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Foreword

The Joint Research Centre's technical and scientific work plays a major role in its
support to developing EU policies. The Joint Research Centre both manages and develops
knowledge, ensuring that emerging policies of the European Commission are based on the
best available scientific evidence, a cornerstone for robust policymaking.

This Science for Policy report Water quality in Europe: effects of the Urban Wastewater
Treatment Directive demonstrates how science informs policy directly.

Assessing the effects of EU legislation over the duration of their implementation is an
essential element of the European Commission’s work, for both the evaluation of policies and
informing future policymaking. Only when the best available data and knowledge is used,
can it be readily established whether a legislative tool has achieved its objectives. And where
there has been no contemporaneous tracking of the effects of individual Directives, it is
essential to use solid analysis tools to establish retrospectively the impact an intervention has
had.

The Urban Waste Water Treatment Directive (UWWTD) is a key element of the water acguis
in EU legislation. This report lays down a methodological approach, with results of the
assessment of the effects of the UWWTD. The findings in this report substantively support
the REFIT Evaluation of the Directive, with the assessment as to whether it has delivered on
its objectives and remains fit for purpose.

The results demonstrate that the UWWTD has played a crucial role in the reduction of
pollutant loads due to the resulting increase in the treatment of waste water across member
states, thus protecting the water quality of EU’s water bodies, The implementation of the
UWWTD supported the increase in the number of bathing sites that used for recreation, and
has also resulted in in the reduction of pollutants in urban waste water that were not directly
targeted by the Directive’s provisions.

The Joint Research Centre's report played a pivotal role in the delivery of a strong
Evaluation that demonstrates clearly the effects of the UWWTD. The evidence from this
report provides a thorough basis for any further work that may be carried out with regards to
the Directive.

In light of the forthcoming European Green Deal, that will provide the impetus for Europe
to become the first climate neutral continent, support a Biodiversity Strategy for 2030, and
move Europe towards a zero-pollution ambition, more of this calibre of work is needed,
thereby ensuring that policies can be both ambitious and grounded in the best available

scientific evidence,
(—fl . @M‘uj}

Daniel Calleja
The Director-General
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Executive summary

Policy context

This report was prepared isupport to the retrospective evaluation of the Urban Wastewater Treatment Directive (UWWTD)
91/271/EEC, aimed at understanding inter alia the effectiveness of this piece of legislation, its relevance and its vatukfadd
Europe. The main questions addsed in this report are:

1 To what extent are the main pollutants released by urban areas collected and treated?
1 What have been the (quantitative and qualitative) effects of the UWWTD?

In order to answer these questions, we have considered past-Qirective) and present (baseline) conditions of wastewater
treatment in Europe, and we have compared these with scenarios of full compliance with the Dirantheehypothetic evolution

of the preDirective situation in the absence of the UWWTD. Under each of these scenarios, we have used models to estimate
loads and concentrations of contaminants in order to appraise the effects of the Directive on the status of European waters.

Main findin gs and Key conclusions

The UWWTD has achieved a significant reduction of urban wastewater emissions of organic matter, nutrients and coliforms to
surface waters. The improvement in the ecological status of inland water bodies has been less than proddditireareduction

of these emissions, because of the presence of other sources of pollution (in particular agriculture and livestock), otechffe

by the Directive.

More apparent is the consequence of this significant reduction of emissions on thetemmxlof bathing waters in Europevhere
the UWWTD has allowed a clear improvement in meeting excellent and good standards for faecal coliforms in inland as well as
coastal waters

For chemicals present in urban wastewater, the treatment of organic magied nutrients required by the Directive may allow

a significant reduction of emissions only if the molecules are either removed in the bioreactors, or sorbed to solids tasated
sludge. In this case, however, application of sludge to soils may causarester of pollution from the receiving surface waters

to soils and, consequently, groundwater. In addition, there are chemicals which are virtually unaffected by conventional
wastewater treatment. For these, the UWWTD does not contain any specific pravisio

In the absence of the Directivé,can be imagined that certain EU Member States would have implemented wastewater treatment
in a way similar to the requirements of the UWWTD, while other countries would have made much lesser efforts in thismirectio
leading to potentially very inhomogeneous situations across the EU.

In spite of the good progress made by most Member States, implementing wastewater treatment to full compliance with the
Directive would still bring significant reductions of pollutamtalds. However, the loads of wastewater still to be treated are
comparable with other sources of pollution, namely urban runoff and combined sewer overflows. Both of these sources are not
specifically addressed by the Directive, which contains only genmiatiples regarding diffuse urban pollution and stormwater.

The Directive allows Member States to adopt individual and appropriate systems (IAS) to treat parts of the agglomerations
served by sewer networks, where connections would not be economicalifigd. When such IAS are managed in a way that
does not guarantee compliance with the standards of the Directive, there may be significant local impacts on the quatigy of t
receiving water bodies. However, as IAS treat only a small part of the EU gtiqnulequivalents, their impact at the EU scale is
small. Similar considerations apply to the case of scattered dwellings, i.e. individual households or agglomerationsiuditess
2000 population equivalents (PE). These fall outside of the scope of agptic of the UWWTD. While certain Member States
have provisions in place applicable to scattered dwellings, others do not, hence local impacts on water bodies may loarsignifi

Finally, while reducing urban loads is important, for both BOD and nutriantsnprovement of the conditions of the receiving
water bodies requires addressing also agricultural sources.

Related and future JRC work

This report grounds on data and model developments describeRistocchi and Dorati, 2018/igiak et al., 2018, an&/igiak et

al., 2019. Part of the work was developed in the context of the Blue2 préjécEuropearwide assessment of combined sewer
overflows (CSO) and the management of urban runoff is forseen in the current workprogramme of the JRC as aujpléfthe
preliminary assessment presented here. Particularly for CSO, it is expected that new knowledge may become available in th
near future, which may require revisiting the assessment presented here.

! http://ec.europa.eu/environment/blue2_en.htm
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Quick guide

After introducing the context of this stud\& illustrates the models and scenario assumptions adopted in the assessm&ht
presents the outcomes of the assessment in terms of water quality in Eurpped finally & discusses these outcomes and
draws conclusions for policy making bake



1 Introduction

The Council Directive of 21 May 1991 concerning urban wasiter treatment (91/271/EEC), hereinafter UWWTD, has given the
framework for the development of the European wastewater treatment system. More than a quarter of a century aftstitgs

into force, the European Commission has undertaken to subject this Directive to a retrospective evaluation in the framework o
the Better Regulatiohinitiative and the Regulatory Fitness and Performance (REFIT) Programme

In the context of the REF evaluation of the UWWTD, this report contributes to addressing the follgwitgyrelatedevaluation
guestions:

0 To what extent have the objectives of the UWWTD been achieved?
0 To what extent are the main pollutants released by urban areas collectedteeated?
0 What have been the (quantitative and qualitative) effects of the UWWTD?

This study quantiesthe reduction of nutrientsand organic matter in European waters as a consequence of the implementation
of the UWWTD. To this end, we first calculatade and concentrations ofrganic matter, measured aS-days Biochemical
Oxygen DemandBOR), total nitrogen ), andtotal phosphorus ) in different scenarios representative of the past (before
entry into force of the Directive), present and future under assumptions of a full implementation of the Directive,, BiGibd P
are, together with total suspended solids (TSS), specific targetsifban wastewater treatmert.

In addition, we estimate concentrations of indicator coliforms in European rivers and coastal areas. Coliforms are net atarg
the UWWTD, but they are directly relevant for the quality of bathing waters.

Finally, we eS8mate the reduction of loads of selected micropollutants achieved through implementation of the UWWTD.
Micropollutants are also not a target of the UWWTD, but their environmental fate and transport may be very significantigdffe

by the wastewater treément system, as many of them are emitted primarily in urban areas and pass through wastewater
treatment plants. Europewide quantification of loads is not possible at presenh absolute terms for the majority of
micropollutant However, based on the gperties of the substances it is possible to quantify the percentage of the
micropollutants entering the wastewater treatment system, which are eventually released in the environment.

Di ocdn nop_t' r°- m a m O] ° i snweather, mhere allwastewater cbilected incEurapean _ °
agglomeratiors is expected to undergo treatment. It is well known that, during storm events, a part of the collected wastewater
may be releaseduntreated to the environment through combined sewer ovesls (CSO). While local studies have been
conducted in several cases to characterize and minimize CSO, no systematic and comprehensive information exists to date abot
oc” ©°]db kd~opm » ja kjggpodji a mj -avermddéllinglof CS@poatuméast the lai@é o c
scale (whole EUpnd their interpretation in terms of pollutant loads (N, P, BGdliforms and micropollutants).

In the remainder of the report, after explaining in detail the methods, assumptions and data usiudsistudy, we present the
results and provide a first contribution to the answer of the abovementioned evaluation questions.

2 https://ec.europa.eu/info/better -requlation -guidelines -and -toolbox_en
8 https://ec.europa.eu/info/law/law -making -process/overview -law -making -process/evaluating -and -improving -existing -
laws/reducing -burdens -and -simplifying -law/refit -making -eu-law -simpler -and -less-costly_en

4 TSS originate from various sources and undergo a multitude of environmental processes, and their modelling in the European
stream network is very complex. Due to the limited resources availab le, TSS could not be included in this study.



2 Methodology

2.1 Assessment endpoints

The UWWTD addresses pollution which in turn affects the quality of waters for human us¢hamsthtus of aquatic ecosystems.
The legislation of the EU sets quality standards for different parameters depending on the protection @ddkel). In order to
appreciate the impact of the UWWTD, in principle, meedto quantify the improvement with respect to thquality standards
that can be attributed to this Directive.

Table 1- assessment endpoints, and corresponding protection goals set in the EU legislation
Protection goal
Pollutant Aquatic Drinking Bathing
ecosystems Water Water s
N X X
P X
BOD X
Indicator X
coliforms
Chemicals X X

Directive 2006/7/EC (the Bathing Water Directive, BWD) sets limitise concentration of Intestinal Enterococci and Escherichia
Coli in bathing waters, with limits in inland waters about twice as high as in coastal and transitional watebe?).

Table 2 1 quality standards for Intestinal Enterococci and Escherichia Coli in the Bathing Waters Directive (BWD)

Quiality class Intestinal enterococci (CFU/1(Q Escherichia Coli (CFU/100 ml)

ml)

Freshwaters Coastal and| Freshwaters Coastal and
transitional transitional
waters waters

Excellent 200° 100° 500° 250°
Good 400° 200° 1000° 500°
Sufficient 330° 1858 900° 5008

The model used in this exercise refers fmecal coliforms, which are typically well correlated to Escherichia Coli. Francy et al.,
1993, present regression models to predict Escherichidi ftom faecal coliform concentration in American rivers, highlighting

a typical quasilinear relationship where the former is typically betwe@6 and 1.5 times as high as the latter. Given the
uncertainties in the emission factor and digf rates adopted for faecal coliforms, it appears reasonable to assume the two to
have the same numerical value. Therefore quality standards for Escherichia Coli will be afmlterburtto faecal coliforms.

The Drinking Water Directive (DWDjcludes parameters ah parametric values used to assess the quality of water intended

for human consumption. A recent Commission proposal for a revision of the Da#fiands the list of parameters and modifies
some of the limits. In this report, we focus on those substanceg t&n pollute drinking waters, and whose origin may be related

to wastewater. These include metals, nitrate, and household or industrial chemicals. We deliberately ignore the cyanotoxir

5 95™ percentile of measured concentrations.

690" percentile of measured concentrations.

7 Directive 1998/83/EC

8 http://ec.europa.eu/environment/water/watink/review_en.html
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MicrocystinLR, pesticide’s disinfection byproducts (Haloacetic acigl trihalomethanes) and some inorganic parameters not
expected to bespecificallyassociated to wastewatepollution (fluoride, chlorate, chlorite, boron, bromate, cyanide).

Table 37 parameters of the DWD considered in this study

Parameter Parametric value
Nitrate (NO3) 50 mg/L (11.3 mg/L as N)
Cu 2 mg/L

U 30 ug/L

Cr 25 ug/L

Ni 20 ug/L

As, Se, Triand Tetrachloroethene 10 ug/L

Cd, Sb, Pb 5 ug/L

1,2 - Dichloroethane 3 ug/L

Hg, Benzene 1 ug/L

Vinyl chloride 500 ng/L
Nonylphenol 300 ng/L
Acrylamide, PFAS, PAHSs, Epichlorohydrin 100 ng/L
Bisphenol A, Benzo(a)Pyrene 10 ng/L

Beta Estradiol 1ng/L

In the context of the Water Framework Directive (WEDthe ecological status of water bodies is expected to reflect also the
conditions of nutrients and organic matte€oncentrations of BOQDnay be interprete having in mind the criterigpresented in
Table4.

Concentrations of nutrients are more difficult to interpret in terms of the status of water ecosystems, exhibiting a sagttific
dispersion of values for the thresholds between good/moderate and high/good statusET@STAT Guidance document on
purposé! provides an overview of nutrient standards set across different regions in Europe (tables from p. 60 onwards of the
Guidance), highlighting a broad variability. Grizzetti et al., 2017, show that the median of prddiotecentrations for rivers in
good status is normally about 4 mg/L for total N and 0.1 mg/L for total P, and we use these thresholds for the purposes of th
exercise.

For what concerns chemicals, the Environmental Quality Standards Directive (B@8B)limits for 45 priority substances
including pesticides, household and industrial chemicals. Of these, some are already included in the parameters of the DWI
(Benzene, Cd, 1;Richloroethane, Pb, Hg, Ni, Nonylphenols, PAHs, PFAs). Here we deliberhtddy meaticides and we focus

on those substances that can be expected to relate to urban wastewater (taking also into account assimilated industrial
wastewater). The EQS for the priority substances considered here are reporiebiab.

Oc®™ @LN? diomj _p”~"n \‘gnj \ ©°r\No”c gdno» ja ~c hd~"\ gwer) a
and chemicals widely used in households: macrolide antibgot{erythromicyn, clarithromycin, azithromycin), hormones

9 Pesticides are commonly reported to be present in raw and treated wastewater, and they may end up more quickly in water after
use in urban settings than in agriculture. However, in this as sessment we assume their main source to be agricultural use,
which we expect to dominate in comparison with domestic use and use in urban green spaces. A more specific assessment is
beyond the scope of this work.

10 Dir. 2000/60/EC

1 Common Implementation Strategy For The Water Framework Directive And The Floods Directive - Best Practice for establishing
nutrient concentrations to support good ecological status https://circabc.europa.eu/sd/a/5aa80709 -9ce8 -411d -94e8 -
f0577f3632fa/Nutrient_standard_Guidance_for_CIS_final%20with%20links%209%20May.pdf

12 Directive 2013/39/EU

8


https://circabc.europa.eu/sd/a/5aa80709-9ce8-411d-94e8-f0577f3632fa/Nutrient_standard_Guidance_for_CIS_final%20with%20links%209%20May.pdf
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(ethinylestradiol, estradio] already considered by the DWDand estrone), diclofenac, BHT and EHMC. For these substances

there is no EQS.

Table 4 1 thresholds for good an

d high ecological status with respect to BOD5.

Region 3 High -good threshold (mg/L Good -
BOD5), i.e. reference conditions moderate
threshold
(mg/L BOD )
General EU -wide indication 2t03 4t05
Alpine reference criteria Mean <2
90% < 2.75
Central -Baltic reference criteria Mean< 2.4 (<2forR -C3)
90% <3.6 (<2.75forR -C3)
Eastern Continental reference criteria Mean<2.4(<2forR -ElaandR -Elb)
Northern rivers (applied by UK and IE) Mean < 1.6
reference criteria
Median value at sites in harmonised high 15 -19
status (Central -Baltic)
Danube basin countries: criteria for high <25 <5
and good status
Belgium 71 Flanders <4
France * <3 <5
Italy *° <25 <4
Estonia (very large rivers) <2
Hungary (very large rivers) <3
Latvia (very large rivers) < 2.7 (BOD7)
EEA <2 <5
Various national and international <5
classification schemes *

Table 51 EQS for the priority substances of the WFD considered in this study

B AAl pineo,

-BiaCdntcrogtlerMmEasConti nent al o ar e

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC99284/B7 707-en-n%20.pdf

14 Brunel et al., 1997 classifies: very good <3, good 3

Geographic

-5,average 5 -10; bad 10 -25; very bad >25 mg/l

5 The Italian legislation antecedent to the WFD (Legislative Decree 152/1999, annex |, table7) contains 4 threshold values for
BOD, corresponding approximately to high, good, moderate, poor and bad ecological status. The threshold values are 2.5, 4,
8 and 15 mg/L, respectively.

16 Kristensen & Hansen 1994, report that river reaches little affected by human activities generally have BOD < 2 mg/l, whereas
BODS5 exceeding 5 mg generally indicates pollution (BOD is lower than 2 mg/l in catchments with less than 15
km2, it generally exceeds 5 mg/l in catchments with more than 100 inhabitants km2)

4 |CPDR, 2004; Newman, 1988; MMGA, 2006

9
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Parameter

Parametric value (ug/L)

Anthracene

0.1

Brominated diphenylethers

0.14 (maximum concentration only. For némand waters, 0.014)

Chloroalkanes C103

0.4 (annual average concentration), I(#haximum concentration)

Dichloromethane

20 (annual average concentration only)

DEHP

1.3 (annual average concentration only)

Fluoranthene

0.0063 (annual average concentratign0.12 (maximum concentration)

Hexachlorobenzene

0.05 (maximum concentration only)

Hexachlorobutadiene

0.6 (maximum concentration only)

Naphtalene

2 (annual average concentration), 130 (maximum concentration)

Octylphenols

0.1 or 0.01 (annual average concentration only)

Pentachlorobenzene

0.007 or 0.0007 (annual average concentration only)

Tributyltin compounds

0.0002 (annual average concentration),

0.0015 (maximum concentration)

Trichlorobenzenes

0.4 (annual average concentration only)

Trichloromethane
(chloroform)

2.5 (annual average concentration only)

Hexabromocyclododecanes

0.0016 or 0.0008 (annual average concentration), 0.5 or 0.05 (maxim
concentration)

Benzene 8 or 10 (annual average concentration), 50 (maximum concentration)

Cd 0.08 to 1.5 (depending on water hardness and water body type)

Pb 1.2 or 1.3 (annual average concentration), 14 (maximum concentration

Hg 0.07 (maximumconcentration only)

Ni 4 or 8.6 (annual average concentration34 (maximum concentration)

PAHs 1.7 x 10,4 (annual average concentration), 0.27 or 0.027 (maxim{
concentration) for Benzo(a)pyrene

PFOS 6.5 x 10,4 or 1.3 x 104 (annual average concerdtion), 36 or 7.2

(maximum concentration)

Nonylphenols

0.3 (annual average concentratio@)(maximum concentration)

1,2-Dichloroethane

10 (annual average concentration only)

In the last years, increasing concern is being raised by a multitude of chemicals, particularly pharmaceuticals, undergoing
widespread household use, and therefore strongly associated to wastewater. In this exercise we take into consideration the
following as examples: medicines Ibuprofen, Carbamazepine, Ciprofloxacin, Fluoxetine, Sertraline, Atorvastatin, Simvastati
antibacterial Triclosan, and Octamethylcyclotetrasiloxane (D4) used in cosmatstsfor these substances there is no EQS.

10



It should be $ressed that the above chemicals do not necessarily represent a list of substances of priority concern, but are
considered as examples of substances affected to a different extent by wastewater treatment.

2.2 Approach to modelling

2.2.1 Nutrients and organic matte r

In this study, we use th&eospatial Regression Equation for European Nutrient losS&EENModel to simulate scenarios of
emissions of nutrient{Grizzetti et al. 2012; Bouraoui et al. 2011) to predict annual loads of nitrogen (N) and phosphorus (P)
from point and diffuse sources, at the spatial resolution of catchments. Additional details on the model setup can be found i
Pistocchi et al., 2017.

The GREEN model has been generalized to describe organic matter (expressed as biochemical oxygen demand after 5 day:
BODR, or BODout courd). To this end, the parameterization of retention in rivers and lakes has been nfaliewing the concept

of the MAPPE modéPistocchi, 2014)which can be regarded as a generalization of the GREEN model (see Pistocchi,|B019)
this application, pint sources of BOD comprise urban waste wateeatment plant (UWWT)P discharges and industrial
discharges, and areonsidered to be discharged directly in the main subbasin reach. Diffuse sources encompass organic waste
from livestock, scattered dwellings, wasiff from urban areas, plus organic matter originated from natural areas, like forests
and inland waters. Difise sources are considered to be attenuated by residence time in the subbasin before reaching the main
stream networkThe residence time in the subbasin was based on time lag estimated as a simple empirical function of subbasin
area (Gericke and Smither2)14). However, diffuse sources may follow other pathways, e.g. subsurface lateral flow, with longer
travel time. To adapt travel time by different pathways, source specific delay times [days] were added to basin travebtime t
obtain the travel time in he subbasin per source. A delay for domestic waste from disconnected dwellings (#DD; in days) and
one for extensive livestock system waste (#LVST, days) were added to consider waste leaching in the soil and transport vi
subsurface pathways. Residence @rim the rivers [days] was calculated on the basis of reach length and water velocity following
Pistocchi and Pennington, 2006Attenuation is computed aan exponential decay function oksidencetime. The water flow

used to compute velocities, as welk concentrations from loads, is the estimate of lotgrm average runoff according to the
model of Budyko (see Pistocchi et al., 2018f in Wen et al. (2017), the first order degradation rate coefficient was derived
from the decay rate at 20 °C ¢k, Table 1) adjusted for water temperature. Water temperature across Europe was assessed
with a log-linear relationship with mean annual air temperature (Vigiak et al., 20T&ple6 summarizes themodel parameters
adopted in this studyAn extensive presentation of the metlis offered in Vigiak et al., 209.

In this work, we examine different scenarios of discharges of domestic wastewater (36, ®ut the models for nutrients and
BOD are calibrated taking into account also rdamestic sources of emissions. The GREEN model accounts for mineral and
manure fertilizers, scattered dwellisgand atmospheric deposition of nitrogen (see Pistocchi et al., 2017, for additional details).
For BOD, we include industrial emissions, livestock, and runoff from urban and natural areas.

Industrial releases from large facilities that directly treat ardischarge their waste were taken from the European Pollutant
Release and Transfer Register databaseRETREEA, 2018). UWWTPs included in this database were removed to avoid
duplications with domestic waste. Annual facility releases to water (net togfars) of Total Organic Carbon (TOC) for the seven
year period 20102016 were averaged to obtain mean annual facility TOC emissions [t/y]. BOD was estimated from TOC based
on the equivalence BOD=1.850C. This is a simplification, as the relationship betwé¢he two measures depends on type of
industrial waste (e.g. Dubber and Gray 2010; Christian et al., 2017).

Livestock waste is a major source of BOD pollution globally (Wen et al., 2017) and in Europe (Malve et al., 2012). The 1 km:
global distribution oflivestock maps for the reference year 2005 (Robinson et al., 2014) were used to assess livestock heads
per type and subbasin. Livestock waste was estimated following Wen et al. (2017). Livestock waste was divided into intensive
or extensive production sy@ms. Intensive systems were considered of industrial type and treated at secondary level before
being discharged to the main reach as point sources. Intensive systems comprised all pig and chicken, as well as cattle ant
goat/sheep of density higher thang2Livestock Standard Units (LSU)/km2. Conversely, extensive systems were considered diffuse
sources of BOD and abated through basin retention before reaching the stream network. Extensive systems comprised cattle
and goat/sheep bred at density lower tharb2.SU/km2.

To account foBOD washed off by urban runoff collected in separate sewe&ve considered urban land as an additiontffuse
source estimated as proportional to annual urban runoff volume®(rmccurring in a subbasin assuming a effective are
concentration EM{QTable 1)Urban runoff was derived from Pistocchi et al., 2017.

Organic matter washed off from natural areas to freshwater systems contributes to biodegradable material and to BOD
monitored in running waters (e.iELCOM2004). WHe this is not a source of pollution, it nevertheless contributes to BOD in
freshwater systems. Soils in natural areas are richer in litter and organic matter content than agricultural fields and may
contribute to organic matter in freshwater systems sifjpantly. Additionally, lakes (including artificial reservoirs) can act as
sinks or sources of BOD to downstream waters. Their role depends on several factor, among which trophic status, hydrology an
retention time, type and amount of incoming organic rtext and location within the freshwater network. Autochthonous releases

of organic matter are generally more biodegradable than incoming sources, for examples when particulate organic matter in
sediments is transformed into more liable dissolved organiengmnents. As a result, BOD outflowing flux may be higher than
incoming BOD influx, although switches may occur with rainfall events and seasonality. BOD emissions from natural areas
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(including lakes) were assumed to be proportional to the extent of natlanatl by a simple export coefficient method, adopting
a constant area emission (& t/km2, Table 1).

Table 6- BOD Model parameters description and adopted value.

Parameter Description Value
Eff1[ -] BOD removal efficiency for primary treatment 0.50
Eff2[ -] BOD removal efficiency for secondary treatment T applied also to high density 0.94

livestock treatment

Eff3[ -] BOD removal efficiency for tertiary treatment 0.96
Eff.SD [-] BOD removal efficiency for septic tank s 0.40
#DD [days] Retention days in excess of basin travel time employed by disconnected domestic 7

waste to reach stream network

#LVST [days] Retention days in excess of basin travel time employed by low density livestock 7
waste to reach stream network

ko [days 1] Freshwater BOD retention 0.56
EMCy [mg L "] Effective mean concentration of BOD in urban wash - off 11
Enat [tkm -2 y-1] BOD export coefficient of natural areas 0.16

Wastewater treatment (WWT3 represented through a removal efficiency of pollution, specific for BODand P. the parameters
adopted in this study are shown ihable7.

Table 7 1 WWT removal efficiency for organic matter and nutrients

More
substance| Primary | Secondary| stringent
N 25% 55% 80%
P 30% 60% 90%
BOD5 50% 94% 96%

2.2.2 Coliforms

For indicator coliforms, no specific model is presently availabletb#-shelf for application at European scaléherefore we use
the samemodelused for BODwith the assumptions explained hereafterhis application of the model was not calibrated due
to current unavailability of homogeneous data on coliforms at European sdsllereover, we include only emissions from
domestic wastewaterthus neglecting other potentially important sources such as urban runoff and livesfbie& model is
therefore valid not in absolute terms, but only for comparison among scenakos.the geneic WWTP at site (X,y), the load of
fecal coliforms (used as indicatorjs computed as:

0 ofto OO0 Oufo — oo Equationl

where [k is the coliform excretion rate, assumed to be constant across Europe, assugretb@ 10'° CFU/PE/year following

Reder et al., 2015+ is (1 - treatment efficiency) of treatment level T (primary, secondary, or more advanced treatrifent)
assumed to be constant for a given level of treatment across Europe, PE is the populedionaknt treated by the WWTP.

Concentrations in the generic-th receiving river water bodies is estimated as:

b odo— o0 hogpog Edquation2
8 O :

whered is the catchment area of the vih water body,t afwo is the water travel time from site (x,y) to the sh water body,
Q is river water dischargéestimated with the Budyko model as for nutrients and BQ&nd'Q is a decay constant accounting

7 Treatment efficiency is meant as the ratio of concentrations after (numerator) and before (denominator) treatment.
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for coliform die-off in rivers and lakesFor rivers;Q is expected to be in the range 0.1 to 30 d&yMetcalf & Eddy1991) and
can be represented through the Mancini equation (see Metgatf Eddy, 1991, p. 1206) written in the form:

"Q =0.2067€0677T Equation3

with T=river water temperature (°C). We assume the values ofummarized inTable8. The abovesimple model is applied to
simulate the same scenarios discussed above. The level of treatment in place at each WWTP determines the treatment efficiency
For wastewater dischargethw to the environment- =1 (i.e. zero treatment efficiency). Water discharge Q and water travel
time t afto are the same as usetb model BOR.

Table 8. Removal efficiencies and — for coliforms after wastewater treatment.

Level of Lower removal eff. 18 Higher removal eff. 18 Assumed
treatment
No treatment 0% 0% 0%

. 29.2% 68.4% 40%
Primary

90.0% 99.9% 95%
Secondary
. 99.9%

More stringent Up to 100%

For marine coastal waters, we assume that concentrations of colifodasrease with the distance from the point of release of
inland emissions, following an exponential curve (see Annex | for details):

6 60Q Equation4

whered is the concentration at the emission point, Rilie distance from the point, and is a coliform dissipation constant in

coastal waters. In this exercise, we $et= 0.002 n7* based on the arguments presented in Annex I. The distance where"Y
can beobviously computed as:

116 1Ty Equation5
We may consequently estimate that, in a stretch of coastline of length L where there are n emission points, each having a
representative concentrationXi=1:n), the percentage of the coastline with concentrations below a threshold T can be estimated

as:

B 116 &1TY Equation6

In this exercise, we compute the percentage of European coastlines,adwell oc~> k™ m”~ i o\ b~ ja 7~j\n
regions®, where the threshold$or excellent and good quality of the BWD5250 CFU/100 ml and T=500 CFU/100, aule met,
assuming that the only sources of coliforms are the emissions from wastewater sghbbasins. In this way, we completely
neglect the presence of devices for the disposal of wastewater, such as offshore diffusers. We compute the concentration of
faecal coliforms that we expect in the stream at the outlet of each coastal sadsin, basd on the calculation of £discussed
above. This reflects the level of treatment in the sdfasin, as well as the emission sources upstream having accounted for the
die-off of coliforms along their trajectories.

2.2.3 Chemicals

Chemical micrepollutants inclu@ a very high number of substances, and are not an explicit target of urban wastewater
treatment. However, it is broadly recognized that many of these substances are emitted to the environment from urban areas
and households, hence WWTPs may be a very mapb component of any strategy to control their concentration in receiving
waters.

In this study, weconsideras an examplea set of 54 representativemicropollutants as discussed ir28l. Theseare present in
raw wastewater in highly variable concentrations, and their removal efficien@ise highly variable at the different levels of

18 Range suggested for primary treatment and conventional activated sludge processes by Oakley, 2018, and Naughton and

Rousselot, 2017 , respectively.
19 https://ec.europa.eu/eurostat/web/nutsdkground
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treatment. Table 10 provices examples ofreported concentrations in wastewater and treatment efficiencies $ome of the
micro-pollutants. Each of these chemicals may undergo removal in WWTPs to a different degree, and the removal efficiency of
each single molecule appears to deperdnsiderablyon the technology and operating conditions tife WWTPR making it
impossible todirectly relate the removal efficiency to the level of treatment (mechanical, biological and removal of nutrients) as
categorized in the UWWTI a simple way

Given the high variability of removal efficiencies in real WWTPs, in order to achieve a ¢oalbggonsistent representation we

hjy _“gg _ V' °ma m i~ » m hjg\g “aad”d i~t ajm n g “"oVy_ ht
is modelled on the basis of the physiechemical properties of the molecules, assuming a stiaic layout of a WWTP.

To date, a modelisedfor the prediction ofchemicalremoval in WWTPis a European regulatory conteig SimpleTreat (Struijs,
2014). In SimpleTreat, a WWTP is described as a combination of a primary settler, a biological atsladge bioreactor and

a secondary settle(Figurel).

Using SimpleTreatvith the default values of the operational parameters of a WW{IRable9), we conducted an exploratory
analysis of the behaviour of chemicals in WWTPs with reference to 28 representative example chemicals out of the 54 cdnsidere
in this study Table11).

It should be stressed that chemicals feature a rather complex behaviour in wastewater treatment processes, particularly when
they are ionisableA realistic simulatio with SimpleTreat requiresn accurate compilation of physicochemical property data,
entailing an effort beyond the limits of the illustrative exercise presented here.

Figure 1 17 schematic of the WWTP represented in SimpleTreat. Source: Struijs, 2014.

primary settler aeration tank s0lids liguid separator

I |-l
raw sewage\}- S settled sewage effluent ; 0.0075
1 i

activated sludge

i

L=

primary sludge

= fixed concentration suspended solids
=== - . .
L1501 = variable concentration suspended solids wasted sludge

Table 9 1 default operational parameters assumed for the WWTP

Operational parameter of WWTP Default

Sewage flow 0.2m 3dtPE?
Mass of sewage suspended solids 0.09kgd ! PE?
BODS5 in sewage suspended solids 60g O , d ! PE?
Fraction of sewage suspended solids removed in primary 2/3

settler

pH 7

Concentration of suspended solids in effluent 7.5 mg/L
Aeration system Surface aeration

Aswe expect a higher removal of degradable micropollutants in WWTPs equipped for nutrient removal, compared with plants
designed only for BOPand TSS removal (though this may not always be true in realityd,computed the removal of a unit

load inflowing to a WWTP for selected chemicals, under the assumpti@afobd-to-massratio (F/M) equal to 0.05 and 0.2 kg

02 kgw'd?, respectively, to conventionally represent plants with and without nutrient remoMaisreflectsthe general tendency

to have higher sludge retention times (low&fMratios) in the former compared to the latter. The physichemical properties

of the substances, used as input to the calculation, and the resultimglelledremoval efficiencies are summarized ihable11.

The calculation highlights a broad variability in the removal mechanisms. In general, a-tfidean be observed beteen
sorption in sludge and removal through degradation and/or volatilizatieigre2). Moreover, there are many chemicals not
appreciably retainedni solids but, at the same time, rather persistent.
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The relative importance ofremoval through sorption andhrough degradation/volatilization allowsategoriing 6 classes of
chemicals in terms of their behaviour in WWTPs:

1) Chemicals practically bypassingastewater treatment, virtually unaffected
2) Slowly removed chemicals, with limited or no accumulation in sludge;

3) Moderately removed, with limited or no accumulation in sludge;

4) Removed, with limited or no accumulation in sludge;

5) Sorbed to sludge and sldwremoved;

6) Sorbed to sludgdbut not appreciably removéed

Oc " n> "o bjmd n _ adi> 1 kmjojotk\g ] c\Vqgdjpmn ja ~c hd
the UWWTD may have enabled the removal of chemicals of all classespéxtbe first one, to an extent depending on the
properties of the chemical. For chemicals in the last two classes, though, sorption to sludge may indicate that pollution is
transferred with the use life of sludge.

The 6 types of fate in the WWTP may besagiated to representative removal rates in bioreactors and via sorption to sludge;
one possible and practicglarameterization although completely conventional, may be as showifrigure?2.

Besides treatment efficiency, the impact of the UWWTD on chemicals depends on their persistence in the stream network, whic
AN ] m km n i o -gdat »\ % lgpeednohididaghbeajance af & ghamical from the water column.
°?dnndk\Vodji» _j " n ijo dhkgt oc\o oc”™ ~c  hd~\g dn -lifedf m\ _°
chemicals in river water is as highly variable as their remogticiency in WWTPs, as clearly showrilablel 2, reporting some
values of halflives from the literature. Usually, halife in rivers cannot be determad with more certainty than within one

order of magnitude. Therefore we argue that, for Europestale, screeningevel modelling, it may be sufficient torefer to

three categorieof persistence of chemicals, reflecting orders of magnitude of dissipatiates (DT50=1 day, DT50 = 10 days

and DT50 = 100 days

These considerations suggest that, in spite of the complexity and variety of chemicals present in untreated and treated
wastewater, it is possible to study the expected impact of wastewater treatimgith reference to a limited list of prototypal
substances with an environmental behaviour representative of a whole class of molecules. We propose a list of such prototypa
np]no\i”~"n' oc\ o r ~ Tablé1§,cpannimg the\range ohdissipatgpm inm riversland removal in a WWTP
expected for real chemical$n addition, still relevant is the case of substances virtually bypassing wastewaséatment, for

which apparently no impact can be expected from the UWWTD.

Figure 2 1 scatter plot of removal with primary sludge and removal (degradation and/or volatilization) in the

activated sludge bioreactor. Red circles repre sent the properties conventionally attributed to the 6 classes of
chemicals: removal with sludge is 0 and removal in bioreactor is 30, 50 and 90% respectively for chemicals slowly

removed, moderately  removed and removed, respectively; removal with sludge i s 25% and removal in bioreactor is
55% for chemicals sorbed and slowly removed; removal with sludge is 70% and removal in bioreactor is O for

chemicals that are sorbed; both are 0 for chemicals virtually unaffected by WWTPs.
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Table 10 i Chemicals considered in this study

. Typical concentrations in wastewater, and removal efficiency for selected chemicals

, are provided as a

compilation  of

reported values by WoodPlc. For each chemical we describe a typical expected behaviour, wh i cdintgeuextd e s
below (see Table 13).
Modelled Behavior Concentration in | Treatment
. : Treatment effTreatment
with wastewater reported |eff. (primary)
. T 20 (secondary eff. (more
. SimpleTreat in literature from the ;
Chemical literature2 from thestringent)
literature®  from the
Metachemical iterature=®
. No Highly soluble chemical, can be degraded
Acrylamide cH7 not as fast as other chemicéls
No General assumption for metéfs
Sb
c#15
No General assumption for metals .
As c#15 0.4H T ®y 28 > 3|1881% (up to 72% from primary treatmen?)
Yes \Volatilized in WWTPSs; degraded in rivers b
- 24 5 5
Benzene c#8 not as fast as other chemicals 1.3-14 mg/E 99% 99%
B No Non-polar and persistent but settling
enzo(a)pyrene #10
. Yes Degraded in both WWTP and river
Bisphenol A
Cc#3
Yes General assumption for metals .
Cd c#15 0.4nn 33k [[1079% (up to 41% from primary treatmen¥)
Yes .
Cr #15 General assumption fanetals 8.1-p hPHZB > IB0-72% (up to 58% from primary treatmens)
No .
Cu #15 General assumption fanetals 9.80 n M 2> 3 k[35-88% (up to 40% from primary treatme#$)
. \Volatilizedin WWTPs; degraded in rivers by
1,2 -dichloroethane c#8 not as fast as other chemicals
Yes .
Pb #15 General assumption for metals 2-c nn 2 3k [31-95% (up to 73% from primary treatmen?)
Yes . .
Hg #15 General assumption for metals 0.4H T ®y 3 > J47-90% (up to 42% from primary treatmefs)

20 Compilation by Wood Plc.

21 http://www.who.int/water_sanitation_health/dwg/chemicals/acrylamide.pdf

2 Metals are not degraded and tend adsorb in sludge; as

2 P, Cantinho et al. (2016)
2 parkerton, T. (2001)

25 USEPA Drink ing Water Treatability Database

sumed to persist in rivers

https://oaspub.epa.gov/tdb/pages/general/home.do
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Modelled Behavior Concentration in Treatment
. . Treatment efffTreatment
with wastewater reported |eff. (primary)
. e 20 (secondary eff. (more
. SimpleTreat in literature from the ;
Chemical . o [from thestringent)
literature®® |. 20
literature from the
H 20
Metachemical literature
Yes .
Ni #15 General assumption for metals 35T 1T N %2 3 K|0-44% (up to 43% from primary treatmef?)
Yes Partly removed and sorbed in WWTP, 2 < 4 o5 0025 %
4-Nonylphenol c#9 undergoes some degradation in rivers 0.029p ®p n* >3 <33% 60% Up to 100
No
PFOS virtually unaffected by wastewater treatment, conservative 2.88to 176 ng/es
No \Volatilized in WWTPs; degraded in rivers b
Tetrachloroethene cH8 not as fast as othecthemicals
No
U unclear behavior in wwtp/river
Non-polar and persistent
Anthracene No c#10 P P
Non-polar and persistent
Fluoranthene No c#10 P P
Nonpolar and persistent
Naphthalene No c#10 P P
. . Non-polar and persistent but settlin
Brominated diphenylethers No c#10 P P g
Non-polar and persistent
C10-13 Chloroalkanes No c#15 P P
. No \Volatilized in WWTPs; degraded in rivers b
Dichloromethane c#8 not as fast as other chemicals
. No Slowly degradable (DT50~50 d&yand
Di(2 -ethylhexyl) -phthalate sorbing to sludg®
(DEHP) #15

% pan, Y. et al. (2011)

27 https://echa.europa.eu/documents/10162/060d498fb-4e40-8c69-6320c9debb01

28 Marttinen et al., 2003
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Modelled Behavior Concentration in Treatment
. . Treatment effTreatment
with wastewater reported |eff. (primary) (secondary [eff (mora
. SimpleTreat in literature?° from the ;
Chemical literature from thestringent)
literature®®  ffrom the
Metachemical literature?
. . Yes Moderately degraded
4-(1,1z2- 3, 32
tetramethylbutyl) - phenol) 0.0051 ®H H 2 > 3 30.6098°
(OP) cH1
Non-polar and persistent
Pentachloro -benzene C#15 P P
. . IAdsorbed to sludge and settlidg
Tributyltin compounds
(Tributyltin - cation) #10
. \Volatilized in WWTPs; degraded in rivers b
Trichloro -benzenes c#8 not as fast as other chemicals
) \Volatilized in WWTPs; degraded in rivers b
Trichloro -methane cH8 not as fast asther chemicals
Non-polar and persistent
Hexabromocyclododecanes C#15 P P
(HBCDD)
. Yes Degraded in both WWTP and river
17 -Beta - estradiol (E2) 3 <1¢ 220 ng/142 77-100962
17- Aloh thinviestradiol Yes Degraded but more slowly than E1, E2 80-100942 25
Eéz pha - ethinylestradio <1¢ 8 ng/l4? <20985
( ) CH7
Yes Degraded in both WWTP and river
Estrone (E1) c#3 <1¢ 88 ng/142 65-85% 90-10094232
Yes Moderately degraded <log- 1160 ng/I23;
. 115.4 ng/BS;
Diclofenac e P g2 0-58% 65100042
CH#6

2 Jonsson, B.

Risk assessment on butylphenol,
http://www.uu.se/digitalAssets/177/c_177024
%0 ECHA (2011)
31 Voul voulis et al., 2004
%2 Braga, O. (2005)

% Dai et al., 20014

19

octylphenol and nonylphenol, and estimated human exposure of alkylphenols from Swedish fish
-I_3-k_jonsson -beatrice -rep ort.pdf

SVHC SUPPORT DOCUMENT- 4-(1,1,3,3 -TETRAMETHYLBUTYL)PHENOL https://echa.europa.eu/documents/10162/4c6cccfd

-d366 -4a00 -87e5 -65aa77181fb6
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2,6 -Ditert -butyl -4-
methylphenol (BHT)

virtually unaffected by wastewater treatment, conservative

Modelled Behavior Concentration in Treatment
. . Treatment effTreatment
with wastewater reported |eff. (primary)
. - 20 (secondary eff. (more
. SimpleTreat in literature from the ;
Chemical . o [from thestringent)
literature®® |. 20
literature from the|
i 20
Metachemical literature
Yes Moderately degraded
Ibuprofen 7 y deg 61 ng/136 <20% 0-99% 0-99964 25.38
Yes 35. 36 -
Carbamazepine virtually unaffected by wwt, conservative 90 ng/t ’ng?l_srlg/l‘ 147 4.40% 83-100948 37,38
Yes
Azithromycin virtually unaffected by wastewater treatment, but dissipating in riv 0.4¢ 1220 ng/K2 94.6094%25
Yes 551.3 ng/B?;
Clarithromycin virtually unaffected by wastewater treatment, but dissipating in riv| 129 ng/2S, 70-100942
54 ¢ 1890 ng/K2
Yes
Erythromycin virtually unaffected by wastewater treatment, but dissipating in riv| 16¢ 147.9 ng/e2 40-999%42
. . Yes IAdsorbed to sludge and settling
Ciprofloxacin
c#5
. Yes Degraded to some extent, but persistent in 137 0 o4
Fluoxetine c#11 rivers 11 ng/B8 16% 10094
Yes Sorbing to sludge, persistent in rivers
Sertraline g ge.p 13 ng/13” 28% 100967
c#15
Yes
Atorvastatin virtually unaffected by wastewater treatment, but dissipating in riv 37 ng/14° 85¢ >90 %!
Yes
Simvastatin virtually unaffected by wastewater treatment, but dissipatingiver 17.8 ng/E8 85->90942
) Yes Mostly adsorbed to sludge but fadtssipating
Triclosan c#5 in rivers
Yes

34 Gros et al. (2010)

3% Gao et al. (2016)

% Magnér et al. (2016)

%7 Lajeunesse et al. (2013)

%8 Sim et al. (2010)

%% Rodriguez -Mozaz et al. (2015)
4% Hernando, M.D. et al (2006)

41 Sulaiman, S. etal., (2015)
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Modelled Behavior Concentration in Treatment
. . Treatment effTreatment
with wastewater reported |eff. (primary)
. e 20 (secondary eff. (more
. SimpleTreat in literature from the ;
Chemical . o [from thestringent)
literature®® |. 20
literature from the
i 20
Metachemical literature
Yes Moderately degraded in WWTP, fast
2- Ethylhqul 4 - dissipating in rivers 4.7¢505ng/l?  30C50 %42
methoxycinnamate (EHMC) oo
. Yes Degraded in WWTPs; degraded in rivers b
Octamethylcyclotetrasiloxane hot as fast as other chemicals 0.282cc ®C hid > 55-99.8% 9010094443
(D4)
C#8
No General assumption for metals .
Zn c#15 227H n M M 28> 3[12-90% (up to 64% from primary treatmeft)
. . No
Vinylchloride
No
Se
No
Hexachlorobenzene
. No
Hexachlorobutadiene
. No \Volatilized in WWTPs; degraded in rivers b
Trichloroethene cH8 not as fast as other chemicals

42 Barbosa et al. (2016)

4 https://echa.europa.eu/documents/10162/2c2ccd95

-f160 -c714 -164a -80a38ah3975¢

4 Zhang etal.  (2016)

21


https://echa.europa.eu/documents/10162/2c2ccd95-f160-c714-164a-80a38ab3975c

Table 11 i physico -chemical properties and modelled removal efficiency for selected representative

chemicals . MW=olecular weight; Kow=octanol

-water partition coefficient; S=solubility; VP=vapour

pressur e; pKa= negative logarithm of the acid constant; Kbio=biodegradation rate in activated
sludge systems ; Kd=partition coefficient with sludge solids; Rx, Sx (x=1,2,3)=% removal from liquid
phase and with sludge at treatment level 1, 2, 3, respectively
5 A F s e ?

2E § g o g gSesqE|e e aes
Substance ~ * > =
17-Alphaethinylestradiol (EE2) 296 7991 4.8 |2.6E07|10.2/ 3.7E01*° | 337% |0.0 8.8|51.31.7|76.4/ 0.1
17-Betaestradiol (E2) 272 8710 3.6 |3.0E08|10.7/ 2.5E+0¢f | 528 |0.012.977.8 0.6 (84.6 0.2
Estrone (E1) 270 2512 13.0 |2.7E08|10.8/2.0E+0¢/ | 298% |0.0 7.9(80.6/ 0.4(88.9 0.1
Diclofenac 296 32359 | 17.8 |1.1E03|4.2| 1.2E01*® | 19 |0.0 0.6|29.50.2|62.50.1
Ibuprofen 206 9333 | 21.0 |6.2E03|4.9|2.7E01*°| 57% 0.0 1.7|50.4 0.4|78.2 0.1
Carbamazepine 236 282 17.7 |2.4E05| - |1.1E02° | 15% |0.00.4|3.8/0.2|13.6 0.2
IAzithromycin 749 10471 | 2.4 |1.0E09|8.0|1.5E02*°| 310 |0.08.2|4.6|3.4|16.1 2.8
Clarithromycin 748 1445 0.8 |1.0E09|8.7|8.3E02°| 434 0.011.019.6 3.8(47.3 2.1
Erythromycin 733937 1 2000.0| 1.0E09| 8.8| 1.8E025°| 178* |0.05.0/5.8/2.1|19.5 1.6
Ciprofloxacin 331.347 3 30000.9 1.0E09 1.4E02% |200001%|0.060.3 0.4 |27.4) 1.5(26.1
Fluoxetine 309.33| 39811 | 38.4 |1.0E09| - | 7.4E01°| 78% |0.02.3|20.50.8|50.3 0.5
Sertraline 306.23| 125893| 2.0 |1.0E09|9.2| 8.0E04%° | 44372 |0.044.6 0.1|20.7/ 0.4]19.1
IAtorvastatin 558.64| 501187| 0.0 |1.0E09|4.6|4.5E02%%| 136% |0.0 3.9(13.2 1.5|37.4 1.0
Simvastatin 418.566 47863 | 0.0 |1.0E09| - |3.9E02*| 476" |0.011.810.4 4.6|30.8 3.2
[Triclosan 289.536 218776/ 10.0 |6.1E04| - | 3.2E02°° | 3890 |0.042.6 4.0|17.8/13.314.0
2,6-Ditert-butyl-4-methylphenol (BHT) 220.356 125893| 0.6 |6.9E03|11.60.0E+0& | 35° |0.51.0/3.9/0.5(/8.7|0.4
2-Ethylhexyl 4nethoxycinnamate (EHMC) | 290.4 (1258925 0.5 |1.5E06| - | 3.0E01%° | 123(° |0.0 9.5|55.9 2.0|78.4 0.6
4-(1,1',3,3tetramethylbutyl}phenol(OP) 206.32| 13183 | 15.0 |6.4E02|10.3 4.9E01%¢ | 1035 |0.021.347.7, 3.7|67.8 1.2
4-Nonylphenol 220.35¢ 30200 | 5.7 |2.0E01(10.0 8.0E01%6]|11093°|0.255.823.512.236.3 4.4
PFOS 500.126 -- 2.7E01|1.0| 0.0E+00| 0°* [0.00.0{0.0|/0.0{0.0/0.0
Cd 112 | 89125 - 1.0E09| - | 0.0E+00| 39800|0.020.20.0{7.9/0.0|7.9
Cr 52 125893| -- 1.0E09| - | 0.0E+00|2512(¢|0.054.0 0.0/ 6.0/ 0.0{6.0
Hg 200 | 199526 -- 1.0E09| - | 0.0E+00]|100000/0.044.5 0.0|20.5 0.0]20.5
Ni 58.69 | 22387 - 1.0E09| - | 0.0E+00| 3940% |0.022.0 0.0/ 0.0/ 0.0{0.0
Pb 207.2 | 501187 -- 1.0E09| - | 0.0E+00| 14996 (0.047.6 0.0|6.7|0.0| 6.7

4 EQS Dossier; Pomies et al 2013
4 Pomies et al., 2013
47 Li et al 2008

48 geomean from Verlicchi et al 2012 and Lautz et al., 2017

4 Lautz et al., 2017; Pomies et al., 2013
0 Lautz et al., 2017

51 computed from Kbio

52 Styrishave et al 2011

% Geometric mean o fLautz et al., 2017 and Ottmar et al 2012

% Sulaiman et al., 2015

https://doi.org/10.1080/09593330.2015.1058422

% Ottmar et al 2012

% Lautz et al., 2017; Baena Nogueras et al 2017
57 wang and Kannan, 2018, report that BHT is degraded but metabolites are recalcitrant
%8 Wang and Kannan report 1% BHT in solids; Kd=50 yields approximately this figure

% readily biodeg but >10 days: Straub, 2002

€0 KOC in Straub, 2002

61 we assume sludge to b e already in equilibrium
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Substance ~ 0 ~
0.0188.8 0.0(92.3 0.0
Benzene 78.11 135 |[1790.0(/1.2E+04 - |1.0E+06? 0 |45
292/¢
. 0.0 7.8|78.00.5(88.2 0.1
Bisphenol A 228.291 2089 | 300.0 |4.0E08|9.6|1.0E+06°
. ) 2.416.675.6 1.4|75.6 1.4
Octamethylcyclotetrasiloxane (D4) 296.62(3090295 0.1 |1.4E+01 - |0.0E+0f 0
H> o\~c > hd~\gn _j ijo mkm nio m \g' ]po °qdmop\gn»

featuring a similar behaviour in WWTPs and rivers. Therefore, from the modelling of one specific metachemical,
we expect to learn about all the chduals it corresponds to. Based on the expected behaviour of the chemicals
considered in this study, we propose a correspondence with metachemicals as sh@wblagil0 above.

Metachemicals can be modelled with the same model used for BOD and coliform&(pestion?) if we specify

a value of Q and anemission factor & The latter is constantly set to 1 (3, and loads are consequently
computed in terms of PE. Concentrations are obtained from loads divided by river flow, hence they are in units
of PE m?, which does not have a physical meaning ireifs To compute the decay of a metachemical along the

stream network, we selQ ——, where DT50 is the assumed dissipation héfe of the metachemical in

rivers.
Finally, the treatment efficiency irEquation2 must reflect, for the selected metachemical, the behavior
expected in the WWTP.

82 https://echa.europa.eu/documents/10162/be2a9640t6 -40d7-81e5-b8c3f948efc2
8 https://echa.europa.eu/documents/10162/d1d9e 18885-4595-b6ch-5ala7al60f07

64 Capela et al., 2017
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Table 127 Example half life reported from measurements in water

waters in modelling studies, for selected substances

, and parameters adopted
, highlighting sometimes very large differences

for river

Reported half life Overall
in water based modelled river
on Dissipation Process the |half life (days)
Compound measurements® | half life is referred to &
4-(1,1',3,3'-tetramethylbutyl)-phenol (OP) 13.9h photodegradation® 20.31
4-Nonylphenol 12d degradation®’ 18.0%
EHMC 360 h degradation®® 1.0°
5h evaporation”
1
2.7h volatilization” 10.0
33-384 h aerobic biodegradation’®
Benzene
28-720 h anaerobic biodegradation™®
17dto 366y photolysis™
16d biodegradation?>
E2 2-3d degradation 6.0°
Azithromycin <20 h photolysis™ 0.175
Clarithromycin 76.5h photolysis® 0.275
Erythromycin 365 d degradation 77 0.278
Atorvastatin 433.1d hydrolysis 7 1.189
Simvastatin 12.9d hydrolysis 7 7.8
Diclofenac 2.14d degradation®® 3.3
81
El 2-3d degradation 7 3.1
2
EE2 4-6 d degradation 72 17.0
Fluoxetine 122 d photolysis® 112.8¢
1
Ibuprofen 19.7 d degradation 8 47
. .9- h lysis®
Octamethylcyclotetrasiloxane (D4) 2.9-6d ydrolysis
491588 d biodegradation 8°
Per- and Polyfluoroalkyl Substances (using PFOS)|>41 y Hydrolysis 1000.6°
% Source: compilation provided by Wood Plc.
8 http://www.inchem.org/documents/sids/sids/140669.pdf
57 http://www.oecd.org/chemicalsafety/testing/2460911.pdf
% Gacko wska et al. (2018)
8 Straub, 2002
https://www2.gov.bc.ca/assets/gov/environment/air -land -water/water/waterquality/wqgs -wgos/approved -

wqgs/benzene/benzene_overview.pdf

" Pistocchi et al., 2018

2 Ying et al.,2002 within Adeel et al. (2016)
 Liuetal., 2011

" Tongetal. (2011)

> Hanamoto et al., 2018
"®Nakagawa (1992)

7 Jessick (2010)

8 Acuiia et al. 2015
®Sulaiman, S. et al., (2015)
80 Araujo et al. (2014)

81 Pistocchi et al., 2012

82 EQS dossier

8 USEPA(2007)

84 Boxall et al., 2014

% RIVM (2012)

86 assumed persistent: see

Pistocchi and Loos, 2009
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>3.7y Photolysis

Sertraline 234 photolysis®’ 112.88
Carbamazepine 127.41
Ciprofloxacin 0.3°
Triclosan 3.9
2,6-Ditert-butyl-4-methylphenol (BHT) 1000.0*
Bisphenol A 3.481

Cd 1000.01
Table 13 i Metachemicals proposed for the analysis. Virtual substances c#l, c#13 and c#14 are not

supposed to be of practical interest.

Fate in WWTP Environmental fate
Fast dissipation Intermediate  dissipation Slow dissipation
(DT50~1 day) (DT50~10 days) (DT50~100
days)
Slowly [c#1] c#6 c#11
removed
Moderately c#2 cH7 c#12
removed
Removed c#3 c#8 [c#13]
Sorbed and
slowly c#4 c#9 [c#14]
removed
Sorbed c#b5 c#10 c#15

The assumed removal efficiencies for the 15 metachemicalsrrespond to the categorization of their fate in
WWTPs (seEigure2), while for the DT50 we distinguish only orders of magnitude, i.e. 1, 10 and 100.d&tys
removal efficiency in more stringent treatment is estimated from that of secondary treatmeonsidering that
the removal efficiency in the activated sludge process with F/M equal to 0.05 and 0.2 kg @2d&yindicates

a fairly simple relationshipKigure3), well represented by the equation:

YQ4a € O pMTYQAE RO

Equation7

Y'Qd ¢ Obding the removal efficiency (%) at F/M=x (x=0.2, x=0.05). This interpolating equation is plotted

together with the data inFigure3. We conventionally assume secondary treatment to have a F/M ratio of 0.2,

and more stringent treatment F/M=0.05, with tloaveats already expressed about this assumption.

Based on these considerations, we can apply the same model used for colifémsation2) to any chemical

in order toquantify the effect of the UWWTD on the reduction of pollution loads in Europe, assuming chemicals

are used uniformly across the EU and, consequently, the emission per PE is a constant in space. If we knew the
emission rate of a chemi (e.g. in ng$ PEY), we could immediately convert the corresponding metachemical

gj\ _n Vi _ d3). lomay lme possible ¢Estimdté amissiom rated

/\ji/\‘

87 USEPA(2007)

iom\ odjin

88 pased on analogy with Fluoxetine, Styrishave et al., 2011

89 Used STP value as a proxy, see Castiglioni et al., 2004 https://doi.org/10.1016/j.yrtph.2003.10.002

% Koumaki et al 2018 (average)
%1 see Wang and Kannan, 2018
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for a few of the selected chemicalthrough specific stuiks, butthis would require an effort beyond the scope
of this work. Howevegven in the lack ofinformation on emission rategshe model carstill be used to compare
different scenarios of wastewater treatment, and quantify the corresponding expecteddaton of loads and
concentrations.

As we neglect all other (diffuse, industrial etc.) sources of emissions, the model is to be regarded as merely
indicative of pollution associated with urban wastewater, and should be used with care when studying efemic
known to have significant neirban sources.

Figure 3 1 Relationship between the modelled removal efficiency (%) of activated sludge with F/M=
0.2 and F/M = 0.05 kg O2 kg aw td! for selected chemicals. The red line represents t he proposed
interpolating equation.
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2.2.4 Modelling combined sewer overflows

Oc™ hj _“gn _"n”~md]  _ \V]jg  \Vggjr \ m km n io\lodji
wastewater is collected and treated to different extents depending on the scenarios. Although in some cases
(nutrients and BOD) we account for dife sources of pollutior{agricultural fertilizers and urban runoff)
mobilized following rain events, we do not account for the intermittent and occasional discharge of wastewater

occurring in combined sewer networks, when storm discharges exceed theitapgihe network or the WWTP.
In this section, we illustrate the model we use to quantify these combined sewer overflows (CSO).

For each urban area, as a first and rough approximation, we imagine the whole combined drainage network to
have a singlef pog ™ o' Vi r° hj _ " g \ ndibg™ ° I pdg\lg io»
aggregated CSO water discharge for the urban area with the equatfistocchi and Dorati, 2018)

5 aoahadY p QAd Equation 8

where A is the surface area served by combined sewer networks, R is raipfétle wastewater discharge per
capita in the area, P the total population, f a runoff coefficient (% of rainfall on urban area AU which turns into

j

a

> N.

runoff,anddth ~j h]di " _ n > r " mn% _ " ndbi _dgpodji m\o™ "' d) )

range 2+10) above which CSO begins. If we assume that urban runoff is initially free from pollution, the CSO
mass discharge of a given pollutant can be compditas:
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LaHahdyY p QAL Equation 9
(0]

"Q0'Y

nu

where C is the concentration of the pollutant in wastewater. In the setup of the model, AU, k and P can be
regarded as known input parameters and Riisexternal forcing, while two parameters remain to be calibrated,

ji > mkm n>iodib g\i_ h\Vi\b > h io #a$' \i _ oc’ joc m n
we set C=1Fquation9 is numerically equal to the volumetric discharge of untreated wastewater corresponding

o0j oc” >NJ' d) ) don oOopmomM>NJ  r\ nbonloshall e smegséddatd g g ~ i C
this model aims only at the estimation of the wastewater load that is not treated due to overflows. It is well

known that urban runoff itself can be a significant carrier of contamination due to the waséhof polluted

surfaces and inpipe sediments from the sewge networks. Therefore the CSO wastewater content should not

] dio mkm o> _ \n \i “"nodh\odji ja oc™ jg m\gg kjggpo
wastewater from the treatment system, caused by the presence of combined seWdrs.above model is an

acceptable approximation for areas where runoff and wastewater collection in the combined sewer network are

uniform within an urban area, and the less realistic, the higher the variability of f, d and P within it.

We apply the above guations to the ~ 700 Functional Urban Areas (FUA) identified across Europe (EEA, 2012).
We calculate a time series of precipitation from the thrd@urly Multi Source WeightedEnsemble Precipitation
(MSWEP) version 2.0 global dataset (Beck at al., 20ft@m which grid cell values for each-Bour step are
averaged across each FURopulation is estimated based on GEOSTAT 1km2 poputgtichof 2011 (EC,

2011), whilep is set to 160 l/(inhab.day). Moreover, we assume f=1 for impervious areas and f=0 dor n
imprevious areas within each FUA. The degree of imperviousness is estimated for each FUA based on Functional
Urban Areas indicators frorthe LUISA modelling platform (Lavalle et al. 2014). We finally divide for each FUA

the load Equation9) by the impervious area, yielding a load per unit impervious area served by combined
sewers (unit FUA load).

The weighted average of unit FUA loads and totaipervious area in a regiois eventually used to upscale
loads also taking into account the percentage of combined sewers in the rediba.latter is estimated after
Milieu, 2016 (see Annex lll). On average, about 30% of urban areas are expected tcsbpaete sewers in
Europe. This setup allows estimating the total CSO water and pollutant mass discharge from the FUA, for a
given value of d. The values ofcéo(Equation9) upscaled to NUTS2 regions can be interpreted in terms of
untreated PE by dividing volumes by 160 |/PE/day.

This model describes a worsiase scenario because (1) it overestimates the contributing impervious area by
setting f=1, and (2) it completely neglects the storage and buffering of flow in the sewer network.
2.3 Scenarios considered in the analysis

The analysis considers fundamental scenarios, summarized rable14. These are briefly described in the
following paragraphs.

Vigiak et al., 2018describen detail how domestic waste discharges were assess€de maps of wastewater
discharges (in population equivalents PE) at different leels of treatment are presented in Annex Il for
reference.

In addition to these scenarios, we consider threpact of combined sewer overflows (CS@y a separate
calculation, as explained below2&).

Table 14 i Scenarios analyzed in this study

Scenario Short name
Present situation as per the latest WISE report (2014) Baseline
Situation before entry into force of the Directive (circa 1990) Pre-directive
i Wh aiftno-Di r ecti veao WIND
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Full Implementation of the Directive Full
compliance

Full implementation with systematically ineffective individual and appropriate IAS

systems (IAS)

Full implementation with effectiveness of IAS depending on management IAS+

2.3.1 Baseline

In this scenario, we make use of the data reported by the EU Member States on the agglomerations and
respective level of treatment, compliant with the UWWTD. The date taken from the Watdase ,
Wastewaterdatabaseprovided by the European Environment Agency (EEA), verSipoditaining data of the

year 2014. The reported data presented a number of issues which required extensive quality control and gap
filling. Ths is documented in Vigiak et al., 2018. One specific issue with the reported data is that they do not
include the population living in agglomerations below 2000 perssguivalents (PE) or in scattered dwellings.
Vigiak et al., 2018, estimated this part ahe population for all EU member states, by comparison between the
resident population and the population resulting from the reported PE, assuming 1.23 PE/resident. Although the
number of PE per resident is highly variable as a function of the activitiethe area served by a wastewater
treatment plant, Vigiak et al., 2018, found this simple relationship to be quite stable for Europe, when the target
is not an assessment of a specific plant or a small region. The estimated population living in aggldoresat
below 2000 PE or scattered dwellings is generally small. However, in some countries this may be a relatively
large share of the resident population (up &dbout 10%, see Vigiak et al., 2013

The persorequivalents (PE) of the different WWTPs in Epgpin this scenario, are attached to a specific
location in space representing the discharge point of each WWTP. The population of smaller settlements and
scattered dwellings wasiniformly allocated in space.

2.3.2 Pre-directive

Ideally, comparing théaselinewith the situation before the Directive would require having data for the year
1990 with a granularity similar to thatavailable today (Vigiak et al., 2018Vnfortunately, this information is

not available and the only source of information that we coulde for the year 1990 is about population at
different levels of treatment, by country, provided by EUROSEA& Vigiak et al., 2018, for additional details)

This information is reckoned to be only to a limited extent consistent with the informatiorontel by the
Member states under the UWWTD, and therefore comparisons must be made with care. In spite of these
limitations, EUROSTAT data for the year 1990 yield a possible picture of what the situation could have been
before the entry into force of the Dective, hence a benchmark for the progress of wastewater treatment in
Europe.

EUROSTAT data, which represent population totals by country undergoing no treatment, primary, secondary or
more advanced treatments, were used to estimate a spatial distribuidf PE with the same levels of treatment

in each EU Member state, on the basis of the spatial distribution of populakarther details can be found in

Vigiak et al., 2018.

2.3.3 Full compliance

This scenario is obtained by bringing all WWTPs of Baeselire scenario to the level required by the UWWTD.
This means assuming all WWTPs have biological (secondary) treatment in place, and those falling in the
catchments of sensitive areas have more stringent treatment for the removal of N, P or both (depending on
whether the WWTP disahges to a normal or sensitive argaWWTPs which, under tiBaselinescenario, are
already at the required level of treatment or above, stay the same under this scenario.

234 1 Qb {ifmMNo->c | _ ] (WEND) °©

In order to represent a hypothetical condition of wastewater treatment in Europe in the absence of the UWWTD,
we assume that the different countries would have implemented some wastewater treatment anyway, and that
each country would be in an intermediasituation between the pralirective and baseline scenario conditions

9 https://www.eea.europa.eu/dasmdmaps/data/waterbaseiwwtd-urbanwaste-water-treatment-directive 5
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depending on their specific capacity to plan, invest in, and manage wastewater treatment plans. This scenario
is quantified in a simplified way as a weighted average of the two scenalfioaseline and pralirective) as
usually done in statistical data fusion. The concentration of a generic pollutard given water bodyinder the

WIND scenario is estimated as

0 06 p 0 6 Equation10

Where 0 and 6 are the concentrations in thebaseline and predirective scenarios
respectively, and w is a weightWe have computed BOD, N, P and coliform concentrations and laadke
weighted average between the pidirective scenario (1990) and the current (2015) scenario, using weights
based on & evaluation summarized in Annex.We consider two slightly different weighting schemes.

Pi _"m oc” ™ admno n "veeight of O i# &ppligdgo BE, EL,RD M7?, B, i, IR, Efd RO. A

weight of 1 is applied to AT, DE, DK, FI, NL, SE. The other countries have weight=0.5. A weight of 0 means the
country would be essentially at the level of 1990; a weight of 1 woultkan it to be at te samelevel of 2015
irrespective of the UWWTIA weight of 0.5 means it would be &termediateconditions.

Pi_"m oc™ n 7~ji_ n”~c h> #~\gg  _ °RDI ?-»%$ oc’ . hjn
weight of 0.25, while the dter members (EU15) are assigned the same weights as above.

2.3.5 Quantifying individual / appropriate systems : IAS and IAS+ scenarios

Individualappropriate systemglAS)are a solution admitted by the UWWTD for wastewater treatment in certain
parts of the agglomerations above 2000 PE, where it can be demonstrated that an extension of collection
systems would not be convenienAS are expected to have a quantitatively limitédpact on concentrations

and loads evaluated over the European stream network, due to their small entity compared to the total
production of wastewater (se€&igure4). While the UWWTD requires IAS to be effective, there is no specific
provision obliging member states to ensure a monitoring of their effluents. Therefore it is possible that IAS
show lessthan-appropriate performance in treating wastewater, due to inadate design, maintenance,
monitoring and enforcementin order to quantify the impact of an inadequate functioning of IAS, we compare
the full compliance scenarf®, with a modified scenario where IAS are assumed to correspond frimary
treatment, all the rest being as under full compliandéshould be stressed that IAS may be reported by member
states as being subject to transfer of wastewater volumes to WWTPs by trucks. In this case, the corresponding
PE were not computed under IAsut ratherattripo ©~ ~  oj o c "~ \ b b.gheldifferehce idfelevant. RR OKn
only for Poland and, to some extent, Estoniagure4).

Under the IAS+ scenario, weVeusedan evaluation summarized in Annex t& compute a weighted average

of scenarios (1) with IAS equal to a primary treatment and (2) with IAS equal to the WWT level required by
the agglomeration (either secondary or tertiaryh a way similar to theNIND scenariofquation10). In other
words, we assume IAS cannot deliver less than primary treatment, and cannot exceed the efficiency of
centralized plants although lmth assumptionsare not necessarilytrue in all cases(for instance, certain IAS
might have an efficiency of treatment higher than the WWTP of the agglomeration)

The weights to compute the averageere chosen adollows: AT, CY, DE, EE, UK have IAS equivalagheto
\'bbgjh m\odji %n RR@KIsmidway (50%f IAS ard assumed to bequivalent tothe

\' bbgj h  m\ oahj 50%equivRiBnOtsprimarytreatment), hence weight is 0.5the other countriegire
assumed tohave IAS equivalent to primarpence weight is 0

Figure 4 1 IAS as a % of total PE in different EU member states, considering vs not considering the
transfers of wastewater volumes from IAS to WWTPs using trucks.

% Under the full compliance sc  enario, we assume IAS to have the same level of performance of the treatment
level (biological or more stringent) required for the agglomeration they belong to.
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2.4 The impact of combined sewer overflows (CSO)

Combined sewer overflows are quantified and evaluated in this study as an additional potential source of
kjggpodji ji oj k |j d@&orthesakeof.afirst exgloration, weoriidet acrafemebe’ candlition
where combined sewer overflows are just allowed to occur without particular management measures. We
represent the reference condition throughconstantdilution ratefor Europe of d=4 irEquation8 and Equation

9. In some countries, measures may be in place to reduce overflow volumes afrdfprencies. In particular,
provisions may exist about a minimum dilution rate d>4. In additisame countries may prescribgetention
measures to reduce overflows, such as detention tanks or surplus storage volume in the drainage network,
limit overflows to a maximum number of events or days per yean overview of existing measures in EU
Member States is provided ifieble 15. The higher a dilution rate d>4, the lowehe resulting CSO loads.
Moreover, comparing the cumulative CSO loBdyation9) over the n most severe events per year instead of

all events yields an estimatiorof the reduction of load corresponding to measures enabling to ensure a
maximum of n events/year. Based on the CSO model run as described in Annex I, we have derived a relationship
between the equivalent wastewater volume discharged, and the number ehts/considered (n) or the dilution

rate (d),enabling the calculation of CSO loads as a percentage of loads with d=4 and no detention, as a function
of d and n Table 15). We compute CSO loads for the above countries assuming the most favorable condition,
obtaining thecorrection factors oreduction coefficients reported ifiable 15.

Table 15 i1 correction factors  to apply to default CSO loads taking into account the provisions on
minimum dilution rate (d) and number of days of CSO allowed in different EU Member States. Source:
compilation by Wood Plc (see Annex IV )

country | correction factor| d # days
AT 44% 8

BE 50% 7| 18.71*
DE 47% 4 17.32%
DK 32% 4 10

% This is the geometric mean of reported values for Brussels, between 7 and 50 per year.
% This is the geometric mean of reported values for Land Bavaria, between 15 and 20 per year.
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country | correction factor # days
ES 44% 8%

FI 100% 4

FR 52% 4 20
EL 52% 7

IE 78% 5

IT 62% 6

LU 100% 4

NL 29% 4 10
PT 62% 6

SE 100% 4

UK 100% 4

CY 100% 4

cz 44% 8%

EE 100% 4

HU 100% 4

LT 100% 4

LV 100% 4

MT 100% 4

PL 67% 4 30
Sl 100% 4

SK 100% 4

BG 78% 5

RO 100% 4

HR 100% 4

Finally, DK prescribes 5 mm of rainfall storage, and NL 9 mm (thmnetwork + 2 atthe head of theWWTP).

In order to account for this, we implemented a variantEguation8 and Equation9, where we replaced rainfall
with «net rainfall ». The latter is computed as rainfalkeeeding a storage of an amount of S mm during each
event. A rainfall event is defined as a series of time steps with frarl precipitation, separated by another
series of nonnull precipitation by at least m time steps (in our setup, time steps arb@rly). For the case of
NL, we set S=9 and m=3for the case of DK, S=5 and m=2. At the start of the event, rainfall is considered to
be retained untiits cumulate reaches storage; &fter this, all rainfall contributes to sewer flow.

It should be stressed that our analysis addresses only the potential load from CSO, and neglects the positive
impact that may exist when some treatment of CSO is foreseen. CSO treatrhgaitéllya primary/mechanical
stage) is requiredat least inin AT, DE, BE, SK and Rfe &fficiency of removal of contaminantsvith this
treatment is not known, though, making it impossible to take into account this aspect in our study.

More in general, our woratase model calculation is likely to overestimate CBa large extentin all cases
where the connected impervious surface is significantly different from the total impervious area in a FUA, and
where there is significant network storage capacity.

% For Spain and the Czech Republic, d is prescribed between 5 and 8, the latter assumed to apply as the most
favorable case for these countries.
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2.5 Considerations on key uncertainties in the assessment, sensitivity analysis
and model verification

2.5.1 Uncertainty in the quantification of emission scenarios

In the assessment presented here, we compare different scenarios of wastewater treatment in Europe. All these
scenarios are affected by uncertainty in the estimation of the populatexjuivalents (PE) subject to different
levels of treatment in each European river basin.

The scenario corresponding to current conditions is based on the data for agglomerations above 2000 PE
reported by the EU Member States under the UWWTD. While dgntiria represents the most reliable source

of information, issues with the quality of reported data have been highlighted in the ffa¥he uncertainty in

this case seems relatively small but difficult to quantify. The same uncertainty necessarily affatso the
scenario of full implementation, which is built from a comparison of current treatment levels with those
theoretically required by the UWWTD.

Much more uncertain is the quantification of treatment levels under the-dieective scenario. In thicase,no

data exist reported by the Member States and the only available information is the one provided by EUROSTAT
at the national level. This information has been spatialized with the approach presented in Vigiak et al., 2018,
showing that, for the réerence year 2015, the national totals are reasonably consistent with the data reported
under the UWWTD, although with some discrepancies (see Vigiak et al., 2018). However, when considering the
regional level, there is no guarantee of comparability betwebe two approaches, as shown in Annex Il.

This uncertainty in the estimated pollutant emissions in each river basin reflects in the uncertainty in the
estimation of concentrations and loads in the stream network and to coastal areas. In the absenceeafl a
benchmark, it is not possible to quantify this uncertainty. However, it is expected that the models cannot be
used beyond the target of capturing broad continental trends, statistical distributions of concentrations and hot
spots represented by higbhopulation with relatively low levels of treatment, and in the presence of low dilution
capacity of the stream network.

2.5.2 Calibration and verification of models

Models used for organic matter and nutrients were calibrated on the basis of available concentration and load
data, as discussed in Vigiak et al., 2019, and Grizzetti et al., 2012. For BOD, Vigiak et al., 2019 show that the
model is sensitive to parametersepresenting the efficiency of secondary treatment and ewvenéan
concentration for urban runoff. The predicted loads are well correlated with observations and with errors within
one order of magnitude, whilads per unit catchment area and concentratoshow lesser correlation with
observations. Model performances for nutrients are similar (Grizzetti et al., 2012). In this tasenodel
parameters specifically calibrated were those related to the retention of nutrients in theastr network

For coliorms, the model is not calibrated. However, the emission andaffgoarameters for coliforms are the
same proposed in Reder et al., 20Ihese authorsdevelopa modeltaking into account livestock and urban
runoff as sources, in addition to domestic wasvater, and show that predictions match observation reasonably
well within one order of magnitude. As the model used here neglects sources other than wastewater, we may
expect a general underestimation of concentrations and loakisthe same time, Redegt al., 2015, increase

the rate of decay of coliforms in riversthat we estimate according toEquation 3, by a term reflecting
disinfection bysolar radiationand a tem reflecting coliform settling. While an idepth comparison was not
conducted in the scope of this work, we expect the tendency of Reder et al., 2015 to estimate faster coliform
decay to compensate their higher loadings, thus making our results reasgraisistent with theirs.

2.5.3 Representation of IAS and CSO

The approach to quantifying the maximum expected impact of IAS, as presented above, was discussed with
experts from various EU Member States. For certain countries there was sufficient evidenebewebthat IAS
management is effective, and IAS are by all means equivalent to WWTPs, hence fully compliant. For other
countries, such evidence was not available. However, the results presented in the next sections need to be
interpreted as estimations opotential impacts, virtually absent whenever IAS management is effective.

The modelling approach used for CSO was also discussed with experts from various EU Member States. In the
scope of this study, it was not possible to collect sufficient evidenceaafirm our estimates, which must be

9 See http://ec.europa.eu/environment/water/watenbanwaste/implementation/implementationreports_en.htm
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regarded as conservative (i.e. overestimating loads of CSO, by underestimatingutifering capacity of
combined sewer networkand overestimating the extent of impervious areas connected to combined s@wers
An extersive verification of the model has been initiated and is expected to yield a more accurate picture of
CSO in Europe in the near future.

2.5.4 Metachemicals

The modelling of chemical fate in WWTPs is extremely complex and uncertain. The approach adoptedisere ai

at exploring the universe of chemical substances entering a WWTP by referring to a limited set of representative
molecules. For these molecules, the behavior in WWTPs has been represented in a very schematic way, with
constant parameters applied in thehole EU in spite of the high variability expected from the literature. While

the modelling chemical fate remains highly uncertain, the proposed approach is merely intended to illustrate
the possible impact of wastewater treatment on chemical pollution.
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3 Water quality in Europe under the different scenarios %

3.1 Coliforms

When we consider the total length of the European stream network with predicted coliform concentration below
the thresholds for bathing water qualityF{gure5), the implementation of the UWWTD is estimated to have
almost doubled the river length with at least good quality, from 4% in the predirective scenario to 8@%

in the Baselie scenarioUnder a full compliance, the percentage would further rise to 82.9%plementation

of the UWWTD islso estimated to have increased the length of coastlines with at least good quality, from
72.5% in the predirective scenario to 93.1% in theaBeline scenario. Under a full compliance, the percentage
would further rise to 95.2%Kigure6).

Figure7 and Figure8 show the percentage of length of rivers where concentration of faecal colifornmeseta
the standards of good or excellent quality for bathinghe comparison highlights that, in many regions, there
is a clear improvement of water quality when the UWWTD is fully implemented.

Fgure9 portrays the length of the coastline below the thresholds of goodexcellent bathing water quantity
under the predirective, Baseline and full compliance scenaridader the WIND scenaricountries with a lesser
development of wastewater treatment would have a significantly higher peregptof the length of the stream
network not meeting bathing waters standardsigure10). At European scale, this translates into an extra 25%
of the stream network, approximately, in less than good conditions if there were no Diredtigereé5 and
Figure6).

It is worth recalling that our assessment neglects contributions from other sources, such as urban runoff and
livestock, thus possibly underestating coliform concentration in many river stretches. The analysis is thus to
be regarded in comparative, and not absolute terms.

Another aspect worth mentioning is the importance of CSO on the conditions of bathing waters, which does not
appear in thiscalculation HarderLauridsen et al., 2013, report evidence of impacts on the health of swimmers

in CSGcontaminated seawater compared to cleaner waters in DenmBxkting storm events, CSO may cause

shortterm impacts due to high concentrations of colifos. For instance, in the coastal urban area of Rimini,

Italy, otherwise classified in excellent conditions for coliforms, CSO may occur on average 10 times during the
]Vocdib n \nji' omdbb > mdi b \ °ij ]\ ocdhanhéstmateddirectm _ p mdi
impact of 1.5 million Euro without considering indirect (e.g. image) damages to tourism (Venier, 2018). This has
justified a massive investment locally (worth 155 million Euro) to retrofit the sewer network and treatment

systems {bid).

% The percentages of the stream network or coastline m eeting certain environmental standards (including good
ecological status) as presented in this study are intended for illustration of the results of modelled scenarios,
and should be used for scenario comparison only. By no mean they can be interpreted as a judgment on the
degree to which specific legal objectives are met in the different regions of Europe.
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Figure 5 1 conditions of the European stream network with respect to bathing water standards for
E.Coli under three scenarios

Coliforms: % of rivers length by quality tresholds (EU28)
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Figure 67 conditions of the European coastlines with respect to bathing water standards for E.Coli
under three scenarios

Coliforms: % of coastal length by quality tresholds (EU28)
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Figure 7- Percent of the stream network with faecal coliforms below the good quality threshold for

E.Coli in bathing waters, aggregated by NUTS2 regions (except for DE, UK , NL, BE, where NUTS1
regions are used for readability) P full compliance (FC) or Baseline from m
(2015).
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Figure 8 - Percent of the stream network with faecal colif orms below the  excellent quality threshold

for E.Coli in bathing waters, aggregated by NUTS2 regions (except for DE, UK, NL, BE, where NUTS1

regions are used for readability) P full compliance (FC) or Baseline from m
(2015).
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Figure 9 - Percent of the coastline with faecal coliforms below the good quality threshold for E.Coli in
bathing waters, aggregated by NUTS2 regions (except for DE, UK, NL, BE, where NUTS1 regions are
used for readability) 7 full compliance (FC) , circa 2015 and circa 1990
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Figure 10 i percent change of river and coastal length, by country, not meeting bathing waters
standards for coliforms under WIND scenario compared to base line (present) scenario.
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3.2 BOD and Nutrients

The analysis shows that, for B@Ohe impact of the UWWTD has been significant in terms of teduction of loads of urban
wastewater to the stream networkHigurell).

In terms of concentrations in rivers, the improvement is sizable but small for BOD s, with ab out 4% of
the stream network moving from above to below the threshold for good ecological status ( Figure 12).
Under full compliance, another 1.6% of the stream network may similarly improve. A similar impact can

be observed by looking at the loads of BOD 5 to the European sea regions. This is due to the fact that

urban wastewater is not the only source of BOD 5.

Under the WIND scenarigertain countries would see @ increase in the length of the stream network not meeting good
ecological status standardaup to 10% compared to the current scenafidigure13). At European scale, this treslates into a
modest increase in the length of the stream network above good status threshold (from 13.9 to 14&6rel2).

Similar considerations apply for nutrients, showing a very marked reduction of Ifems wastewaterto the stream network
moving from predirective to baseline and full compliance scenari@sgurel6). Also for total N the impact of the UWWTD has
been sizable but small, enabling about 4% of the stream network to improve from above to below the threshold for good
ecological statusKigurel7). Under full compliance, another 0.7% of the stream network may similarly improve. Improvements
appear smaller when considering higher concentration thresholdsh sis those of the DWDOF{gure19).

The improvement is more apparent in the case of total P, where about 10% of the stream network improves from &bove
below good status threshold. In this case, the additional improvement through full compliance is about 1% of the streantketwo
(Figurel?).

Unde the WIND scenario, certain countries would see an increase in the length of the stream network not meeting drinking water
standards for N, up to about 20%~{gure20). The stream network not meeting good ecological status for P or N is expected to
increase in certain countries by up to about 25% for N, and 50% foFigrel8). At European scale, this translates into smaller
changes, though, in the order of 1.5% for N and 5% forFgurel17).

40



Figure 11 i Loads from urban wastewaters under different scenarios ( POP90= estimated loads for 1990 based on

population and connection rates; REP15 = loads reported by Member States in 2015; FC= fu Il compliance) in  tonnes
BODs per year discharged to the stream network . Details on the loads under the different scenarios are provided in
Annex Il .
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Figure 12 - conditions of the European stream network with respect to BOD 5 quality standards under three scenarios

BOD: % of river length by quality tresholds (EU28)
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Figure 13 i percent change ofriverleng  th, by country, not meeting good ecological status standards for BOD , under
WIND scenario compared to baseline (present) scenario.
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Figure 14 - percentage of the stream network below an indicative BODs threshold for good ecological
status (5 mg/L), aggregated at NUTS2 level (NUTS1 for DE, UK, NL, BE). Full compliance (FC),
Baseline as reported by Member States (2015).
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Figure 157 loads of BOD s to the European regional seas under the different scenarios 9
BOD loads (t/a) at Regional Seas
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% In the graph, we present loads computed under 2015 and full compliance conditions, both for IAS equivalent to primary treatme
equivalent to the level of treatment of the WWTP of the corresponding agglomeration.
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Figure 16 i Loads from urban wastewaters under different scenarios (POP90= estimated loads for
1990 based on population and con nection rates; REP15= loads reported by Member States in 2015;
FC=full compliance) in  tonnes N, P per year discharged to the stream network. Above: N; below: P.
Details on the loads under the different scenarios are provided in Annex Il
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Figure 17 1 conditions of the European stream network with respect to nutrient quality standards
under the different scenarios

N: % of river length by quality tresholds (EU28)
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Figure 18 i percent change of river leng th, by country, not meeting good ecologi cal status standards
for N, P , under WIND scenario compared to baseline (present) scenario.
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Figure 19 i length of the European stream network below N limits for the DWD (11.3 mg/L) and
precautionary limits for children (6 mg/ L)

N: % of river length by quality tresholds (EU28)
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Figure 20 i percent change of river length, by country, not meeting drinking water standards for N,
under WIND scenario compared to baseline (present) scenario.
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Figure 21 - percentage of the stream network below an indicative total N threshold for good ecological
status (4 mg/L), aggregated at NUTS2 level (NUTS1 for DE, UK, NL, BE). Full compliance (FC),
Baseline as reported by Member Sates ( 2015).
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Figure 22 - percentage of the stream network below an indicative total P threshold for good ecological
status (0.1 mg/L), aggregated at NUTS2 level (NUTS1 for DE, UK, NL, BE). Full compliance (FC),
Baseline as reported by Member Sates ( 2015).
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Figure 23 1 loads of nutrients to the European regional seas under the different scenarios 100
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3.3 Impact of the level of IAS management

If all agglomerations are at full compliancéASrepresent a potentially significant residual share of the pollutant
load discharged to theeceiving water bodiesHigure24).In EL, HR, HU, IE, IT and SK, IAS weptdsent more
than 20% of the BOBload discharged tdhe receiving water bodies under full compliance. For N and P, the
incidence would besually below 10%, and only in the cases of SK and HU slightly abblve.impact of IAS on
coliform concentrationsn freshwateris quite high, and the stream network below good quality threshold
concentrations increases significantly in regions with a sizable component of IAS (even above 50%igsge
28). On the contrary, the impact on coastal waters is negligible (results not shown hEhe)impact of IAS in
terms of BODR is potentially significant, but lower than for coliforms, with certain regions increasing the length
of the stream network below good status thresholds by up to more than 2F%gre25).

For nutrients the impact of IAS is similar to that for BOD5, but smaller, with certain regions increasing the length
of the stream network below good status thresholds by up to more than 38gre26, Figure27). Although

a large share of the total load of nutrients to seas comes from &yiture and other diffuse sources,
improvements due to urban wastewater treatment are still sizable Fagure23 shows particularly for certain
regions.

Under assumptions oh ~ ~ i VAS# pountries where soméevel of management of IAS is enforced are
expected to show a lesser impact on water quality compared to the IAS scerarparticular, AT, CY, DE, EE,
UK are expected toc \ q ° D<N "I pdqg\ g i o o] whidecCZ is\expbcted tb havd 1831 j i “%n

"l pdgVlg io oj oc” \bbgj h  m\ &aW8p.iUkderth RiCunstance, tBeincidepca o c °
shown in

Figure24 would reduce td0 (or by 50% in the case of CZ). In terms of water quality, under assumptions of
IAS+ those countries where IAS effectiveness is ensured would see impacts offset as can be grasped from a
comparison ofscenarios irFigure25 (for BOD)igure26 (for N),Figure27 (for P) andrigure28 (for coliforms).

Figure 24 1 Potential load assuming IAS correspond to a primary treatment, as a percentage of the
total load under full compliance, for BOD, N and P from wastewater.
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Figure 25 BOD: %Variation of hydrographic  network in good quality under IAS (above) and

IAS+ (below), by NUTS2 region ( NUTS1 for DE, UK, NL, BE)
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Figure 26 N: %Variation of  hydrographic  network in good quality under IAS (above) and
IAS+ (below), by NUTS2 region (NUTS1fo rDE, UK, NL, BE)
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Figure 27 P: %Variationof hydrographic networkin good quality under IAS (above) and IAS+ (below),
by NUTS2 region (NUTSL1 for DE, UK, NL, BE)
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Figure 28 coliforms: %Variation of hydrographic network in good quality under IAS (above) and
IAS+ (below), by NUTS2 region (NUTS1 for DE, UK, NL, BE)
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3.4 Chemicals

We have modelled the 12 metachemicals Trable13, with the assumptions on removal efficiencigisrough
primary sludge and in a secondary bioreacgitown inFigure2, and correcting removal for tertiary treatment
usingEquation7. Due to the limitations inherent to the assumptions made in the analyparticularly about a
uniform emission factor across the EUye present the results aggregated for the EU and nospatial form

as for the other assessment endpoints. The graphs fréiigure 29 to Figure 40 show, for the different
metachemicals, the change in the percent of the European stream network (by lergglow different
thresholds of metachemical concentration. As emission rates are not known, we careeallyate the change

in the river length below conventional thresholds. We hawaventionallyset as thresholds the median and the
75th percentile of metachemical concentratiornis the predirective scenario. If wassumethat, in the pre
directive scenad, at least 50% of the sukbasins was in good conditions in terms of chemical pollution, and
75% in acceptable condition¥, these thresholds may be regarded as conventional quality standards. However,
it should be noted that such thresholds retainmaeaning only when comparing scenarj@nd not in absolute
terms.

Having made these clarifications, we can examine tlesults for the 12 metachemicals, having in mind the
substances that may correspond to each metachemical.

Tablel0 associates all chemicals of concern for this study to one metachemical, based on the evidence shown
above.Metachemicals c#1 and c#13 have limited practical interest as theyrespond to a contradictory
behavior in the WWTP and in rivers, and will not be considered any longer in this report. For metachemicals c#4
and c#14 we did not find corresponding chemicals, in the list considered here. The other chemicals were all
associded to one metachemical. For those substances essentially unaffected by the wastewater treatment
plant (Table10) apparently the directive can be said tmave brought no benefit.

The different metachemicals, hence substances of concern, have different environmental and WWTP fate and,
consequently, react differently to the implementation of the UWWTD. However, by inspéodrggaphsfrom
Figure29 to Figure40, one can appreciate that all metachemicals show a similar change in the length of the
stream network below the two thresholdé&bout 30% of thestream network is typicallypelow the median
threshold, and about 55% is below the Percentile threshold in the prdirective scenario. These percentages
increase to more than 55% and around 80%, respectively, in the baseline scenario, and slightly higher in the
full compliance scenario. This patn is very similar for all metachemicals considered in this study, in spite of
the variability of their fate.

This outcome is somehow unexpected, and supports the hypothesis that the effect of the UWWTD has been
significant on all chemicals undergoingme form of retention in WWTPs (either in sludges, or through removal).
As the pattern of improvement is rather constant, one may argue that the effects of wastewater treatment in
terms of chemicalpollution arerelatively independent of the molecule, prided it actually undergoes some
retention in the WWTP

For substances corresponding to metachemicals c#4, c#5, c#9, c#10 and c#15, however, while the UWWTD
may have helped reducing the loads of these chemicals to the stream network, it may have alsocdcause
possible significant loading to soils through the reuse of sludge in agriculture, wimai representin parta
transfer of, instead of a real solution tpthe problem.

101 percentiles are computed on the population of sub -basins included in the model; each sub -basin may have a
different length of the corresponding river segmen t, hence the % of length below a given percentile is not
the corresponding percentage.
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Figure 29 7 reduction of poll ution in the European stream network with the implementation of the
UWWTD: metachemical c#2, e.g. 2 -Ethylhexyl -4-methylphenol (EHMC)
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Figure 30 7 reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c#3, e.g. estrone (E1), estradiol (E2), Bisphenol A
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Figure 31 7 reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c#4 . No example chemicals considered in this study.
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Figure 32 7 reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c#5, e.g. Triclosan, Ciprofloxacin
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Figure 33 T reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c# 6, e.g. Diclofenac
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Figure 34 7 reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c#7, e.g. OP, Acrylamide, ethinylestradiol (EE2), Ibuprofen
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Figure 35 7 reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c#8, e.g. D4, benzene, trichlorobenzenes, chloroform, dichloromethane, 1,2
dichloroethane
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Figure 36 i reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c#9, e.g. Nonylphenol 5
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Figure 37 T reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c#10, e.g.tributyltin cation, brominated diphenylethers, anthracene,
fluoranthene, naphthalene, benzo(a)pyrene
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Figure 38 i reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c# 11, e.g. Fluoxetine
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Figure 39 1 reduction of pollution in the Eu ropean stream network with the implementation of the
UWWTD: metachemical c#12 . No example chemicals  considered in this study.

cl2 : % of rivers length by quality tresholds (EU28)
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Figure 40 7 reduction of pollution in the European stream network with the implementation of the
UWWTD: metachemical c#15, e.g. metals, sertraline, C10 -13 chloroalkanes, HBCDD

c15 : % of rivers length by quality tresholds (EU28)
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The patterns of loads to the European regional seas for the different metachemicals (shownFigore4l to
Figure52)1°2 appear more complex, but confirm the general trend of pollution in $h@am network.

192 1n the graphs, we present loads computed under 2015 and full compliance conditions, both for IAS equivalent
to primary treatment (denoted guvaledttoAhS leveltofdirpatment af thel WWT&Pr |
of the corresponding agglomeration.
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It should be noted that, under a prdirective scenario, a larger part of the population was not connected to
sewage networks, hence the loads conveyed to the stream network and seas may have increased under current
and full compliance senarios. This may have occurred to the advantage of reducing local pollution anyway.
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Figure 527
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3.5 Transfer of chemical pollution to soils via sludge

It should be stressed that, for chemicals significantly retained in sludge, wastewater treatment may cause a partial shift of
pollution from water to soils, in case sludge is used as such, or after composting, on soils themselves. The percentage of ¢
chemicalentering the wastewater treatment plant which remains in the sludge depends on the properties of the chemical. The
modelling of removal shown for selected chemicalsTable 11 highlights thatmany molecules may end up in sludge by a
significant percentage Kigure 53). Examples of such substances include phaceuticals Ciprofloxacin and Sertraline,
antibacterial Triclosan, metals, and Nonylphen(\P)

The chemicals present in the sludge end up in soils depending on the mode of disposal or reuse of the sludge itself, which i
highly variable in the EX¥. Sane countries, such as NL and DE, make no agricultural application of sludge while, for many of
the others, sludge reuse on soils is prevalent. Assuming no transboundary transfer of sludge occurs in tguEeb4 shows

a computed potential load of contaminants to agricultural soils via sludge application, considering the amount of sludgedepo

as used in agriculture and other reuses, divided by totaE and grassland area of the countrit should be stressed that this
calculation neglects the fact that sludge is typically applied within a short (e.g. 10 km) distance from WWTPs, hencerfige ave
application rate for one country does not necessarigflect the higher doses on soil near WWTPs and the virtual absence of
sludge application on distant soils.

103 1n our illustrative calculations, whose results are presented in Figure 54, we refer to the data provided by Member States and
used for t he U WWT D 6 Isplementaion report: http://ec.europa.eu/environment/water/water
urbanwaste/implementation/implementationreports_en.htm
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Figure 53 i percentage of the pollutant load incoming to a WWTP, which is retained in sludge, based on the assumed
properties of chemicals presented in Table 11.
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Figure 54 i potential load of contaminants to soils in the different EU Member States . The numerical values of the
y-axis are computed as the tonnes of sludge applied in agriculture in each country, divided by the agricultural ar ea

in the country. They can be interpreted as the load of contaminants (g km -2y-1) for a concentration of contaminants
insludgeequaltol1 gt 1.
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3.6 The potential impact of CSO

Loads from CSO can be evaluated in terms of PE, and compared to the PE liadlfyy (:treatment efficiency) under full
compliance(i.e. the PE of treated wastewater which is discharged to the receiving water bodies)mmary of this comparison

by countryis presented inFigure55. CSO may account for a load of untreated wastewater corresponding to several tens of
thousandsto hundreds of thousansl PE in the various regions-igure56). Under a full compliance scenaridhdése loads are
usuallyrelatively small for certain chemicals and for total N in comparison to loads from treated wastewater, while they may
represent moe significant proportions (in some cases 100% or more) for coliforms, BOD, to some extent total P, and those
chemicals undergoing significant removal in WWTPs Begire57 to Figure65). These figures indicate CSO may assume a
certainrelevance in comparison with treated wastewater when the UWWTD will be fully implemdngdabuld be stressed once
more, though, that the present estimate is a first and highly uncertain attempt, likely overestimating loads (even by a large
extent) in seeral parts of the EU.

It should be stressed that the above representation of CSO accounts only for the transfer of wastewater from treatmeredb dir
discharge, and consequently does not include the impact of urban runoff itself. The latter is knowe tiften laden with
significant pollution due to the washout of urban surfaces and drainage network pipes, where contaminants may build up during
dry weather between storm events.

The management measures in place in the different EU countries may significreduce the loads of pollutants associated to
CSO. In the following figures, we show for comparison how the load from CSO can be reduced by measures in place, taking in
account the reduction coefficients computed &#?.4 (see Annex lll).

Figure 55 i loads through CSO as a percentage of the load generated from WWTPs in the different countries
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Figure 56- Potential loads to receiving water bodies: PE of CSO assuming d= 4 (below) and with correction factors
accounting for management (above)
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Figure 57- Potential CSO as a percentage of dry  -weather wastewater  under full compliance  (coliforms) assuming
d= 4 (below) and with correction factors accounting for management (above)
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Figure 58- Potential CSO as a percentage of dry  -weather wastewater  under full compliance  (BOD) assuming d= 4
(below) and with correction factors accounting for management (above)
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Figure 59- Potential CSO as a percentage of dry -weather wastewater  under full compliance (N) assuming d= 4
(below) and with correction factors accounting for management (above)
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Figure 60- Potential CSO as a percentage of dry -weather wastewater  under full compliance  (P) assumingd= 4 (below)
and with correction factors accounting for management (above)
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Figure 61- Potential CSO as a percentage of dry -weather wastewater  under full compliance  (metach .c#2) assuming
d= 4 (below) and with correction factors accounting for management (above)

Legend

[ <%
[ RE]
[ 510
B 1020
B -20%

Legend
c#2

[ 1<%
s

B s-10
B 1020
B -20%

77



Figure 62- Potential CS O as a percentage of dry  -weather wastewater under full compliance (metach .c# 3) assuming
d= 4 (below) and with correction factors accounting for management (above)
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