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Summary 

Test sample (feed) 
 

Fish fillet (fresh water fish) - 2001-FI 

Analytes of interest 
 

Optional for NRLs: 

- CPs (SCCPs, MCCPs, total CP) 

- Other brominated contaminants  

 

Methods Any kind of method 

Participants NRLs, OFLs, other official laboratories, commercial labora-
tories performing the analysis of samples taken by food 
business operators 

Statistical evaluation 
 

ISO 13528:2015, IUPAC Protocol, combined z-scores 

Report of preliminary 
results 

24 September 2020 

Final report 05 November 2020 
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1. Structure of the PT, test material and analytes 

This proficiency test (PT) on the determination of PCDD/Fs, PCBs, BFRs, PFASs and CPs 

in fish fillet (fresh water fish) was organized by the EURL for Halogenated Persistent Or-

ganic Pollutants (POPs) in Feed and Food to be performed between February and Sep-

tember 2020. The objective was to assess analytical performance of laboratories and the 

interlaboratory comparability of results from analyses of PCDD/Fs, PCBs, BFRs, PFASs 

and CPs in one sample of fish fillet. 

National Reference Laboratories (NRLs) for Halogenated POPs in Feed and Food from EU 

member states were requested to participate as part of their work programme for 2020. 

NRLs were invited to encourage the participation of Official Laboratories (OFLs) from their 

member states as part of their duties following Article 101 of regulation (EU) 2017/625 of 

the European Parliament and of the Council of 15 March 2017. Furthermore, participation 

of OFLs will allow the extension of the data basis for calculation of assigned values and 

evaluation of results.  

This PT was also open for other official laboratories and commercial laboratories per-form-

ing the analysis of samples taken by food business operators in order to check the compa-

rability of results not only within the EURL/NRL/OFL network, but also with official and pri-

vate laboratories performing official control or self-control of food business operators. 

The evaluated results will be discussed by representatives of EU Commission, NRLs and 

the EURL at the COM/EURL/NRL workshop in November 2020. 

 

1.1 Samples and coding  

The fish fillet test sample was prepared of regular market food. The test sample was not 

fortified with analytes of interest. 

 

 Fish fillet (fresh water fish)  Sample no. 2001-FI-xxx 

 

Each participant received about 125 g of the test sample. 
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1.2 Analytes of interest 

Participants were requested to determine at least one of the following parameters: 

Chlorinated paraffins (CPs) 

 Short chained chlorinated paraffins (SCCPs) 

 Medium chained chlorinated paraffins (MCCPs) 

 Sum of CPs / total CPs 

 

Other brominated contaminants 

 Tetrabromobisphenol A (TBBPA) 

 Decabromodiphenyl ethane (DBDPE) 

 1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE) 

 Bromophenols (2,4,6-tribromophenol (2,4,6-TBP), 2,4-dibromophenol (2,4-

DBP), 4- bromophenol (4-BP), 2,6-dibromophenol (2,6-DBP) 

 Pentabromoethylbenzene (PBEB) 

 Hexabromobenzene (HBB) 

 Pentabromotoluene (PBT) 

 Pentabromobenzene (PBBz) 

 

1.3 Methods 

One or more of the following detection methods could be applied: 

 Any kind of method for other brominated contaminants and CPs  

 

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. 

For NRLs, the “Protocol for management of underperformance in comparative testing 

and/or lack of collaboration of National Reference Laboratories (NRLs) with Community 

reference laboratories (CRLs) activities” will be observed. The confidentiality of NRLs will 

be kept according to this protocol.  

The identity of OFLs will be kept confidential, unless a Member State initiated a co-opera-

tion between the NRL, OFLs and the EURL.  
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1.5 Results of other brominated contaminants and CPs 

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,  

 report at least results for SCCP and MCCP sum parameters (except for laborato-

ries using only screening methods; in that case report total CP) 

 report homologue patterns for SCCPs and MCCPs, if possible, 

 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 ng/g wet weight for both analyte groups.  

 

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 

Eleven laboratories reported results for at least one of the requested parameters for CPs 

and two laboratories for other brominated contaminants. 

 

3. Test for sufficient homogeneity 

The test for sufficient homogeneity was performed according to ISO 13528:2015 [2] and 

the International Harmonized Protocol for the Proficiency Testing of Analytical Chemistry 

Laboratories [1]. 

Therefore, twelve portions of the test sample 2001-FI were analyzed for CPs, with five of 

them being duplicates. The test for sufficient homogeneity was performed for chain length 

concentrations. Three samples were excluded due to process contamination caused by the 

extraction method. Based on the remaining samples, the test materials showed sufficient 

homogeneity for this proficiency test. 

 



European Union Reference Laboratory 

for Halogenated POPs in Feed and Food 

State Institute for Chemical and Veterinary Analysis of Food, Freiburg, Germany  

EURL-PT-POP_2001-FI  

Other brominated contaminants and CPs 

05 November 2020  Page 6 of 8 

 

4. Determination of the assigned value 

Statistical evaluation of the PT results is performed by the EURL for Halogenated POPs in 

Feed and Food according to ISO 13528:2015, Statistical methods for use in proficiency 

testing by interlaboratory comparisons, International Organization for Standardization, and 

the International Harmonized Protocol for the Proficiency Testing of Analytical Chemistry 

Laboratories (IUPAC Technical Report 2006, Pure Appl. Chem 78 (1), 145-196). 

The determination of the assigned value is performed according to “The international har-

monized protocol for the proficiency testing of analytical chemistry laboratories" (IUPAC 

Technical Report, Pure Appl. Chem, Vol. 78, No. 1, pp-145-196, 2006) by estimating of the 

assigned value as the consensus of participants’ results. 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. 

The assigned value is calculated for sum of SCCPs, sum of MCCPs and sum of CPs (ex-

cluding limits of quantification (LOQs)), if possible. Additionally the median of all values is 

calculated. Due to only two results being eligible for the Huber robust mean for sum of 

SCCPs, z-scores and further evaluations for this parameter were calculated excluding the 

highest and lowest result only and are therefore seen as provisional. 

Assigned values could not be calculated for other brominated contaminants, as only two 

laboratories reported results, many of them below LOQ. 

 

5. Scoring of results 

5.1 Participants’ results 

5.1.1 Z-scores 

For evaluation of results the z-scores are calculated according to the following formula: 
 

z =(x - xa) / σp 

xa: assigned value 

x: participants result 

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

For CP sum parameters, the standard deviation for proficiency assessment σp is defined 

as 25 %. 

Interpretation of z-scores: 

│z-score│≤ 2 satisfactory performance 

2 <│z-score│< 3 questionable performance (warning signal) 

│z-score│≥ 3 unsatisfactory performance (action signal) 
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5.1.2  Combined z-score AZ² 

For evaluation of the overall performance of laboratories concerning the determination of 

chlorinated paraffins, the average of the squared z-score (AZ2) is being used [4]. The AZ2 is 

calculated as follows: 

𝑨𝒁𝟐 =
∑ 𝒛𝒊

𝟐𝒏
𝒊=𝟏

𝒏
 

Where n is the number of z-scores to be considered in the calculation.  

For the purpose of calculating the AZ2, z-scores higher than |5| will be classified as |5|. Z-

scores derived based on reported LOQs will not be included. Based on the AZ2 achieved, 

the overall performance of the laboratories will be considered as follows: 

AZ² ≤ 2 satisfactory overall performance 

2 < AZ² < 3 questionable overall performance (warning signal) 

AZ² ≥ 3 unsatisfactory overall performance (action signal) 

 

Combined z-scores are considered to be of lesser importance than the individual z-scores.  

To account for multiple sets of results reported by some participants, combined z-scores will 

assigned for each set of results per lab and once for all results from each lab. 

 

6. Quality control 

The Deutsche Akkreditierungsstelle GmbH attests that the provider of proficiency testing 

Chemisches und Veterinäruntersuchungsamt 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 (Ac-

creditation number: D-EP-18625-01-00). 

 

7. Results of participants 

An overview of the other brominated contaminants and CP results for the PT test sample 

fish fillet (2001-FI) are given in the following annexes. Laboratories are coded according to 

the laboratory codes sent after registration. 
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9. Annex 

(Please double click on the pdf-icons to open the annexes.) 

Fish fillet  (2001-FI)  

1 Assigned values – CPs 

 

2 Participants’ results – Tables – CPs, other brominated contaminants 

 

3 Participants’ z-scores – Tables – CPs 

 

4 Participants’ z-scores – Charts – CPs 

 

5 Participants’ results – CP homologue patterns 

 

6 Test for sufficient homogeneity – CPs 

 

7 Participants’ methods – Tables – CPs 
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EURL Proficiency Test on Determination of PCDD/Fs, PCBs, BFRs, PFASs and CPs in 
Fish fillet 2020 [EURL-PT-POP_2001-FI] 
EURL for Halogenated POPs in Feed and Food 


 
Annex 1: Assigned values and z-score limits 
 
Test sample – Fish fillet (2001-FI) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gaussian Kernel distribution of all available data 


Gaussian Kernel distribution, extreme outliers removed 


 
 
 
 
 
 
 
 
 


 
 
 


- 


Analyte 
assigned value [ng/g ww] 


median 


(all data) 
σp 


z-score limits 


Kernel 
Robust 


mean 
st. dev. n -3z -2z +2z +3z 


SCCPs 2.06 4.19 3.81 7 2.90 25 % 1.05 2.10 6.29 7.33 


MCCPs 12.5 12.6 3.29 7 11.0 25 % 3.15 6.30 18.9 22.1 


sum of CPs 15.6 15.4 2.45 7 16.2 25 % 3.85 7.70 23.1 27.0 


Assigned values of CP sum parameters 
 
Estimation of the assigned value as the consensus of participants’ results 
Assigned value = Robust mean after exclusion of extreme outliers (±50% of median of all data) 
Due to only two results not being classified as extreme outliers, evaluation of ΣSCCPs was based on ro-
bust mean after exclusion of highest and lowest result and is seen as provisional 


z-scores of sum parameters  
Calculation of z-score on basis of theoretical value 
𝒛 = (𝒙 −  𝒙𝒂) / 𝝈𝒑 


xa:  assigned value 
x:  participants’ result 
σp:  fitness-for-purpose-based standard deviation for proficiency assessment 


25 % in accordance with General Protocol for EU Proficiency Tests on Pesticide Residues in Food 
and Feed and based on previous interlaboratory assessments on chlorinated paraffins 


 


n=7 n=7 n=7 


n=12 n=9 n=11 
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EURL Proficiency Test on Determination of PCDD/Fs, PCBs, BFRs, PFASs and CPs in 
Fish fillet 2020 [EURL-PT-POP_2001-FI] 
EURL for Halogenated POPs in Feed and Food 


 
Annex 2: Reported Results 
 
Test sample – Fish fillet (2001-FI) 
 
1. Chlorinated Paraffins 
 


lab code total CP ΣSCCPs+MCCPs ΣSCCPs ΣMCCPs lipid content 


5 - 15 < 10 15 6.8 


8 - 1.22 0.66 0.56 4.1 


30 - 16 <10 16 5.51 


47 - 380 89 290 5 


47# - 32.7 10.8 21.9 5 


72 - 16.4 7.1 9.3 5.7 


82 - 68.46 11.67 56.79 5 


114 44 - - - - 


118 - 13.1 2.9 10.2 4.49 


136 - (4.48) (0.87) (3.61) - 


136# - 13.84 2.46 11.38 - 


137-A - 12 < 2.0 (1.3) 11 - 


137-B - 18 < 2.0 (1.6) 16 - 


200 - 17.1 6.1 11 4.68 


All results were reported in ng/g ww.  
#: corrected results reported after distribution of the preliminary report, not included in PT evaluation. 
Lab 136: LOQs were reported after preliminary report, all results were below LOQ. 
Lab 137: ΣSCCPs was reported as information, but results were below LOQ (2 ng/g ww). Results 137-B were calculated 
solely based on Cl6 and Cl8 homologues. 
Lab 200: ΣSCCPs was reported as sum without C10 homologues due to a severe contamination issue. 


 
 


lab code ΣC10 ΣC11 ΣC12 ΣC13 ΣC14 ΣC15 ΣC16 ΣC17 


8 0.20 0.21 0.23 <0.06 0.25 0.18 <0.13 <0.13 


200 n.a. 3.4 2.4 1.1 6.8 2.1 0.19 1.6 


All results were reported in ng/g ww.  
Lab 200: C10 homologues could not be reported due to a severe contamination issue. 


  


- 
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2. Other brominated contaminants 
 


Analyte lab 82 lab 59 


Tetrabromobisphenol A (TBBPA) 0.0037 - 


Decabromodiphenyl ethane (DBDPE)  - < 0.56 


1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE)  - - 


4- bromophenol (4-BP)  - - 


2,4-dibromophenol (2,4-DBP)  - - 


2,6-dibromophenol (2,6-DBP)  - - 


2,4,6-tribromophenol (2,4,6-TBP) 0.0166 - 


Pentabromoethylbenzene (PBEB) < 0.0002  < 0.0069 


Hexabromobenzene (HBB) 0.0085 < 0.24 


Pentabromotoluene (PBT) 0.0038 < 0.036 


Pentabromobenzene (PBBz) 0.004 - 


All results were reported in ng/g ww.  


 
 
3. Additionally reported brominated contaminants 


 


Analyte lab 82 lab 59 


2,2',5,5'-Tetrabromobiphenyl (PBB-52) 0.0019 - 


2,2',4,5,5'-Pentabromobiphenyl (PBB-101) 0.0023 - 


2,2',4,4',5,5'-Hexabromobiphenyl (PBB-153) 0.0021 - 


tetrabromo- o-chlorotoluene (TBCT) < 0.0008 - 


2,3,5,6-tetrabromo-pxylene (pTBX) 0.0002 - 


octabromo-1-phenyl-1,3,3-trimethylindane (OBIND) < 0.0002 - 


All results were reported in ng/g ww.  
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EURL Proficiency Test on Determination of PCDD/Fs, PCBs, BFRs, PFASs and CPs in 
Fish fillet 2020 [EURL-PT-POP_2001-FI] 
EURL for Halogenated POPs in Feed and Food 


 
Annex 3: Participant’s z-scores - Tables 
 
Test sample – Fish fillet (2001-FI) 


 
 
 


lab code ΣSCCPs+MCCPs ΣSCCPs ΣMCCPs AZ² 


5 -0.1 5.5 0.8 0.3 


8 -3.7 -3.4 -3.8 13 


30 0.2 5.5 1.1 0.6 


47 94.7 81.0 88.1 25 


47# 4.5 6.3 3.0 18 


72 0.3 2.8 -1.0 3.0 


82 13.8 7.1 14.0 25 


114 7.4 - - - 


118 -0.6 -1.2 -0.8 0.8 


136 (-2.8) (-3.2) (-2.9) - 


136# -0.4 -1.7 -0.4 1.0 


137A -0.9 (-2.8) -0.5 2.9 


137B 0.7 (-2.5) 1.1 2.6 


200 0.4 1.8 -0.5 1.3 


Please note: z-scores in brackets were derived based on LOQs or reported values below LOQ and were 
not included in the calculation of the overall performance indicator AZ². 
All z-scores derived for ΣSCCPs are to be seen as provisional due to high standard deviation of the ro-
bust mean used as assigned value. 
#: results reported after distribution of the preliminary report 


 


- 


z-scores of sum parameters  
Calculation of z-score on basis of the assigned value  


𝒛 = (𝒙 − 𝒙𝒂)/𝝈𝒑 


xa:  assigned value  
x:  participants’ result  


σp:  fitness-for-purpose-based standard deviation for proficiency assessment  
25 % in accordance with General Protocol for EU Proficiency Tests on Pesticide Residues in Food and 
Feed and based on previous interlaboratory assessments on chlorinated paraffins  


Overall performance of laboratories 
Calculation of combined z-score AZ² on basis of individual z-scores  


𝑨𝒁𝟐 =
∑ 𝒛𝒊


𝟐𝒏
𝒊=𝟏


𝒏
 


Where n is the number of z-scores to be considered in the calculation.  
For the purpose of calculating the AZ2, z-scores higher than |5| will be classified as 5. Scores derived 
based on reported LOQs will not be included. 
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EURL Proficiency Test on Determination of PCDD/Fs, PCBs, BFRs, PFASs and CPs in 
Fish fillet 2020 [EURL-PT-POP_2001-FI] 
EURL for Halogenated POPs in Feed and Food 


 
Annex 4: Participant’s z-scores and combined z-score - Charts 
 
Test sample – Fish fillet (2001-FI) 


 
 
1. Sum of CPs (ΣSCCPs+MCCPs) 
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z-scores of sum parameters  
Calculation of z-score on basis of the assigned value  


𝒛 = (𝒙 − 𝒙𝒂)/𝝈𝒑 


xa:  assigned value  
x:  participants’ result  
σp:  fitness-for-purpose-based standard deviation for proficiency assessment  


25 % in accordance with General Protocol for EU Proficiency Tests on Pesticide Residues in 
Food and Feed and based on previous interlaboratory assessments on chlorinated paraffins  


 
Legend of the charts:  
 z-score ≤|2|  
 z-score |3| 
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2. ΣSCCPs (provisional) 


 


 
 
 
 
3. ΣMCCPs 


 


 
  


1
4


.0


8
8


.1


-5


-4


-3


-2


-1


0


1


2


3


4


5


8 136 72 118 137A 200 5 30 137B 82 47


z-
sc


o
re


 (
σ


=
2
5
%


)


Laboratory code


below LOQ


5
.5


5
.5 7
.1


8
1


.0


-5


-4


-3


-2


-1


0


1


2


3


4


5


8 136 137A 137B 118 200 72 5 30 82 47


p
ro


vi
si


o
n


al
 z


-s
co


re
 (
σ


=
2
5
%


)


Laboratory code


below LOQ only LOQ reported 


8
1


.4
 







European Union Reference Laboratory 


 for Halogenated POPs in Feed and Food 


State Institute for Chemical and Veterinary Analysis of Food, Freiburg, Germany  


EURL-PT-POP_2001-FI 


Other brominated contaminants and CPs 


05 November 2020  Annex IV - Page 3 of 3 


 


 
4. Overall laboratory performance 
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Overall performance of laboratories 
Calculation of combined z-score AZ² on basis of individual z-scores  


𝑨𝒁𝟐 =
∑ 𝒛𝒊


𝟐𝒏
𝒊=𝟏


𝒏
 


Where n is the number of z-scores to be considered in the calculation.  
For the purpose of calculating the AZ2, z-scores higher than |5| will be classified as 5. Scores derived 
based on reported LOQs will not be included. 
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EURL Proficiency Test on Determination of PCDD/Fs, PCBs, BFRs, PFASs and CPs in 
Fish fillet 2020 [EURL-PT-POP_2001-FI] 
EURL for Halogenated POPs in Feed and Food 


 
Annex 5: Participant’s results – CP homologue patterns 
 
Test sample – Fish fillet (2001-FI) 
 


 
 


Lab 8                 


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 
        


Cl5 
        


Cl6 
        


Cl7 0.14 
 


0.15 
     


Cl8 0.14 
   


0.59 0.25 
  


Cl9 0.07 0.25 
   


0.16 
  


Cl10 
 


0.13 0.11 
     


Cl11 
        


Cl12 
        


Cl13 
     


      


Instrument and data processing: 
GC-NCI-TOF-HRMS, Response factors combined with chlorine content 


 


  
 
  


- 


Cl4 Cl5 Cl6 Cl7 Cl8 Cl9 Cl10 Cl11 Cl12 Cl13


C10 C11 C12 C13 C14 C15 C16 C17


lab 8


Concentration-based homologue patterns 
No homologue-specific concentrations were reported. 


Relative abundance/unprocessed instrument response 
Participants were asked to report raw instrument responses; the data received ranged from peak areas to 
chain length percentages. Displayed are the relative patterns as full spectrum and summed by number of 
chlorine atoms. 
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Lab 30               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 
    


0.016 
   


Cl5 0.013 0.012 0.002 0.002 0.063 0.005 0.048 0.003 


Cl6 0.044 0.063 0.011 0.019 0.11 0.022 0.028 0.001 


Cl7 0.049 0.07 0.027 0.04 0.101 0.038 0.017 0.012 


Cl8 0.057 0.075 0.045 0.039 0.063 0.038 0.014 0.009 


Cl9 0.041 0.071 0.052 0.03 0.034 0.04 0.015 0.005 


Cl10 0.022 0.064 0.05 0.027 
 


0.008 0.005 0.001 


Cl11 
        


Cl12 
        


Cl13 
        


Instrument and data processing: 
GC-NCI-TOF-HRMS, exponential calibration based on chlorine content 


 


 
 


Lab 72               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 3.1 6.9 10 5.1 14 2.9 3.2 3.7 


Cl5 35.1 38.3 32.9 17.4 26.2 11.2 10.6 11.2 


Cl6 43.3 34.7 23.5 23.2 27.8 22.8 20.1 18.2 


Cl7 18.4 12.6 18.5 25 17.7 28.7 27.5 25.8 


Cl8  7.5 15.1 18.5 7.8 21.3 23 23.4 


Cl9    10.7 2.3 9.9 11.5 12.7 


Cl10      3.2 4.1 5 


Cl11  
   


    


Cl12 3.1 6.9 10 5.1 14 2.9 3.2 3.7 


Cl13 
        


Instrument and data processing: 
LC-ESI-FT-ICR-HRMS, linear calibration 


 


 
 


Cl4 Cl5 Cl6 Cl7 Cl8 Cl9 Cl10 Cl11 Cl12 Cl13


C10 C11 C12 C13 C14 C15 C16 C17


lab 30


Cl4 Cl5 Cl6 Cl7 Cl8 Cl9 Cl10Cl11Cl12Cl13


C10 C11 C12 C13 C14 C15 C16 C17


lab 72
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Lab 118               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 0.000091   0.0059 0.074 0.0033   


Cl5 0.0012 0.0058 0.0064 0.028 0.037 0.0091   


Cl6 0.0046 0.007 0.008 0.016 0.011 0.0036   


Cl7 0.0034 0.0021 0.0013 0.0034 0.0018 0.00067 0.00013  


Cl8  0.00024  0.00016  0.00013   


Cl9         


Cl10 0.000091   0.0059 0.074 0.0033   


Cl11 0.0012 0.0058 0.0064 0.028 0.037 0.0091   


Cl12 0.0046 0.007 0.008 0.016 0.011 0.0036   


Cl13 
        


Instrument and data processing: 
LC-ESI-Orbitrap-HRMS, Deconvolution 


 


 
 


Lab 136               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4     0.0866 0.0041 0.008 0.0039 


Cl5 0.0123 0.0154 0.0072 0.0081 0.12 0.0287 0.0292  


Cl6 0.0157 0.0198 0.0074 0.0283 0.1082 0.0576 0.0359 0.008 


Cl7 0.0044 0.0182 0.0131 0.0244 0.069 0.0607 0.0289  


Cl8  0.0105 0 0.0158 0.0314 0.0456 0.0078 0.0081 


Cl9  0.008 0.0036   0.0227  0.0046 


Cl10    0.0028     


Cl11         


Cl12         


Cl13         
 


      


Instrument and data processing: 
LC-APCI-TOF-HRMS, Deconvolution 


 


 


Cl4 Cl5 Cl6 Cl7 Cl8 Cl9 Cl10 Cl11 Cl12 Cl13


C10 C11 C12 C13 C14 C15 C16 C17


lab 118


Cl4 Cl5 Cl6 Cl7 Cl8 Cl9 Cl10Cl11Cl12Cl13


C10 C11 C12 C13 C14 C15 C16 C17


lab 136
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Lab 137-A               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4         


Cl5     0.31    


Cl6    0.38 0.79 0.31 0.29 0 


Cl7 0.24 0.18 0.56 0.24 1.1 0.58 0.47 0.3 


Cl8 0.28 0.26 0.23 0.38 0.88 0.76 0.46 0.47 


Cl9 0.15 0.34 0.26 0.35 0.38 0.64 0.33 0.16 


Cl10 0.07 0.37 0.5 0.36  0.29 0.14 0.12 


Cl11         


Cl12         


Cl13       
  


      


Instrument and data processing: 
GC-NCI-LRMS, modified exponential calibration based on chlorine content 


 


 
 


Lab 137-B               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4         


Cl5     
 


   


Cl6    0.38 0.31 0.31 0.29  


Cl7         


Cl8 0.28 0.26 0.23 0.38 1.06 0.76 0.46 0.47 


Cl9         


Cl10         


Cl11         


Cl12     
 


 
  


Cl13       
  


      


Instrument and data processing: 
GC-NCI-LRMS, modified exponential calibration based on chlorine content, only Cl6 and Cl8 homologues included 


 


 


Cl4 Cl5 Cl6 Cl7 Cl8 Cl9 Cl10Cl11Cl12Cl13


C10 C11 C12 C13 C14 C15 C16 C17


lab 137-A


Cl4 Cl5 Cl6 Cl7 Cl8 Cl9 Cl10Cl11Cl12Cl13


C10 C11 C12 C13 C14 C15 C16 C17


lab 137-B
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Lab 200               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4     
 


   


Cl5 2.435 1.580 3.240 3.250 6.655 4.890   


Cl6 2.975 3.249 4.860 5.630 9.072 5.850 0.392 0.044 


Cl7 1.243 2.973 2.943 3.280 9.759 4.488 0.763 0.293 


Cl8 0.844 2.615 2.416 1.970 5.237 2.782 1.140 0.431 


Cl9 0.297 1.924 2.642 1.328 1.589 0.950 0.884 0.318 


Cl10  0.176 0.902 0.299 0.087 0.103 0.261 0.075 


Cl11   0.071 0.056 0.079    


Cl12         


Cl13          


Instrument and data processing:  
GC-ECNI-Orbitrap-MS, Gaussian RRFs, with ECNI correction factors 


 


 
 


Lab 200               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 
     


   


Cl5 0.487 0.316 0.216 0.325 1.331 0.489 0.168 0.019 


Cl6 1.785 3.249 2.916 3.378 9.072 3.51 1.335 0.512 


Cl7 2.176 5.202 5.15 5.74 17.078 7.854 3.04 1.148 


Cl8 2.25 6.973 6.442 5.252 13.966 7.418 2.651 0.955 


Cl9 0.892 5.773 7.927 3.985 4.768 2.851 0.869 0.251 


Cl10  0.587 3.007 0.998 0.289 0.342   


Cl11   0.26 0.206     


Cl12         


Cl13       
  


      


Instrument and data processing:  
GC-ECNI-Orbitrap-MS, Gaussian RRFs, raw instrument response 


 


 


Cl4 Cl5 Cl6 Cl7 Cl8 Cl9 Cl10Cl11Cl12Cl13


C10 C11 C12 C13 C14 C15 C16 C17


lab 200


Cl4 Cl5 Cl6 Cl7 Cl8 Cl9 Cl10Cl11Cl12Cl13


C10 C11 C12 C13 C14 C15 C16 C17


lab 200-B
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Lab 136#-1               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 14.291 14.840 
 


21.774 159.057 51.717 20.098 11.799 


Cl5 68.702 75.417 53.210 74.888 460.217 121.307 58.147 31.835 


Cl6 86.296 87.969 63.969 115.847 640.491 205.470 120.184 63.857 


Cl7 
 


48.259 49.104 105.378 565.705 254.829 158.619 84.140 


Cl8 
 


36.015 
 


69.136 359.028 217.081 141.144  


Cl9 
 


34.111 
  


171.609 117.106 83.657 51.850 


Cl10 
 


25.246 
  


56.330 
 


33.327  


Cl11 
       


 


Cl12 
       


 


Cl13 
        


Instrument and data processing: 
LC-APCI-TOF-HRMS, Deconvolution 


 


 
 


Lab 136#-2               


  C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 14.291 14.840 
 


21.774 159.057 51.717 20.098 11.799 


Cl5 68.702 75.417 53.210 74.888 460.217 121.307 58.147 31.835 


Cl6 86.296 87.969 63.969 115.847 640.491 205.470 120.184 63.857 


Cl7 
 


48.259 49.104 105.378 565.705 254.829 158.619 84.140 


Cl8 
 


36.015 
 


69.136 359.028 217.081 141.144  


Cl9 
 


34.111 
  


171.609 117.106 83.657 51.850 


Cl10 
 


25.246 
  


56.330 
 


33.327  


Cl11 
       


 


Cl12 
       


 


Cl13 
        


Instrument and data processing: 
LC-APCI-TOF-HRMS, Deconvolution 
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EURL Proficiency Test on Determination of PCDD/Fs, PCBs, BFRs, PFASs and CPs in Fish fillet 2020 [EURL-PT-POP_2001-FI] 
EURL for Halogenated POPs in Feed and Food 


 
Annex 6: Test for sufficient homogeneity 
 
Test sample – Fish fillet (2001-FI) 


 


sample C10 C11 C12 C13 C14 C15 C16 C17 SCCPs MCCPs  CPs 


20.1 6.2 3.2 2.7 1.1 9.1 1.8 0.15 0.94 13 12 25 


20.2 7.5 5.5 3.4 1.4 11 2.5 0.22 1.7 18 15 33 


47.1 5.4 3.4 3.1 1.1 9.3 1.8 0.18 1.1 13 12 25 


49.1 6 2.9 1.9 0.65 7.2 0.79 0.1 0.15 12 8 20 


128.1 7 8.4 3.7 1.6 11.2 3.9 0.26 2.2 21 17 38 


128.2 5.5 1.7 1.8 0.6 6.7 0.73 0.08 0.24 10 8 17 


137.1 4.8 1.2 1.8 0.6 6.4 0.74 0.11 0.93 8 8 17 


137.2 4.4 3.4 2.4 1.1 6.8 2.1 0.19 1.6 11 11 22 


163.1 6.9 3.1 3 1.1 10.2 1.6 0.15 0.47 14 12 27 


163.2 6 27 3.9 2.6 11 37 0.7 12 39 62 101 


197.1 6.3 3.1 2.9 1.1 9.2 1.9 0.18 1.1 13 12 26 


197.2 7.6 3.2 3.5 1.4 11.1 2.4 0.23 0.9 16 15 30 


            
After removal of outliers 163.2, 20.2, 128.1 (red values)      


median 6.0 3.1 2.7 1.1 9.1 1.8 0.1 0.93 13 12.0 25 


mean 5.9 2.8 2.6 1.0 8.4 1.5 0.2 0.83 12 11.0 23 


SD 1.0 0.8 0.63 0.29 1.72 0.64 0.05 0.47 2.3 2.4 4.6 


RSD (%) 17% 28% 24% 30% 20% 41% 32% 56% 19% 22% 20% 


 


- 


The test for sufficient homogeneity was conducted using the same lipid extracts as for the other analytes. Later on it was discovered that this extraction method 
was unsuitable for CP analysis due to high CP background, differing between the extraction units, which could not be corrected by the procedural blank as it was 
not extracted. Still, results could be used to test for sufficient homogeneity after removal of some samples with widely differing homologue patterns. 
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EURL Proficiency Test on Determination of PCDD/Fs, PCBs, BFRs, PFASs and CPs in 
Fish fillet 2020 [EURL-PT-POP_2001-FI] 
EURL for Halogenated POPs in Feed and Food 


 
Annex 7: Participants’ methods - Tables 
 
Methods of lipid determination 
 


Lab 
code 


Lipid determination 


5 gravimetric (solvent extraction, Toluene) 


8 It is determined gravimetrically after the extraction by ethyl acetate (fish tissue is shaken with ethyl acetate, 
water and inorganic salts). 


30 Weibull-Stoldt method was used to determine total fat content. 


47 


- gravimetry 
- rubbing sample in glass granules and sodium sulfate 
- cold extraction with DCM/hexanaphthene 


72 Gravimetrically (after the extraction via Soxhlet) 


82 PLE extraction (toluene/acetone - 3 cycles). Gravimetric method 


114 / 


118 Smedes, hexane 


136 Did not determine the fat content 


137 Fat content was not determined for this sample 


200 Twisselmann extraction (cyclohexane/toluene 1:1 v/v), gravimetric method. 


 
 
Sample clean-up 
 


Lab 
code Lipid removal 


separation of 
co-eluting POPs 


further explanations 


5 Silica-sulphuric acid column Alumina  


8 


Silica column;  
Direct sulphuric acid treatment 


No separation 
After the SPE clean-up, residual lipids are mineralised by few drops of 
sulphuric acid; POPs are separated using HRMS 


30 
Silica column;  
Direct sulphuric acid treatment 


No separation  


47 Silica-sulphuric acid column Florisil  


72 


Silica-sulphuric acid column; Di-
rect sulphuric acid treatment 


Florisil 
Direct sulphuric acid treatment followed by acidic silica column 
Elution by DCM:HEX (1:1,v/v) 


82 Silica-sulphuric acid column Florisil  


114 
Gel permeation chromatography; 
Silica-sulphuric acid column 


No separation  


118 
Silica column;  
Direct sulphuric acid treatment 


No separation  


136 


Silica-sulphuric acid column Silica column 


1) 20g Silica-sulphuric acid column 40% (with 1g Na2SO4 on top and 
below): precleaned column with 20 mL DCM:Hexane 30:70 
2) 1.6g silica column 1.5% H2O deactivated  (with 1g Na2SO4 on top): 
Precleaned column with 6 mL hexane, added concentrated (1 mL) sam-
ple to column, rinsed the sample vial with 1 mL hexane and added that 
to the column, repeated that twice more, eluted with 11 mL hexane (dis-
carded), then with 10 mL DEE:hex 15:85 (v/v). (v/v), added concen-
trated (1 mL) sample to column, rinsed the sample vial with 1 mL 
DCM:hexane mix and added that to the column, repeated that twice 
more, eluted with 80 mL DCM:hexane mixture 


137 
Direct sulphuric acid treatment; 
Other 


Silica column 
Silica-sulphuric acid (44% w/w) was added directly to extracts following 
direct acid treatment and the supernatant decanted. 


200 Silica-sulphuric acid column Florisil  


  


- 







European Union Reference Laboratory 


 for halogenated POPs in Feed and Food 


State Institute for Chemical and Veterinary Analysis of Food, Freiburg, Germany  


EURL-PT-POP_2001-FI 


Other brominated contaminants and CPs 


03 November 2020  Annex VII - Page 2 of 2 


 


Internal, recovery and quantification standards 
 


Lab code Internal standard(s) Recovery standard(s) Calibration standard(s) 


5 13C10-HCD cis-Chlordane 1-6 


8 epsilon-HCH none 4-7 


30 13C10-HCD 13C10-HCD 1-6 


47 none none 1-6 


72 13C10-HCD none 7,8 


82 13C-gamma-HBCDD d18-beta-HBCDD 1-6 


114 epsilon-HCH PCB-209 2 


118 13C10-HCD none 1-6 


136 13C Dechlorane plus anti none 1-6 


137-A 13C10-HCD epsilon-HCH; 6-MeO-BDE-157 1-6 


137-B 13C10-HCD epsilon-HCH; 6-MeO-BDE-157 1-6 


200 13C10-HCD epsilon-HCH 9 


 
 


 


No. Calibration standard(s) 


1 SCCP 51.5 % Cl (LGC/Dr. Ehrenstorfer) 


2 SCCP 55.5 % Cl (LGC/Dr. Ehrenstorfer) 


3 SCCP 63 % Cl (LGC/Dr. Ehrenstorfer) 


4 MCCP 42 % Cl (LGC/Dr. Ehrenstorfer) 


5 MCCP 52 % Cl (LGC/Dr. Ehrenstorfer) 


6 MCCP 57 % Cl (LGC/Dr. Ehrenstorfer) 


7 C10 (50.2 %, 55.0 %, 60.1 % Cl), C11 (45.5 %, 50.2 %, 55.2 % Cl), C12 (45.3 %, 50.2 %, 


55.0 % Cl), C13 (60.0 % Cl). (LCG/Dr. Ehrenstorfer) 


8 C13 (43.1 %, 52.4 % Cl), C14 (40.4 %, 53 %, 55.1 % Cl), C15 (39.5 %, 51 %, 55.0 % Cl), C16 


(51.6 %, 53 %, 70.6 % Cl), C17 (43.1 %, 50.0 %, 61 % Cl) (University of Hohenheim/ EURL) 


9 Single-chain length standards (C10 to C17) synthesized by the University of Hohenheim 


and provided by the EURL POPs 
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Instruments and analytical criteria 
 


Lab 
code 


Instrument Producer/Type 
reagent 
gas 


DCM  monitored ions identification criteria LOQ or lower end of working range 


5 GC-NCI-LRMS 
Agilent 7890B GC + 
5977A MSD 


methane no [M-HCl]- applied ions (m-HCl) + retention time typically SCCP 20-100 ng/sample; MCCP 50-200 ng/sample 


8 GC-NCI-TOF-
HRMS 


7200B Q/TOF Agilent; 
7890B GC (Agilent) 


Methane no [M-Cl]-;[M-HCl]- by monitoring of accurate masses 
0.2 ng/g ww (SCCPs - 5 ng/ml in vial) 
0.4 ng/g ww (MCCPs - 10 ng/ml in vial) 


30 GC-NCI-TOF-
HRMS 


Agilent 7250 Methane no [M-Cl]- Exact mass Lower than 1 ng/ml for single compound 


47 


direct injection-
APCI-Orbitrap-
HRMS 


Thermo Exactive  yes [M+Cl]- exact mass 0.02 ng/µL 


72 LC-ESI(-)-FT-ICR-
HRMS 


Bruker   [M+Cl]- m/z values, HPLC separation  


82 HPLC-ESI-Or-
bitrap-HRMS 


LC-Q-EXACTIVE  no [M+Cl]- 
The high resolution enables the dis-
crimination between homologues 


We haven't validated any LOQ values yet 


114 GC-NCI-LRMS Polaris Q, Thermo methane no 
[M-Cl]-;[M-HCl]-; 
[M+Cl]- 


no 5 ng/g ww 


118 


HPLC-ESI-Or-
bitrap-HRMS 


Thermo QExactive Plus  no [M+Cl]- m/z 


The LOQ was not determined. Peak detection was performed 
automatically by the software and was not checked for accu-
racy. The procedure blank had a SCCP concentration of 1.1 
ng/g and a MCCP concentration of 3.3 ng/g. Soon a dust-free 
laminar flow cabinet will be installed in our lab which will allow 
us to 'get rid of' this background contamination of CPs. 


136 


HPLC-APCI-TOF-
HRMS 


TOF Compact (Bruker)  
HPLC: Agilent 1290 infinity 
HPLC system (Agilent) 


Nitrogen yes [M+Cl]- 


resolution and correct isotope patterns 
(by using TASQ)  
R2 for SCCPs deconvolution 0.74-0.94  
R2 for MCCPs deconvolution 0.95-0.98 


our lowest standard is 0.1 ng/uL (SCCPs) and 0.1 ng/uL 
(MCCPs) but we can go lower 
LOQ: 7.81 ng/g (SCCPs), 25.9 ng/g (MCCPs) 
 


137 


 
GC-NCI-LRMS 


Agilent 7000D Triple 
Quadrupole GC-MS 


Methane no [M-Cl]-;[M-HCl]- 


Discerned by 2 isotopes for each con-
gener group ion, retention time, chro-
matogram shape and ratio between 
isotopes (qualitative) 


LOQ = 2.0 ng/g ww of fish (sample specific) for each ∑SCCPs 
and ∑MCCPs 


137B 


200 GC-NCI-Orbitrap-
HRMS  


Thermo Q Exactive Methane no [M-Cl]-;[M-HCl]- 3 isotopes/homologue (ratio), RT  
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Quantification methods 


Lab 
code 


Quantification principle - Additional explanation of quantification method 


5 1 
 


8 


2 24 accurate masses for each fraction of CPs representing [M-Cl]- or [M-HCl]- ions were monitored. A chlorine content contribution for each congener group was 
calculated by multiplying a relative content of the congener group (area divided by the sum of all areas of the monitored quantification ions in the standard) and 
chlorine content calculated from the congener group formula. The theoretical response was calculated using the regression equation. The CPs concentrations in 
the samples were then calculated by dividing the measured area by the theoretical area (obtained from the calibration) and multiplying the result with the concen-
tration of standards. 
 
For the SCCPs quantification, it was done for each single-chain length, thanks to the available standard mixtures. 


30 5 Linear calibration (Reth/Zencak/Oehme) with exponential fitting rather than linear according to Sprengel et al. 2018.  


47 3  
72 1  


82 4  


114 1 
 


118 3 
 


136 3  


137 


5 Modified version of Reth et al. (2005) chlorine content calibration. Calibration standards (at 5 degrees of chlorinate for each of SCCPs and MCCPs) were fit with 
exponential calibration curves. Response for all congener groups with Cl5-Cl10 for respective SCCPs and MCCPs included in analyses and quantification calcu-
lations. The response of the 6-MeOBDE-157 recovery standard was used for all calculations and the internal standard 13C-HCD only monitored to indicate ex-
traction recovery efficiency. 
 
137 B: Only congener groups with Cl6 and Cl8 were considered in calibration standards and samples. 
 
Full details available: McGrath, T. J., Poma, G., Bombeke, J., Limonier, F., Van Hoeck, E., Joly, L. & Covaci, A. (2021). Optimization and validation of an analytical method for the 
quantification of short- and medium-chained chlorinated paraffins in food by gas chromatography-mass spectrometry. Food Control, 119, 107463.  


137B 


200 4 
 


 


No. Quantification method 


1 Linear calibration (Reth/Zencak/Oehme) 
2 Response factors combined with Cl content (e.g. Xia et al.) 
3 Deconvolution of spectra (Bogdal et al.) 
4 Quantification by congener groups (e.g. Yuan et al.) 
5 individual methods 
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