thus, the number of affected tubules/testis was increased in the
two highest dose groups. In addition, diffuse tubular atrophy was observed in the high dose
group (3/25). Vacuolisation of Sertoli cells was only observed in atrophic tubuli, which were
present in all exposed groups. A reduced or absent sperm-/spermatid counts together with sperm
abnormalities was observed in the high dose groups in 2 and 1 animal(s) (of 25) in the F0 and F1
adult males, respectively.
A reduced testis weight (absolute and relative) was observed in the high dose F2 pups.
Table 4.54 Effects on testis-related parameteres
Generation

End-point

F0

F1 adults

F2 pup
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control

1,000
ppm

3,000
ppm

9,000
ppm

Testis spermatid count (millions)

102

98

96

93

Epididymes sperm count (millions)

596

584

568

552

Abnormal sperms (%)

2.8

2.4

3.8

6.1

Pup production (male fertility)
(% of control)

100

92

92

88*

Testicular focal tubulary atrophy

0/25

1/25

3/25

6/25

Abnormal sperms (%)

2.6

2.5

3.1

3.3*

Testicular focal tubulary atrophy

3/25

7/25

4/25

14/25

Rel. weight of testes, day 21 p.p.,
(% of control)

0

-1

-3

-10**

Trend analyses
(logistic regression,
# # p<0.01, # # # p<0.001)

##

###
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Other findings
F0
Observations on the F0 parental females were mortality (2/25), a decreased food consumption
(25%), reduced body weights, body weight loss during lactation (14%), and a retarded body
weight gain (25%) in the high dose group. Effects on organ weights and/or histopathology were
observed among both females and males. Besides effects on the testis (see above), there was also
an affect on the ovaries in the high dose group (reduced number of growing follicles and of
corpora lutea, 15%* and 25%**, respectively). Effects on reproductive performance were
evident in the high dose group, as illustrated by a reduced fertility index among both females and
males, and an increased postimplantation loss.
F1 pups
The most important observations made in the F1 pups are summarised in Table 4.55 below.
Table 4.55 Observations in F1 pups
Generation

End-point

Control 1,000 ppm 3,000 ppm 9,000 ppm

F1 -pups

Pup viability 0-4 days (% of control)

97

95

93*

93**

Pup weight gain 4-21 days p.p. (% of control)

0

-4

-6

-36

Pup body weight day 21 (% of control)

0

-3

-5

-31

Sex ratio (% males of total, day 0)

51

47

57

53

Anogenital index (% of control, males)

0

-2

-6 *

-8 *

Presence of aerola/nipples (% affected pups/litter)

2

0

1

76**

Time of vaginal opening (day p.p.)

30

31

31

33*

Time of preputial separation (day p.p.)

44

45

46

52*

Rel. weight of spleen, males, day 21p.p., (% of control)

0

-10*

-10*

-38**

Rel. weight of spleen, females, day 21 p.p., (% of control)

0

-11*

-6

-38**

Rel. weight of thymus, males, day 21 p.p., (% of control)

0

0

-8*

-11**

Rel. weight of thymus, females, day 21 p.p., (% of control)

0

-3

-5

-13**

Observations on the F1 pups in the high dose group included reduced number of live (viability
index) and total number of pups, increased number of stillborn pups, increased pup mortality,
reduced body weights (31%) and body weight gains (36%) until weaning (day 21 post partum).
Feminisation of male pups was indicated by a reduced anogenital distance (14%), a reduced
anogenital index (8%), and an increased frequency of areolas/nipple anlagen in male pups. The
timing of sexual maturation was delayed in both females (vaginal opening) and males (preputial
separation). The weight of the thymus and spleen were reduced.
Some of these effects were also significant in the mid dose group (e.g., the viability index, the
anogenital index, and the weights of thymus and spleen), and although not statistically
significant in most cases, there appears to be a trend also including small effects in the low dose
group.
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F1 parental animals
The most important observations made in the F1 parental animals are summarised in Table 4.56
below.
Table 4.56 Observations in F1 animals
Generation

End-point

F1 adults

a)
b)

Control

1,000 ppm

3,000 ppm

9,000 ppm

Female mortality/moribound condition (%)

0

0

0

24b

Body weight (male) a

0

0

-3

- 14*

Pup production (male fertility) (% of control)

92

100

92

76

Stillborn pups (% of total)

0.9

0.6

6.1 *

5.1 *

Relative weight of thymus, males, (% of control)

0

9

12

33**

Relative weight of thymus, females, (% of control)

0

0

4

24**

Ovarian follicle count; growing follicles

52

n.a.

51

37**

Ovarian follicle count; corpora lutea

26

n.a.

27

20**

In the female, there was only an effect in the high dose group ( –2%*)
In all 5 animals histological effects were observed in the thymus (atrophy in 3 and starry sky cells in 2)

In the high dose group, there was an increased mortality/sacrifices among dams (6/25) and
malformed external genital organs in males (2/25). Food consumption, body weights, and body
weight gains were reduced in both males and females. The effects on reproductive performance
and organ weights/histopathology were almost identical to those in the F0 generation.
In the lower dose groups, there were besides the effects on the testis (see above) also an
increased number of stillborn pups in the mid dose group.
F2 pups
The most important observations made in the F2 pups are summarised in Table 4.57 below.
Table 4.57 Observations in F2 pups
Endpoint (F2 pup)

Control

1,000 ppm

3,000 ppm

9,000 ppm

Pup viability 0-4 days (% of control)

95

97

81*

83*

Pup weight gain 4-21 days p.p. (% of control)

0

-1

-7 (but significant
at days 4-14)

-40*

Pup body weight day 21 (% of control)

0

0

-6 (sign. day 14)

-33 *

54.1

51.4

49.8

46.3

0

-2

-8 *

-8 *

1.1

2.0

49**

59**

Rel. weight of testes, day 21 p.p., (% of control)

0

-1

-3

-10**

Rel. weight of spleen, males, day 21 p.p., (% of control)

0

3

0

-30**

Rel. weight of spleen, females, day 21 p.p., (% of control)

0

3

-2

-34**

Rel. weight of thymus, males, day 21 p.p., (% of control)

0

-7

-11*

-15**

Rel. weight of thymus, females, day 21 p.p., (% of control)

0

1

-4

-9

Sex ratio (% males of total, day 0)
Anogenital index (% of control, males)
Presence of aerola/nipples (% affected pups/litter)
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In the high dose group, the observations in the F2 pups were almost identical to those in the F1
pups, but included a reduced weight of the testis.
In the mid dose group, the effects in F2 pups seemed more severe than in the F1 pups. There
were an increased number of stillborn pups, a decreased live birth index and viability index,
lower body weights (6%) and body weight gains (7%), a reduced anogenital distance/index (9%
and 8%, respectively), an increased presence of aerola/nipple anlagen affecting 49% of the
males, and a decreased thymus weight in males. Although not statistically significant, there
appears to be a trend also including small effects on the thymus and the testis (see also above) in
the low dose group.
Timing of sexual maturation was not studied in the F2 generation.
In the high dose group, a functional observation battery performed on selected animals at day 21
post partum revealed reduced values for grip strength in males, and reduced values for landing
foot-splay in both males and females. The body weights of these animals were reduced
(27-38%), but it is not clear whether the reduced body weight could account for the functional
effects. No effects were observed on the water maze test or on motor activity. No effects were
observed in the lower exposure groups.
Evaluation of immunological data
The present study indicates that DEHP induces atrophy of spleen and thymus. There was a
significant decrease in spleen weight at all doses in both male and female F1-pups and a
significant decrease in thymus weight in the mid and high dose groups in F1 males. In the
F1-females a significant reduction of the thymus was only observed at the highest dose level,
however, a non-significant but clear dose dependent trend was observed also for the low and mid
dose groups. In the F2-pups, spleenic weight was significantly reduced in the high dose group
with 30 and 34% in males and females, respectively. The effect on the thymic weight in the
F2-pups is similar to that in the F1-pups. A significant reduction in the mid and high dose groups
of the F2-males, and for the F2-females a non-significant but dose-dependent reduction in the
mid and high dose groups.
In the highest dose group the reduced spleen and thymus weights were observed in parallel with
a significant reduction in male and female F1 and F2 pup body weights. Thus, it is possible that
in the highest dose group the effect on spleen and thymus weights could be associated with the
reduced body weight. However, the effect on the spleen observed in the low-dose group of both
male and female F1 pups and on the thymus weight in the mid dose group of male F1 and F2
pups was not accompanied by a reduced body weight. Therefore, without further testing of the
immunotoxicity of DEHP a direct immunotoxic effect of DEHP cannot be excluded. Thus, for
the effect on the spleen a LOAEL of 1,000 ppm can be concluded from this study.
Evaluation of testicular data
In this study, significant and severe effects on testicular histology, sperm morphology, fertility,
and sexual development of the offspring have been observed in the high dose group of both
generations. Several of these effects are also clearly apparent in the mid dose group, e.g., a
reduced testis weight in F2, focal tubular atrophy and a feminisation of 49% of the male
offspring (as indicated by the presence of aerola/nipple anlagen in the males). Some of these
effects are also occurring in the low dose group (e.g., focal tubular atrophy), although few tubuli
are affected per testis. However, based on the clear dose-response, we conclude that there is an
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adverse effect on the testis also in the low dose group (113 mg/kg and day), which thus
constitutes the LOAEL of the study.
Overall evaluation
It should be observed that although there has been some focus on the testicular effects, the testis
have only been studied by standard methods (Bouins fixation, paraplast embedding, and
Haematoxylin and Eosin staining) and no measurements of, e.g. hormone concentrations have
been conducted. Still, there were effects on numerous parameters relating to reproductive
success in the low dose animals (testicular tubular atrophy, relative weight of testis in F2, pup
production, pup viability, anogenital index, pup weight gain, and time of sexual maturation of
males and females), effects that were not statistically significant in this dose group but at higher
ones. Although some of these effects are small in the low dose group, the relevance is supported
by known mechanisms of action and clear dose-responses involving the three dose groups.
Wistar rats have been used in the present study. Although it is not the first time Wistar rats have
been used in studies on the toxicity of DEHP, the fact that none of the previous studies giving
low LOAELs have used Wistar rats, gives some concern relating to the sensitivity of this strain
as compared to, e.g. the more commonly used Sprague-Dawley rat.
The low dose in this study (113 mg/kg and day) is considered a LOAEL, and hence, no NOAEL
can be deduced from this study.
In a study comparable to a guideline study, Agarwal et al. (1986a,b) administered DEHP (> 99%
pure) to groups of 24 sexually mature male F344 rats (age about 15 weeks) in the diet at 0, 320,
1,250, 5,000 or 20,000 ppm (equivalent to doses of 0, 18, 69, 284 and 1,156 mg/kg bw) per day
for 60 days. The males were mated with undosed females at exposure days 61 to 66. A
dose-dependent reduction in total body, testis, epididymis, and prostate weights was observed at
5,000 and 20,000 ppm. The only functional reproductive consequence of exposure of male rats to
DEHP was a significantly reduced mean litter size at 20,000 ppm (1,156 mg/kg bw/day). This
effect was directly correlated with degenerative changes in the testes, along with decreased
testicular zinc content, significant reduction in epididymal sperm density and motility, and
increased occurrence of morphologically abnormal sperm. There was a trend towards decreased
(not statistically significant) testosterone and increased luteinising hormone (LH) and follicle
stimulating hormone (FSH) in serum at 5,000 and 20,000 ppm. The incidence of pregnancy,
mean litter weight on day 1, frequency of stillbirth and neonatal death, and mean litter growth up
to 7 days of age were unaffected. A NOAEL of 69 mg/kg bw/day is derived.
Dostal et al. (1988) assessed the fertility in mating trials in adult male rats after neonatal
exposure to DEHP (0, 100, 200, 500 or 1,000 mg/kg bw/day) on days 6-10. There were no
consistent changes in fertility, implantation rate, or in the number of live foetuses in untreated
females mated with the DEHP-treated males. Twenty-four hours after the final dose, the Sertoli
cell number was reduced; the numbers had returned to normal after 6 and 13 weeks of age. At
6 weeks there was a dose-related decrease in maturation of the spermatids in the tubules. At 13
and 19 weeks of age (but not at 11, 12, 16 or 23 weeks) there were decreases in testis weight and
testicular spermatid numbers. Although marked changes in testicular weight occurred, no
differences in fertility were observed at any age between DEHP-treated rats and controls. The
authors concluded that the loss of Sertoli cells due to DEHP exposure neonatally did not affect
the fertility of the rats as adults, but may have caused subtle effects on sperm production.
Results from a recently performed 2-generation range finding study in Wistar rats indicate
effects on fertility and developmental toxicity (see also Section 4.1.2.10.4) (Schilling et al.,
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1999). The study was performed according to current guidelines and in conformity with GLP.
Wistar rats (F0 generation = 10 rats/sex) were exposed to dietary levels of 0, 1,000, 3,000 or
9,000 ppm DEHP (corresponding to approximately 0, 110, 339 or 1,060 mg/kg bw/day). F1 pups
were raised and mated to produce a F2 generation which was sacrificed two days after birth. The
mean relative liver weight was significantly increased in F0 parental males at 3,000 and 9,000
ppm (at the higher dose level also the absolute liver weight). No treatment related
histopathological changes were, however, noted. There was a reduced total number of delivered
F1 pups and the viability index was reduced on post partum day 0 and 4 at 9,000 ppm. In F1
male pups a treatment related loss of spermatocytes was found at 3,000 and 9,000 ppm (2/10 and
7/9, respectively). At the highest dose level, the presence of areolas/nipple anlagen was
significantly increased and the male sexual maturation (based on preputial separation) was
significantly retarded. A reduced anogenital distance was observed in F2 male pups at 9,000 ppm
(not ivestigated in F1 pups).
Mortality occurred in F1 parental males (3/9) at 9,000 ppm in the premating phase, initially also
reduced food consumption and reduced mean body weights were noted. At this dose level, the
fertility was also reduced in the males (fertility/mating index 83%). The absolute and relative
testicular weight and the absolute epididymidal weight were significantly decreased at
9,000 ppm. The prostate weight showed a dose-related decrease from 1,000 ppm. The testes and
the epididymides were reduced in size in three out of six animals at 9,000 ppm. Histopathology
revealed focal or diffuse atrophy of spermatogenesis of the testes and diffuse Leydig cell
hyperplasia in all males, interstitial oedema in the testes in three out of six animals, and debris of
an altered spermatogenesis in the epididymides in five out of five animals. Also aspermia (2/5),
missing seminal vesicle (1/6), and areolas/nipple anlagen (1/6) were noted. There was a
dose-related increase of stillborn pups from 3,000 ppm and a decrease of delivered F2 pups,
statistically significant at 9,000 ppm.
The effects found in F1 parental males indicate that DEHP exerts a specific action on male
genital organs such as the testicle and the epididymis, when males are exposed during early
development. This is strengthened by the fact that female gonads were unaffected.
However, concerning testicular effects in developing male pups only one testicle per litter was
studied histopathologically in F1 pups and none of the F2 pups. F1 pups were culled at day 21
and neither undescended testes nor hypospadia were investigated.. Neither is there any
information on effects on Sertoli cells in F1 parental male rats in this range finding study as is
seen in several other studies presented below (Gray and Butterworth, 1980; Sjöberg et al., 1985c;
Sjöberg et al., 1986a,b; Gray and Gangolli, 1986; Dostal et al., 1988; Poon et al., 1997; Arcadi et
al., 1998). However, according to preliminary data from the following main study presented by
the Industry (ECBI/37/99 – Add.10), Sertoli cell vacuolation was recorded in the F1 offspring
generation from the lowest dose level, 1,000 ppm.
Mice
Swiss (CD-1) mice (20 animals of each sex) were dosed with 0.30% DEHP (150 mg/kg bw/day;
purity not specified) in the diet (Morrissey et al., 1988). Continuous breeding studies were used
to evaluate reproductive performance over a 98-day cohabitant period. Mice were separated by
sex during the first 7 days of DEHP treatment. After detection of an adverse effect of DEHP
treatment, a 1-week crossover mating trial was carried out between previously treated males and
control females. Reproductive ability was assessed at 10 weeks of age in a single breeding trial
over a 7-day period. Necropsy for the treated males included organ weights, percentage motile
sperm, sperm concentration, and percentage abnormal sperm. In DEHP treated mice, there was a
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reduction in epididymal and testicular weights, sperm motility, and sperm concentration and an
increased number of abnormal sperm cells. No further details are given.
In another fertility assessment by continuous breeding (study comparable to a guideline study
and performed according to GLP principles), DEHP (> 99% pure) was given to CD-1 mice
(20 animals of each sex per dose group and 40 control animals of each sex) at dietary levels of 0,
0.01, 0.1 or 0.3% (equivalent to 0, 20, 200 or 600 mg/kg bw/day, respectively) (Lamb et al.,
1987) (see also later in this section and Section 4.1.2.10.3). Both male and female mice were
exposed during a 7-day premating period and were then randomly grouped as mating pairs. The
dosing continued for the 98-day cohabitation period and thereafter for 21 days. Reproductive
function was evaluated by measuring the number of litters per breeding pair, the number of pups
per litter, the proportion of pups born alive and the mean pup weight. Dietary levels of 0.1 and
0.3% DEHP produced dose-dependent and significant decreases in fertility and in the number
and proportion of pups born alive. In males, 0.3% DEHP caused significantly reduced weights of
the testes, epididymis, prostate, and seminal vesicles. All but one high-dose males showed some
degree of bilateral atrophy of the seminiferous tubules. Sperm analysis showed a significant
decrease of percent motile sperm and a significantly decreased sperm concentration in cauda
epididymis. Exposure to 0.3% DEHP also caused an increased incidence of abnormal sperm
forms. DEHP did not significantly decrease body weight gain in the high-dose group. A
crossover mating trial conducted with F0 mice showed a decrease in fertility both for treated
males and treated females. Only four litters out of twenty were born to treated males mated to
control females and the proportion of pups born alive was decreased. No pups were born when
dosed females were mated to control males. A NOAEL of 20 mg/kg bw/day is derived.
An oral two-generation study (comparable to a guideline study and performed according to GLP
principles) in CD-1 mice was performed with 0.01, 0.025 or 0.05% DEHP (> 99% pure) in the
diet (NTIS, 1988). The doses were equivalent to about 19, 48, and 95 mg/kg bw/day. The study
was carried out to examine the effect of prenatally administered DEHP on the growth,
development, and reproductive performance of the F1 generation. The F1 generation was mated
within dose groups at sexual maturity and F2-offsprings were evaluated for viability and growth
at postnatal day 4. For F1-litters, the percentage of prenatal mortality was increased at the high
dose (9% versus 26,4%). During the neonatal period, the percent of viable pups was significantly
decreased at 0.05% DEHP. No other effects of DEHP were observed upon growth, viability, age
of acquisition for developmental landmarks (incisor eruption, wire grasping, eye opening, testes
decent or vaginal opening, or spontaneous locomotor activity) on postnatal days 14, 21 or 50. A
NOAEL for parental toxicity and for F2-offspring was 95 mg/kg bw/day. A NOAEL of
48 mg/kg bw/day was concluded for F1-offspring.
Thirty mice of an inbred colony were used to study the effect of DEHP on reproductive function
in mice (Jain and Joshi, 1991). Fifteen animals were orally dosed with 1,000 mg/kg bw of DEHP
(purity not specified) in 0.1 ml olive oil for one week. The fertility (evaluated by the ability of
the motile spermatozoa to fertilize normal cycling females) was reduced from 90 to 75%. Sperm
density and sperm motility were also significantly reduced.
Other routes
The effects of subcutaneous administration of 1-10 ml of undiluted DEHP (purity not specified)
to adult male ICR mice (8-10 weeks of age) on day 1, 5, and 10 followed by mating with
untreated adult virgin females have been reported by Agarwal et al. (1985b). Control animals
were injected with normal saline subcutaneously. A single mating at day 21 resulted in a
reduction in the incidence of pregnancy from 87.5% in the control group to 62.5% in the 1 ml
dose group and 37.5% in 2, 5 and 10 ml dose groups. However, the reduction in number of
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viable foetuses per pregnancy was statistically significant only at the 1 and 10 ml/kg dose levels.
Repeated matings with nulliparous females starting on day 2, 6, 11, 16 and 21, and continuously
at weekly intervals, revealed no effect on the pregnancy rate. In another part of this study, male
mice were injected with 1, 2, 5, 10, 20, 40, 60, 80 or 100 ml/kg body weight on days 1, 5 and 10.
Control animals were injected with saline (100 ml/kg body weight). A marked reduction of
vaginal plugs and a reduced pregnancy rate were seen from 20 ml/kg bw. No further details are
given.
The same authors also report a similar study where 16 male mice from each group were
cohabited with untreated females one to one for 7 consecutive days to evaluate fertility at dose
levels of 2, 5, 15, 20, 60 or 80 ml/kg bw DEHP (purity not specified) (Agarwal et al., 1989). A
dose-dependent reduction in pregnancy rate was observed from 2 ml/kg bw.
Gonadal effects
Testicular effects have been observed in several repeated dose toxicity studies in rats (Gray et al.,
1977; NTP, 1982; ICI, 1982b; CMA, 1984b,c; Ganning et al., 1990; Eastman Kodak, 1992a;
Moore, 1996; Poon et al., 1997). These studies are described in more detail, including systemic
effects, in the section on Repeated dose toxicity (see Section 4.1.2.6). Studies (including
NOAELs/LOAELs) used for the reproductive risk assessment procedure are compiled in
Table 4.58.
Oral
Rats
In a 90-day study performed according to OECD Guidelines and the principles of GLP mild to
moderate seminiferous tubular atrophy and Sertoli cell vacuolation were observed in the testes of
young male Sprague-Dawley rats (Poon et al., 1997). Groups of 10 young males per dose level
were given 0, 5, 50, 500 or 5,000 ppm (0, 0.4, 3.7, 37.6 or 375.2 mg/kg bw) per day in the diet
for 13 weeks. The rats were 105-130 g (approximately 32-37 days) at initiation of dosing and
reached sexual maturity at 70 days (Charles River, 2000). The method for preparing testicular
tissue included Zenker’s fluid fixation, paraffin embedding and haematoxylin and eosin staining.
The histopathological slides were controlled blindly. No clinical signs of toxicity were observed.
Feed consumtion and body weight gain were not affected. At 5,000 ppm, rats of both sexes had
significantly increased absolute and relative liver weights and relative kidney weight.
(Non-reproductive effects in both sexes are presented in more detail in Section 4.1.2.6.)
In the 500 ppm dose group, a high incidence of minimal to mild Sertoli cell vacuolation was
observed in 7 out of 10 rats. No other effects were noted at this dose level. At 5,000 ppm, the
absolute and relative testis weights were significantly reduced. Microscopic examination
revealed a mild to moderate, bilateral, multifocal, or complete atrophy of the seminiferous
tubules with complete loss of spermatogenesis and cytoplasmic vacuolation of the Sertoli cells
lining the tubules in 9 out of 10 rats. The incidence and severity of seminiferous tubular atrophy
were similar to those found in a following study on di-n-octyl phthalate with a positive control
group fed a diet containing 5,000 ppm DEHP. The progressive increase in vacuolation of Sertoli
cells plus injury and loss of germinal epithelium and spermiogenesis in a treatment-related
fashion is regarded as a powerful evidence that the changes observed were not artifactual and
that the conclusions were not compromised by the technology employed. A NOAEL of 50 ppm
DEHP in the diet (3.7 mg/kg bw/day) is derived from the study.
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The effects of DEHP, MEHP and 2-ethylhexanol (2-EH) were determined on gonocytes and
Sertoli cell morphology, Sertoli cell proliferation, and expression of cell cycle markers in
neonatal rats (three-day old, CD Sprague-Dawley) (Li et al, 2000). A single bolus dose of DEHP
(20, 100, 200 and 500 mg/kg) was given in corn oil to five pups per group. Diethyl phthalate
(DEP: 500 mg/kg) served as the non-toxic control. MEHP (393 mg/kg), 2-EH (167 mg/kg), or
vehicle was administered by gavage to 4 pups per group. The doses of MEHP and 2-EH were
molar equivalent with 500 mg/kg DEHP. In this dose-response study, all pups were killed
24 hours after dosing. A time-course study was conducted following a single dose DEHP
(200 mg/kg), where the pups were killed after 6, 9, 12, 24 or 48 hours.
Biochemical analyses was performed for serum FSH levels, Sertoli cell proliferation (as BrdU
labelling; BrdU administered 3 hours before euthanasia), cell cycle regulators cyclin D1, D2, D3,
p27kip1 proteins and cyclin D2 mRNA in the testes. Morphological examination revealed a
dose-dependent presence of abnormally large, multi-nucleated germ cells (gonocytes) by
24 hours post-treatment with DEHP (100-500 mg/kg). With 200 mg/kg DEHP these effects were
first determined 12 h after treatment, and persisted for 48 hours. Effects on Sertoli cell
morphology were not detailed in the report. MEHP (single dose group) induced effects on
gonocytes similar to DEHP. BrdU-labelled Sertoli cells were dose-dependently decreased from
100-500 mg/kg DEHP. No marked difference in BrdU-labelled Sertoli cells was marked with
20 mg/kg DEHP, DEP and vehicle controls. Serum levels of FSH were not affected by DEHP
treatment (200 and 500 mg/kg). MEHP also caused a significant decrease in BrdU-labelled
Sertoli cells. D2 mRNA was specifically down-regulated by DEHP in a dose-dependent manner
(200 and 500 mg/kg only doses reported), and this decrease was manifest as a small, transient
but reproducible reduction in the amount of cyclin D2 protein with 200 mg/kg DEHP (only dose
reported). The effects of MEHP and 2-EH were not determined. 2-EH was without effect on
testicular cell morphology, or Sertoli cell proliferation.
A NOAEL for young pups of 20 mg/kg is derived for effects on altered gonocyte morphology
and decreased Sertoli cell proliferation by a single oral dose of DEHP.
Akingbemi at al. (2001) studied effects of oral exposure to DEHP on male steroidogenesis in
Long-Evans rats using several different exposure regimes. Hormone levels (testosterone and LH)
were determined in vivo in serum, and Leydig cells were isolated and cultured for analyses of in
vitro androgen biosynthesis. Pregnant dams (n=7) were administered 100 mg/kg and day of
DEHP by gavage during gestation day 12 to 21. Serum levels of testosterone and LH were
significantly reduced in the offspring at 21 and 35 days of age (approximately to 70 and 40% of
controls levels, respectively), but not at 90 days, as measured in 9-18 randomly selected male
pups per group. In Leydig cells isolated from 18 pups, the testosterone production was reduced at
day 21 (by approximately 50%), but not later. After exposure of lactating dams to 100 mg/kg and
day (n = 7) during postnatal day
(PND) 1 to 21 by gavage, serum concentrations of testosterone in the offspring were reduced at
day 21, but not at day 35 and 90 post-exposure. No effects were seen on LH.
Prepubertal rats (n=10) were gavaged with 0, 1, 10, 100 or 200 mg/kg and day for 14 days during
either PND 21-34 or 35-49. No effects were observed on serum hormone levels, but the Leydig
cells were affected by DEHP as indicated by decreased in vitro testosterone production and
inhibited steroidogenic enzymes (measured in isolated Leydig cells) after exposure to 100 or
200 mg/kg and day (exposure PDN 21-34), or 10, 100 or 200 mg/kg and day (exposure
PND 35-48).
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When prepubertal rats were exposed as above, but for 28 days (PND 21-48), increased
concentrations of serum testosterone, interstitial fluid testosterone, and serum LH were observed
(30-40 % at 10, 100 and 200 mg/kg and day). Similarly, the testosterone production was dosedependently increased in isolated Leydig cells obtained from these rats. When young adult rats
were exposed as above for 28 days (PND 62-89), no effects were observed on any parameter.
This study shows that the younger the rats are, the more sensitive they are to the effects of
DEHP. Exposure of the dams during pregnancy or at the first postnatal weeks to 100 mg/kg and
day reduced the serum levels of testosterone in male offspring. Effects on the Leydig cells were
indicated at even lower exposure (10 mg/kg and day), but the relevance of the in vitro assay is
not clear. The LOAEL for effects of DEHP on the serum concentration of testosterone in very
young rats is 100 mg/kg and day.
In a study reported by Gray et al. (1977), groups of 15 male and female Sprague-Dawley rats
were exposed to DEHP via incorporation in the diet at concentrations of 0, 0.2, 1.0 or 2.0% (0,
143, 737 or 1,440 mg/kg bw/day in males) from 1 up to 365 days (see also Section 4.1.2.6.1).
The absolute testicular weight in mid- and high-dose rats was lower than compared to control
rats while the relative weights were increased. Histological examination revealed a severe
seminiferous tubular atrophy and cessation of spermatogenesis related to the dietary level of
DEHP. These changes were demonstrated from week 2. A LOAEL of 143 mg/kg/day DEHP is
derived from this study.
Parmar et al. (1986) also found that DEHP affects spermatogenesis in adult male albino rats.
Groups of 6 adult male rats were administered 0, 250, 500, 1,000 or 2,000 mg DEHP/kg bw
(purity not specified) in groundnut oil by gavage for 15 days. Body weight, testicular weight,
sperm concentration, and activity of several testicular enzymes were determined. In the
2,000 mg/kg bw group, both absolute and relative weights of the testes were significantly
reduced. In all dosed groups, sperm counts were significantly reduced in a dose dependent
manner from 250 mg/kg bw. The activities of γ-glutamyl transpeptidase (GGT) and lactate
dehydrogenase (LDH) were significantly increased at doses from 500 mg/kg bw, sorbitol
dehydrogenase (SDH) was decreased from 1,000 mg/kg bw, and acid phosphatase was reduced
at 2,000 mg/kg bw. The activity of β-glucuronidase was significantly increased at
2,000 mg/kg bw. The authors suggested that DEHP can affect spermatogenesis in adult rats by
altering the activities of these enzymes responsible for the maturation of sperms and that the
reduced number of sperms may be responsible for the antifertilic effects of DEHP. The authors
also concluded that even at 250 mg/kg bw DEHP causes a decrease in testicular function after
short-term dosing. A LOAEL of 250 mg/kg/day DEHP is derived from this study.
Siddiqui and Srivastava (1992) gavaged groups of six male rats with 0, 500 or 1,000 mg/kg bw
of DEHP in groundnut oil for 15 days. The following day dosed animals were sacrificed and the
epididymes were removed, weighed and processed for further study of sperm count and
biochemical parameters. In the high dose group, both absolute and relative epididymis weights
were significantly decreased. Sperm count showed a significant dose-related decrease in both
dose groups. In the high dose group, the activity of aldose reductase and sorbitol dehydrogenase
was significantly decreased and the activity of lactate dehydrogenase was significantly increased.
A LOAEL of 500 mg/kg/day DEHP is derived from this study.
In a more recent oncogenicity study, performed according to EPA guidelines and in conformity
with the principles of GLP, F-344 rats (70 males and females/group; approx. 6 weeks old at
initiation of dosing) were administered DEHP (99% pure) at dietary concentrations of 0, 100,
500, 2,500 or 12,500 ppm (0, 5.8, 28.9, 146.6 or 789.0 mg/kg/day) for at least 104 weeks
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(Moore, 1996) (see also Section 4.1.2.7.1 and 4.1.2.9.1). An additional group (55/sex) was
administered 12,500 ppm DEHP for 78 weeks, followed by a recovery period of 26 weeks.
An increased incidence of clinical abnormalities was observed in males from the two highest
dose groups and the recovery group, significant at the highest dose level. There also was a
decreased survival and decreased body weight gain in both sexes at these dose levels, significant
only at the highest dose level. Signs of general toxicity are described in more detail in
Section 4.1.2.67.1 and neoplastic effects in Section 4.1.2.9.1.
In males that died or were sacrificed in extremis during the study, there was an increased (not
statistically significant) incidence of small and/or soft testis, small epididymis and/or seminal
vesicle. At study termination a dose-related increase of small and/or soft testis was observed in
the 2,500 and 12,500 ppm group. Also the recovery group had an increased incidence of small or
soft testis. An increased incidence (not significant) of aspermatogenesis was present at
2,500 ppm in unscheduled deaths, at interim sacrifice, and at study termination. At 12,500 ppm,
the absolute and relative testis weights were significantly decreased with associated increased
incidence of bilateral aspermatogenesis in all males accompanied by hypospermia in the
epididymis and decreased incidence of interstitial cell neoplasms (3/10 compared to 9/10 in
control group). In the pituitary, an increased number of castration cells were observed in
30/60 males compared to 1/60 of the control males. There was no indication in rats killed at
study termination that DEHP-related changes in the testes and pituitary were reversible upon
cessation of DEHP-exposure. Due to the dose-related serious effects on the testicles, a NOAEL
of 500 ppm corresponding to 28.9 mg/kg/day can be derived for testicular effects.
Fischer 344 rats (10 animals/sex/group) were given 0, 1,600, 3,100, 6,300, 12,500 or 25,000 ppm
(0, 80, 160, 320, 630 or 1,250 mg/kg/day) of DEHP (> 99.5% pure) in the diet for 13 weeks prior
to an oncogenicity study (NTP, 1982). The mean body weight gain of male rats was depressed
(29%) in males at 25,000 ppm relative to controls. Testicular atrophy was observed in all males
fed 25,000 ppm and was present, but less pronounced in males fed 12,500 ppm (630 mg/kg/day).
No other compound-related histopathological findings were observed. A NOAEL of
320 mg/kg/day DEHP is derived from this study.
In the following oncogenicity study, Fischer 344 rats (50 animals/sex/group; initial body weight
just above 200 mg for males and around 150 mg for females) were given 0, 6,000 or 12,000 ppm
(0, 322 or 674 mg/kg/day for males) DEHP (> 99.5% pure) in the diet for 103 weeks (NTP,
1982) (see also Section 4.1.2.9.1). Mean daily doses of DEHP were 322 and 674 mg/kg body
weight per day for low- and high-dose male rats, respectively. The survival rate was unaffected.
At the end of the study, mean body weights of dosed male rats and high-dose female rats were
marginally to moderately lower than those of the corresponding controls. Food consumption was
slightly reduced in rats of either sex. Interstitial-cell tumours of the testis were observed in a
statistically significant negative relation to dose. There was a statistically significant increase in
bilateral tubular degeneration of the seminiferous tubules and atrophy in the testes. The
incidences were 1/49 (2.0%) in the control, 2/44 (5%) in the low-dose, and 43/48 (90%) in the
high-dose group. Histologically, the seminiferous tubules were devoid of germinal epithelium
and spermatocytes (tissues had been preserved in 10% buffered formalin and embedded in
paraffin). Only Sertoli cells were seen on tubular basement membranes. Interstitial cells were
somewhat prominent. In high-dose males, the incidence of hypertrophy of the anterior pituitary
was significantly increased (45% compared with 2% of controls). A LOAEL of 322 mg/kg/day
DEHP is derived from this study. Effects on the liver are described in detail in Section 4.1.2.7.1.
No other toxic lesions were associated with compound administration.
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The testicular effects were also investigated after dosing DEHP (purity not specified) at
2,000 mg/kg bw orally for 7 consecutive days to 13-week-old male Wistar rats (Saxena et al.,
1985). Degeneration was observed in about 40% of the seminiferous tubules. Loss of succinic
dehydrogenase, NADH-diaphorase and acid phosphatase activity and increase in adenosine
triphosphatase, glucose-6-phosphate dehydrogenase and alkaline phosphatase activity were
observed in treated rats. A LOAEL of 2,000 mg/kg/day DEHP is derived from this study.
The reversibility of the testicular effects was studied after oral administration of
2,000 mg/kg bw/day of DEHP (purity not specified) to young Crj:Wistar rats (35 days; 95-112 g
(average 130 g)) for 14 days (Oishi, 1985). One day after the last administration, 10 dosed
animals were sacrificed and compared with 10 rats fed control diet for additional 45 days without
further administration of DEHP. Testicular morphology was characterised by a marked
shrinkage of the seminiferous tubules, the germinal epithelium consisting of Sertoli cells, very
few spermatogonia, and several multinucleated cells. The interstitial tissue and Leydig cells
appeared normal. After a recovery period of 45 days after termination of DEHP administration,
the majority of tubules showed lack of spermatogenesis, but some tubules had intact epithelium.
The percentage of spermatogenic tubules in a representative cross section was 0 (total atrophy)
or 12.8%. A LOAEL of 2,000 mg/kg/day DEHP is derived from this study.
In a 102 week-study, adult male Sprague-Dawley rats were exposed to DEHP via incorporation
in the diet at dose levels of 0, 0.02, 0.2 or 2% (0, 7, 70 or 700 mg/kg bw/day) (Ganning et al.,
1987, 1990) (see also Section 4.1.2.7.1). In all dose-groups, DEHP exerted a pronounced effect
on the function of the testes after prolonged treatment, consisting of inhibition of
spermatogenesis and general tubular atrophy. The LOAEL was 0.02% in the diet
(7 mg/kg bw/day), the lowest dose administered. The study was, however, designed to study the
effects of phthalates on the liver and the information on testicular effects is very limited.
Therefore, the study results cannot be included in the risk assessment.
Mechanistic studies
Role of zinc, testosterone, protein content and vitamin B12
Seven immature male Crj: Wistar rats (30 days, 75-90 g) per group were orally dosed with
DEHP (2,000 mg/kg bw/day) for 0, 1, 3, 6 and 10 days (Oishi, 1986). Organ weights were
significant decreased: testes by day 3; Seminal vesicle by day10; ventral prostrate by day 3.
Testicular morphology was normal on day 1 but changes occurred for longer exposures. By day
3: number of spermatocytes and spermatids were decreased in some seminiferous tubules; day 6:
active spermatogenesis was rarely found, seminiferous tubules contained necrotic debris and
variable numbers of multinucleated gaint cells. By day 10, all seminiferous tubules had
shrunken. Zinc concentration in the testes significantly decreased by by day 6 and 10, and by day
10 in the ventral prostrate. The zinc content was not affected in the seminal vesicle and serum.
Specific activities of some zinc containing enzymes such as carbonic anhydrase, alcohol
dehydrogenase and aldolase significantly decreased by day 10. The author concludes that several
testicular cell-specific enzymes appear to be useful biochemical markers of testicular injury.
However, these changes occurred after or simultaneously with massive histological or
morphological changes rather than prior to such changes.
In a study comparable to a guideline study, groups of 48 male F344 rats were maintained on
synthetic diets containing 2 ppm (low), 20 ppm (normal) or 200 ppm (high) zinc (Agarwal et al.,
1986a). After one week of acclimation to the various diets, groups of 12 rats from each dietary
regimen were gavaged for 13 consecutive days with 0, 330, 1,000 or 3,000 mg/kg bw of DEHP
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(> 99% pure). Organ weights of testis, epididymis, prostate, and seminal vesicles were not
affected by DEHP in rats at normal- and high zinc diet, but were significantly and
dose-dependently reduced in rats on low-zinc diet. The combination of low-zinc diet plus 1,000
or 3,000 mg/kg bw of DEHP caused dose-dependent tubular degeneration and atrophy.
Seven young male Crj: Wistar rats (115 g) per group were orally dosed with DEHP
(2,000 mg/kg bw/day) for 10 days (Oishi, 1986). Zinc sulphate (9 mg/kg) was co-administered
intraperitoneally. DEHP caused a significant reduction in testes weight and testicular zinc
concentration. Co-administration of zince did not significantly prevent the DEHP-induced
effects.
The involvement of testosterone in the testicular atrophy caused by DEHP was examined by
co-administration of testosterone (1 mg/kg bw) subcutaneously along with 2,000 mg/kg bw of
DEHP (purity not specified) in groundnut oil to adult male Wistar rats (150-200 g) for 15 days
(Parmar et al., 1987). Administration of DEHP was found to significantly reduce relative and
absolute testes weights and the sperm count (approximately 75%), and also significantly increase
the activity of GGT, LDH, and β-glucuronidase and to decrease the activity of SDH and acid
phosphatase. Co-administration of testosterone seemed to normalise the testes weights, sperm
count and the activity of testicular enzymes. The role of testosterone in testis toxicity of DEHP is
not fully elucidated. Several reports refer to increased or decreased testosterone levels in plasma
and testicular tissue.
A study of the influence of low protein diet on the testicular toxicity of DEHP was performed in
adult male Wistar rats (150 g; 12 weeks old) (Tandon et al., 1992). One group of 12 animals
received a synthetic diet containing 20% casein “normal protein diet”and the other 8% starch
“low protein diet”. After 15 days of consumption, half of the rats in each group received
1,000 mg/kg bw of DEHP (purity not stated) in 0.2 ml groundnut oil orally for 15 days. The
other half served as a control group. The group on “low protein diet” had a more severe response
to DEHP compared with the group on the “normal protein diet” and their resective controls with
regard to sperm count (75% see 30%), increase in the activity of beta-glucuronidase and
gamma-glutamyl transpeptidase. The authors conclude that rats fed low-protein diet are more
vulnerable to the toxic effect of DEHP.
A study of the influence of the vitamin B12 derivative adenosylcobalamin on testicular toxicity of
DEHP was performed in young male Crj:Wistar rats (30 days; 86-100 g) (Oishi, 1994). Groups
of 8 animals each were treatted for 7 days. DEHP (0 and 2,000 mg/kg bw/day) was given orally
and co-administration of adenosylcobalamin or methylcobalamin, both 0.5 mg/kg, was
administered intraperitoneally. DEHP significantly reduced body, testis and prostate weights,
inhibited active spermatogenesis, reduced the activity of testicular specific lactae dehydrogenase,
and decresed the levels of testicular zinc, magnisium and potassium. Co-administration of
adenosylcobalamin, but not methylcobalamin, prevented the DEHP-induced effects.
Age-dependency
Gray and Butterworth (1980) found an age-dependent induction of testicular atrophy in rats,
younger rats being more sensitive than older ones. Four-, 10-, and 15 week old Wistar rats were
administered 2,800 mg/kg bw of DEHP (purity not specified) dissolved in corn oil by oral
intubation for 10 days. In some experiments, testosterone propionate (200 µg/kg/day in corn oil)
or FSH was given subcutaneously. The reversibility was studied in 4-week old rats at a dietary
level of 2.0%. The testes were fixed in buffered formalin.
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In 4-week old rats DEHP produced uniform seminiferous tubular atrophy, comprising loss of
spermatids and spermatocytes. In 10-week old rats 5-50% of the tubules were atrophic; the
testicular weight was not affected. A marked decrease of the testicular weight (% of control) was
shown in 4-week-old rats. The weights of the seminal vesicles and ventral prostate were reduced
in the 4- and 10- week old males. The testicular effects were found to be reversible within
12 weeks when treatment was stopped prior to puberty, but recovery was slower when treatment
continued throughout puberty. Simultaneous administration of testosterone or FSH with DEHP
did not affect the development of testicular atrophy, but prevented the reduction of accessory
gland weights. The interstitial tissue appeared to be unaffected in all dosed animals. No effects
were observed in 15-week-old rats.
To study the differing response between immature and mature male rats, Sjöberg et al. (1985c)
carried out a series of experiments. Groups of 8 male Sprague-Dawley rats (25, 40 or 60 days
old) were dosed with 0 or 1,000 mg/kg bw of DEHP in corn oil by gavage for 14 days. After
sacrifice liver, testes, ventral prostate, and seminal vesicles were removed, cleaned from fat and
weighed. The left testis and epididymis were fixed in Bouin’s fluid for histopathological
examination. The liver weight was significantly increased in all three age groups. The absolute
testicular weight was significantly decreased; histopathological examination showed severe
testicular damage in the 25-day-old rats, whereas the older animals were unaffected. In the
youngest age group, there was a marked reduction in the number of germ cells, a high
occurrence of degenerating cells, and a reduction of the tubular diameter. There also was a
marked reduction in the number of spermatogonia.
A higher sensitivity in developing and sexually immature rats was observed by Arcadi et al.
(1998) (see Section 4.1.2.10.4 for further details). Irreversible testicular effects were observed in
pups exposed pre- and postnatally to DEHP in drinking water at 32.5 or 325 µl/litre (roughly
corresponding to 3.0-3.5 mg/kg/day and 30-35 mg/kg/day, respectively). Only minor histological
damage of the testes was observed in adult rats (vacuolisation of Sertoli cells accompanied by
seminiferous tubules filled by cellular deposit in one out of four rats at 325 µl/litre.
To establish the compound or compounds responsible for the testicular damage after oral
administration of DEHP, Sjöberg et al. (1986a) administered DEHP and five of its major
metabolites (MEHP, 2-ethylhexanol and three identified metabolites (V, VI, or IX) of MEHP)
for five days. Groups of 6 male Sprague-Dawley rats (35 days old at the start of the experiment)
were given 2.7 mmol kg bw of DEHP (1,055 mg /kg bw) or one of the metabolites. A counting
of degenerated cells per tubular cross section was carried out. No testicular damage was
observed following oral doses of DEHP or 2-EH. The number of degenerated spermatocytes and
spermatids was increased in animals which received MEHP; no such effects were seen in
animals given the MEHP-derived metabolites.
In another study, Sjöberg et al. (1986b) also studied the age-dependent testis toxicity of DEHP
(1,000 and 1,700 mg/kg bw in the diet for 14 days) in rats at 25, 40 and 60 days of age. Body
weight gain was retarded in all dosed groups and testicular weight was markedly reduced in 25and 40-day-old rats given 1,700 mg/kg bw. Severe testicular damage was shown for the 25-dayand 40-day-old rats at both dose levels. No changes were found in the 60-day-old rats. The
authors propose that the difference in response to DEHP to male rats of different age may be due
to a higher oral absorption of the DEHP-derived metabolite MEHP in younger animals (Sjöberg
et al., 1985c) (see section on “Toxicokinetics”).
Male Sprague-Dawley rats (4, 10, or 15 weeks of age, 8 animals per group) were used to study
the age-dependent effects on male reproductive organs (Gray and Gangolli, 1986). The rats were
given 2,800 mg/kg bw of DEHP (purity not specified) orally for 10 days. Administration to
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4-week-old rats produced a marked reduction in absolute weights of the testes, seminal vesicles,
and prostate. There was only a slight reduction in testis weight in 10-week-old rats but the
seminal vesicle and prostate weights were significantly reduced. DEHP had no effect in
15-week-old rats. Histologically, the testes of the 4-week-old rats showed severe atrophy
affecting virtually all the tubules. These were populated only by Sertoli cells, spermatogonia, and
occasional primary spermatocytes. In the 10-week-old rats, these histological changes were
evident in 5 to 50% of the tubules, the remainders appearing essentially normal. No histological
abnormalities were seen in testes from the 15-week-old rats.
In the same study, the effects of MEHP on Sertoli cell function were studied in immature rats by
measuring the secretion of seminiferous tubule fluid and androgen binding protein. A single dose
of 1,000 mg/kg bw of MEHP reduced fluid and protein production to around 50% of the
concurrent control group and to 25% after three repeated doses.
Dostal et al. (1988) studied the age-dependency of testicular effects (study comparable to a
guideline study) in rats of different age. Oral doses of 0, 10, 100, 1,000 or 2,000 mg/kg bw of
DEHP (> 99% pure) were given daily by gavage in corn oil for 5 days to Sprague-Dawley rats
(7-10 animals per group) at 1, 2, 3, 6 and 12 weeks of age. Absolute and relative testis weights
were significantly reduced at doses of 1,000 mg/kg bw/day in 1, 2, 3 and 6- week-old but not in
12-week-old rats compared to controls of the same age. Doses of 2,000 mg/kg bw/day were fatal
to suckling rats and caused decreased relative testis weight but no lethality in 6- and 12-week-old
rats. The number of Sertoli cell nuclei per tubule was reduced by 35% at 1,000 mg/kg in neonatal
rats; two- and three-week old rats showed loss of spermatocytes but not of Sertoli cells. At 1,000
and 2,000 mg/kg also loss of spermatids and spermatocytes was shown in 6- and 12-week old
rats.
To further understand the mechanisms responsible for the enhanced sensitivity of the testes of
developing animals to DEHP, the activities of the testicular enzymes associated with
spermatogenesis including LDH, GGT, SDH, β-glucuronidase, and acid phosphatase were
studied in a similar study investigating the oral effect of DEHP on 25 day old male Wistar rats
(Parmar et al., 1995). Doses of 0, 50, 100, 250 or 500 mg/kg bw of DEHP (purity not specified)
in groundnut oil were given for 30 consecutive days to 6 male rats per dose group. There was an
exposure-related and significant decrease of absolute and relative testicular weight at all dose
levels. From 50 mg/kg also a dose-dependent and significant increase in the activities of LDH
and GGT was noted while that of SDH decreased. β-glucuronidase increased at 250 or
500 mg DEHP/kg, while acid phosphatase decreased at the same dose levels. The administration
also resulted in marked destructive changes in the advanced germ cell layers and marked degrees
of vacuolar degeneration in the testes at 250 and 500 mg/kg bw. The significant alterations in the
activities of SDH, LDH, and GGT occurred thus at much lower DEHP levels and prior to the
histopathological changes. The Leydig cells and the fibroblasts appeared normal. A LOAEL for
young rats of 50 mg/kg bw/day is derived from this study for effects on absolute and relative
testies weight, and reduced testicular enzyme activities.
Mice
In a continuous breeding study, comparable to a guideline study and performed according to
GLP principles (0, 0.01, 0.1 or 0.3% DEHP (> 99% pure) by weight in the feed corresponding to
0, 20, 200 or 600 mg/kg bw/day (Lamb et al., 1987) see also earlier in this section and Section
4.1.2.10.3. A diet of 0.3% DEHP caused an increased liver weight (both absolute and relative)
and significantly reduced weights of the reproductive organs in parental animals of both sexes
(testes, epididymis, prostate, and seminal vesicles in males and ovaries, oviducts, and uterus in
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females). All but one of the high-dose males showed some degree of bilateral atrophy of the
seminiferous tubules. In addition, this dose level also caused decreased sperm motility and sperm
concentration and an increased incidence of abnormal sperm forms. DEHP did not significantly
decrease body weight gain at 0.3% DEHP. At the highest dose level, 0.3% in the diet
(600 mg/kg bw/day), no pairs were fertile. A NOAEL of 20 mg/kg/day DEHP is derived from
this study.
In an oncogenicity study performed according to GLP principles, B6C3F1 mice
(50 animals/sex/group) were given 0, 3,000 or 6,000 ppm of DEHP (> 99.5% pure) in the diet for
103 weeks (NTP, 1982) (see also Section 4.1.2.7.1 and 4.1.2.9.1). Mean daily ingestion of DEHP
was calculated to 672 and 1,325 mg/kg bw for low- and high-dose males, respectively. The
survival rate was unaffected. In 14% of the high-dose males bilateral seminiferous tubular
degeneration and testicular atrophy were observed. This lesion was also found in one control
male mouse and in two low-dose males. A NOAEL of 672 mg/kg/day DEHP is derived from this
study.
In a study performed according to EPA guidelines and the principles of GLP, B6C3F1 mice (7085 of each sex/dose group, about 6 weeks of age at the initiation of the study) were administered
DEHP daily in the diet at concentrations of 0, 100, 500, 1,500 and 6,000 ppm for 104 weeks (0,
19.2, 98.5, 292.2 or 1,266 mg/kg/day) (Moore, 1997) (see also Section 4.1.2.7 and 4.1.2.9). One
additional group (55 males) were administered 6,000 ppm DEHP for 78 weeks, followed by a
26-week recovery period. At 1,500 ppm, there was a significant decrease in testicular weight,
with an increased incidence and severity of bilateral hypospermia and an associated increased
incidence of immature/abnormal sperm forms and hypospermia in the epididymis. At the highest
dose level, there was a statistically significant decrease in survival, treatment-related clinical
signs and a significantly reduced body weight gain. In the recovery group, the effects of DEHP
in the kidney and testis were at least partially reversible following cessation of exposure. The
NOAEL for testicular effects in this study is 500 ppm corresponding to 98.5 mg/kg.
Mechanistic studies
Role of zinc
Two strains of mice (Jcl:ICR and Crj:CD-1, four weeks old), were fed diets containing 0, 0.1,
0.2, 0.4 or 0.8% (approximately 300, 600, 1,200 mg/kg bw/day)of DEHP (purity not specified)
for two weeks (Oishi, 1993). In ICR-mice, testicular weights were unchanged by DEHP
treatment at all concentrations when compared to controls. In CD-1 mice, testicular weights were
significantly reduced from a dose level of 0.2%. The testicular zinc content was statistically
significantly reduced in both strains at dose levels of 0.4 and 0.8%. Testicular activities of lactate
dehydrogenase isoenzymes (LDH-X) were significantly reduced in CD-1 mice from a dose level
of 0.2%, while a significant reduction of testicular LDH-X activity in ICR mice was observed
only at a dose level of 0.8%. The primary metabolite, MEHP, was significantly increased in
blood samples of CD-1 mice at 0.8% when compared to ICR mice suggesting that toxicokinetic
differences may explain some of the shown strain differences in susceptibility to DEHP testicular
toxicity.
Young (not specified) ICL:ICR male mice were fed a diet of 2% DEHP (approximately
3,000 mg/kg/day) for one week. Final body weight was reduced, and testes and liver weights
significantly increased. Zinc and testosterone concentrations in the testes were significantly
decreased by DEHP-treatment (Oishi and Hiraga, 1980).
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Hamster
Four to six weeks old male hamsters were used to compare the testicular toxicity of DEHP in
Dunkin-Hartely hamsters and young Sprague-Dawley rats (28-42 days) (Gray et al., 1982).
DEHP (purity not specified) was dosed at 2,800 mg/kg bw in rats and at 4,200 mg/kg bw in
hamsters for nine days. MEHP was also studied using a dose of 1,000 mg/kg bw for five days in
rats and nine days in hamsters. In hamsters minor effects, occassional tubular arophy
(2/6 animals) was obserevd. DEHP did not significantly alter the testicular zinc content. MEHP
produced testicular damage. Also the authors concluded that MEHP did produce unequivocal
testicular damage but suggested that the difference between DEHP and MEHP may be explained
by rate-limiting conversion of DEHP to MEHP in the hamster intestine (see Section 4.1.2.1.5).
Ferrets
Mature albino ferrets (18 months: 1,150-1,850 g) were given 1%w/w DEHP in their diets for
14 months (Lake et al., 1976).Six and seven animals were used in the control and treated gruops,
respectively. The mean daily intake of DEHP was 1,200 mg/kg/day, but owing to their seasonal
fluctuation in body weight the daily DEHP intake ranged from 650 to 2,000 mg/kg bw/day.
Ferrets fed the control diet showed a seasonal fluctuation in body weight over a range of 450 g.
However, the DEHP-treated group of animals initially exhibited a marked loss of body weight
followed by a smaller seasonal variation over a range of 200 g. The terminal body weight of the
DEHP-treated group was significantly reduced (870 ± 20 g) compared with controls
(1,270 ± 100 g).
Testes from both control and DEHP-treated animals showed active spermatogenesis with
spermatids or spermatozoa in the seminiferous tubules. However, almost complete absence of
germinal epithelium was observed in 3/7 treated animals. Relative testes weights, but not
absolute, were significantly increased in the treated- compared with control group.
A LOAEL of 1,200 mg/kg/day DEHP is derived from this study.
Rabbits
No relevant studies have been identified.
Marmosets
In a 13-week oral study performed according to GLP principles, mature male marmosets
(4/sex/group, from 13 or 14 months of age) were given daily doses of 0 (corn oil), 100, 500 or
2,500 mg/kg DEHP (purity not specified) in corn oil (Kurata et al., 1995; 1996; 1998) (see also
Section 4.1.2.6.4). The body weight gain was significantly suppressed in males administered
2,500 mg/kg. Dose-related decreases in spleen weight were observed in all dosed males. Other
organ weights, including liver, testes, and pancreas, were not different from the control weights.
In the DEHP dosed groups there was a significant rise in the total and free cholesterol and
phospholipid levels in administration week 4. In week 13, only the total cholesterol value in the
500 mg/kg males was different from the control value.
A clear rise in blood testosterone and oestradiol concentrations in all groups, including controls,
were concluded to be hormonal changes accompanying sexual maturity occurring at the age of
about 12 months. CLEA Japan, Inc, the animal supplier, have communicated that male
marmosets are sexually mature at around 7 months and mate at around 12 months (CLEA, 2000).
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Other routes
Six intravenous infusions of DEHP (0, 5, 50 or 500 mg/kg bw) were given to 25-day- or
40-day-old rats (Sjöberg et al., 1985e). In Epon-embedded testicular materials from animals
given the highest dose, some altered Sertoli cells (dilated cisternae of endoplasmic reticulum)
were observed. No age-related testicular effects, similar to those found in the previous reported
study (Sjöberg et al., 1985c), were observed.
Ten male albino rats (4 to 6 weeks old) were intraperitoneally injected either with DEHP
(5 ml/kg bw; purity not specified) or with saline on days 1, 5 and 10 (Seth et al., 1976). On the
22nd day of the study, all animals were sacrificed. The activity of succinic dehydrogenase and
ATPase in testes was significantly reduced, while that of beta-glucuronidase was increased. The
testes of DEHP treated rats showed markedly thickened tunica albuginea. The degenerated
tubules showed marked vacuolation of cytoplasm of spermatogonial cells and eccentric nuclei.
Lumen of the tubules was filled with degenerated spermatids and eosinophilic material with
entangled spermatocytes.
In vitro studies
Bell (1982) summarised a number of previous studies on the effect of DEHP dosing on synthesis
of sterols and included in summary form some additional data. His conclusion was that DEHP
significantly decreased sterol synthesis in the liver of male and female rats and male rabbits and
in the adrenals and testes of rats. After placental transfer, a significant decrease of the sterol
synthesis in the liver and brain of the pups was observed.
Grasso et al. (1993) studied the effects of DEHP and MEHP on cultured rat Sertoli cells. The
Sertoli cells were obtained from Fischer 344 rats (13-82 days of age) and cultured in the
presence of MEHP at concentrations ranging from 0.001 to 100 µM. MEHP was found to
specifically reduce the ability of FSH to stimulate cAMP accumulation in rat Sertoli cells. This
inhibition by MEHP of FSH-stimulated cAMP accumulation had a lag period of 6 hours and
reached a maximal inhibition of 40-60% after 24-hours. Preincubation of Sertoli cells for
24 hours with 100 µM DEHP had no effect on FSH binding. The authors concluded that the
ability of certain phthalate esters to disrupt the FSH-linked signal transduction pathway in
primary Sertoli cell cultures by a mechanism, located at the cell membrane, is likely to be a part
of the mechanism responsible for their testicular toxicity.
Metabolites of DEHP
The formation of the monoester is an important step in the intestinal absorption of the orally
ingested phthalates. In pupertal and adult animals, the testicular toxicity of DEHP appears to be
mediated by the monoester MEHP. Studies mainly focusing on this or other metabolites are
therefore compiled separately.
Oral
Rats
Dalgaard et al. (2001) studied the effects of MEHP on 28-day old male rats, by looking at
testicular morphology and apoptosis, and expression of some cellular markers (vimentin
filaments, the androgen receptor, and a gene coding a Sertoli cell secretory product) 3, 6 or
12 hours (n=12) after a single oral dose of 400 mg/kg MEHP.
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At 3-12 hours, vimentin filaments in Sertoli cells had collapsed, and the expression of the
apoptos gene Caspase-3 was increased. However, there were no other indications of apoptosis as
measured by DNA ladder analyses or tunel staining. The expression of TRPM-2 (coding a
Sertoli cell secretory product) was transiently increased at 3 hours. At 3 hours there were no
histological signs of toxicity, but at 6 and 12 hours the tubuli were disorganised and germ cells
detached and sloughed into the lumen of the seminiferous tubules. The results support the Sertoli
cells being early targets for MEHP toxicity.
The testicular toxicity of DEHP (> 98% pure) was studied in male Wistar rats (26 days old,
6 animals per group) after a single oral dose of 2,800 mg/kg bw (Teirlynck et al., 1988). In the
same experiment, MEHP was given in doses of 400 or 800 mg/kg bw. The doses were selected
in accordance to previous data showing that oral administration of 2,800 mg/kg bw of DEHP and
400 mg/kg bw of MEHP leads to similar MEHP plasma levels. Seven days after dosing the rats
were killed and the testicular zinc concentration was measured. The severity of the
histopathological lesions was graded on the basis of the percentage of seminiferous tubules
affected. The diameter of the seminiferous tubules was also measured. The rats showed testicular
atrophy 7 days after dosing, as indicated by a significant reduction in relative testicular weight.
Histological examination revealed a “dose-dependent” increase in the number of atrophic
seminiferous tubules with decreased diameters of the seminiferous tubules and loss of spermatids
and spermatocytes,. The study suggests that MEHP is more toxic to the testes than DEHP. A
significant reduction of the testicular zinc concentration was observed in DEHP treated rats and
in rats given MEHP doses of 800 mg/kg bw, but not at doses of 400 mg/kg bw. The
concentration of the follicle stimulating hormone (FSH) in serum was determined but no
treatment-related alteration was observed. The authors suggest that the toxic effects of MEHP
are not secondary to inhibition of pituitary gonadotropin secretion and that the absence of an
elevation of FSH suggests that the function of the Sertoli cells is preserved.
Prepubertal male Fischer rats (28-day-old; number not stated) were given a single 2,000 mg/kg
dose of MEHP (95% pure) in corn oil by gavage at a volume equal to 4 ml/kg (control rats
received a similar volume of corn oil) to study the effect on germ cell apoptosis in testes
(Richburg and Boekelheide, 1996). Preliminary experiments had also suggested that phthalates
may cause alterations in the rat Sertoli cell cytoskeleton, particularly the intermediate filament
vimentin. The rats were killed at 3, 6 and 12 hours after treatment. From each rat, one testis was
rapidly frozen in liquid nitrogen and the other was cut in halves for immersion fixation in
Bouin´s fixative and in neutral buffered formalin. Cryosections were stained with a monoclonal
antibody to bovine vimentin. In situ Tunel staining was used to stain for DNA. The number of
apoptotic germ cells was counted in 100 randomly selected seminiferous tubules of testis cross
sections from each of four different rats. MEHP induced collapse of Sertoli cell vimentin
filament 3 hours after MEHP-administration. Six and 12 hours after MEHP exposure, intense
vimentin staining surrounding the nucleus was seen, suggesting that vimentin filament had
collapsed toward the Sertoli cell nucleus. The incidence of apoptotic events observed in
100 seminiferous tubule cross sections of testes from each of four rats was counted and tabulated
into categories. In control testes, 44.5% of the seminiferous tubule cross sections did not contain
any apoptotic cells. However, 3 hours after MEHP treatment, the number of tubule cross sections
with no incidence of apoptosis significantly increased to 63.3%. This shift was reflected by a
significant decrease in the incidence of tubules containing 1-3 apoptotic cells per cross section at
3 hours. Cross sections of the seminiferous tubules from the 6- and 12-hours groups showed a
dramatic increase in the number of apoptotic events as evident by the increased incidence of
seminiferous tubules which contained high categories of apoptotic germ cells and a decrease in
the incidence of seminiferous tubule cross sections that contained no apoptosis. The authors
suggest that the MEHP-induced collapse in vimentin filaments may lead to alterations in germ

442

CHAPTER 4. HUMAN HEALTH

cell apoptosis by a disruption in contact-mediated communication between the Sertoli cells and
germ cells and that the normal physiological incidence of germ cell apoptosis decreased as early
as 3 hours after exposure to MEHP.
Four phthalate diesters, DEHP, DPP (di-n-pentyl phthalate), DOP (di-n-octyl phthalate), and
DEP (diethyl phthalate) were investigated in vivo for effects on Leydig cell structure and
function (Jones et al., 1993). The study was performed due to earlier study results indicating that
communication and control exists between Sertoli and Leydig cells which appear to be of a
paracrine nature. The corresponding monoesters were investigated in vitro (MEHP, MPP, MOP,
and MEP). The in vivo study was performed by giving 2,000 mg/kg bw by oral gavage on two
consecutive days to 3 male Wistar rats (6-8 weeks old, 200-300 g bw) per phthalate. The rats
were sacrificed 24 hours after the final dose. Testicular tissues were studied by light and electron
microscopy after glutaraldehyde perfusion fixation, Taab embedding and toluidine blue staining
(a highly reliable technique in preparing testis tissue for identifying testicular toxicity). The in
vitro study was performed with primary cultures of Leydig cells incubated with 1,000 µM
monoester for 2 hours. Phthalate esters exerted a direct effect on Leydig cell structure and
function as determined by testosterone output with correlation of the in vitro and in vivo effects
of MEHP and DEHP, respectively. The changes observed in vivo were present in all animals in
each group. Leydig cells stained more densely than other cell types, generally displaying an
elongate profile often with thin lamellar processes. In Leydig cell cytoplasmatic ultrastructure,
several subtle but highly significant alterations were produced. DEHP administration also
resulted in slight rarefaction or vacuolation of a few Sertoli cells in seminiferous tubules, while
treatment with DOP or DEP produced no change in seminiferous tubular structure or Leydig cell
morphology. Exposure to DPP produced the most severe changes in Sertoli cells but no changes
in Leydig cells. In the in vitro study, MEHP and MPP produced marked effects on structure and
function including decreased LH-stimulated secretion of testosterone from Leydig cells
incubated with MEHP while MOP caused decreased secretion and MEP was without effect. The
results show that DEHP may exert a direct effect on Leydig cell structure and function and that
DEHP and MEHP produce similar changes both in vivo and in vitro both in Leydig cells and in
Sertoli cells. The authors concluded that a malfunction of Leydig cells likely affects the
physiology of adjacent Sertoli cells. The authors also concluded that different phthalates may
exert changes that are unique to one or common to both cell types.
In vitro studies
Exposure of rat seminiferous tubule cells in culture to 200 µM of either DEHP, 2-EH or MEHP
resulted in a marked dose-related dissociation of germ cells from Sertoli cells only after exposure
to MEHP (Gangolli, 1982). Preparations obtained from hamster cells did not respond to exposure
to MEHP.
Sjöberg et al. (1986a) investigated the ability of DEHP, 2-EH, MEHP and metabolites V, VI, and
IX to induce germ cell detachment from mixed primary cultures of Sertoli and germ cells. Only
exposure to MEHP (10 µM for 24 hours or 1-200 µM for 48 hours) caused a significantly higher
degree of germ cell detachment.
The effects of DEHP and MEHP on rat Sertoli cells in vitro was also studied by Grasso et al.,
(1993). It was shown that MEHP specifically reduced the ability of FSH to stimulate cyclic
adenosine monophosphate (cAMP) accumulation in cultured Sertoli cells from rats, 13-82 days
of age. This inhibition by MEHP of FSH-stimulated cAMP accumulation had a lag period of
6 hours and reached a maximal inhibition of 40-60% after 24 hours. Preincubation of Sertoli
cells for 24 hours with 100 µM DEHP had no effect on FSH binding. The authors concluded that
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the ability of certain phthalate esters to reduce FSH binding to Sertoli cell membranes is likely to
be a part of the mechanism responsible for their testicular toxicity.
Cell cultures of Sertoli cells were also used to study lactate and pyruvate production after adding
MEHP or DEHP (Moss et al., 1988). MEHP (0.1-200 µM) produced a concentration-dependent
stimulation of lactate, but not pyruvate production over a 24-hour treatment period and an
increase in the ratio of lactate/pyruvate concentration in the culture medium. DEHP had no such
effects. The developing germ cells cannot utilise glucose to maintain ATP levels and are
apparently dependent on a supply of lactate and pyruvate produced by Sertoli cells under control
by FSH. The authors conclude that loss of germ cell in phthalate-induced testicular atrophy is not
due to inhibition of energy substrate production by the Sertoli cells and that stimulation of lactate
production may be a useful in vitro marker for phthalate esters that cause testicular injury.
Li et al. (1998) studied the effects of MEHP and DEHP on neonatal Sertoli cells and gonocytes
(primitive spermatogonia) maintained in hormone- and serum-free coculture. They found that
MEHP induced gonocyte detachment from the Sertoli cell monolayers in a time and
dose-dependent manner. The cocultures of Sertoli cells and gonocytes were prepared from testes
of 2-day-old male rat pups. Final concentrations of 0.01, 0.1, or 1.0 µM MEHP (≥ 99% pure)
was added to the cocultures. DEHP (≥ 99% pure) was used as a negative control. At a dose of
0.1 µM MEHP, gonocytes rounded up and started to detach from cocultured Sertoli cells after
24 hour of exposure. At 1.0 µM, MEHP caused a rapid detachment of gonocytes detectable after
12 hours of exposure. No morphological changes were found in cultures treated with vehicle
alone or with DEHP, added at a 10-fold higher concentration than the maximal dose of MEHP.
When cultures were labeled with BrdU (5-bromo-2’-deoxyuridine) few labeled cells could be
found in the cultures treated with 1.0 µM MEHP compared to controls. No visually detectable
increase in labeling could be observed in cultures simultaneously treated with FSH and 1.0 µM
MEHP. Labeling indices in cultures treated with 0.1 or 1.0 µM MEHP were significantly lower
than that in the vehicle-treated controls, reflecting decreases in Sertoli cell proliferation of 33.6
and 83.6%, respectively, over controls. The labeling indices of cultures treated with 10 µM
MEHP was, however, significantly higher than that of the vehicle-treated controls. The study
results show that MEHP directly targets the Sertoli cells and impairs their proliferation and that
MEHP also may affect the interaction of gonocytes with Sertoli cells and/or target gonocytes
directly. The findings also show that phthalate-induced changes in germ cell-Sertoli cell
adhesion may occur during early postnatal development in rats.
The in vitro effects of a 24 hours exposure of a Leydig cell line to MEHP were studied by means
of electron microscopy (EM) and by measuring progesterone production and cell viability (Dees
et al., 2001). At a concentration of 1 µM MEHP, the first signs of toxicity appeared, as indicated
by morphological changes involving nuclei (heterochromatin, euchromatin and large nucleoli),
mitochondria (generally condensed, but some were swollen or had an abnormal form and
contained degenerated christae) and presence of moderate numbers of lipid droplets. At 10 µM
MEHP, the cell shape was affected (large and round to oval), SER was lost, large vacuoles and
numerous lipid droplets were present in the cytoplasm, and some mitochondria were seen in
close apposition to the lipid droplets. At 100 µM MEHP, the effects were more severe and some
apoptotic cells were seen. A more general cell death was observed at 1-3 mM, as determined
both by structure and a cell viability assay (MTT). Progesterone production was reduced in the
1-10 µM range (by approximately 50%), returned to normal values at 100 µM, and ceased when
cell started to die. The authors discuss a mechanism where the mitochondria are the first targets
of the toxicity, they then fuse with lipid droplets and degrade. The study conduct seems proper,
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and the study pinpoints Leydig cells as potential sensitive targets for the DEHP-metabolite
MEHP. However, the relevance for DEHP toxicity is not clear.
Lovekamp and Davis (2001) studied the in vitro effects of a 48 hours exposure period to
0-200 µM MEHP on primary rat granulosa cells. The authors find dose-dependent effects of
MEHP on the levels of aromatase RNA, which is decreased as from exposure to 50 µM MEHP,
and on the amount of aromatase protein and estradiol production (as from 100 µM MEHP). The
relevance to DEHP toxicity is not clear.

4.1.2.10.2

Comparative studies

Mechanistic studies
Role of zinc
Curto and Thomas (1982) examined changes in testes and sex accessory weight as well as
gonadal zinc in sexually mature rats and mice injected with various doses of DEHP or MEHP
(purities not specified). Intraperitoneal and subcutaneous routes of administration were used to
avoid hydrolyzation in the gastrointestinal tract and to exclude phthalate-induced reduction in the
gastrointestinal absorption of zinc. Male Swiss-Webster mice (number not stated) received one
of the following dose regimens: a) daily sc injections of 1, 5 or 10 mg/kg MEHP for 5 days; b)
daily sc injections of 5, 10 or 20 mg/kg MEHP for 10 days; c) daily ip injections of 50 or
100 mg/kg MEHP or DEHP for 5 days; or d) alternate daily ip injections of 50 or 100 mg/kg
MEHP or DEHP for 20 days (10 injections). Male Sprague-Dawley rats (number not specified)
received daily ip injections of 50 or 100 mg/kg MEHP or DEHP for 20 days (10 injections). In
mice, no significant alterations in testicular weight, seminal vesicle or anterior prostate weight or
zinc levels occurred. Rats revealed significant reductions in both gonadal and prostate gland
zinc. Rats injected with MEHP (50 mg/kg) showed a 37% decrease in prostate zinc; DEHP
(100 mg/kg) caused a 33% decrease in prostatic zinc and a significant loss of testicular zinc
(31%). The results indicated that the male rat is more sensitive to DEHP- or MEHP-induced
effects on male gonads than the male mouse. It was also shown that sc or ip injected DEHP or
MEHP caused gonadal zinc depletion, thus eliminating altered intestinal absorption as the cause
for species differences.

4.1.2.10.3

Female reproductive toxicity

Oral
Rats
In a study comparable to a guideline study, regularly cycling Sprague-Dawley rats (6-9 in each
study group) were dosed daily with DEHP (> 99% pure) at 2,000 mg/kg bw in corn oil by
gavage for 1-12 days (Davis et al., 1994 a,b). Ovarian morphology and serum follicle-stimulating
hormone (FSH), luteinizing hormone (LH), oestradiol, and progesterone levels were analysed.
DEHP treatment resulted in prolonged oestrus cycles compared to a control group. DEHP also
suppressed or delayed ovulation by the first prooestrus/oestrous after the metoestrus-initiated
dosing. Histopathological evaluation of the ovaries showed that 7 out of 10 DEHP-exposed rats
had not ovulated by vaginal oestrous in contrast to 13 out of 13 control rats which ovulated by
vaginal oestrous. Pre-ovulatory follicles were quantitatively smaller in DEHP-exposed rats than
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in controls due to smaller granulosa cells. Suppressed serum oestradiol levels caused a secondary
increase in FSH levels and did not stimulate the LH surge necessary for ovulation. According to
the authors, these results suggest that DEHP-treatment causes hypo-oestrogenic anovulatory
cycles and polycystic ovaries in adult female rats.
The effects of in vivo administered DEHP (1,500 mg/kg bw orally for 10 consecutive days) on
in vitro ovarian steroid profiles in immature and cycling female rats have been studied by Laskey
and Berman (1993). Groups of 20 and 21 mature female Sprague-Dawley rats were administered
0 or 1,500 mg DEHP/kg bw in corn oil for 10 days. On day 5 before dosing and daily during
dosing, the stage of the oestrus cycle was determined for all animals. The day after the final
dosing the animals were killed and ovaries, adrenals and serum were used to determine rates of
steroid production. No ovary weight differences were noted in the control cycling animals or
between the control and DEHP-treated rats. The alterations caused by DEHP in the in vitro
ovarian steroidogenic profile were most apparent in rats during dioestrus and oestrous. In the
DEHP dosed animals the incidence of animals in prooestrus was clearly reduced from day seven
to day ten of dosing. In cultures of adrenals and serum no significant differences in rates of
steroid production were observed. In the ovary cultures, di-oestrus rats dosed with DEHP had
significantly higher testosterone and oestradiol production, and in rats in oestrus the oestradiol
production was significantly lower in DEHP-dosed females. There were no significant
differences in the steroid production of rats in prooestrus (only two dosed animals). The authors
conclude that DEHP treatment alters the oestrus cycle and causes concentration changes of
testosterone and oestradiol in rats in dioestrus.
In an oncogenicity study, performed according to EPA guidelines and in accordance with the
principles of GLP, F-344 rats (70 males and females/group, about 6 weeks of age) were
administered DEHP at dietary concentrations of 0, 100, 500, 2,500 or 12,500 ppm (0, 7.3, 36.1,
181.7 and 938.5 mg/kg/day in the females) for at least 104 weeks (Moore, 1996) (see
Section 4.1.2.67 for details). An additional group was administered 12,500 ppm DEHP for
78 weeks, followed by a recovery period of 26 weeks.
There was a dose-related increased incidence of uterine mass at 2,500 and 12,500 ppm in
females that died or were sacrified in extremis during the study, significant at the highest dose
level. This was also found in females from the recovery group and in surviving animals from
these dose groups at study termination.
Mice
Effects on fertility and reproduction in female mice have also been demonstrated. In a
continuous breeding study, comparable to a guideline study and performed according to GLP
principles (0, 0.01, 0.1 or 0.3% DEHP (>99% pure) by weight in the feed corresponding to 0, 20,
200 or 600 mg/kg bw/day) (Lamb et al., 1987) (see also Section 4.1.2.10.1). No treatment-related
clinical signs of toxicity were found during the breeding phase of the study. One male (0.1%)
and two females (0.3%) died. DEHP did not significantly decrease feed consumption and body
weight gain in the high-dose females. Exposure to 0.1 and 0.3% DEHP in the diet produced
dose-dependent and significant decreases in fertility (100, 100, 74, and 0%, respectively) and in
the number and proportion of pups born alive (0.98, 0.99, 0.80, - ). A dosage of 0.3% DEHP
(equivalent to 600 mg/kg bw/day) caused an increased liver weight (both absolute and relative)
and significantly reduced weights of ovaries and oviducts and uterus in females. The NOAEL
was 0.01% in this study, equivalent to 20 mg/kg bw/day.
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In a complementary crossover mating trial, females given 0.3% DEHP in the diet were mated to
undosed control males. None of the females were able to produce pups: the fertility index was 0
(0/16) compared to 90% of the control group (18/20).
In two-generation study, DEHP was given in the diet at 0.0, 0.01, 0.025, and 0.05% (equivalent
to 0, 19, 48, and 95 mg/kg bw, respectively) to CD-1 mice (NTIS, 1988). DEHP treatment did
not affect the number of implantation sites per dam, the percent fertile matings, the pregnancies
with live litters on pregnancy day 1, or the percent viable litters through gestation to postnatal
day 4.
Other routes
The effect on the ovary of DEHP given by intraperitoneal administration (4,900 mg/kg bw on
day 1, 5 and 10) was studied in 20 prepubertal female albino rats (Seth et al., 1976). On
administration day 22, the animals were killed. One ovary from each animal was used for
enzyme determinations and the other for histopathological studies. The activity of succinate
dehydrogenase and ATPase was significantly reduced, while that of beta-glucuronidase was
increased in the treated animals when compared with controls. No histopathological changes
were seen in this study.
Male and female mice were subcutaneously administered 1-100 ml/kg bw of DEHP on day 1, 5
and 10 and assessed at day 21 for reproductive performance (Agarwal et al., 1989). A
dose-dependent reduction in the incidence of pregnancy was seen from the 1 ml-dose level.
Ovarian weights were not decreased by the DEHP-treatment; ovaries exhibited, however,
histological injuries at lower dose level than the testes, but unlike testes the effect was not doserelated. Biochemical changes (significantly decreased activity of ATPase and significantly
increased activity of lysosomal enzymes as Rnase, DNase, β-glucuronidase and acid
phosphatase) were dose-related for ovaries and testes.
In vitro studies
The effects of MEHP on granulosa cell function were studied in vitro (Treinen and Heindel,
1992). It was shown that MEHP inhibited FSH- but not forskolin-, isoproterenol-, or cholera
toxin-stimulated granulosa cell cAMP accumulation in vitro. MEHP also inhibited
FSH-stimulated progesterone production, a cAMP-dependent process. Similar to MEHP, the
protein kinase C activator (TPA) has been shown to inhibit rat granulosa cell cAMP
accumulation in a FSH specific manner, and decrease FSH-stimulated progesterone production.
According to the authors, these data indicate that the inhibitory effects of MEHP on granulosa
cell function are independent of phorbol ester-sensitive PKC activation.

4.1.2.10.4

Developmental studies

Numerous studies have shown that DEHP is embryotoxic in rats at doses close to maternally
toxic dose levels. In mice, several studies have shown that DEHP is embryotoxic and teratogenic
at dose levels below those producing observable evidence of toxicity to the dams.
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Inhalation
Rats
Twenty-five pregnant Wistar rats per dose group were used to study the teratogenicity of DEHP
by inhalation as liquid aerosol at dose levels of 0, 0.01, 0.05 or 0.3 mg/litre (0, 10, 50 or
300 mg/m3) (Merkle et al., 1988). The particle MMAD was < 1.2 ± 7.3, ± 16.8 and ± 5.8 µm for
the low, middle and high dose group, respectively. The study was performed according to OECD
Guideline 414 and GLP principles. The dams were exposed by head-nose exposure for 6 hours
per day from gestation day 6 through 15 (the period of male sexual differentiation between days
16-19 is not included in this study). Twenty rats per group were sacrificed on day 20 of
pregnancy and five rats per group were allowed to litter. The offspring was raised and observed
for postnatal signs of toxicity. In a range-finding study, “exposure-related” peroxisome
proliferation was observed in dams from 200 to 1,000 mg/m3. The number of live foetuses/dam
was slightly, but statistically significantly decreased in the 50 mg/m3 group and the percentage of
resorptions/dam was elevated. These effcets, however, were not seen at the next dose level. That
effects were only seen in the middle dose group may reflect the large standard deviation of the
particle MMAD. The effects reported were not regarded as exposure related, since no dose
dependency was observed. The number of corpora lutea, uterine weights, body weights, living
and death implants, early and late resorptions, dead foetuses, pre- and post-implantation losses
were unchanged compared to controls. The validity of this study is questioned as the systemic
dose was not determined. By comparison with another inhalation dose study there may be
problems with delivering the expected dose of DEHP (see Section 4.1.2.6.23 and Klimisch et al.,
1992). Hence, this study is considered inadequate for use in risk characterisation.
Oral
Rats
Two multi-generation studies (Schilling et al., 2001 and Wolfe et al., 2003) in rats, that give
important information on development as well, are described in Section 4.1.2.10.10. Based on
Wolfe et al. (2003) a NOAEL of 4.8 mg/kg/day for developmental effects on the testis is
deduced.
Arcadi et al. (1998) exposed female Long-Evans rats (12 rats/dose group) daily to drinking water
containing DEHP at 32.5 or 325 µl/litre from day 1 of pregnancy to day 21 after the delivery.
The water intake was roughly calculated to correspond to 3.0-3.5 and 30-35 mg/kg DEHP/day
during pregancy; during suckling this value was increased by at least 30%, due to increased
water intake. At different time after delivery (21, 28, 35, 42 and 56 days) eight pups/group were
sacrificed. Pup body weight gain and kidney, liver and testis weights were measured. (The
method for preparing testicular tissue included Zenker´s fluid fixation, paraffin embedding and
haematoxylin-eosin staining.) Plasma levels of DEHP and histopathology of the kidneys, liver,
and testes were also studied. Female pups were used for behavioural assessment 30 days after
birth in the “beam walking” test, designed to assess the locomotor activity by employing a
learned avoidance test.
Pregnancy rate, body weight gain and gross appearance in the dams were not affected by the
treatment. No further maternal toxicity data are available. Perinatal exposure produced no
significant changes in body weight gain in the pups. A statistically significant reduction in
kidney weight (absolute and relative) was observed at both dose levels, accompanied by
histopathological findings (shrinkage of renal glomeruli with signs of glomerulonephritis,
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dilation of renal tubuli and light fibrosis) between week 0 and 4 of age. The alterations were less
pronounced at week 8. The increased liver weight was not dose related and was therefore
considered not to be related to the exposure level.
A highly significant and dose-dependent reduced testicular weight (absolute and relative) was
observed and did not appear to reduce with growth. The perinatal exposure caused severe
histological damage to the testes. At 21 and 28 days of age, there was a gross disorganisation of
the seminiferous tubular structure, detachment of the spermatogonial cells from basal membrane,
and absence of spermatocytes in both exposure groups. At the end of the observation period, at
56 days, there were still severe histopathological changes in the testes of pups. Low-dose rats
exhibited only a few elongated spermatids in tubules showing a pervious lumen. In high-dose
animals the histological picture included a generalized disorganization of the tubular epithelium,
with spermatogonia detached from the basal membrane, absence of elongated spermatids and
spermatozoa, and with the tubular lumen filled with cellular deposits.
Female pups exposed perinatally to 325 µl/litre of DEHP showed a significantly increased time
necessary to perform the beam walking test indicating a behavioural effect expressed as reduced
locomotor activity.
A LOAEL of around 3.5 mg/kg bw/day is derived from this study.
Moore et al. (2001) studied the effects of DEHP (0, 375, 750 or 1,500 mg/kg and day, by
gavage) on male reproductive system development and sexual behaviour in Sprague-Dawley rats
(n = 5-8/group). The exposure started at gestation day 3, ended at postnatal day 21, and male
pups were examined at PND 21, 63 and 105. Numerous effects, including those normally
observed after high doses of DEHP, such as malformations and reduced weights of organs
related to the male sexual system, were observed in the pups at the highest doses. The lowest
dose was a LOAEL (375 mg/kg and day), with findings of adverse effects on aerola and nipple
retention, as well as testis and anterior prostate weight (reductions). Although not statistically
significant, there were indications of effects on sexual behaviour at PND 105 in all dose groups
(inactivity in 3 of 7 low dose males when kept together with females).
Parks et al. (2000) studied the effects of DEHP (750 mg/kg and day, by gavage) on male
reproductive parameters in Sprague-Dawley rats. The exposure started at gestational day 14 and
ended at postnatal day 3. Four-five dams were killed at gestation day (GD) 17, 18, 20 and at
postnatal day (PND) 2, with 11-32 male pups examined at each timepoint.
Ex vivo testicular production of testosterone, testicular content of testosterone, and whole-body
testosterone concentration were significantly reduced at all time points, with maximal effects at
GD 20 (e.g. a 90% reduction in ex vivo testicular production of testosterone). Anogenital
distance (PND 2) as well as testicular weight (GD 20 and PND 2) were also reduced.
Histopathological examination of the PND 2-testes (fixed and sectioned (1µm) using EM
techniques, but studied by light microscopy) revealed increased numbers of Leydig cell
hyperplasias and of multinucleated germ cells. Leydig cell (LC) hyperplasia was supported by an
increased staining of the LC-specific enzyme 3β-HSD. There is no mentioning of Sertoli cells in
the histopathology section. The study shows pronounced effects of DEHP on male fetus and
offspring, characterised by a decreased production of testosterone, Leydig cell hyperplasia, and
formation of multinucleated germ cells, with the only dose studied obviously being an effect
level (750 mg/kg and day).
In a study performed according to OECD Guideline 414 and GLP principles, DEHP was tested
for its prenatal toxicity in Wistar rats (BASF, 1995; Hellwig et al., 1997). DEHP (99.8% pure)
was administered as an oily solution to 9-10 pregnant female rats/group by stomach tube at doses
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of 40, 200 or 1,000 mg/kg bw on day 6 through 15 of gestation. On day 20 of pregnancy, all
females were sacrificed and assessed by gross pathology.
Maternal toxicity at 1,000 mg/kg bw was reported: Slightly reduced maternal food consumption
was noted. Reduced uterus weight was assessed as to be associated with the high embryolethality
(see below). The corrected body weight gain did not show any differences of biological
relevance. Statistically increased relative kidney and liver weights was obserevd
Developmental toxicity at 1,000 mg/kg bw: Severe developmental effects were observed:
statistically significantly increased implantation loss (about 40%). There also was a statistically
significant lower number of live foetuses/dam, decreased foetal body weights, a drastically
increased incidence of of external, soft tissue, and skeletal malformed foetuses/litter (in total
approximately 70% of the foetuses/litter), predominantly of the tail, brain, urinary tract, gonads,
vertebral column, and sternum. There also were an increased percentage of foetuses/litter with
soft tissue and skeletal variations and skeletal retardations. The NOAEL for maternal and
developmental toxicity was 200 mg/kg bw/day.
Gray et al. (1999) investigated the reproductive effects of ten known or suspected antiandrogens, including flutamide, Vinclozolin, dibuthyl phthalate (DBP) and DEHP.
Eight pregnant Sprague Dawley dams were administered DEHP (750 mg/kg bw/day; > 99%
pure) in corn oil by gavage from gestation day 14 to day 3 of lactation (see also the section on
endocrine activity, 4.1.2.10.8). The male offspring was examined for abnormalities (retained
nipples, cleft phallus, vaginal pouch, and hypospadias). The animals were also examined
internally (ectopic or atrophic testes, agenesis of the gubernaculum, epididymides, sex accessory
glands, and ventral prostate, epididymal granulomas, hydronephrosis, and enlarged bladder with
stones). Weights measured included body, pituitary, adrenal, kidney, liver, ventral prostate,
seminal vesicle (with coagulating gland and fluid), testis, and epididymis. Gonads and sex
accessory tissues were examined microscopically.
DEHP was considerably more toxic than was DBP to the reproductive system of the male
offspring. The gestational and lactational exposure induced a statistically significantly increased
incidence of both reproductive and nonreproductive malformations including decreased
anogenital distance, areolas (88%), hypospadias (67%), vaginal pouch (45%), ventral prostate
agenesis (14%), testicular and epididymal atrophy or agenesis (90%), and retained nipples in
examined pups. In addition, several 8-day old pups displayed haemorrhagic testes by gross
examination. In adult offspring (5 months old) the weight of the gonads, accessory sex organs,
and the Levator ani-bulbocavernosus were statistically significantly decreased.
Gray and coworkers found that the chemicals investigated could be clustered into three or four
separate groups, based on the resulting profiles of reproductive effects. DBP and DEHP induced
a higher incidence of testicular and epididymal abnormalities, including atrophy and agenesis,
which is not generally found with flutamide or Vinclozolin even at high dose levels. A LOAEL
of 750 mg/kg bw/day is derived from this study.
In a study comparable to a guideline study and performed according to GLP principles, dietary
levels of 0, 0.5, 1.0, 1.5 or 2% of DEHP (no information on mg/kg bw/day is given) were given
to groups of F344/CrlBr rats (34-25) throughout gestation (days 0-20) (NTIS, 1984; Tyl et al.,
1988). The rats were sacrificed on day 20.
Food intake was significantly decreased at all dose levels. Reduced maternal body weight gain
and increased absolute and relative liver weights were observed at a dietary level of 1.0%.
Reduced foetal body weights per litter were observed at the same dietary level. There were no
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treatment-related differences in the number of corpora lutea or implantation sites per dam, nor in
the percent preimplantation loss. At a dietary level of 2% the number and percent of resorptions,
nonlive and affected implants per litter were significantly increased and the number of live
foetuses per litter was significantly decreased. Mean foetal body weight was significantly
reduced at all dose levels. The number and percentage of malformed foetuses per litter was not
significantly different from control. The NOAEL for maternal and developmental toxicity was
0.5% DEHP (approximately 357 mg/kg bw/day).
DEHP (0, 333, 500, 750 and 1,125 mg/kg bw) was administered by gavage to Fischer-344 rats
on gestational days 6-15 (Narotsky et al., 1995). In a parallel study the interaction of
trichloroethylene and heptachlor with developmental toxicity of DEHP was analysed in a
5 . 5 . 5 full-factorial design. The only developmental effects observed with DEHP alone were a
significant delay in parturition and micro-/anophthalmia at 750 and 1,125 mg/kg bw. Synergistic
developmental toxicity was demonstrated for several endpoints such as DEHP-heptachlor for
maternal mortality, DEHP and trichloroethylene for maternal weight gain on gestational day 6-8,
full-litter resorption, prenatal loss, and pup weight on postnatal day 6. Heptachlor potentiated the
effects for full-litter resorption and prenatal loss. The DEHP-heptachlor interaction was
antagonistic for several endpoints, but this was perhaps reflecting a “ceiling effect” of combining
already high responses as suggested by the authors. The main effects of DEHP-trichloroethylene
included a dose-related, increased incidence of microphthalmia and anophthalmia (pups with eye
defects, 2.8% ± 2.1 and 4.3% ± 3.4 at 750 and 1,125 mg/kg bw, respectively, versus 0% in
controls). No interaction was shown for this endpoint.
Srivastava et al. (1989) dosed groups of 21 pregnant albino rats (strain not specified) on day 6-15
of gestation with 0 or 1,000 mg DEHP/kg bw by gavage. On day 20 of gestation all pregnant rats
were killed and seven litters from each group were used for standard teratology studies, the
remaining 14 litters were used for a study of liver enzyme activities and determination of DEHP
in liver tissue. There was no significant difference in the number of total live foetuses between
control and treated animals. No gross or skeletal abnormalities were observed in the foetuses of
the control or DEHP-exposed animals (no data were shown). Significant amounts of DEHP
were, however, found in foetal livers and foetal relative liver weights were increased, whereas
the activity of mitochondrial succinate dehydrogenase, ATPase, malate dehydrogenase and
cytochrome c oxidase was decreased. The authors concluded that maternal exposure to DEHP
during pregnancy could adversely affect the foetal livers. These results also indicate that DEHP
can cross the placental barrier.
The effects on the testicular development in the offspring exposed to DEHP in utero were
studied by Tandon et al. (1991). Groups of six pregnant rats were given vehicle (ground nut oil)
or DEHP (1,000 mg/kg bw/day; purity not specified) by gavage, during the entire gestation
period. Birth weight of all pups and body weight gain of two randomly selected male pups from
each litter were recorded at day 7, 15, 31, 61 and 91 days of age. Absolute and relative testes
weights were significantly reduced at day 31, but normalised at day 61 and 91. The offspring of
rats exposed to DEHP during the gestational period exhibited a significant increase in the
activities of testicular lactate dehydrogenase (LDH) and gamma-glutamyl transpeptidase and a
decrease in sorbitol dehydrogenase at the age of 31 days, which was persistent up to the age of
61 days. The concentration of epididymal spermatozoa was significantly reduced day 91, the
only day it was measured (5.04 ± 0.24 million in DEHP-treated versus 6.48 ± 0.35 in controls).
Results from a recently performed 2-generation range finding study in Wistar rats indicate
effects on fertility and developmental toxicity (see also Section 4.1.2.10.1) (Schilling et al.,
1999). The study was performed according to current guidelines and in conformity with GLP.
Wistar rats (F0 generation = 10 rats/sex) were exposed to dietary levels of 0, 1,000, 3,000 or
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9,000 ppm of DEHP (corresponding to approximately 0, 110, 339 or 1,060 mg/kg bw/day). F1
pups were raised and mated to produce a F2 generation, sacrificed 2 days after birth.
At 1,000 ppm, a significantly increased mean absolute liver weight was noted in F0 females. At
the next higher dose level, 3,000 ppm, the mean relative liver weight was significantly increased
in both males and females. No treatment related histopathological changes were, however, noted.
The food consumption, body weight, and body weight gain were significantly reduced in F0
females during premating, gestation, and lactation at 9,000 ppm. (The effects on males are
described in more detail in Section 4.1.2.10.1) The post implantation loss was significantly
increased (31% versus 10% in the controls) at this dose level. The total number of delivered F1
pups, the mean number of delivered pups per dam, and the survival on post partum day 0 and 4
were significantly reduced. The mean body weights were reduced until weaning in both male and
female pups and the body weight gain was retarded. The incidence of areolas/nipple anlagen was
increased in high-dose F1 pups (29 out of 35, 83%). The sexual maturation was delayed in both
female and male pups based on vaginal opening and preputial separation, respectively.
Histopathology showed a treatment related loss of spermatocytes in male F1 pups (in two out of
ten at 3,000 ppm and seven out of nine at 9,000 ppm).
In F1 parental animals deaths (3/9 males and 2/9 females) occurred at 9,000 ppm in the
premating phase, and initially also reduced food consumption, reduced mean body weights in
both sexes, and reduced body weight gain in females. At necropsy aspermia (2/6), missing
seminal vesicle (1/6), and areolas/nipple anlagen (1/6) were also noted. The total number of
liveborn F2 pups was reduced from 3,000 ppm, significant at 9,000 ppm, and, at this dose level,
the mean number of delivered pups/dam (66%; statistically significant) was reduced. The
viability index was not calculated, since the pups were killed on postmortem day two. The
anogenital distance was reduced in the F2 male pups.
The effects found in F1 parental males indicate that DEHP exerts a specific action on male
genital organs such as the testicle and the epididymis, when males are exposed during early
development. This is strengthened by the fact that female interior organs were unaffected.
However, concerning testicular effects in developing male pups only one testicle per litter was
studied histopathologically in F1 pups and none of the F2 pups. F1 pups were culled at day 21
and neither undescended testes nor hypospadia were investigated. Neither is there any
information on effects on Sertoli cells in F1 parental male rats in this range finding study as is
seen in several other studies presented above (Gray and Butterworth, 1980; Sjöberg et al., 1985c;
Sjöberg et al., 1986a,b; Gray and Gangolli, 1986; Dostal et al., 1988; Poon et al., 1997; Arcadi et
al., 1998). However, according to preliminary data from the following main study presented by
the Industry (ECBI/37/99 – Add.10), Sertoli cell vacuolation was recorded in the F1 offspring
generation from the lowest dose level, 1,000 ppm.
In a study, presented only in abstract form, resorptions (16.4%) and malformations such as
hydronephrosis and cardiovascular, tail and limb defects in 20.6% of survivors were reported in
Wistar rats administered DEHP (25 mmol/kg, equivalent to 9,750 mg/kg bw) on day 12 of
gestation (Ritter et al., 1987).
Mice
In a continuous breeding study, comparable to a guideline study and performed according to
GLP principles, DEHP (> 99% pure) was given to CD-1 mice (20 animals of each sex per dose
group and 40 control animals of each sex) at dietary levels of 0, 0.01, 0.1, or 0.3% (equivalent to
0, 20, 200, or 600 mg/kg bw/day, respectively) (Lamb et al., 1987) (see also Section 4.1. 2.10.1).
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Both male and female mice were exposed during a 7-day premating period and were then
randomly grouped as mating pairs. The dosing continued during the 98 day cohabitation period
and thereafter for 21 days during which final litters were delivered and kept for at least 21 days.
Reproductive function was evaluated by measuring the number of litters per breeding pair,
number of pups per litter, proportion of pups born alive, and mean pup weight.
Exposure to 0.1% DEHP produced a dose-dependent and significant decrease in the number of
litters as well as the number and proportion of pups born alive. No pairs were fertile at 0.3%. At
a diet of 0.3% DEHP caused an increased liver weight (both absolute and relative) and
significantly reduced weights of the reproductive organs in parental animals of both sexes
(testes, epididymis, prostate, and seminal vesicles in males and ovaries, oviducts, and uterus in
females). All but one of the high-dose males showed some degree of bilateral atrophy of the
seminiferous tubules. In addition, this dose level also caused decreased sperm motility and sperm
concentration and an increased incidence of abnormal sperm forms. DEHP did not significantly
decrease body weight gain in the high-dose group.
A crossover mating trial conducted with F0 mice showed a decrease in fertility both for treated
males and for treated females, with a complete loss of fertility in the females. Four litters out of
twenty were born to treated males mated to control females; in addition, the proportion of pups
born alive was decreased. No pups were born when dosed females were mated to control males.
The NOAEL for maternal and developmental toxicity was equivalent to 600 and
20 mg/kg bw/per day, respectively.
In a study comparable to a guideline study and performed according to GLP principles, dietary
levels of 0, 0.025, 0.05, 0.10, or 0.15% of DEHP (0, 44, 91, 190.6 or 292.5 mg/kg bw/day;
> 99% pure) were administered to groups of 1-CR outbred mice (30-31 per group) throughout
gestation (days 0-17) (NTIS, 1984; Tyl et al., 1988). Maternal toxicity, indicated by reduced
maternal body weight gain, was noted in the two highest dose groups, mainly due to reduced
gravid uterine weight. There were no treatment-related effects on the number of corpora lutea,
implantation sites per dam, the percent pre-implantation loss, and sex ratio of live pups. The
number and percent of resorptions, late foetal deaths, and dead and malformed foetuses were all
significantly increased from 0.1%. Foetal weight and the number of live foetuses per litter was
significantly reduced from the same dose level. Both the percentage of foetuses with
malformations and the percentage of malformed foetuses per litter was significantly increased
from 0.05%. The observed external malformations included unilateral and bilateral open eyes,
exophthalmia, exencephaly, and short, constricted, or no tail. Visceral malformations were
localised predominantly in the major arteries. Skeletal defects included fused and branched ribs
and misalignment and fused thoracic vertebral centra. The NOAEL for maternal toxicity was
concluded to be 0.05% (91 mg/kg bw/day) and for developmental toxicity 0.025%
(44 mg/kg bw/day).
In a dietary 2-generation study (comparable to a guideline study and performed according to
GLP principles) in CD-1 mice, DEHP was given in the diet at 0.0, 0.01, 0.025, and 0.05%
(equivalent to 0, 19, 48 and 95 mg/kg bw, respectively) to CD-1 mice (NTIS, 1988). DEHP
treatment did not affect the number of implantation sites per dam, the percent fertile matings, the
pregnancies with live litters on pregnancy day 1, or the percent viable litters through gestation to
postnatal day 4.
The F1 generation was mated within dose groups at sexual maturity and F2-offsprings were
evaluated for viability and growth at postnatal day 4. For F1-litters, the percentage of prenatal
mortality was increased at the high dose (9% versus 26.4%). During the neo-natal period, the
percent of viable pups was significantly decreased at 0.05% DEHP. No other effects of DEHP
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were observed upon growth, viability, age of acquisition for developmental landmarks (incisor
eruption, wire grasping, eye opening, testes decent or vaginal opening, or spontaneous locomotor
activity) on postnatal days 14, 21 or 50/day. Treatment-related lesions were not observed in the
dams and no maternal LOAEL was established. The NOAEL for parental toxicity and for
F2-offspring was 0.05% DEHP (95 mg/kg bw/day), the highest dose tested. The LOAEL for F1
offspring was 0.05% (95 mg/kg bw/day) (NTIS, 1988).
In two other oral studies in mice, doses of 0.05 to 30 ml/kg or 0, 250, 500 or 2,000 mg/kg bw
elicited a wide range of malformations affecting particularly the skeletal system at doses from
0.1 ml /kg bw (about 98 mg/kg bw) (Nakamura et al., 1979; Tomita et al., 1982b). The
developmental LD50 and the maximum non-lethal dose of DEHP after single oral administration
was 592 mg/kg bw and 64 mg/kg bw (extrapolated dose), respectively.
DEHP was given to female ICR mice (8 to 16 weeks old) at dietary levels of 0, 0.05, 0.1, 0.2, 0.4
or 1.0% (equivalent to 0, 70, 190, 400, 830 and 2,200 mg/kg bw, purity not specified) from day 1
to 18 of gestation (Shiota and Nishimura, 1982). On day 18 the animals were killed. The average
weight of live foetuses was decreased and the incidence of malformed foetuses was significantly
higher from 400 mg/kg bw. The most common malformations were neural tube defects
(exencephaly and spina bifida), malformed tail, gastroschisis and club foot. The NOAEL for
maternal and developmental toxicity was 70 mg/kg bw of DEHP.
Huntingdon (1997) performed a GLP study of the embryo-foetal toxicity in the CD-1 mice by
oral gavage administration. Doses of 0, 40, 200 or 1,000 mg DEHP/kg bw/day were
administered to groups of 15 pregnant mice from day 6 to 15 of gestation. A control group of
30 pregnant mice received a vehicle (0.5% carboxymethylcellulose containing 0.1% Tween 80).
Litter parameters following necropsy of the females on day 17 of gestation revealed low
numbers of viable young, high numbers of resorptions, and a greater extent of post-implantation
loss for females given 1,000 mg/kg bw/day than in the control group. Cardiovascular
abnormalities, tri-lobed left lungs, fused ribs, fused thoracic vertebral centres and arches,
immature livers, and kidney anomalies were observed. At 200 mg/kg bw/day, there was a
slightly higher incidence of foetuses with intra-muscular or nasal haemorrhage or dilated orbital
sinuses. There also was a small number of foetuses with anomalous innominate or azygous blood
vessels. From this study a NOAEL of 200 mg/kg bw/day can be derived for maternal toxicity
and a NOAEL of 40 mg/kg bw/day for developmental toxicity.
In a study designed to identify days of gestation particularly sensitive to DEHP, groups of
3-8 female ddY-Slc(SPF) mice (7-8 weeks old) were given 0, 1.0, 2.5, 5, 7.5, 10 or 30 ml/kg bw
of DEHP (> 99% pure and corresponding to 1/1, 1/3, 1/4, 1/6, 1/12 or 1/30 of the acute oral
LD50) by gavage on day 6, 7, 8, 9 or 10 of gestation (Yagi et al., 1980). Ethylurethane was given
intraperitoneally to control mice. The average body weights of the foetuses were decreased at all
dose levels regardless of the day of maternal exposure. The number of resorptions was increased
largely dependent on the dose and particularly on the day of dosing. A high and dose-related
increase was observed in animals dosed on days 7 and 8 of gestation at all dose levels tested.
Doses of 5 or 10 ml/kg bw given on day 7 led to 100% fatality of all foetuses. The incidence of
foetal deaths was considerably less when DEHP was administered on day 9 or 10 of gestation.
Dose levels of 2.5 or 7.5 ml/kg DEHP given to mice on day 7 or 8 of gestation induced a high
incidence of gross and skeletal abnormalities including encephaly, open eyelid, and club foot.
There is no information on maternal toxicity.
No maternal or embryo-foetotoxicity were observed in eight female mice given
4,000 mg DEHP/kg bw by gavage on days 7, 8 and 9 of gestation (Shiota and Mima, 1985).
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Rabbits
No developmental studies have been performed in rabbits given DEHP. Study results have only
been obtained from a study in rabbits given MEHP intravenously (see below).

4.1.2.10.5

Post-natal study

Oral
Rats
Two combined pre- and post-natal exposure studies conducted by Arcadi et al., (1998) and Gray
et al. (1999) have been presented above under Section 4.1.2.10.1: A LOAEL ≈ 3.5 mg/kg bw/day
and 750 mg/kg bw/day was derived for each of these studies, respectively
Parmar et al. (1985) exposed dams (5 per group) to 0 or 2,000 mg DEHP/kg bw. Litters of seven
pups were dosed with DEHP through mothers milk through the lactation period (from parturition
to day 21). Pup body weights were recorded with five days interval and at sacrifice on day 21.
Pooled liver homogenates were prepared for an assay of the activities of arylhydrocarbon
hydroxylase, aniline hydroxylase and ethylmorphine N-demethylase, and concentration of
cytochrome P-450. The body weight of the DEHP treated pups was lower than that of the control
group throughout the whole period. Absolute liver weight was significantly decreased in the
DEHP treated pups; relative liver weight was similar in the two groups. All four biochemical
parameters showed significant decreases in the DEHP treated pups relative to control. In the
livers of the pups, a concentration of 25.7 µg DEHP/g was found. The authors conclude that
DEHP and its metabolites can be transferred to pups via mothers milk in concentrations
sufficient to cause toxicity.
Female Sprague-Dawley rats were given 5 oral doses of 2,000 mg/kg bw/day of DEHP (> 99%
pure) in corn oil by gavage on days 2-6, 6-10 or 14-18 of lactation (Dostal et al., 1987a). The rats
were sacrificed 24 hours after the last dose. The body weights of lactating rats and of their
suckling pups were significantly reduced in all treatment intervals. Food consumption was
reduced in the mothers dosed on days 14-18. Relative liver weights were increased in the
lactating dams at all three stages of lactation but not in the suckling pups. The hepatic
peroxisomal enzyme activities (PCoA and CAT) were increased by 5- to 8-fold in treated dams
at all three stages of lactation. Two-fold increases in these enzyme activities were also observed
in pups suckling the treated dams. Also hypo-lipidemia was observed in treated lactating rats at
all three stages of lactation. Plasma cholesterol and triglyceride concentrations were decreased
by 30-50%.
In a following experiment, the transfer of DEHP into milk of lactating rats was shown in groups
of female Sprague-Dawley rats given 3 oral doses of 2,000 mg/kg bw/day of DEHP in corn oil
by gavage on days 15-17 of lactation. Two hours after dosing on day 17, pups (10 per litter) were
removed from the dams to allow milk to accumulate. Six hours after the last dose, the dams were
killed and milk and mammary glands were collected. Two pups from each litter were killed
3-4 hours after the third dose. The rats were sacrificed 6 hours after the last dose. Increased
activities of PCoA and CAT in dams and pups were observed also in this study. Mammary gland
weights, both absolute and relative, were significantly reduced in treated rats. In treated rats, also
total milk solids, lipid, and protein were increased relative to control rats, whereas milk lactose
was significantly decreased. Milk collected 6 hours after the third dose contained 216 µg/ml
DEHP and 25 µg/ml MEHP. In contrast, plasma contained virtually no DEHP (< 0.5 µg/ml) but
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substantial amounts of MEHP (76 µg/ml) resulting in a high milk/plasma ratio for DEHP and a
low milk/plasma ratio for MEHP. DEHP and MEHP were not detected in the plasma of the pups.
After addition of (14C)DEHP to milk in vitro, most of the radioactivity was associated with the
fat globule layer.
In a study comparable to a guideline study, groups of 10 male Sprague-Dawley rats were given
0, 10, 100, 1,000 or 2,000 mg/kg bw/day of DEHP (> 99% pure) in corn oil by gavage for 5 days
beginning at an age of 6 (1-week-old), 14-16 (2-week-old), 21 (3-week-old), 42 (6-week-old), or
86 (12-week-old) days (Dostal et al., 1987b) (see also Section 4.1.2.6.3). The control group was
given the vehicle. After two doses of 2,000 mg/kg bw/day virtually all pups in the three youngest
age groups died whereas 6- and 12-week-old rats showed significantly decreased body weights
with no fatalities. Five daily doses of 1,000 mg/kg bw/day caused significant decreases in body
weight gain in 1-, 2-, and 3-week-old rats. Absolute and relative liver weights were significantly
increased at 100 mg/kg bw/day in all age-groups (except for 1-week-old rats) and in all age
groups at higher dose levels. Absolute kidney weight was reduced in some cases whereas relative
kidney weight was increased at doses of 1,000 mg/kg bw/day or more in 3-week-old rats or older
rats. Morphological examinations revealed increased peroxisome proliferation in neonatal as
well as adult rats. The activities of PCoA and CAT were increased in a dose-dependent manner
in all age groups. The activities of these enzymes were similar in control rats of all ages. Plasma
cholesterol concentrations were higher in suckling control rats (1- and 2-week-old) than in
weanling (3-week-old) and adult controls. In DEHP-treated rats, plasma cholesterol
concentrations were significantly reduced in weanling and adult rats given doses of 1,000 mg/kg
bw/day or more. In suckling rats plasma cholesterol levels were increased at 1,000 mg/kg/
bw/day. Plasma triglyceride levels in the control group were similar at all ages whereas
significant decreases in plasma triglycerides were observed in weanling and adult rats; in
suckling rats only small decreases (not significant) occurred.
Tandon et al. (1990) performed a study on testis development in male albino rats after exposure
during the nursing period. The aim was to study the effect of DEHP exposure through mother’s
milk on the enzymes in the testes considered to be markers of the testicular function in rats.
Groups of four female rats were given vehicle (ground nut oil) or 2,000 mg/kg bw/day of DEHP
(purity not specified) orally for 21 days from parturition. The pups were sacrificed at the age of
31, 61 and 91 days and and four animals from each group were used for histopathological studies
of testes (fixed in formalin and embedded in paraffin), epididymis, prostate, and seminal
vesicles. There were no signs of overt toxicity, significantly increased lethality or significant
body weight change in the mothers. The light microscopic examination of the testes revealed no
significant difference between treated and control animals. The offspring of DEHP-treated
mothers showed, however, a significant increase in the activity of gamma-glutamyl
transpeptidase, lactate dehydrogenase and beta-glucuronidase, and a significant decrease in the
activity of acid phosphatase and sorbitol dehydrogenase at 31 and 61 of age compared to
controls. No effect on these enzymes was seen in 91 days old rats. The authors conclude that
exposure to DEHP during early life through mother’s milk causes biochemical alterations which
may affect the functional development of the testis.
Intravenous
Rats
In a 3-day-old neonatal rat model used to assess DEHP toxicity following intravenous
administration, neonates (12 rats per group, 2 to 4 days old) were injected 30.8, 91.7 or
164.8 mg/kg bw of DEHP (purity not specified) in 4% bovine serum albumin (BSA) solution for
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18 consecutive days (Greener et al., 1987). Control neonates were injected a solution of 4% BSA
or saline, or were untreated. Neonates were examined for signs of toxicity immediately after
treatment and again 1 to 3 hours later. After sacrifice, a complete necropsy was performed and
selected tissues (brain, heart, lungs, liver, spleen, kidneys, injection site, eyes, stomach,
duodenum, and caecum) were prepared for histopathological evaluation. Body weight gains and
average weight gain per day were significantly and dose-dependently decreased from days 4 to
21 of the treatment period. Absolute and relative liver weights were significantly increased in a
dose-related manner. No conclusive histopathological alterations were, however, detected in the
tissues.
Embryo-culture systems
A 3-day-old neonatal rat model was used to assess DEHP toxicity following intravenous
administration (Greener et al., 1987). Neonates (12 rats per group, 2 to 4 days old) were injected
30.8, 91.7 or 164.8 mg/kg bw of DEHP (purity not specified) in 4% bovine serum albumin
(BSA) solution for 18 consecutive days. Control neonates were injected a solution of 4% BSA or
saline, or were untreated. Neonates were examined for signs of toxicity immediately after
treatment and again 1 to 3 hours later. After sacrifice, a complete necropsy was performed and
selected tissues (brain, heart, lungs, liver, spleen, kidneys, injection site, eyes, stomach,
duodenum, and caecum) were prepared for histopathological evaluation. Body weight gains and
average weight gain per day were significantly and dose-dependently decreased from days 4 to
21 of the treatment period. Absolute and relative liver weights were significantly increased in a
dose-related manner. No conclusive histopathological alterations were detected in the tissues
with the exception of local lesions at the injection site (subacute dermatitis), also noted in half of
the BSA and saline control rats.
Effects of DEHP on the chick embryo have been reported (Bower et al., 1970; Woodward,
1988). The results suggest that DEHP is capable of causing damage to the central nervous
system of the developing chick embryo. The studies also demonstrated that phthalates have some
potential for embryotoxic and teratogenic effects.

4.1.2.10.6

Metabolites of DEHP

A contribution to the developmental toxicity of DEHP might be the developmental and
teratogenic effect of the metabolites MEHP or 2-ethylhexanol (2-EH). Therefore, available data
on MEHP and 2-EH are included in this report.
Oral
Rats
Ten Female Wistar rats per dose group were daily administered 2-Ethylhexanol (2-EH) (0, 130,
650 and 1,300 mg/kg day in bidistilled water containing 0.005% Cremophor EL; > 99.5% pure)
by gavage during gestation day 6 through 15 (BASF, 1991). The study was performed according
to guidelines and GLP. On day 20 post coitum all surviving animals were sacrified and assessed
by gross pathology. The foetuses were dissected from the uterus, sexed, weighed and further
investigated for any external, soft tissue and/or skeletal findings. No adverse substance-related
effects on dams of foetuses were observed in the 130 mg/kg dose group. In the 650 mg/kg dose
group maternal (2 dams with piloerection) and embryo/fetotoxic effects (slightly reduced mean
fetal body weights and increased frequency of foetuses with skeletal variations and retardations)
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were found. In the 1,300 mg/kg dose group maternal toxic effects included markedly reduced
food consumption during the whole treatment period, distinctly reduced mean body weights,
reduced body weight, markedly reduced corrected body weight gain. Six animals were found
dead on gestation days 9, 10 and 13; also severe clinical sypmtoms like abdominal or lateral
position, unsteady gait and apathy, light brown-gray discoloration of the liver in the animals with
intercurrent death; lung oedema and emphysema in a few animals, and haemometra in one dam
which showed vaginal haemorrage before death, and distinctly reduced mean uterus weight.
Embryo-/foetotoxic effects included increased number of resorptions and consequently markedly
increased postimplantation loss, markedly reduced mean foetal body weights, increased
incidence of foetuses with dilated renal pelvis and/or hydroureter, and a higher number of
foetuses with skeletal malformations, variations, and retardations. The NOAEL for maternal and
developmental toxicity was 130 mg/kg bw/day.
The effects of a single oral dose of 2-EH to pregnant rats were studied by Ritter et al. (1987).
The doses of 0, 6.25 or 12.5 mmol/kg 2-EH (0, 833 or 1,666 mg/kg bw; purity not specified)
were administered by gavage on gestation day 12 in Wistar rats. There is no information on
GLP.
The group given 833 mg/kg showed a slight increase of 2% in malformed foetuses relative to the
controls (0%). The other parameters (implantation index, mean foetal weight, number of dead
and resorbed foetuses) were unaffected. Simultaneous intraperitoneal administration of 150 mg
caffeine/kg potentiated this effect (increase in malformed foetuses to 21.2%). Even after a dose
of 1,666 mg/kg, the implantation index and percentage of dead and resorbed foetuses were
unchanged, although the mean foetal body weight at 3.5 g was reduced relative to the controls
(4.1 g). 22.2 % of the surviving foetuses showed malformations (controls 0%). These included
hydronephrosis (7.8%), tail anomalies (4.9%), anomalies of the extremities (9.7%), and “others”
(1%). The LOAEL for maternal toxicity and the LOAEL for developmental toxicity is
833 mg/kg bw, the lowest dose tested.
Mice
In a study undertaken by Yagi et al. (1980) to determine the foetotoxicity of DEHP in mice (see
Section 4.1.2.10.4) also the effects of MEHP were included. MEHP (dissolved in olive oil) was
given to 2-8 females in doses of 0, 0.1, 0.5 or 1 ml/kg (corresponding to 1/15, 5/15 or 10/15 of
the oral LD50) on day 7, 8 or 9 of gestation. The administration of MEHP on day 7 or 8 of
gestation resulted in high embryolethality at doses from 0.1 ml/kg. Oral administration of 0.5 or
1.0 ml/kg of MEHP on day 8 was also found to induce gross and skeletal abnormalities similar to
those induced by DEHP. There is no information on maternal toxicity.
Tomita et al. (1986) investigated whether the embryotoxic/foetotoxic effects of DEHP are related
to the metabolic formation of MEHP in the maternal body and/or in foetuses. Five to 7 ddY-SLC
(SPF) mice were given a single oral dose of 0.1, 0.5 or 1.0 ml/kg on day 7, 8 or 9 of
gestation.The MEHP induced lethality and malformation was dose- and time-dependent. The
highest incidence of foetal death (less than 19% of live foetuses) was observed among mice
given a dosage of 1 ml MEHP on day 7 of gestation. When MEHP was given on day 8 of
gestation all live foetuses were malformed. Experiment with 14C-DEHP showed the presence of
both DEHP and MEHP in foetuses. The highest concentrations were observed in the pancreas.
The concentration of DEHP increased with time. The level of MEHP in foetal tissue was about
1% that of DEHP. The concentration of both DEHP and MEHP in tissues varied greatly
depending on the day of DEHP administration and were highest when administered on day 8 of
gestation. According to the authors, the presence of MEHP in foetuses may be due to hydrolysis
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of DEHP to MEHP in the maternal body followed by the transfer of MEHP across the placenta
or a direct hydrolysis of DEHP to MEHP in the foetuses. From further experiments with tissue
homogenates and foetuses from pregnant mice it could be assumed that MEHP found in the
mouse foetuses is of maternal origin. Information on maternal toxicity is not included in the
report.
In a study reported by Price et al. (1991a, b) and Tyl et al. (1991) female CD-1 mice were given
2-EH (0, 17, 59, or 191 mg/kg/day; > 99% pure) microencapsulated in the diet during gestation
days 0 to 17. The study was performed according to the principles of GLP. No dams died,
delivered early or were removed from the study. Pregnancy rate was high and equivalent across
all groups. There was no treatment-related maternal toxicity observed in this study. There were
no effects of exposure to dietary 2-EH on any of the gestational parameters. The number of
corpora lutea, uterine implantation sites, pre- and postimplantation loss, sex ratio and live fetal
body weight per litter were all equivalent across all groups. There were also no treatment-related
changes in the incidence of individual, external, visceral, skeletal or total malformations or
variations. In conclusion, there were no maternal or developmental toxic effects of 2-EH dietary
exposure throughout gestation at any concentration tested. The NOAEL for maternal toxicity
was identified to > 191 mg/kg bw/day and the NOAEL for developmental toxicity to
> 191 mg/kg bw/day.
The principles of the Chernoff-Kavlok teratogenicity screening test (1982) were used in a study
with female CD-1 mice administered 2-EH (0 or 1 525 mg/kg; purity not identified) in corn oil
by gavage daily during gestation day 7 through 14 (Hardin et al., 1987). The study was
performed according to the principles of GLP. The observation period lasted until day 3 post
partum. The results of this study regarding the influence of 2-EH on reproduction should be
taken with care since the dose applied resulted in the death of more than 30 % of treated dams.
Therefore, the observed effects on the offspring should be attributed to the extensive maternal
toxicity and are very unlikely to be primary effects. The authors state that the results of this assay
should not be used to label a chemical as teratogenic or nonteratogenic but to establish priorities
for conventional testing. This screening test was conducted with one group of 50 pregnant CD-1
mice. The dose of 1,525 mg 2-EH/kg/day was determined previously as the minimal effective
dose for adult female mice. In 17 animals, test substance related mortality was observed by the
end of the treatment period. Another animal died because of a dosing error. Clinical observations
in dams included languidity, ataxia, coldness to touch, wet stains, oily coat, and dark red
discharge from the anus of one animal. Decreases in body weights and the reproductive index
were observed in treated animals compared to controls. Decreases were also observed in the
following parameters when compared to controls: mean number of live pups per litter, litter
weight, pup weight on days 1 and 3, percent change in pup weight from day 1 to day 3, mean
pup viability per litter from day 1 to 3, and percent of live pups per litter on day 1 post partum.
The mean number and percent of dead pups in the treatment group was reported to be greater
than in the control group.
MEHP (0, 35, 73, 134 or 269 mg/kg/bw) administered to CD-1 mice (25-27 animals per group)
on gestational days 0 to 17 was shown to cause developmental toxicity and malformations at
doses from 35 mg/kg bw/day (NTP, 1991). A developmental LOAEL of 35 mg/kg bw may be
derived from this study.
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Inhalation
Rats
Female Sprague-Dawley rats were exposed to 0 or 850 mg/m3 2-EH (the highest concentration
that could be generated as a vapour; > 99% pure) during gestation days 1 to 19 (Nelson et al.,
1989). The study was performed according to the principles of GLP. Dams were sacrificed on
day 20. Reduced maternal feed intake but no malformations were demonstrated at the dose level
administered.
Dermal
Rats
Administration of 2-EH (> 99.7%) by occluded cutaneous application 6 hours per day to
pregnant Fischer 344 rats (25 animals per dose group) during organogenesis (gestation day 6
through 15) at 0, 0.3, 1.0 or 3.0 ml/kg/day (0, 252, 840 and 2,520 mg/kg/day) resulted in
maternal toxicity at 1.0 and 3.0 ml/kg/day (Tyl et al., 1992). The study was performed according
to US EPA Health Effect Guidelines and GLP. Clinical signs of toxicity were observed at the
dosing site for the two highest dose groups. At 3.0 ml/kg/day also reduced weight gain in the
treatment period was observed. No developmental toxicity and no treatment-related increased
incidence of malformations were noted at any dosage employed. The NOAEL for maternal
toxicity was 0.3 ml/kg/day (252 mg/kg bw/day) and for developmental toxicity 3.0 ml/kg/day
(> 2,520 mg/kg bw/day).
Intravenous
Rabbits
In a study conducted in rabbits, MEHP was given intravenously in saline (1.14, 5.69 or
11.38 mg/kg bw) to groups of 11 females on day 6 to 17 of gestation (Thomas et al., 1979, cited
by Woodward, 1988; Thomas et al., 1986). Maternal toxicity was reported as 2 and 3 of the
rabbits died in the mid- and high-dose groups, respectively, but one control animal given only
saline also died. A significant effect on foetal development was noted at the highest dose level. A
high incidence of resorptions (21%) and post-implantation losses occurred in the high-dose
group, whereas only a low incidence was seen in control animals (5-6%).

4.1.2.10.7

Studies in humans

No human reproductive toxicity data are available.

4.1.2.10.8

Studies investigating endocrine activity

In the last few years, a hypothesis has been put forward that many man-made substances,
including phthalates, may interfere with the normal functioning of the human endocrine system
and cause disorders of the human reproductive and endocrine systems, particularly with regard to
reproductive cycle and reproductive function, breast and testicular cancer, learning and
behavioural problems, and immune system deficiencies (MST, 1995; Kavlock et al., 1996;
Barton and Andersen, 1997).
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The endocrine system consists of complex feedback pathways involving the brain and the
endocrine organs. The normal functions of all organ systems are regulated by endocrine factors,
and small disturbances in endocrine function, especially during certain stages of the life cycle
such as development, pregnancy, and lactation, can lead to profound and lasting effects.
One group of hormones, the oestrogens, have received special attention as they play an important
role in many developmental and physiological responses. Oestrogens are involved in sexual
development and exposure to high oestrogen concentrations during critical periods of
development may lead to teratogenic and carcinogenic lesions in the reproductive tracts of
humans. Furthermore, oestrogens may be implicated in the initiation and progression of breast,
ovarian, endometrial, and prostate cancers (Gaido et al., 1997).
Endocrine-active substances (disrupters) are very often considered as being synonymous with
substances that interfere with the function of the oestrogens. However, substances which may
interfere with androgens or with other components of the endocrine system such as the thyroid
and pituitary glands are also covered by the definition of endocrine-active substances.
The endocrine activity of DEHP has been investigated both in vivo and in vitro. The in vitro
models include a recombinant yeast screen, a whole ovary culture assay, a trout hepatocyte
vitellogenin assay, oestrogen sensitive MCF-7 and ZR-75 cells, and Sertoli cell cultures. None of
the studies have, however, been validated and internationally accepted as test methods. Of the
non-regulatory in vitro test models, the MCF-7 cell lines, the trout vitellogenin assay for
oestrogenic activity, and the yeast cell assay for oestrogenicity and androgenicity have been used
for several years and are included in the proposed test models for further development with a
view to possible adoption as OECD test designs.

4.1.2.10.9

Studies in animals

Regularly cycling Sprague-Dawley rats (6-9 animals per group) were dosed daily with
2,000 mg/kg bw of DEHP by gavage in corn oil for 1-12 days (Davis et al., 1994a). A control
group was given the vehicle. Ovarian morphology and levels of serum follicle-stimulating
hormone (FSH), luteinizing hormone (LH), oestradiol, and progesterone were determined.
Exposure to DEHP resulted in prolonged oestrus cycles and suppressed or delayed ovulation by
the first pro-oestrous/oestrus after the meta-oestrous initiated dosing. Histopathological
examination of the ovaries demonstrated that 7 out of 10 DEHP-exposed rats had not ovulated by
vaginal oestrus in contrast to 13 out of 13 control rats. Pre-ovulatory follicles were quantitatively
smaller in DEHP-exposed rats than in controls due to smaller granulosa cells. Serum oestradiol
levels were significantly decreased and serum FSH levels were significantly increased. No
significant differences were detected in serum progesterone levels. Results for LH were
equivocal. According to the authors, exposure to DEHP results in hypo-oestrogenic anovulatory
cycles in adult female rats.
Agarwal et al. (1986 a,b) administered DEHP (> 99% pure) to groups of sexually mature
24 male F344 rats (age about 15 weeks) in the diet at 0, 320, 1,250, 5,000 or 20,000 ppm
(equivalent to doses of 0, 18, 69, 284 and 1,156 mg/kg bw) per day for 60 days (see also
Section 4.1.2.9.1). There was a trend towards decreased testosterone and increased LH and FSH
levels in serum at 5,000 and 20,000 ppm. The authors suggested that a restricted release of
testosterone into the blood would be expected to increase FSH and LH concentrations by a
compensatory mechanism, the observations therefore suggest that exposure to DEHP may alter
circulating androgen release at the level of testis.
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The effects of DEHP on 17β-hydroxysteroid dehydrogenase (HSD) activity in rat testes were
studied by Srivastava and Srivastava (1991). This enzyme is considered to be a marker of Leydig
cell function and a key enzyme in steroidogenesis. Male Wistar rats were given 0, 250, 500,
1,000 or 2,000 mg/kg bw/day of DEHP (highest purity commercially available) by gavage in
groundnut oil for 15 days. The activity of testicular HSD was significantly decreased from
1,000 mg/kg bw/day. These results suggest, according to the authors, that DEHP may adversely
affect steroidogenesis in the testes and, subsequently, Leydig cells may be involved in the
testicular toxicity of DEHP.
In another study, male Fischer 344 rats (18 animals per group) were fed a diet containing 0 or
1.2% DEHP (purity not specified) (Eagon et al., 1994). After 4, 8, and 16 weeks of treatment,
6 animals from both treatment and control groups were sacrificed. Oestrogen receptor (ER)
activity was significantly reduced in cytosolic and nuclear fractions from livers of rats treated for
8 and 16 weeks. Serum oestradiol levels were significantly elevated at all exposure times.
Hepatic microsomal oestrogen 2-hydroxylase was significantly reduced after 4 and 8 weeks, and
slightly, but not significantly, after 16 weeks. Male oestrogen binding protein and oestrogen
receptor mRNA were significantly decreased after 8 weeks. According to the authors, the
observed changes in hepatic oestrogen metabolism together with the induced hyperplasia could
play a crucial role in the hepatocellular carcinogenesis induced by DEHP in rats.
In a study of the effects of DEHP on the thyroid, male Wistar rats (18 rats per group) were fed
diets containing 0 or 1% of DEHP (purity not specified) (Hinton et al., 1986) (see also
Section 4.1.2.6.3). Six rats from the treatment group and six controls were sacrificed after 3, 10
or 21 days of feeding. A significant decrease in serum levels of thyroxin (T4) was observed
whereas the levels of serum triiodothyronine (T3) were unaffected (slight, not significant
alterations). Electron microscopic examination of the thyroids of treated rats showed marked
ultrastructural changes (increase in the number and size of lysosomes, enlargement of the Golgi
apparatus, and damage of mitochondria) indicative of hyperactivity of the thyroid gland.
In a study investigating the effect of DEHP on serum levels of thyroid hormones, intact male
Sprague-Dawley rats and thyroidectomised male rats with parathyroid replants (5-6 animals per
group) were given 1,200 mg/kg bw/day of DEHP by gavage in corn oil for 7 days (Badr, 1992).
One group of intact and one group of thyroidectomised rats were subcutaneously administered T4
in saline (400 and 200 µg/kg bw/day, respectively). A vehicle group was included for each
treatment group. Total concentration of T4 and T3 as well as free T3 (fT3) in serum was measured
by solid phase radioimmuassay. In intact rats, DEHP did not alter serum levels of the thyroid
hormones when compared to controls. When thyroidectomised rats were supplemented with T4,
the serum hormone levels were elevated when compared to intact controls. DEHP lowered these
levels significantly when given to either intact or thyroidectomized rats supplemented with T4.
Hormone levels were below the detection limit in thyroidectomized rats given corn oil or DEHP.
The authors suggested that DEHP enhances the metabolism and/or excretion of thyroid
hormones.
In a male fertility study, Gray and Gangolli (1986) studied the effects of MEHP on Sertoli cell
function by measuring the secretion of seminiferous tubule fluid and androgen binding protein
(see Section 4.1.2.10.1). A single dose of 1,000 mg/kg bw. MEHP reduced protein production to
around 50% of the concurrent control group and to 25% after three repeated doses.
Zacharewski et al. (1998) investigated in vitro the estrogenic activity of eight phthalate esters
using an estrogen receptor competitive ligand-binding assay and mammalian (human breast
cancer MCF-7 and HeLa cells) and yeast-based gene expression assays. In addition the effect on
uterine weight and vaginal cell cornification in vivo using ovariectomized immature and mature
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(Sprague -Dawley) rats, respectively, was examined. No significant responses were observed in
any of the in vitro or in vivo assays with DEHP.
A recently performed 2-generation range finding study in Wistar rats (cited in more detail in
Section 4.1.2.10.1 and 4.1.2.10.4) indicates a specific disturbance of the male sexual
differentiation (Schilling et al., 1999). The incidence of areolas/nipple anlagen was significantly
increased in male high-dose F1 pups (83.9%) at 9,000 ppm and the sexual maturation (based on
preputial separation in male pups and vaginal opening in female pups) was significantly retarded.
A dose related loss of spermatocytes was found at 3,000 and 9,000 ppm (2/10 and 7/9,
respectiveley). In F1 parental animals the absolute and relative liver and testicular weights and
the absolute epididymidal weight were significantly decreased at 9,000 ppm. The testes and the
epididymides were reduced in size in three out of six animals at 9,000 ppm. There was a doserelated decrease of the prostate weight from 1,000 ppm. The substance related effect on the
gonads was confirmed by histopathological findings (see Section 4.1.2.10.1). Female interior
organs were unaffected. Also in male F2 pups the anogenital distance and anogenital index were
reduced.
The study results indicate the specific sensitivity of male pups when exposed to DEHP during
early development and a specific action on male genital organs such as the testicle, the
epididymis, and the prostate including decreased reproductive organ weights, germ cell loss in
the testis of the male offspring, nipple anlagen, and reduced anogenital distance.
Based on these effects on the F1 and F2 generation males it is plausible that DEHP interferes
with male specific differentiation factors among which the action of androgens is the most
important.
Studies in rats exposed to di-n-butyl phthalate (DBP) have shown similar findings (Mylchreest
and Foster, 1998). Administration of DBP by gavage during gestation and lactation produced
decreased anogenital distance, absent or underdeveloped epididymis and seminal vesicles,
hypospadia, decreased reproductive organ weights, and widespread germ cell loss in the testis in
the male offspring of CD rats. The findings indicated that DBP was unlikely to be an oestrogen
as there was no effect on oestrogen-depending events such as vaginal opening, age at first
oestrus, and oestrus cyclicity in the female offspring. The responses observed were more similar
to those reported for the anti-androgen flutamide, although some responses were not. The major
targets of DBP in the differentiating male reproductive tract were androgen-dependent.
Mylchreest et al. (1998) hypothesized that DBP is antiandrogenic due to the reproductive tract
malformations in several androgen dependent tissues in male offspring. Based on the high
incidence of testicular and epididymal lesions in DBP-treated male offspring, they proposed that
DBP alters reproductive development by a different mechanism of action than the known
androgen receptor antagonists flutamide or Vinclozolin. This was confirmed by Gray et al.
(1999), who found that toxic substances can alter sexual differentiation in an antiandrogenic
manner via several distinct mechanisms. They investigated the reproductive effects of ten known
or suspected anti-androgens, including flutamide, Vinclozolin, DBP, and DEHP.
Eight pregnant Sprague Dawley dams were administered DEHP (750 mg/kg bw/day; > 99%
pure) in corn oil by gavage from gestation day 14 to day 3 of lactation Gray et al. (1999). The
male offspring (killed at about 5 months of age) was examined for abnormalities such as retained
nipples, cleft phallus, vaginal pouch, and hypospadias. The animals were also examined
internally (ectopic or atrophic testes, agenesis of the gubernaculum, epididymides, sex accessory
glands, and ventral prostate, epididymal granulomas, hydronephrosis, and enlarged bladder with
stones). Weights measured included body, pituitary, adrenal, kidney, liver, ventral prostate,
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seminal vesicle (with coagulating gland and fluid), testis, and epididymis. Gonads and sex
accessory tissues were examined microscopically.
DEHP was considerably more toxic than was DBP to the reproductive system of the male
offspring. The gestational and lactational exposure induced a statistically significantly increased
incidence of both reproductive and non reproductive malformations including decreased
anogenital distance, areolas (88%), hypospadias (67%), vaginal pouch (45%), ventral prostate
agenesis (14%), testicular and epididymal atrophy or agenesis (90%), and retained nipples. In
addition, several 8-day old pups displayed haemorrhagic testes by gross examination. In the adult
offspring (5 months of age) the weight of the gonads, the accessory sex organs, and the muscle
Levator ani-bulbocavernosus were significantly decreased.
Gray and coworkers found that the chemicals investigated could be clustered into three or four
separate groups, based on the resulting profiles of reproductive effects. DBP and DEHP induced
a higher incidence of testicular and epididymal abnormalities, including atrophy and agenesis,
which is not generally found with flutamide or Vinclozolin even at high dose levels.

4.1.2.10.10

In vitro studies

Whole ovary cultures from cycling Sprague-Dawley rats fed 1,500 mg/kg bw/day of DEHP
(purity not specified; in corn oil) by gavage for 10 days were used to evaluate if DEHP altered
steroidogenic profiles (Berman and Laskey, 1993). Ovaries were removed and cultured for one
hour. Steroidogenic profiles of progesterone, testosterone, and oestradiol release into the medium
were measured using radioimmunoassay techniques. Dioestrous ovaries produced more
oestradiol after DEHP administration and oestrus ovaries significantly less oestradiol; proestrous
ovary production was not significantly changed. Testosterone production was significantly
increased only in dioestrous. DEHP had no significant impact on progesterone production or
serum levels of progesterone and oestradiol in treated rats.
Jobling et al. (1995) used different in vitro systems to study the oestrogenic activity of a variety
of chemicals, including DEHP. The initial screening for oestrogenicity was carried out to
measure the direct binding of chemicals to the fish oestrogen receptor. In a cytosolic extract from
rainbow trout liver, 1mM DEHP (purity not specified) reduced the binding of tritiated
17β-oestradiol to the receptor to about 75% of the control value whereas a concentration of
0.001 mM DEHP had no effect.
The chemicals were also tested in two oestrogen-responsive human breast cancer cell lines,
ZR-75 and MCF-7. When tested for its mitogenic effects on cell growth in ZR-75 cells, DEHP
did not stimulate cell growth at a concentration of 0.01 mM. Cells were cultured for 10 days and
counted on days 0, 3, 6, 8 and 10. All experiments were carried out in duplicate and repeated
twice. When tested for its ability to stimulate the transcriptional activity of the oestrogen receptor
directly in MCF-7 cells, DEHP did not stimulate transcription to any appreciable degree until
concentrations in excess of 0.1 mM were reached. At this concentration, the response was less
than 15% of the maximum response obtained with oestradiol.
Two other phthalates (DBP and BBP) were identified as oestrogenic substances in these in vitro
systems when tested at concentrations between 0.001 and 0.1 mM.
A large number of phthalate esters, including DEHP, were screened for oestrogenic activity
using a recombinant yeast screen at concentrations ranging from 10-3 M to 5 . 10-7 M (Harris et
al., 1997). Two cells lines, MCF-7 and ZR-75 were used for testing for mitogenic effects. In the
yeast screen, some phthalates, such as BBP, (DBP) and (DIBP), were found to possess a weak
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oestrogenic activity by generating a dose-dependent increase of β-galaktosidase production,
DEHP did not. The results from the MCF-7 and ZR-75 assays were comparable to those
obtained from the yeast screen. The authors suggested that the phthalates were not fully
solubilized in the water-based medium why it may be plausible that some of the phthalates tested
could actually be more potent than they appeared to be.
Four phthalate diesters, including DEHP, were investigated in vivo for effects on Leydig cell
structure and function (Jones et al., 1993) (see also Section 4.1.2.10.1). The corresponding
monoesters were investigated in vitro. The study was performed due to earlier study results
indicating that communication and control exists between Leydig and Sertoli cells which appear
to be of a paracrine nature. In the in vivo study, testicular tissues were studied by light and
electron microscopy after glutaraldehyde perfusion fixation, Taab embedding and toluidine blue
staining (a highly reliable technique in preparing testis tissue for identifying testicular toxicity).
The in vitro study was performed with primary cultures of Leydig cells incubated with MEHP.
The results showed that MEHP and DEHP exerted a direct effect on Leydig cell structure and
function (as determined by testosterone output) with correlation of the in vitro and in vivo effects
of, respectively. The changes observed in vivo were present in all animals in each group. In
Leydig cell cytoplasmatic ultrastructure, several subtle but highly significant alterations were
produced. DEHP administration also resulted in slight rarefaction or vacuolation of a few Sertoli
cells in seminiferous tubules. In the in vitro study, MEHP, produced marked effects on structure
and function in Leydig cells, including decreased LH-stimulated secretion of testosterone. The
results indicate that DEHP exerts a direct effect on Leydig cell structure and function and that
DEHP and MEHP produce similar changes both in vivo and in vitro both in Leydig and Sertoli
cells. The authors concluded that a malfunction of Leydig cells likely affects the physiology of
adjacent Sertoli cells.
The effects of DEHP and MEHP on rat Sertoli cells in vitro was also studied by Grasso et al.
(1993) (see also Section 4.1.2.10.1). MEHP was found to specifically reduce the ability of FSH
to stimulate cyclic adenosine monophosphate (cAMP) accumulation in cultured Sertoli cells
from rats, 13-82 days of age. This inhibition by MEHP of FSH-stimulated cAMP accumulation
had a lag period of 6 hours and reached a maximal inhibition of 40-60% after 24 hours.
Preincubation of Sertoli cells for 24 hours with 100 µM DEHP had no effect on FSH binding.
The authors concluded that the ability of certain phthalate esters to reduce FSH binding to Sertoli
cell membranes is likely to be a part of the mechanism responsible for their testicular toxicity.

4.1.2.10.11

Metabolites of DEHP

The effect of MEHP on rat granulosa cell function has been studied by Treinen and Heindel
(1992). It was shown that MEHP inhibited FSH-stimulated cAMP (cyclic adenosine
monophosphate) accumulation. The effect was specific for FSH as MEHP had no effect on the
ability of forskolin or isoproterenol to stimulate cAMP accumulation. MEHP also caused a dosedependent decrease in FSH-stimulated progesterone production, a cAMP-dependent process.
In another similar assay, rat granulosa cells were obtained from female Fisher 344 rats and
cultured in the presence of various concentrations of MEHP (0 to 400 µM) (Davis et al., 1994b).
The granulosa cells were stimulated with FSH or a cAMP analogue (8-bromo cyclic adenosine
monophosphate). Oestradiol production was measured by radioimmunoassay. MEHP suppressed
oestradiol in a concentration-dependent manner whether granulosa cells were stimulated by FSH
or the cAMP analogue indicating that MEHP suppressed oestradiol independently of its
suppression of the FSH-cAMP pathway and, thus, suppressed aromatase conversion of
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testosterone to oestradiol. The aromatase activity was determined by measuring granulosa cell
oestradiol production at various concentrations of testosterone. MEHP (100 µM) significantly
decreased the maximal activity of aromatase.

4.1.2.10.12

Summary of toxicity for reproduction

Available data demonstrate that exposure to DEHP affects both fertility and reproduction in
rodents of both sexes and also produces developmental effects in offspring. In males, DEHP
induces severe testicular effects, including testicular atrophy. Developing male rats have been
found to be more sensitive to DEHP-induced testicular toxicity than sexually mature animals
(Gray and Butterworth, 1980; Sjöberg et al., 1985c, 1986b; Wolfe et al., 2003). The onset of the
lesion in young animals is also more rapid. Irreversible effects occur in rats exposed prenatally
and during suckling (Arcadi et al., 1998).
MEHP is believed to be the active metabolite of DEHP affecting testes and reproductive
functions both in vivo and in vitro. The possible role of other metabolites is, however, not fully
elucidated.
Testicular effects have been observed in several repeated dose toxicity studies in rats, mice,
ferrets, (Gray et al., 1977; NTP, 1982; ICI, 1982b; CMA, 1984b,c; Ganning et al., 1990;
Eastman Kodak, 1992a; Moore, 1996; Poon et al., 1997; Lamb et al., 1987; NTP, 1982; Moore,
1997; Lake et al., 1976; 1986, Gray et al., 1982; Schilling et al., 2001; Wolfe et al, 2003). In
addition, minor effects were obsereved in hamster exposed to DEHP and more server effcets
induced by MEHP (Gray et al., 1982). In the available studies marmosets were not sensitive to
DEHP (Kurata et al., 1995; 1996; 1998). No studies on testicular effects in rabbits are available.
The NOAEL for testicular effects, as identified in a guideline three-generation reproductive
toxicity study (Wolfe et al., 2003), is 4.8 mg/kg/day. A NOAEL of 3.7 mg/kg bw in rats was
indicated based on a high incidence (7/9) of Sertoli cell vacuolation at the next higher dose level
(500 ppm equivalent to 37.6 mg/kg body weight) in a 13-week guideline study (Poon et al.,
1997). At the highest dose level (5,000 ppm equivalent to 375.2 mg/kg body weight) also a high
incidence of atrophy of the seminiferous tubules with complete loss of spermatogenesis was
found in addition to a higher incidence of cytoplasmic Sertoli cell vacuolation (9/10). The
methodology used for the preparation of the testicular tissue (paraffin embedding, haematoxylineosin staining, and light microscopy) is generally adopted, but not as currently recommended in
the guidelines. However, the progressive increase in vacuolation of Sertoli cells plus injury and
loss to germinal epithelium and spermiogenesis in a treatment-related fashion is regarded as a
strong evidence that the conclusions were not compromised by the methodology employed.
Vacuolation has been found to be an early morphological sign of a testicular injury and the
cardinal response seen with many of the Sertoli cell toxicants and also a marker of subsequent
functional changes (inter alia Fawcett, 1975; Courtens and Plöen, 1999). The presence of
multiple, small vacuoles in the basal Sertoli cell cytoplasm has been found to be a prominent
feature of the early response to phthalate exposure in young rats (Creasy et al., 1983). However,
as there remains some doubts as to the toxicological significance of the sertoli cell vacuolisation
observed in the Poon study, a NOAEL of 4.8 mg/kg/day (100 ppm) is chosen from the Wolfe
study (2003) for the risk characterisation, based on occurrence of small male reproductive organs
(testis/epididymes/seminal vesicles) and minimal testis athrophy (exceeding those of the current
controls as well as historical control groups) at 300 ppm and above.
Both in vivo and in vitro experiments have demonstrated that the Sertoli cell is one of the the
main target of DEHP/metabolite-induced testicular toxicity producing subsequent germ cell
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depletion (Poon et al., 1997; Arcadi et al., 1998; Li et al., 1998). Sertoli cells provide both
physical support as well as secreting factors that are required for germ cell differentiation and
survival and may also influence the signal transduction mechanism between these cells. Findings
from an in vitro study have also shown that phthalate-induced changes in germ cell-Sertoli cell
adhesion may occur during early postnatal development in rats. The Sertoli cells are also the
principal testicular site for the action of FSH, a hormone which is essential for initiation and
maintenance of spermatogesis. In pubertal animals FSH is more important than in adults due to
the initiation of spermatogenesis. The relatively rapid onset of phthalate-induced testicular injury
suggests a specific mechanism of action on Sertoli cells. The four distinct mechanistic
hypotheses which have been proposed to explain testicular injury implicate zinc-dependent
enzyme activity, hormonal status, metabolic interactions, and FSH-dependent pathways. Recent
research results suggest that the FSH-stimulation of Sertoli cells is decreased by DEHP.
Study results have also shown that DEHP and MEHP may exert a direct effect on Leydig cell
structure and function as determined by testosterone output and also that DEHP and MEHP
produce similar changes both in vivo and in vitro both in Leydig cells and in Sertoli cells (Jones
et al., 1993). It is plausible that malfunction of Leydig cells affects the physiology of adjacent
Sertoli cells. Findings also indicate that different phthalates may exert changes that are unique to
one or common to both cell types.
Developing and prepubertal rats have been found to be much more sensitive to exposure to
DEHP than adults (Gray and Butterworth, 1980; Sjöberg et al., 1985c; 1986b, Arcadi et al.,
1998; Wolfe et al., 2003). The younger animals respond to a much lower dose or produce a more
serious lesion with a comparable dose on a mg/kg/day basis. In some instances, the onset for the
production of the lesion is also more rapid. Exposure of rats prenatally and during suckling has
produced irreversible effects at dose levels inducing only minimal effects in adult animals at the
same exposure levels (Arcadi et al., 1998; Wolfe et al., 2003). In the 90-day study conducted by
Poon et al. (1997), rats were dosed at 32-37 days of age and reach sexual maturity at
approximately 70 days (Charles River, 2000). Since the rats were only immature for part of the
dosing (33-38 of 90 days) and the study did not discern an age-dependent effect, the results of
this study are considered relevant for both young and adult males. Furthermore, humans are
exposed to DEHP for their whole lifetime, i.e. prenatally to death, via the environment,
consumer products and medical devices. In addition, occupational exposure may occur.
DEHP has been observed to decrease the levels of zinc in the testes and testosterone in rodents
(e.g. Oishi and Hiraga, 1980; Oishi, 1986; Agarwal et al. 1986a,b). Zinc-deficient and low
protein diets have been shown to enhance the susceptibility to the gonadotoxic effect in adult
males (Agarwal et al., 1986a). Co-administration of zinc did not, however, prevent the atrophy
(Oishi and Hiraga, 1983): DEHP may interference with gastrointestinal absorption of zinc rahter
than causing a directc effect on the testes. Co-administration of testosterone or the vitamin B12
derivative adenosylcobalamin with DEHP to male rats appears to prevent testicular injury
(Parmar et al., 1987; Oishi, 1994). A low protein diet has been shown to enhance the
susceptibility to the gonadotoxic effect (Tandon et al., 1992)
Based on the available data, which varies in both the study designs and number of animals
included, testicular effects have been demonstrated in both male rodents and non-rodents: rat
(NOAEL = 3.7 and 4.8 mg/kg bw/day) mouse (NOAEL = 98.5 mg/kg bw/day), and the ferret
(LOAEL = 1,200 mg/kg/day) (Poon et al., 1997, Moore, 1997; Lake et al., 1976). In addition,
minor effects were obsereved in hamster exposed to DEHP and more server effcets induced by
MEHP (Gray et al., 1982). In the available studies with marmosets testicular toxicity has not
been observed after treatment with DEHP (Kurata et al., 1995; 1996; 1998). The reasons for the
differences in study results has been suggested to concern toxicokinetic considerations and

467

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

FINAL REPORT, 2008

altered zinc homeostatsis. Moreover, other factors such as animal age, study design, animal
model selection have to also be considered. For instance, marmosets which are new-world
monkeys vary in their metabolic pathways and capacities and are not as closely related to
humans as are cynomolgus and Rhesus monkeys (old-world monkeys) Caldwell, (1979 a,b). In a
recent publication, the use of the marmoset monkeys rather than neonatal macaques apes was
recommended because Sertoli cell replication is negligible neonatally in the latter species
(Sharpe et al., 2000). Experimentally, by modullating Sertoli cell replication with a
gonadotropin-releasing hormone antagonist, the authors also compared marmosets and rat
(Wistar). They showed that marmoset apes and neonatal rats are similar. However, perinatal rats,
unlike infantile and adult marmosets, lack replication. Although Sertoli cell replication seems to
be more similar in man and marmosets, and the efficiency of spermatogenesis is poor in
marmosets as well as in humans, there is, however, no evidence to support that the results
obtained in prepubertal rats are not relevant for man or that use of adult marmosets should be
prefered. Other mechanism(s) and/or factors that cause the observed differences in the
DEHP-induced testicular toxicity have not, however, been fully substantiated. Based on the
available animal data it is not possible to definitely conclude the relevance of these differences in
humans. However, in the limited toxicokinetic data in humans, MEHP, the testicular toxicant, is
formed following exposure to DEHP. Therefore, DEHP-induced testicular effects observed in
animal studies are considered relevant for humnas, and the NOAEL of 4.8 mg/kg bw/day (Wolfe
et al., 2003) is selected for the risk characterisation of humans.
Effects on male fertility have been observed in mice and rats. In mice, DEHP adversely affects
the number of fertile matings. In a continuous breeding study an oral NOAEL of 0.01% in the
diet (20 mg/kg bw/day) was identified for fertility (Lamb et al., 1987). In rat, the oral NOAEL
for body weight, testis, epididymis, and prostate weights and for endocrine and gonadal effects in
male rats was considered to be 69 mg DEHP/kg bw/day in a 60 day study (Agarwal et al, 1986
a,b). In a complementary crossover mating trial, females given 0.3% DEHP were more seriously
affected than males. None of the females were able to produce pups: the fertility index was 0
(0/16) for females and 20% (4/20) for males compared to 90% for the control group (18/20).
There are indications that oral dosing of DEHP causes hypo-oestrogenic anovulatory and
polycystic ovaries in adult female rats (Davies et al., 1994a, b). There also are indications that
DEHP treatment alters the oestrus cycle and causes concentration changes of testosterone and
oestradiol as shown in ovary cell cultures with cells obtained from cycling female rats
administered DEHP in vivo. No NOAEL or LOAEL has, however, been established for these
effects.
Effects on developmental toxicity have been observed in several studies. The rat has been shown
to be the most sensitive species to DEHP-induced malformations. Irreversible testicular damage
in the absence of obvious effects on the dams was shown in male pups exposed in utero and
during suckling at very low dose levels (LOAEL = 3.5 mg/kg bw/day) (Arcadi et al., 1998).
Their mothers were exposed to DEHP in drinking water at doses from about 3 mg/kg/day during
pregnancy and lactation. However, there is some uncertainty with regard to the actual
concentration of DEHP in the water. Alterations in kidneys tended to ameliorate with time; the
testicular lesions did, however, not appear to reduce with growth. Histopathological changes
were still observed at termination of the study, 8 weeks after delivery. The same levels of
exposure did not produce similar effects in adult male rats. Effects on the male reproductive
system, partly induced during the gestational period, were also observed in a three-generation
study with a NOAEL of 4.8 mg/kg/day (Wolfe et al., 2003). In mice, DEHP is embryotoxic and
teratogenic at oral dose levels below those producing observable evidence of toxicity to the
dams:
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In a continuous breeding study in mice, an oral NOAEL for maternal and developmental toxicity
of 600 and 20 mg/kg bw/day were identified, respectively (Lamb et al., 1987). In a
developmental toxicity study an oral NOAEL was identified as 44 mg/kg bw/day. The NOAEL
for maternal toxicity was 91 mg/kg bw/day (NTIS, 1984; Tyl et al., 1988). In a dietary
2-generation study in mice, the maternal NOAEL was 0.05% DEHP (91 mg/kg bw/day) and the
NOAEL for F1 offspring 0.025% (48 mg/kg bw/day) (NTIS 1988).
A few developmental toxicity studies have been performed in other species. These studies are,
however, inconclusive. Only one developmental study is available concerning the effects of
exposure to DEHP by inhalation (Merkle et al., 1988). However, this study is not considered
reliable for risk characterisation. Because of uncertainties with regard to the actual dosing in the
study by Arcadi et al. (1998), which has given the lowest effect level, the NOAEL of
4.8 mg/kg/day (Wolfe et al., 2003) is selected for risk characterisation of humans.
Animal data have also shown that DEHP and its metabolites can be transferred to pups via
mothers milk in concentrations sufficient to cause toxicity (Parmar et al., 1985, Dostal et al.,
1987a, Tandon et al., 1990).
Both in vivo and in vitro study results indicate that DEHP can interfere with the endocrine
function and also influence the sexual differentiation (e.g. Gray et al., 1999 and Jones et al.,
1993). Due to the effects on the Leydig cells as measured by a decreased testosterone output, it
cannot be excluded that DEHP may exert an antiandrogen effect. The results of recently
performed in vivo studies in rats exposed to DEHP or DBP support the hypothesis that exposure
to phthalates may be provoked by an antiandrogen mechanism (Gray et al., 1999, Mylchrest and
Foster, 1998). The present data in experimental animals are of concern for humans.
According to Council Directive 67/548/EEC, the categorization of substances toxic to
reproduction may be classified under two main headings:
1)

Effects on male or female fertility Data from well performed rat and mouse studies
showing effects on fertility in males and females. Furthermore, DEHP has been shown to
be a testicular toxicant in several species (rat, mice, ferret and hamster). Also young
developing rats are more sensitive to the effects on the testes, after oral dosing of DEHP.
These data are considered adequate to support the possibility that these effects can occur
in humans. Hence, DEHP has been classified in Category 2, R 60.

2)

Developmental toxicity. Well performed studies in rats and mice have shown
developmental effects at dose levels not causing maternal toxicity. Hence, DEHP has
been classified in Category 2, R 61.

3)

Effects during lactation: It has been documented that DEHP is secreted into the milk of
rats orally exposed to DEHP during the lactation period resulting in changes of the milk
composition and also adverse effects in suckling pups (reduced body weight and
induction of peroxisomal enzyme activities). DEHP has also been found in infant
formulas and mothers milk.
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Table 4.58 Important reproductive studies with DEHP in laboratory animals
Species

Protocol

Results

References

Rat, Sprague-Dawley

3 generations via diet;

17/males/group

1.5, 100, 300, 1,000, 7,500 and
10,000 ppm (0.1, 0.5, 1.4, 4.8,
14, 46, 359 and 775 mg/kg/day

dose-dependent effets on
Wolfe et al, 2003
numerous testis-related
parameters. NOAEL for test.tox
and dev. tox. 4.8 mg/kg/day, and
46 mg/kg/day for fertility

Rat, Wistar, 25
animals/group

0, 1,000, 3,000 or 9,000 ppm
DEHP via the diet
(corresponding to approximately
0, 113, 340, or 1,088 mg/kg/day)

3,000 ppm; a reduced testis
weight in F2, focal tubular
atrophy and a feminisation of
49% of the male offspring.
Minimal focal tubular atrophy
also occurred at 1,000 ppm (113
mg/kg and day), which thus
constitutes a conservatively
chosen LOAEL

Schilling et al., 2001

Rat, Wistar
10 males/group

4 weeks, inhalation,
0, 10, 50 or 1,000 mg/m3

no effects on male fertiliy, no
testicular toxicity
NOAEL 1,000 mg/m3

Klimisch et al. (1992)

Rat, F344
24 males/group

60 days, diet
0, 320, 1,250, 5,000 or
20,000 ppm (0, 18, 69, 284 or
1,156 mg/kg bw/day)

Dose-dependent ↓ in total body,
testis, epididymis, and prostate
weights from 5,000 ppm
↓mean litter size at 20,000 ppm
correlated with degenerative
testicular changes,
↓ testicular zinc content,
epididymal sperm density and
motiliy, ↑ number abnormal
sperm cells
NOAEL 320 ppm
(69 mg/kg bw/day)

Agarwal et al. (1986a,b)

rat, F344
48 males/group

gavage, 13 days 0, 330, 1,000
or 3,000 mg/kg bw/day and a
diet containing 2, 20 or 20 ppm
zinc

Testis: dose-dependent tubular
Agarwal et al. (1986a)
degeneration and atrophy from
1,000 mg/kg bw DEHP combined
with low-zinc diet (2 ppm)

Male reproductive studies

NOAEL 330 mg/kg bw/day
rats, Sprague-Dawley 7-10
males/group

Table 4.58 continued overleaf
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Dostal et al. (1988)
↓ absolute and relative testis
weights at 1,000 mg/kg bw/day
in 1, 2, 3,and 6-week old rats;
↓ Sertoli cell nuclei in 1-weekold rats and loss of
spermatocytes in 2- and 3-week
old rats; ↓ testis weight also in 6and 12-week old rats at 2,000
mg/kg bw/day;
fatalities in suckling rats at 2,000
mg/kg; NOAEL 100 mg/kg
bw/day
neonatal exposure on days 6-10 testis: ↓ number of Sertoli cells
0, 100, 200, 500 or 1,000 mg/kg in adult rats at 500 and
1,000 mg/kg bw, no effect on
bw/day
fertility after mating to untreated
females
gavage, corn oil
5 days
0, 10, 100, 1,000 or 2,000 mg/kg
bw/day at 1, 2, 3, 6 and 12
weeks of age
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Table 4.58 continued Important reproductive studies with DEHP in laboratory animals
Species

Protocol

Results

References

rat, F344
10 rats/sex/group

13 weeks, diet
0, 1,600, 3,100, 6,300, 12,500 or
25,000 ppm (0, 80, 160, 320,
630, or 1,250 mg/kg/day)

↓bwg at 25,000 ppm
testis atrophy from 12,500 ppm
NOAEL 6,300 ppm
(320 mg/kg/day)

NTP (1982)

rat, F344
50 rats/sex/group

NTP (1982)
103 weeks, diet
↓bw at 12,000 ppm
0, 6,000, or 12,000 ppm (0, 322, anterior pituitary: hypertrophy at
or 674 mg/kg/day [males])
12,000 ppm (22/49 males, 45%)
testis: seminiferous tubular
degeneration at 6,000 ppm (2/44,
5%) and 12,000 ppm (43/48
males, 90%), histologically
devoid of germinal epithelium
and spermatocytes

rat, Wistar
6 males (25-day-old) per
dose group

0, 50, 100, 250, or 500 mg/kg
bw for 30 days

dose-dependent and significant
↑ LDH and GGT and ↓ SDH
from 50 mg/kg bw;
↑ β-glucuronidase and
↓ acid phosphatase

Parmar et al. (1995)

testis: marked destructive
changes in the advanced germ
cell layers and vacuolar
degeneration at 250 and 500
mg/kg
rat, F344

104 weeks, diet

70-85/sex/group

0, 100, 500, 2500, or 12500 ppm
(0, 5.8, 28.9, 146.6, or 789.0
mg/kg bw/day [males]; 0, 7.3,
36.1, 181.7, or 938.5 mg/kg
bw/day [females] or 12500 ppm
for 78 weeks, followed by a
recovery period of 26 weeks

recovery group: 55/sex

pituitary: ↑ castration cells (30/60 Moore (1996)
males) at 12500 ppm;
testis: ↓ weight,
↑ incidence and severity of
bilateral hypospermia at 12500
ppm;
epididymis: ↑ immature or
abnormal sperm forms and
hypospermia from 12500 ppm;
changes in the testis and
pituitary were not reversible upon
cessation of exposure
NOAEL for testicular effects 500
ppm
(28.9 mg/kg bw/day)

Table 4.58 continued overleaf
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Table 4.58 continued Important reproductive studies with DEHP in laboratory animals
Species

Protocol

Results

rat, Sprague-Dawley
10 rats/sex/group

13 weeks, diet
0, 5, 50, 500, or 5,000 ppm (0,
0.4, 3.7, 37.6, or 375.2 mg/kg
bw/day [males])

testis: mild Sertoli cell vacuoPoon et al. (1997)
lation at 500 ppm (7/10);
decreased absolute and relative
testicular weight, mild to
moderate Sertoli cell vacuolation,
testicular atrophy and complete
loss of spermatogenesis at 5,000
ppm (9/10), in-creased liver and
kidney weights (all rats of both
sexes), and mild histological
changes of the thyroid at
5,000 ppm
NOAEL 50 ppm (3.7 mg/kg
bw/day)

mouse, B6C3F1

104 weeks, diet

70-85/sex/group;
recovery group: 55/sex

testis: from 1,500 ppm ↓ weight,
↑ incidence and severity of
0, 100, 500, 1,500 or 6,000 ppm
(0, 19.2, 98.5, 292.2 or 1,266.1 bilateral hypospermia;
epididymis: from 1,500 ppm ↑
mg/kg bw/day
immature or abnormal sperm
[males] or 6,000 ppm followed
forms and hypospermia;
by a recovery period of 26
changes in testes partially
weeks
reversible; NOAEL 500 ppm
(98.5 mg/kg bw/day )

References

Moore (1997)

Developmental toxicity Studies
Rat, Sprague-Dawley

3 generations via diet;

17/males/group

1.5, 100, 300, 1,000, 7,500 and
10,000 ppm (0.1, 0.5, 1.4, 4.8,
14, 46, 359, and 775 mg/kg/day

rat, Wistar
25 females/ group

inhalation, head-nose, gestation
day 6-15
0, 0.01, 0.05, or 0.3 mg/litre (0,
10, 50, or 300 mg/m3)

dose-dependent effets on
numerous testis-related
parameters. NOAEL for test.tox
and dev. tox. 4.8 mg/kg/day, and
46 mg/kg/day for fertility

Merkle et al. (1988)
↓ number of live foetuses/dam
and
↑ percentage of resorptions/dam
at
50 mg/m3;
the effects showed, however, no
dose-response relationship
NOAEL for maternal and
developmental toxicity
300 mg/m3

Table 4.58 continued overleaf

472

Wolfe et al, 2003

CHAPTER 4. HUMAN HEALTH

Table 4.58 continued Important reproductive studies with DEHP in laboratory animals
Species

Protocol

Results

rat, F344/CrlBr
34-25 females/group

Diet
0, 0.5, 1.0, 1.5, or 2% gestation
days 0-20

↓ maternal food intake and mean NTIS, 1984; Tyl et al.
foetal bw from 0.5%; ↓ maternal (1988)
bw gain,
↑ absolute and relative liver
weights, ↓ foetal bw/litter from
1.0%
↑ number and percentage of
resorptions, nonlive and affected
implants/litter at 2%;
NOAEL for maternal and
developmental toxicity 0.5%
(∼357 mg/kg bw/day)

rat, Wistar
9-10 females/group

gavage, oil
0, 40, 200 or
1,000 mg/kg bw/day on
gestation days 6-15

BASF (1995); Hellwig et
↓ maternal bw and
al. (1997)
↑ maternal relative kidney and
liver weights at 1,000 mg/kg bw
↓ number of live foetuses/dam ↓
foetal body weights, ↑ number of
malformed foetuses/dam (tail,
brain, urinary tract, gonads,
vertebral column, and sternum)
at 1,000 mg/kg bw; NOAEL for
maternal and developmental
toxicity 200 mg/kg/day

mouse, 1-CR

diet; 0, 0.025, 0.05, 0.10 or
0.15%
(0, 44, 91, 190.6 or
292.5 mg/kg bw/day);
gestation days 0-17

NTIS, 1984; Tyl et al.
↓ maternal body weight gain
(1988)
from 0.10% (mainly due to ↓
uterine weight,
↓ foetal body weight and number
of live foetuses per litter); ↑
number and percent of
resorptions, late foetal deaths,
dead and malformed foetuses,
and percent malformed
foetuses/litter from 0.05% (open
eyes, exophtalmia, exencephaly,
short, constricted or no tail);
visceral malformations and
skeletal defects (fused and
branched ribs, mis-alignement,
and fused thoracic vertebral
centra); NOAEL for maternal
toxicity 0.05% (91 mg/kg bw/day)
and for develop-mental toxicity
0.025% (44 mg/kg bw/day)

30-31 females/group

References

Table 4.58 continued overleaf
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Table 4.58 continued Important reproductive studies with DEHP in laboratory animals
Species

Protocol

Results

References

mouse, CD-1
15 females/dose group30
controls

oral, gavage
0, 40, 200 or
1,000 mg/kg bw/day
gestation days 6-15

foetotoxic effects at
200 mg/kg bw/day
↓ number of viable foetuses
↑ number of resorptions and
post-implantation losses at
1,000 mg/kg bw/day and also
cardiovascular abnormalities,
tri-lobed left lungs, fused ribs,
fused thoracic vertebral centres
and arches, immature livers, and
kidney abnormalities

Huntingdon (1997)

NOAEL 200 mg/kg bw for
maternal toxicity and NOAEL
40 mg/kg bw/day for
developmental toxicity
Continuous breeding studies
mouse, ICR
diet, 98 days
20 animals/sex/dose group, 0, 0.01, 0.1, or 0.3% (0, 20, 200
40 control animals of each or 600 mg/kg bw/day)
sex

Table 4.58 continued overleaf
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dose-dependent ↓ in the number
of litters and proportion of pups
born alive from 0.1% (0.1%:
14/19 fertile, 0.3%: 0/18); ↑
absolute and relative liver weight
(both sexes) and ↓ reproductive
organ weights and atrophy of
seminiferous tubules at 0.3%; no
effect on bw NOAEL for maternal
and developmental toxicity 20
and 600 mg/kg bw/day,
respectively
crossover mating trial: treated
males and control females: 4/20
fertile; control males and treated
females: 0/16 fertile

Lamb et al. (1987)
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Table 4.58 continued Important reproductive studies with DEHP in laboratory animals
Species

Protocol

Results

References

Rat, Sprague-Dawley

3 generations via diet;

Wolfe et al, 2003

17/males/group

1.5, 100, 300, 1,000, 7,500 and
10,000 ppm (0.1, 0.5, 1.4, 4.8,
14, 46, 359, and 775 mg/kg/day

dose-dependent effets on
numerous testis-related
parameters. NOAEL for test.tox
and dev. tox. 4.8 mg/kg/day, and
46 mg/kg/day for fertility

Rat, Wistar, 25
animals/group

0, 1,000, 3,000 or 9,000 ppm
DEHP via the diet
(corresponding to approximately
0, 113, 340 or 1,088 mg/kg/day)

3,000 ppm; a reduced testis
Schilling et al., 2001
weight in F2, focal tubular
atrophy and a feminisation of
49% of the male offspring.
Minimal focal tubular atrophy also
occurred at 1,000 ppm (113
mg/kg and day), which thus
constitutes a conservatively
chosen LOAEL

Rat, Wistar

diet, (range finding study)
0, 1,000, 3,000 or 9,000 ppm (0,
110, 339 or
1,060 mg/kg bw/day)

Schilling et al. (1999)
↑ relative liver weight in F0
females from 1,000 ppm and in
F0 males from 3,000 ppm
(negative histopathology); ↓ food
consumption, body weight, and
body weight gain and ↑ postimplantation loss in females at
9,000 ppm;
F1 pups :↓ number of delivered
and live born pups and ↓ viability
index neonatally at 9,000 ppm;

Two-generation studies

10 rats/sex/group

loss of spermatocytes at
3,000 ppm (2/10) and 9,000 ppm
(7/9); ↑ presence of
areolas/nipple anlagen; retarded
preputial separation and vaginal
opening at 9,000 ppm;
F1 parental animals : ↓ food
consumption, body weight, and
mortality in both sexes initially at
9,000 ppm and ↓ body weight
gain in females;
↓ fertility, ↓ testicular and
epididymal weight and size,
atrophy of the testes, Leydig cell
hyperplasia, interstitial oedema,
and altered spermatogenesis and
aspermia at 9,000 ppm; doserelated decrease of prostate
weight from 1,000 ppm;
F2 pups: ↑ number of still born
pups from 3,000 ppm, ↓ number
of delivered pups and mean
number of pups/dam at 9,000
ppm;
Table 4.58 continued overleaf
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Table 4.58 continued Important reproductive studies with DEHP in laboratory animals
Species

Protocol

Results

References

mouse, CD-1
(number not specified)

diet,
0.01, 0.025, or 0.05% (0, 19, 48
or 95 mg/kg bw/day)

↑ prenatal mortality for F1-litters
at 0.05%
↓ number of viable pups
neonatally at 0.05%
NOAEL for parental toxicity and
F2-offspring: 0.05% (95 mg/kg
bw/day)
NOAEL for F1-offspring: 0.025%
(48 mg/kg bw/d)

NTIS (1988)

Post-natal studies
rat, Sprague-Dawley
10 males/group
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Gavage, corn oil

Dostal et al. (1987b)
two doses of 2,000 mg/kg bw
were fatal for most pups in the
5 days from the age of 1 week, 2 three youngest age groups,
weeks, 3 weeks, 6 weeks, or
↓ bw for 6- and 12-week-old rats
12 weeks
but no mortalities;
0, 10, 100, 1,000 or 2,000 mg/kg
5 doses of 1,000 mg/kg bw: ↓ bw
bw/day
gain in 1-, 2-, and 3-week-old
rats;
↑ absolute and relative liver
weights at 100 mg/kg bw/day in
all age groups (exept for 1-weekold rats) and in all age groups at
higher dose levels;
↓ plasma cholesterol levels in
weanling and adult rats from
1,000 mg/kg/day
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4.1.3

Risk characterisation for human health7

4.1.3.1

General considerations

4.1.3.1.1

Physical/chemical

DEHP is a liquid with a boiling point of 230°C with a relatively low volatility even at production
and processing temperatures. DEHP has a low water solubility and a very high lipophility (log
KOW). DEHP is not readily flammable or explosive and is not expected to have oxidising
properties.

4.1.3.1.2

Life-cycle stages

DEHP is widely used in many products in the society. The major use of DEHP is as a plasticiser
in polymer products mainly in flexible PVC. DEHP occurs in many different life-cycle stages
indicating both point and multiple sources of exposure. The main stages identified include:
•

Production of DEHP

•

Formulation of polymers

•

Processing of polymers

•

Formulation of non-polymers

•

Processing of non-polymers

•

Industrial end-use of products (articles) containing DEHP

•

Private end-use of products (polymer plus non-polymer)

•

Incineration of DEHP containing products

•

Disposal on dump sites of DEHP containing products

Information is generally available for life cycle stages for production of DEHP and processing of
flexible PVC but little information is available for formulation and processing of non-PVC and
non-polymer uses. It was not possible to obtain information on the use of the total volume of
DEHP produced or imported into the European Community, therefore it is recognised that not all
life-cycle stages may have been covered for DEHP by this risk assessment.

4.1.3.1.3

Exposure

Exposure of different populations, occupational and non-occupational, to DEHP are listed in
Table 4.59. The non-occupational population can be exposed from different sources: consumer
products including medical equipment and indirectly via the environment. The non-occupational
populations are also divided into sub-populations (e.g. adults, young/children) as the extent of
7 Conclusion (i)
Conclusion (ii)
Conclusion (iii)

There is a need for further information and/or testing.
There is at present no need for further information and/or testing and no need for risk reduction measures beyond those
which are being applied already.
There is a need for limiting the risks; risk reduction measures which are already being applied shall be taken into account.
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exposure is expected to be different for sub-populations than for the population as a whole (see
Table 4.59). Examination of the children separately from adults is considered necessary because
several consumer products are age group specific (e.g. toys), and anatomical and physiological
differences will affect the bio-availability of DEHP for these two age groups. In some scenarios,
the sub-populations new-born (0-3 months of age) and infants (3-12 months of age) also occur.
Table 4.59 Populations and sub-populations exposed to DEHP
Population

Sub-population

Exposure route

Occupational

Adults

Inhalation, dermal

Consumer

Adults, children, infants and neonates. oral, inhalation., dermal, i.v.

Man exposed indirectly via the
environment

Adults, children, infants, new-born

oral, inhalation.

The different populations/sub-populations exposed by different routes of exposure are shown in
Table 4.60. At a given time, exposure may occur either by a single or multiple pathways.
Multiple pathways of exposure of a population/sub-population is considered to occur from
different sources by different exposure routes (see Table 4.60). Exposure by multiple pathways
is considered to be relevant when determining the body burden for each population/subpopulation. The extent of exposure by multiple pathways is calculated as the sum of the highest
exposure from each route from all sources during a day. Multiple pathways DEHP-intake is also
calculated from recently measured data on urinary excretion of DEHP-metabolites in different
populations.
The data presented in Table 4.60 detail both the external and internal exposure. These data are
either measured or modelled.
There are uncertainties about the contribution of exposure to DEHP adsorbed on particles and/or
as an aerosol both in the work and residential environments. This may represent a significant
exposure scenario, however, at present there does not exist sufficient data to make any firm
conclusion.
Concerning the effects of protective measures on exposure of workers, few information are
available to judge the relevance of such measures. Hence, it is not possible to consider the effect
of protective measures on worker exposure in this RAR. For non-occupational populations/subpopulations, protective measures are not considered, because in cases where they may be
recommended compliance cannot be assumed.
Since DEHP is diffusely spread in the environment and is present in a large number of products
overall human exposure for a life time may be more relevant than just considering certain
populations/sub-populations to specific sources. This may be achieved by estimating the total
body burden by integrating exposure of all populations/sub-populations from all relevant sources
and by all exposure routes. This can be estimated by considering multiple pathways of exposure
and combined exposure (see Table 4.61).
It is recognised that not all exposed groups may have been identified since it was not possible to
obtain extensive information on the exposure situations for DEHP in the European Community.
Hence, not all exposure scenarios may have been covered for DEHP in this RAR. However this
possible shortcoming has been overcome in adults by basing measurements of exposure on
urinary excretion of DEHP metabolites.
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Table 4.60 The external and internal exposure of DEHP for different populations and examples of multiple pathways exposure to DEHP for three populations
Population

Inhalation

Inhalation

Dermal

Oral

External
(mg/m3)

Internal
(µg/kg/day)

External
(mg/day)

Internal
(µg/kg/day)

Production of DEHP

5

530

650

460

990

Industrial use of DEHP

10

1060

420

300

1,360

Industrial end- use of products containing
DEHP

10

1060

1300

928

1,988

0.0214

4.4

External
(mg/day)

Internal
(µg/kg/day)

Intravenous

Total multiple
routes exposure

Internal
(µg/kg/day)

Internal
(µg/kg/day)

Occupational

Consumer
- Adult
”Indoor air” (building materials)
Gloves
Car interior

4.4
11.1

0.0214

Multiple pathways of exposure

6.7

6.7

0.9

0.9

5.3

6.7

12

- Children
”Indoor air” (building materials)

0.0214

Toys and child-care articles
Car interior
Multiple pathways of exposure

22.4
-

0.0214

22.4
2

9

1.6

200

209

2
24.4

2
9

200

231.4

Haemodialysis (adults; long-term)

3,100

Blood transfusion (adults) (short-term)

8,500µg/kg
bw/unit

Table 4.60 continued overleaf
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Medical
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Population

Inhalation

Inhalation

Dermal

External
(mg/m3)

Internal
(µg/kg/day)

External
(mg/day)

Oral
Internal
(µg/kg/day)

External
(mg/day)

Internal
(µg/kg/day)

Intravenous

Total multiple
routes exposure

Internal
(µg/kg/day)

Internal
(µg/kg/day)

Blood transfusion (new-borns) (short-term)

22,600µg/kg
bw/unit

Extracorporal oxogenation in infants (shortterm)

140,000µg/kg
bw/unit

Peritoneal dialysis (long-term)

2

2

Clotting factors in haemophiliacs (adult;
long-term)

30

30

Neonatal transfusion

1,700

1,700

Platelet and whole blood transfusion in
infants (long-term)

6-75

6-75

Infusion of platelets

1

1

Haemodialysis

99

99

Autopheresis

0.58

0.58
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Table 4.60 continued The external and internal exposure of DEHP for different populations and examples of multiple pathways exposure to DEHP for three populations

Lifetime exposure (LADD) 1)

Man exposed indirectly via the
environment2
17

Adult. Total –food, water and air, local (e.g.
exposure via STP)

Table 4.13

Adult. Total -food, water and air, regional

1.7

Child. Total -food, water and air, local (e.g.
exposure via STP)

Table 4.13

Table 4.60 continued overleaf
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Adult. Total – regional (based on measured
urinary excretion) 3

Table 4.60 continued The external and internal exposure of DEHP for different populations and examples of multiple pathways exposure to DEHP for three populations
Population

Inhalation

Inhalation

Dermal

External
(mg/m3)

Internal
(µg/kg/day)

External
(mg/day)

Oral
Internal
(µg/kg/day)

External
(mg/day)

Internal
(µg/kg/day)

Child. Total -food, water and air, regional

Intravenous

Total multiple
routes exposure

Internal
(µg/kg/day)

Internal
(µg/kg/day)
18

Infants exposed via infant formulae and
breast milk
Infant formulae (0-3 months)

13

13

Infant formulae (3-12 months)

8

8

Breast milk (0-3 months)

21

21

Breast milk (3-12 months)

8

8

1LADD=lifetime
2The

average daily dose. Transfusion 2 years/lifetime, haemodialysis 15 years/lifetime

exposure indirectly via the environment goes via the oral route and inhalation (air). The oral exposure is the main exposure route (>99% of the total exposure via the environment).

Daily regional exposure to DEHP has been estimated based on measured urinary excretion of DEHP-metabolites in a German population (Koch et al, 2003). The report calculates a 95th percentile intake
value of 52.1 µg/kg/day based on excretion conversion factors of 5.5 and 7.4% for the two secondary metabolites of MEHP. When recalculated using the ‘conversion factor’ obtained from Koch et al (2003d),
the 95th percentile intake value is 17 µg/kg/day.
3

4 It

should be noted that this figure is a truly worst case estimate.
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Table 4.61 Combined exposure
Population

Source

Occupational
Consumer

Via the environment

i.

ii

iii.

iv.

X

X

X

X

X
Toys and children’s articles
”Indoor air” (wall and floor covering)

X

X

Gloves

X

X

Medical

(X)

(X)

(X)

(X)

Food, water and air

X

X

X

X

Infant formulae

X

Breast milk

X

Occupational: i. Adult.
Non-Occupational: ii. Adult; iii. Child; iv. Babies/infants;
“X” indicates exposure “(X)” indicates possible additional exposure

4.1.3.1.4

Toxicokinetics

There are a limited number of studies on the toxicokinetic behaviour of DEHP in man. These
reports concern exposure by the oral, intravenous and inhalatory routes, however, they contain
limited information. A single study performed by the dermal route is not considered reliable.
Toxicokinetic studies in animals have been performed by the oral, inhalatory, dermal and
parenteral routes. The majority of these studies have, however, been performed by the oral route
and in three different strains of rat. Several studies with non-human primates, including old
world- and new world apes, and mice have been conducted. In addition, there are several studies
including other species. By the parenteral routes has been most studied in non-human primates,
but there are few studies by the dermal and inhalation routes. In addition, in vitro studies have
also contributed to the understanding of the toxicokinetics.
The majority of the toxicokinetic studies as a whole are mainly research orientated and published
in the open litterature. Dose levels greatly varied between studies. The quality and relevance of
these studies is variable and it was necessary to examine the database as a whole to derive
conclusions.
Generally, DEHP (probably in the form of MEHP), is rapidly absorbed from the gastrointestinal
tract following oral administration. The extent of absorption in rats, non-human primates and
humans is around 50% for doses up to about 200 mg/kg bw. At higher doses, it appears that
absorption in non-human primates is dose-limited in contrast to rodents.
For humans, information is not, however, available concerning the dependency of oral uptake on
dose. Also, the extent of oral absorption at doses which humans are expected to be exposed is not
known, although there are now some human toxicokinetic data. Absorption may be 100% at
daily exposure levels. In addition, the oral absorption characteristics of human sub-populations
e.g. age- and health dependent factors, are not known. Hence, for children it is considered
appropriate to assume a 100% value for oral absorption. Because absorption via inhalation will
comprise of respiratory and oral absorption, 100% bioavailability is also considered appropriate
for children. Concerning dermal absorption, different bioavailability values were not selected for
adults and children. The selected bioavailability values are summarised:
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Summary of exposure route dependent systemic bioavailability
Human exposure route

Human systemic bioavailability (%)

Oral
Adults

50

Infants/children

100

Inhalation
Adults

75

Infants/children

100

Dermal (free DEHP and in products)
Adults

5

Infants/children

5

Parential routes
All sub-populations

100

For rats a threshold was reached (450 mg/kg bw) above which there was a steady increase in the
amount of unhydrolysed DEHP reaching the liver. In contrast, an absorption threshold could not
be determined in C3B6F1 mice for doses up to 1,000 mg/kg bw. There is no data available
concerning possible absorption threshold in humans. Since, human exposure to DEHP is via
inhalation, dermal, parential routes, one would expect that intact DEHP could reach the liver.
Limited data on toxicokinetics, following inhalation or dermal exposure, indicate that DEHP can
be absorbed through the lungs whereas absorption through the skin appears to be limited.
Following intra peritoneal injection most of the administered dose remains in the peritoneal
cavity.
Distribution studies have mostly monitored total radioactivity rather than particular substances,
so little is known about the tissue distribution of DEHP and its metabolites. The distribution
studies indicate that the radioactivity from (14C) DEHP is widely distributed in the body without
evidence of accumulation in the tissues of rat. In a limited number of pigs and broiler hens, a
lower degree of clearance of unlabelled DEHP is indicated. A comparative study of rats and
marmosets showed similar distribution patterns in the two species (oral administration) whereas
rats had higher tissue levels than marmosets. Thus, the difference in distribution between species
is quantitative rather than qualitative.
The metabolism of DEHP involves several pathways and yields a variety of metabolites. The
first step in the metabolism of DEHP is hydrolysis by lipases to MEHP and 2-EH. The lipases
are found in all tissues surveyed but especially in the pancreas, indicating that most of DEHP
hydrolysis occurs in the lumen of the small intestine, and that hydrolysis of absorbed intact
DEHP can occur in the liver and blood. The absorption of DEHP in the intestine is increased
following hydrolysis to MEHP.
MEHP is a relatively major component in urine of monkeys, guinea pigs and mice but was
mostly not detected in rat urine. However, MEHP is present in plasma in all species tested.
The oxidative metabolism of MEHP in the liver begins with hydroxylation of the ethylhexyl side
chain resulting in the formation of primary (ω-oxidation), and secondary ((ω-1)- and
(ω-2)-oxidation) alcohols. These alcohols are then oxidised to diacids (ω-oxidation) or
diketoacids ((ω-1)-oxidation), respectively. The diacids are apparently subject to α- or
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β-oxidation at the ethyl- or hexylchain, respectively, in mitochondria and peroxisomes to yield
shorter diacids. This process does not extend beyond the branch point in the ethylhexyl-chain.
Generally, excluding the first hydrolysis step to MEHP, the metabolism of phthalate esters is
qualitatively unaffected by the route of administration.
The first hydrolysis step, the hydrolysis of DEHP to MEHP, is common to all investigated
species. One species difference related to the metabolism of DEHP seems to be that oxidative
metabolism of MEHP plays a dominant role in rats but not in non-human primates. Following
oral exposure approximately 75% of urinary metabolites consisting of dicarboxylic acids (mainly
metabolites V and I) derived by ω-oxidation of the ethylhexyl chain. However, after i.v.
administration there seems to be a more equal distribution between ω- and (ω-1)-oxidation. The
predominant metabolites in non-human primates are MEHP and metabolite IX (a secondary
alcohol) derived by (ω-1)-oxidation. Metabolites V and I are only minor metabolites in
non-human primates. Regarding DEHP-metabolism, mice exhibit metabolic profiles in common
with both rats and primates. For instance, metabolite I derived from ß-oxidative metabolism of
DEHP is a major metabolite (pathway) in rodents, and occurs at relatively high levels in mice,
but not in non-human primates. Also high levels of MEHP and metabolites from (ω-1)-oxidation
are the major metabolites in the urine from non-human primates and mice, but not from rats. The
limited human data indicate that human DEHP metabolism resembles that of other primates and
of mice, with the exception of metabolite I in the latter case. However, regarding phase I
metabolism of DEHP the species differences are quantitative rather than qualitative.
Glucuronidation is the major conjugation pathway identified in most species. In addition,
ß-glucose conjugate was shown to be an alternative conjugation pathway in mice, but not in
guinea pigs. Species differences have also been observed for glucuronidation since the fraction
conjugated to glucuronic acid is absent in rats, low in hamsters, moderate in mice and guinea
pigs. In primates, including humans, about 80% of the metabolites were glucuronides after
intravenous administration, while for orally exposed humans about 65 and 99% of the
metabolites, respectively, were glucuronides in two studies. The limited human data indicate that
there are substantial inter individual differences e.g. polymorphism in the glucuronidation of
some metabolites of DEHP, and of MEHP in particular. Mice that differ from rats in their ability
to glucuronidate MEHP respond with the same types of toxic injury as do rats, indicating a
possible partial independence of toxicity from the metabolic pathways in different species.
The elimination of DEHP largely depends on its metabolism and it might take 5-7 days to
eliminate 80% of the radioactivity given as radiolabelled DEHP, either orally or intravenously.
The half-life for DEHP and its metabolites was 3-5 days in the adipose tissue and 1-2 days in the
liver. The elimination is most rapid in rats.
Many of the studies do not have complete recoveries, indicating that either biliary excretion
and/or retention occur. Since many studies reveal that no significant retention was found in
organs and tissues of laboratory test animals, biliary excretion appears to be an important
excretion route. About 5-10% of the dose in rats was recovered from the bile in 24 hours after
oral administration of DEHP, whereas about 24%, of the dose was recovered from the bile after
intravenous administration of DEHP. In mice, biliary excretion seems to be one of the major
route of exposure. In addition, metabolites are found in faeces from mice, rats and monkeys
indicating that DEHP is absorbed, metabolised and excreted via the bile into the intestine. The
extent of biliary excretion in humans is unknown. There are indications that resorption of
radioactivity take place in the intestine of rats. Unfortunately, there is no data available on
enterohepatic circulation of DEHP from other species than the rat, and the data on rats is very
limited.
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The radioactivity from (14C) DEHP can cross the placenta barrier and distribute into foetal
tissues. In addition, DEHP can be transferred through the milk from lactating rats to their pups.
One study suggests that there are age-related differences since the extent of absorption and,
hence, total systemic exposure to MEHP and its metabolites is higher in young rats than in old
when DEHP is administered by gavage (Sjöberg et al., 1985c). Clearly higher blood levels were
found in new-borns after blood transfusions, haemodialysis or treatment with platelet
concentrates, compared to similarly exposed adults. Since the immature liver may have a lower
metabolising capacity than that of older children and adults, infants and foetuses might be
especially vulnerable to exposure of DEHP and MEHP.
In conclusion
The relative extent to which different metabolites are produced and excreted is very complex and
may depend upon the specie, the age of the animal, sex, inter-individual differences, state of
health, nutrition state, prior exposure to DEHP, the amount of DEHP administered, the
administration route etc. With the exception of non-existing glucuronidation in rats there is no
reason to suspect that functionally equivalent pathways for the metabolism of DEHP differ
significantly in higher species.
The available data on the toxicokinetics of DEHP cannot explain the species differences in the
DEHP-induced toxic effects, and are consistently not adequate to support any conclusion on the
relevance or irrelevance for humans of the DEHP-induced toxic effects in experimental animals.

4.1.3.1.5

Effects data

The assessment of the hazardous properties of DEHP is based on animal data as no significant
human data are available. Numerous studies on the toxicity of DEHP have been conducted both
in experimental animals and in vitro. A number of the available studies have been omitted from
the risk assessment report because of limited quality of these studies or relevance to the risk
assessment. Repeated dose kidney and testis toxicity, and effects on development and fertility are
considered to be critical endpoints in the risk assessment of DEHP (see Table 4.62 and
Table 4.63).
Acute toxicity studies of good quality indicate low acute toxicity of DEHP. Oral LD50
> 20,000 mg/kg bw in rats and > 10,000 mg/kg bw in mice and an inhalation LC50 of about
10,600 mg/m3 for 4 hours in rats have been reported. Although there are no adequate acute
dermal toxicity data, low dermal absorption is suggestive of a low acute dermal toxicity.
Following intravenous administration of DEHP in rats effects on the cardiovascular system and
lungs were observed. The studies are considered inadequate for risk characterisation, however, if
these effects are substantiated they are considered of concern for vulnerable populations such as
patients and children.
Animal studies performed according to current standards have shown a slight skin and eye
irritation after administration of DEHP and limited information suggests a potential for DEHP to
induce lung lesions following acute inhalation. DEHP is not corrosive to the skin or eyes.
DEHP has not been found to induce skin sensitisation in animals. Based on the available data
there are no clear evidence that DEHP causes respiratory sensitisation. However, there are some
indications that bronchial obstruction and asthma may increase in the presence of DEHP and
other plasticiser in PVC products found in the indoor environment (Jaakkola et al 1999; Øie et
al., 1997).
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Concerning repeated dose toxicity limited human data are available. There is, however,
information that toxic damage of the lungs in preterm infants artificially ventilated with PVC
respiratory tubes may be causally related to inhalation of DEHP. The estimated inhalative
exposure ranged between 1µg/h – 4,200µg/h DEHP. Other studies, one morbidity and one
mortality study, and three epidemiological studies conducted on workers exposed to DEHP and
other phthalate esters are considered inadequate with respect to the risk assessment.
In experimental animals a few inhalation studies are available. However, due to concerns about
the inadequacy of the reported data e.g. insufficient dosing these studies are considered
inadequate for risk assessment. Also the only study available following dermal exposure to
DEHP is inadequate for risk assessment.
Numerous studies have investigated the toxicity of DEHP following repeated oral administration
to experimental animals, preferably rats. Many of these studies are comparable to guideline
studies and conducted in conformity with GLP. Critical organs for DEHP induced toxicity in
laboratory animals are the testis, kidney, and liver.
Testicular effects are discussed in more detail in Section 4.1.2.10. In repeated dose studies, a
NOAEL of 4.8 mg/kg/day (100 ppm) is obtained for testicular effects identified in a guideline
three-generation reproductive toxicity study (Wolfe et al., 2003). A 90-day oral study in rats
gave a NOAEL of 3.7 mg/kg/day (50 ppm) (Poon et al., 1997). However, as there remains some
doubts as to the toxicological significance of the sertoli cell vacuolisation observed in the Poon
study, a NOAEL of 4.8 mg/kg/day (100 ppm) is chosen from the Wolfe study (2003) for the risk
characterisation,
based
on
occurrence of
small
male
reproductive
organs
(testis/epididymes/seminal vesicles) and minimal testis athrophy (exceeding those of the current
controls as well as historical control groups) at 300 ppm and above. This may be considered a
conservative choice of NOAEL.
The effects on the kidneys include: increased absolute and relative kidney weights, increased
incidence and severity of mineralisation of the renal papilla, increased incidence and/or severity
of tubule cell pigment, and increased incidence and/or severity of chronic progressive
nephropathy. The majority of these changes were observed in both sexes, in different species
following different exposure time. In long-term studies in rats and mice, there was no indication
that DEHP-related changes in the kidney were reversible upon cessation of DEHP-exposure. The
lowest NOAEL for kidney toxicity is 500 ppm DEHP in the diet (corresponding to
28.9 mg/kg/day in the males and 36.1 mg/kg/day in the females) derived from a well-performed
104-week-study in rats (Moore 1996) and based on increased absolute and relative kidney weight
in both sexes at the next higher dose level (LOAEL = 146.6 mg/kg bw/day). More severe kidney
lesions were observed at the highest dose level.
In the liver, the most striking effects observed are hepatomegaly due to hepatocyte proliferation
(characterised by increased replicative DNA synthesis/cell division and hypertrophy),
peroxisome proliferation, and hepatocellular tumours.
Marked species differences are apparent in response to the hepatotoxic effects of DEHP and
other peroxisome proliferators (PPs). Rats and mice are very sensitive whereas hamsters, guinea
pigs, and monkeys appear to be relatively insensitive or non-responsive at dose levels that
produce a marked response in rats. It has been suggested that there may be an association
between peroxisome proliferation and the occurrence of liver tumours in rats and mice after
long-term exposure. Recent investigations have demonstrated that activation of the peroxisome
proliferator-activated receptors (PPAR-α) is required for induction of the different PPs-induced
liver effects observed in experimental animals (Peters et al., 1997; Ward et al., 1998; Cattley et
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al., 1998). The low sensitivity of human liver to the hepatotoxic effects of PPs could be
explained by the low level of PPAR-α found in human liver and genetic variations that render
the human PPAR-α less active as compared to PPAR-α in rodent liver (Tugwood et al., 1996;
Palmer et al., 1998; Woodyatt et al., 1999).
Most recently, a Working Group of the “International Agency for Research on Cancer” (IARC)
have concluded that the mechanism by which DEHP increases the incidence of liver tumours in
rodents (activation of PPAR-α) is not relevant to humans. Therefore, and based on the overall
evaluation of the available data, the DEHP-induced hepatotoxic effects in rats and mice will not
be considered in the present Risk Assessment Report on DEHP.
The data available on repeated dose toxicity (not including reproductive effects) do not suggest a
classification of DEHP according to EU criteria.
Concerning genotoxicity of DEHP, several different short-term tests, comparable to guideline
studies and performed according to GLP, were available. The results have been negative in the
majority of the in vitro and in vivo studies performed with DEHP, and its metabolites for
detection of gene mutation, DNA damage, and chromosomal effects. The more conclusive
positive results were obtained in the test systems for detection of cell transformation, induction
of aneuploidy, and cell proliferation which are also sensitive to several non-mutagenic
substances such as tumour promoters and/or peroxisome proliferators. Taken together all the
results, both negative and positive, DEHP and its major metabolites could be considered to be
non-mutagenic substances. No adequate studies to assess the mutagenicity of DEHP to humans
are available.
No relevant human data on carcinogenicity is available. In experimental animals, the only
inhalation study available (Schmezer et al., 1988) is in hamster and is regarded as inadequate for
risk assessment due to insufficient dosing (only one dose was used and MTD was not reached).
Following oral exposure, four long-term carcinogenicity studies (Moore 1996, 1997; NTP
studies, 1982) performed in rats and mice are of good quality and are considered adequate for
evaluation of carcinogenicity of DEHP in experimental animals. DEHP shows clear evidence of
hepatocarcinogenicity in both sexes of rats and mice in the four studies and an increase in the
incidence of mononuclear cell leukaemia in male rats in one study (Moore, 1996). Additionally,
an increase in the incidence of testicular interstitial cell tumours (LC tumours) was observed in
Sprague-Dawley rats exposed for DEHP, 30, 95 and 300 mg/kg, in the diet, in a lifelong study
published as an abstract (Berger 1995). However, these indications have not been confirmed in
later studies (e.g. multigeneration studies).
The results of the animal studies clearly show that DEHP is carcinogenic in rats and mice.
However, there is a plausible mechanism for the PPs-induced hepatocarcinogenicity in rodents
(activation of PPARα) and there is evidence showing that humans are less sensitive to the
hepatotoxic effects of PPs by the suggested mechanism. Therefore, the relevance for humans of
the liver tumours in rodents induced by DEHP, a weak PPs, is regarded to be neglgible. Also the
relevance of the DEHP-induced MCL in F344 rats is questionable. On the other hand, the
induction of LC tumours in rats exposed for DEHP may be relevant to humans, however, an
evaluation of the orignal data of Berger (1995), reported in an abstract, is necessary before
concluding any possible carcinogenic risk of DEHP. No classification for carcinogenicity is
proposed.
DEHP has been shown to influence both fertility and development. Testicular effects have been
observed both in several repeated dose toxicity studies and in reproductive toxicity studies in
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male rats. Both in vivo and in vitro experiments have demonstrated that the Sertoli cell is the
main target of DEHP induced testicular toxicity producing subsequent germ cell depletion.
MEHP is believed to be the active metabolite of DEHP affecting testes and reproductive
functions both in vivo and in vitro. The possible role of other metabolites is, however, not fully
elucidated.
Testicular effects have been observed in several repeated dose toxicity studies in rats, mice,
ferrets, (Gray et al., 1977; NTP, 1982; ICI, 1982b; CMA, 1984b,c; Ganning et al., 1990;
Eastman Kodak, 1992a; Moore, 1996; Poon et al., 1997; Lamb et al., 1987; NTP, 1982; Moore,
1997; Lake et al., 1976; 1986, Gray et al., 1982, Schilling at al., 2001, Wolfe et al., 2003). In
addition, minor effects were obsereved in hamster exposed to DEHP and more severe effects
induced by MEHP (Gray et al., 1982). In the available studies marmosets were not sensitive to
DEHP(Kurata et al., 1995; 1996; 1998). No studies on testicular effects in rabbits are available.
In the rat, the lowest NOAEL for testicular effects is 50 ppm (3.7 mg DEHP/kg bw/day,
administered in the diet) identified in a 90 day guideline study and based on a high and
dose-dependent incidence of Sertoli cell vacuolation at the next dose level (500 ppm equivalent
to 37.6 mg/kg bw/day) (Poon et al., 1997). At the highest dose level (5,000 ppm equivalent to
375.2 mg/kg bw/day) also a high incidence of atrophy of the seminiferous tubules with complete
loss of spermatogenesis was found in addition to the Sertoli cell vacuolation. As this study is of
crucial importance, it has been peer reviewed and evaluated by a panel of experts in the area of
reproductive toxicology. However, as there remains some doubts as to the toxicological
significance of the sertoli cell vacuolisation observed in the Poon study, a NOAEL of
4.8 mg/kg/day (100 ppm) is chosen for the risk characterisation, based on occurrence of small
male reproductive organs (testis/epididymes/seminal vesicles) and minimal testis athrophy
(exceeding those of the current controls as well as historical control groups) at 300 ppm and
above in a three-generation rat study (Wolfe et al., 2003).
Developing and prepubertal rats have been found to be much more sensitive to exposure to
DEHP than adults (Gray and Butterworth, 1980; Sjöberg et al., 1985c; Arcadi et al., 1998; Wolfe
et al., 2003). In the 90-day study conducted by Poon et al., (1997), rats were exposed both before
and mainly after sexual maturation. However, the study did not discern an age-dependent effect,
therefore, the results of this study are considered relevant for both young and adult males.
Furthermore, humans are exposed to DEHP for their whole lifetime, i.e prenatally to death, via
the environment, consumer products and medical devices. In addition, occupational exposure
may occur. Since the study conducted by Wolfe et al (2003) was a three-generation study,
involving exposure through all life stages, the Wolfe study covers all stages of human exposure.
Based on the available data, which varies in both the study designs and number of animals
included, testicular effects have been demonstrated in both male rodents and non-rodents: rat
(NOAEL = 3.7 and 4.8 mg/kg bw/day) mouse (NOAEL = 98.5 mg/kg bw/day), and the ferret
(LOAEL = 1,200 mg/kg/day) (Wolfe et al., 2003; Poon et al., 1997; Moore, 1997; Lake et al.,
1976). In addition, minor effects were observed in hamster exposed to DEHP and more severe
effcets induced by MEHP (Gray et al., 1982). In the available studies with marmosets testicular
toxicity has not been observed after treatment with DEHP (Kurata et al., 1995; 1996; 1998). The
reasons for the differences in study results has been suggested to concern toxicokinetic
considerations and altered zinc homeostasis. Moreover, other factors such as animal age, study
design, animal model selection have to also be considered. For instance, marmosets which are
new-world monkeys vary in their metabolic pathways and capacities and are not as closely
related to humans as are cynomolgus and Rhesus monkeys (old-world monkeys). This is
elaborated in the course of studies on 40 medical drugs (Caldwell 1977, 1979, 1985, 1979a,b;
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Siddall, 1978). The mechanism(s) and/or factors that cause the observed differences in the
DEHP-induced testicular toxicity have not been substantiated. Based on the available animal
data it is not possible to definitely conclude the relevance of these differences in humans.
However, in the limited toxicokinetic data in humans, MEHP, the testicular toxicant, is formed
following exposure to DEHP. Therefore, DEHP-induced testicular effects observed in animal
studies are considered relevant for humans, and the NOAEL of 4.8 mg/kg/day (Wolfe et al.,
2003) is selected for the risk characterisation of humans.
Effects on male fertility have been observed in mice and rats. In mice, DEHP adversely affects
the number of fertile matings. In a continuous breeding study an oral NOAEL of 0.01% in the
diet (20 mg/kg bw/day) was identified for fertility (Lamb et al, 1987). In male rats, endocrine
and gonadal effects were observed (Agarawal et al, 1986a,b).
Effects on developmental toxicity have been observed in several studies. The rat has been shown
to be the most sensitive species to DEHP-induced malformations. Irreversible testicular damage
in the absence of obvious effects on the dams was shown in male pups exposed in utero and
during suckling at very low dose levels (LOAEL = 3.5 mg/kg bw/day) (Arcadi et al., 1998).
However, there are some limitations in this study due to dosing uncertainties and therefore it is
not used for risk characterisation. Effects on the male reproductive system, partly induced during
the gestational period, were also observed in a three-generation study with a NOAEL of
4.8 mg/kg/day (Wolfe et al., 2003). Because of some uncertainties with regard to the dosing in
the Arcadi study, the risk characterisation will be based on the Wolfe study. In mice, DEHP is
embryotoxic and teratogenic (NOAEL = 20 mg/kg bw/day) at oral dose levels below those
producing observable evidence of toxicity to the dams (600 mg/kg bw/day) (Lamb et al., 1987).
Both in vivo and in vitro study results indicate that DEHP can interfere with the endocrine
function and also influence the sexual differentiation. Due to the effects on the Leydig cells as
measured by a decreased testosterone output, it cannot be excluded that DEHP may exert an
antiandrogen effect (Jones et al., 1993). Recently performed in vivo studies in rats support the
hypothesis that exposure to phthalates may be provoked by an antiandrogen mechanism (Gray et
al., 1999).
Developing and prepubertal rats have been found to be much more sensitive to exposure to
DEHP than adults (Gray and Butterworth, 1980; Sjöberg et al., 1985c; Sjöberg et al., 1986a,b;
Gray and Gangolli, 1986; Dostal et al., 1988; Wolfe et al., 2003). The younger animals respond
to a much lower dose or produce a more serious lesion with a comparable dose on a mg/kg/day
basis. In some instances, the onset for the production of the lesion is also more rapid.
To conclude the reproduction toxicity, the available data in experimental animals are of concern
for humans. The effects on testis, fertility, and development, observed in different animal species
and at relatively low dose levels, are considered to be relevant to humans. Developing and
prepubertal rats have been found to be more sensitive to exposure to DEHP than adults. Also the
results of different studies indicate that DEHP can interfere with the endocrine function and also
influence the sexual differentiation. Additionally, animal data have shown that DEHP and its
metabolites can be transferred to pups via mothers milk in concentrations sufficient to cause
toxicity. DEHP has also been found in infant formulas and mothers milk. According to the EEC
criteria for classification and labelling of dangerous substances DEHP is classified in Category 2
both as toxic for reproduction and for development (R60-61).
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Table 4.62 Studies showing the critical endpoints
Species

Study Protocol;
Quality

Effects observed at
LOAEL

LOAEL

NOAEL

Ref.

Repeated-dose toxicity
Rat, F-344, males
and females

Diet, 2 years;
GLP,
comparable to
guideline study

147 mg/kg bw/day 29 mg/kg bw/day
Both sexes:↑ absolute
and relative kidney weight
More severe kidney
lesions were observed at
the highest dose level

Moore (1996)

Wolfe et al.
(2003)

Reproductive toxicity
Rat, SpragueDawley, males and
females

Diet, 3generation
guideline study

Testicular toxicity as well 14 mg/kg/day
as Developmental toxicity:
increased incidences of
small testes, epididymes,
and seminal vesicles, as
well as cases of minimal
testes atrophy. The
toxicity was aggravated by
exppsure during the
gestational/pup-period

Mouse, CD-1,
males and females

Diet, continous
breeding study;
GLP, comparable
to guideline study

Fertility ↓ (dosedependent ↓ in the
number of litters) and ↓
proportion of live pups;
crossover matings
showed that both sexes
were affected

4.1.3.1.6

4.8 mg/kg/day

200 mg/kg bw/day 20 mg/kg bw/day

Lamb et al.
(1987)

Issues considered when calculating MOS and/or determining the
conclusions

To conduct the risk characterisation for different human populations, it is necessary to compare
human internal (systemic) exposure for different routes with the systemic (internal) NOAELs
from toxicity studies in experimental animals. Thus, the exposure is expressed as the internal,
systemic dose, after considering different absorption degrees via the different routes. In
calculation of systemic NOAELs, it is necessary to compensate for age differences in oral
uptake. In the cases where the NOAELs come from studies in adult animals (kidney toxicity and
fertility), calculation of systemic NOEALs is based on only a 50% absorption in adult animals
(giving systemic NOAELs that are half of the NOAELs given by the actual studies). However,
for the NOAELs coming from the 3-generation study (testicular toxicity and developmental
toxicity), no recalculation to a systemic NOAEL is needed as a major part of the exposure occurs
during life stages with an assumed oral absorption of 100%. An assessment factor of 10 is used
for potential species differences. Assessment factors of 3 and 10 are used for potential
intraspecies differences for the worker and general population, respectively. Consideration is
also given to the severity of the effect. There is no need to correct for duration as the NOAELs
are based on chronic or multi-generation studies.
The nature of the DEHP-induced toxic effects is considered serious. Effects on the testis,
fertility, development, and kidney (repeated dose toxicity) are considered to be the most critical
effects. Severe and irreversible testicular injury was induced in rats exposed to low oral dose
levels of DEHP in three different studies (Wolfe et al., 2003; Poon et al., 1977; Arcadi et al.,
1999, 1998). Also severe developmental effects were observed in rats and mice in the absence of
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maternal toxicity (Wolfe et al., 2003; Arcadi et al., 1998; Lamb et al., 1987). MOS is determined
based on all critical effects for adults, but for children the developmental effect is not considered
as it is not relevant. Thus, consideration is given to the fact that the endocrine effects (e.g.
underlaying the testicular toxicity) are very serious effects, and that the sensitivity to this effect
is highest during gestation and the first few months after birth when the most sensitive systems
are still developing. This is to some extent also considered when it comes to developmental
effects and adult worker exposure. Adults and older children are otherwise treated equally.
However, based on the severity and the risk for combined exposure (see Table 4.61), the MOS
cut-off values (minMOS) are increased in 3-12 months old infants (200), with a further increase
in newborn (< 3 months of age) (250). However, all member states do not agree that
newborns/infants need a higher margin of safety in this particular case. It is also considered that
the choice of NOAEL in the Wolfe study may be considered a conservative choice.
It has to be acknowledged that there is also a potential for exposure of infants to other phthalates
that are toxic to reproduction via similar mechanisms of action as DEHP. As an illustration of
potential for exposure, indoor dust in the UK contains dibutylphthalate (DBP, median 53 µg/g
dust) and butylbenzylphthalate (median 24 µg/g dust) (Santillo et al., 2003). Their monoester
metabolites are also found in urine of American children (Brock et al., 2002). The presence of
monobutylphthalate in breast milk has also been indicated. Similar and possibly additive effects
of DEHP and DBP has been indicated in an abstract by Foster et al (2002). However, the
possible impact of co-exposure to other phthalates has not been considered in this risk
assessment of DEHP.
Because of the low degree of acute toxicity, lack of irritation and sensitising effects and lack of
evidence for mutagenicity, these endpoints are not considered further in this assessment. Also the
carcinogenicity will not be considered in the risk characterisation as the liver tumours observed
in rats and mice were regarded as irrelevant for humans. Data on other tumour types is not
adequate for risk characterisation.
Both human external and internal exposure values used for the determination are presented in
Table 4.60. Values used in EUSES are presented in Table 4.13. MOSs are derived for each
population/sub-population and exposure scenarios are considered to be worst-case. Values have
been derived for exposure by single and multiple pathways. Exposure by multiple pathways is
considered to reflect the highest exposure for a population/sub-population. No attempt has been
made to quantitatively estimate MOS for combined exposure (see Table 4.61), but it is
considered in setting the minMOS for babies (infants and newborns).
A few animal inhalation studies are available, however, due to concerns about the inadequacy of
the reported data e.g. insufficient dosing, these studies are considered inadequate for risk
assessment. Therefore, NOAELs derived from animal oral studies were used to calculate MOS
as these were considered to be more reliable than the inhalation studies.
Additionally, the following factors were considered:
•

DEHP is produced and used widely in the EU, however, measured exposure data are limited.

•

Not all exposure scenarios in the EU may have been identified. This is of particular
importance when summarying the exposure from different sources such as “Multiple
pathways of exposure” and “Combined exposure”, since the total exposure may be
underestimated. However, this possible shortcoming has been overcome in adults by basing
measurements of exposure on urinary excretion of DEHP metabolites.
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Interactive effects due to exposure to a mixture of phthalates either simultaneously or
sequentially cannot be ruled out.
Table 4.63 Summary of NOAELs used for the calculation of MOS (also see Table 4.62)
Effect

Route

LOAEL
(mg/kg bw/d)

NOAEL
(mg/kg bw/d)

NOAELsystemic1
(mg/kg bw/d)

RDT (effects on
kidney)2

Oral

147

29

14.5

Testicular 3

Oral

14

4.8

4.8

Fertility4

Oral

200

20

10

Developmental3

Oral

14

4.8

4.8

1)
2)
3)
4)

4.1.3.2

Correction of NOAEL for 50% oral absorption in adult rats
2-year oral study in rats (Moore 1996)
Three-generation oral study in rats (Wolfe et al., 2003). No correction of the NOAEL is needed
as the study is considered to directly give a systemic NOAEL (mainly exposure of young animals
with 100% absorption)
Continuous breeding study in mice (Lamb et al.,1987)

Risk characterisation of workers

Based upon the evaluated information in Section 4.1.1.1 the type of work tasks that may lead to
the highest exposures to DEHP are considered to be during the industrial use of DEHP. This
exposure is expected to be higher than for the production of DEHP or industrial end-use of
products containing DEHP. Little information is, however, available for the industrial use of
DEHP for non-PVC polymer products, and Industrial end-use of semi- and end-products
containing DEHP
The exposure scenarios considered for workers in this RAR concern exposure to DEHP from:
•

production of DEHP

•

industrial use of DEHP

•

industrial end-use of products containing DEHP

Measured data of dermal exposure for all the occupational exposure scenarios is not available.
Hence, for the scenarios of production of DEHP and industrial use of DEHP, worst-case
exposure has been calculated using the EASE model for dermal exposure.
For the scenario of industrial end-use of products containing DEHP, no measured data or
background information useful for calculation of the exposure is available. Hence, the following
assumptions are made, supposing situations with relatively high temperature, aerosol generating
processes and considerable skin contact.
During industrial use, workers are expected to be mainly exposed to DEHP via inhalation and
dermal routes. Exposure is also considered to be mainly to DEHP aerosol but exposure to
gaseous DEHP may also occur. Oral exposure to DEHP is considered to be potentially low and
therefore is not considered.
MOSs presented here have been derived based on the following scenarios (see Table 4.64).
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Table 4.64 Calculation of MOS for workers exposed to DEHP. Human internal exposure by inhalation and
dermal routes compared with animal oral studies
Effect

Exposure1
(mg/kg bw/d)

NOAEL2
(mg/kg bw/d)

NOAELSystemic3
(mg/kg bw/d)

MOS (NOAEL, Systemic)4

Conclusion

Production of DEHP
Inhalation
RDT

0.530

29

14.5

28

(iii)

Testicular

0.530

4.8

4.8

9

(iii)

Fertility

0.530

20

10

19

(iii)

Developmental

0.530

4.8

4.8

9

(iii)

RDT

0.460

29

14.5

31

(ii)

Testicular

0.460

4.8

4.8

10

(iii)

Fertility

0.460

20

10

22

(iii)

Developmental

0.460

4.8

4.8

10

(iii)

Dermal

Multiple Routes of Exposure (inhalation + dermal)
RDT

0.99

29

14.5

14

(iii)

Testicular

0.99

4.8

4.8

5

(iii)

Fertility

0.99

20

10

10

(iii)

Developmental

0.99

4.8

4.8

5

(iii)

Industrial use of DEHP
Inhalation
RDT

1.06

29

14.5

13

(iii)

Testicular

1.06

4.8

4.8

5

(iii)

Fertility

1.06

20

10

9

(iii)

Developmental

1.06

4.8

4.8

5

(iii)

RDT

0.3

29

14.5

48

(ii)

Testicular

0.3

4.8

4.8

16

(iii)

Fertility

0.3

20

10

33

(ii)

Developmental

0.3

4.8

4.8

16

(iii)

Dermal

Multiple Routes of Exposure (inhalation + dermal)
RDT

1.36

29

14.5

11

(iii)

Testicular

1.36

4.8

4.8

4

(iii)

Fertility

1.36

20

10

7

(iii)

Developmental

1.36

4.8

4.8

4

(iii)

Table 4.64 continued overleaf
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Table 4.64 continued Calculation of MOS for workers exposed to DEHP. Human internal exposure by inhalation and
dermal routes compared with animal oral studies
Effect

Exposure1
(mg/kg bw/d)

NOAEL2
(mg/kg bw/d)

NOAELSystemic3
(mg/kg bw/d)

MOS (NOAEL, Systemic)4

Conclusion

Industrial end use of products containing DEHP
Inhalation:
RDT

1.06

29

14.5

14.5

(iii)

Testicular

1.06

4.8

4.8

5

(iii)

Fertility

1.06

20

10

10

(iii)

Developmental

1.06

4.8

4.8

5

(iii)

RDT

0.928

29

14.5

16

(iii)

Testicular

0.928

4.8

4.8

5

(iii)

Fertility

0.928

20

10

10

(iii)

Developmental

0.928

4.8

4.8

5

(iii)

Dermal

Multiple Routes of Exposure (inhalation + dermal)
RDT

2

29

14.5

7

(iii)

Testicular

2

4.8

4.8

2

(iii)

Fertility

2

20

10

5

(iii)

Developmental

2

4.8

4.8

2

(iii)

1) Internal exposure based on measured and modelled data (see Table 4.60)
2) NOAEL derived from oral studies in rats (see Table 4.63)
3) Correction of NOAEL for 50% oral absorption in the rat (no correction of the NOAELs for testicular and
developmental toxicity is needed as the Wolfe study is considered to directly give a systemic NOAEL because of a
major part of the exposure is to young animals with 100% absorption)
4) MOS derived based on the systemic oral NOAEL for rats

4.1.3.2.1

Factors considered when calculating MOS and or determining
conclusion

Factors common for all exposure scenarios are presented under “Issues considered when
calculating MOS and/or determining the conclusions”; Section 4.1.3.1. In addition, factors
specific for occupational exposure have also to be considered:
•

Measured exposure data are limited to certain industrial practices and not representative for
all EU member states

•

PPE is not considered as a consistently reliable risk reduction measure for use in the risk
assessment of DEHP

The resulting minMOSs that the MOS-values will be compared with is approximately 30;
slightly higher minMOS are used for developmental toxicity and slightly lower for the kidney
toxicity, based on the severity of the effects.
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Summary and conclusion
There is concern with regard to testicular effects, fertility, toxicity to kidneys, on repeated
exposure and developmental toxicity for workers as a consequence of inhalation and dermal
exposure. There is no concern for the acute toxicity, irritation and sensitising effects,
carcinogenicity, and mutagenicity.
Conclusion (iii).
4.1.3.3

Risk characterisation of consumers

Adults and children are considered separately as two different sub-populations because several
consumer products are intended for specific age groups (e.g. toys), and anatomical and
physiological differences between adults and the children can significantly affect the bioavailability of DEHP in these two groups. In addition, medical devices are considered separately
as these products are not readily available to the general public and the route of exposure is
mainly intravenous.

4.1.3.3.1

Risk characterisation of adult consumers

Exposure scenarios considered important for the adult consumer concern exposure to DEHP
from:
•

In-door air (building materials)

•

Gloves

•

Car interiors

•

Multiple Pathways of Exposure from the above

The information used is based on modelling of concentrations of DEHP in the indoor air and
absorption from gloves. In the air DEHP may be present as a gas, an aerosol and/or bound to
particles.
MOSs presented here have been derived based on the following scenarios (see Table 4.65).
Table 4.65 Calculation of MOS for adult consumers exposed to DEHP. Human internal exposure by
inhalation and dermal routes compared with animal oral studies
Effect

Exposure1

NOAEL2

NOAELSystemic3

(mg/kg bw/d)

(mg/kg bw/d)

(mg/kg bw/d)

MOS (NOAEL, Systemic)4 Conclusion

1. Indoor air (building materials)
Inhalation
RDT

0.0044

29

14.5

3,295

(ii)

Testicular

0.0044

4.8

4.8

1,091

(ii)

Fertility

0.0044

20

10

2,272

(ii)

Developmental

0.0044

4.8

4.8

1,091

(ii)

Table 4.65 continued overleaf
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Table 4.65 continued Calculation of MOS for adult consumers exposed to DEHP. Human internal exposure by
inhalation and dermal routes compared with animal oral studies
Exposure1

NOAEL2

NOAELSystemic3

(mg/kg bw/d)

(mg/kg bw/d)

(mg/kg bw/d)

RDT

0.0067

29

14.5

2,164

(ii)

Testicular

0.0067

4.8

4.8

716

(ii)

Fertility

0.0067

20

10

1,492

(ii)

Developmental

0.0067

4.8

4.8

716

(ii)

RDT

0.0009

29

14.5

16,111

(ii)

Testicular

0.0009

4.8

4.8

5,333

(ii)

Fertility

0.0009

20

10

11,111

(ii)

Developmental

0.0009

4.8

4.8

5,333

(ii)

Effect

MOS (NOAEL, Systemic)4 Conclusion

2. Gloves
Dermal

3. Car interiors
Inhalation

3. Car interiors
Multiple Pathways of Exposure (inhalation + dermal, i.e. scenario 1 + 2 + 3)
RDT

0.012

29

14.5

1,208

(ii)

Testicular

0.012

4.8

4.8

400

(ii)

Fertility

0.012

20

10

833

(ii)

Developmental

0.012

4.8

4.8

400

(ii)

1)
2)
3)
4)

Internal exposure based on measured data (see Table 4.60). It should be noted that the indoor air exposure
estimate is a worst case estimate.
NOAEL derived from oral studies in rats (see Table 4.63)
Correction of NOAEL for 50% oral absorption in the rat (no correction of the NOAELs for testicular and
developmental toxicity is needed as the Wolfe study is considered to directly give a systemic NOAEL because of
a major part of the exposure is to young animals with 100% absorption)
MOS derived based on the systemic oral NOAEL for rats

Factors considered when calculating MOS and or determining conclusion
See factors common for all exposure scenarios, under “Issues considered when calculating MOS
and/or determining the conclusions” Section 4.1.3.1. A MOS > 100 is considered an acceptable
cut-off for all endpoints because of the conservative nature of the exposure values.
Summary and conclusion
There is no concern for exposure from indoor air, gloves, car interiors and multiple pathways of
exposure for all toxicological endpoints studied.
Conclusion (ii).
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4.1.3.3.2

Risk characterisation of children consumers

Exposure scenarios considered important for children, concern exposure to DEHP from:
•

Indoor air (building material)

•

Toys and child-care articles

•

Car interiors

•

Multiple Pathways of Exposure

The information used is based on measurements of DEHP in artificial and human saliva for toys
and baby equipment and an estimated value for indoor air. In the air DEHP may be present as a
gas and bound to particles. MOSs presented here have been derived based on the following
scenarios (see Table 4.66):
Table 4.66 Calculation of MOS for children consumers exposed to DEHP. Human internal exposure by
oral, inhalation and dermal routes compared with animal oral studies
Effect

Exposure1

NOAEL2

NOAELSystemic3

(mg/kg bw/d)

(mg/kg bw/d)

(mg/kg bw/d)

MOS (NOAEL, Systemic)4

Conclusion

1. Indoor air (building materials)
Inhalation
RDT

0.022

29

14.5

659

(ii)

Testicular

0.022

4.8

4.8

218

(ii)

Fertility

0.022

20

10

455

(ii)

2. Toys and child-care articles
Oral
RDT

0.2

29

14.5

72

(iii)

Testicular

0.2

4.8

4.8

24

(iii)

Fertility

0.2

20

10

50

(iii)

RDT

0.009

29

14.5

1611

(ii)

Testicular

0.009

4.8

4.8

533

(ii)

Fertility

0.009

20

10

1111

(ii)

RDT

0.002

29

14.5

7250

(ii)

Testicular

0.002

4.8

4.8

2,400

(ii)

Fertility

0.002

20

10

5000

(ii)

Dermal

3. Car interiors
Inhalation

Table 4.66 continued overleaf
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Table 4.66 continued Calculation of MOS for children consumers exposed to DEHP. Human internal exposure by
oral, inhalation and dermal routes compared with animal oral studies
Effect

Exposure1

NOAEL2

NOAELSystemic3

(mg/kg bw/d)

(mg/kg bw/d)

(mg/kg bw/d)

MOS (NOAEL, Systemic)4

Conclusion

3. Car interiors
Multiple Pathways of Exposure (oral + inhalation + dermal, i.e. scenario 1 + 2 + 3)
RDT

0.234

29

14.5

63

(iii)

Testicular

0.234

4.8

4.8

21

(iii)

Fertility

0.234

20

10

43

(iii)

1)
2)
3)
4)

Internal exposure based on measured data (see Table 4.60) . It should be noted that the indoor air exposure
estimate is a worst case estimate.
NOAEL derived from oral studies in rats (see Table 4.63)
Correction of NOAEL for 50% oral absorption in the rat (no correction of the NOAEL for testicular toxicity is
needed as the Wolfe study is considered to directly give a systemic NOAEL because of a major part of the
exposure is to young animals with 100% absorption)
MOS derived based on the systemic oral NOAEL for rats

Factors considered when calculating MOS and or determining conclusion
Factors common for all exposure scenarios are presented under “Issues considered when
calculating MOS and/or determining the conclusions” (Section 4.1.3.1).
Concerning human exposure, differences in oral and inhalation uptake between children and
adults has been accounted for as the internal exposures has been estimated based on different
bioavailability factors for children in comparison with adults (GI-tract: 100% in comparison with
50%; and, inhalation: 100% in comparison with 75%). For dermal exposure, internal exposure of
children has been estimated based on the same bioavailability factor (5%) as used for adults. We
believe, however, that this value may underestimate dermal uptake in children compared with
adults and, hence, warrants a higher cut-off for all toxicological endpoints.
Concerning different toxicological end-points, different cut-offs for children are selected when
the derived MOS values do not clearly indicate a conclusion (ii) or conclusion (iii), or
clarification is required:
•

A MOS > 100 is considered an acceptable cut-off for effects on kidney (RDT) because the
study is long-term (two-years).

•

A cut-off higher than 100-200 (depending on age; 200 for infants, 100 for children) is
recommended for effects on the testes and fertility because:
1) Testicular toxicity is a very serious end-point, especially in infant (sucking on toys and
child-care articles), as this is a very sensitive life-stage. Rats have been shown to be
sensitive to DEHP following pre-/postnatal exposure (Arcadi et al., 1998). A LOAEL of
3.5 mg/kg bw/day was identified for effects on the testes from this study. However, there are
some limitations in this study due to dosing uncertainties and therefore it is not used for risk
characterisation. Also testicular lesions, including Leydig cell hyperplasia and adenoma,
have been observed in three-month old F1 male rats exposed to dibutyl phthalate in utero
(gestation days 12-21: the prenatal period of male reproductive tract differentiation in the
rat) (Mylchreest et al., 1999). Furthermore, young rats have been shown to be more sensitive
to DEHP-induced testicular toxicity (Sjöberg 1985c, 1986b), however, this age-specific
sensitivity is not fully characterised. In general, the foetus, is particularly sensitive to certain
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toxicants during specific stages of early embryonic development and/or critical stages of
organogenesis. Also exposure during the pre- and postnatal period up to puberty may cause
effects which are not manifested until later in life e.g. endocrine disruption.
2) There is likely an exposure of infants through several different routes (see Table 4.61 e.g.
through baby food and breast milk), and instead of calculation of combined exposure, it is
allowed to affect the setting of minMOS.
The MOS values are considered to clearly indicate either conclusion (ii) or conclusion (iii).
Concerning the occurrence of DEHP in toys and child-care articles, it has been indicated by
reputable toy manufacturers that DEHP is no longer recommended as a PVC plasticiser in toys
and child-care articles. It is also indicated in market surveys by Greenpeace and others that there
is a decreased trend in the use of DEHP in toys. However, it is well known that DEHP and some
other phthalates are interchangeable in their use as PVC plasticisers. Also suppliers of PVC toys
on the market seem not to be aware of precisely which phthalate is used as plasticiser.
Furthermore, in cases when the toys are imported, first hand knowledge on phthalate content
simply may not be available, since toy manufacturers may be unaware of this issue in other parts
of the world. Because the results of the risk assessment clearly show concern for children
exposed to DEHP used in plasticised PVC toys and child-care articles, a risk reduction strategy
is required to ensure that the current and future uses of DEHP are appropriately controlled.
Summary and conclusion
There is concern with regard to testicular effects, fertility, and toxicity to kidneys, on repeated
exposure as a consequence of oral exposure route to toys and child-care articles, and multiple
routes of exposure. No risk is identified for exposure from car interiors. There is no concern for
the acute toxicity, irritation and sensitising effects, carcinogenicity, and mutagenicity.
Conclusion (iii)
4.1.3.4

Medical equipment

4.1.3.4.1

Risk characterisation of patients

Exposure scenarios of concern in the risk characterisation of DEHP include those where patients
in different sub-population (e.g. new-born/premature, children, adults and elderly) can be
exposed to DEHP via medical equipment (for exposure scenarios; see Table 4.10 and
Table 4.11). Also a lifetime exposure scenarios have been considered. It should be noted that
this risk assessment does not consider medical benefits.
MOSs presented here have been derived based on the following scenarios
1.

Human internal exposure of adults via long term haemodialysis compared with NOAELs
derived from animal oral studies for different critical endpoints (see Table 4.67)

2.

Human internal exposure of adults via long term blood transfusion compared with
NOAELs derived from animal oral studies for different critical endpoints (see
Table 4.67)
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3.

Human internal exposure of children via long term blood transfusion compared with
NOAELs derived from animal oral studies for different critical endpoints (see
Table 4.67)

4.

Human internal exposure of neonates via transfusion (no more details given) compared
with NOAELs derived from animal oral studies for different critical endpoints. No
information on exposure period was given but it is considered to be short term (see
Table 4.67). However, the available short term toxicity studies in animals are not
considered relevant for humans. Therefore, the NOAELs for effects on testes, fertility
and development, but not long term studies, are used to derive MOS.

5-7.

Lifetime human internal exposure via different infusions compared with NOAEL derived
from long term animal oral studies for RDT (see Table 4.68).

Based on the available data it was not, however, possible to derive a quantitative MOS for
exposure of premature babies which may be exposed via medical articles/equipment e.g.
extracorporal oxygenation, feeding.
Table 4.67 Calculation of MOS for medical treated persons exposed to DEHP. Human internal exposure
by i.v. routes compared with animal oral studies
Effect

Exposure1

NOAEL2

NOAELSystemic3

(mg/kg bw/d)

(mg/kg bw/d)

(mg/kg bw/d)

MOS (NOAEL, Systemic)4

Conclusion

1. Long-term haemodialysis (adults)
Intravenous
RDT

3.1

29

14.5

4.6

(iii)

Testicular

3.1

4.8

4.8

2

(iii)

Fertility

3.1

20

10

3.2

(iii)

Developmental

3.1

4.8

4.8

2

(iii)

2. Long-term blood transfusion (adults) Haemophiliacs
Intravenous
RDT

0.03

29

14.5

483

(ii)

Testicular

0.03

4.8

4.8

160

(ii)

Fertility

0.03

20

10

333

(ii)

Developmental

0.03

4.8

4.8

160

(ii)

3. Long term blood transfusion (children)
Intravenous
RDT

0.075

29

14.5

193

(ii)

Testicular

0.075

4.8

4.8

64

(iii)

Fertility

0.075

20

10

133

(ii)

Table 4.67 continued overleaf
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Table 4.67 continued Calculation of MOS for medical treated persons exposed to DEHP. Human internal exposure
by i.v. routes compared with animal oral studies
Exposure1

NOAEL2

NOAELSystemic3

(mg/kg bw/d)

(mg/kg bw/d)

(mg/kg bw/d)

Effect

MOS (NOAEL, Systemic)4

Conclusion

4. Transfusions (neonates)
Intravenous
Testicular

1.7

4.8

4.8

3

(iii)

Fertility

1.7

20

10

5.9

(iii)

1)
2)
3)

Internal exposure based on measured data (see Table 4.60)
NOAEL derived from oral studies in rats (see Table 4.63)
Correction of NOAEL for 50% oral absorption in the rat (no correction of the NOAELs for testicular and
developmental toxicity is needed as the Wolfe study is considered to directly give a systemic NOAEL
because of a major part of the exposure is to young animals with 100% absorption)
MOS derived based on the systemic oral NOAEL for rats

4)

Table 4.68 Calculation of MOSs from lifetime exposure to DEHP during infusions. Human internal
exposure by i.v. route compared with lifetime animal oral studies from RTD2;
NOAELoral = 29 mg/kg bw/day
Exposure scenario

Exposure1 (mg/kg bw/d)

MOSNOAEL3

MOSNOAEL;CORR4

5. Infusion of platelets

0.001

29,000

14,500

(ii)

6. Haemodialysis

0.099

293

146

(ii)

7. Autopheresis

0.00058

50,000

25,000

(ii)

1)
2)
3)
4)

Conclusion

Internal exposure based on measured data (see Table 4.60)
2-Year rat oral study
100% bioavailability equivalence assumed
50% bioavailability equivalence assumed

Factors considered when calculating MOS and or determining conclusion
Factors concerning various exposure scenarios are detailed under “Issues considered when
calculating MOS and/or determining the conclusions”; Section 4.1.3.1. Additionally, some
factors specific for exposure via medical equipment have also to be considered:
•

DEHP is used widely in different medical equipment.

•

Intravenous dosing can result in an extensive exposure which is 100% bioavailable.

•

Patients exposed to DEHP are represented by different vulnerable subgroups including
babies, children, and the elderly. The medical condition of patients (e.g. reduced kidney
function) may render them more susceptible to DEHP-induced toxicity. For example, DEHP
has been shown to have effects on the kidney and heart in repeated dose toxicity studies, and
effects on cardiovascular system and lungs following a single iv administration. These
effects can be of importance for patients undergoing dialysis and/or blood transfusion, and
in extracorporal oxygenation in newborns.

•

Young patients are considered to be a vulnerable subpopulation as a number of
physiological, biochemical, genitical, and anatomical differences exist between children and
adults (see “Risk characterisation of children consumers”).

•

During treatment with pharmaceuticals drug-interactions with DEHP may occur.
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The resulting minMOS for all end-points is 100 in adults and (older) children. In neonates, it
additionally needs to be considered that testicular toxicity is a serious end-point, especially in
this very sensitive life-stage, and that additional exposure to DEHP occurs via, e.g., breast milk,
warranting a minMOS of 250 (but the benefits of the treatment needs to be considered as well).
Summary and conclusion
Based on a quantitative risk assessment, there is concern for some or all end points: testicular,
fertility, and developmental (adults only) for the exposure scenarios
•

long term haemodialysis in adults

•

long term blood transfusion in children

•

transfusions in neonates

Calculating the MOS values on data from human lifetime exposure, there is no concern for the
endpoint RTD (based on lifetime animal data) for haemodialysis, infusion of platelets, and
autopheresis.
Based on a qualitative risk assessment, there is concern for all end points: testicular, fertility,
RDT for extracorporal oxygenation in children
Conclusion (iii).
4.1.3.5

Humans exposed via the environment

The major contribution to regional exposure is from food products. For children this is primarily
from diary products and for babies from infant formulae and breast milk. DEHP in food may
originate from the environment and/or during food processing and/or from food packaging
material. It is, however, not possible to distinguish between these sources.
The information used in EUSES is based on environmental monitoring and default data.
Monitoring data for milk and air has been used for the regional estimation of exposure,
monitoring data for milk also in all local scenarios. The concentration of 0.05 mg/l DEHP in
milk (Petersen, 1991) and a concentration of 19 ng/m3 in air are used (ECPI, 2000). MOS has
been derived based on EUSES and separately on monitoring data for infant formulae (MAFF,
1998a,c), and breast milk (Gruber, 1998). Although the monitoring data on DEHP in milk is
considered reliable, it may represent the contribution of DEHP from the environment and food
contact materials (processing and packaging). Further information concerning the derivation of
the exposure values and different scenarios is presented in Section 4.1.1.4. The total daily intake
via air, drinking water and food at local scale and regional scale calculated by EUSES are
summarised in Table 4.13, Table 4.14 and Table 4.15.
Exposure scenarios considered important for adults and children, concern
Adults
•

Exposure calculated from measured urinary excretion of DEHP-metabolites in humans (also
covering children)

•

Environmental exposure of adults estimated with EUSES (see Table 4.69)
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Children
•

Environmental exposure of children estimated with EUSES (see Table 4.70 and see
Table 4.71)

Babies
•

Exposure from infant formulae based on monitoring data (see Table 4.72 and see
Table 4.73)

•

Exposure from breast milk based on monitoring data (see Table 4.74 and see Table 4.75)

However, consumption of mussels is not included in EUSES. Exposure to DEHP through the
consumption of mussels may be of importance as the BCF for mussels is high (2,500) and certain
subpopulations can consume large quantities of mussels.
Exposure of adults as calculated from urinary excretion of DEHP-metabolites
Based on analyses of DEHP-metabolites in urine of (non-occupationally exposed) Germans, the
daily intake of DEHP was calculated by the authors to 52.1 µg/kg/day (95th percentile), based on
the secondary metabolites of MEHP in urine (Koch et al., 2003a). It should be noted that there
are some uncertainties in this figure, as the calculation is based on the assumption that 25% of
the ingested DEHP is excreted as urinary metabolites. The rapporteur believes that the approach
is scientifically sound, and that the conversion factors are in conformity with the overall
database, although in the lower end. The inclusion of secondary metabolites of MEHP in the
analyses is also a clear advantage as it results in analyses of a larger share of the given substance
and gives appropriate consideration of potential fast metabolisers of MEHP. However, a recent
study using the best available analytical technique and deuterium-labelled DEHP (Koch et al.,
2003d), has given conversion factors 3-fold higher than the ones originally used by Koch et al.
(2003a). Although the new data is only based on one individual, the quality of this study
warrants it’s use. Based on this new data, the regional exposure is recalculated into
17 µg DEHP/kg/day (95th percentile), which is the value used in the risk characterisation.
The studied German group (Koch et al 2003a) included some children, although the median age
was 33 years of age. Other studies on urinary excretion of MEHP have suggested higher
exposure of children than of adults (Brock et al., 2002, US CDC, 2003, Tsumura et al 2001b,
Koch et al 2004), causing some uncertainty whether the exposure estimate chosen (17 ug/kg/day)
may also be considered to represent the regional exposure of the whole population, including
children.
It is generally believed that food is the major source of human DEHP-exposure, and recent
Japanese data support that food can be contaminated with DEHP from different articles (e.g.
PVC-gloves or tubings, as shown by Tsumura et al 2001b). Thus, this intake data has been
chosen to represent exposure indirectly via the environment. The possible contamination of food
from, e.g. PVC-items, is of course not included in the EUSES-model. Thus, the EUSES
estimated human exposure (see Table 4.15) do not consider contamination of food from items,
which is a likely reason as to why the measured levels (based on urinary excretion) are higher
and probably more relevant than those estimated by EUSES. The chosen exposure estimate
(17 µg/kg/day) can be compared with measured DEHP concentrations in food from Denmark
and Japan, indicating intake levels up to 16 µg/kg/day and 59.9 µg/kg/day, respectively.
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When comparing the regional exposure estimate of 17 µg/kg/day with the NOAELs, the results
are as follows:
NOAEL
14.5 mg/kg/day
4.8 mg/kg/day
10 mg/kg/day
4.8 mg/kg/day

RTD
Testicular tox.
Fertility
Developmental tox.

MOS
852
282
588
282

Conclusion
(ii)
(ii)
(ii)
(ii)

When determining the conclusions, MOS-values > 100 are considered to indicate no concern for
adults and (older) children.
Summary/conclusions
Based on the results for regional exposure to DEHP of the whole population, conclusion (ii)
applies for all end-points:
Conclusion (ii).Environmental exposure of adults estimated with EUSES

MOSs derived for adults are presented in Table 4.69.
Table 4.69 EUSES derived MOS values for adults and different exposure scenarios
Scenario

MOS Total and conclusions for different oral NOAELs

NOAEL1:
Life cycle stage

MOS

RDT

Testicular

Fertility

Development

14.52

4.83

104

4.85

Concl.

MOS

Concl.

MOS

Concl.

MOS

Concl.

Local:
Production
site 1.

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 2

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

3*

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 4

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 5

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 6

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 7*

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 8

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 9*

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 10.*

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 11.

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site 12.

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

site

Table 4.69 continued overleaf
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Table 4.69 continued EUSES derived MOS values for adults and different exposure scenarios
Scenario

MOS Total and conclusions for different oral NOAELs

NOAEL1:
Life cycle stage

RDT

Testicular

Fertility

Development

14.52

4.83

104

4.85

MOS

Concl.

MOS

Concl.

MOS

Concl.

MOS

Concl.

(ii)

212

(ii)

442

(ii)

212

(ii)

2b. Extrusion comp

> 1,000 (ii)

480

(ii)

997

(ii)

480

(ii)

2c. Extrusion prod

> 1,000 (ii)

480

(ii)

997

(ii)

480

(ii)

2d. Spread coating with
air cleaning

> 1,000 (ii)

415

(ii)

865

(ii)

415

(ii)

(ii)

143

(ii)

298

(ii)

143

(ii)

> 1,000 (ii)

685

(ii)

> 1,000

(ii)

685

(ii)

162

(ii)

337

(ii)

162

(ii)

154

(ii)

320

(ii)

154

(ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

185

(ii)

385

(ii)

185

(ii)

> 1,000

(ii)

> 1,000

(ii)

> 1,000

(ii)

184

(ii)

383

(ii)

184

(ii)

2 Processing of polymer products
2a Calendering

2d. Spread coating
without air cleaning
2e. Other plastisol with
air cleaning
2e. Other plastisol
without air cleaning

641

432

489

(ii)

3 Non-polymer processing/ formulation
3a Sealants/adhesives
form.
3b Sealants/adhesives
proc.
4a Lacquers and paint
form.
4b Lacquers and paint
proc.
5a Prinitng ink
formulation

463

(ii)

> 1,000 (ii)
559

(ii)

> 1,000 (ii)
555

(ii)

6 Ceramic formulation

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1000

(ii)

7a. Municipal STP

> 1,000 (ii)

648

(ii)

> 1,000

(ii)

648

(ii)

8a Paper recycling

> 1,000 (ii)

596

(ii)

> 1,000

(ii)

596

(ii)

8b Waste car shredder

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1000

(ii)

8c Waste incineration

> 1,000 (ii)

> 1,000

(ii)

> 1,000

(ii)

> 1000

(ii)

Regional

15,000

4,970

(ii)

10,360

(ii)

4970

(ii)

(ii)

1) The oral bioavailabilty of DEHP is only 50% in adults. EUSES 1.0 cannot accout for this and therefore overestimates
the internal exposure for adults with a factor of two. Instead of reducing the calculated daily intake for all scenarios by a
factor of two the systemic NOAELs have been doubled in the EUSES modelling to compensate for this.
2) 2-Year rat oral study.
3) 3-generation oral reproductive toxicity study in rats.
4) Continuous breeding study in mice.
5) 3-generation oral reproductive toxicity study in rats
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For local and regional exposure, conclusion (ii) is reached for adults.
Factors considered when calculating MOS and or determining conclusion:
Factors concerning various exposure scenarios are detailed under “Issues considered when
calculating MOS and/or determining the conclusions” (see Section 4.1.3.1).
Concerning different toxicological end-points, different cut-offs are selected when the derived
MOS values do not clearly indicate a conclusion (ii) or conclusion (iii), or clarification is
required:
•

A MOS > 100 is considered an acceptable cut-off for effects on kidney (RDT) because the
study is long-term (two-years).

•

A MOS of > 100 is considered an acceptable cut-off for effects on testes. A lower cut-off
compared with children is considered acceptable since adult rats are less sensitive than
young animals (Wolfe et al., 2003; Poon et al., 1997). Also a study with marmosets (Kurata
et al., 1998) indicates that they are less sensitive to DEHP than mature rats, mice, hamsters
and ferrets, and young rats (e.g. Sjöberg et al., 1985c). The sensitivity of marmosets to
MEHP has not been tested.

•

A MOS of > 100 is considered an acceptable cut-off for effects on fertility. Rats have been
shown to be sensitive to DEHP following pre-/postnatal exposure (Arcadi et al., 1998). A
LOAEL of 3.5 mg/kg bw/day was identified for effects on testes from this study. Also
testicular lesions, including Leydig cell hyperplasia and adenoma, have been observed in
three-month old F1 male rats exposed to dibutyl phthalate in utero (gestation days 12-21: the
prenatal period of male reproductive tract differentiation in the rat) (Mylchreest et al., 1999).
In general, the foetus is particularly sensitive to certain toxicants during specific stages of
early embryonic development and/or critical stages of organogenesis. Also exposure during
the pre- and postnatal period (up to puberty) may cause effects, which are not manifested
until later in life (e.g., endocrine disruption).

•

A MOS of > 100 for developmental toxicity is considered to be an acceptable cut-off.

Summary/conclusion
•

For adults there is no concern for any of the toxicological endpoints studied from regional or
local exposure as estimated by EUSES.

Based on the EUSES-results for regional and local exposure from food, water and air assessment
for adults, conclusion (ii) applies.
Environmental exposure of children determined by EUSES
Assumptions made were that the children’s body weight was 8 kg bw, daily intake of diary
products 1.68 kg/day milk, and inhalation rate = 9.3 m3/day (children 0.5-3 year, respiratory
volume while at rest 168 l/hour, activity factor 2.3 -moderate activity (Whalan et al., 1997).
MOSs derived for children for generic sites are presented in Table 4.70, and MOSs derived for
children modelled using reported site-specific emission data are presented in Table 4.71.
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Table 4.70 EUSES derived MOS values for children and different generic (except production
1-12) exposure scenarios
Scenario

MOS Total and conclusions for different oral NOAEL/LOAELs
RDT1

Testicular

Fertility

14.5

4.82

103

NOAEL:
Life cycle stage

MOS

Concl.

MOS

Concl.

MOS

Concl.

site 1.

747

(ii)

247

(ii)

515

(ii)

site 2

522

(ii)

172

(ii)

360

(ii)

site 3

747

(ii)

247

(ii)

515

(ii)

site 4

743

(ii)

246

(ii)

512

(ii)

site 5

377

(ii)

125

(ii)

260

(ii)

site 6

278

(ii)

92

(iii)

191

(ii)

site 7.

747

(ii)

247

(ii)

515

(ii)

site 8

659

(ii)

218

(ii)

454

(ii)

site 9

747

(ii)

247

(ii)

515

(ii)

site 10.

747

(ii)

247

(ii)

515

(ii)

site 11.

379

(ii)

126

(ii)

261

(ii)

site 12.

357

(ii)

118

(ii)

246

(ii)

2a Calendering

68

(iii)

22

(iii)

47

(iii)

2b. Extrusion comp

138

(ii)

46

(iii)

95

(iii)

2c. Extrusion prod

138

(ii)

46

(iii)

95

(iii)

2d. Spread coating, with air
cleaning

123

2d. Spread coating, without air
cleaning

46

2e. Other plastisol, with air
cleaning

188

2e. Other plastisol, without air
cleaning

52

Local:
1 Production

2 Processing of polymer products

(iii)

(iii)
41

(iii)

(ii)
85

(iii)
15

(ii)

(iii)
32

(iii)
62

(iii)

(ii)
130

(iii)
17

(iii)
36

Table 4.70 continued overleaf
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Table 4.70 continued EUSES derived MOS values for children and different generic (except production
1-12) exposure scenarios
Scenario

MOS Total and conclusions for different oral NOAEL/LOAELs

NOAEL:
Life cycle stage

RDT

Testicular

Fertility

14.51

4.82

103

MOS

Concl.

MOS

Concl.

MOS

Concl.

3 Non-polymer processing/formulation
3a Sealants/adhesives form.

50

(iii)

16

(iii)

34

(iii)

3b Sealants/adhesives proc.

743

(ii)

246

(ii)

512

(ii)

4a Lacquers and paint form.

59

(iii)

20

(iii)

41

(iii)

4b Lacquers and paint proc.

345

(ii)

114

(ii)

238

(ii)

5a Printing ink formulation

59

(iii)

20

(iii)

41

(iii)

6 Ceramic formulation

453

(ii)

150

(ii)

312

(ii)

7a. Municipal STP

174

(ii)

58

(iii)

120

(ii)

8a Paper recycling

167

(ii)

55

(iii)

115

(ii)

8b Waste car shredder

747

(ii)

247

(ii)

515

(ii)

8c Waste incineration

703

(ii)

233

(ii)

485

(ii)

Regional

747

(ii)

247

(ii)

515

(ii)

*
1)
2)
3)

508

For scenarios 3, 7, 9, 10 and 8b EUSES calculates MOS-values that are higher than the regional
MOS. These MOS values ares overwritten with the regional MOS.
2-Year rat oral study.
3-generation oral reproductive toxicity study.
Continuous breeding study.

CHAPTER 4. HUMAN HEALTH

Table 4.71 MOS values for children and different exposure scenarios based on reported
site-specific data
Scenario

MOS Total and conclusions for different oral NOAEL/LOAELs

NOAEL:
Life cycle stage

RDT

Testicular

Fertility

14.51

4.82

103

MOS

Concl.

MOS

Concl.

MOS

Concl.

site F3

622

(ii)

206

(ii)

429

(ii)

site S4

426

(ii)

141

(ii)

294

(ii)

site S6

462

(ii)

153

(ii)

319

(ii)

776

(ii)

257

(ii)

535

(ii)

site F2

508

(ii)

168

(ii)

350

(ii)

site F7

649

(ii)

215

(ii)

448

(ii)

site I9

613

(ii)

203

(ii)

423

(ii)

site S11

776

(ii)

257

(ii)

535

(ii)

site F1

580

(ii)

192

(ii)

400

(ii)

site S8

326

(ii)

108

(ii)

225

(ii)

site ES12

622

(ii)

206

(ii)

429

(ii)

site ES13

710

(ii)

235

(ii)

490

(ii)

(ii)

186

(ii)

388

(ii)

Local:
2a Calendering

2b Extrusion compound
site S5
2c Extrusion product

2d Spread coating

2? Polymer, not known

3a Sealants/adhesives form
adhesives site F10

562

1) 2-Year rat oral study.
2) 3-generation oral reproductive toxicity study.
3) Continuous breeding study.

There is no concern for regional exposure of children.
For local exposure based on generic data, conclusion (iii) is reached for children in many
scenarios. However, when modelling local exposure based on the site-specific data that has been
received from some plants, there is no concern. However, site-specific data is limited to a few
out of many sites. The volume used by these sites covers only a few percent of the total volume
used in these use areas. The data can therefore not be taken as representative for all other sites
(see also section 3.1.1.2.1). As a realistic worst case it has been assumed that there are sites
having releases as large as the modelled generic ones.
Factors considered when calculating MOS and or determining conclusion
Factors common for all exposure scenarios are presented under “Issues considered when
calculating MOS and/or determining the conclusions” (see Section 4.1.3.1).
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Concerning human exposure, differences in oral and inhalation uptake between children and
adults has been accounted for as the internal exposures has been estimated based on different
bioavailability factors for children in comparison with adults (GI-tract: 100% in comparison with
50%; and, inhalation: 100% in comparison with 75%). Dermal exposure is not considered for
this population.
Thus, for all three end-points (repeated dose nephrotoxicity, testicular toxicity, and fertility), a
minMOS of 100 is used. In setting the minMOS, it is also considered that, on the one hand the
modelling is made for infants, and on the other, that the food basket quantity is very
conservatively chosen.
Summary/conclusion
•

For children there is concern with regard to testicular effects, fertility and toxicity to
kidneys, on repeated exposure resulting from several generic local exposure scenarios, but
not when site-specific release data has been used.

Based on the results for local exposure from food, water and air assessment for children
conclusion (iii) applies.
Risk characterisation for babies (Infant formulae)
MOSs derived for babies are presented in Table 4.72 and Table 4.73.
Table 4.72 Calculation of MOS for newborn babies (0-3 months old) exposed to DEHP via infant
formulae. Human internal exposure by oral route compared with animal oral studies
MOS (NOAEL, Systemic)4 Conclusion

Effect

Exposure1
(mg/kg bw/d)

NOAEL2
(mg/kg bw/d)

NOAELSystemic3
(mg/kg bw/d)

RDT

0.013

29

14.5

1,115

(ii)

Testicular

0.013

4.8

4.8

369

(ii)

Fertility

0.013

20

10

769

(ii)

1) Internal exposure based on measured data (see Table 4.60)
2) NOAEL derived from oral studies in rats (see Table 4.63)
3) Correction of NOAEL for 50% oral absorption in the rat (no correction of the NOAEL for testicular toxicity is
needed as the Wolfe study is considered to directly give a systemic NOAEL because of a major part of the
exposure is to young animals with 100% absorption)
4) MOS derived based on the systemic oral NOAEL for rats

Table 4.73 Calculation of MOS for infants (6+ months old) exposed to DEHP via infant formulae.
Human internal exposure by oral route compared with animal oral studies
Effect

Exposure1
(mg/kg bw/d)

NOAEL2
(mg/kg bw/d)

NOAELSystemic3
(mg/kg bw/d)

MOS (NOAEL, Systemic)4 Conclusion

RDT

0.008

29

14.5

1,812

(ii)

Testicular

0.008

4.8

4.8

600

(ii)

Fertility

0.008

20

10

1,250

(ii)

1) Internal exposure based on measured data (see Table 4.60)
2) NOAEL derived from oral studies in rats (see Table 4.63)
3) Correction of NOAEL for 50% oral absorption in the rat (no correction of the NOAELs for testicular toxicity is
needed as the Wolfe study is considered to directly give a systemic NOAEL because of a major part of the
exposure is to young animals with 100% absorption)
4) MOS derived based on the systemic oral NOAEL for rats
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Factors considered when calculating MOS and or determining conclusion
Factors common for all exposure scenarios are presented under “Issues considered when
calculating MOS and/or determining the conclusions” (see Section 4.1.3.1).
Concerning human exposure, differences in oral uptake between children and adults has been
accounted for as the internal exposures has been estimated based on different bioavailability
factors for children in comparison with adults (GI-tract: 100% in comparison with 50%).
Concerning different toxicological end-points, different cut-offs for children are selected when
the derived MOS values do not clearly indicate a conclusion (ii) or conclusion (iii), or
clarification is required:
•

A MOS >100 is considered an acceptable cut-off for effects on kidney (RDT) because the
study is long-term (two-years).

•

A MOS of around 250 for testicular effects and fertility is considered as acceptable cut-off
for new-borns (0-3 months of age) because: 1) Testicular toxicity is a serious end-point,
especially in this very sensitive (developing) life-stage. Rats have been shown to be
sensitive to DEHP following pre-/postnatal exposure (Arcadi et al., 1998). A LOAEL of
3.5 mg/kg bw/day was identified for effects on the testes from this study. A NOEAL of
3.7 mg/kg/day (based on sertoli cell vacuolisation at 37 mg/kg/day) was found in a 90-days
study with exposure starting when the rats were relatively young (Poon et al., 1997). Also
testicular lesions, including Leydig cell hyperplasia and adenoma, have been observed in
three-month old F1 male rats exposed to dibutyl phthalate in utero (gestation days 12-21: the
prenatal period of male reproductive tract differentiation in the rat) (Mylchreest et al., 1999)
indicating a potential for interaction between different phthalates with regard to testicular
toxicity. Furthermore, young rats have been shown to be more sensitive to DEHP-induced
testicular toxicity (Sjöberg 1985c, 1986b), which is also evident in the 3-generation study
(Wolfe et al., 2003). In general, the foetus, is particularly sensitive to certain toxicants
during specific stages of early embryonic development and/or critical stages of
organogenesis. Also exposure during the pre- and postnatal period up to puberty may cause
effects that are not manifested until later in life e.g. endocrine disruption. With two
multi-generation studies at hand (Wolfe at al., 2003; Schilling et al., 2001), the uncertainty
with regard to the effect level has decreased substantially. Infants at the age of 3-12 months
of age have likely passed the most vulnerable developmental period and a slightly lower
minMOS (than for newborns) can be used for this group. However, infants from 3 months of
age will also be exposed to DEHP from other sources as estimated in Table 4.70. However,
the relative contribution from infant formula, solid foods and breast milk will greatly vary
for different subgroups within this population depending on the child’s individual habits and
also on cultural practices associated with different regions and countries. Therefore, it is
considered that there is a large degree of uncertainty attached with the lowering of the
minimal MOS below 200 for this age group and population as a whole. 2) There is exposure
of infants through several different routes (Table 4.61 Combined exposure, e.g., through
baby food, indoor air, indoor dust, toys and other soft PVC), and instead of calculation
combined exposure, it is allowed to affect the setting of minMOS. Examples of worst-case
exposure levels through these routes are; < 22 µg/kg/day via indoor air, 59.9 µg/kg/day via
one brand of Japanese baby food (Tsumura et al. 2001b), < 200 µg/kg/day via mouthing on
soft PVC. In addition, median concentrations of 195 µg DEHP/g dust has been reported
from the UK, likely contributing to the internal exposure (Santillo et al. 2003).
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Summary/conclusion
•

For new-borns and infants there is no concern from the consumption of infant formulae for
any effects.

Based on the results for infants exposed via infant formulae conclusion (ii) applies.
Exposure from breast milk based on monitoring data
MOSs derived for children are presented in Table 4.74 and Table 4.75.
Table 4.74 Calculation of MOS for new-borns 0-3 months old, exposed to DEHP via breast milk.
Human internal exposure by oral route compared with animal oral studies
Effect

Exposure1
(mg/kg bw/d)

NOAEL2
(mg/kg bw/d)

NOAELSystemic3
(mg/kg bw/d)

MOS (NOAEL, Systemic)4 Conclusion

RDT

0.006

29

14.5

2,339

(ii)

Testicular

0.006

4.8

4.8

774

(ii)

Fertility

0.006

20

10

1,613

(ii)

1) Internal exposure based on measured data (see Table 4.60)
2) NOAEL derived from oral studies in rats (see Table 4.63)
3) Correction of NOAEL for 50% oral absorption in the rat (no correction of the NOAELs for testicular toxicity is
needed as the Wolfe study is considered to directly give a systemic NOAEL because of a major part of the
exposure is to young animals with 100% absorption)
4) MOS derived based on the systemic oral NOAEL for rats

Table 4.75 Calculation of MOS for infants 3-12 months old, exposed to DEHP via breast milk. Human
internal exposure by oral route compared with animal oral studies
Effect

Exposure1
(mg/kg bw/d)

NOAEL2
(mg/kg bw/d)

NOAELSystemic3
(mg/kg bw/d)

RDT

0.002

29

14.5

6,042

(ii)

Testicular

0.002

4.8

4.8

2,000

(ii)

Fertility

0.002

20

10

4,167

(ii)

1)
2)
3)
4)

MOS (NOAEL, Systemic)4 Conclusion

Internal exposure based on measured data (see Table 4.60)
NOAEL derived from oral studies in rats (see Table 4.63)
Correction of NOAEL for 50% oral absorption in the rat (no correction of the NOAELs for testicular toxicity is
needed as the Wolfe study is considered to directly give a systemic NOAEL because of a major part of the
exposure is to young animals with 100% absorption)
MOS derived based on the systemic oral NOAEL for rats

Factors considered when calculating MOS and or determining conclusion
Factors common for all exposure scenarios are presented under “Issues considered when
calculating MOS and/or determining the conclusions” (see Section 4.1.3.1).
Concerning human exposure, differences in oral and inhalation uptake between children and
adults has been accounted for as the internal exposures has been estimated based on different
bioavailability factors for children in comparison with adults (GI-tract: 100% in comparison with
50%).
Concerning different toxicological end-points, different cut-offs for children are selected when
the derived MOS values do not clearly indicate a conclusion (ii) or conclusion (iii) , or
clarification is required:
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•

A MOS > 100 is considered an acceptable cut-off for effects on kidney (RDT) because the
study is long-term (two-years).

•

A MOS of around 250 for testicular effects and fertility is considered as acceptable cut-off
for new-borns (0-3 months) because: 1) Testicular toxicity is a serious end-point, especially
in this very sensitive (developing) life-stage. Rats have been shown to be sensitive to DEHP
following pre-/postnatal exposure (Arcadi et al., 1998). A LOAEL of 3.5 mg/kg bw/day was
identified for effects on the testes from this study. However, there are some limitations in
this study due to dosing uncertainties and therefore it is not used for risk characterisation. A
NOEAL of 3.7 mg/kg/day (based on sertoli cell vacuolisation at 37 mg/kg/day) was found in
a 90-days study with exposure starting when the rats were relatively young (Poon et al.,
1997). Also testicular lesions, including Leydig cell hyperplasia and adenoma, have been
observed in three-month old F1 male rats exposed to dibutyl phthalate in utero (gestation
days 12-21: the prenatal period of male reproductive tract differentiation in the rat)
(Mylchreest et al., 1999), indicating a potential for interaction between different phthalates
with regard to testicular toxicity. Furthermore, young rats have been shown to be more
sensitive to DEHP-induced testicular toxicity (Sjöberg 1985c, 1986b), which is also evident
in the 3-generation study (Wolfe et al., 2003). In general, the foetus, is particularly sensitive
to certain toxicants during specific stages of early embryonic development and/or critical
stages of organogenesis. Also exposure during the pre- and postnatal period up to puberty
may cause effects, which are not manifested until later in life e.g. endocrine disruption.
However, with two multi-generation studies at hand (Wolfe at al., 2003; Schilling et al.,
2001), the uncertainty with regard to the effect level has decreased substantially. Infants at
the age of 3-12 months of age have likely passed the most vulnerable developmental period
and a slightly lower minMOS (than for newborns) can be used for this group. However,
infants from 3 months of age will also be exposed to DEHP from other sources as estimated
in Table 4.70. The relative contribution from breast milk, solid foods and infant formula
will greatly vary for different subgroups within this population depending on the child’s
individual habits and also on cultural practices associated with different regions and
countries. Therefore, it is considered that there is a large degree of uncertainty attached with
the lowering of the minimal MOS below 200 for this age group and population as a whole.
2) There is exposure of infants through several different routes (see Table 4.61, e.g., through
baby food, indoor air, indoor dust, toys and other soft PVC), and instead of calculating
combined exposure, it is allowed to affect the setting of minMOS. Examples of worst-case
exposure levels through these routes are; < 22 µg/kg/day via indoor air, 59.9 µg/kg/day via
one brand of Japanese baby food (Tsumura et al., 2001b), < 200 µg/kg/day via mouthing on
soft PVC. In addition, median concentrations of 195 µg DEHP/g dust has been reported from
the UK, likely contributing to the internal exposure (Santillo et al. 2003). However, overall
the breast milk is likely the biggest source of exposure. Barr et al. (2003), Brock et al. (2002)
and Koch et al. (2004) have also shown that the urinary concentrations of MEHP is higher in
children than in adults, which suggests that the exposure to DEHP is higher in children than
in adults.

Conclusion
For new-borns and infants there is no concern from the consumption of breast milk for any
effect.
Conclusion (ii).

513

EU RISK ASSESSMENT – BIS(2-ETHYLHEXYL) PHTHALATE

4.1.3.6

FINAL REPORT, 2008

Combined exposure

Several separate and combined exposure groups can be identified. Quantitative results for
combined populations have not been derived. An overall examination of the available data
indicates that adults, children and babies are potentially exposed to DEHP from several different
sources. These exposures may be by different exposure routes and occur either sequentially or
separately. The exposures may also vary in frequency occurring at different ages, and for
different durations. It is apparent that exposure to DEHP occurs for a life-time but the amount,
frequency and source change. It is generally difficult to quantitatively assess combined exposure,
as addition of several reasonable worst-case values (e.g. 95th percentile exposure values) could
lead to a rather unrealistic sum, because it is perhaps not that likely that an individual belongs to
the 5% most highly exposed individuals for all different exposure routes/sources. However, this
possible shortcoming has been overcome in adults by basing measurements of exposure on
urinary excretion of DEHP metabolites. The combined exposure is therefore considered
specifically in setting the minMOS for the different exposure scenarios for babies, which is
believed to be the most sensitive sub-population and for which several different exposure
routes/sources exist (breast milk, infant formula, baby food, mouthing on soft PVC, indoor air,
and by dermal and oral exposure via indoor dust containing DEHP).
Summary/conclusion
Characterisation of combined exposure may indicate reason for concern for new-borns. As this
potential will be addressed in the risk assessment for new-borns in the section “Human exposed
via the environment”, no conclusion will be drawn in this specific section.

4.2

HUMAN HEALTH (PHYSICO-CHEMICAL PROPERTIES)

Flammability, explosive and oxidising properties are not considered to form a hazard hence
further characterisation is not undertaken in this report. In addition, there is no need for further
information and/or testing with regard to physico-chemical properties. Therefore it is considered
that conclusion (ii) applies.
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5

RESULTS

5.1

INTRODUCTION

DEHP is widely used in many products in the society. The main use of DEHP is as a plasticizer
in polymer products, mainly in flexible PVC. DEHP occurs in many different life-cycle stages
indicating both point and multiple sources of exposure. The main stages identified include:
•

Production of DEHP

•

Formulation of polymers

•

Processing of polymers

•

Formulation of non-polymers

•

Processing of non-polymers

•

End-use of products (articles) containing DEHP

•

Waste management including:
•

Paper recycling

•

Car shredding

•

Incineration of DEHP containing products

•

Disposal on land fills of DEHP containing products

•

“Waste remaining in the environment”

Information is generally available for production of DEHP and processing of flexible PVC but to
a lesser extent for formulation and processing of non-PVC and non-polymer uses.

5.2

ENVIRONMENT

5.2.1

General

The results summarised here are presented in detail in Section 3.
Emissions
DEHP is known to migrate slowly from polymer products during their entire lifetime. The total
annual emission for DEHP (1997) is estimated to be about 29,000 tpa (see Table 3.37).
Depending on the environmental conditions emitted DEHP will evaporate, precipitate,
biodegrade or be adsorbed to organic matter. The exposure analysis indicates that the main part
of released DEHP originates from use and disposal of polymer products. This release is
dispersed widely. Releases from industrial point sources are expected to cause local exposure.
The following contributions from different life-cycle stages is estimated:
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Source

Emission
contribution

Uncertainty in
the estimate

Emission type

Production of DEHP

∼2.5%

low

point sources

Industrial uses

∼2.5%

medium

point sources

End-product uses

∼32%

medium

wide disperse (+ point sources)

Waste handling*

∼63%

high

wide disperse (+ point sources)

Car shredding, Incineration + Land fills + Waste remaining in the environment

Considerable amounts of DEHP are introduced annually into the technosphere. The main use in
persistent polymers causes long lifetimes and accumulation of DEHP in the society (dump sites
included).
Some sources of emission are expected to have very long lifetimes (e.g. soil buried cables, waste
remaining in the environment or building materials). This may cause increasing environmental
exposures in the future. Since this type of emission seems to dominate for DEHP the
interpretation of calculated regional PEC in relation to monitored data is difficult. However,
DEHP has had a relatively stable consumption level in Europe the last 30 years. There are only a
few products with service lives longer than that (e.g. soil buried cables). Therefore a major
increase in concentration of DEHP in the environment is not to be expected over the coming
years if the consumption volume and use pattern stay stable.
Environmental fate
DEHP enters the environment mainly via direct release to the air, release from sewage sludge
and from solid waste. In the air, DEHP may occur both in vapour phase and as solid particles.
The nature of these particles can be either aggregates of pure DEHP, polymer particles
containing DEHP or particles of other material where DEHP is adsorbed to the surface. In
sewage treatment plants “free” DEHP will be strongly adsorbed to the sludge. Particles formed
by weathering of polymer products (“waste remaining in the environment”) probably represent
an important route of DEHP distribution. Since DEHP still remains in the polymer this
distribution route results in a prolonged release period compared to non-polymer materials.
Depending on the particle size, some of this waste can be distributed to the air compartment,
while larger particles are distributed to the soil and sediment compartments.
DEHP is persistent to hydrolysis. However, evaporated DEHP will to some extent degrade in the
atmosphere. Photodegradation is assumed to be of little importance in water and soil. The
biodegradation of DEHP is varying in available studies. Under optimal conditions DEHP may be
degraded rather fast. Microbial adaptation will obviously increase the degradation. Based on
standard test method DEHP can be classified as readily biodegradable. However, under more
realistic environmental conditions (i.e. DEHP adsorbed to organic matter) the degradation seems
to slow down. In the final recipient, aquatic sediments, the anaerobic conditions reduce the
degradation rate even further. The fate of DEHP in agricultural soil is unclear. A moderate-low
biodegradation can be expected.
The biodegradation in sewage treatment plants is slow, probably due to strong adsorption of
DEHP to organic matter. DEHP concentrations in sludge from municipal sewage treatment
plants can therefore be rather high, although the biodegradation is strongly dependent on
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environmental conditions. In aerobic conditions and high exposure (adapted organisms), DEHP
is readily degraded. However, in anaerobic conditions, DEHP is persistent to biodegradation.
The degradation product MEHP (phthalic acid monoester) is formed during biodegradation.
MEHP causes reproductive toxic effects in studies on mammals. Other ecotoxicological
properties of MEHP are unknown.
The extent of formation of MEHP in the environment is unknown; however, the large amount of
DEHP accumulated in the technosphere indicates a considerable potential for formation and
distribution of MEHP. The fate of this metabolite can be expected to differ from DEHP's fate,
due to different chemical/physical properties. It is not possible based on available data to
estimate the environmental and human risks of MEHP formed in the environment.
The degree of contamination observed when analysing DEHP in environmental samples indicate
a high diffuse contamination.
DEHP is found to bioaccumulate in aquatic organisms (BCF = < 2,700). The highest BCF values
are observed in invertebrates. Adsorption of DEHP to particulate matter and organic surfaces
enhances the BCF for filtraters and species with a high surface to body weight ratio. The lower
values observed in vertebrates such as fish (BCF = 840), may also in part be due to a more
effective metabolisation rate.
Effects
There are no reliable short term or long-term studies below the “apparent” water solubility of
DEHP indicating effects on aquatic organisms exposed to DEHP via the water only. Hence a
PNEC cannot be specified. However, effects have been shown on fish exposed to DEHP via food
only. Therefore a PNECfood for fish of 16 mg/kg fresh food has been determined.
An overall PNEC of > 100 mg/kg dwt for sediment organisms, mainly based on a study on
amphibian (frogs) embryos/larvae, has been chosen for this risk assessment.
Only one study was considered valid to be used for the risk assessment of micro-organisms in
STP. No effects were observed and a PNECSTP > 200mg/l is used in the risk characterisation.
The PNEC for soil organisms is > 13 mg/kg dwt due to absence of effects on germination and
growth of plants at the highest test concentration.
The PNEC of 3.3 mg/kg for predators has been calculated based on studies showing testicular
damage in rats and mice.

5.2.2

Aquatic compartment (incl. sediment)

5.2.2.1

Micro-organisms in sewage treatment plants

The PEC/PNEC ratios are below one for all scenarios.
Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.
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Surface waters

Due to lack of effects at or below the “apparent” water solubility no PNEC can be specified. The
conclusion is that there is no concern for aquatic species exposed via the water phase.
Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

5.2.2.3

Sediment dwelling organisms

Due its lipohilic nature and slow degradation under anaerobic conditions DEHP is often found in
high concentrations in sediment. The PNEC is derived from a study where no effects were seen
at the highest tested concentration and the other sediment toxicity studies indicates even lower
sensitivity. Therefore the actual PNEC may be higher. Repeating the tests at higher test
substance concentrations than those used is not proposed because data is already available for
DEHP and because of the difficulties associated with testing very high concentrations of a
substance. Further emission information could be requested to refine the exposure assessment,
but since the same scenarios that have PEC/PNEC ratios > 1 for sediment dwelling organisms,
also have PEC/PNEC ratios > 1 for the food chains based on aquatic organisms, the risk
reduction strategy will have to address the emissions in these scenarios anyway. Further studies
are therefore not requested at this point. Therefore a conclusion (i) “on hold” is reached.
Conclusion (i)

There is a need for further information and/or testing.

Further refinement of the assessment may remove some concern. However implementation of
risk management measures to address the risks identified for the other environmental spheres
will eliminate the need for further information on sediment dwelling organisms.
This conclusion applies to the processing of polymers containing DEHP and for formulation of
lacquers, paints, printing inks, sealants and/or adhesives containing DEHP. The scenarios that
give concern are generic scenarios based on default emission data. There is no concern for the
limited number of sites that have reported measured emission data. The production sites with
PEC/PNEC ratios above 1 have all ceased production.

5.2.3

Atmosphere

There are no data indicating risk for the atmosphere compartment.
Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

5.2.4

Terrestrial compartment

5.2.4.1

Soil organisms

The PNEC is based on a > NOEC value, thus the actual PNEC may be higher. Repeating the
tests at higher test substance concentrations than those used is not proposed because data is
already available for DEHP and because of the difficulties associated with testing very high
concentrations of a substance. Further emission information could be requested to refine the
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exposure assessment, but since the same scenarios that have PEC/PNEC ratios > 1 for soil
organisms, also have PEC/PNEC ratios > 1 for the food chains based on terrestrial organisms,
the risk reduction strategy will have to address the emissions in these scenarios anyway. Further
studies are therefore not requested at this point. Therefore a conclusion (i) "on hold" is reached.
Conclusion (i)

There is a need for further information and/or testing.

Further refinement of the assessment may remove some concern. However implementation of
risk management measures to address the risks identified for the other environmental spheres
will eliminate the need for further information on soil organisms.
This conclusion applies to the processing of polymers containing DEHP and for formulation of
printing inks, sealants and/or adhesives containing DEHP. The scenarios that give concern are
generic scenarios based on default emission data. There is no concern for the limited number of
sites that have reported measured emission data.

5.2.5

Secondary poisoning

The PNECoral for DEHP in fresh food is 3.3 mg/kg for mammalians, 17 mg/kg for birds, and
16 mg/kg for fish (see Sections 3.2.4.2 and 3.2.1.6). In this risk assessment we propose that
mammalians eat fish, birds eat mussels, and fish eat invertebrates in food chains based on aquatic
exposure of DEHP. In the terrestrial food chain mammalians are supposed to eat DEHP exposed
earthworms.
Food chains based on aquatic organisms
The PEC/PNEC ratios are below 1 for mammalians eating fish, and for fish eating invertebrates
for all scenarios. For birds eating mussels the ratio is above 1 for 6 scenarios, two of which are
production sites that have now ceased production. The generic, but not the site-specific, local
risk characterisation for plastisol spread coating without air cleaning and printing ink, and
sealants/adhesives formulation gave PEC/PNEC ratios > 1. Therefore a conclusion (iii) is
reached.
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

This conclusion applies to the processing of polymers containing DEHP and for formulation of
printing ink, sealants and/or adhesives containing DEHP. The scenarios that give concern are
generic scenarios based on default emission data. There is no concern for the limited number of
sites that have reported measured emission data.
Food chains based on terrestrial organisms
For mammalians eating earthworms the PEC/PNEC ratios are above 1 for the generic scenarios
Plastisol spread coating without air cleaning, Other plastisol without air cleaning, Sealant and
adhesives formulation and lacquers, paints and printing ink formulation. For all site-specific
scenarios and all other local and regional scenarios the ratio is below 1.
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

This conclusion applies to the processing of polymers containing DEHP and for formulation of
lacquers, paints, printing inks, sealants and/or adhesives, containing DEHP. The scenarios that
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give concern are generic scenarios based on default emission data. There is no concern for the
limited number of sites that have reported measured emission data.

5.3

HUMAN HEALTH

The results summarised here are presented in detail in Section 4.
The toxicity to exposure ratio for different human populations and scenarios has been used to
derive the MOS. The lowest and most reliable NOAELs established in oral studies in animals
have been used. These effects concern: repeated dose toxicity effects on kidney and testes, as
well as effects on fertility and development. To correct for route-to-route extrapolation, systemic
oral NOAELs for kidney and for fertility have been derived from oral NOAELs in rats: this is
based on 50% oral bioavailability in adults. This extrapolation has not been necessary for the
other end-points, as they are obtained from life-time studies covering phases with different
absorption rates (50-100%).
Human populations exposed to DEHP are: workers, consumers including patients and indirect
exposure to man via the environment. Also children and babies have been considered in this risk
assessment. MOSs have been calculated for single and multiple pathways of exposure. For
combined population, subpopulation combinations have been identified and exposure described
in qualitative terms, hence, the total body burden has not been estimated. It should be noted that
several exposure scenarios have been identified for different human populations. However, there
may be other relevant exposure scenarios which have not been identified.

5.3.1

Human health (toxicity)

5.3.1.1

Occupational assessment

Three occupational exposure scenarios have been considered concerning exposure during
production of DEHP, industrial use of DEHP and industrial end-use of products containing
DEHP.
Worst-case exposure is assumed for the scenarios on production and industrial use, by using
monitored data for inhalation exposure and modelled values for dermal exposure.
For the scenario of industrial end-use of products containing DEHP, it is assumed that relatively
high work temperatures, aerosol generation and considerable skin contact occur. There is few
quantitative and qualitative information available on technical control measures and personal
protective equipment used during production and processing to establish their efficiency. There
is concern for the testicular effects, fertility, toxicity to kidneys, on repeated exposure, and
developmental toxicity for workers as a consequence of inhalation and dermal exposure. There is
no concern for the acute toxicity, irritation and sensitising effects, carcinogenicity, and
mutagenicity.
Conclusion (iii)
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5.3.1.2

Consumer assessment

Exposure scenarios considered important for adult consumers concern exposure from indoor air,
PVC gloves and car interiors. The information used is based on measurements and modelling of
DEHP in indoor air, absorption from gloves and car interiors.
Exposure scenarios considered important for children consumers concern exposure from toys
and baby equipment, from indoor air and from car interiors. The information used is based on
measurements of DEHP in artificial and human saliva for toys and baby equipment and modelled
data for indoor air.
The results of the consumer assessment for adults is that conclusion (ii) applies:
There is no concern for exposure from indoor-air, gloves, car interiors and multiple pathways of
exposure for all endpoints studied.
Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

The results of the consumer assessment for children is that conclusion (iii) applies:
There is concern for testicular effects, fertility and toxicity to kidneys, on repeted exposure, as a
consequence of oral exposure route to toys and child-care articles, and multiple routes of
exposure. No risk is identified for exposure from indoor air or car interiors. There is no concern
for the acute toxicity, irritation and sensitising effects, carcinogenicity, and mutagenicity.
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

Concerning exposure of consumers from medical equipment, there is concern for some or all end
points: testicular effects, fertility, toxicity to kidneys, on repeated exposure and developmental
(excluding children) for the exposure scenarios
•

long term haemodialysis in adults (testicular, fertility, toxicity to kidneys and
developmental)

•

long term blood transfusion in children (testicular)

•

transfusions in neonates (testicular and fertility)

Calculating the MOS values on data from human lifetime exposure from medical equipment
during infusions, there is no concern for the endpoint toxicity on repeated exposure (based on
lifetime animal data) for haemodialysis, infusion of platelets and autopheresis.
Based on a qualitative risk assessment, there is concern for all end points: testicular effects,
fertility, toxicity to kidneys, on repeated exposure for extracorporal oxygenation in children
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

5.3.1.3

Humans exposed via the environment

Exposure scenarios considered important for adults and children are:
•

Environmental exposure of adults
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Environmental exposure has been estimated by two different approaches; by calculation of daily
‘regional’ intake of DEHP based on the measured excretion of DEHP-metabolites in a general
population, and by the EUSES model. Using EUSES, worst-case exposure has been estimated
for adults and children. Both environmental monitoring and default values were used in the
model. This information was compared with NOAELs derived from oral studies. MOSs for both
local and regional exposure have been estimated. The assessment based on measured excretion
of DEHP-metabolites is believed to be more reliable (and covering potential contamination of
food during handling and processing) than the one based on EUSES, and when it comes to
regional exposure, only the conclusion from the former assessment (based on biomonitoring) is
presented here. However, the assessment of local exposure is solely based on EUSES.
The result for man exposed indirectly via the environment is conclusion (ii) for regional
exposure of adults.
Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

In the local exposure scenarios, there is concern for children for testicular, fertility and RDT
effects in several of the local scenarios, but there is no concern for the adults. The scenarios that
give concern for children are generic scenarios based on default values for children living in the
vicinity of sites: processing polymer products; producing sealants/adhesives, lacquers and paints,
or printing ink; municipal STP; and recycling paper. For municipal STP and paper recycling the
only concern is for testicular effects. There is no concern for the limited number of sites that
have reported emission data. Based on the results for local exposure from food, water and air
assessment for children conclusion (iii) applies:
Conclusion (iii)

There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

For exposure of new-born and infants via infant formulae and breast milk, monitoring data have
been used. There is no concern (conclusion (ii)) for any end-point for new-borns and infants
exposed via infant formulae or breast milk.
Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

5.3.1.4

Combined exposure

Exposure to DEHP apparently occurs during the entire human life time, from different sources.
Exposure may therefore be equated with persistent low dose exposure. New-borns are probably
the most sensitive sub-population, exposed via many sources, and perhaps at higher levels than
the adults. However, combined exposure is considered in setting conclusions for the most
sensitive sub-population, i.e. the new-borns, in the section “Humans exposed via the
environment”, and no conclusion will therefore be drawn specifically in this section on
combined exposure.
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5.3.2

Human health (risks from physico-chemical properties)

Conclusion (ii)

There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.
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ABBREVIATIONS
ADI

Acceptable Daily Intake

AF

Assessment Factor

ASTM

American Society for Testing and Materials

ATP

Adaptation to Technical Progress

AUC

Area Under The Curve

B

Bioaccumulation

BBA

Biologische Bundesanstalt für Land- und Forstwirtschaft

BCF

Bioconcentration Factor

BMC

Benchmark Concentration

BMD

Benchmark Dose

BMF

Biomagnification Factor

BOD

Biochemical Oxygen Demand

bw

body weight / Bw, bw

C

Corrosive (Symbols and indications of danger for dangerous substances and preparations
according to Annex II of Directive 67/548/EEC)

CA

Chromosome Aberration

CA

Competent Authority

CAS

Chemical Abstract Services

CEC

Commission of the European Communities

CEN

European Standards Organisation / European Committee for Normalisation

CEPE

European Committee for Paints and Inks

CMR

Carcinogenic, Mutagenic and toxic to Reproduction

CNS

Central Nervous System

COD

Chemical Oxygen Demand

CSTEE

Scientific Committee for Toxicity, Ecotoxicity and the Environment (DG SANCO)

CT50

Clearance Time, elimination or depuration expressed as half-life

d.wt

dry weight / dw

dfi

daily food intake

DG

Directorate General

DIN

Deutsche Industrie Norm (German norm)

DNA

DeoxyriboNucleic Acid

DOC

Dissolved Organic Carbon

DT50

Degradation half-life or period required for 50 percent dissipation / degradation

DT90

Period required for 90 percent dissipation / degradation

E

Explosive (Symbols and indications of danger for dangerous substances and preparations
according to Annex II of Directive 67/548/EEC)

EASE

Estimation and Assessment of Substance Exposure Physico-chemical properties [Model]
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EbC50

Effect Concentration measured as 50% reduction in biomass growth in algae tests

EC

European Communities

EC10

Effect Concentration measured as 10% effect

EC50

median Effect Concentration

ECB

European Chemicals Bureau

ECDIN

Environmental Chemicals Data and Information Network

ECETOC

European Centre for Ecotoxicology and Toxicology of Chemicals

ECVAM

European Centre for the Validation of Alternative Methods

EDC

Endocrine Disrupting Chemical

EEC

European Economic Communities

EINECS

European Inventory of Existing Commercial Chemical Substances

ELINCS

European List of New Chemical Substances

EN

European Norm

EPA

Environmental Protection Agency (USA)

ErC50

Effect Concentration measured as 50% reduction in growth rate in algae tests

ESD

Emission Scenario Document

EU

European Union

EUSES

European Union System for the Evaluation of Substances [software tool in support of
the Technical Guidance Document on risk assessment]

F(+)

(Highly) flammable (Symbols and indications of danger for dangerous substances and
preparations according to Annex II of Directive 67/548/EEC)

FAO

Food and Agriculture Organisation of the United Nations

FELS

Fish Early Life Stage

foc

Organic carbon factor (compartment depending)

GLP

Good Laboratory Practice

HEDSET

EC/OECD Harmonised Electronic Data Set (for data collection of existing substances)

HELCOM

Helsinki Commission -Baltic Marine Environment Protection Commission

HPLC

High Pressure Liquid Chromatography

HPVC

High Production Volume Chemical (> 1000 tonnes/annum)

IARC

International Agency for Research on Cancer

IC

Industrial Category

IC50

median Immobilisation Concentration or median Inhibitory Concentration

ILO

International Labour Organisation

IPCS

International Programme on Chemical Safety

ISO

International Organisation for Standardisation

IUCLID

International Uniform Chemical Information Database (existing substances)

IUPAC

International Union for Pure and Applied Chemistry

JEFCA

Joint FAO/WHO Expert Committee on Food Additives
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JMPR

Joint FAO/WHO Meeting on Pesticide Residues

Koc

organic carbon normalised distribution coefficient

Kow

octanol/water partition coefficient

Kp

solids-water partition coefficient

L(E)C50

median Lethal (Effect) Concentration

LAEL

Lowest Adverse Effect Level

LC50

median Lethal Concentration

LD50

median Lethal Dose

LEV

Local Exhaust Ventilation

LLNA

Local Lymph Node Assay

LOAEL

Lowest Observed Adverse Effect Level

LOEC

Lowest Observed Effect Concentration

LOED

Lowest Observed Effect Dose

LOEL

Lowest Observed Effect Level

MAC

Maximum Allowable Concentration

MATC

Maximum Acceptable Toxic Concentration

MC

Main Category

MITI

Ministry of International Trade and Industry, Japan

MOE

Margin of Exposure

MOS

Margin of Safety

MW

Molecular Weight

N

Dangerous for the environment (Symbols and indications of danger for dangerous
substances and preparations according to Annex II of Directive 67/548/EEC

NAEL

No Adverse Effect Level

NOAEL

No Observed Adverse Effect Level

NOEL

No Observed Effect Level

NOEC

No Observed Effect Concentration

NTP

National Toxicology Program (USA)

o/oo

Parts per thousand

O

Oxidising (Symbols and indications of danger for dangerous substances and preparations
according to Annex II of Directive 67/548/EEC)

OC

Organic Carbon content

OECD

Organisation for Economic Cooperation and Development

OEL

Occupational Exposure Limit

OJ

Official Journal

OSPAR

Oslo and Paris Convention for the protection of the marine environment of the Northeast
Atlantic

P

Persistent
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PAH

Polycyclic aromatic hydrocarbons

PBT

Persistent, Bioaccumulative and Toxic

PBPK

Physiologically Based PharmacoKinetic modelling

PBTK

Physiologically Based ToxicoKinetic modelling

PEC

Predicted Environmental Concentration

pH

logarithm (to the base 10) (of the hydrogen ion concentration {H+}

pKa

logarithm (to the base 10) of the acid dissociation constant

pKb

logarithm (to the base 10) of the base dissociation constant

PNEC

Predicted No Effect Concentration

POP

Persistent Organic Pollutant

PPE

Personal Protective Equipment

QSAR

(Quantitative) Structure-Activity Relationship

R phrases

Risk phrases according to Annex III of Directive 67/548/EEC

RAR

Risk Assessment Report

RC

Risk Characterisation

RfC

Reference Concentration

RfD

Reference Dose

RNA

RiboNucleic Acid

RPE

Respiratory Protective Equipment

RWC

Reasonable Worst-Case

S phrases

Safety phrases according to Annex IV of Directive 67/548/EEC

SAR

Structure-Activity Relationships

SBR

Standardised birth ratio

SCE

Sister Chromatic Exchange

SCHER

Scientific Committee on Health and Environmental Risks

SDS

Safety Data Sheet

SETAC

Society of Environmental Toxicology And Chemistry

SNIF

Summary Notification Interchange Format (new substances)

SSD

Species Sensitivity Distribution

STP

Sewage Treatment Plant

T(+)

(Very) Toxic (Symbols and indications of danger for dangerous substances and
preparations according to Annex II of Directive 67/548/EEC)

TDI

Tolerable Daily Intake

TG

Test Guideline

TGD

Technical Guidance Document

TNsG

Technical Notes for Guidance (for Biocides)

TNO

The Netherlands Organisation for Applied Scientific Research

ThOD

Theoritical Oxygen Demand
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UC

Use Category

UDS

Unscheduled DNA Synthesis

UN

United Nations

UNEP

United Nations Environment Programme

US EPA

Environmental Protection Agency, USA

UV

Ultraviolet Region of Spectrum

UVCB

Unknown or Variable composition, Complex reaction products of Biological material

vB

very Bioaccumulative

VOC

Volatile Organic Compound

vP

very Persistent

vPvB

very Persistent and very Bioaccumulative

v/v

volume per volume ratio

w/w

weight per weight ratio

WHO

World Health Organisation

WWTP

Waste Water Treatment Plant

Xn

Harmful (Symbols and indications of danger for dangerous substances and preparations
according to Annex II of Directive 67/548/EEC)

Xi

Irritant (Symbols and indications of danger for dangerous substances and preparations
according to Annex II of Directive 67/548/EEC)
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The report provides the comprehensive risk assessment of the substance bis(2-etylhexyl)phthalate
(DEHP). It has been prepared by Sweden in the frame of Council Regulation (EEC) No. 793/93 on
the evaluation and control of the risks of existing substances, following the principles for
assessment of the risks to humans and the environment, laid down in Commission Regulation
(EC) No. 1488/94.
Part I - Environment
This part of the evaluation considers the emissions and the resulting exposure to the
environment in all life cycle steps. Following the exposure assessment, the environmental risk
characterisation for each protection goal in the aquatic, terrestrial and atmospheric compartment
has been determined.
The environmental risk assessment concludes that there is concern for the aquatic and
terrestrial ecosystems in generic scenarios arising from the use of DEHP in production of
lacquers, paints, printing inks, sealants, or adhesives, and at industrial sites processing
polymers containing DEHP.
There is at present no concern for the atmosphere or micro-organisms in sewage treatment
plants.
Part II – Human Health
This part of the evaluation considers the emissions and the resulting exposure to human
populations in all life cycle steps. The scenarios for occupational exposure, consumer exposure
and humans exposed via the environment have been examined and the possible risks have
been identified.
The human health risk assessment concludes that there is no concern for risks from the
physico-chemical properties of DEHP. For workers, children exposed to DEHP-containing toys
and child-care articles, children and adults undergoing some medical treatments using medical
equipment containing DEHP, and for children eating food grown locally near industrial sites
handling DEHP, there is concern for effects on testis, kidney, fertility, and for developmental
toxicity.
The conclusions of this report will lead to risk reduction measures to be proposed by the
Commission’s committee on risk reduction strategies set up in support of Council Regulation
(EEC) N. 793/93.
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