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1. Structure of the ILS, test material and analytes

This interlaboratory study (ILS) on the determination of brominated contaminants (BCons)
and polychlorinated naphthalenes (PCNs) in cod liver oil was organized by the European
Union Reference Laboratory (EURL) for halogenated persistent organic pollutants (POPs) in
Feed and Food to be performed between July and September 2021. The objective was to
assess interlaboratory comparability of results from BCons and PCNs in a fortified food
sample.

National Reference Laboratories (NRLs), Official laboratories (OFLs), research
laboratories and commercial laboratories performing the analysis of samples taken by food
business operators were invited to participate in this interlaboratory study. First results were
discussed by members of the of the core working group on “Brominated Contaminants and
PCNs” (CWG BCons and PCNs) and the EURL at a working group meeting on 13 and 14
October 2021. The evaluated preliminary results were discussed by representatives of
European Commission, NRLs and the EURL at the COM/EURL/NRL workshops on 23 and 24
November 2021 and on 18 and 19 May 2022.

1.1. Samples and coding

The cod liver oil test sample was prepared from commercially available food. It was naturally
contaminated with PBDEs, HBCDDs and PCNs and fortified with other analytes of interest
using eBFR and TBBPA standards.

Cod Liver Oil Sample no. 2104-CLO-xxx

Each participant received about 20 g of the test sample in a HDPE bottle.

Participants registered for analysing the listed eBFR group were asked to quantify the two test
standard solution using their own quantification standards.

eBFR test standard solution eBFR 200 pg/ul

DBDPE test standard solution DBDPE 500 pg/pl

Participants received 300 ul eBFR test standard solution containing PBBz, HBB, PBT, PBEB,
BTBPE and TBX and 200 ul DBDPE test standard solution containing solely DBDPE in glass
vials. The gross weight (solution and vial, without the sealing film) was provided with the
standard solution and should be checked for losses during sample shipment by the
participants.

EURL-ILS-BC_2104-CLO
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1.2. Analytes of interest

Participants were asked to determine at least one of the following parameters (as many
analytes as possible from each group):

" Polybrominated diphenyl ether (PBDE) group
¢ Individual congeners: BDE-28, -47, -49, -99, -100, -153, -154, -183, -209
e Sum of 8 PBDEs (without BDE-209)
e Sum of 9 PBDEs (with BDE-209)

" Emerging brominated flame retardant (eBFR) group
e PBBz (1,2,3,4,5-Pentabromobenzene; CAS 608-90-2)
e HBB (1,2,3,4,5,6-Hexabromobenzene; CAS 87-82-1)
e PBT (1,2,3,4,5-Pentabromo-6-methylbenzene; CAS 87-83-2)
e PBEB (1,2,3,4,5-Pentabromo-6-ethylbenzene; CAS 85-22-3)
e BTBPE (1,1'-[1,2-Ethanediyl-bis(oxy)] bis[2,4,6-tribromo]benzene;
CAS 37853-59-1)
e TBX (1,2,4,5-Tetrabromo-3,6-dimethylbenzene; CAS 23488-38-2)
e DBDPE (1,1'-(1,2-Ethanediyl)bis[2,3,4,5,6-pentabromo-benzene];
CAS 84852-53-9)
" Hexabromocyclododecane (HBCDD) and Tetrabromobisphenyl A (TBBPA) group
e o-HBCDD, B-HBCDD, y-HBCDD stereoisomers
e Sum of a-, B-, y-HBCDD (using HPLC methods)
e Total HBCDD (using GC methods)
e TBBPA

" Polychlorinated naphthalene (PCN) group
e PCNs 27, 31, 42, 46, 48, 49, 50, 53, 59, 63, 65, 69, 70, 73, 74, 75
e PCNs 28/36, 52/60, 66/67, 64/68, 71/72 (difficult to separate chromatographically)
[lt was recommended to focus at least on the 12 main congeners (in bold) when
starting method development]

1.3. Methods

All kinds of detection and quantification methods could be applied.

1.4. Coding of laboratories and confidentiality

The laboratory code of the participating laboratories will be kept confidential and will not be
revealed to other participants.

The confidentiality between NRLs and their OFLs will be kept unless a Member State initiated
a cooperation between the NRL, OFLs and the EURL.

EURL-ILS-BC_2104-CLO
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1.5.

European Union Reference Laboratory for halogenated POPs in Feed and Food

Results of BCons and PCNs

Laboratories should:

use their own reference standards for identification and quantification,

report results for each analyte,

report the limit of quantification (LOQ), at least for each non-quantified analyte,
give method information and

give information about the accreditation of the laboratory according to ISO/IEC 17025
(for metrological traceability of consensus values of participants used as assigned
values).

Results had to be reported in pg/kg fat for PBDEs, eBFRs, HBCDDs and TBBPA and in
pg/g fat for PCNs.

2,

Participating laboratories

This proficiency test was open for participation of:

National Reference Laboratories (NRLs) of EU member states
National Reference Laboratories of other European countries
Official laboratories

Commercial laboratories

29 laboratories registered for this proficiency test.

Table 1: Participating laboratories

Participating laboratories No. of participants

National Reference Laboratories European Union

Official Laboratories European Union

Commercial Laboratories European Union

—
N

Other Countries

Other European Countries
Africa
Americas
Asia
Oceania

Other European Countries
Africa
Americas
Asia
Oceania

OO0 OO0~~~ 0~~0NO© N

Total

N
©

EURL-ILS-BC_2104-CLO
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2.1. Number of reported results

Table 2: Reported results for PBDEs for cod liver oil (2104-CLO)

European Union Reference Laboratory for halogenated POPs in Feed and Food

Reported results All laboratories NRLs
BDE-28 23 11
BDE-47 23 11
BDE-49 20 11
BDE-99 23 11
BDE-100 23 11
BDE-153 23 11
BDE-154 23 11
BDE-183 22 11
BDE-209 19 8
Sum of 8 PBDEs (without BDE-209) (ub) 22 11
Sum of 8 PBDEs (without BDE-209) (Ib) 22 11
Sum of 9 PBDEs (with BDE-209) (ub) 19 8
Sum of 9 PBDEs (with BDE-209) (Ib) 19 8
Table 3: Reported results for HBCDDs and TBBPA for cod liver oil (2104-CLO)
Reported results All laboratories NRLs
a-HBCDD 14 8
B-HBCDD 13 7
y-HBCDD 14 8
Sum of a-, 8-, y-HBCDD (ub) 13 8
Sum of a-, 8-, y-HBCDD (Ib) 13 8
Total HBCDD (using GC methods) 3 2
TBBPA 8 5
EURL-ILS-BC._2104-CLO 26 August 2022 Page 6 of 24
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Table 4: Reported results for eBFRs for cod liver oil (2104-CLO)

Reported results

PBBz
HBB
PBT
PBEB

BTBPE

DBDPE

All laboratories

10

European Union Reference Laboratory for halogenated POPs in Feed and Food

NRLs

Table 5: Reported results for eBFRs for the standard solutions (eBFR 200 pg/ul and DBDPE 500 pg/ul)

Reported results

PBBz
HBB
PBT
PBEB

BTBPE

DBDPE

All laboratories

NRLs

Table 6: Reported results for PCNs for cod liver oil (2104-CLO)

Reported results (2104-CLO)

PCN 27
PCN 28
PCN 31

PCN 36

All laboratories

NRLs

EURL-ILS-BC_2104-CLO
(Report Version 1.0)

26 August 2022

Page 7 of 24




= European Union Reference Laboratory for halogenated POPs in Feed and Food

r
—1 cl

Reported results (2104-CLO) All laboratories NRLs
PCN 42 9 5
PCN 46 6 3
PCN 48 6 3
PCN 49 6 3
PCN 50 6 3
PCN 52* 10 6
PCN 53* 10 6
PCN 59 3 2
PCN 60* 2 1
PCN 63 4 2
PCN 64 3 2
PCN 65 7 3
PCN 66* 9 6
PCN 67* 2 1
PCN 68* 8 5
PCN 69* 9 5
PCN 70 7 3
PCN 71* 9 6
PCN 72* 3 2
PCN 73* 10 6
PCN 74* 8 5
PCN 75* 10 6

EURL-ILS-BC_2104-CLO
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2.2. Accreditation

Table 7: Reported accreditation according to ISO/IEC 17025 by participants for PBDEs, HBCDDs and
PCNs

Cod Liver Oil
Accreditation 14 4 1
No accreditation 6 10 8

2.3. Detection methods

The following detection methods were applied:
¢ GC-HRMS-, GC-MS/MS-methods for PBDEs, PCNs and eBFRs
¢ GC-HRMS-, GC-MS/MS-, LC-MS/MS-, LC-HRMS-methods for HBCDDs and TBBPA

2.4. Chromatographic separation of PCNs

Because some PCN congeners are difficult to separate chromatographically under routine GC
conditions (e.g., PCN 28/36, 52/60, 66/67, 64/68, 71/72), participants were asked to report the
concentration of co-eluting congeners for only one of these congeners and to specify which
congeners co-eluted in the "Co-eluting PCN congeners" column. Some laboratories reported
results differently, resulting in large variation between participants' results for some congeners.
Participants were asked to recheck their results and correct them, if necessary. A new
evaluation of these results is part of this final report.

Co-eluting pairs:

28/36: Five labs did not report co-elution for PCN 28 and PCN 36, whereas only one lab
reported values for both congeners (above the LOQ).

52/60: Only three laboratories reported no chromatographically co-eluting for PCN 52 and
PCN 60 (Lab 6, 16 and 19), whereas only Lab 6 and 19 gave values for both congeners.
64/68: Two laboratories did not report co-elution for PCN 64 and PCN 68, whereas both labs
did only give values for one congener.

66/67: All labs reported co-eluting for PCN 66 and PCN 67

71/72: All labs reported co-eluting for PCN 71 and PCN 72

For the evaluation of the data the sum of co-eluting PCN pairs was calculated by the EURL,
when separation of co-elution was reported, if two identical values where reported and no
chromatographic separation was stated only one value was taken as sum for the co-eluting
congeners.

EURL-ILS-BC_2104-CLO
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3. Homogeneity and stability of the test material

The test for sufficient homogeneity was performed according to 1ISO 13528:2020 [2] and the
International Harmonized Protocol for the Proficiency Testing of Analytical Chemistry
Laboratories [1].

Therefore, 10 portions of the test samples 2104-CLO were analysed in duplicate for PBDEs,
HBCDDs, PCNs and eBFRs. The test for sufficient homogeneity was performed for the
individual congeners/sterecisomers. The test materials showed sufficient homogeneity for
PBDEs, HBCDDs, PCNs and eBFRs in this proficiency test.

The stability check of the analytes of interest applying room temperature storage was per-
formed according to ISO 13528:2020 [2] for PBDEs, PCNs, HBCDDs and eBFRs. The test
material showed sufficient stability for PBDEs, PCNs, HBCDDs and eBFRs. Homogeneity and
stability can be concluded also for TBBPA due to similar physico-chemical properties for this
proficiency test.

4. Determination of the assigned value

Statistical evaluation of the ILS results was performed by the EURL for halogenated POPs in
feed and food according to ISO 13528:2020 [2] and the International Harmonized Protocol for
the Proficiency Testing of Analytical Chemistry Laboratories [1].

The determination of the assigned value was performed according [1] by estimating of the
assigned value as the consensus of participants’ results (using only results of physico-
chemical methods). The Huber robust mean is taken as assigned value after excluding
extreme outliers (outside the range of + 50 % of the median of all reported results) and
examination of the distribution of the remaining results using histogram and Kernel density
estimation, if necessary.

Assigned values were calculated for individual congeners / stereoisomers / substances and
sum parameters (upper and lower bound calculation), if possible. Additionally, the median of
all values was calculated.

For individual congeners / stereoisomers / substances (including LOQs), assigned values were
only calculated according to the abovementioned procedure if more than 2/3 of all results were
above the LOQ and less than 1/3 of all results (including LOQs) were outside the range of
1 50 % of the median of all reported results. Levels for individual congeners / sterecisomers /
substances are only used for evaluation and calculation if these levels are equal to or above
the LOQ; otherwise the LOQ will be used instead.

Assigned values could be calculated for individual PBDE congeners, sum of 8 (without BDE-
209) and sum of 9 (with BDE-209) PBDEs, for individual HBCDD diastereomers, sum of a-, 3-
and y-HBCDD (including limits of quantification (LOQs)), TBBPA, HBB and PCN 42, PCN 52,
PCN 69, PCN 73, PCN 75 and calculated PCN sum parameters.

EURL-ILS-BC_2104-CLO
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Due to high variation of participants’ results in the range of the respective LOQ or too few
results, no assigned values could be calculated for:

e BDE-183, BDE-209

e [(-andy-HBCDD, Total HBCDD (using GC-methods)

e PBBz, PBT, PBEB, BTBPE, TBX, and DBDPE

e All other PCN congeners except the above mentioned
Six laboratories quantified the two test standard solutions using their own quantification
standards. Assigned values for comparison and deviations from the prepared values were
calculated, with the exception of BTBPE, because the reported values for BTBPE were only
one-fourth of the prepared standard solution concentration.

4.1. PBDEs - individual congeners and sum parameter

The assigned values for the test sample 2104-CLO were calculated as consensus of
participants’ results for individual PBDEs and sum parameters, taking into account the
calculation criteria described above (Table 8 ; tabular summary see annex 1; Figure 1).

Table 8: Assigned values for PBDEs (rounded to three significant figures)

Cod Liver Oil (2104-CLO) Assigned value pg/kg fat

BDE-28 0.0722
BDE-47 1.28
BDE-49 0.412
BDE-99 0.196
BDE-100 0.338
BDE-153 0.0569
BDE-154 0.247
Sum of 8 PBDESs (without BDE-209) (ub) 2.65
Sum of 8 PBDESs (without BDE-209) (Ib) 2.64
Sum of 9 PBDESs (with BDE-209) (ub) 2.85
Sum of 9 PBDESs (with BDE-209) (Ib) 2.69

EURL-ILS-BC_2104-CLO
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Figure 1: Assigned values (blue) and median values (green) for PBDE individual congeners and sum
parameters for cod liver oil (2104-CLO) [ug/kg fat]

4.2. HBCDDs - individual stereoisomers and sum parameter

The assigned values for the test sample 2104-CLO were calculated as consensus of
participants’ results for individual HBCDDs and sum parameters, taking into account the
calculation criteria described above (Table 9; tabular summary see annex 1; Figure 2).

Table 9: Assigned values for HBCDDs (rounded to three significant figures)

Cod Liver Oil (2104-CLO) Assigned value pg/kg fat
(+/-)-y- HBCDD 0.711
Sum of a-, 3-, y-HBCDD (ub) 0.873
Sum of a-, 3-, y-HBCDD (Ib) 0.783
HBCDD diastereomers - 2104-CLO HBCDD sum parameters - 2104-CLO

content pg/kg
N o o
-~ o @

content pg/kg
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Sum of a-, B-, y-HBCDD ub Sum of a-, B-, y-HBCDD Ib

@Assigned value @Median

Figure 2: Assigned values (blue) and median values (green) for HBCDD individual congeners and sum
parameters for cod liver oil (2104-CLO) [ug/kg fat]
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4.3. TBBPA and eBFRs — individual substances

The assigned values for the test sample 2104-CLO were calculated as consensus of
participants’ results for TBBPA and individual eBFR substances, taking into account the
calculation criteria described above (Table 10 ; tabular summary see annex 1; Figure 3).

Table 10: Assigned values for HBCDDs (rounded to three significant figures)

Cod Liver Oil (2104-CLO) Assigned value pg/kg fat
TBBPA 5.33
HBB 0.336

TBBPA - 2104-CLO emerging BFRs - 2104-CLO

content pg/kg
w IS o o
o NN
PRV

~

ontent ug/kg
N

C
o
o

S st
o N » o

o

TBBPA

mAssigned value  @Median |

PBBz HBB PBT PBEB BTBPE TBX DBDPE

| mAssigned value @Median ‘

Figure 3: Assigned values (blue) and median values (green) for TBBPA and individual emerging BFRs
for cod liver oil (2104-CLO) [ug/kg fat]
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4.4. PCNs - individual substances and sum parameters

The assigned values for the test sample 2104-CLO were calculated as consensus of
participants’ results for individual PCN congeners and calculated sum parameters, taking into
account the calculation criteria described above (Table 11 ; tabular summary see annex 1;
Figure 4 and 5).

Table 11: Assigned values for PCNs (rounded to three significant figures)

Cod Liver Oil (2104-CLO) Assigned value pg/g fat

PCN 42 28.2
PCN 52* 494
PCN 69* 2.38
PCN 73* 1.24
PCN 75* 0.581
Sum PCN 52*/60* 49.7
Sum PCN 64/68* 2.22
Sum PCN 66*/67* 7.54
Sum all 26 PCN congeners (ub) 103
Sum all 26 PCN congeners (Ib) 102
Sum main 12 congeners* and PCN 64 (ub) 67.7
Sum main 12 congeners* and PCN 64 (Ib) 67.2

*recommended 12 main congeners

PCN congeners - 2104-CLO

content pg/g fat
>

B Assigned value B Median

Figure 4: Assigned values (blue) and median values (green) for individual PCN congeners for cod liver oil
(2104-CLO) [pg/g fat]

EURL-ILS-BC_2104-CLO
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Figure 5: Assigned values (blue) and median values (green) for PCN sum parameters for cod liver oil
(2104-CLO) [pg/g fat]

4.5. Comparison of assigned values with recommended LOQs

The limits of quantification are currently based on the values specified in Commission
Recommendation of 3 March 2014, on the monitoring of trace levels of brominated flame
retardants in food (2014/118/EU). For PBDEs the recommended LOQ value is 0.01 pug/kg w.w.
for individual congeners (Table 12). However, it was discussed in the meetings of the core
working group “Brominated Contaminants and PCNs” of the EURL/NRL network that a lower
LOQ value of 0.001 ug/kg w.w. is preferable for all congeners except BDE-209, given that
some foods show concentrations below this level (Table 13). Valid data on the background
contamination of foodstuffs with BFRs is particularly important for a reliable risk assessment.
For HBCDDs the recommended LOQ value is 0.01 pyg/kg w.w. for a-, 3- and y-stereoisomers
(Table 12). For total HBCDD measured by GC-MS, the corresponding LOQ value is 0.003
Mg/kg (as cumulative response of all possible HBCDD diastereomers, Table 13).

Table 12: Recommended LOQs for PBDEs and HBCDDs from COMMISSION RECOMMENDATION
of 3 March 2014 on the monitoring of traces of brominated flame retardants in food (2014/118/EU)

Limit of quantification per congener/stereoisomer

ng/g wet weight

PBDEs <0.01

HBCDDs <0.01

EURL-ILS-BC_2104-CLO
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Table 13: Analytical recommendations from “Guidance document on analytical parameters for the
determination of organobromine contaminants in food and feed” (CWG “BCons and PCNs”)

Limit of quantification per congener/stereoisomer

Hg/kg wet weight

0.01
PBDEs 0.001 (all congeners except BDE-209)
0.01
HBCDDs 0.01 (sum of HBCDDs)
0.003 (total HBCDD)
PBDEs:

All calculated assigned values for individual PBDE congeners were above the recommended
LOQ. For BDE-183 no assigned values could be calculated. The median value of all results
for BDE-183 was at the recommended LOQ of 0.01 pg/kg. For BDE-209, with a median value
of 0.21 pg/kg fat, no assigned value could be calculated as well, indicating, that some
laboratories are not able to determine BDE-209 above the recommended LOQ.

PBDE congeners - 2104-CLO

0.25 -
0.2 -
0.15 -
01+
0.05 - l .
i  —  — — — S — -
) o

@ Assigned value

Figure 6: Comparison of assigned values for PBDE congeners with recommended LOQs (yellow line
at 0.01 pg/kg and red line at 0.001 pg/kg) in cod liver oil (2104-CLO)

content pg/kg

HBCDDs:

For B- and y-HBCDD no assigned values could be calculated, because less than 2/3 of all
reported results were above the LOQs (see calculation criteria section 4). Therefore, the
median values were taken for comparison with the recommended LOQs. For 3-HBCDD
(0.045ug/kg) and y-HBCDD (0.079 pg/kg) both median values were 5 to 7-times above the re
commended LOQs of 0.01 pg/kg w.w., showing that the majority of the laboratories in this PT
could not reliably report results for HBCDDs in cod liver oil in this low concentration range.

EURL-ILS-BC_2104-CLO
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Figure 7: Comparison of assigned values for HBCDD stereoisomers with recommended LOQs
(red line at 0.01 pg/kg product) in cod liver oil (2104-CLO)

5. Evaluation of results

5.1. Z-scores calculation

Criteria for successful participation of laboratories were based on the evaluation of the results
of individual congeners and sum parameters. For evaluation of results of physico-chemical
methods the z-scores were calculated according to the following formula:

_ (x —xq)
Z —_— e—
Op
x: participant’s result
X, assigned value

op: fitness-for-purpose-based standard deviation for proficiency assessment

For PBDE and PCN congeners, eBFR and TBBPA individual substances, HBCDD
diastereomers and PBDE, HBCDD and PCN sum parameters, the standard deviation for
proficiency assessment o, is defined as 20 %.

Z-scores for individual congeners / substances and diastereomers are only calculated and

reported if levels for these congeners are equal to or above the LOQ. Otherwise, no z-scores
will be given.

Interpretation of z-scores:
| z-score|< 2 satisfactory performance
2<|z-score|<3  questionable performance (warning signal)
| z-score| 23 unsatisfactory performance (action signal)

EURL-ILS-BC_2104-CLO
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5.2. PBDEs - Participants’ z-scores

Table 14: Distribution of participants’ z-scores for PBDEs for cod liver oil (2104-CLO)

Percentage of | z-score| < 2 2 <|z-score|<3 | z-score|2 3
participants’ results
BDE-28 86% 5% 9%
BDE-47 92% 4% 4%
BDE-49 100% - ]
BDE-99 96% - 4%
BDE-100 100% - ]
BDE-153 95% 5% -
BDE-154 96% 4% -
Sum of 8 PBDEs

_ 96% - 4%
without BDE-209 (ub)
Sum of 8 PBDE
T 100% - -
including BDE-209 (Ib)
Sum of 9 PBDE
T 84% 5% 11%
including BDE-209 (ub)
Sum of 9 PBDE

95% - 5%

including BDE-209 (Ib)

Z-score distribution - Cod liver oil (2104-CLO)

100% - All participants

80% -
60% -
40% -

20% A

0% -
A

A K ® P O o
Y o o Y ¥ o

o
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o o o 5“‘(\0
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Figure 7: Distribution of participants’ z-scores for PBDE congeners / sum parameters for cod liver oil
[Green bars: -2 < z-score < 2, orange bars: -3 < z-score < -2, 2 < z-score < 3, red bars: z-score < -3,
z-score = 3]
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5.3. HBCDDs - Participants’ z-scores

HBCDD stereoisomers undergo thermal isomerization at temperatures above 160 °C. With GC
elution temperature of these compounds of normally above 160 °C a separation of HBCDD
stereoisomers using GC analysis is not possible. Only one unresolved peak is obtained.
Additional thermal decomposition of HBCDDs is reported for temperatures above 240 °C.
Therefore, in case of applying GC-MS methods for HBCDD analysis determination of total
HBCDD (as sum of all originally present HBCDD diastereomers) is possible only.

Due to the low numbers of results for total HBCDD the sum of a-, B-, y-HBCDD (using LC
separation) was taken for comparison.

Table 15: Distribution of participants’ z-scores for HBCDD for cod liver oil (2104-CLO)

Percentage of | z-score| < 2 2 <|z-score|<3 | z-score|2 3
participants’ results

a-HBCDD 92% _ 8%

Sum of a-, B-, y-HBCDD (Ib) 84% 8% 8%
Sum of a-, #-, y-HBCDD (ub) 92% _ 8%
Total HBCDD* 100% - -

*Comparison of participants’ results for total HBCDD with assigned value for sum of a-, 8-, y-HBCDD (ub)

Z-score distribution - Cod liver oil (2104-CLO)

100% - All participants

80% -
60% -
40% -

20% -

0% - T T T T T T
a-HBCDD B-HBCDD y- HBCDD Sum of a-, B-Sum of a-, B-  Total
,y-HBCDD ,y-HBCDD HBCDD
ub Ib

Figure 8: Distribution of participants’ z-scores for HBCDD stereoisomers / sum parameters for
cod liver oil (2104-CLO) [Green bars: -2 < z-score < 2, orange bars: -3 < z-score <-2, 2 < z-score < 3,
red bars: z-score < -3, z-score = 3]
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5.4. TBBPA
Table 16: Distribution of participants’ z-scores for TBBPA for cod liver oil (2104-CLO)

Percentage of | z-score| < 2 2 <|z-score|<3 | z-score|2 3

participants’ results

TBBPA 88% 12% -

5.5. eBFRs z-scores

Table 17: Distribution of participants’ z-scores for eBFR for cod liver oil (2104-CLO)

Percentage of | z-score| < 2 2 <|z-score| <3 | z-score|2 3

participants’ results

HBB 100% - -

Table 18: Deviation in percentage of participants’ results from standard solutions prepared
concentration (eBFR 200 pg/ul and DBDPE 500 pg/pl)

Deviation from

prepared PBBz HBB PBT PBEB | BTBPE TBX DBDPE
;:no(r)}ocentration 200 pg/ul | 200 pg/ul | 200 pg/ul | 200 pg/ul | 200 pg/ul | 200 pg/ul | 500 pglul
LC3 5 2 1 72 0 -19
LC13 12 12 11 12 64 19 17
LC14 10 11 10

LC19 10 5 -5 -5 18
LC20 14 18 18 10 17 21
LC25 13 4 8 12 74 2 -9

Participants registered for analysis of the listed eBFR group were asked to quantify the seven
eBFR analytes in prepared standard solutions of 200 and 500 pg/ul using their own quantifi-
cation standards. Reported concentrations had a deviation of up to 21% (DPDPE) for all
analytes except BTBPE. For BTBPE, deviations of up to 74% from the prepared concentra-
tion were calculated. This will be followed up at a later stage.

EURL-ILS-BC_2104-CLO
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5.6. PCN z-scores

Table 19: Distribution of participants’ z-scores for PCNs for cod liver oil (2104-CLO)

Percentage of | z-score| < 2 2 <|z-score|<3 | z-score|2 3
participants’ results

PCN 4 100% . -
PCN 52 70% 10% 20%
PCN 69 89% - 11%
PCN 73 78% - 22%
PCN 75 88% - 12%
PCN 52*/60* 90% _ 10%
PCN 64/68* 80% _ 20%
PCN 667767 70% 20% 10%
Sum all 26 congeners (ub) 80% . 20%
Sum all 26 congeners (lb) 80% . 20%
Sum 12 main congeners & 80% 10% 10%
PCN 64 (ub)

Sum 12 main congeners 80% 10% 10%
& PCN 64 (Ib)

6. Participants’ feedback

A questionnaire for feedback from participants of this EURL proficiency test was available as
online survey between 12 November 2021 and 21 December 2021. The survey was
anonymous, but participants could also give their laboratory name. The identity of the
laboratories is kept confidential. The survey included several questions related to different
topics (participants’ information, organization of the proficiency test, PT test samples and
evaluation of results and summary of data) and a possibility to include comments and further
suggestions. In total, 5 laboratories (17 % of all PT participants) replied to this survey.

Table 20: Participating laboratories in the feedback survey

Type of laboratory Answers
National Reference Laboratory (NRL) 4
Official Laboratory (OFL) 1
Commercial laboratory / Other (e.g. research and development) / no answer 0

EURL-ILS-BC_2104-CLO
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General aspect

How satisfied are you with the organization of this proficiency test in general? Please rate the
parts below according to your experience, with 0 stars meaning "no opinion" and 5 stars
meaning "full satisfaction".

Announcement W W I T
Instructions WX
sample shipment 7 57 777
Reporting of results 7 7 7 7 ¥

Preliminary report ﬁ ﬁ ﬁ ﬁ ﬁ

Did the proficiency test meet expectations?

|
< (messsssss @) (O D

0 10

Specific aspects of this proficiency test

We would like to know a bit more about specific aspects of this proficiency test. Please rate
the aspects below according to your experience, with 0 stars meaning "no opinion" and 5 stars
meaning "full satisfaction".

Was all necessary information for participation and performance

of the PT provided in an understandable way? ii? ﬁ ﬁ ﬁ ﬁ
Was the time frame acceptable? ﬁ ﬁ ﬁ ﬁ i:f’
Was the handling of EUSurvey as webtool for reporting and

source of instructions manageable? ﬁ iﬁ? ﬁ ﬁ i—?

Was the evaluation of participant's results and the information in
the preliminary report clear and comprehensible? ﬁ ﬁ ﬁ ﬁ ﬁ

EURL-ILS-BC_2104-CLO
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Was the selected sample adequate for the goal to assess analytical performance of
laboratories in relevant matrices?

Choice of matrix ﬁ ﬁ ﬁ ﬁ ﬁ
Level of contamination (BCon) ﬁ ﬁ ﬁ ﬁ ﬁ
Level of contamination (PCNs) ﬁ ﬁ ﬁ ﬁ ﬁ

No further comments or any suggestions for improvements were submitted.

7. Quality control

The Deutsche Akkreditierungsstelle GmbH attests that the provider of proficiency testing
Chemisches und Veterinaruntersuchungsamt Freiburg, EU Reference Laboratory (EURL) for
halogenated persistent organic pollutants (POPs) in feed and food is competent under the
terms of DIN EN ISO/IEC 17043:2010 to carry out proficiency testing in the testing field of
determination of halogenated persistent organic pollutants (POPs) in food and feed
(Accreditation number: D-EP-18625-01-00).

8. Results of participants

An overview of the PBDE, eBFR, HBCDD, TBBPA and PCN results for the ILS test sample
cod liver oil (2104-CLO) are given in the following annexes. Laboratories are coded according
to the laboratory codes sent after registration.
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10. Annex

(Please download the report and open it with a common pdf reader. After that you can open the annexes by double
clicking the pdficons. )

Cod Liver Oil — 2104-CLO

1 Assigned values — PBDEs, HBCDDs, TBBPA, eBFRs, PCNs

PO

2 Participants’ results — Tables — PBDEs, HBCDDs, TBBPA, eBFRs, PCNs

A

-

3 Participants’ z-scores — Tables — PBDEs, HBCDDs, TBBPA, HBB, PCNs

4 Participants’ z-scores — Charts — PBDEs, HBCDDs, TBBPA, HBB

5 Participants’ z-scores — Charts — PCNs

6 Test for sufficient homogeneity and stability
eBFR and DBDPE test standard solutions

7 Assigned values — eBFRs standard solutions

8 Participants’ results — eBFRs standard solutions

B »EI IR A

3

9 Participants’ z-scores — eBFRs standard solutions

Analytical Methods

10  Participants’ methods 1 for PBDEs, HBCDDs, TBBPA, eBFRs

11  Participants’ methods 2 for PCNs

EURL for halogenated POPs in Feed and Food
c/o State Institute for Chemical and Veterinary Analysis of Food Freiburg

/IZ@O\QJ\CLJ

Theresa Zwickel
Phone: +49 761 8855 500 E-Mail: pt@eurl-pops.eu
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
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Annex 2: Participants' results of PBDEs, HBCDDs, eBFRs, TBBPA and PCNs

Test sample - Cod Liver oil (2104-CLO)
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

PBDEs - Results

Sample

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

Result

Hg’kg
fat

EURL-ILS-BC_2104-CLO

BDE-28

2,2'4-

triboromodiphenyl ether

0.0738

0.0673

0.0704

0.0783

0.064

0.075
0.077
0.0743
0.073
0.072
0.0566

<0.25
0.0677
0.064

0.211
0.075
0.109
0.0789
0.079

0.064
0.0727

0.374
0.074

BDE-47
2,2'4,4"-
tetrabromodiphenyl ether

1.19

1.22
1.44
1.94

1.13
1.21

1.29
1.26

BDE-49
2,2'4,5"-
tetrabromodiphenyl ether
0.453

0.365
0.299
0.375

0.412
0.49
0.486
0.374
0.383
0.347

0.534
0.399

0.338
0.39
0.484
0.387
0.42

0.499
<0.125
0.405

BDE-99
2,2'4,4'5-
pentabromodiphenyl ether
0.194
0.165
0.162
0.21
0.175

0.225
0.21
0.215
0.182
0.184
0.156

<0.25
0.171
0.156

0.217
0.24
0.187
0.228
0.41

0.184
0.19

0.235
0.186

BDE-100
2,2'4,4'6-
pentabromodiphenyl ether
0.336
0.303
0.307
0.35
0.323

0.354
0.36
0.364
0.317
0.33
0.27

0.291
0.352
0.317

0.375
0.32
0.338
0.388
0.38

0.312
0.343

0.46
0.331

BDE-153
2,2'4,4'5,5-
hexabromodiphenyl ether
0.0563
0.0493
0.0548
0.055
0.046

<0.07
0.052
0.0596
0.0527
0.0529
0.0435

<0.25
0.0608
0.054

0.0667
0.06
0.0509
0.0662
0.069

0.088
0.0617

<0.125
0.056

Report Version 1.0

BDE-154
2,2'4,4'5,6-
hexabromodiphenyl ether
0.208
0.176
0.224
0.311
0.221

0.219
0.24
0.258
0.273
0.265
0.239

0.261
0.269
0.189

0.24
0.34
0.215
0.309
0.23

0.233
0.304

0.37
0.233

BDE-183
2,2'3,4,4'5',6-
heptabromodiphenyl ether
<0.01
0.00996
<0.0054
0.00565
0.0071

<0.07

<0.01

<0.01
<0.007
0.00517
0.00381

<0.25
0.0184
< 0.00885

0.0515
0.021
<0.0181
<0.01
0.034

0.00756
<0.125
0.005

BDE-209
2,2'3,3'4,4'55'6,6-
decabromodiphenyl ether

<1.25
0.147

Sum of 8 PBDE
without BDE-209
(ub)

2.6
1.92
249
2.66
2.38

2.85
2.88
2.86
257
2.56
2.18

443
2.15
2.49

2.69

2.62
291
3.57

28
2.98
255

Sum of 8 PBDE
without BDE-209
(Ib)

2.59
1.92
2.48
2.66
2.38

2.64
2.87
2.85
2.56
2.56
218

3.43
215
248

2.69

261
291
3.57

2.8
273
2.55

Sum of 9 PBDE
including BDE-209
(ub)

3
3.41
2.61
2.1/
2.52

3.05
297
2.96
3.06
278
2.2

5.68
243
3.18

2.85
4.75
2.62

4.23
2.697

Sum of 9 PBDE
without BDE-209
(Ib)

2.59
3.41
2.6
2.71
2.52

2.84
2.96
2.85
2.56
2.56
2.2

3.43
243
248

2.85

4.75
272

273
2.697
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
HBCDDs - Results

(+/-)-a-HBCDD (+/-)-B- HBCDD (+/-)-y- HBCDD Sum of a-, B-, y-HBCDD Sum of a-, B-, y-HBCDD Total HBCDD
Sample 1,2,5,6,9,10-hexabromo- 1,2,5,6,9,10-hexabromo- 1,2,5,6,9,10-hexabromo- (ub) (Ib) (using GC-methods)
(1R,2R,5S,6R,9R,10S)-rel-cyclododecane (1R,2S,5R,6R,9R,10S)-rel-cyclododecane (1R,2R,5R,6S,9S,10R)-rel-cyclododecane
2104-CLO 0.79 <0.12 <0.37 1.28 0.79
2104-CLO
2104-CLO 0.699
2104-CLO 0.726
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO 0.763 0.034 0.082 0.879 0.879
2104-CLO
2104-CLO 0.611 0.0287 0.0563 0.696 0.696
2104-CLO 0.717 0.0488 0.0842 0.85 0.85
2104-CLO 0.687
2104-CLO <1.25 <1.25 <1.25
2104-CLO
2104-CLO 0.76 <01 <0.1 0.96 0.76
2104-CLO 0.697 <0.033 0.0751 0.805 0.772
2104-CLO
2104-CLO 14 <01 0.24 1.74 1.64
2104-CLO 0.703 <0.02 0.062 0.765 0.785
2104-CLO 0.845 0.045 0.0701 0.96 0.96
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO 0.79 0.06 0.9 0.85
2104-CLO
2104-CLO 0.66 0.03 0.07 0.76 0.76
2104-CLO 0.58 <0.04 <0.12 0.74 0.58
2104-CLO 0.614 <04 0.0762 1.09 0.69

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
TBBPA - Results

Sample

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

EURL-ILS-BC_2104-CLO

TBBPA
Tetrabromobisphenol A

5.63

5.45

7.58

5.1
5.01

5.47

5.33
4.7

Report Version 1.0
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
eBFRs - Results

Sample

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

EURL-ILS-BC_2104-CLO

PBBz
1,2,3,4,5-Pentabromobenzene

HBB

1,2,3,4,5,6-Hexabromobenzene

PBT

1,2,3,4,5-Pentabromo-6-

PBEB

BTBPE
1,2,3,4,5-Pentabromo-6-ethylbenzene 1,1'-[1,2-Ethanediyl-bis(oxy)] bis[2,4,6-

TBX
1,2,4,5-Tetrabromo-3,6-

DBDPE
1,1'<(1,2-Ethanediyl)bis[2,3,4,5,6-

methylbenzene tribromo]benzene dimethylbenzene pentabromo-benzene]

0.318 0.298 0.256 0.701 0.31 1.51
0.307 0.304 0.348 0.317 1.18 0.295 <01
0.372 0.423 0.489 0.572 0.865 0.439 2.49
0.328 0.319 0.692 0.809 0.346 1.67
0.306 0.305 0.288 0.305 0.917 0.29 2.83

0.374 0.415 0.386

0.36 0.28 0.37 0.24 3
0.343 0.306 0.327 0.225 0.685 0.423 2.03
0.238 0.205 0.241 0.238 0.745 0.27 3.72

0.37 1.09

Report Version 1.0
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Result PCN 27
LC  Sample pa/g 1,2,3,4-
fat Tetrachloro-
naphthalene
1 2104-CLO
2 2104-CLO
3 2104-CLO | 751
4A  2104-CLO 2.69
5 2104-CLO | <026
6A  2104-CLO 0.62
7 2104-CLO |
8  2104-CLO
9 2104-CLO |
10 2104-CLO
11 2104-CLO |
12 2104-CLO 1.18
13 2104-CLO |
14 2104-CLO
15 2104-CLO | 193
16 2104-CLO <02
17 2104-CLO |
18 2104-CLO
19A  2104-CLO |
20  2104-CLO 0.881
21 2104-CLO |
22 2104-CLO
23 2104-CLO |
24 2104-CLO
25  2104-CLO |
26 2104-CLO
27 2104-CLO |
28 2104-CLO <1.38
29 2104-CLO |
* main S
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCNs - Results

EURL-ILS-BC_2104-CLO

PCN 28

12,3,5-
Tetrachlor-
onaphthalene

<0.627
3.26
3.21

3.4

7.51

<0.56
2.29

PCN 31

1,2,3,8-
Tetrachloro-
naphthalene

<0.056

PCN 36

1,2,5,6-
Tetrachloro-
naphthalene

18.7
PCN 28
3.21

PCN 28

PCN 28
<02

<0.56

PCN 42

1,3,57-
Tetrachloro-
naphthalene

39.7

224

30.2

29.4
30.2

27
244

28.07

PCN 46

1,4,5,8-
Tetrachloro-
naphthalene

5.13
1.74
1.56

1.86

1.86

1.34

PCN 48

2,36,7-
Tetrachloro-
naphthalene

111
0.42
0.52

0.429

0.472
<02

PCN 49

1,2,3,4,5-
Pentachloro-
naphthalene

522
<03
<0.35

0.394

0.245

<0.259

PCN 50

1,2,3,4,6-
Pentachloro-
naphthalene

6.52

1.59

1.75

1.76

295

PCN 52*

1,2,3,57-
Pentachloro-
naphthalene

18.3
57.3
47.5
10.7

54.9

52.8
47.7

26
48.9

45.39

PCN 53*

1,2,3,58-
Pentachloro-
naphthalene

0.28
5.96
291
7.89

3.49

297
25

6.2
2.62

2.68

PCN 59

1,2,4,5,8-
Pentachloro-
naphthalene

5.82

2.41

4.1

PCN 60*

1,2,4,6,7-
Pentachloro-
naphthalene

PCN 52*

PCN 52*

PCN 52*
20.6

PCN 52*

PCN 52*

25
PCN 52*

PCN 52*

PCN 63
1,2,3,4,5,6-

PCN 64

PCN 68*
513 PCN 68*
PCN 68*
<0.41 0.83
0.58 3.03
PCN 68*
1.4
<0.68 PCN 68*

Report Version 1.0

1,2,34,5,7-
Pentachloro-  Pentachloro-
naphthalene  naphthalene

PCN 65

1,2,3,4,58-
Hexachloro-
naphthalene

8.75
0.43
<0.49

0.47

0.493

0.513

0.8

PCN 66*

1,2,3,4,6,7-
Hexachloro-
naphthalene

5.55
18.8
6.74
3.09

8.59

PCN 67*
3.5

3.5
9.35

8.2

PCN 67*

1,2,3,5,6,7-
Hexachloro-
naphthalene

PCN 66*

PCN 66*

PCN 66*
3.09

PCN 66*

8.18
PCN 66*

PCN 66*
PCN 66*

PCN 66*

PCN 68*

1,2,3,5,6,8-
Hexachloro-
naphthalene

1.92
14.5
2.47
0.83

PCN 64

28
2.1

PCN 64
4.48

234

PCN 69*

1,2,3,5,7,8-
Hexachloro-
naphthalene

2.04
7.09
2.39
1.75

2.67

2.6

22
3.35

2.36

PCN 70

1,2,3,6,7,8-
Hexachloro-
naphthalene

2.08
<0.2
<0.41

0.124

<0.154

<0.117

<0.73

PCN 71*

1,2,4,5,6,8-
Hexachloro-
naphthalene

0.0564
1.2
218
0.96

27

2.1
3.8

1.35

PCN 72*

1,2,4,5,7,8-
Hexachloro-
naphthalene

PCN 71*

PCN 71*

PCN 71*
0.96

PCN 71*

2.54
<02

PCN 71*
PCN 71*

PCN 71*

PCN 73*
1,2,3,4,5,6,7-
Heptachloro-
naphthalene

0.954
9.65
1.19

<4.03

1.43

1.56
il

2.1
1.22

1.22

PCN 74* PCN 75*
1,2,3,4,5,6,8-
Heptachloro- Octachloro-

naphthalene EENED

0.125 0.453
248 5.66
<05 <0.5
<1.09 0.61
0.385 0.732
0.77
0.5
<0.31 <0.31
0.45 0.531
0.33 0.81
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EURL Interlaboratory Study on the Deter
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCNs - Results - Sum parameters

LC Sample
1 2104-CLO
2 2104-CLO
3 2104-CLO
4A 2104-CLO
5 2104-CLO
6A 2104-CLO
7 2104-CLO
8 2104-CLO
9 2104-CLO
10 2104-CLO
1 2104-CLO
12 2104-CLO
13 2104-CLO
14 2104-CLO
15 2104-CLO
16 2104-CLO
17 2104-CLO
18 2104-CLO
19A  2104-CLO
20 2104-CLO
21 2104-CLO
22 2104-CLO
23 2104-CLO
24 2104-CLO
25 2104-CLO
26 2104-CLO
27 2104-CLO
28 2104-CLO
29 2104-CLO
* main

EURL-ILS-BC_2104-CLO

of

C

and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

Sum Sum Sum Sum Sum Sum all Sum all Sum * Sum *
PCN28/36  PCN52'/60" PCN64/68*  PCN66%/67* PCN 7I1l:l72‘ 26 congeners 26 congeners 12 main congners & PCN 12 main congners & PCN
(Ib) (Ib) (Ib) (Ib) (Ib) (ub) (Ib) 64 (ub) 64 (Ib)
18.3 1.92 5.55 0.0564 37.2 37.2 29.7 29.7
18.7 57.3 14.5 18.8 11.2 249 249 133 133
3.26 475 247 6.74 218 103 101 65.4 66.4
6.42 31.3 1.66 6.18 1.92 94.2 87.4 51.3 56.4
3.40 54.9 3.03 8.59 270 122 122 77.9 77.9
7.51 52.8 2.80 8.18 2.54 118 118 74.2 74.2
477 210 3.50 1.00 89.2 88.6 58.4 58.4
51.0 1.40 3.50 2.10 97.2 95.5 68.5 69.1
229 48.9 4.48 9.35 3.8 107 107 747 747
454 2.34 8.20 1.35 93.6 93.6 64.7 64.7
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EURL POPs
Annex 2
Annex 2


European Union Reference Laboratory for halogenated POPs in Feed and Food

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
26 August 2022

Annex 3: Participants' z-scores of PBDEs, HBCDDs, HBB, TBBPA and PCNs
Test sample - Cod Liver oil (2104-CLO)
Z-scores of sum parameters and individual results

Calculation of z-score on basis of assigned value
z=(x-x,)/ o,

X assigned value
X: participant's result
(oY fitness-for-purpose-based standard deviation for proficiency assessment
20%: Evaluated individual PBDE congeners and HBCDD diastereomers and sum

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 3





EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

PBDE - Z-scores

Z-score BDE-28 BDE-47 BDE-49 BDE-99 BDE-100 BDE-153 BDE-154 Sum of 8 PBDE Sum of 8 PBDE Sum of 9 PBDE Sum of 9 PBDE
LC Sample [0, =20 %] 2,2'4- 2,2'4,4'- 2,2'4,5'- 2,2'4,4'5- 2,2'4,4'6- 2,2'4,4'55'"- 2,2'4,4'5,6'"- without BDE-209 without BDE-209 including BDE-209 without BDE-209

tribromodiphenyl ether tetrabromodiphenyl ether tetrabromodiphenyl ether pentabromodiphenyl ether pentabromodiphenyl ether hexabromodiphenyl ether hexabromodiphenyl ether (ub) (Ib) (ub) (Ib)
1 2104-CLO 0.1 0.0 0.5 -0.1 0.0 -0.1 -0.8 -0.1 -0.1 0.3 -0.2
2 2104-CLO -0.3 -0.5 -0.8 -0.5 -0.7 -1.4 -1.4 -1.4 1.0 1.3
3 2104-CLO -0.1 0.1 -0.6 -0.9 -0.5 -0.2 -0.5 -0.3 -0.3 -0.4 -0.2
4 2104-CLO 0.4 0.3 -1.4 0.4 0.2 -0.2 1.3 0.0 0.0 -0.2 0.0
5 2104-CLO -0.6 -0.4 -0.4 -0.5 -0.2 -1.0 -0.5 -0.5 -0.5 -0.6 -0.3
6 2104-CLO
7 2104-CLO 0.2 0.3 0.0 0.7 0.2 -0.6 0.4 0.0 0.4 0.3
8 2104-CLO 0.3 0.6 0.9 0.4 0.3 -0.4 -0.1 0.4 0.4 0.2 0.5
9 2104-CLO 0.1 0.4 0.9 0.5 0.4 0.2 0.2 0.4 0.4 0.2 0.3
10 2104-CLO 0.1 0.0 -0.5 -0.4 -0.3 -0.4 0.5 -0.2 -0.2 0.4 -0.2
11 2104-CLO 0.0 0.0 -0.4 -0.3 -0.1 -0.4 0.4 -0.2 -0.2 -0.1 -0.2
12 2104-CLO -1.1 -0.9 -0.8 -1.0 -1.0 -1.2 -0.2 -0.9 -0.9 -1.1 -0.9
13 2104-CLO
14 2104-CLO 4.1 1.5 -0.7 0.3 34 15 5.0 14
15 2104-CLO -0.3 -0.2 -0.6 0.2 0.3 0.4 -0.9 -0.9 -0.7 -0.5
16 2104-CLO -0.6 0.1 -0.2 -1.0 -0.3 -0.3 -1.2 -0.3 -0.3 0.6 -0.4
17 2104-CLO
18 2104-CLO 9.6 -0.4 -0.9 0.5 0.5 0.9 -0.1 0.1 0.1 0.0 0.3
19 2104-CLO 0.2 0.9 -0.3 1.1 -0.3 0.3 1.9 0.6 0.6 3.3 3.8
20 2104-CLO 25 -0.2 0.9 -0.2 0.0 -0.5 -0.6 -0.1 -0.1 -0.4 0.1
21 2104-CLO 0.5 0.6 -0.3 0.8 0.7 0.8 1.3 0.5 0.5
22 2104-CLO 0.5 26 0.1 55 0.6 1.1 -0.3 1.7 1.8
23 2104-CLO
24 2104-CLO -0.6 -0.6 -0.3 -0.4 27 -0.3
25 2104-CLO
26 2104-CLO 0.0 -0.3 1.1 -0.2 0.1 0.4 1.2 0.3 0.3
27 2104-CLO 20.9 0.0 1.0 1.8 25 0.6 0.2 24 0.1
28 2104-CLO 0.1 -0.1 -0.1 -0.3 -0.1 -0.1 -0.3 -0.2 -0.2 -0.3 0.0
29 2104-CLO

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
HBCDD - Z-scores

LC Sample

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
10 2104-CLO
11 2104-CLO
12 2104-CLO
13 2104-CLO
14 2104-CLO
15 2104-CLO
16 2104-CLO
17 2104-CLO
18 2104-CLO
19 2104-CLO
20 2104-CLO
21 2104-CLO
22 2104-CLO
23 2104-CLO
24 2104-CLO
25 2104-CLO
26 2104-CLO
27 2104-CLO
28 2104-CLO
29 2104-CLO
12A 2104-CLO

©o~NO s WN =

* Z-scores for information only; calculation based on assigned value for sum of a-, B-, y-HBCDD (Ib)

EURL-ILS-BC_2104-CLO

(+/-)-a-HBCDD

Sum of a-, B-, y-HBCDD

Sum of a-, B-, y-HBCDD

Total HBCDD

1,2,5,6,9,10-hexabromo- (ub) (Ib) (using GC-methods*)
(1R,2R,5S,6R,9R,10S)-rel-cyclododecane
0.6 23 0.0
-1.0
-0.8
04 0.0 0.6
-0.7 -1.0 -0.6
0.0 -0.1 04
-1.1
0.3 0.5 -0.1
-0.1 -0.4 -0.1
4.8 5.0 55
-0.1 -0.6 0.0
0.9 0.5 1.1
0.6 0.2 04
-0.4 -0.6 -0.1
-0.9 -0.8 -1.3
-0.7 1.2 -0.6

Report Version 1.0
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
TBBPA - Z-scores

TBBPA
Le SamE Tetrabromobisphenol A

1 2104-CLO 0.3
2 2104-CLO

3 2104-CLO

4 2104-CLO

5 2104-CLO

6 2104-CLO

7 2104-CLO

8 2104-CLO

9 2104-CLO

10 2104-CLO

11 2104-CLO

12 2104-CLO

13 2104-CLO

14 2104-CLO 0.1
15 2104-CLO

16 2104-CLO

17 2104-CLO 21
18 2104-CLO

19 2104-CLO -0.2
20 2104-CLO -0.3
21 2104-CLO

22 2104-CLO

23 2104-CLO

24 2104-CLO

25 2104-CLO

26 2104-CLO 0.1
27 2104-CLO

28 2104-CLO 0.0
29 2104-CLO -0.6

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
eBFR - Z-scores

HBB
LC  Sample 1,2,3,4,5,6-Hexabromobenzene
1 2104-CLO

2 2104-CLO

3 2104-CLO 0.3
4 2104-CLO

5 2104-CLO 0.5
6  2104-CLO

7 2104-CLO

8  2104-CLO

9 2104-CLO 1.3
10 2104-CLO

11 2104-CLO

12 2104-CLO 0.3
13 2104-CLO -0.5
14 2104-CLO 06
15 2104-CLO

16 2104-CLO

17 2104-CLO

18 2104-CLO

19 2104-CLO 04
20  2104-CLO 0.4
21 2104-CLO

22 2104-CLO

23 2104-CLO

24 2104-CLO

25  2104-CLO -1.9
26 2104-CLO

27 2104-CLO

28 2104-CLO 0.5
29 2104-CLO

EURL-ILS-BC_2104-CLO

Report Version 1.0
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EURL Interlaiboratory étudy on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PBDE - Z-scores

Sample

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

EURL-ILS-BC_2104-CLO

PCN 42 PCN 52* PCN 69* PCN 73* PCN 75*
1,3,5,7- 1,2,3,5,7- 1,2,3,5,7,8- 1,2,3,4,5,6,7- Octachloro-
Tetrachloro- Pentachloro- Hexachloro- Heptachloro- A ——.
naphthalene naphthalene naphthalene naphthalene P
-3.1 -0.7 -1.2 -1.1
2.0 0.8 9.9 33.9 43.7
0.0 -0.2 0.0 -0.2
-1.0 -3.9 -1.3 0.2
0.4 0.6 0.6 0.8 1.3
0.2 0.3 0.5 1.3 1.6
0.4 -0.2 -0.6 -0.7
-0.2 -2.4 -0.4 3.5
-0.7 -0.1 2.0 -0.1 -0.4
0.0 -0.4 0.0 -0.1 2.0

Sum Sum Sum Sum all Sum all Sum * Sum *
IR " P 12 main congners & 12 main congners &
PCN 52*/60 PCN 64/68 PCN 66*/67 26 congeners (ub) 26 congeners (Ib) PCN 64 (ub) PCN 64 (Ib)

-3.2 -0.7 -1.3 -3.2 -3.2 -2.8 -2.8

0.8 277 7.5 71 7.2 4.8 4.9
-0.2 0.6 -0.5 0.0 -0.1 -0.2 -0.1
-1.9 -1.3 -0.9 -0.4 -0.7 -1.2 -0.8

0.5 1.8 0.7 0.9 1.0 0.8 0.8

0.3 1.3 0.4 0.7 0.8 0.5 0.5
-0.2 -0.3 2.7 -0.7 -0.7 -0.7 -0.7

0.1 -1.8 -2.7 -0.3 -0.3 0.1 0.1

-0.1 5.1 1.2 0.2 0.2 0.5 0.6
-0.4 0.3 0.4 -0.5 -0.4 -0.2 -0.2
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EURL POPs
Annex 3
Annex 3


European Union Reference Laboratory for halogenated POPs in Feed and Food

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
26 August 2022

Annex 4: Participants' z-scores of PBDEs, HBCDDs, HBB and TBBPA - Charts
Test sample - Cod Liver oil (2104-CLO)
Z-scores of sum parameters and individual results

Calculation of z-score on basis of assigned value
z=(x-x,)/ o,
X assigned value
X: participant's result
(o fitness-for-purpose-based standard deviation for proficiency assessment
20%: Evaluated individual PBDE congeners and HBCDD diastereomers and sum

+ 2 z-scores:
+ 3 z-scores: —

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 4





EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
BDE-28
Assigned value: 0.0722 pg/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
BDE-47
Assigned value: 1.28 pg/kg fat

20 %)

(o

Z-sqore
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Laboratory code
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
BDE-49
Assigned value: 0.412 pg/kg fat

(o

=20 %)
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
BDE-99
Assigned value: 0.196 pg/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
BDE-100
Assigned value: 0.338 pg/kg fat

20 %)
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Laboratory code
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
BDE-153
Assigned value: 0.0569 pg/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
BDE-154
Assigned value: 0.247 pg/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Sum of 8 PBDE without BDE-209 ub
Assigned value: 2.65 pg/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Sum of 8 PBDE without BDE-209 Ib
Assigned value: 2.64 pg/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Sum of 9 PBDE including BDE-209 ub
Assigned value: 2.85 pg/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Sum of 9 PBDE including BDE-209 Ib
Assigned value: 2.69 ug/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
(+/-)-a-HBCDD
Assigned value: 0.711 ug/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Sum of a-, -, y-HBCDD ub
Assigned value: 0.873 ug/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Sum of a-, -, y-HBCDD Ib
Assigned value: 0.783 ug/kg fat
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EURL Proficiency Test on the DEURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLQ]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

TBBPA
Assigned value: 5.33 pg/kg fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

HBB
Assigned value: 0.336 ug/kg fat
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European Union Reference Laboratory for halogenated POPs in Feed and Food

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
26 August 2022

Annex 5: Participants' z-scores of PCNs - Charts
Test sample - Cod Liver oil (2104-CLO)
Z-scores of sum parameters and individual results

Calculation of z-score on basis of assigned value
z=(x-x,)/ o,
X assigned value
X: participant's result
(oY fitness-for-purpose-based standard deviation for proficiency assessment
20%: Evaluated individual PBDE congeners and HBCDD diastereomers and sum

+ 2 z-scores:
+ 3 z-scores: —

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 5





EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCN 42
Assigned value: 28.2 pg/g fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCN 52*
Assigned value: 49.4 pg/g fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCN 69*
Assigned value: 2.38 pg/g fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCN 73*
Assigned value: 1.24 pg/g fat
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EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 5





EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCN 75*
Assigned value: 0.581 pg/g fat
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Laboratory code
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
sum 52/60* (Ib)
Assigned value: 49.7 pg/g fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
sum 64/68* (Ib)
Assigned value: 2.22 pg/g fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
sum 66/67* (Ib)
Assigned value: 7.54 pg/g fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
sum all (26 PCNs) ub
Assigned value: 103 pg/g fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
sum all (26 PCNs) Ib
Assigned value: 102 pg/g fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
sum all* (main 12 and PCN 64) ub
Assigned value: 67.7 pg/g fat
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
sum all* (main 12 and PCN 64) Ib
Assigned value: 67.2 pg/g fat
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European Union Reference Laboratory for halogenated POPs in Feed and Food

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
26 August 2022

Annex 6: Test for sufficient homogeneity and stability for PBDEs, HBCDDs, PCNs and eBFRs

Test sample - Cod Liver oil (2104-CLO)

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 6





=EURL
BPOPs

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
HBCDDs - Homogeneity test - Data

Result
Analyte ua/kg
fat

(+/-)-a-HBCDD
(+/-)-B- HBCDD
(+/-)-y- HBCDD

EURL-ILS-BC_2104-CLO

Mean

(n =10, duplicate analysis)

0.691
0.0407
0.0767

Report Version 1.0

(n =10, duplicate analysis)

Relative standard deviation
[%]

3%

6%
4%

Annex 6 - Page 1 of 6
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCNs - Homogeneity test - Data

Mean Median Relative standard deviation

Analyte (n =10, duplicate analysis) (n =10, duplicate analysis) [%]
PCN 42 30.6 30.6 2%
PCN 46 1.68 1.68 \ 5%
PCN 64/68 3.03 3.00 5%
PCNs 66/67 8.84 8.81 \ 4%
PCNs 71/72 2.86 2.88 7%
PCN 73 1.48 1.48 \ 10%
PCN 74 0.378 0.382 16%
PCN 75 0.659 0.680 \ 15%

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 6 - Page 2 of 6
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PBDEs - Homogeneity test - Data

Mean Median Relative standard deviation

Analyte (n =10, duplicate analysis) (n =10, duplicate analysis) [%]
BDE-28 0.0566 0.0571 5%
BDE-47 1.06 1.07 3%
BDE-49 0.347 0.341 8%
BDE-99 0.156 0.157 4%
BDE-100 0.270 0.273 4%
BDE-153 0.0435 0.0435 3%
BDE-154 0.239 0.235 5%
BDE-183 0.00381 0.00382 14%
BDE-209 0.109 0.105 19%

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 6 - Page 3 of 6





=EURL
B8POPs

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
eBFRs - Homogeneity test - Data

Result
Analyte ua/kg
fat
pTBX
PBBz
HBB
DBDPE

EURL-ILS-BC_2104-CLO

Mean

(n =10, duplicate analysis)

0.346

0.328

0.319
1.72

Report Version 1.0

(n =10, duplicate analysis)

Relative standard deviation
[%]

3.2%
0.4%
0.5%
19%
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for Halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Selected congeners/isomers - Homogeneity test - Data

a-HBCDD PCN 73 BDE 49 HBB
Sample Replicate ug/kg pg/g ug/kg ug/kg
2 1 0.720 1.42 0.340 0.326
2 0.715 1.60 0.377 0.314
4 1 0.693 1.49 0.339 0.327
2 0.698 1.70 0.316 0.315
5 1 0.690 1.49 0.359 0.324
2 0.666 1.60 0.325 0.318
7 1 0.710 1.49 0.337 0.320
2 0.672 1.44 0.347 0.308
11 1 0.685 1.53 0.440 0.321
2 0.663 1.66 0.353 0.312
24 1 0.682 1.45 0.342 0.327
2 0.636 1.42 0.349 0.316
54 1 0.710 1.47 0.327 0.321
2 0.723 1.19 0.347 0.323
66 1 0.683 1.21 0.338 0.318
2 0.672 1.67 0.375 0.315
83 1 0.707 1.33 0.346 0.311
2 0.706 1.48 0.317 0.321
105 1 0.706 1.47 0.335 0.325
2 0.678 1.44 0.325 0.320
Cochran's C-test
(¢} 0.368 0.501 0.554 0.190
Ceritical (@ =0.05, m =2, n=10) 0.602 0.602 0.602 0.602
Coiticat (@ =0.01, m =2, n = 10) 0.718 0.718 0.718 0.718
C< Ccritical yes yes yes yes
Outliers no evidence for analytical outliers no evidence for analytical outliers no evidence for analytical outliers no evidence for analytical outliers
Homogeneity test
General average X 0.6908 1.5 0.347 0.319
Standard deviation of sample averages s, 0.01908 0.09 0.02041 0.00296
Wthin-sample standard deviation s, 0.01704 0.15 0.02607 0.00623
Between-sample standard deviation sg 0.0148 0.057 0.00876 0.00326
Standard deviation for proficiency assessment opr 0.13815 0.3 0.0693 0.0638
Ss/ Opr 0.1071 0.195 0.1263 0.0511
Test for homogeneity (sg < 0.3 opt ) passed passed passed passed
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Selected congeners - Stability test - Data

Result a-HBCDD PCN 73 BDE 49 HBB
Sample Replicate ug/kg Sample pg/g ug/kg ug/kg
fat

23 1 0.667 17 1.40 0.348 0.305

2 0.692 1.49 0.349 0.299

58 1 0.651 74 1.39 0.355 0.308

2 0.659 1.35 0.352 0.305

91 1 0.681 118 1.38 0.352 0.308

2 0.650 1.42 0.346 0.309

Stability test

General average (stability test) y 0.667 1.41 0.351 0.306
General average (homogeneity test) X 0.691 1.48 0.347 0.319
Standard deviation for proficiency assessment oPT 0.138 0.30 0.0693 0.0638
1y-x1 0.024 0.07 0.004 0.013
Test for stability (1 y-X1< 0.3 oPT ) passed passed passed passed
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European Union Reference Laboratory for halogenated POPs in Feed and Food

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
26 August 2022

Annex 7: Statistical parameters of the two eBFRs standard test solutions
Test sample - eBFRs test solution (200 pg/ul) and DBPE test solution (500 pg/ul)

Participants registered for analysing the listed eBFR group were asked to quantify

the two test standard solution using their own quantification standards.
The gross weight (solution and vial, without the sealing film) was provided with the

standard solution and should be checked for losses during sample shipment by the participants.

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 7
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
eBFR - Statistical parameters

Result Assigned value Robust standard deviation Standard uncertainty No. of results Median
Analyte pg/ul (Huber robust mean) (Huber) (Huber) contributing to
[outliers removed] [outliers removed] [outliers removed] assigned value [all values]
PBBz 1,2,3,4,5-Pentabromobenzene 174 2.27 1.64 3 170
HBB 1,2,3,4,5,6-Hexabromobenzene 181 1 6 6 180
PBT 1,2,3,4,5-Pentabromo-6-methylbenzene 183 1.4 5.83 6 180
PBEB 1,2,3,4,5-Pentabromo-6-ethylbenzene 186 13.7 6.99 6 180
BTBPE 111'—[1,2-Ethanediy|-bis(oxy)] bis[2,4,6- 59.0 122 8.81 3 55
tribromo]benzene
TBX 1,2,4,5-Tetrabromo-3,6-dimethylbenzene 187 241 13.5 5 200
DBDPE E)1,1'-(1 ,2-Ethanediyl)bis[2,3,4,5,6-pentabromo- 473 104 58 1 5 420
enzene])

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 7 - Page 1 of 1
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European Union Reference Laboratory for halogenated POPs in Feed and Food

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
26 August 2022

Annex 8: Participants' results of the two eBFRs standard test solutions
Test sample - eBFRs test solution (200 pg/ul) and DBPE test solution (500 pg/ul)

Participants registered for analysing the listed eBFR group were asked to quantify

the two test standard solution using their own quantification standards.
The gross weight (solution and vial, without the sealing film) was provided with the

standard solution and should be checked for losses during sample shipment by the participants.

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 8
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EURL Interlabora;tory S-tudy on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
eBFRs - Results standard solutions

Result PBBz
LC Sample pg/ul

eBFR STD solutions
eBFR STD solutions
eBFR STD solutions
eBFR STD solutions
eBFR STD solutions
eBFR STD solutions
eBFR STD solutions
eBFR STD solutions
9 eBFR STD solutions
10 eBFR STD solutions
11 eBFR STD solutions
12  eBFR STD solutions
13  eBFR STD solutions 176
14  eBFR STD solutions
15 eBFR STD solutions
16  eBFR STD solutions
17  eBFR STD solutions
18 eBFR STD solutions
19  eBFR STD solutions
20 eBFR STD solutions 172
21 eBFR STD solutions
22  eBFR STD solutions
23  eBFR STD solutions
24  eBFR STD solutions
25 eBFR STD solutions 174
26  eBFR STD solutions
27  eBFR STD solutions
28 eBFR STD solutions
29 eBFR STD solutions

O~NO OB WN =

Prepared concentration 200

EURL-ILS-BC_2104-CLO

1,2,3,4,5-Pentabromobenzene

HBB
1,2,3,4,5,6-Hexabromobenzene

190

176
181

180
164

193

200

PBT
1,2,3,4,5-Pentabromo-6-
methylbenzene

196

179
179

190
164

185

200

Report Version 1.0

PBEB

198

177
181

210
180

177

200

BTBPE
1,2,3,4,5-Pentabromo-6-ethylbenzene 1,1'-[1,2-Ethanediyl-bis(oxy)] bis[2,4,6-
tribromo]benzene

55.3

71.5

200

TBX
1,2,4,5-Tetrabromo-3,6-
dimethylbenzene

200

162

210
167

196

200

DBDPE

1,1'-(1,2-Ethanediyl)bis[2,3,4,5,6-
pentabromo-benzene]

597

417

410

395

544

500

Annex 8 - Page 1 of 1
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European Union Reference Laboratory for halogenated POPs in Feed and Food

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
26 August 2022

Annex 9: Participants' z-scores of the two eBFRs standard test solutions (only for comparison)
Test sample - eBFRs test solution (200 pg/ul) and DBPE test solution (500 pg/ul)

Participants registered for analysing the listed eBFR group were asked to quantify

the two test standard solution using their own quantification standards.
The gross weight (solution and vial, without the sealing film) was provided with the

standard solution and should be checked for losses during sample shipment by the participants.

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 9
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
eBFRs - z-scores (only for comparison)

Z-score PBBz HBB PBT PBEB BTBPE TBX DBDPE
LC Sample [o'p =20 %] 1,2,3,4,5-Pentabromobenzene 1,2,3,4,5,6-Hexabromobenzene 1,2,3,4,5-Pentabromo-6- 1,2,3,4,5-Pentabromo-6- 1,1'-[1,2-Ethanediyl-bis(oxy)] bis[2,4,6- 1,2,4,5-Tetrabromo-3,6- 1,1'-(1,2-Ethanediyl)bis[2,3,4,5,6-
methylbenzene ethylbenzene tribromo]benzene dimethylbenzene pentabromo-benzene]

1 eBFR STD solutions

2 eBFR STD solutions

3 eBFR STD solutions 0.3 0.4 0.3 0.3 1.3
4 eBFR STD solutions

5 eBFR STD solutions

6 eBFR STD solutions

7 eBFR STD solutions

8 eBFR STD solutions

9 eBFR STD solutions

10  eBFR STD solutions

11 eBFR STD solutions

12  eBFR STD solutions

13  eBFR STD solutions 0.1 -0.1 -0.1 -0.3 -0.7 -0.6
14  eBFR STD solutions 0 -0.1 -0.1

15  eBFR STD solutions

16  eBFR STD solutions

17  eBFR STD solutions

18  eBFR STD solutions

19  eBFR STD solutions 0.0 0.2 0.6 0.6 -0.7
20 eBFR STD solutions -0.1 -0.5 -0.5 -0.2 -0.5 -0.8
21 eBFR STD solutions

22  eBFR STD solutions

23  eBFR STD solutions

24  eBFR STD solutions

25  eBFR STD solutions 0.0 0.3 0.1 -0.3 0.2 0.8
26  eBFR STD solutions

27  eBFR STD solutions

28 eBFR STD solutions

29 eBFR STD solutions

EURL-ILS-BC_2104-CLO

Report Version 1.0
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European Union Reference Laboratory for halogenated POPs in Feed and Food

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
26 August 2022

Methods 1: Participants' methods for the determination of PBDEs, HBCDDs, TBBPA and eBFRs

EURL-ILS-BC_2104-CLO Report Version 1.0 Methods 1
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Physico-chemical Methods PBDEs - Internal standards

Weighed Use of isotope-labelled internal standards for ...

LC Sample sample

[a] BDE 28 BDE 47 BDE 49 BDE 99 BDE 100 BDE 153 BDE 154 BDE 183 BDE 209
1 2104-CLO 1.056 IS BDE 28 IS BDE 47 IS BDE 49 IS BDE 99 IS BDE 100 IS BDE 153 IS BDE 154 IS BDE 183 IS BDE 209
2 2104-CLO 4.1203 13C-BDE-28 13C-BDE-47 13C-BDE-49 13C-BDE-99 13C-BDE-100 13C-BDE-153 13C-BDE-154 13C-BDE-183 13C-BDE-209
3 2104-CLO 2 13C-BDE-28 13C-BDE-47 13C-BDE-99 13C-BDE-100 13C-BDE-153 13C-BDE-154 13C-BDE-183 13C-BDE-209
4 2104-CLO 5 13C-BDE-28 13C-BDE-47 13C-BDE-47 13C-BDE-99 13C-BDE-100 13C-BDE-153 13C-BDE-154 13C-BDE-183 13C-BDE-209
5 2104-CLO 2 BDE-28 BDE-47 BDE47 BDE-99 BDE-100 BDE-153 BDE-154 BDE-183 BDE-209
6 2104-CLO 13C12-BDE-28 13C12-BDE-47 13C12-BDE-47 13C12-BDE-99 13C12-BDE-100 13C12-BDE-153 13C12-BDE-154 13C12-BDE-183 13C12-BDE-209
7 2104-CLO
8 2104-CLO 10.4 13C12 PBDE 28 13C12 PBDE 47 13C12 PBDE 47 13C12 PBDE 99 13C12 PBDE 100 13C12 PBDE 153 13C12 PBDE 154 13C12 PBDE 183 13C12 PBDE 209

T . 2,2'4,4- 2,2'4,4'- 2,2'4,4'5- 2,2',4,4'6- e 2,2'4,4'5,6'- 2,2'3,4,4',5'6- .
9 2104-CLO 1 2,4,4-Tribromo[13C12]diphenyl '+ 1 omo[13C12]diphenyl | Tetrabromo[13C12]diphenyl Pentabromo[13C12]diphenyl  Pentabromo[13C12]diphenyl 22,4455 Hexabromo[13C12]diphenyl  Heptabromo[13C12]cliphenyl ~DecaPromol13C12Jdiphenyl
ether Hexabromo[13C12]biphenyl ether
ether ether ether ether ether ether

10 2104-CLO 8.09 13C12-BDE-28 13C12-BDE-47 13C12-BDE-47 13C12-BDE-99 13C12-BDE-100 13C12-BDE-153 13C12-BDE-154 13C12-BDE-183 13C12-BDE-209
11 2104-CLO 4.0 BDE-28* BDE-47* BDE-47* BDE-99* BDE-100* BDE-153* BDE-154* BDE-183* BDE-209*
12  2104-CLO BDE-28 BDE-47 BDE-47 BDE-99 BDE-100 BDE-153 BDE-154 BDE-183 BDE-209
13 2104-CLO
14 2104-CLO 1.0
15 2104-CLO BDE 37 BDE 77 BDE 77 BDE 77 BDE 77 BDE 77 BDE 77 BDE 77 13C12-BDE 209
16 2104-CLO 1 BDE-28-L (CIL_EO-5320-A) BDE-47-L (CIL_EO-5320-A) BDE-99-L (CIL_EO-5320-A) |BDE-100-L (CIL_EO-5320-A) BDE-153-L (CIL_EO-5320-A) BDE-154-L (CIL_EO-5320-A) | BDE-183-L (CIL_EO-5320-A) A BDE-209-L (CIL_EO-5320-A)
17 2104-CLO 13C-BDE-28 13C-BDE-47 13C-BDE-47 13C-BDE-99 13C-BDE-100 13C-BDE-153 13C-BDE-154 13C-BDE-183 13C-BDE-209
18 2104-CLO 2.06
19 2104-CLO 1 13C-BDE-28 13C-BDE-47 13C-BDE-47 13C-BDE-99 13C-BDE-100 13C-BDE-153 13C-BDE-154 13C-BDE-183 13C-BDE-209
20 2104-CLO 2 13C BDE-28 13C BDE-47 13C BDE-47 13C BDE-99 13C BDE-100 13C BDE-153 13C BDE-154 13C BDE-183 13C BDE-209
21 2104-CLO 2.0 13C BDE-28 13C BDE-47 13C BDE-47 13C BDE-99 13C BDE-100 13C BDE-153 13C BDE-154 13C BDE-183 13C BDE-209
22 2104-CLO 1.66 13C BDE 28 13C BDE 47 13C BDE 47 13C BDE 99 13C BDE 100 13C BDE 153 13C BDE 154 13C BDE 183
23  2104-CLO BDE-28 BDE-47 BDE-47 BDE-99 BDE-100 BDE-153 BDE-154 BDE-183
24 2104-CLO 0.5
25 2104-CLO TCN TCN TCN TCN TCN TCN
26 2104-CLO 2.5
27 2104-CLO 1 L-BDE-28 (13C) L-BDE-47 (13C) L-BDE-47 (13C) L-BDE-99 (13C) L-BDE-100 (13C) L-BDE-153 (13C) L-BDE-154 (13C) L-BDE-183 (13C) L-BDE-209 (13C)
28 2104-CLO 3.004 13C12 BDE-28 13C12 BDE-47 13C12 BDE-99 13C12 BDE-100 13C12 BDE-153 13C12 BDE-154 13C12 BDE-183 13C12 BDE-209
29 2104-CLO 13C BDE-28 13C BDE-47 13C BDE-49 13C BDE-99 13C BDE-100 13C BDE-153 13C BDE-154 13C BDE-183 13C BDE-209

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods PBDEs - Internal standards

Use of isotope-labelled recovery standards for ...
LC Sample
BDE 28 BDE 47 BDE 49 BDE 99 BDE 100 BDE 153 BDE 154 BDE 183 BDE 209
1 2104-CLO RS BDE 28 RS BDE 47 RS BDE 49 RS BDE 99 RS BDE 100 RS BDE 153 RS BDE 154 RS BDE 183 RS BDE 209
2  2104-CLO RS BDE 28 RS BDE 47 RS BDE 49 RS BDE 99 RS BDE 100 RS BDE 153 RS BDE 154 RS BDE 183 RS BDE 209
3  2104-CLO 13C PCB 209 13C PCB 209 13C PCB 209 13C PCB 209 13C PCB 209 13C PCB 209 13C PCB 209 13C PCB 209 13C PCB 209
4  2104-CLO 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139
5 2104-CLO 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139
6  2104-CLO PCB-138 PCB-138 PCB-138 PCB-138 PCB-138 PCB-138 PCB-138 PCB-138 PCB-138
7  2104-CLO 13C12-BDE-138 " " " " " " " "
8 2104-CLO
9 2104-CLO 13C12 PBDE 77 13C12 PBDE 77 13C12 PBDE 77 13C12 PBDE 77 13C12 PBDE 77 13C12 PBDE 77 13C12 PBDE 77 13C12 PBDE 77 4'-F-BDE-208
3,3' 4,5 Tetrabromo[13C12]diphenyl 3,3',4,5- _ 3,3'4,5- _ 3,3'4,5"- _ 3,3',4,5- _ 2,2'3,4,4'6- _ 2,2',3,4,4'6- _ 2,2',3,4,4',5,5'—_ 2,2',3,3',4,4',5,5',_6-
10 2104-CLO ether Tetrabromo[13C12]diphenyl Tetrabromo[13C12]diphenyl Tetrabromo[13C12]diphenyl ' Tetrabromo[13C12]diphenyl = Hexabromo[13C12]diphenyl | Hexabromo[13C12]diphenyl | Heptabromo[13C12]diphenyl | Nonabromo[13C12]diphenyl
ether ether ether ether ether ether ether ether

11 2104-CLO 13C12-BDE-77 13C12-BDE-77 13C12-BDE-77 13C12-BDE-77 13C12-BDE-77 13C12-BDE-138 13C12-BDE-138 13C12-BDE-138 13C12-BDE-138
12 2104-CLO BDE-77* BDE-77* BDE-126* BDE-126* BDE-126* BDE-126* BDE-126* BDE-126* BDE-207*
13  2104-CLO BDE-79 BDE-79 BDE-79 BDE-79 BDE-79 BDE-138 BDE-138 BDE-138 BDE-206
14 2104-CLO
15 2104-CLO
16 2104-CLO
17 2104-CLO BDE-139-L (CIL_EO-5276) BDE-139-L (CIL_EO-5276) BDE-139-L (CIL_EO-5276) | BDE-139-L (CIL_EO-5276) @ BDE-139-L (CIL_EO-5276) BDE-139-L (CIL_EO-5276) = BDE-139-L (CIL_EO-5276) | BDE-139-L (CIL_EO-5276)
18 2104-CLO 13C-BDE-118 13C-BDE-118 13C-BDE-118 13C-BDE-118 13C-BDE-118 13C-BDE-118 13C-BDE-118 13C-BDE-208 13C-BDE-208
19 2104-CLO
20 2104-CLO 13C-BDE-79 13C-BDE-79 13C-BDE-79 13C-BDE-79 13C-BDE-79 13C-BDE-138 13C-BDE-138 13C-BDE-138 13C-BDE-206
21 2104-CLO 13C BDE-118 13C BDE-118 13C BDE-118 13C BDE-118 13C BDE-118 13C BDE-118 13C BDE-118 13C BDE-118 13C BDE-206
22 2104-CLO 13C BDE-77 13C BDE-77 13C BDE-77 13C BDE-138 13C BDE-138 13C BDE-138 13C BDE-138 13C BDE-138 13C BDE-206
23  2104-CLO BDE 37 BDE 37 BDE 37 BDE 37 BDE 37 BDE 37 BDE 37 BDE 37
24 2104-CLO BDE-77 BDE-77 BDE-77 BDE-77 BDE-77 BDE-138 BDE-138 BDE-138
25 2104-CLO
26 2104-CLO
27 2104-CLO
28 2104-CLO L-BDE-79 (13C) L-BDE-79 (13C) L-BDE-79 (13C) L-BDE-139 (13C) L-BDE-139 (13C) L-BDE-139 (13C) L-BDE-139 (13C) L-BDE-139 (13C) L-BDE-206 (13C)
29 2104-CLO 88.00 113.00 90.00 81.00 94.00 77.00 75.00 78.00

13C PCB-202 13C PCB-202 13C PCB-202 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-139 13C-BDE-190 13C-BDE-190

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Physico-chemical Methods PBDEs - Pre-treatment and extraction

Sample

Pre-treatment and extraction
Sample preparation/pre-treatment

Extraction technique

Extraction solvent

Extraction time [h]

Extraction temperature [°C]

Extraction pressure [MPa]

© NOoO OO WN =

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

No
drying using anhydrous Na2S0O4
no

No sample pre-treatment, used directly from container supplied.

no

no

no
no
drying
no

ULTRA TURRAXING WITH HEXANE

EURL-ILS-BC_2104-CLO

no
column chromatography

Liquid-liquid partition
no

no

no
no
PLE
LLE

SILICA GEL /SOLVENT EXTRACT- MANUAL

n-hexane

Sample dissolved in 100mL hexane
no

no
no

Toluene/Acetone
hexane

dichloromethane/cyclohexane
40:60 DCM:HEXANE

Report Version 1.0

0,5

3 hours

no

no

no

0,01
2-4HRS

ambient

Ambient
no

no

no

room

Ambient
AMBIENT

ambient

Ambient
no

no

no

normal

Ambient
GRAVITY
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods PBDEs - Clean-up

Clean-up
LC Sample Gelchromatography Silica/sulfuric acid column Florisil column Alumina column Carbon column Others Final volume [pl]:
1 2104-CLO no yes no no no 250 pl
2  2104-CLO No Yes No Yes Yes 200
3  2104-CLO no yes yes yes no 50
4  2104-CLO no yes yes yes yes PowerPrep FMS columns (basic-neutral silica, alumina, carbon) 20
5 2104-CLO no yes no yes yes 100
6  2104-CLO
7  2104-CLO
8  2104-CLO Yes No No No No Sample ex.tract panjtitione'd with concentrated sulfuric acid to remove 100L

bulk organic material residues

9 2104-CLO yes yes no no no no 250
10 2104-CLO yes yes yes 50
11 2104-CLO no yes no yes no acid hydrolysis with sulphuric acid 50
12 2104-CLO
13  2104-CLO
14 2104-CLO yes no no no no Bio Beads SX-3 500
15 2104-CLO no yes no yes yes 30
16 2104-CLO no yes no yes yes 500
17 2104-CLO
18 2104-CLO YES YES NO YES NO NO 20
19 2104-CLO no yes no yes yes Silica/AgNO3 100
20 2104-CLO YES YES YES NO YES 70
21 2104-CLO yes yes no no yes no 20
22 2104-CLO no yes no yes yes power-prep system (with classical set of columns) 40
23 2104-CLO
24 2104-CLO HPLC 1000
25 2104-CLO
26 2104-CLO - yes - yes yes - 1000 pL nach Miura, 50 pL vor Messung
27 2104-CLO yes no yes no no 200
28 2104-CLO YES YES NO YES YES 25
29 2104-CLO

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Physico-chemical Methods PBDEs - Chromatographic separation and detection method

Chromatographic separation and detection method
LC Sample GC injection Injected volume [ul] Chromatographic separation: Stationary phase Detector
1 2104-CLO PTV 10 Rtx-ClPesticides 30 m x 0.25 mm x 0.25 um GC-HRMS
2  2104-CLO Splitless 2 5 % phenyl 95% dimethylpolysiloxane APGC-MS/MS
3  2104-CLO PTV Splitless 1 DB-5ms; RTX 1614 HRMS
4  2104-CLO splitless 2 DB-5ht (15m) HRMS
5 2104-CLO splittles 2 DB 5 MS GC HRMS
6  2104-CLO
7  2104-CLO
8 2104-CLO Splitless 1uL 5%-Phenyl-Arylene-95% DimethylPolysiloxane (ZB5-MS) column 30mx0.1mmx0.1um xrmo DFS HRMS (>10,000 Mass resoluti
9 2104-CLO PTV 10 RTX1614 15 m x 0.25 mm; 0.1 um MS/MS
10 2104-CLO splitless 2 DB-5HT HRMS
11 2104-CLO splitless 1 Rtx-1614 30m x 0.25mm x 0.1uym HRMS
12 2104-CLO
13  2104-CLO
14 2104-CLO GC, pulsed splitless 2 DB-XLB (15m x 0,25 mm x 0,10 um) LRMS
15 2104-CLO PTV 1 5 m precolumn and 30 m Rtx-1614 0.25 mm x 0.1 ym HRMS
16 2104-CLO PTV 5 (5%-phenyl)-methylpolysiloxane (DB-5MS Ul, 60m*0,25mm*0,25um) MS/MS
17 2104-CLO
18 2104-CLO SPLITLESS 1 DB-5ms 20m x 0,18 mm x 0,18 um HRMS
19 2104-CLO PTV 1 ZB - Semi Volatiles, 20m, 0.18 mm, 0.18um MS/MS
20 2104-CLO Splitless 2 HT8PCB GC-HRMS
21 2104-CLO cold splitless 2 DB 5MS Ul MS/MS
22 2104-CLO splitless 1 DB-5 MS (30 meters) HRGC-HRMS (Thermo Mat-95 XP)
23 2104-CLO
24 2104-CLO solvent vent 10 Phenomenex ZB-5HT Inferno MS/MS
25 2104-CLO
26 2104-CLO splittless 2 DB5-MS 15m x 0,25mm x 0,1 pm MS/MS
27 2104-CLO split 4 thermo TG-PBDE MS/MS
28 2104-CLO PTV 10 Rtx-1614 GC-HRMS
29 2104-CLO

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods HBCDDs - Internal standards

Weighed Use of isotope-labelled internal standards for ... Use of isotope-labelled internal recovery standards for ...

LC Sample sample

[a] IS (+/-)-a-HBCDD IS (+/-)-B- HBCDD IS (+/-)-y- HBCDD RS (+/-)-a-HBCDD RS (+/-)-8- HBCDD RS (+/-)-y- HBCDD
1 2104-CLO 2.505 13C-a-HBCD 13C-B-HBCD 13C-j-HBCD no no no
2  2104-CLO
3  2104-CLO 2 yes
4  2104-CLO 5
5 2104-CLO
6  2104-CLO
7  2104-CLO
8 2104-CLO
9  2104-CLO 1 13C12-a-HBCD 13C12-g-HBCD 13C12-g-HBCD 13C12-b-HBCD 13C12-b-HBCD 13C12-b-HBCD
10 2104-CLO
11 2104-CLO 4.0 alpha-HBCDD beta-HBCDD gamma-HBCDD
12 2104-CLO
13  2104-CLO 2.2472
14 2104-CLO 1.0 13C12-alpha-HBCDD 13C12-beta-HBCDD 13C12-gamma-HBCDD
15 2104-CLO
16 2104-CLO 1 13-alfa-HBCDD 13-beta-HBCDD 13-gamma-HBCDD d18-alfa-HBCDD d18-beta-HBCDD d18-gamma-HBCDD
17 2104-CLO 1 13C12-alpha-HBCD 13C12-beta-HBCD 13C12-gamma-HBCD d18-beta-HBCD d18-beta-HBCD d18-beta-HBCD
18 2104-CLO
19 2104-CLO 1 alpha-HBCDD-C13 beta-HBCDD-C13 gamma-HBCDD-C13 alpha-HBCDD-d18 beta-HBCDD-d18 gamma-HBCDD-d18
20 2104-CLO 2 13C-a-HBCDD 13C-3-HBCDD 13C-y-HBCDD d18-3-HBCDD d18-3-HBCDD d18-3-HBCDD
21 2104-CLO 13C-alfa-HBCDD 13C-beta-HBCDD 13C-gamma-HBCDD
22 2104-CLO 2
23 2104-CLO
24 2104-CLO
25 2104-CLO
26 2104-CLO 2 alpha-Hexabromo[13C12 ]Jcyclododecan | beta-Hexabromo[13C12 ]Jcyclododecan | gamma-Hexabromo[13C12 ]Jcyclododecan | alpha-Hexabromocyclododecan-d18 | beta-Hexabromocyclododecan-d18 | gamma-Hexabromocyclododecan-d18
27 2104-CLO
28 2104-CLO 2.21 13C-a-HBCDD 13C-3-HBCDD 13C-y-HBCDD D18-3-HBCDD D18-3-HBCDD D18-3-HBCDD
29 2104-CLO 1 [13C12]-a-hexabromocyclododecane [13C12]-alfa-hexabromocyclododecane [13C12]-alfa-hexabromocyclododecane none none none
12* 2104-CLO 13C-a-HBCDD 13C-3-HBCDD 13C-y-HBCDD none none none

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods HBCDDs - Pre-treatment and extraction

Sample

Pre-treatment and extraction
Sample preparation/pre-treatment

Extraction technique

Extraction solvent

Extraction time [h]

Extraction temperature [°C]

Extraction pressure [MPa]

0N OO WN -

12

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

dissolved in n-hexane
no

no

n/a

no

drying

no

none

EURL-ILS-BC_2104-CLO

column chromatography

no

LLE (liquid-liquid extraction)
/

no
Quechers

Dissolvation in Hexane
PLE

LLE

cold extrection on column

acidified silica homogenisation

Soxhlet

n-hexane

no

Acetone : Hexane (2:1)
/

no
Water/Acetonitrile + Quechers Salt

35mL Hexane
Toluene/Acetone

hexane

Hexan/Dichlormethan 1/1

40/60 DCM/hexane
Acetone/hexane 1:1

Report Version 1.0

0,5

no

30 min
no
10 min

0.25

roughly 2h

ambient

no

room temperature
/

no
Roomtemperature

room temperature

room

ambient

ambient
boiling

ambient

no

101,325 Pa
/

no

ambient pressure

normal

ambient

n/a
atmospheric
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods HBCDDs - Clean-up

Clean-up
LC Sample Gelchromatography Silica/sulfuric acid column Florisil column Alumina column Carbon column Others Final volume [pl]:
1 2104-CLO no yes no no no 500 pl
2  2104-CLO
3  2104-CLO no yes no no no NaOH 20
4  2104-CLO no yes yes yes yes PowerPrep FMS columns (basic-neutral silica, alumina, carbon) 20
5 2104-CLO
6  2104-CLO
7  2104-CLO
8 2104-CLO
9 2104-CLO yes yes no no no no 250
10 2104-CLO
11 2104-CLO no yes no no no acid hydrolysis with sulphuric acid 100
12 2104-CLO
13 2104-CLO yes yes (silica only-no sulfuric acid) yes no no - 100ul
14 2104-CLO yes no no no no Bio Beads SX-3 500
15 2104-CLO
16 2104-CLO no yes no no no 500
17 2104-CLO yes 1000
18 2104-CLO
19 2104-CLO no yes yes no no no 1000
20 2104-CLO YES YES NO NO NO liquid liquid extraction 50
21 2104-CLO
22 2104-CLO yes yes no no yes no 200
23 2104-CLO
24 2104-CLO
25 2104-CLO
26 2104-CLO no yes no no no no 400
27 2104-CLO
28 2104-CLO no no no no no clean-up combined in extraction 150
29 2104-CLO sulphuric acid , concentrated
12* 2104-CLO

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Physico-chemical Methods HBCDDs - Chromatographic separation and detection method

Chromatographic separation and detection method
LC Sample Injection Injected volume [ul] Chromatographic separation: Stationary phase Detector
1 2104-CLO 10 C18 (Waters symmetry), 150 mm x 2.1 mm x 3.5 ym LCMSMS
2  2104-CLO
3  2104-CLO PTV solvent split 5 DB-5MS (30m x 0.25 mm x 0.1 ym) HRMS (DFS)
4  2104-CLO splitless 2 DB-5ht (15m) HRMS
5 2104-CLO
6  2104-CLO
7  2104-CLO
8 2104-CLO
9  2104-CLO prtial loop 20 kinetex XB C18 2.7 um, 100 x 2.1 mm MS/MS
10 2104-CLO
11 2104-CLO 10 BEH C18 (100 mm x 2.1 ym; 1.7 ym) HRMS
12 2104-CLO
13 2104-CLO Cool-on-Column 1ul GC; DB-5MS MS/MS
14 2104-CLO LC 5 Acquity UPLC BEH C18 (100 mm x 2,1 mm; 1,7 um) MS/MS
15 2104-CLO
16 2104-CLO Needle 5 C18(50x2,1mm,3.5um) MS/MS
17 2104-CLO standard 10 C18-Phase MS/MS
18 2104-CLO
19 2104-CLO direct injection 5,10, 20, 40 reversed phase C18 (Eclipse XDB-C18 5um 4,6x150mm) MS/MS
20 2104-CLO 15 Hypersil Gold MS/MS
21 2104-CLO
22 2104-CLO 70 Luna PFP MS/MS
23 2104-CLO
24 2104-CLO
25 2104-CLO
26 2104-CLO 15 C18 MS/MS
27 2104-CLO
28 2104-CLO Liquid 5 Agilent Zorbax RRHD Eclipse Plus C18 1.8 ym (150 x 2.1 mm) LC-MS/MS
29 2104-CLO LC 5 Acquity UPLC BEHC18 MS/MS
12* 2104-CLO

EURL-ILS-BC_2104-CLO Report Version 1.0
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Physico-chemical Methods TBBPA - Internal standards

Sample

Weighed
sample

[¢]

Use of isotope-labelled internal standards for ...

Use of isotope-labelled internal recovery standards for ...

© NOoO OO WON =

12

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

2.21

EURL-ILS-BC_2104-CLO

13C-TBBPA

13C12-TBBPA

13C12-TBBPA

Tetrabrombisphenol A (RING-13C12, 99%)
13C-TBBPA

3,3°,5,5"-Tetrabrombisphenol-A[13C12 Rings]

13C-TBBPA
[13C12]-Tetrabrombisphenol A

no

d18-beta-HBCD

13C-TCBPA

D18-B-HBCDD
none

Report Version 1.0
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Physico-chemical Methods TBBPA

Information on analytical method
Sample

© NOoO O WON =

15
16
17
18

19

20
21
22
23
24
25
26
27

28

29
12*

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

identical to the HBCDDs method

2104-CLO Extraction: /
2104-CLO
2104-CLO
2104-CLO
2104-CLO

same as HBCD

2104-CLO Dissolvation of sample in n-Hexane

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

see HBCDD

Extracted and analysed in the same procedure as

2104-CLO HBCDDs

2104-CLO
2104-CLO

soxhlet extraction acetone:hexane 1:1

EURL-ILS-BC_2104-CLO

Clean-up: gel permeation
chromatography; BioBeads SX-3

Clean up over acidic silica (22% and
44%) followed by Florisil according to
Bichon et.al. 2018

concentrated sulphuric acid cleanup

Final volume: 500 ul

1 mL final volume

LC-MS/MS detection as HBCDD

Analysis: UHPLC-MS/MS

Injection of 5, 10, 20, 40 yL on LC-
MS/MS with reversed phase coloumn
(Eclipse XDB-C18 5um 4,6x150mm)

Report Version 1.0

Separation: Acquity UPLC BEH
C18 (100 mm x 2,1 mm; 1,7 um)

Detection: MS/MS

Internal standard:
13C12-TBBPA
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Physico-chemical Methods eBFRs - Internal standards

Sample

Weighed
sample

[¢]

Use of isotope-labelled internal standards for ...

PBBz

HBB

PBT

PBEB

BTBPE TBX

DBDPE

O ~NO O, WN =

- A a
N = O

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

2104-CLO
2104-CLO

2104-CLO
2104-CLO
2104-CLO

2104-CLO

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

[$)]

2.0

3.004

EURL-ILS-BC_2104-CLO

13C6-HBB

13C6-PBBz

13C6-PBBz

2,2'5,5"-
Tetrabromo[13C12]biphenyl

13C-PBBz

MPBBz

13C-HBB

13C6-HBB

13C6-HBBz

13C6-HBB

2,2'5,5-
Tetrabromo[13C12]biphenyl

BDE 77

13C HBB
13C-HBBz

MHBBz

13C-HBB

13C-PBT

13C6-HBB

13C6-PBBz

13C6-HBB

2,2'5,5"-
Tetrabromo[13C12]biphenyl

BDE 37

13C HBB
13C-PBBz

MPBBz

13C-PBEB

13C6-HBB

13C6-PBBz

13C6-HBB

2,2'5,5"-
Tetrabromo[13C12]biphenyl

BDE 37

13C HBB
13C-PBBz

MPBBz

13C-BTBPE 2D-TBX

13C-BTBPE 13C6-HBB

13C6-BTBPE 13C6-PBBz

13C6-BTBPE 13C6-PBBz

2,2'5,5-

13C10-anti-Dechlorane Plus Tetrabromo[13C12]biphenyl

13C HBB

13C-BTBPE 13C-PBBz

MBTBPE MPBBz

13C-BTBPE

Report Version 1.0

13C-BDE-209

13C-DBDPE

13C14-DBDPE

13C-DBDPE

2,2'3,3'4,4'5,5"-
Octabromo[13C12]biphenyl

13C DBDPE
13C-DBDPE

MDBDPE
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods eBFRs - Internal standards

Sample
PBBz

Use of isotope-labelled recovery standards for ...

HBB

PBT

PBEB

BTBPE

TBX DBDPE

O ~NO O, WN =

- a a
N = O

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO 13C12-BDE-138
2104-CLO
2104-CLO

2104-CLO
2104-CLO 13C12-BDE138

2104-CLO
2104-CLO
2104-CLO

1,2,3,4,5-

2104-CLO Pentabromo[13C6]benzene

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO 13C-BDE-77
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO no
2104-CLO
2104-CLO
2104-CLO
2104-CLO

EURL-ILS-BC_2104-CLO

13C-BDE-139

13C12-BDE138

13C6-Hexabromobenzene

13C BDE-118
13C-BDE-77

no

13C-BDE139

13C-BDE-139

13C12-BDE138

13C6-Hexabromobenzene

13C BDE-118
13C-BDE-77

no

13C-BDE-139

13C12-BDE138

13C6-Hexabromobenzene

13C BDE-118
13C-BDE-77

no

13C-BDE-139

13C12-BDE138

1,2-Bis(2,4,6-
tribromo[13C6]phenoxy)etha
ne

no

13C-BDE139

Report Version 1.0

13C-BDE-139 13C-BDE-139

13C12-BDE138 13C12-BDE138

1,2,3,4,5- Decabromo[13C14]diphenylet
Pentabromo[13C6]benzene hane

13C BDE-118
13C-PBBz

13C BDE-118

no no

Annex 10 - Page 13 of 14
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
Physico-chemical Methods emerging BFR

Information on analytical method

LC Sample PBBz (1,2,3,4,5-Pentabromobenzene) HBB (1,2,3,4,5,6-Hexabromobenzene) PBT (1,2,3,4,5-Pentabromo-6- PBEB (1,2,3,4,5-Pentabromo-6- BTBPE (1,1'-[1,2-Ethanediyl-bis(oxy)] TBX (1,2,4,5-Tetrabromo-3,6- DBDPE (1,1'-(1,2-
methylbenzene) ethylbenzene) bis[2,4,6-tribromo]benzene) dimethylbenzene) Ethanediyl)bis[2,3,4,5,6-

SQ standards; drying using anhydrous Na2SO4Na2S04; sample disolved in n-hexane/dichlorometane; mixture shaking with concentrated H2SO4; Multi-layer silica Column / analytes eluted usingn-hexane and dichlorometane; Alumina Column / analytes elutied using n-hexane and

2 2104-CLO ) . . o R =
dichlorometane; SR standard; HRGC-HRMS analysis; R = 10 000
9 2104-CLO silica column / solfuric acid column; gel permeation chromatography; Injection method MMI-solvent vent; Injection vol (uL) 10; GC column: DB5HT 15 m x 0.25 mm; 0.1 um; Detector: MS/MS
13 2104-CLO Liquid-liquid extraction was performed on ~2 grams of sample using a total of 40mL Acetone:Hexane (2:1); The extract was cleaned-up by gel permeation chromatography, followed by adsorption chromatography on ; a column containing a combination of 8g of 3%deactivated Florisil and 3g of
silica; The sample was evaporated to dryness and reconstitued in 100ul Toluene for analysis by gas-chromatography; with triple quadrupole mass spectrometry detector.
14 2104-CLO / Extraction: /; Clean-up: gel permeation chromatography; BioBeads SX-3; Final volume: 500 ul; Analysis: GC-MS; Separation: DB- / / /
B XLB (15m x 0,25 mm x 0,10 um); Detection: LR-MS
Internal standard: BDE 77 Internal standard: BDE 37 Internal standard: BDE 37
19 2104-CLO currently not in the method same method as for PBDE same method as for PBDE same method as for PBDE currently not in the method same method as for PBDE same method as for PBDE
20 2104-CLO
Extraction : drying, PLE, Toluene/Acetone; Silica sulfuric acid column; Florisil column; GC-HRMS
25 2104-CLO EXTRACTION: Sample weighting in a 15mL centrifuge tube, spiking with 1 ng of the Labeled Standards, Addition of 1.5 mL of hexane and shaking; CLEAN UP: Extrelut NT-3 column, acidic for H2SO4, on top of a silica cartridge 1g/6 ml; Elute the analytes with 8 mL of hexane, evaporate
samples under nitrogen flow; CHROM. SEPARATION: injection in GC-MS/MS, 2 pL PTV injection; DB-5HT (15m x 0.250 mm x 10um) Agilent-Technologies

28 2104-CLO Isotope Dilution Mass Spec Same as HBB

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 10 - Page 14 of 14

ULTRA TURRAXING WITH HEXANE with
acid modified silica gel
SILICA GEL /SOLVENT EXTRACT-
MANUAL; 40:60 DCM:HEXANE, 2-4
hours, ambient temp, extracted under
gravity pressure
Clean-up with Acid and florisil
Final volume after clean-up - 50yl
PTV (10pl) - Rtx-1614 GC-HRMS
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods PCNs - Internal standards

Weighed
sample

[d]

Sample

Use of isotope-labelled internal standards for ...

PCN 27 PCN 28

PCN 31

PCN 36

PCN 42 PCN 46

PCN 48 PCN 49

PCN 50 PCN 52*

PCN 53¢

PCN 59

PCN 60* PCN 63

PCN 64 PCN 65

PCN 66* PCN 67*

PCN 68* PCN 69*

PCN 70 PCN 71*

PCN 72 PCN 73*

PCN 74* PCN 75*

15

16

17
18
19

20

21
22
23
24
25
26
27
28
29

2104-CLO
2104-CLO| |

2104-CLO 2
2104-CLO| | 5

2104-CLO 2

2104-CLO

2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |

2.0

2104-CLO

2104-CLO ‘ 1

2104-CLO
2104-CLO| |
2104-CLO 1

2104-CLO ‘ 2

2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO |

3.004

*recommended main congeners

EURL-ILS-BC_2104-CLO

|
PCN 27

PCN27 |
13C10 PCN
42

13C-PCN-27

PCN 42-L
(CIL_ECN-
5578)

PCN 27
13C10 PCN
42

13C-PCN-42

PCN 42-L
(CIL_ECN-
5578)

13C-PCN-27 ‘

13C-PCN42
13C-PCN 42 ‘ 13C-PCN 42

13C-PCN-42 |

PCN 27

13C-PCN-27

| PCN27

13C-PCN-42

‘ 13C-PCN-27

13C-PCN42

PCN42 |
13C10 PCN
42

13C-PCN-42

PCN 42-L
(CIL_ECN-
5578)

PCN 27
13C10 PCN
42

13C-PCN-27

PCN 42-L
(CIL_ECN-
5578)

13C-PCN-42 ‘

13C-PCN42
13C-PCN 42 ‘ 13C-PCN 42

13C-PCN-42 |

PCN27 |
13C10 PCN
42

13C-PCN-27

PCN 52-L
(CIL_ECN-
5578)

PCN 52
13C10 PCN
52

13C-PCN-52

PCN 42-L
(CIL_ECN-
5578)

13C-PCN-27 ‘
\

13C-PCN 42 ‘ 13C-PCN 52

PCN52 |
13C10 PCN
52

13C-PCN-52

PCN 52-L
(CIL_ECN-
5578)

‘ 13C-PCN-52

13C-PCN52
13C-PCN 52 ‘ 13C-PCN 52

| 13C-PCN-52

PCN 52
PCN 52
13C10 PCN
52

13C-PCN-52

PCN 52-L
(CIL_ECN-
5578)

PCN 52

PCN 52
13C10 PCN
52

13C-PCN-52

PCN 52-L
(CIL_ECN-
5578)

13C-PCN-52

13C-PCN52
13C-PCN 52

13C-PCN-52

PCN 52

13C-PCN-52

|
PCN 52

PCN52 | PCN67

13C-PCN-52 | 13C-PCN-65

13C-PCN52 ‘
|
|
|

13C-PCN-52 ‘ 13C-PCN-64

Report Version 1.0

PCN67 | PCN67

13C10 PCN
65

13C-PCN-65

PCN 65-L
(CIL_ECN-
‘ 5578)

13C-PCN64
‘ 13C-PCN 65

13C-PCN-64 ‘ 13C-PCN-64

13C-PCN-64

|
PCN 66

PCN67 |
13C10 PCN
67

13C-PCN-66

PCN 66
PCN 67

13C-PCN-66

PCN 65-L
(CIL_ECN-
5578)

13C-PCN-67 ‘ 13C-PCN-67

13C-PCN67 | 13C-PCN67
13C-PCN 67 ‘

13C-PCN-64 ‘ 13C-PCN-64

PCN 64

PCN 67
13C10 PCN
67

13C-PCN-64

PCN 65-L
(CIL_ECN-
5578)

PCN 64

PCN67 |
13C10 PCN
67

13C-PCN-64

PCN 65-L
(CIL_ECN-
5578)

13C-PCN-68 ‘

13C-PCN64 | 13C-PCN64
13C-PCN 67 ‘ 13C-PCN 67

13C-PCN-64 ‘ 13C-PCN-64

PCN 64

PCN 67
13C10 PCN
67

13C-PCN-64

PCN67 |
13C10 PCN
65

13C-PCN-65

PCN 65-L
(CIL_ECN-
5578)

‘ 13C-PCN-73

13C-PCN64
13C-PCN 65 ‘ 13C-PCN 67

13C-PCN-64 ‘ 13C-PCN-64

PCN 73

PCN 73
13C10 PCN
73

13C-PCN-73

PCN 73-L

PCN 64

PCN67 |
13C10 PCN
67

13C-PCN-64

PCN 65-L
(CIL_ECN- | (CIL_ECN-
5578) 5578)

13C-PCN-73 ‘ 13C-PCN-73

13C-PCN73
‘ 13C-PCN 73

13C-PCN-64 ‘ 13C-PCN-75

13C-PCN64

PCN 75

PCN 75
13C10 PCN
75

13C-PCN-75

PCN 75-L
(CIL_ECN-
5578)

‘ 13C-PCN-75

13C-PCN73 | 13C-PCN75
13C-PCN 73 ‘ 13C-PCN 75

13C-PCN-75 | 13C-PCN-75

PCN 73

PCN73 |
13C10 PCN
73

13C-PCN-73

Annex 11 - Page 1 of 9





=EURL
BPOPs

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods PCNs - Internal standards

Use of isotope-labelled recovery standards for ...
LC Sample
PCN 27 PCN 28 PCN 31 PCN 36 PCN 42 PCN 46 PCN 48 PCN 49 PCN50  PCN52*  PCN53*  PCN59  PCN60*  PCN63 PCN 64 PCN65  PCN66*  PCN67*  PCN68* PCN69*  PCN70  PCN71*  PCN72*  PCN73*  PCN74*  PCN75%
1 2104-CLO
2 2toeclo] | | | | o o | o o o o o »
3 2104-CLO 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4 1,2,3,4
TCNDND TCNND TCNDND TCNDND TCNDND TCNND TCNDND TCNND TCNND TCNDND TCNND TCNDND TCNND
4 2104-CLO PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN64 | PCN 64 PCN 64
5 2104-cLo| | 'OVIZTM
13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB-
6 2104-CLO| |13C-PCB-52 | 13C-PCB-52 | 13C-PCB-52 13C-PCB-52 13C-PCB-52 | 13C-PCB-52 | 13C-PCB62| ~ T e T e T s o s o s o s o s o oo e o
7 2104-CLO
8  2104-CLO | | | | | | | | | | | |
9  2104-CLO
10 2104-CLO | | | | | | | | | | | |
11 2104-CLO
12 2104-CLO | | | | | | | | | | | |
13 2104-CLO
14 2104-CLO | | | | | | | | | | | |
PCN27-L | PCN 27-L PCN27-L | PCN27-L | PCN27-L | PCN27-L = PCN27-L = PCN27-L | PCN27-L PCN 27-L PCN27-L | PCN27-L | PCN27-L | PCN27-L PCN27-L | PCN 27-L PCN 27-L
15 2104-CLO| | (CIL_ECN- | (CIL_ECN- (CIL_ECN- | (CIL_ECN- | (CIL_ECN- | (CIL_ECN- | (CIL_ECN- | (CIL_ECN- | (CIL_ECN- (CIL_ECN- (CIL_ECN- | (CIL_ECN- | (CIL_ECN- | (CIL_ECN- (CIL_ECN- | (CIL_ECN- (CIL_ECN-
5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603) 5603)
16 2104-cLo [ 13C-1234- 13C-1,2,3,4- | 13C-1,2,3,4- 13C-1,2,3,4- 13C-1,2,3,4- | 13C-1,2,3,4- 13C-1,2,3,4- | 13C-1,2,3,4- | 13C-1,2,3,4- 13C-1,2,3,4- | 13C-1,2,3,4- | 13C-1,2,34- 13C-1,2,3,4-
TCDD TCDD TCDD TCDD TCDD TCDD TCDD TCDD TCDD TCDD TCDD TCDD TCDD
17 2104-CLO
18 2104-CLO \ \ \ \ \ \ \ \ \ \ \ \
19 2104-CLO 13C-PCB47 13C-PCB47 | 13C-PCB47 13C-PCB47 | 13C-PCB47 13C-PCB162 13C-PCB162 | 13C-PCB162 13C-PCB162 13C-PCB162 13C-PCB162 | 13C-PCB162 | 13C-PCB209 13C-PCB209 13C-PCB209
D G 13C-PCB | 13C-PCB 13C-PCB | 13C-PCB | 13C-PCB | 13C-PCB | 13C-PCB | 13C-PCB | 13C-PCB 13C-PCB | 13C-PCB 13C-PCB | 13C-PCB | 13C-PCB | 13C-PCB 13C-PCB | 13C-PCB | 13C-PCB
111 111 111 111 111 111 111 111 111 111 111 111 111 111 111 111 111 111
21 2104-CLO
22 2104-CLO | | | | | | | | | | | |
23 2104-CLO
24 2104-CLO \ \ \ \ \ \ \ \ \ \ \ |
25 2104-CLO
26 2104-CLO \ \ \ \ \ \ \ \ \ \ \ |
27 2104-CLO
13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB- | 13C-PCB-
28 2104-CLO| |13C-PCB-77 13C-PCB-77 13C-PCB-77 | 13C-PCB-77 13C-PCB-77| V) e e e e e e e e e e e =
29 2104-CLO

*recommended main congeners

EURL-ILS-BC_2104-CLO

Report Version 1.0
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods PCNs - Pre-treatment and extraction

Sample

Pre-treatment and extraction
Sample preparation/pre-treatment

Extraction technique

Extraction solvent

Extraction time [h] Extraction temperature [°C] Extraction pressure [MPa]

N O gaOfON-=

NN NDNNNNNNDDND =S 22 a2 s a s a0
OO NOOOTOPr,WN-=2 00N r»WN-=0

12*

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

2104-CLO

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

dissolved in n-hexane
no

no

no
drying

ULTRA TURRAXING WITH HEXANE

EURL-ILS-BC_2104-CLO

column chromatography

direct acidic treatment with acid-modified silica gel
(containing 44% of sulfuric acid), sonication

no

no
BEE

SILICA GEL /SOLVENT EXTRACT- MANUAL

n-hexane

n-hexane

no ‘

Toluene/Acetone ‘

40:60 DCM:HEXANE |

0,5 ‘ambient

20 min 50

2-4HRS |AMBIENT

ambient

no

GRAVITY

Report Version 1.0
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods PCNs - Clean-up

Clean-up

Sample Gelchromatography

Silica/sulfuric acid column

Florisil column

Alumina column

Carbon column Others

Final volume [pl]:

W ~NOOOA WN =

12*

2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO
2104-CLO

EURL-ILS-BC_2104-CLO

no
no
no
no

no
no

no
YES

YES

yes
yes

yes
YES

YES

yes
no
no

no
no

no
YES

NO

no
yes

no

yes
yes

yes
NO

YES

yes ‘F‘owerPrep FMS columns (basic-neutral silica, alumina, carbon)

yes ‘acidic treatment

‘Dex Tech Multi methode

\
yes
yes ‘

yes Silica/AgNO3
YES ‘Silver nitrate silica gel

YES |

Report Version 1.0
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20
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

Physico-chemical Methods PCNs - Chromatographic separation and detection method

Sample

Chromatographic separation and detection method
GC injection

Injected volume [pl]

Chromatographic separation: Stationary phase

Detector

W ~NOOOA WN =

2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO
2104-CLO| |
2104-CLO

EURL-ILS-BC_2104-CLO

PTV LV

splitless

splittless
PTV

PTV
PTV

PTV
splitless

PTV

= NN O

DB-5MS (30m x 0.25 mm x 0.1 pm)
DB-5ht (15m)
DB 5 MS
ZB-1701P

5 m precolumn and 60 m Rix-Dioxin2 0.25 mm x 0.25 ym

(5%-phenyl)-methylpolysiloxane (DB-5MS Ul, 60m*0,25mm*0,25um) ‘

DBDIOXIN
DB5MS 30 m

DB-5MS

HRMS (DFS), Same results at R=5 000 R=10 000
HRMS
GC-HRMS
GC-HRMS

HRMS
MS/MS

HRMS
GC-HRMS

GC-HRMS

Report Version 1.0
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EURL Interlaboratory Study on the Deter

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

PCN Compound database - Retention Time 1

and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

Lab Code
EURL POPs EURL POPs EURL POPs LC3 LC3 LC4 LC4
Chr i p ion and
Injection method PTV large volume (solvent vent) PTV solvent vent PTV solvent vent PTV solvent vent* Additional information PTV: * PTV large volume splitiess splitiess
Injected volume [pl] 5.00 5.00 5.00 5.00 (solvent vent) 2ul 2ul
Stationary phase 30 mﬂ‘z;f‘e":zﬂ"m Of:ogzz;[;regfwfrx;" film 60 m DB-5MS Rtx-1614, 15m x 0,25mm, FD: 0,1 pm DB-5MS 60m, 0.25um , 0.1pm film Expm;;i’,e enable: La’g?, volume DBSMs (60m) DBSMs (60m)
GC-system Trace 1300 Series Trace 1300 Temperature: 90°C HP 6890 Series HP 6890 Series
Oven method: Sp\!l flow enable: On .
Initial Temperature °C) 80.0 80.0 90.0 80.0 gg:hg::’&‘me: 702'%81";‘/":'” 105 °C 105 °C
Initial time(min) 5.0 5.0 1.0 5.0 Purge flow: 5.0 mL/min 4 min 4 min
Number of ramps 3.0 3.0 3.0 4.0 Constant septum purge: off 3.0 3.0
24°/min --> 180°C (2min) Stop purge for: 2.00 min

Rate (C/min) --> final temperature (°C)
(hold time (min)

Detector

Target congeners and elution order|

24°/min --> 180°(2min)
5°/min --> 250°(2min)
10°/min > 300° (7min)

Thermo Scientific™ GC-Orbitrap

24°/min --> 180°(2min)
5°/min --> 250°(2min)
10°/min > 300° (7min)

Thermo Scientific™ DFS™ high resolution GC-
MS

20°/min --> 160°(Omin)
5°/min --> 220°(0min)
20°/min --> 300° (1min)

APGC-MS/MS TQS Waters

5°/min --> 250°C (2min)
10°/min --> 300°C (6min)
Transfer line 270°C

Thermo Scientific™ DFS™ high resolution GC-
Ms

Carrier mode:
Carrier flow enable:

PCN1

PCN 2

PCN 3

PCN 4
PCN 5

PCN 6

PCN 7

PCN 8

PCN 9

PCN 10
PCN 11
PCN 12
PCN 13
PCN 14
PCN 15
PCN 16
PCN 17
PCN 18
PCN 19
PCN 20
PCN 21
PCN 22
PCN 23
PCN 24
PCN 25
PCN 26
PCN 27
PCN 28
PCN 29
PCN 30
PCN 31
PCN 32
PCN 33
PCN 34
PCN 35
PCN 36
PCN 37
PCN 38
PCN 39
PCN 40
PCN 41
PCN 42
PCN 43
PCN 44
PCN 45
PCN 46
PCN 47
PCN 48
PCN 49
PCN 50
PCN 51
PCN 52
PCN 53
PCN 54
PCN 55
PCN 56
PCN 57
PCN 58
PCN 59
PCN 60
PCN 61
PCN 62
PCN 63
PCN 64
PCN 65
PCN 66
PCN 67
PCN 68
PCN 69
PCN 70
PCN 71
PCN 72
PCN 73
PCN 74
PCN 75

Compound Name

2-MonoCN

1,3-DICN

1,2,3-TriCN

1,2,3,4-TETRACN
1,2,3,5-TETRACN

1,2,3,8-TETRACN

1,2,5,6-TETRACN

1,3,5,7-TETRACN

1,4,5,8-TETRACN

2,3,6,7-TETRACN
1,2,3,4,5-PENTACN
1,2,3,4,6-PENTACN

1,2,3,5,7-PENTACN
1,2,3,5,8-PENTACN

1,2,4,5,8-PENTACN
1,2,4,6,7-PENTACN

1,2,3,4,5,6-HEXACN

1,2,4,5,6,8-HEXACN
1,2,4,5,7,8-HEXACN
1,2,3,4,5,6,7-HEPTACN
1,2,3,4,5,6,8-HEPTACN
OCTACN

EURL-ILS-BC_2104-CLO

RT [min]

RT [min]

RT [min]

RT [min]

21.80

23.88
25.65

28.51

28.00
28.00
28.51
28.70

28.90
32.23
32.34
35.49

Constant Flow
On

Carrier flow: 0.900 mL/min
Vacuum compensation: On
Carrier gas saver enable: On
Carrier gas saver flow: 15.0 mL/min
Carrier gas saver time: 7.00 min
Cyrogenics enable: Off

Use 1 phase: Yes

Use cleaning phase: Yes

Use ramped pressure: No
Transfer temperature delay: 0.30 min
Post-cycle temperature: Maintain
Injection time: 0.02 min
Injection flow: 30.0 mL/min
Injection backflush enable: Off
Evaporation rate: 14.5 °C/sec
Evaporation temperature: 105 °C
Evaporation time: 0.05 min
Evaporation flow: 30.0 mL/min
Transfer rate: 2.5 °Clsec
Transfer temperature: 320 °C
Transfer time: 4.00 min
Cleaning rate: 14.5 °Cl/sec
Cleaning temperature: 330 °C
Cleaning time: 12.00 min
Cleaning flow: 50.0 mL/min
Cleaning backflush enable: Off

Report Version 1.0

105 °C - 30 °C/min - 180 °C - 3 °C/min - 260 °C -
30 °C/min - 325 °C (30 min)

105 °C - 30 °C/min - 180 °C - 3 °C/min - 260 °C -
30 °C/min - 325 °C (30 min)

HRMS HRMS
RT [min] RT [min]
15.55 15.55
15.40 15.40
16.15 16.15
15.40 15.40
14.63 14.63
16.11 16.11
15.71 15.71
17.39 17.39
16.74 16.74
16.42 16.42
17.16 17.16
17.31 17.31
18.79 18.79
18.27 18.27
19.02 19.02
18.06 18.06
18.06 18.06
18.27 18.27
18.35 18.35
18.96 18.96
18.45 18.45
18.45 18.45
2017 2017
20.23 20.23
22.44 2244
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EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCN Compound database - Retention Time 2

and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

Lab Code
Lcs Lce Lc15 Lc16 Lc19 Lc19 Lc20
Cl i ion and
Injection method SSL PTV PTV MMI Splitless PTV solvent vent PTV solvent vent splitless
Injected volume [ul] 2.00 1.00 2.00 5.00 2.00 2.00 2.00
Stationary phase 022 :g%i“gim 7B-1701P 5m precolumn and g‘_’z’;‘u’?‘x'D"’X‘"z 0.25 mm x (5%'phe”y'g'o"r“nefgvyz'g‘r’r"y;','gv";s":m(')DB'SMS ul, DBS, 60m, 0,25mm, 0,25um DBDIOXIN, 60m 30m*0.25mm*0.25um DB5MS
GC-system HP6890 Thermo Trace 1310 Agilent 7890 A Thermo Trace GC Ultra Thermo Trace GC Ultra Agilent 7890A
Oven method:
Initial Temperature °C) 100.0 70.0 140.0 100.0 60.0 60.0 110.0
Initial time(min) 25 1.0 1.0 3.0 5.0 5.0 1.5
Number of ramps 2.0 2.0 3.0 3.0 3.0 2.0 4.0
) ) . , . I 20°C/min —» 250°C (0 min) 20%/min --> 200°(0 min) 20°/min -> 190° . . 10°C/min ->200°C (5 min) ~ 3°C/min -
?;f((ﬁf:,")m) > final temperature (C) (hold 350%:?:)1279%((123 'r:::; 125/’2:: - ;;38((2'""“':)) 1°C/min — 280°C (0 min) 4°/min > 270°(12.7 min) 1°/min -> 220° (16) 25‘1 /’;"i'n"jzzfgf, ((1207)) >225°C (Omin)  2.5°C/min -> 230°C (4.2 min)
! 20°C/min —» 305°C (8 min) 10°/min > 300° (0 min) 3°/min > 320° (3) 20°C/min -> 300°C (4min)
Detector Ag’gg% '[‘)Aéﬁf’g‘l’s Waters Micromass AutoSpec HRMS Thermo DFS Agilent 7010 (MS/MS) MAT 95 XP MAT 95 XP JEOL JMS 800D
Target and elution order|
Compound Name RT [min] RT [min] RT [min] RT [min] RT [min] RT [min] RT [min]
PCN 1
PCN 2 2-MonoCN 7.64
PCN 3
PCN 4
PCN5
PCN 6 1,3-DICN 8.85
PCN7
PCN 8
PCN 9
PCN 10
PCN 11
PCN 12
PCN 13 1,2,3-TricN 11.08
PCN 14
PCN 15
PCN 16
PCN 17
PCN 18
PCN 19
PCN 20
PCN 21
PCN 22
PCN 23
PCN 24
PCN 25
PCN 26
PCN 27 1,2,34-TETRACN 14.82 15.22 13.63 18.44 13.90
PCN 28 1,2,3,5-TETRACN 14.55 14.90 13.30 26.27 17.93 13.61
PCN 29
PCN 30
PCN 31 1,2,38-TETRACN 18.05
PCN 32
PCN 33
PCN 34
PCN 35
PCN 36 1,2,5,6-TETRACN 14.55 14.90 13.38 18.12 26.46 17.98
PCN 37
PCN 38
PCN 39
PCN 40
PCN 41
PCN 42 1,3,5,7-TETRACN 13.15 12.81 11.92 16.68 23.52 16.23 12.25
PCN 43
PCN 44
PCN 45
PCN 46 1,4,5,8-TETRACN 16.17 17.49 15.11 15.39
PCN 47
PCN 48 2,3,6,7-TETRACN 15.36 16.75 14.28 18.88 14.45
PCN 49 1,2,3,4,5-PENTACN 19.35 20.41 19.12 19.61
PCN 50 1,2,3,4,6-PENTACN 17.74 18.81 16.84 17.53
PCN 51
PCN 52 1,2,3,5,7-PENTACN 16.98 17.50 15.81 20.47 3247 19.60 16.60
PCN 53 1,2,3,5,8-PENTACN 18.81 20.77 18.27 2232 37.16 23.41 18.91
PCN 54
PCN 55
PCN 56
PCN 57
PCN 58
PCN 59 1,2,4,5,8-PENTACN 21.41
PCN 60 1,2,4,6,7-PENTACN 16.98 17.55 15.81 3247 19.64 16.60
PCN 61
PCN 62
PCN 63 1,2,3,4,5,6-HEXACN 27.85
PCN 64 1,2,3,4,5,7-HEXACN 21.73 25.02 22.87 46.59 27.99
PCN 65 1,2,3,4,5,8-HEXACN 23.39 28.53 26.04 24.99
PCN 66 1,2,3,4,6,7-HEXACN 21.20 23.93 21.84 24.63 44.76 26.01 22.16
PCN 67 1,2,3,5,6,7-HEXACN 21.20 23.93 21.84 24.63 44.76 26.01 22.16
PCN 68 1,2,3,5,6,8-HEXACN 21.73 25.02 22.87 25.18 46.59 27.99 22.88
PCN 69 1,2,3,5,7,8-HEXACN 21.93 25.02 23.22 47.30 28.90 23.14
PCN 70 1,2,3,6,7,8-HEXACN 23.57 29.58 26.75 25.26
PCN 71 1,2,4,5,6,8-HEXACN 22.16 25.84 23.63 25.60 48.04 30.17 23.40
PCN 72 1,2,4,5,7,8-HEXACN 22.16 25.84 23.63 25.60 48.04 30.17 23.40
PCN 73 1,2,3,4,5,6,7-HEPTACN 26.11 32.42 32.19 30.19 65.10 42.72 29.36
PCN 74 1,2,3,4,5,6,8-HEPTACN 26.24 32.81 65.41 44.06 29.55
PCN 75 OCTACN 30.15 38.10 40.75 37.08 75.42 51.68 33.14

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)

PCN Compound database - Targeted Masses 1

Lab Code
EURL POPs LC3 LC3 LC15 LC15 LC4 LC4 LC5 LC5 LC6 LC6 LC15 LC15 LC16
Conoeney lon Mass Detector
group
Thermo Scientific™ Thermo Scientific™ . . ) )
Orbitrap DFS™ high resolution | DFS™ high resolution | HRMS Thermo DFS | HRMS Thermo DFS HRMS HRMS AutoSpec M-Series AutoSpec M-Series Waters Micromass Waters Micromass HRMS Thermo DFS | HRMS Thermo DFS | Agilent 7010 (MS/MS)
GC-MS GC-MS @ R=10.000; EI @ R=10.000; EI AutoSpec AutoSpec
m/z nativ m/z nativ m/z 13C-labelled m/z nativ m/z 13C-labelled m/z nativ m/z 13C-labelled m/z nativ m/z 13C-labelled m/z nativ m/z 13C-labelled m/z nativ m/z 13C-labelled m/z nativ

TETRACN Quantifier 265.90321 265.9032 273.9403 265.9032 275.9368 263.9067 273.9403 265.903 275.937 265.9038 275.9373 265.9032 275.9368 265.1
Qualifier 1 263.90616 267.9003 275.9373 263.9016 273.9397 265.9038 275.9373 263.906 273.940 263.9067 273.9403 263.9016 273.9397 195.0
Qualifier 2 193.96846 230.0

Qualifier 3 195.96551
PENTACN Quantifier 299.86424 297.8677 307.9013 299.8642 309.8978 301.8618 311.8954 297.867 307.901 299.8648 309.8983 299.8642 309.8978 299.9
Qualifier 1 301.86129 299.8648 309.8983 301.8613 307.9007 299.8648 309.8983 299.864 309.898 297.8677 307.9013 301.8613 307.9007 230.0
Qualifier 2 229.92653 228.0

Qualifier 3 227.92948

Qualifier 4 231.92358
HEXACN Quantifier 333.82527 333.8258 343.8594 333.8253 343.8588 335.8229 345.8564 333.825 343.859 333.8258 343.8594 333.8253 343.8588 333.9
Qualifier 1 335.82232 335.8229 345.8564 335.8223 345.8559 333.8258 343.8594 335.822 345.856 335.8229 345.8564 335.8223 345.8559 264.0
Qualifier 2 337.81937 262.0

Qualifier 3 263.88756

Qualifier 4 265.88461
HEPTACN Quantifier 367.78630 367.7868 375.9802 367.7863 377.8198 369.7839 379.8174 367.786 377.820 367.7868 377.8204 367.7863 377.8198 367.8
Qualifier 1 369.78335 369.7839 377.8204 369.7833 379.8169 367.7868 377.8204 369.783 379.817 369.7839 379.8174 369.7833 379.8169 298.0
Qualifier 2 371.78040 296.0

Qualifier 3 297.84859

Qualifier 4 299.84564
OCTACN Quantifier 403.74437 403.7449 411.7814 403.7444 413.7779 401.7479 411.7814 401.747 411.781 403.7449 413.7785 403.7444 413.7779 403.6
Qualifier 1 401.74732 401.7479 415.7755 401.7473 411.7809 403.7449 413.7785 403.744 413.778 401.7479 411.7814 401.7473 411.7809 334.0
Qualifier 2 405.74142 332.0

Qualifier 3 331.80962

Qualifier 4 333.80667

EURL-ILS-BC_2104-CLO
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCN Compound database - Targeted Masses 2

Lab Code
LC16 LC19 LC19 LC20
Conoeney lon Mass Detector
group
Agilent 7010 (MS/MS) HRMS MAT 95 XP HRMS MAT 95 XP JMS 800D
m/z 13C-labelled | miz nativ miz 13C-labelled | m/z nativ
TETRACN Quantifier 275.1 265.9038 275.9373 265.9038
Qualifier 1 205.0 | 263.9067 273.9403 | 263.9067
Qualifier 2 240.0
Qualifier 3 | |
PENTACN Quantifier 309.9 299.8648 309.8983 299.8648
Qualifier 1 240.0 | 301.8618 311.8954 | 301.8618
Qualifier 2 238.0
Qualifier 3 | |
Qualifier 4
HEXACN Quantifier 343.9 | 333.8258 343.8594 | 333.8258
Qualifier 1 274.0 335.8229 345.8564 335.8229
Qualifier 2 272.0 | |
Qualifier 3
Qualifier 4 | |
HEPTACN Quantifier 377.8 367.7868 377.8204 367.7868
Qualifier 1 308.0 | 369.7839 379.8174 | 369.7839
Qualifier 2 306.0
Qualifier 3 | |
Qualifier 4
OCTACN Quantifier 4136 | 403.7449 413.7785 | 403.7449
Qualifier 1 344.0 401.7479 411.7814 401.7479
Qualifier 2 3420 | |
Qualifier 3
Qualifier 4 \ \

EURL-ILS-BC_2104-CLO

LC20

JMS 800D

m/z 13C-labelled
273.9403
275.9373

309.8983
311.8954

343.8594
345.8564

377.8204
379.8174

413.7786
411.7814

Report Version 1.0

Methods 2





EURL POPs
Annex 11
Annex 11


European Union Reference Laboratory for halogenated POPs in Feed and Food

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food
26 August 2022

Annex 1: Assigned values of PBDEs, HBCDDs, eBFRs, TBBPA and PCNs
Test sample - Cod Liver oil (2104-CLO)
Assigned values of sum parameters and individual congeners

Estimation of the assigned value as the consensus of participants' results
Assigned value = Huber robust mean after exlusion of extreme outliers

EURL-ILS-BC_2104-CLO Report Version 1.0 Annex 1
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PBDE - Assigned values

Result Assigned value Robust standard Standard No. of results Median
Analyte ug/kg deviation uncertainty contributing to
fat [outliers removed] [outliers removed] [outliers removed] assigned value [all values]

BDE-28 2,2' 4-Tribromodiphenyl ether 0.0722 0.0064 0.0018 20 0.0740
BDE-47 2,2',4,4'-Tetrabromodiphenyl ether 1.28 0.11 0.031 21 1.29
BDE-49 2,2'4,5'-Tetrabromodiphenyl ether 0.412 0.066 0.019 19 0.395
BDE-99 2,2',4,4' 5-Pentabromodiphenyl ether 0.196 0.031 0.0083 22 0.190
BDE-100 2,2'4,4' 6-Pentabromodiphenyl ether 0.338 0.033 0.0085 23 0.336
BDE-153 2,2'4,4'5,5"-Hexabromodiphenyl ether 0.0569 0.0079 0.0022 20 0.0563
BDE-154 2,2'4,4'5,6'-Hexabromodiphenyl ether 0.247 0.042 0.011 22 0.240
BDE-183 2,2'3,4,4'5' 6-Heptabromodiphenyl ether 0.0100
BDE-209 2,2'3,3'4,4'5,5',6,6'-Decabromodiphenyl ether 0.209
Sum of 8 PBDE  without BDE-209 (ub) 2.65 0.29 0.079 21 2.64
Sum of 8 PBDE  without BDE-209 (Ib) 2.64 0.28 0.075 22 2.63
Sum of 9 PBDE including BDE-209 (ub) 2.85 0.34 0.10 17 2.96
Sum of 9 PBDE  including BDE-209 (lb) 2.69 0.22 0.066 18 2.71

EURL-ILS-BC_2104-CLO
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BPOPs

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
HBCDD - Assigned values

Result Assigned value Robust standard Standard No. of results Median
Analyte ug/kg deviation uncertainty contributing to
fat [outliers removed] [outliers removed] [outliers removed] assigned value [all values]

(+/-)-o-HBCDD e adeanepromo-(1R 2R 5568 9R.108) 0.711 0.094 0.034 12 0.739

(1,2,5,6,9,10-hexabromo-(1R,2S,5R,6R,9R,10S)-
(+/-)-p- HBCDD rel-cyclododecane) 0.0450

(1,2,5,6,9,10-hexabromo-
(+/)-y- HBCDD (1R.2R 5R 65,95, 10R)-rel-cyclododecane) 0.0791
Sum of a-, 8-, y-HBCDD (ub) 0.873 0.15 0.053 12 0.879
Sum of a-, B-, y-HBCDD (Ib) 0.783 0.091 0.033 12 0.785
Total HBCDD 0.699

EURL-ILS-BC_2104-CLO

(using GC-methods)
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BPOPs

EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
TBBPA - Assigned values

\ Result Assigned value Robust standard Standard No. of results Median
Analyte Ha’kg deviation uncertainty contributing to
\ fat [outliers removed] [outliers removed] [outliers removed] assigned value [all values]
5.33 0.43 0.19 8 5.39

TBBPA 2,2',6,6'-Tetrabrombisphenol A

EURL-ILS-BC_2104-CLO Report Version 1.0
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]

EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
eBFR - Assigned values

Result Assigned value Robust standard Standard No. of results Median
Analyte ug/kg deviation uncertainty contributing to
fat [outliers removed] [outliers removed] [outliers removed] assigned value [all values]

PBBz 1,2,3,4,5-Pentabromobenzene 0.317
HBB 1,2,3,4,5,6-Hexabromobenzene 0.336 0.052 0.021 9 0.319
PBT 1,2,3,4,5-Pentabromo-6-methylbenzene 0.298
PBEB 1,2,3,4,5-Pentabromo-6-ethylbenzene 0.305
BTBPE 111'—[1,2-Ethanediyl-bis(oxy)] bis[2,4,6- 0.745

tribromo]benzene
TBX 1,2,4,5-Tetrabromo-3,6-dimethylbenzene 0.300
DBDPE (1,1'-(1,2-Ethanediyl)bis[2,3,4,5,6-pentabromo- 296

benzene])
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EURL Interlaboratory Study on the Determination of Brominated Contaminants and PCNs In Cod Liver Oil 2021 [EURL-ILS-BC_2104-CLO]
EURL for halogenated Persistent Organic Pollutants (POPs) in Feed and Food

Cod liver oil (2104-CLO)
PCN - Assigned values

Result Assigned value Robust standard Standard No. of results Median
Analyte pa/g deviation uncertainty contributing to
fat [outliers removed] [outliers removed] [outliers removed] assigned value [all values]
PCN 27 1,2,3,4-Tetrachloronaphthalene 1.18
PCN 28 1,2,3,5-Tetrachloronaphthalene 3.21
PCN 31 1,2,3,8-Tetrachloronaphthalene 0.450
PCN 36 1,2,5,6-Tetrachloronaphthalene 1.89
PCN 42 1,3,5,7-Tetrachloronaphthalene 28.2 3.3 14 9 28.1
PCN 46 1,4,5,8-Tetrachloronaphthalene 1.80
PCN 48 2,3,6,7-Tetrachloronaphthalene 0.451
PCN 49 1,2,3,4,5-Pentachloronaphthalene 0.325
PCN 50 1,2,3,4,6-Pentachloronaphthalene 1.76
PCN 52* 1,2,3,5,7-Pentachloronaphthalene 494 6.0 2.7 8 47.6
PCN 53* 1,2,3,5,8-Pentachloronaphthalene 2.94
PCN 59 1,2,4,5,8-Pentachloronaphthalene 410
PCN 60* 1,2,4,6,7-Pentachloronaphthalene 22.8
PCN 63 1,2,3,4,5,6-Pentachloronaphthalene 0.630
PCN 64 1,2,3,4,5,7-Pentachloronaphthalene 1.40
PCN 65 1,2,3,4,5,8-Hexachloronaphthalene 0.493
PCN 66* 1,2,3,4,6,7-Hexachloronaphthalene 6.74
PCN 67* 1,2,3,5,6,7-Hexachloronaphthalene 5.64
PCN 68* 1,2,3,5,6,8-Hexachloronaphthalene 241
PCN 69* 1,2,3,5,7,8-Hexachloronaphthalene 2.38 0.41 0.18 8 2.39
PCN 70 1,2,3,6,7,8-Hexachloronaphthalene 0.200
PCN 71* 1,2,4,5,6,8-Hexachloronaphthalene 2.10
PCN 72* 1,2,4,5,7,8-Hexachloronaphthalene 0.960
PCN 73* 1,2,3,4,5,6,7-Heptachloronaphthalene 1.24 0.23 0.11 7 1.33
PCN 74* 1,2,3,4,5,6,8-Heptachloronaphthalene 0.418
PCN 75* Octachloronaphthalene 0.581 0.18 0.077 9 0.571
Sum PCN 28/36 3.40
Sum PCN 52*/60* 49.7 5.4 23 9 48.3
Sum PCN 64/68* 2.22 0.63 0.28 8 2.41
Sum PCN 66*/67* 7.54 1.6 0.75 7 7.46
Sum PCN 71*/72* 2.14
Sum all 26 congeners (ub) 103 14 6 8 99.9
Sum all 26 congeners (Ib) 102 15 6.5 8 98.2
Sum * 12 main congeners & PCN 64 (ub) 67.7 8.8 3.9 8 67.8
Sum * 12 main congeners & PCN 64 (Ib) 67.2 9.4 4.2 8 66.9

* recommended main congeners
EURL-ILS-BC_2104-CLO
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