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Executive summary

A ring trial validation study for the determination of mineral oil aromatic hydrocarbons (MOAH) in
infant formula (IF) "JRC-IF-2022/05" was organised by the European Union Reference Laboratory
for food contact materials (EURL-FCM) upon request by DG SANTE. The goal was to provide a
harmonised method and, therefore, to increase the comparability of the results between the
laboratories performing the analyses.

Fifteen test items were prepared at the Joint Research Centre (JRC) using materials provided by
Special Nutrition Europe (SNE) and produced at the Nestle pilot plant. Homogeneity and stability
were proven by the JRC and the test items were distributed for analysis to 26 participants from 8
European countries and China. Participants were requested to apply strictly the standard operating
procedure (SOP) provided, i.e. no deviations allowed, and to report mass fractions of total MOAH and
mineral oil saturated hydrocarbons (MOSH) for each sample. This report presents the satisfactory
method performance characteristics obtained for MOAH level above 1 mg/kg, and the indicative
values determined for MOSH.



1 Introduction

Following the Rapid Alert System for Food and Feed (RASFF) notification message 2019.3734
(dated 25/10/2019) [1]and the Foodwatch report [2] related to the presence of mineral oil aromatic
hydrocarbons (MOAH) in infant formula and follow-on formula (IF), the Directorate General for
Health and Food Safety (DG SANTE) of the European Commission requested the Joint Research
Centre (JRC) to harmonise the method for determination of MOAH in IF.

Several interlaboratory comparisons were organised by the JRC in the past three years:

i. To assess the initial performance of laboratories in determining the mass fraction of
total MOAH in an infant formula sample (JRC IF 2020-01 [3]);

i, To check the suitability of a draft Standard Operating Procedure (SOP) proposed to
quantify MOAH in IF down to 2-3 mg/kg (JRC IF 2020-02 [4));

i To characterise a reference mineral oil material Shell SN500* used to spike IF samples,
and to evaluate the performance of on-line LC-GC-FID instrumental systems applied for
the analyses JRC IF 2021-03 [5]); and

iv. To evaluate the ability of laboratories to integrate predefined mineral oil saturated
hydrocarbons (MOSH) and MOAH chromatograms (virtual intercomparison JRC IF

2021-04 [6)).

Based on the experience acquired and the advice of several national experts in the field, an
improved SOP was drafted by the JRC. This report presents the outcome of the ring-trial validation
study (JRC IF 2022-05) organised in 2022 where the improved SOP was used for the determination
of the total mass fraction of MOAH (and MOSH) in various IF formulations.

2 Scope

The scope of this ring-trial validation study (JRC IF 2022-05) was to establish the performance
characteristics (e.g. repeatability, reproducibility, recovery) of the improved SOP for determination of
MOAH in IF.

3 Set-up of the exercise

To achieve the challenging goal, the JRC organised four collaborative pre-trials over the period of 3
years (2020-2022) [3-6]. ILC JRC IF 2022-05 is the final collaborative trial of the MOAH in IF
project.

Test materials preparation

At the beginning of the project, the JRC collaborated with Special Nutrition Europe (SNE) to produce
tailored test materials (i) based on different formulations (prone or not to chromatographic
interferences), (ii) containing different MOAH contents (iii) in amounts suitable for running a method
validation ring trial.

It was then decided to spike a blank IF matrix with different recipes representing easy or
challenging analytical scenarios. Three IF recipes were identified by the SNE members as
representative of the market. They were spiked with one type of mineral oil (MO) only. It was chosen
based on the MOAH volatility profile in the contaminated IF from the occurrence data. No MO with
the required volatility range of the hydrocarbons was commercially available. Hence, a tailor-made



distillation fraction was provided to SNE by an oil refinery (Shell SN500*), having a large percentage
of high molecular weight MOAH.

The following strategy was designed in collaboration with the SNE representatives and adopted:

August 2020 - Five bulk IF materials of different compositions were produced at the
Nestle pilot plan:

- Rapeseed oil based IF blank material (should not contain MOAH), with little
expected chromatographic interferences for the MOAH determination (BL1)

- Palm oil based IF blank material (should not contain MOAH) - a “worst case”
matrix, resulting in complex chromatograms with interferences (BL2)

- Rapeseed oil based IF blank material (should not contain MOAH) with hydrolysed
protein milk used in hypoallergenic infant formulas (HABL)

- BL1 spiked with 50 mg kg! SN500 mineral oil (BL1SP). The spiking was
performed in the oil ingredient before mixing and spray drying of the IF, at a pilot
plant, to ensure a homogeneous distribution of the mineral oil in the spiked material

-  HABL spiked with 50 mg kg* SN500 mineral oil (HASP). The spiking was
performed in the oil ingredient before mixing and spray drying of the IF, at the pilot
plant, to ensure a homogeneous distribution of the mineral oil in the spiked material

In August 2021, the JRC Reference Material Unit blended BL1, BL2 and HABL with the
BL1SP and HASP to produce a total of 15 test items (Table 1) with different MOAH level
to be used in the collaborative trial for method validation. Since BL1SP contained a high
amount of MO, blending small aliquots of this did not change significantly the BL2
matrix composition. The bulk materials mentioned above were spiked with the well-
characterised reference material Shell SN500* consisting of 60.1 % MOSH and 36.0 %
MOAH? [5]. The added MOAH contents are presented in Table 1 for each of the test
items.

The JRC homogenised the newly produced materials and filled 100 ml amber glass
bottles each with 40 g of powder. All necessary measures were taken to prevent cross-
contamination:

- the bottles were baked before filling at 400 °C for at least 6 h;
- the crimp caps used for closure contained Teflon lining; and

- an aluminium (Al) foil was inserted between the caps and the bottle neck. In
addition, the bottles were wrapped in Al foil to prevent any potential gas-phase
contaminations during the shipment and storage.

In January 2022, the JRC assessed the homogeneity of the test items before dispatch
to the participants. Seven bottles per test item were randomly selected and two
replicates from each bottle were analysed using on-line LC-GC/FID. Results were
evaluated according to 1SO 13528:2015 [7] and the test items were proven to be
adequately homogeneous (Annex 1)

! The remaining 3.9 % are polar compounds that are retained on the HPLC column before the GC.



MOAH .
. used in the
Test item name added .
previous ILC as
mg/kg
IFO3A BL1 - rapeseed oil based -
IFO3D BL1+BL1SP 0.75
IFO3E BL1+BL1SP 1.21
IFO3F BL1+BL1SP 2.03
IFO3G BL1+BL1SP 3.30 |IFO2A - JRC 2020/02
IFO3B BL2 - palm oil based -
IFO3H BL2+BL1SP 1.17
IFO3I BL2+BL1SP 2.43
IFO3) BL2+BL1SP 3.60 |IFO2B - JRC 20202/02
IFO3K BL2+BL1SP 7.80
IFO3C HA BL - rapeseed hydrolided protein -
IFO3L HABL+HASP 1.20
IFO3M HABL+HASP 2.40
IFO3N HABL+HASP 8.10
IF03Q commercial IF, sunflower oil based - [FO1- JRC 2020/01

Table 1. Test items for the method validation study (MVS). The added MOAH content was
calculated based on the reference value of 36.0 % for the MOAH content in the Shell
SN500* [5].

Confidentiality

The procedures used for the organisation of this ring-trial guarantee that the identity of the
participants and the information provided by them are treated as confidential. The participants to
this round received a unique laboratory code used throughout this report.

Time frame

JRC IF 2022-05 was formally announced by e-mail on February 16, 20222 (Annex 2). The proposed
SOP was sent to the interested participants in December 20 (Annex 3). All samples were dispatched
on March 28, 2022 to the registered participants. Initially, the deadline for the reporting of results
was set to May 22, 2022. However, the deadline was extended to June 20, 2022 due to several
requests received from the laboratories.

Distribution

Each participant received:
- Fifteen test items containing approx. 40 g of powder;
- The standard operating procedure (Annex 3)
- The "Instruction to participants" (Annex 4).

2 The first announcement was done in 2020 when presenting the collaborative trials foreseen in the frame of the
IF study.



Instructions to participants

Detailed instructions were provided to the participants by e-mail (Annex 4). They were requested to
apply the experimental protocol described in the SOP (Annex 3) strictly.

The measurands, expressed in mg/kg, were defined as:
(i) the mass fraction of total MOAH (C10-C50) in IF; and
(ii) the mass fraction of total MOSH (C10-C50) in IF.

Participants were requested to analyse each sample (bottle) in duplicate and report:

O any deviations from the prescribed SOP;

the mass fraction of total MOAH (C10-C50) calculated vs 2MN;

the mass fraction of total MOAH (C10-C50) calculated vs TBB;

the mass fraction of total MOSH (C10-C50) calculated vs CyCy;

the associate relative expanded uncertainties (expressed in %, coverage factor k=2)
the mass fraction of the C50+ for MOSH and MOAH (vs TBB), expressed in mg/kg;
the “2MN/1MN”, “2MN/TBB”, “5B/TBB”, “CyCy/TBB”", “C20/C50” ratios;

the concentration of total MOSH and total MOAH in JRC QC10-1 -Shell SN500* in
hexane, sample sent as a quality control sample to the participants in July 2021, JRC IF
2021-03 [5]); , expressed in mg/L;

O the content of the sub-fraction cuts (as defined in the EURL guide [8]) for samples
IFO3G and IFO3J (vs TBB), expressed in mg/kg.

I I I o o B

Participants were requested to report all quantifiable results for total MOSH and total MOAH, based
on the integration of the entire hump for the range C10-C50, but to highlight in red those results
that they would normally not report to the customer.

In addition, the following chromatograms (screenshots) were requested to be sent, together with
the Reporting form, to show the integration of the chromatograms, riding peaks and background
compensation:

O overlaid original chromatograms of IFO3 (A, B, D, E, H, 1) each with hexane and the reagent
blank, properly scaled to show clearly the hump;

O chromatograms of IFO3 (E, I) properly scaled, to show (i) the trimmed riding peaks and (ii)
the baseline subtracted from the hump.



4 Results and Discussions

4.1 Ring trial

Twenty-eight laboratories registered to the exercise, representing a broad variety of stakeholders
(e.g. National Reference Laboratories (NRLs), Official Control Laboratories (OCLs), commercial, or
industrial or university laboratories) (Figure 1).. Twenty-six of them - from 8 European countries and
China - reported results for MOAH and MOSH. -

The reported results and the corresponding graphs are presented in Annex 5.

All participants were familiar with the different steps included in the SOP to be applied, since they
participated in the pre-trial study [4]. No major deviations from the prescribed SOP were identified.

Most of the participants were experienced in the field, since they are analysing 200 to 40000
samples per year, covering a broad variety of matrices, such as oil and fats, dry food and
paperboard, while few laboratories analysed 20 to 30 samples per year only. In the last two years,
laboratory L11 performed no MOSH/MOAH analyses, while L12 did not analyse any IF samples.
Seventeen laboratories were accredited for MOSH/MOAH analyses in different commodities,
according to ISO 17025.

B commercial lab
H AUSTRIA

H BELGIUM M industry lab

CHINA

FRANCE National Reference

B GERMANY Laboratory

Official control
laboratory (OCL)

H IRELAND
u ITALY

® NETHERLANDS M university lab

m SWITZERLAND
m other

Figure 1. Participating laboratories by country and by type

4.2 Statistical analysis

Statistical evaluation of the data was performed following international standard recommendations
(ISO 5725-2:2019 [9]). The commercial software PROLab developed by QUODATA [10] was used to
perform the statistical treatment and the following tests were performed:

v" Check for outliers in the laboratory precision (variance) applying the Cochran test. This test
compares the highest laboratory internal repeatability variance with the sum of reported
variances from all the participants;

v' Check for laboratory outliers within the series of independent replicates applying the
Grubbs-internal test (repeatability). This test is of particular relevance for laboratories being
flagged as stragglers by the Cochran test;

v' Check for outliers in the laboratory mean applying the Grubbs test. This test checks for
laboratory means deviating significantly from the total mean calculated from data reported
from all participants.




Method performance characteristics (repeatability and reproducibility) were estimated after the
identification and elimination (if applicable) of outlier results. Outlying data were investigated and
discarded, in line with ISO 5725-2. The remaining number of valid data sets was 22 to 25 for each
of the measurand.

43 Performance characteristics

In order to monitor the behaviour and the extraction efficiency of the two internal standards (2MN
and TBB) used for quantification of the MOAH fraction, participants were asked to quantify and
report two MOAH values (MOAH-2MN and MOAH-TBB). The performance characteristics were
evaluated for both sets of data. In addition, even though the harmonised SOP did not target
explicitly the MOSH fraction, the results for MOSH obtained (after epoxidation that removes part of
the interfering unsaturated hydrocarbons but without any ALOX clean-up) were also evaluated.

The 22 to 25 valid data sets reported by laboratories were used to derive the method performance
characteristics for the determination of (i) MOAH-2MN, (ii) MOAH-TBB (see Table 2 and 3), and (iii)
MOSH-CyCy (indicative values, Table 4). All the values were confirmed by an alternative approach
based on robust statistics, which do not require the exclusion of outliers.

The results submitted by laboratory Lab 11 were excluded from the final calculation, due to the lack
of experience in the field and several experimental problems mentioned by the laboratory. Similarly,
the results of LO2 and L15 were flagged as outliers. Labl5 may have swapped some of the
samples.

For L12 the low values were due to the very unfavourable C50:C20 ratio of 0.37, which had an
adverse effect on the quantification of MOAH in the samples with high boiling MO fractions.
Nevertheless, the data from this lab were not removed, since they were not identified as outliers
during the tests. Unusually high variations in the ratio TBB/2MN (L25) and TBB/CyCy (L02) across
the sample set were observed for two labs, suggesting unreproducible extraction of the IS in hexane
after saponification (TBB/2MN) or unreproducible epoxidation (TBB/CyCy). Only the values identified
as outliers for these two labs were removed from the dataset for performance evaluation.

The following observations derived from Tables 2-4 are worth noting:

o Three blank samples (IFO3A-C) were provided, containing reasonably low mass fractions of total
MOAH (below 0.6 mg/kg), but significantly higher levels of total MOSH (from 5 to 7 mg/kq).

o Four formulations based on rapeseed- (IFO3D-G and IFO3L-N), palm- (IFO3H-K) or sunflower
(IFO3Q) oils, resulted in the 12 additional samples that were distributed.

o The mass fractions of total MOAH above 1 mg/kg and total MOSH above 5 mg/kg (due to the
high MOSH content in the blank samples used) were investigated.

o The calculated mass fractions of total [MOAH-2MN] and total [MOAH-TBB] are strongly
correlated, with a correlation coefficient R? > 0.999, and a slope of 1.13 (Figure 2), which implies
that the total [MOAH-TBB] is 13 % lower than total [MOAH-2MN]. A similar correlation was
observed in the interlaboratory comparison for the determination of MOSH/MOAH content in
edible oils and fats [report to be published]. However, this should be considered with caution.
Figure 2 shows that the TBB to 2MN ratio varies considerably (from 0.9 to 1.4) between
laboratories or even within a single laboratory (L25).

o Similar precisions are derived for the determination of total MOAH-2MN and total MOAH-TBB
(Figure 4).



o The observed relative standard deviations for repeatability (RSD,) - when excluding the blank
samples - ranged from 5 % to 13 % for total MOAH, and from 4 % to 14 % for total MOSH.

o The observed relative standard deviations for reproducibility (RSDg) - when excluding the blank
samples - ranged from 13 9% to 32 % for total MOAH and from 13 to 23 % for total MOSH.
Despite the different formulations investigated (including the challenging palm oil based matrix),
the uniform decrease of RSDr with increasing mass fraction of total MOAH confirms the
expected Horwitz trumpet as shown in Figure 5.

o Based on the known spiking values (Table 1), the recoveries were calculated after subtracting
the content of the sample blanks (Table 4). As expected, recoveries ranging from 90 % to 110 %
were obtained for total MOSH in infant formula, since no ALOX clean-up was applied. On the
contrary, significantly lower recoveries were obtained for MOAH-2MN (ranging from 60 % to 70
%) and MOAH-TBB (52-63%), which may be attributed to the loss of MOAH during epoxidation.
The superior MOAH recovery when quantified versus 2MN could be explained with the slight
compensation for the MOAH losses during epoxidation by the not full 2MN extraction into the
hexane from the saponified solution under the condition of full saponification. On the other
hand, it is known that the MOAH recoveries values depend not only on the composition of the
matrix but also on the composition of the MO contaminating the matrix (spiked). Therefore, no
uniform recovery factor can be assigned and applied.

o The acceptance criteria recommended by CEN (HorRat < 2) was met for all the spiked samples
(IFO3D-Q), which demonstrates that the investigated method is suitable for the
determination of the mass fraction of total MOAH in infant formula above 1 mg/kg,
regardless of the infant formula composition explored.

o Higher HorRat values were observed for the blank samples (IFO3A-C) containing low levels of
MOAH (close to or below 0.5 mg/kg). In this context, the laboratories were requested to report
their “calculated” mass fractions, even if in routine they would have reported < LOQ. In fact, 11
laboratories (out of 26) clearly stated that they would have reported values < 0.5 mg/kg for the
blank samples IFO2A and IFO3C, and 9 labs would have reported < 0.5 mg/kg for IFO3B.

Acknowledged method validation limitations

®

¢ Only Shell SN500* (a high boiling point mineral oil) was used to spike all bulk materials, as
indicated in the test material preparation section, which may have facilitated the proper
identification of the hump profile in samples containing low levels of total MOAH. In routine,
higher RSD could be expected in the lower working range levels, especially < 1.5 mg/kg ;

53

S

Only four types of matrices were investigated (rapeseed-, sunflower-, palm-, or hypo-
allergenic palm oil based), as they were considered to represent most of the infant food
formulations.

7
0‘0

Only “indicative” performance characteristics are presented for MOSH (Table 3)
since the SOP investigated was initially designed for the quantification of total MOAH in
infant formula. All the mass fractions for total MOSH were reported after epoxidation but
without ALOX clean-up of interfering naturally occurring n-alkanes. All IF samples
investigated showed MOSH chromatograms with clearly identifiable humps where the
trimming of the riding peak was fairly straightforward.



Table 2. Method performance characteristics for the determination of the mass fraction of total MOAH-2MN in infant formula

matrix BL1 BL2 HABL Rapeseed oil based Palm oil based HA, Rapeseed oil based Souilr]:::;g
sample IFO3A  IFO3B  IFO3C | IFO3D  IFO3E  IFO3F  IF03G | IFO3H  IFO3I IF03) IFO3K | IFO3L  IFO3M  IFO3N | IF03Q
Niot 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25
Ng 1 1
Nc 2 1 1 2 1 1
N 23 24 25 25 25 25 25 25 24 23 24 25 24 24 24
x (mg/kg) 0.44 0.55 0.37 0.92 1.26 1.77 2.49 1.38 2.15 2.88 5.33 1.11 1.82 5.15 3.92
s, (mg/kg) 0.07 0.12 0.03 0.08 0.11 0.24 0.18 0.14 0.12 0.16 0.35 0.10 0.14 0.36 0.22
RSD, 17% 22% 9.0% 8.1% 9.1% 13% 7.3% 9.8% 5.7% 5.5% 6.6% 9.4% 7.9% 7.0% 5.7%
r (mg/kg) 0.21 0.34 0.09 0.21 0.32 0.66 0.51 0.38 0.35 0.44 0.99 0.29 0.40 1.01 0.63
sg (mg/kg) | 0.29 0.29 0.19 0.29 0.34 0.40 0.42 0.37 0.46 0.50 0.73 0.27 0.33 0.69 0.70
RSDg 66% 52% 51% 32% 27% 23% 17% 27% 21% 17% 14% 24% 18% 13% 18%
R (mg/ke) 0.81 0.80 0.53 0.82 0.95 1.12 1.18 1.05 1.28 1.41 2.05 0.75 0.91 1.94 1.95
RSDyg 18% 17% 19% 16% 15% 15% 14% 15% 14% 14% 12% 16% 15% 13% 13%
HorRat 3.6 3.0 2.7 2.0 1.8 1.5 1.2 1.8 15 1.3 1.1 1.5 1.2 1.1 1.4
Table 3. Method performance characteristics for the determination of the mass fraction of total MOAH-TBB in infant formula
sample BL1 BL2 HABL Rapeseed oil based Palm oil based HA, Rapeseed oil based ?ir:)l;)::;r
matrix | IFO3A IFO3B IFO3C IFO3D IFO3E  IFO3F  IF03G | IFO3H  IF03I IF03)  IFO3K | IFO3L  IFO3M  IFO3N | IF03Q
Neot 25 25 25 25 25 25 25 25 25 25 25 25 25 25
No 1 1 1
Ne 1 2 1 2 1 1 2
N 24 23 24 25 23 25 25 25 24 24 24 25 22 23 24
x (mg/kg) 0.40 0.47 0.31 0.81 1.06 1.54 2.18 1.21 1.87 2.56 4.72 1.00 1.55 4.57 3.40
s, (mg/kg) | 0.07 0.10 0.02 0.07 0.05 0.16 0.14 0.12 0.11 0.16 0.30 0.10 0.09 0.19 0.14
RSD, 18% 22% 7.7% 8.7% 4.3% 11% 6.2% 9.9% 5.9% 6.4% 6.3% 9.9% 5.7% 4.2% 4.1%
r (mg/kg) 0.20 0.29 0.07 0.20 0.13 0.45 0.38 0.34 031 0.46 0.83 0.28 0.25 0.53 0.39
s (mg/kg) | 0.26 0.26 0.16 0.27 0.28 0.35 0.36 0.34 0.42 0.53 0.68 0.30 0.26 0.74 0.58
RSDg 64% 55% 53% 34% 26% 23% 16% 28% 22% 21% 14% 30% 17% 16% 17%
R (mg/kg) 0.73 0.73 0.45 0.77 0.78 0.97 0.99 0.94 1.17 1.50 1.91 0.83 0.72 2.06 1.61
RSDygr 18% 18% 19% 17% 16% 15% 14% 16% 15% 14% 13% 16% 15% 13% 13%
HorRat 3.5 3.1 2.8 2.1 1.7 15 1.1 1.8 1.5 1.5 1.1 1.9 1.1 1.3 1.3




Table 4. Indicative method performance characteristics for the determination
of mass fraction of total MOSH in infant formula
matrix BL1 BL2 HABL Rapeseed oil based Palm oil based HA, Rapeseed oil based S'f:‘g°"":"
01l base
sample IFO3A IFO3B IFO3C IFO3D IFO3E IFO3F IFO3G IFO3H IFO3I IF03J IFO3K IFO3L IFO3M IFO3N IF03Q
N 22 24 25 25 25 25 23 25 25 24 24 24 24 24 21
x (mg/kg) 5.9 6.4 5.0 7.2 8.1 9.2 11 8.2 10 12 19 6.8 9.2 18 10
RSD, 8% 6% 7% 6% 7% 10% 5% 7% 6% 7% 4% 8% 8% 5% 5%
RSDy 27% 23% 22% 23% 19% 20% 17% 15% 16% 17% 13% 22% 23% 18% 14%
HorRat 2.2 1.9 1.7 1.9 1.7 1.8 1.6 1.3 1.4 1.5 1.3 1.8 2.0 1.8 1.2

List of notations used in Tables 2-4:

NtOt
Ng
Nc
N

No. of laboratories that submitted results

No. of Type B outliers (Grubbs)

No. of Type C outliers (Cochran)

No. of laboratories after elimination of outliers

x (mg/kg) Mean value
sr (mg/kg)
RSD,

r (mg/kg)

sk (mg/kg)

Standard deviation for repeatability

Limit of repeatability, r=2.8 s,

RSDr

R (mg/kg)

RSDur
HorRat

Standard deviation for reproducibility

Relative standard deviation for repeatability

Relative standard deviation for reproducibility

Limit of reproducibility, R = 2.8 sg

Horwitz relative standard deviation for reproducibility

Horrat value = RSDg/RSDyg (unit less)

Table 5. Recovery for total MOSH and total MOAH from infant formula samples
MOSH-CyCy MOAH-TEB MOAH-2MN
total total-blk added Reecovery| total totalblk added Recovery| total total-blk added Recovery
mg/kg  mg/kg  mg/kg % mg/kg  mg/kg  mgrkg % mg/kg  mg/kg  mglkg %

IFOZA 2.90 0.40 0.44

IFO3D 7.24 1.24 125 107% 0.81 0.40 0.75 54% 0.92 0.47 075 63%

IFO3E 813 2,23 201 111% 1.06 0.66 1.21 54% 1.26 0.81 121 B7%

IFO3F 917 3.27 339 97% 1.54 114 2,03 S6% 1.77 132 2.03 65%

IFO3G | 1118 5.28 5.50 96% 2.18 177 3.30 54% 2.49 2.05 3.30 62%

IFO3B 041 0.47 0.55 0.00

IFO3H 819 1.78 195 91% 121 0.74 1.17 63% 1.38 0.83 1.17 71%

IFO31 | 10.24 3.93 4,05 97% 1.87 140 2.43 58% 2.15 1.60 243 B6%

IFO3) | 12.40 5.00 6.00 100% 2.56 2,09 3.60 58% 2.88 2.33 3.60 65%

IFO3k | 18.74 12,323 13.00 95% 472 4,25 7.80 24% 5.33 4.78 7.80 61%

IFO3C | 4497 031 0.37 0.00

IFO3L 6.81 1.84 2.00 92% 1.00 0.69 1.20 58% 111 0.74 1.20 62%

IFO3M 9,16 4,19 4,00 105% 1.55 1.25 2.40 52% 1.82 1.45 2.40 61%

IFOSMN | 17.90 12.93 13.50 96% 4.57 426 8.10 23% 5.15 4.78 8.10 29%

average 9% 20% 04%

10




6
& o | y=1.1293x+0.0223 .e®
= R?=0.9996 .
E 4 L
z 3/ T
= e
N 2 - &
+ "
S 1t ‘.--0'. Figure 2.
2 0 Correlation between mass
0 1 2 3 4 5 fractions MOAH-2MN vs MOAH-
[MOAH-TBB], mg/kg TBB, with mean values derived
from Tables 1-2.
TBB/2MN
= R ee i - . = ! S
i * : $ i . L | ' ® 3
- : ' i i l *‘.’ 5 § ] : ! ° "
! 4 . | °] L]
. g - 1
Figure 3. ]

Variations in the TBB/2MN ratio
for each sample per participant

0.8

0.6

® [FO3A
IFO3F
® [FO3K

@ [FO3B
@ [FO3G
@ [FO3L

® IFO3C
@ [FO3H
® IFO3M

@® [FO3D
@ [FO31
@® [FO3N

® IFO3E
® [FO3)
IFO3Q

LO1 LO2 LO3 LO4 LO5 LO6 LO7 LO8 L10 L12 L14 L15 L16 L17 119 120 122 123 124 125 L26 L27 128 131 L32

RSD MOAH2MN & MOAHTBB

70.0%
sl Evs TBBE Evs 2MN
60.0%
50.0% M [
40.0%
30.0%
20.0% Figure 4.
10.0% HH H HH HH HH HH HH Comparison of
0.0% RSDr(MOAH-2MN) and
ol - S GR s B - PG TR e N A S V- R S ST~ -
\@": \@’b \(53’: \@”: \@a \((q“: \@q’ @*’; & \@% \((@ \@% & \@,,, \((@; 0"\’ RSDR(MOAH TBB)
70%
65% ®
60% -
55% ..
. 50% n
Figure 5. 45% :
Decreasing relative standard e "o
deviation for reproducibility 30% )
. 25% b
RSDgr(MOAH-TBB),% with 20% ee.. .
. . . o, L ] [ ] W, [ ]
increasing mass fraction of 13’/’ .
MOAH-TBB (in mg/kg) in infant 5%
. 0%
formula formlations 0.00 100 500 200 200 <00

11




MQOSH/MOAH sub-fractions

In addition to the mass fractions of total MOSH and MOAH (C10-C50), participants were requested
to quantify and report the MOSH and MOAH sub-fractions in samples IFO3G and IFO3J. These
samples were previously analysed in the frame JRC IF 2020-02 [4]. Figure 6 presents a graphical
overview of the results, while Table 6 lists the corresponding relative standard deviations for
reproducibility.

As expected, slightly higher RSDk values are observed when quantifying sub-fractions comparing to
those of total MOAH (C10-C50). This could be due to the fact that sub-fractions are influenced by
the calibration of the MOAH retention time windows. In addition, the interfering riding peaks of the
non-fully saponified olefins may have increased the standard deviation of reproducibility for the
MOAH C25-C35 sub-fraction. The RSDg of the C10-C16 and C16-C20 sub-fractions is high due to
the very low MOAH content at these C-ranges

IFO3G - MOAH-TBB fractions IFO3J - MOAH-TBB fractions

IFO3G - MOSH-CyCy fractions IF03J - MOSH-CyCy fractions

2000 20

1500 | 5 I
1000
l I I I I ) I
500 I I I

M EEEEEEEN] | | s IR S EE R BN EEENEE
101 2 103 14 105 105 L7 08 L0 Lil LD L4 LS U6 L7 Us L0 2 3 L4 L5 LG L7 L8 LI B

0 mcsos
HC10C16 WCIEC20 WC20C25 ®C25C35 WC3S5C40 MCAOCSO WCSO+

Figure 6. Distrubution of the MOSH/MOAH content per sub-fraction, mg/kg

MOSH-CyCy  fraction C10-C16 C16-C20 (C20-C25 (C25-C35 (C35-C40  C40-C50
mean (mg/kg) 0.135 0.356 0.758 5.30 3.55 2.62
RSDg 43% 18% 18% 18% 25% 21%
MOAH-TBB  fraction C10-C16 Cl6-C25 (C25-C35 (C35-C50
mean (mg/kg) 0.0186 0.139 0.921 1.58
RSDg 87% 53% 29% 20%

Table 6 Precision of the determination of the MOSH/MOAH sub-fractions in sample IFO3J
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MOAH C50+ fraction

Participants were requested to report MOAH C50+ sub-fraction separately. Figure 7 clearly shows
that the current analytical instrumentation used does not allow a sufficiently reproducible
determination of the high boiling compounds even above 1 mg/kg (IFO3Q). This may be due to the
discrimination of n-alkanes above n-C50 in the chromatographic system.
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Figure 7. MOAH C50+ fraction in IF samples

44 Additional information

Even though no major deviations from the prescribed SOP have been reported by the participants in
the questionnaire, some minor variations, not influencing the results, were identified, as discussed
hereafter.

SOP implementation

The addition of the IS is one of the critical steps in the procedure for the MOSH/MOAH
quantification, which could be considered as an one-point only calibration procedure. The majority
of the labs used a syringe for the addition of 10-25 pL volume of the IS solution. Few labs reported
using pipettes for 10 and 20-pL volume, which however did not influence the results outcome.
Special care should be taken and only calibrated devices should be used in order to limit
the contribution of this factor over the total reproducibility of the method.

Two labs (L14 and L24) observed clumps after reconstitution of the powder IF in water but this did
not have an adverse effect on the results of these two labs.

Sixteen out of 24 laboratories confirmed that for some of the samples they still observed an oil
layer above the aqueous phase after the first 30 min of saponification. All of them reached full
saponification — the majority by proceeding with another 30 min at 60 °C. LO1 and LO6 needed only
15 min, while L20 applied additional 60 minutes until full saponification.
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The slow saponification procedure is one of the drawbacks of the proposed SOP. It could be
overcome by proceeding with partial, but still sufficient saponification for MOSH/MOAH release.
However this approach requires thorough clean-up over a larger silica gel column (12 g instead of
the 3 g preferred by the participants) that has the capacity to retain the remaining lipids. Such
procedure would have also a positive effect over the TBB/2MN ratio, known to deviate from the
target value of 1 under the conditions of full saponification due to the different distribution of both
IS between the phases during the extraction with hexane.

All participants washed the combined hexane extract with either 15 ml (according to the text) or 10
ml (according to the flow chart in Annex 1) water/ethanol. No influence of the volume used for
washing was observed on the results.

Using glass chromatographic columns filled with a layer of pre-heated at 400 °C silica gel (3 g) with
different height (3-10 cm) was the preferred choice for retaining the polar substances. Six
participants however reported the use of SPE cartridges, pre-filled with silica gel. In both cases,
participants pre-washed the columns/cartridges with 10 ml hexane/dichloromethane with the
exception of L10, which used the SPE cartridge directly. This fact could explain the high
contamination background observed in the chromatograms of that lab (Annex 6).

Re-concentration of the extracts was performed either with a stream of nitrogen (10 labs) or via the
use of vacuum evaporators such as Turbovap, Polyvap, Rotavap etc. (11 labs). The majority of
participants (13 labs) introduced bis(2-ethylhexyl) maleate as keeper, but three labs applying
vacuum evaporators did not use a keeper, without adverse effect. As only high boiling point mineral
oils were the target analytes in the test items, 5BP behaviour was not monitored for further insight
on the loss of volatile compounds, however losses of MNs were not observed.

Comments from participants

No major problems were encountered by the participants during the sample preparation and
analyses of the test items as reported by them.

The main comments received were related to the length and laboriousness of the procedure,
requiring many manual operations, which render it not very practical for a routine laboratory with a
high throughput of samples. Other remarks concerned some encountered challenges with the phase
separation and the necessity to add a keeper from the beginning to prevent IS losses in the blank if
quantification is needed.

Examples of chromatograms

Annex 6 includes the compilation of the MOAH and MOSH chromatograms of a number of pre-
defined test items from all the participants. The pictures show that efficient removal of the
interfering peaks from MOAH humps has been achieved by the majority of the participants for
samples based on rapeseed oil IFO3A, IFO3D and IFO3E. As expected, palm oil interferences were
more difficult to eliminate compared to interferences from other oils, especially for sample IDO3B
that was supposed to be blank. In fact, for this sample, the hump under interferences could not be
unambiguously defined and the results should be reported as lower than LOQ. Actually only 9 out of
26 participants noted that they would have reported < 0.5 mg/kg.
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The lowest spiked sample was IFO3D with 0.75 mg/kg MOAH added. Taking into account the
presence of the native MOAH of 0.4 mg, the target MOAH value was set to 1.2 mg/kg, but the
participants’ mean value was calculated to be 0.92 mg/kg (<1 mg/kg). Two selected chromatograms
of the lowest and highest reported values as well as two chromatograms with reported values close
to the mean are illustrated in Fig. 6. No sound explanation could be found for a 3-fold difference in
the MOAH content based only on the visual comparison of the chromatograms. If the maximum
LOQ of 1 mg/kg MOAH agreed by the EU member states in a Joint statement from April 2022 [11],
is considered, the fact that 17 labs reported values < 1 mg/kg, while 9 labs reported values above 1
mg/kg is a good achievement. Much better is the situation with the samples IFO3E (rapeseed oil
based) and IFO3H (palm oil based), where 1.2 mg/kg MOAH was added to the blank IF matrix. The
majority (22 labs) reported values > 1 mg/kg while only 4 labs in both cases reported values < 1
ma/kg.

L25-1.37 mg/kg ‘

||| !

B T — preved

it

105 - 1.42 mg/kg

127- 0.61 mg/kg

Figure 8. Selected chromatograms of the lowest and highest reported results for sample IFO3D as
well as two of those close to the calculated mean value of 0.92 mg/kg

A further look at the chromatograms’ compilation from all participants demonstrated that some
labs (e.g. L28 from Annex 6) had constantly or occasionally repeated sharp peaks on the humps.
However this did not had significant adverse effect on the quantification. Presumably they are due
to the siloxanes coming from the silicon containing septa (especially after being pierced once during
the automated epoxidation for example) or silicon caps for the disposable pipettes (when hexane
unnoticeably enter the silicon cap when drawn up)
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5 Conclusions

The EURL-FCM organised a ring trial to validate the harmonised Standard Operating Procedure investigated.
The performance characteristics for the determination of the mass fraction of total MOAH in infant formula
were derived from the results reported by 25 participants. Indicative values are also provided for MOSH.

The mass fractions of total MOAH above 1 mg/kg and total MOSH above 5 mg/kg (due to the high MOSH
content in the blank samples used) were investigated. The observed relative standard deviations for
repeatability (RSD;) — when excluding the blank samples - ranged from 5 % to 13 % for total MOAH, and
from 4 % to 14 % for total MOSH. The observed relative standard deviations for reproducibility (RSDg) -
when excluding the blank samples - ranged from 13 % to 32 % for total MOAH and from 13 to 23 % for
total MOSH. No influence was observed on the type of IF composition.

Despite the low recovery of MOAH (55-65%) attributed to losses during the epoxidation, the method is
considered suitable for determination of the mass fraction of total MOAH (C10-C50) above 1 mg/kg in
different infant food formulations based on rapeseed, sunflower or palm oils. However it is known that the
MOAH recovery values depend not only on the composition of the matrix but as well on the composition of
the MO contaminating the matrix (spiked). Therefore no uniform recovery factor can be assigned and
applied.

Even if statistically negligible, the mass fraction of total MOAH referred to TBB was constantly 13 % lower
than the one obtained using 2MN. It is therefore recommended, in order to ensure proper comparability of
results, to report the MOAH in IF using TBB as the internal standard.

Still, users should be aware that this experimental protocol does not fully remove all the interfering
compounds present in some challenging matrices, which may require a cautious interpretation and
integration of the recorded chromatograms. Further characterisation with two-dimensional GC-GC
technigques may be required.
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Annex 1: Examples from the homogeneity study (all values in mg kg-1)

Sample IFO3G IFO3J

1 2.384 2.335 2.824 2.805

2 2.115 2.236 2.746 2.630

3 2.456 2.291 2.874 2.728

4 2211 2.325 2.904 2959

5 2212 2.216 2.795 2.891

6 2.140 2.258 2.958 2.878

7 2.117 2.132 2.747 2.668

8 2.250 2.270 2.938 2.853

9 2.192 2214 2.947 2.753

10 2.162 2177 2.833 2.758
mean 2.235 2.825
Shb 0.081 0.082
St 0.060 0.074
Uhom 0.069 0.063
opt (20 %) 0.447 0.565
0.3 opt 0.134 0.169

Unom < 0.3 Opt passed passed




Annex 2. Invitation letter

EUROPEAN COMMISSION

Joint Reseanch Centre

Directorate F — Health, Consumers & Reference Materials
m European Linion Reference Laboratory for Food Contact Materials

Geel, 16 February 2022
(sent by registered e-mail in ARES)

Subject: Invitation to participate Iin & ring trial "JRC IF 2022/05"

Dear Colleagues,

The JRC intends to launch a ring trial validation study of the measurement procedure for the
determination of MOAH In Infant formula (IF). You are invited to participate to this round.

You will be provided with a detailed Standard Operating Procedure to be strictly applied. All
experimental deviations will have to be properly documented.

Fifteen samples will be delivered to you, that you will have to analyse in duplicate, starting
from two independent sample intakes that will undergo the whole measurement procedure.

You will have to (i) report the total mass fraction in mg/kg of MOAH (C10-C50) in IF; and provide
(ii) selected chromatograms (screenshots andfor cdficsv files), as well as (i) the relevant
information proving the performance of your system. In addition, (iv) the total mass fraction of
MOSH {C10-C50) in IF, and (v} sub-fraction cuts {as defined in the EURL guide [11') for 2 test
samples, will be requested.

We would like to draw your attention to the fact that the performance characteriztics
will be calculated after careful review of the results and chromatogram submitted.

If you intend to contribute to this round, please register via the link below:

The following deadline are foreseen:
+ Reqistration: February 23, 2022;
+ Sample dispatch: mid-March, 2022; and
*  Submission of results: mid-May 2022

Do not hesitate to contact us if you have any further questions.

Kind regards,

Isigned electronically /
5. BRATINOVA
Ring-trial coordinator

Cc: UVincent (Head of Unit, Food & Feed Compliance, JRCF.S),
E. Hoekstra {EURL-FCM operating manager)

! 5. Bratinova, E. Hoekstra (Editors) Guidance on sampling, analysis and data repeorting for the monitoring of
mineral oil hydrocarbons in food and food contact materials, Luxembouwrg: Publications Office of the
European Union, 2019 ISEN 978-92-76-00172-0, doi:10.2760/208879, JRC115654.




Annex 3. SOP
link to the JRC EURL-FCM website - link to the SOP
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https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi22YCZnu_9AhXSNuwKHdfrDm4QFnoECBEQAQ&url=https%3A%2F%2Fjoint-research-centre.ec.europa.eu%2Fsystem%2Ffiles%2F2020-10%2Fbratinova_mineral_oil_jrc121915_bratinova_et_al_determination_of_moah_in_infant_formula.pdf&usg=AOvVaw3t1WSc2fFboIo_UaZDgws-

Annex 4. Instructions to the participants

FURDPEAN COMMISSION
JOINT RESEARCH CEMTRE =
7 |
Directorate F - Health, Consumers & Reference Materials E I:l:'.J _I_'I. -,l-l‘:u
Food & Feed Compliance Unit g elem eiemyniy ks

Ewropean Unlon Reference Laboratory for Food Contact Materlals

Geel, 04 July 2022
Ref. Ares (2022)xxxy - 04/07/2022

Subject: Ring-trial validation study “JRCIF 2022/05" for the determination of MOAH in infant formulas
- Instructions for participants

Dear Colleague,

Thank you for participating in the ring-trial validation study JRC-IF-2022/05. This study is organised,
upon request from DG SANTE, to harmanise the official contral method for the determination of MOAH
in infant formulas [IF).

Triggered by the interest expressed by many of you in the previous ipierlabaratory comparison rounds,
and knowing that the analytical method under investigation provides results for both MOSH and MOAH
in IF samples, we will collect data for MOSH content as well and we will provide indicative performance
parameters for MOSH.

The measurands, expressad in mg/kg, are defined as:
(i) the mass fraction of total MOAH [C10-C50) in IF; and

(i) the mass fraction of total MOSH (C10-C50) in IF.

You received a parcel consisting of fifteen samples (100 ml glass bottles crimp capped and wrapped in Al
foil; containing ca. 240 g powder). Please check upon arrival whether all bottles are undamaged after
transpart; and send the “Confirmation of receipt” form to jrc-eurk-fom@ec europa.eu, within 3 days
after receipt of the samples.

You were provided with a detailed Standard Operating Procedure (SOP) to be strictly applied. All
experimental deviations have to be properly documented.

You are requested to analyse every sample (bottle) in duplicate (starting from two independent sample
intakes that will undergo the whole measurement procedure) and report:

any deviations from the prescribed S0P;

the mass fraction of total MOAH (C10-C50) calculated vs 2MN (#);

the mass fraction of total MOAH [(C10-C50) calculated ws TBB (#);

the mass fraction of total MOSH (C10-C50) calculated vs CyCy (#);

(#) for every replicate; expressed in mg/kg;

the associate relative expanded uncertainties (expressed in %, coverage factor k=2)

the mass fraction of the C50+ for MOSH and MOAH (vs TBB), expressed in mgfkg;

the "2MN/IMN", “2IMN/TEB", “SB/TEB", "CyCy/TBE", “C20,/C50" ratios;

thg concentration of total MOSH and total MOAH in JRC QC10-1 (Shell SMN500* in hexane,
sample sent to you in July 2021), expressad in mg/L; Information about how to prepare JRC
QC10-1in an atached file (from JRC IF 2021/03).

O the content of the sub-fraction cuts (as defined in the EURL guide [1]) for samples IF03G and
IF03) (vs TBB), expressed in mg/kg.

oooo Oooono

s Bratingwa, E. Hoekstra (Editors) Guidance on sampling, anzlysis and dsta reporting for the maonitoring of
mimeral il hydrocarbons in food and food contact materials, Luxembourg: Publications Office of the European
Union, 2019 ISBM 578-92-76-00172-0, doi: 10,2760/ 208873, JRC115654.




Please report all the gquantifiable results for MOSH and MOAH total, based on the integration of the
entire hump for the range C10-C50 (even if below your usual LOQ), but please highlight in red those
that you wouldn’t normally report to the customer

Al results should be reported in the attached “Reporting Form®™ (Excel template) with three
significant figures (e.g. 12.0 or 1.20 mg/kg).

Your LapCode will be provided to you in a separate mail. Introduce this code in the XLS template and
name the file accordingly (for example; JRC-IF-2022/05-L01 xsx).

In addition, the following chromatograms [screenshots) should be provided together with the
Reporting form, menticned above, to show the integration of the chromatograms, riding peaks and
background compensation:

- overlaid ariginal chromatagrams of [FO3 -
(A&, B, D, E, H, ) each with hexane and o
the reagent blank, properly scaled to -
show clearly the hump;

- Shromatesrams of IF03 (E, 1) properly
scaled, to show (i) the trimmed riding
peaks and {ii) the baseline subtracted L !’

from the hump. AR TS

When deemed necessary, you will be contacted for additional information or chromatograms.

You will receive shortly the link to the EJ3urvey guestionnaire. The system will guide you through the
reporting procedure. Do not forget to submit and confirm when required. Please note that submitted
results without filled guestionnaires will not be used in the final calculation.

The deadline for reporting is set to 22 Iay, 2022

A preliminary report to participants will be circulated shortly after the end of the round to present the
reported values from all participants.

Your participation in this project is greatly appreciated.
Do not hesitate to contact us for further information.

Kind regards,

Jsigned electronically in Ares/

Dr. Stefanka Bratinova
IRC IF 202205 Coordinatar

Cr: L Mingent, (Head of Unit, Food & Feed Compliance, F.5),
E. Hoekstra (Cperating Manager ELRL-FCM)




Reporting form

LabCode Mote: Only the yellow & green cells can be edited
Organisation Please integrate the entire hump from C10 to C50, and report all quantifiable results for total MOSH
& MOAH even if the results would fall below the LOG you usually report.
Reporting person Please highlight such results in RED
Samples (mg/L)
Analyte s Sample Unit IF03A IF038 IF03C IF03D. IF03E IFO3F IF03G IF03H IF031 1F03) IFO3K IFO3L IF03M IF03N iFosa_ | ac10-01
g | totMoaH  2mn | Replicate 1 mg/kg
] Replicate2 | mg/ke
a U (k=2 %
5 [ totmomn Tea | Replicates | meske
H Replicate 2 | me/kg
; U, (k=2) %
E | totMOSH  cyCy | Replicate 1 mg/ke
H Replicate 2 | me/ke
- s (k=2) %
MOSH cycy | cio-cie mg/kg
C16-C20 mg/kg
" c20-c25 mg/kg
3 €25-C35 mg/kg
E €35-C40 mg/kg
E C40-C50 me/ke
= €50+ mg/kg
= moaH  Tes | cio-cis me/ke
= C16-C25 me/ke
- €25-C35 me/ke
€35-C50 me/kg
C50+ mg/kg
IMN/2MN * ratio
TBB/2MN *|  ratio
88/58 7| ratio
TBB/CyCy *| _ratio
cs0/c20 7| ratio

(*) the ratios could be filled only once if constant for all the samples, otherwise fill in the deviations
U..: (k=2) expanded relative uncertainty, expressed in %




Annex 5: Results as reported by the participants



Table 1: Reported results for MOAH vs 2MN in IFO3A

Lab/M1 [M2 | MUI[%] %
S,
LO1 | 0.320 | 0.370 0 ‘f\
L02 | 1230 | 1.177 44 a1
LO3 | 0.307 | 0.233 13 R .
LO4 | 0624 | 0676 0.07 &
-201
LO5 | 0636 | 0.703 0
o—o -0L1
LO6 | 0.440 | 0.500 30
LO7 | 0.390 | 0.350 20 O+ B
LO8 | 0.090 | 0.100 o -9z
L10 | 1.176 | 0.908 25.7 . 507
L11 | 1638 | 1814 0.05 .
L12 | 0.005 | 0.201 033
» -0
L14 | 0.188 | 0.170 139
» -911
L15 | 3.370 | 0412 221
L16 | 0620 | 0.580 03 to—p 611
L17 | 0.150 | 0.100 56.5 o9 907
L19 | 0651 | 0.421 36 Lol o1 B
L20 | 0.362 | 0.442 199 mé
L22 | 0.264 | 0.262 40 T:
-1€1
L23 | 0410 | 0.340 36.6
124 | 0370 | 0440 30 Tofl d
L25 | 0571 | 0.744 25 ! 207
L26 | 0672 | 0.698 20 - 100
L27 | 0.190 | 0.074 43 - | con
L28 | 0561 | 1.394 30 1. -
L31 | 0.380 | 0.400 7.1
¢ -2¢1
L32 | 0.250 | 0.240 14
*» sS4
L agd -121
<« -21L7
*le -Z11
L 2 801
By/6w

Figure 1. MOAH2MN in IFO3A.

Results in red are outliers:

B - Grubbs (laboratory mean),

C - Cochran (excessive standard deviation)



Table 2: Reported results for MOAH vs TBB in IFO3A

Lab/M1 |[M2 | MUI[%] %'\
LO1 | 0.240 | 0.300 0 ¢ a1 2
L02 | 1.177 | 0.968 195 ole L 3
x
LO3 | 0.333 | 0.240 13 e I
LO4 | 0538 | 0.601 09
o ¢ =011
LO5 | 0.554 | 0.629 0
LO6 | 0.340 | 0.360 0 M 8¢
LO7 | 0.340 | 0.300 20 sl 501
LO8 | 0.080 | 0.080 —o—] oz
L10 | 1.074 | 0.878 20.1 -
L11 | 1.206 | 1.405 0.07
<o ~¥01
L12 | 0.004 | 0.159 0.33
L14 | 0.189 | 0.176 106 o h
L15 | 3.000 | 0.356 223 Fo—o 617
L16 | 0.530 | 0.520 03 " e
L17 | 0.120 | 0.090 404 i JS
L19 | 0.563 | 0.362 36 5
& 0z1 S
L20 | 0316 | 0.384 194
122 | 0.249 | 0.248 40 * B
L23 | 0370 | 0.310 372 oo ez
L24 | 0.340 | 0.390 30 N o
L25 | 0.576 | 0.581 25
OO ~€01
L26 | 0.559 | 0.580 20
o0 =101
L27 | 0.147 | 0.140 43
L28 | 0.466 | 0.737 30 e -2
L31 | 0.360 | 0.380 6 * zen
L32 | 0.210 | 0.200 14 " .
|-0-| =121
ool F211
*|e 4%
4 8071

6/6w
Figure 2. MOAHTBB in IFO3A.

Results in red are outliers:
C - Cochran (excessive standard deviation)



Table 3: Reported results for MOSH vs CyCy in IFO3A

Lab M1 M2 MU [%)]
LO1 | 493 | 482 0
LO2 | 17.11 | 1393 20.5
LO3 | 672 | 633 23
LO4 | 629 | 659 0.42
LO5 | 656 | 6.97 0
LO6 | 548 | 5.08 30
LO7 | 712 | 7.04 10
LO8 | 9.22 | 7.26

L10 | 829 | 872 50
L11 | 1540 | 18.00 0.07
L12 5.08 0.17
L14 | 453 | 463 31
L15 | 20.00 | 5.40 162
L16 | 6.09 0.3
L17 | 869 | 847 36
L19 | 724 |571 36
L20 | 202 | 2.20 84
L22 | 484 | 4.76 40
L23 | 636 |591 242
L24 | 490 | 552 30
L25 | 678 | 692 25
L26 | 544 | 596 20
L27 | 555 | 579 40
L28 | 466 | 11.10 30
L31 | 479 | 465 42
L32 | 399 | 347 735
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011

-8071
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20.0+

17.5

15.0

12.5

Figure 3. MOSH in IFO3A.
Results in red are outliers:
C - Cochran (excessive standard deviation)
L - Grubbs (laboratory mean for 2),

Laboratory
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Table 4: Reported results for MOAH vs 2MN in IFO3B

Lab M1 M2 MU [%)]
LO1 | 0.740 | 0.590 0
LO2 | 4632 | 3.760 20.7
LO3 | 0.435 | 0.366 13
LO4 | 0.715 | 0.769 0.07
LO5 | 1.170 | 1.103 0
LO6 | 0.460 | 0.640 30
LO7 | 0430 | 0.430 20
LO8 | 0.233 | 0.215

L10 | 0.893 | 1.152 253
L11 | 3.029 | 3.259 0.03
L12 | 0.038 | 0.218 0.33
L14 | 0.145 | 0.141 35
L15 | 0.986 | 0.489 95
L16 | 1.080 | 0.560 0.3
L17 | 0.170 | 0.140 273
L19 | 0.536 | 0.542 36
L20 | 0467 | 0.476 19
L22 | 0.500 | 0.486 40
L23 | 0.590 | 0.580 346
L24 | 0.720 | 0.730 30
L25 | 0919 | 0.883 25
L26 | 0.721 | 0.674 20
L27 | 0.264 | 0.356 43
L28 | 0.673 | 0.509 30
L31 | 0.270 | 0.230 232
L32 | 0.550 | 0.550 0
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Figure 4. MOAH2MN in IFO3B.

Laboratory

Results in yellow box are Grubs outliers.
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Table 5: Reported results for MOAH vs TBB in IFO3B

Lab/ M1 [M2 | MU I[%] >

LOL | 0.560 | 0.420 0 N~

L02 | 3646 | 2850 | 245 I

LO3 | 0.437 | 0.356 13 ST g

LO4 | 0637 | 0626 0.02 Y I

LOS | 1.014 | 0.982 0 -

LO6 | 0.360 | 0.500 0 oot

LO7 | 0.320 | 0.310 20

LO8 | 0.208 | 0.184 ]

L10 | 0886 | 1.100 | 215 .

L11 | 0430 | 1.711 06 e

L12 | 0.030 | 0.176 0.33 .

L14 | 0.149 | 0.147 14 e b

L15 | 0.834 | 0412 96 4

L16 | 0.940 | 0.520 0.3

L17 [ 0.140 | 0.120 217

L19 | 0452 | 0.461 36

L20 | 0.420 | 0.409 26

L22 | 0478 | 0.458 40

L23 | 0.460 | 0.440 36

L24 [ 0670 | 0670 30

L25 [ 0.752 | 0.733 25

L26 | 0.585 | 0.585 20

127 | 0.173 | 0237 43

L28 | 0.536 | 2.857 30 o

L31 | 0.250 | 0.220 209 -

L32 [ 0.460 | 0.470 14 "
TS
2
™
<O

By/Bw

Figure 5. MOAHTBB in IFO3B.
Results in red are outliers:

C - Cochran (excessive standard deviation)
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Table 6: Reported results for MOSH vs CyCy in IFO3B

Lab M1 M2 MU [%]
LO1 | 569 |591 0
LO2 | 866 | 7.37 16
LO3 | 654 | 6.48 23
LO4 | 582 | 631 0.7
LO5 | 879 |9.89 0
LO6 | 574 | 5.82 30
LO7 | 627 | 633 10
LO8 | 760 | 7.09

L10 | 899 |8.18 94
L11 | 421 | 15.10 0.5
L12 463 0.17
L14 | 499 |5.18 51
L15 | 10.10 | 6.64 58
L16 | 590 0.3
L17 | 658 |651 15
L19 | 658 | 6.08 36
L20 | 392 | 374 46
L22 | 566 | 582 40
L23 | 763 | 765 236
L24 | 592 | 553 30
L25 | 842 | 8.02 25
L26 | 7.18 | 699 20
L27 | 7.22 | 863 40
L28 | 549 | 491 30
L31 | 528 | 490 105
L32 | 404 | 3.86 254
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Figure 6. MOSH in

IFO3B.

Results in red are outliers:
C - Cochran (excessive standard deviation)
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Table 7: Reported results for MOAH vs TBB in IFO3C

Y,

Lab/M1 [M2 | MuUI[%] <

LO1 | 0.280 | 0230 0 el

L02 | 0680 | 0543 | 225 Lol

LO3 | 0.258 | 0.206 13 -

L04 | 0431 | 0466 | 005

L05 | 0572 | 0641 0 alca

L06 | 0.320 | 0.300 0 ]

L07 | 0.330 | 0.350 20 R

LO8 | 0.080 | 0.100 |l

L10 | 0.456 | 0.493 8

[11 | 1429 | 1060 | 014 o

L12 | 0089 | 0086 | 033 »

14 | 0.138 | 0.131 67

L15 | 0279 | 0.286 37

L16 | 0.500 | 0.520 03

L17 | 0.080 | 0.080 0

L19 | 0.300 | 0.300 36

20 | 0309 | 0297 38

22 | 0225 | 0239 40 .

123 | 0290 | 0250 | 386

24 | 0290 | 0.240 30 ’1:‘

125 | 0.530 | 0.543 25

126 | 0583 | 0521 20 oo

27 | 0.082 | 0.069 43 1,

28 | 0517 | 0485 30

L31 | 0300 | 0250 | 255 N

L32 | 0200 | 0.190 14 4
*
.
.
N
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Figure 7. MOAHTBB in IFO3C.
Results in red are outliers:

Laboratory

PROLab Plus

C - Cochran (excessive standard deviation)
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Table 8: Reported results for MOAH vs 2MN in IFO3C

Lab M1 M2 MU [%)]
LO1 | 0.370 | 0.310 0
LO2 | 0.731 | 0.599 19.7
LO3 | 0.250 | 0.212 13
LO4 | 0491 | 0.554 0.09
LO5 | 0.633 | 0.706 0
LO6 | 0420 | 0.410 30
LO7 | 0.380 | 0.410 20
LO8 | 0.090 | 0.110

L10 | 0476 | 0517 8
L11 | 1.753 | 1.453 0.1
L12 | 0.130 | 0.110 0.33
L14 | 0.141 | 0.131 10.2
L15 | 0.332 | 0.342 42
L16 | 0.560 | 0.580 0.3
L17 | 0.110 | 0.100 134
L19 | 0.350 | 0.350 36
L20 | 0.359 | 0.341 54
L22 | 0.243 | 0.259 40
L23 | 0.340 | 0.300 376
L24 | 0.320 | 0.260 30
L25 | 0.586 | 0.642 25
L26 | 0661 | 0.721 20
L27 | 0.161 | 0.132 43
L28 | 0.609 | 0.553 30
L31 | 0.350 | 0.290 2277
L32 | 0.230 | 0.230 0
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Figure 8. MOAH2MN in IFO3C.
Results in red are outliers:
C - Cochran (excessive standard deviation)



Table 9: Reported results for MOSH vs CyCy in IFO3C

Lab M1 M2 MU [%)]
LO1 | 423 | 443 0
LO2 | 742 | 6.70 10.2
LO3 | 479 | 485 23
LO4 | 446 | 5.17 1
LO5 | 612 | 691 0
LO6 | 483 | 4.33 30
LO7 | 526 | 532 10
LO8 | 510 | 5.03

L10 | 557 | 6.05 83
L11 | 11.70 | 11.06 0.03
L12 | 666 |5.18 0.17
L14 | 403 | 399 1.16
L15 | 513 | 488 7.2
L16 | 479 0.3
L17 | 661 |6.18 95
L19 | 469 |451 36
L20 | 330 | 3.35 7.7
L22 | 403 | 4.10 40
L23 | 520 | 529 25
L24 | 405 | 4.06 30
L25 | 599 | 592 25
L26 | 496 | 552 20
L27 | 470 | 557 40
L28 | 3.68 | 3.46 30
L31 | 6.04 | 569 83
L32 | 275 | 267 11
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Figure 9. MOSH in IFO3C.
Results in red are outliers:
B - Grubbs (laboratory mean),
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Table 10: Reported results for MOAH vs 2MN in IFO3D

Laboratory

S,
@
Lab| M1 M2 | MUI[%] - <
LO1 | 0780 | 0910 0 N Ll
L02 [ 1.178 | 0.894 27.4 Fo—eo o1
L03 | 0787 | 0711 13 - e
Lo4 [ 1.160 [ 1.110 0.07
|—Q—| -G21
LO5 | 1.393 | 1453 0
LO6 | 0930 | 0900 30 F—oo— -9¢1
LO7 | 1.030 | 1.020 20 » 07
LO8 | 0520 | 0570 .
L10 | 1466 | 1678 134
L11 | 10335 | 9936 | 002 T d
L12 | 0265 | 0517 033 - -1g
L14 [ 0571 | 0480 24 | ol -
L15 | 0882 | 0892 16 .
L16 | 1.010 | 0920 03
L17 | 0650 | 0640 2.1 Kk
L19 | 0.863 0811 36 901
L20 | 0769 | 0759 124 .
122 [ 0764 | 0720 40
ole -101
L23 | 0820 | 0820 33
L24 [ 0850 | 0830 30 [ v
25| 1351 | 1.391 25 ——too—1 617
126 [ 1380 | 1.290 20 ] .
127 | 0652 | 0572 43
’ -021
128 | 0943 | 1.041 30
L31 | 1.040 | 1.000 46 oo €07
L32 | 0900 | 0990 127 He—1 22
L 2 ~211
—oo— -121
*» -807
oo -1
* e -2l
S © 8 % 8 L 3 & 8
By/6w

Figure 10. MOAH2MN in IFO3D.
Results in yellow box are Grubs outliers.
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Table 11: Reported results for MOAH vs TBB in IFO3D

Laboratory

%
Lab/M1 [M2 [MU][%] T ~
LO1 | 0.600 | 0.730 0 ek
L02 | 1.113 | 0.858 258 ool o1
LO3 | 0.832 | 0.704 13 " .
LO4 | 0.996 | 0.963 0.05
LO5 | 1.258 | 1.328 0 =T i
LO6 | 0.720 | 0.780 0 H——i -9z
LO7 | 0.890 | 0.870 20 Lol ol -
LO8 | 0.450 | 0.490 IR .
L10 | 1.439 | 1.647 134
L1l | 9025 | 9.139 | 0.006 - Pt
L12 | 0.195 | 0.398 0.33 ol 07
L14 | 0570 | 0.483 233 ) .
L15 | 0.785 | 0.753 5.7
L16 | 0.920 | 0.820 03 a0 OB ki
L17 | 0530 | 0.530 0 721
L19 | 0.785 | 0.715 36 s
L20 | 0.689 | 0.630 8.8
L22 | 0.734 | 0.707 40 .
L23 | 0.730 | 0.710 336 e
L24 | 0.790 | 0.750 30 907
125 | 1.181 | 1.134 25 -
L26 | 1.040 | 1.050 20
27 | 0536 | 0.453 43 T ki
L28 | 0.864 | 0.794 30 —{o—i €21
L31 | 0.950 | 0.920 43 M .
L32 | 0.710 | 0.780 98 o -
¢ /11
=00 711
SO0 -121
®» -801
& e 2

1.8
1.6+
1.4+
1.2
1.0
0.6
0.4
0.2
0.0

0.8

6/6w

Figure 11. MOAHTBB in IFO3D.
Results in yellow box are Grubs outliers.
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Table 12: Reported results for MOSH vs CyCy in IFO3D

Lab M1 M2 MU [%)]
LO1 | 625 |6.11 0
LO2 | 709 | 883 218
LO3 | 764 | 758 23
LO4 | 649 |7.24 1.06
LO5 | 954 | 10.79 0
LO6 | 672 | 5.89 30
Lo7 | 771 | 783 10
LO8 | 832 |7.78

L10 | 735 | 693 58
L11 | 17.23 | 16.76 0.014
L12 6.29 0.17
L14 | 577 | 559 43
L15| 792 |859 115
L16 | S.11 0.3
L17 | 1096 | 1156 7.5
L19 | 663 |6.84 36
L20 | 417 | 4.08 2.18
L22 | 6.08 |6.44 40
L23 | 737 |7.18 237
L24 | 619 | 6.36 30
L25 | 864 | 874 25
L26 | 771 | 7.29 20
L27 | 747 | 8.85 40
L28 | 587 | 6.17 30
L31 | 780 |7.15 123
L32 | 419 | 448 41
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Figure 12. MOSH in IFO3D.
Results in yellow box are Grubs outliers.
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Table 13: Reported results for MOAH vs 2MN in IFO3E

Hidl

G601

~gci

921

0L

el

01

x4l

~Lo1

911

x4l

A

821

v

G171

9071

—€¢1

611

€01

~0c1

~¢cl

AN

L2

8071

m4ddl

¢l

Lab[M1 [M2 [MUI%] “,
L0l | 151 | 1.27 0 ~
L02 | 149 | 1.34 111 il
L03 | 1.19 | 0.98 13 M
L04 | 154 | 140 | 0.189 o—of
L05 | 191 | 1.88 0 ol
L06 | 1.23 | 1.15 30
L07 | 123 | 1.23 20
LO8 | 0.93 | 0.91 +
L10 | 1.89 | 1.47 249 PR
L11|971] 1001 | 0015 ol
L12 | 054 | 0.72 033
14 | 070 | 068 33 "
L15 | 1.15 | 1.23 92 o
L16 | 143 | 133 03 Lot
L17 | 097 | 091 9
19| 112 | 111 36 W
L20 | 1.09 | 1.08 1 IR
122 [ 1.09 | 1.04 40
123 | 113 | 1.14 31
124 | 1.16 | 1.24 30
125 | 161 | 2.10 25
126 | 1.78 | 1.81 20 —o—
127 | 093 | 0.93 43 (BN
128 | 126 | 1.17 30
31| 157 | 1.58 1 et
132 | 138 | 1.27 15 f
—-o—
-
H—e—i
.
»
ol
By/6w

Figure 13. MOAH2MN in IFO3E.

Laboratory

Results in yellow box are Grubs outliers.
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Table 14: Reported results for MOAH vs TBB in IFO3E

Lab| M1 | M2 | MU [%] %
L0l | 1.10 | 1.01 0 N ~ 3
S b T
LO2 | 1.37 | 1.25 952 3
- o
L03 | 1.30 | 1.02 13 » -
L04 | 1.30 | 1.20 0.15 O f———— 011
LO5 | 1.75 | 1.68 0 o] sz
LO6 | 0.99 | 0.91 0 < e
LO7 | 1.11 | 1.10 20
> -9z
LO8 | 0.82 | 0.77
L10 | 1.81 | 1.42 23.7 (o-#f 201
L11 | 8.16 | 9.02 0.05 olo ~401
L12 | 042 | 051 0.33 oo I8 .
L14 | 0.68 | 0.69 0.13
» ~911
L15 | 1.00 | 1.03 4.2
L16 | 1.11 | 1.16 03 o 401
L17 | 0.80 | 0.74 11 —— Al
L19 | 097 | 0.97 36 Lolo wé
L20 | 0.99 | 0.96 25 g
—eojo— 821 &
L22 | 1.00 | 0.96 40
123 | 1.02 | 0.97 319 sl
L24 | 1.08 | 1.07 30 611
125 | 141 | 1.48 25 -
126 | 1.34 | 1.38 20 ai -
L27 | 0.78 | 0.72 43
*» -0z
L28 | 1.11 | 1.00 30
L31 | 1.44 | 1.43 13 F—ro— 611
L32 | 1.10 | 1.02 113 VS 901
Q ~801
ool ~L11
—0— ~121
L 2 ~p11
o ~cL

6/6w

Figure 14. MOAHTBB in IFO3E.
Results in yellow box are Grubs outliers.
C - Cochran (excessive standard deviation)
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Table 15: Reported results for MOSH vs CyCy in IFO3E

i

501

A

—¢01

911

~g¢1

€01

801

S

e

921

01

€21

A

wia

0L

611

101

901

¥l

¢l

44!

4

8¢

021

—¢€1

%
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Figure 15. MOSH in IFO3E.
Results in red are outliers:
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Table 16: Reported results for MOAH vs 2MN in IFO3F

Lab M1 | M2 | MU [%]
LO1 | 192|192 0
LO2 | 200 | 2.29 138
LO3 | 138 | 141 13
LO4 | 169 | 1.72 0.04
LO5 | 236 | 2.72 0
LO6 | 1.73 | 1.56 30
LO7 | 161|161 20
LO8 | 237 | 1.37

L10 | 214 | 1.79 179
L11 | 285 | 2.72 0.02
L12 | 101|114 0.33
L14 | 1.21 | 1.04 215
L15| 182|194 8.6
L16 | 1.81 | 1.89 0.3
L17 | 197 | 142 45.8
L19 | 1.75 | 1.75 36
L20 | 1.62 | 1.49 8.7
L22 | 1.51 | 1.49 40
L23 | 1.58 | 1.60 299
L24 | 1.66 | 1.69 30
L25 | 262 | 253 25
L26 | 243 | 2.07 20
L27 | 1.43 | 1.49 43
L28 | 215 | 1.21 30
L31 | 1.65| 167 1.7
L32 | 207 | 204 42
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Figure 16. MOAH2MN in IFO3F.
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Table 17: Reported results for MOAH vs TBB in IFO3F

Lab M1 | M2 | MU [%]
LO1 | 141 | 1.45 0
LO2 | 2.11 | 1.88 114
LO3 | 147 | 1.47 13
LO4 | 1.58 | 1.44 0.2
LO5 | 2.15 | 249 0
LO6 | 1.39 | 1.25 0
LO7 | 1.39 | 1.34 20
LO8 | 1.88 | 1.17

L10 | 207 | 171 189
L11 | 241 | 2.19 0.04
L12 | 0.75 | 0.93 0.33
L14 | 1.17 | 1.06 138
L15 | 163|163 47
L16 | 165|163 0.3
L17 | 143 | 1.18 27.1
L19 | 1.55 | 1.55 36
L20 | 147 | 1.34 8.8
L22 | 141 | 1.38 40
L23 | 142 | 1.43 304
L24 | 1.53 | 154 30
L25 | 224 | 2.17 25
L26 | 1.86 | 1.77 20
L27 | 1.17 | 1.18 43
L28 | 1.59 | 101 30
L31 | 161|170 84
L32 | 1.68 | 1.66 28
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Table 18: Reported results for MOSH vs CyCY in IFO3F

Lab M1 M2 MU [%)]
LO1 | 820 | 825 0
LO2 | 13.13 | 9.23 348
LO3 | 962 | 10.00 23
LO4 | 815 | 833 0.26
LO5 | 12.22 | 1367 0
LO6 | 882 | 834 30
LO7 | 934 | 9.39 10
LO8 | 10.07 | 10.08

L10 | 826 | 887 7.14
L11 | 1410 | 14.23 0.005
L12 8.27 0.17
L14 | 783 | 7.19 12
L15 | 10.10 | 11.80 22
L16 | 9.73 0.3
L17 | 11.35|11.85 6.1
L19 | 886 | 8.89 36
L20 | 524 | 592 12.2
L22 | 803 |7.82 40
L23 | 9.07 |9.08 23
L24 | 823 | 8.78 30
L25 | 1234 | 1201 25
L26 | 994 |9.34 20
L27 | 9.10 | 9.73 40
L28 | 956 | 573 30
L31 | 9.21 |9.02 31
L32 | 592 |6.28 50.9
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Table 19: Reported results for MOAH vs 2MN in IFO3G

Lab M1 | M2 | MU [%]
LO1 | 273 | 260 0
LO2 | 271 | 266 167
LO3 | 223 | 2.25 13
LO4 | 3.32 | 2.68 0.9
LO5 | 3.23 | 3.26 0
LO6 | 2.52 | 2.36 30
LO7 | 231 | 2.35 20
LO8 | 2.32 | 2.46

L10 | 217 | 233 7
L11 | 435 | 418 0.02
L12 | 161|193 0.33
L14 | 192 | 166 20.9
L15 | 238 | 2.80 23
L16 | 267 | 2.70 0.3
L17 | 216 | 2.22 38
L19 | 246 | 2.48 36
L20 | 225 | 2.25 0.3
L22 | 233 | 2.32 40
L23 | 241 | 2.17 28
L24 | 224 | 2.20 30
L25 | 3.18 | 343 25
L26 | 285 | 3.14 20
L27 | 216 | 1.77 43
L28 | 262 | 3.27 30
L31 | 245 | 253 49
L32 | 276 | 2.72 56
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Figure 19. MOAH2MN in IFO3G.
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Table 20: Reported results for MOAH vs TBB in IFO3G

Lab M1 | M2 | MU [%]
LO1 | 211 | 2.09 0
LO2 | 251 | 255 16
LO3 | 233 | 2.23 13
LO4 | 284 | 2.43 0.5
LO5 | 277 | 2.74 0
LO6 | 204 | 1.86 0
LO7 | 202 | 201 20
LO8 | 1.85 | 2.18

L10 | 208 | 2.23 6.7
L11 | 3.75 | 3.55 0.026
L12 | 1.29 | 147 0.33
L14 | 1.73 | 1.70 19
L15 | 210 | 252 26
L16 | 246 | 2.34 0.3
L17 | 1.86 | 1.88 15
L19 | 223 | 2.17 36
L20 | 206 | 2.04 112
L22 | 221 | 2.20 40
L23 | 216 | 194 285
L24 | 209 | 1.96 30
L25 | 299 | 2.89 25
L26 | 227 | 2.35 20
L27 | 1.80 | 1.46 43
L28 | 207 | 243 30
L31 | 226 | 2.27 0.5
L32 | 236 | 2.32 56
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Figure 20. MOAH2MN in IFO3G.
Results in red are outliers:
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Table 21: Reported results for MOSH vs CyCy in IFO3G

Lab M1 | M2 | MU [%]
LO1 | 10.2 |98 0
LO2 | 118 | 12.2 31
LO3 | 114 | 128 23
LO4 | 147 | 10.2 557
LO5 | 133 | 14.2 0
LO6 | 104 | 98 30
LO7 | 112 | 11.2 10
LO8 | 124 | 119

L10 |93 |99 7.15
L11 | 190 | 175 0.04
L12 10.5 0.17
L14 |95 |93 37
L15 | 125 | 146 21
L16 | 128 0.3
L17 | 143 | 15.2 89
L19 | 104 | 106 36
L2075 |76 13
L22 |99 | 100 40
L23 | 113 | 115 222
L24 |95 | 10.2 30
L25 | 140 | 140 25
L26 | 10.7 | 11.2 20
L27 | 113 | 126 40
L28 |99 | 134 30
L31 | 123 | 113 126
L32 |76 |75 12.7
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Table 22: Reported results for MOAH vs 2MN in IFO3H

Lab M1 | M2 | MU [%]
LO1 | 1.30 | 1.49 0
LO2 | 193 | 2.04 57
LO3 | 092 | 1.12 13
LO4 | 1.72 | 2.00 0.4
LO5 | 2.10 | 2.07 0
LO6 | 1.35 | 1.33 30
LO7 | 1.21 | 1.24 20
LO8 | 1.34 | 0.95

L10 | 1.28 | 1.22 49
L11 | 347 | 3.27 0.03
L12 | 069 | 0.73 0.33
L14 | 0.87 | 0.87 047
L15 | 1.14 | 143 32
L16 | 1.89 | 1.45 0.3
L17 | 093 | 0.96 449
L19 | 141 | 1.40 36
L20 | 1.19| 1.38 151
L22 | 1.29| 129 40
L23 | 146 | 131 30.2
L24 | 1.55 | 1.46 30
L25 | 205 | 2.17 25
L26 | 165 | 153 20
L27 | 1.07 | 0.84 43
L28 | 1.23 | 1.55 30
L31 | 1.37 | 1.18 203
L32 | 148 | 1.59 155

»le

L 4
L 2

%I

il

~Gc

~G01

—¢01

01

911

921

x4

vl

611

~101

821

~€c

901

44!

~0c1

~G11

el

011

2071

~8071

€01

wia

A

ndl

¢l

3.50
3.25-
3.00-
2.75-
2.50+
2.25-
2.00+
1.75
1.50-
1.25-
1.00
0.75+

6/6w

Figure 22. MOAH2MN in IFO3H.

Results in red are outliers:
B - Grubbs (laboratory mean),
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Table 23: Reported results for MOAH vs TBB in IFO3H

Lab M1 | M2 | MU [%]
LO1 | 1.02 | 116 0
LO2 | 1.73 | 1.92 104
LO3 | 1.01 | 1.15 13
LO4 | 149 | 181 0.44
LO5 | 1.87 | 1.80 0
LO6 | 1.10 | 1.06 0
LO7 | 1.07 | 1.09 20
LO8 | 1.14 | 0.84

L10 | 1.17 | 1.25 6.8
L11 | 280 | 2.32 0.09
L12 | 055 | 057 0.33
L14 | 0.85 | 0.89 6.65
L15 | 098 | 1.27 36
L16 | 167 | 1.23 0.3
L17 | 0.79| 0.78 18
L19 | 1.25| 124 36
L20 | 1.09 | 1.23 115
L22 | 1.21 | 1.20 40
L23 | 1.28 | 1.13 30.8
L24 | 143 | 1.24 30
L25 | 193|182 25
L26 | 1.30 | 1.25 20
L27 | 0.87 | 0.65 43
L28 | 1.09 | 1.10 30
L31 | 1.21 | 1.11 12.7
L32 | 1.26 | 1.35 12.7
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Figure 23. MOAHTBB in IFO3H.
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Table 24: Reported results for MOSH vs CyCy in IFO3H
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Figure 24. MOSH in IFO3H.
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Table 25: Reported results for MOAH vs 2MN in IFO3I

Lab M1 | M2 | MU [%]
LO1 | 219 | 258 0
LO2 | 278 | 291 4.47
LO3 | 204 | 1.88 13
LO4 | 245 | 2.14 0.45
LO5 | 271 | 2.69 0
LO6 | 2.25 | 2.16 30
LO7 | 1.83 | 1.82 20
LO8 | 1.73 | 1.84

L10 | 212 | 2.13 0.8
L11 | 459 | 485 0.028
L12 | 1.58 | 147 0.33
L14 | 161 | 133 27
L15 | 236 | 1.96 26
L16 | 3.27 | 247 0.3
L17 | 166 | 1.70 33
L19 | 223 | 2.19 36
L20 | 1.73 | 181 45
L22 | 201 | 201 40
L23 | 222 | 2.34 284
L24 | 253 | 2.38 30
L25 | 3.27 | 3.38 25
L26 | 265 | 2.46 20
L27 | 149 | 131 43
L28 | 2.24 | 2.37 30
L31 | 200 | 2.16 11.2
L32 | 234 | 2.33 14
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Figure 25. MOAH2MN in IFO3I.
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Table 26: Reported results for MOAH vs TBB in IFO3I

Lab M1 | M2 | MU [%]
LO1 | 1.76 | 193 0
LO2 | 261 | 271 35
LO3 | 230 | 193 13
LO4 | 208 | 1.95 0.18
LO5 | 243 | 2.43 0
LO6 | 1.81 | 1.69 0
LO7 | 162|161 20
LO8 | 1.48 | 1.60

L10 | 201 | 2.13 6.1
L11 | 3.38 | 3.78 0.05
L12 | 1.08 | 1.15 0.33
L14 | 1.53 | 1.34 185
L15 | 206 | 1.72 25
L16 | 289 | 201 0.3
L17 | 142 | 144 19
L19 | 194 | 192 36
L20 | 1.52 | 1.62 6.3
L22 | 1.85| 1.90 40
L23 | 191|197 29
L24 | 229 | 199 30
L25 | 283 | 276 25
L26 | 1.98 | 1.95 20
L27 | 1.15 | 1.07 43
L28 | 1.74 | 1.77 30
L31 | 1.82 | 2.08 189
L32 | 200 | 1.99 14
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Figure 26. MOAHTBB in IFO3I.
Results in red are outliers:
C - Cochran (excessive standard deviation)



Table 27: Reported results for MOSH vs CyCy in IFO3I

0@%
Lab|M1 [ M2 | MU [%] ~~
L0l | 94 | 105 0 .
L02 | 124|109 | 125 F e |
L03 | 119 | 113 23
L04 | 113 | 88 35 ot
LO5 | 13.1 | 12.0 0 M
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Figure 27. MOSH in IFO3I.
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Table 28: Reported results for MOAH vs 2MN in IFO3)

Lab M1 | M2 | MU [%]
LO1 | 3.01 | 3.17 0
LO2 | 364 | 5.13 339
LO3 | 296 | 2.70 13
LO4 | 3.22 | 3.13 0.13
LO5 | 3.83 | 347 0
LO6 | 294 | 2.95 30
LO7 | 275 | 2.82 20
LO8 | 2.86 | 2.59

L10 | 282 | 261 8
L11 | 5.09 | 490 0.019
L12 | 212 | 2.18 0.33
L14 | 220 | 2.02 123
L15 | 3.15 | 4.26 43
L16 | 3.23 | 294 0.3
L17 | 255 | 241 79
L19 | 3.14 | 3.09 36
L20 | 234 | 2.56 8.6
L22 | 260 | 261 40
L23 | 295 | 243 27.2
L24 | 292 | 3.04 30
L25 | 3.78 | 4.25 25
L26 | 3.24 | 3.39 20
L27 | 209 | 1.89 43
L28 | 276 | 264 30
L31 | 3.23 | 3.22 0.5
L32 | 344 | 3.53 12.7
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Figure 28. MOAH2MN in IFO3J.

Results in red are outliers:

B - Grubbs (laboratory mean),

C - Cochran (excessive standard deviation)



Table 29: Reported results for MOAH vs TBB in IFO3)

0@%
Lab M1 |[M2 | MU [%] ~ E
Q.
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L02 | 342 [ 3.90 131 oo o §
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L SR 2 ~G01
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Figure 29. MOAHTBB in IFO3J.
Results in red are outliers:
C - Cochran (excessive standard deviation)
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Table 30: Reported results for MOSH vs CyCy in IFO3J

Lab M1 | M2 | MU [%]
LO1 | 110|116 0
LO2 | 123 | 125 16
LO3 | 146 | 136 23
LO4 | 13.7 | 115 31
LO5 | 179 | 150 0
LO6 | 114 | 11.2 30
LO7 | 120 | 120 10
LO8 | 131 | 133

L10 | 10.2 | 108 52
L11 | 200 | 19.0 0.024
L12 | 141 0.17
L14 | 11.0| 109 13
L15 | 158 | 23.0 52
L16 | 129 0.3
L17 | 145 | 13.7 8.5
L19 | 126 | 13.0 36
L20 |96 |99 38
L22 | 105 | 105 40
L23 | 134 | 139 217
L24 | 114 | 123 30
L25 | 152 | 184 25
L26 | 122 | 120 20
L27 | 118 | 10.3 40
L28 | 108 | 109 30
L31 | 154 | 145 8.3
L32 |85 |89 50.9
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Figure 30. MOSH in IFO3J.
Results in red are outliers:
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Table 31: Reported results for MOAH vs 2MN in IFO3)
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Figure 31. MOAH2MN in IFO3J.
Results in red are outliers:
B - Grubbs (laboratory mean),
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Table 32: Reported results for MOAH vs TBB in IFO3K

Lab M1 | M2 | MU [%]
LO1 | 462 | 466 0
LO2 | 830 | 8.11 2.2
LO3 | 541 | 501 13
LO4 | 525 | 444 1.14
LO5 | 578 | 5.58 0
LO6 | 446 | 4.02 0
LO7 | 442 | 444 20
LO8 | 434 | 4.22

L10 | 488 | 473 3.17
L11 | 839 | 7.79 0.037
L12 | 352 | 3.52 0.33
L14 | 417 | 3.80 13.2
L15 | 6.23 | 497 33
L16 | 515 | 473 0.3
L17 | 450 | 441 28
L19 | 486 | 5.00 36
L20 | 3.78 | 3.92 37
L22 | 5.09 | 497 40
L23 | 5.02 | 412 251
L24 | 516 | 5.02 30
L25 | 580 | 6.03 25
L26 | 475 | 472 20
L27 | 349 | 3.48 43
L28 | 409 | 454 30
L31 | 527 | 543 43
L32 | 539 | 549 141
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Figure 32. MOAHTBB in IFO3K.
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Table 33: Reported results for MOSH vs CyCy in IFO3K

Lab M1 | M2 | MU [%]
LO1 | 175|184 0
LO2 | 219 | 219 0.14
LO3 | 21.0 | 19.7 23
LO4 | 184 | 19.0 0.85
LO5 | 22.7 | 234 0
LO6 | 18.7 | 169 30
LO7 | 176 | 175 10
LO8 | 208 | 196

L10 | 17.0| 158 73
L11 | 346 | 35.7 0.015
L12 | 173|191 0.17
L14 | 17.1 | 166 37
L15 | 30.2 | 23.7 34
L16 | 205 0.3
L17 | 231 | 224 39
L19 | 184 | 188 36
L20 | 147 | 146 0.29
L22 | 188 | 17.1 40
L23 | 213 | 21.2 20.2
L24 | 179 | 185 30
L25 | 219 | 215 25
L26 | 206 | 193 20
L27 | 183 | 179 40
L28 | 175 | 184 30
L31 | 166 | 165 11
L32 | 135|134 5.65
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Figure 33. MOSH in IFO3K.

Results in red are outliers:

B - Grubbs (laboratory mean),

C - Cochran (excessive standard deviation)



Table 34: Reported results for MOAH vs 2MN in IFO3L

Lab M1 | M2 | MU [%]
LO1 | 1.10 | 1.26 0
LO2 | 1.52 | 1.78 16.1
LO3 | 0.86 | 091 13
LO4 | 144 | 1.20 0.33
LO5 | 1.54 | 1.42 0
LO6 | 1.18 | 1.10 30
LO7 | 1.08 | 1.11 20
LO8 | 090 | 1.13

L10 | 1.24 | 1.55 226
L11 | 0.38 0
L12 | 055 | 0.68 0.33
L14 | 0.72 | 0.64 17
L15| 133|128 59
L16 | 1.09 | 0.98 0.3
L17 | 0.87 | 0.92 79
L19 | 1.20 | 1.20 36
L20 | 0.85 | 0.88 58
L22 | 093 | 0.90 40
L23 | 1.14 | 1.07 314
L24 | 1.05 | 1.08 30
L25 | 141 | 132 25
L26 | 149 | 1.52 20
L27 | 1.00 | 0.64 43
L28 | 0.88 | 0.97 30
L31 | 1.24 | 1.10 186
L32 | 116 | 1.13 42
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Table 35: Reported results for MOAH vs TBB in IFO3L

Lab M1 M2 MU [%)]
LO1 | 0.840 | 0.920 0
LO2 | 1473 | 1.803 20.1
LO3 | 0972 | 0.916 13
LO4 | 1.320 | 1.070 0.34
LO5 | 1.362 | 1.355 0
LO6 | 0.950 | 0.910 0
LO7 | 0980 | 1.010 20
LO8 | 0.743 | 1.006

L10 | 1.123 | 1.506 291
L11 | O0.116 0
L12 | 0429 | 0.478 0.33
L14 | 0.703 | 0.660 8.9
L15 | 1.190 | 1.120 7.7
L16 | 1.000 | 0.860 0.3
L17 | 0.700 | 0.710 2
L19 | 1.000 | 1.100 36
L20 | 0.777 | 0.797 26
L22 | 0.866 | 0.863 40
L23 | 1.020 | 0.940 319
L24 | 0.950 | 0.930 30
L25 | 1.666 | 1.637 25
L26 | 1.160 | 1.180 20
L27 | 0.596 | 0.460 43
L28 | 0.870 | 0.908 30
L31 | 1.220 | 1.070 18
L32 | 0.990 | 0.960 42

Figure 35. Summary graph for MOAHTBB in
IFO3L. Results in red are outliers: B - Grubbs
(laboratory mean), C — Cochran (excessive
standard deviation)
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Table 36: Reported results for MOSH vs CyCy in IFO3L

,

Lab/M1 [M2 | MuUI[%] . ~
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Figure 36. MOSH in IFO3L.
Results in red are outliers:

B - Grubbs (laboratory mean),
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Table 37: Reported results for MOAH vs 2MN in IFO3M

Lab M1 | M2 | MU [%]
LO1 | 195 | 2.07 0
LO2 | 222 | 271 198
LO3 | 164 | 1.58 13
LO4 | 241 | 2.02 0.5
LO5 | 2.18 | 2.18 0
LO6 | 191 | 1.82 30
LO7 | 1.78 | 1.77 20
LO8 | 162|194

L10 | 155 | 1.78 138
L11 | 190 | 1.76 0.04
L12 | 1.37 | 1.29 0.33
L14 | 1.35 | 1.15 232
L15 | 428 | 542 33
L16 | 181|183 0.3
L17 | 199 | 230 204
L19 | 197 | 1.95 36
L20 | 1.51 | 1.68 11
L22 | 1.64 | 1.66 40
L23 | 1.88 | 1.80 29.1
L24 | 1.82 | 1.79 30
L25 | 2.00 | 2.25 25
L26 | 212 | 2.22 20
L27 | 1.24 | 1.17 43
L28 | 1.51 | 1.89 30
L31 | 1.71 | 181 8
L32 | 182|182 0
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Figure 37. MOAH2MN in IFO3M.
Results in red are outliers:
C - Cochran (excessive standard deviation)



Table 38: Reported results for MOAH vs TBB in IFO3M

Lab M1 | M2 | MU [%]
LO1 | 1.50 | 153 0
LO2 | 220 | 3.16 356
LO3 | 190 | 1.59 13
LO4 | 209 | 1.75 047
LO5 | 205 | 2.05 0
LO6 | 1.50 | 1.46 0
LO7 | 1.59 | 1.56 20
LO8 | 146 | 1.69

L10 | 146 | 1.38 53
L11 | 1.50 | 1.45 0.02
L12 | 096 | 1.05 0.33
L14 | 1.25| 117 9.5
L15 | 354 | 473 41
L16 | 1.71 | 162 0.3
L17 | 1.37 | 1.40 3
L19 | 1.78 | 1.68 36
L20 | 1.52 | 1.50 16
L22 | 1.54 | 1.57 40
L23 | 1.67 | 1.58 296
L24 | 168 | 1.65 30
L25 | 262 | 2.76 25
L26 | 1.73 | 1.74 20
L27 | 1.02 | 0.97 43
L28 | 146 | 1.57 30
L31 | 165|173 6.7
L32 | 1.56 | 1.57 14
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Figure 38 MOAHTBB in IFO3M.

Results in red are outliers:

B - Grubbs (laboratory mean),
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Table 39: Reported results for MOSH vs CyCY in IFO3M

%
. [ N g
Lab{M1 |[M2 | MU I[%] o o ' R
Lol | 791 |827 0 Lo - §
L02 | 986 | 1064 76 &
f——eo—1 -2
LO3 | 10.70 | 9.56 23
LO4 | 11.86 | 860 46 oo 801
LO5 | 9.80 1052 0 el ~2i
LO6 | 852 | 833 30 .
L07 | 883 | 876 10
LO8 | 10.26 | 1152 T
L10 | 10.03 | 9.86 1.75 o) g0
L11 [997 |1031| 0017 ) .
L12 | 11.95 | 896 017
L14 | 778 |7.10 13 e
L15 | 19.00 | 28.90 58 011
L16 | 9.09 03 ez
L17 | 1367 | 1498 129 o &
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Figure 39. MOSH in IFO3M.
Results in red are outliers:
C - Cochran (excessive standard deviation)
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Table 40: Reported results for MOAH vs 2MN in IFO3N

Lab M1 M2 MU [%]
LO1 | 534 | 6.10 0
LO2 | 933 | 11.35 195
LO3 | 489 | 469 13
LO4 | 557 | 5.88 0.44
LO5 | 595 | 6.40 0
LO6 | 5.27 | 5.02 30
LO7 | 482 | 479 15
LO8 | 541 | 5.01

L10 | 433 | 494 131
L11 | 911 | 891 0.01
L12 | 512 | 480 0.33
L14 | 396 | 3.56 15
L15 | 676 | 497 43
L16 | 597 | 569 0.3
L17 | 546 | 5.75 7.3
L19 | 560 | 5.37 36
L20 | 3.57 | 3.82 6.6
L22 | 514 | 5.15 40
L23 | 5.04 | 5.23 251
L24 | 5.21 | 5.09 30
L25 | 554 | 493 25
L26 | 585 | 6.10 20
L27 | 439 | 4.02 43
L28 | 441 | 488 30
L31 | 532 | 513 53
L32 | 529 | 5.70 579
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Figure 40. MOAH2MN in IFO3N.
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Table 41: Reported results for MOAH vs TBB in IFO3N

Lab M1 M2 MU [%] ———&—
LO1 | 432 | 437 0 FPON
LO2 | 972 | 11.90 20.1
LO3 | 5.19 | 5.07 13
LO4 | 480 | 5.07 0.38
LO5 | 556 | 5.90 0
LO6 | 4.28 | 3.86 0
LO7 | 432 | 433 15
LO8 | 485 | 4.55

L10 | 416 | 446 7.09
L11 | 806 | 7.63 0.03
L12 | 350 | 3.77 0.33
L14 | 3.84 | 3.63 7.8
L15 | 828 | 513 66
L16 | 541 | 497 0.3
L17 | 435 | 432 1
L19 | 5.00 | 4.75 36
L20 | 3.16 | 3.43 8.
L22 | 478 | 469 40
L23 | 460 | 467 254
L24 | 484 | 465 30
L25 | 667 | 647 25
L26 | 453 | 4.74 20
L27 | 352 | 331 43
L28 | 416 | 437 30
L31 | 497 | 437 12.2
L32 | 460 | 489 41
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Figure 41. MOAHTBB in IFO3N.
Results in red are outliers:

B - Grubbs (laboratory mean),
C - Cochran (excessive standard deviation)
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Table 42: Reported results for MOSH vs CyCY in IFO3N

Lab M1 | M2 | MU [%]
LO1 | 161 | 17.2 0
LO2 | 173 | 18.7 8
LO3 | 203 | 193 23
LO4 | 206 | 21.1 0.67
LO5 | 23.2 | 265 0
LO6 | 17.3 | 169 30
LO7 | 173|174 10
LO8 | 20.8 | 209

L10 | 155|150 29
L11 | 316 | 30.1 0.02
L12 | 202 | 224 0.17
L14 | 164 | 146 16.1
L15 | 374 | 238 63
L16 | 190 0.3
L17 | 26.0 | 23.7 13.2
L19 | 170 | 175 36
L20 | 11.8 | 13.8 158
L22 | 163 | 166 40
L23 | 191 | 193 205
L24 | 174 | 17.2 30
L25 | 187 | 17.0 25
L26 | 182 | 191 20
L27 | 174 | 16.2 40
L28 | 166 | 166 30
L31 | 143 | 14.2 13
L32 | 113 | 123 152
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Figure 42. MOSH in IFO3N.
Results in red are outliers:
C - Cochran (excessive standard deviation



Table 43: Reported results for MOAH vs 2MN in IFO3Q

Lab M1 | M2 | MU [%]
LO1 | 3.71 | 421 0
LO2 | 539 | 555 29
LO3 | 3.66 | 3.60 13
LO4 | 469 | 467 0.02
LO5 | 462 | 452 0
LO6 | 3.87 | 3.27 30
LO7 | 3.65 | 3.64 15
LO8 | 3.44 | 3.68

L10 | 399 | 4.15 41
L11 | 540 | 578 0.03
L12 | 273 | 265 0.33
L14 | 289 | 2.38 273
L15 | 221 | 399 81
L16 | 3.75 | 4.25 0.3
L17 | 458 | 5.11 154
L19 | 427 | 440 36
L20 | 286 | 3.14 9.5
L22 | 3.54 | 3.47 40
L23 | 378 | 3.42 26.2
L24 | 3.22 | 353 30
L25 | 425 | 415 25
L26 | 421 | 3.95 20
L27 | 3.87 | 3.96 43
L28 | 3.77 | 3.46 30
L31 | 431 | 485 16.6
L32 | 449 | 475 36.7
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Figure 43. MOAH2MN in IFO3Q.
Results in red are outliers:
C - Cochran (excessive standard deviation)



Table 44: Reported results for MOAH vs TBB in IFO3Q

Lab M1 | M2 | MU [%]
LO1 | 3.03 | 3.16 0
LO2 | 596 | 592 0.7
LO3 | 411 | 4.02 13
LO4 | 413 | 4.12 0.016
LO5 | 422 | 413 0
LO6 | 3.13 | 291 0
LO7 | 3.37 | 3.43 15
LO8 | 3.17 | 3.35

L10 | 369 | 401 8.2
L11 | 473 | 474 0.001
L12 | 196 | 2.02 0.33
L14 | 284 | 2.45 20.7
L15 | 283 | 3.25 20
L16 | 3.53 | 3.76 0.3
L17 | 361 | 3.62 0.39
L19 | 3.80 | 3.89 36
L20 | 253 | 281 10.2
L22 | 3.21 | 3.20 40
L23 | 3.22 | 301 26.8
L24 | 296 | 3.15 30
L25 | 369 | 3.73 25
L26 | 3.21 | 3.28 20
L27 | 3.00 | 3.24 43
L28 | 3.34 | 3.25 30
L31 | 437 | 457 6.3
L32 | 3.82 | 402 28.2
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Figure 44. MOAHTBB in IFO3Q.
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Table 45: Reported results for MOSH vs CyCY in IFO3

Lab|M1 [M2 | MU [%] “
1 |85 |92 0 i g
02 |98 |117 17.9 o i
L03 | 121 [ 113 23 —e——— o §
L04 | 121 | 115 2.3 oo 01
LO5 | 149 | 141 0 . -
LO6 | 98 |85 30 MR ) s
LO7 | 104 | 104 10 a o
Los | 119 | 115 T T 1 @
(10 | 117 | 122 48 1 "
L1l | 126 | 123 0.01 I ™
[oee| Fe01
L12 | 143 | 99 0.17 A i
L14 |92 |87 74 1l n
L15 | 93 | 105 17 LI | g
L16 | 10.0 0.3 il o §
L17 | 164 | 156 7.1 | "
L19 | 104 | 105 36 o | .
120 |92 |96 43 U By
122 [ 88 |90 40 - -
123 | 11.0 | 102 223 1 -
124 [90 |97 30 " o
125 | 162 | 128 25 e o
L26 | 102 | 96 20 Fpee—i
127 | 120|116 40 oo 1
L28 |93 |97 30 T T
L31 |93 | 104 153 “e o
32 |65 |68 537 R

Figure 45. MOSH in IFO3Q.
Results in red are outliers:
C - Cochran (excessive standard deviation)
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Annex 6. Chromatograms compilation
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GETTING IN TOUCH WITH THE EU
In person

All over the European Union there are hundreds of Europe Direct information centres. You can find the address of the centre
nearest you at: https://europa.eu/european-union/contact en

On the phone or by email

Europe Direct is a service that answers your questions about the European Union. You can contact this service:
- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),

- at the following standard number: +32 22999696, or

- by electronic mail via: https://europa.eu/european-union/contact en

FINDING INFORMATION ABOUT THE EU
Online

Information about the European Union in all the official languages of the EU is available on the Europa website at:

https://europa.eu/european-union/index_en

EU publications

You can download or order free and priced EU publications from EU Bookshop at: https://publications.europa.eu/en/publications.
Multiple copies of free publications may be obtained by contacting Europe Direct or your local information centre (see
https://europa.eu/european-union/contact _en).




Publications Office
of the European Union

The European Commission’s
science and knowledge service

Joint Research Centre

JRC Mission

As the science and knowledge service
of the European Commission, the Joint
Research Centre’s mission is to support
EU policies with independent evidence
throughout the whole policy cycle.

Ohrin) EU Science Hub

Eliér?" ec.europa.eu/jrc

D ®@EU_ScienceHub
n EU Science Hub - Joint Research Centre
m EU Science, Research and Innovation

EU Science Hub
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