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Summary  

test sample 

Infant formula (sample no. 2103-IFA) 

Secondary exercise: 
Fortified infant formula (sample no. 2103-IFB) 

analytes of interest Chlorinated paraffins (short and medium chained) 

methods Any kind of method 

participants All interested laboratories 

statistical evaluation ISO 13528:2020, IUPAC Protocol, combined z-scores 

participation fee Participation fee for OFLs, other official and commercial 
laboratories, universities and academic research institutes 

preliminary results 01 December 2021 

publication 
EURL reserves all rights to publish and present the 
anonymised results of the proficiency test and secondary 
exercise in scientific journals and/or during conferences 
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1. Structure of the exercise, test material and analytes 

This proficiency test (PT) on the determination of chlorinated paraffins (CPs) in infant formula 

was organized by the EURL for halogenated POPs in Feed and Food to be performed between 

June and October 2021. The objective was to assess the interlaboratory comparability of 

results from chlorinated paraffins in a naturally contaminated food sample, investigating the 

influence of different extraction methods on the derived CP amount. A secondary exercise 

was designed to compare derived CP amounts in a fortified infant formula with and without 

reconstitution of the powdered sample.  

Official laboratories, research laboratories and commercial laboratories were invited to 

participate in this proficiency test. First results have been discussed among members of the 

Core Working Group CP and by representatives of the European Commission, NRLs and the 

EURL at the COM/EURL/NRL workshop in November 2021. 

EURL reserves all rights to publish and present the anonymised results of the proficiency test 

and secondary exercise in scientific journals and/or during conferences. 

 

1.1. Test samples 

The PT test sample  was prepared from commercially available (baby) food. The fat content 

of the test sample was declared by the producer as 20.1 g/100 g dry sample.  

The secondary exercise sample was prepared from commercially available (baby) food and 

fortified with commercially available SCCP and MCCP quantification standard mixtures. The 

fat content of this test sample was declared by the producer as 21.2 g/100 g dry sample.  

 

Infant formula  Sample no. 2103-IFA-xxx 

Fortified infant formula  Sample no. 2103-IFB-xxx 

 

Each participant received about 25 g of dry PT test sample (2103-IFA) and about 70 g of dry 

secondary exercise test sample (2103-IFB). Standard reconstitution of both products uses 

14.6 g dry sample with 90 mL water to receive 100 mL ready-to-drink product. 
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1.2. Analytes of interest 

Participants were asked to determine: 

 SCCPs 

 MCCPs 

 sum of CPs 

as sum parameters and if possible giving homologue patterns. Additionally reporting CP-chain-

specific concentrations was welcomed. Laboratories were further asked to report the fat 

content determined for the samples. 

1.3. Methods 

All kinds of detection and quantification methods could be applied. Participants were asked to 

indicate if results were reported for the dry sample or for the sample after reconstitution. For 

the secondary exercise, reporting results for both types of sample treatment was highly 

encouraged. 

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-operation 

between the NRL, OFLs and the EURL. 

1.5. Reporting of results 

Laboratories should: 

▪ use their own reference standards for identification and quantification, 

▪ report results for each analyte group,  

▪ clearly indicate if the results were obtained for the dry or reconstituted sample,  

▪ report the limit of quantification (LOQ), at least for each non-quantified analyte group, 

▪ report the determined lipid content of each sample and  

▪ give method information. 

  

Results had to be reported in ng/g lipid. 
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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 

 Academic research laboratories 

Of twelve registered participants, ten laboratories reported results for at least one of the 

requested parameters for CPs. 

 

3. Test for sufficient homogeneity 

The test for sufficient homogeneity was performed according to ISO 13528:2020 [1] and the 

International Harmonized Protocol for the Proficiency Testing of Analytical Chemistry 

Laboratories [2]. 

Therefore, five duplicate portions of the test sample 2103-IFA and 2103-IFB were analyzed for 

CPs. The test for sufficient homogeneity was performed for  sum concentrations (ΣSCCP, 

ΣMCCP, ΣCPs). Based on the results of these samples, the test materials showed sufficient 

homogeneity for this proficiency test. 

 

4. Determination of the assigned value 

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

Feed and Food according to ISO 13528:2020, 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 [1]. 

The determination of the assigned value was performed according to “The international 

harmonized protocol for the proficiency testing of analytical chemistry laboratories" [1] by 

estimating of the assigned value as the consensus of participants’ results. The Huber robust 

mean was 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. Assigned values based on an 

insufficient number of results are given as provisional only. 

The assigned value was calculated for sum of SCCPs, sum of MCCPs and sum of CPs 

(excluding limits of quantification (LOQs)). Additionally, the median of all values was 

calculated. Due to the very low number of results being available for evaluation, assigned 

values for sample 2103-IFB and for sum of SCCPs in sample 2103-IFA are provisional only. 
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5. Scoring of results 
5.1. Participants’ results 

5.1.1. Z-scores 

For evaluation of results the z-scores were 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 σ p is 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) 

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) was 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| were classified as |5|. Z-scores 

derived based on reported LOQs were not included. Based on the AZ2 achieved, the overall 

performance of the laboratories was 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. 

Results reported for powdered and reconstituted samples were evaluated as one dataset. 
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6. Comparison between powder and reconstituted sample 

As for the naturally contaminated sample (2103-IFA), only two participants reported results for 

the reconstituted sample, so no comparisons were possible. Results for the secondary 

exercise sample allowed for more evaluation.  

Reported lipid content in the reconstituted sample had a much higher variety than results 

reported for the powder. The very low results might indicate difficulties with lipid extraction from 

the liquid sample, which should be investigated further. Consequently, the lower reported lipid 

content in the reconstituted sample lead to higher CP results expressed on lipid base. One 

participant commented that results expressed on product base were comparable, while on lipid 

base notably differing. 

 

Incomplete lipid extraction as main reason for differences between powder and reconstituted 

sample could also be confirmed by comparing the obtained homologue patterns. Specifically, 

there seemed to be a slight shift of pattern towards higher chlorinated homologue groups, with 

some of the lower chlorinated homologue groups being completely missing in some cases. 

Again, this pointed towards issues with extraction efficiency from the reconstituted sample in 

contrast to a previously theorized increased CP amount from encapsulated ingredients in the 

powder. No correlations between methodology and results were observed. 

 

7. 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 

(Accreditation number: D-EP-18625-01-00). 
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8. Results of participants 

An overview of the chlorinated paraffin results for the PT test sample infant formula (2103-IFA) 

and the secondary exercise sample (2103-IFB) are given in the following annexes. 

Laboratories are coded according to the laboratory codes sent after registration. 

9. Citation 

This final report has been made publicly available on the EURL POPs website (www.eurl-

pops.eu). The recommended citation for this report is as follows: 

EURL for halogenated POPs in feed and food (2022): EURL Proficiency Test on the 

Determination of Chlorinated Paraffins in Infant formula [EURL-PT-CP_2103-CP]. Final Report 

of 30 March 2022. Available online under https://eurl-pops.eu/news/download-eurl-pt-infant-

formula-2021-report. 
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4 Participants’ z-scores – Charts  
 

5 Participants’ results – homologue group patterns  
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EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant Formula 


2021 [EURL-PT-CP_2103-IF] 


EURL for halogenated POPs in Feed and Food 


 
Annex 1: Assigned values and z-score limits 


 


 
 


Test sample – Infant formula A (2103-IFA) 


 


 
 


Gaussian Kernel distribution of all available data 


 


   
 


 


Analyte 


assigned value [ng/g ww] 
median 


(all data) 
σp 


z-score limits 


Kernel Robust 


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


SCCPs 12 15 5.9 6 16 25% 3.8 7.7 23 27 


MCCPs 49 49 9.9 6 54 25% 12 24 73 86 


sum of CPs 61 63 11 6 70 25% 16 32 95 110 


Lipid % - 19.4 2.14 10 20.1 - no z-scores assigned - 


z-scores of sum parameters  


Calculation of z-score on basis of 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  


 


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) 
Only one results was reported for the reconstituted sample 2103-IFA, so no assigned values or medians 


could be determined. 


n=10 n=7 n=8 
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Test sample – Infant formula B (2103-IFB) 
 


 
 


Gaussian Kernel distribution of all available data – powdered sample 


 


    


 


 
Gaussian Kernel distribution of all available data – reconstituted sample 


 


 
 


    
 


Analyte 


assigned value [ng/g ww] 
median 


(all data) 
σp 


z-score limits 


Kernel Robust 


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


SCCPs (120) (121) (5.6) 3 118 25% (26) (52) (156) (182) 


MCCPs 146 163 45 5 176 25% 41 82 245 285 


sum of CPs 231 256 78 5 294 25% 64 128 384 448 


Lipid % - 19.8 4.13 7 19.0 - no z-scores assigned - 


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 three results not being classified as extreme outliers, evaluation of ΣSCCPs is seen as 


provisional. This secondary exercise will not be included in the PT certificate. 


Assigned values of CP sum parameters 
 


Due to only two or three results (out of 4 and 5 reported in total, respectively) not being classified as 


extreme outliers, evaluation of all parameters in the reconstituted sample is seen as provisional.  


n=8 n=6 n=6 


n=5 n=4 n=4 
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Analyte 


assigned value [ng/g ww] 
median 


(all data) 
σp 


z-score limits 


Kernel Robust 


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


SCCPs (129) (132) (7.9) 2 132 25% (33) (66) (198) (231) 


MCCPs (192) (187) (47) 3 211 25% (47) (94) (281) (327) 


sum of CPs (301) (292) (89) 3 358 25% (73) (146) (438) (511) 


Lipid % - (18.2) (2.93) 4 18.4 - no z-scores assigned -  





EURL POPs
Annex I
Annex I - assigned values - final.pdf
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EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant Formula 


2021 [EURL-PT-CP_2103-IF] 


EURL for halogenated POPs in Feed and Food 
 
Annex 2: Reported results 
 


1. Test sample – Infant formula A (2103-IFA) 


 
 


 


 
 


 


Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP Lipid content 


01 - - 14.82 - 20.45 


03 55 55 < 10 (7.9) 47 20.1* 


04 - 57.2 20.8 36.5 18.7 


05 - 74 12 62 20.1 


06 - 320 110 210 19.1 


07 77.3 77.3 22.6 54.7 18.35 


08 66 66 12 54 20.1* 


09 126.2 126.21 36.38 89.83 22 


10 420 - - - 14.1 


12 - 48.4 9.4 39 20.8 


Lab 


code  
ΣC10 ΣC11 ΣC12 ΣC13 ΣC14 ΣC15 ΣC16 ΣC17 


06 41 24 14 30 130 44 27 13 


07 14.3 6.3 0.6 1.4 32.7 7.5 14.6 0 


Lab 


code 
Comments on the reported results 


03 
Total CP = Total of C10-C17, Cl5-Cl10 congener groups (SCCPs + MCCPs). SCCPs were found to 
be <LOQ (10 ng/g lipid). A tentative concentration (average ± standard deviation, n=3) of 7.9 ± 0.5 
ng/g lipid was determined and incorporated into the value entered for sum S+MCCP and total CP.  


04 all results lower bound 


06 blanks were subtracted 


07 Total CPs are sum of SCCPs and MCCPs, LCCPs were not analysed 


08 We did not look for LCCPs. 


Results for the powdered sample 
 


Reported results for sample 2103-IFA for analysis of the shipped dry sample. Lipid contents marked with 
an asterisk were not determined analytically but equal the declared lipid content according to PT 
instructions. Tentative values below the reported LOQ are given in brackets. All results were reported in 
ng/g lipid. 
*results of LC 01 and 06 were amended after publication of the preliminary report 
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2. Test sample – Infant formula B (2103-IFB) 


 
 


 


 


Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP Lipid content 


04 - 119.7 27.2 92.4 10.50 


10 353 - - - 1.97 


Lab 


code 
Comments on the reported results 


04 
- all results lower bound 
- fat determination in doubt, results on wet weight basis comparable 


10 Fat % for the reconstituted sample was calculated from the measured fat % of the dry sample.  


Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP Lipid content 


01 - - 93 - 19.5 


03 178 178 54 123 21.2* 


04 - 260 120.4 139.6 18.3 


06 - 1500 680 790 18.9 


07 337.9 337.9 126.4 211.5 19.4 


08 176 176 48 128 21.2* 


09 328.5 328.5 115.3 213.2 20.0 


10 4389 - - - 8.47 


Lab 


code  
ΣC10 ΣC11 ΣC12 ΣC13 ΣC14 ΣC15 ΣC16 ΣC17 


06 81 390 180 38 580 140 53 21 


07 30.3 62.1 28.3 5.7 139.8 43.1 28.6 0 


Lab 


code 
Comments on the reported results 


03 Total CP = Total of C10-C17, Cl5-Cl10 congener groups (SCCPs + MCCPs). 


07 Total CPs are sum of SCCPs and MCCPs, LCCPs were not analysed 


Results for the reconstituted sample 
 


Reported results for sample 2103-IFA for analysis of the reconstituted sample according to PT 
instructions. Lipid contents marked with an asterisk were not determined analytically but equal the 


declared lipid content according to PT instructions.  


Results for the powdered sample 
 


Reported results for sample 2103-IFB for analysis of the shipped dry sample. Lipid contents marked with 
an asterisk were not determined analytically but are the declared lipid content in the PT instructions.  


*results of LC 01 and 06 were amended after publication of the preliminary report 
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Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP Lipid content 


04 - 327.2 137.3 189.9 14.2 


06 - 1500 720 790 19.0 


07 358 358.2 126.2 232.1 18.4 


08 191 191 52 139 21.2* 


10 2656 - - - 1.18 


Lab 


code  
ΣC10 ΣC11 ΣC12 ΣC13 ΣC14 ΣC15 ΣC16 ΣC17 


06 81 390 200 45 570 140 51 19 


07 18.8 79.7 27.6 0 193.7 38.5 0 0 


Lab 


code 
Comments on the reported results 


04 
- all results lower bound 
- fat determination in doubt, results on wet weight basis comparable 


06 blanks were subtracted 


07 Total CPs are sum of SCCPs and MCCPs, LCCPs were not analysed 


10 Fat % for the reconstituted sample was calculated from the measured fat % of the dry sample.  


Results for the reconstituted sample 
 


Reported results for sample 2103-IFB for analysis of the reconstituted sample according to PT 
instructions. Lipid contents marked with an asterisk were not determined analytically but equal the 


declared lipid content according to PT instructions.  





EURL POPs
Annex II
Annex II - reported results - final.pdf
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EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant Formula 


2021 [EURL-PT-CP_2103-IF] 


EURL for halogenated POPs in Feed and Food 
 
Annex 3: Participants’ z-scores - Tables 
 


 
 
1. Test sample – Infant formula A (2103-IFA) 


 
 


Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP 


01 - - -0.1 - 


03 -0.5 -0.5 (-1.9) -0.2 


04 - -0.4 1.4 -1.0 


05 - 0.7 -0.9 1.1 


06 - 16.3 24.6 13.2 


07 0.9 0.9 1.9 0.5 


08 0.2 0.2 -0.9 0.4 


09 4.0 4.0 5.5 3.4 


10 22.7 - - - 


12 - -0.9 -1.6 -0.8 


 
 


 
 


 
 


 


Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP 


04 - (3.6) (3.1) (3.6) 


10 (18.4) - - - 


z-scores of sum parameters  
Calculation of z-score on basis of 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  


 


Results for the powdered sample 
 


Z-scores based on reported results for sample 2103-IFA for analysis of the shipped dry sample. Tentative 


values below the reported LOQ are given indicative z-scores in brackets.  


Results for the reconstituted sample 
 


Z-scores based on reported results for sample 2103-IFA for analysis of the reconstituted sample 
according to PT instructions. No assigned values could be derived for this dataset . As information only, 
the reported results were evaluated using the assigned values of the powdered sample. These z-scores 


will not appear on the certificate of participation. 
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2. Test sample – Infant formula B (2103-IFB) 


 
 


Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP 


01 - - -0.9 - 


03 -1.2 -1.2 (-2.2) -1.0 


04 - 0.1 (0.0) -0.6 


06 - 19.4 (18.5) 15.4 


07 1.3 1.3 (0.2) 1.2 


08 -1.3 -1.3 (-2.4) -0.9 


09 1.1 1.1 (-0.2) 1.2 


10 64.6 - - - 


 
 


 
 


Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP 


04 - (0.5) (0.2) (0.1) 


06 - (16.5) (17.9) (12.9) 


07 (0.9) (0.9) (-0.2) (1.0) 


08 (-1.4) (-1.4) (-2.4) (-1.0) 


10 (32.4) - - - 


 


Results for the powdered sample 
 


Z-scores based on reported results for sample 2103-IFB for analysis of the shipped dry sample. Due to 
the very low number of results included in the assigned values, z-scores for ΣSCCPs are to be seen as 


provisional only. 


Results for the reconstituted sample 
 


Z-scores based on reported results for sample 2103-IFB for analysis of the reconstituted sample 
according to PT instructions. Due to the very low number of results included in the assigned value, 


these z-scores are to be seen as provisional only. 
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3. Combined z-scores  


 


 
 


Lab 


code 


AZ² 
2103-IFA 


AZ² 
2103-IFB 


comments 


01 0.8 (0.8) Less than 3 z-scores available 


03 1.3 (2.4)  


04 1.1 (0.1)  


05 0.8 - No results for 2103-IFB 


06 25.0 (25.0)  


07 1.5 (0.8)  


08 0.3 (2.7)  


09 17.4 (0.9)  


10 25.0 (25.0) Less than 3 z-scores available 


12 1.3 - No results for 2103-IFB 


 


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


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. 
The combined z-score for sample 2103-IFB includes also provisional z-scores achieved for the powdered 


and reconstituted sample. 





EURL POPs
Annex III
Annex III - z-score tables - final.pdf
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EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant Formula 
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EURL for halogenated POPs in Feed and Food 
 
Annex 4: Participants’ z-scores - Charts 
 


 
 
1. Test sample – Infant formula A (2103-IFA) 
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Laboratory code


Total CP / SCCP + MCCP


z-scores of sum parameters  
Calculation of z-score on basis of 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 


 


 


Results for the powdered sample 
 


Z-scores based on reported results for sample 2103-IFA for analysis of the shipped dry sample. Tentative 
values below the reported LOQ are given indicative z-scores in brackets.  
*result for LC01 amended after publication of the preliminary report. 
 


total CP reported 
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2. Test sample – Infant formula B (2103-IFB) 
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Results for the powdered sample 
 


Z-scores based on reported results for sample 2103-IFB for analysis of the shipped dry sample.  
*results for LC01 and LC06 amended after publication of the preliminary report. 
 


total CP reported 
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Results for the reconstituted sample 
 


Z-scores based on reported results for sample 2103-IFB for analysis of the reconstituted sample 


according to PT instructions.  


total CP reported 
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3. Combined z-scores  
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z-scores of sum parameters  
Calculation of z-score on basis of assigned value 
 


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. 
The combined z-score for sample 2103-IFB includes also z-scores achieved for the reconstituted sample. 
 
*results for LC01 and LC06 amended after publication of the preliminary report. 
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EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant Formula 


2021 [EURL-PT-CP_2103-IF] 


EURL for halogenated POPs in Feed and Food 
 
Annex 5: Participants’ results – Homologue group patterns 
 


1. Test sample – Infant formula A (2103-IFA) 
 


 


 


 


LC 03 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 - - - - - - - - 


Cl5 - - - - - - - - 


Cl6 0.2 - - - 0.17 0.11 - - 


Cl7 0.26 0.18 - - 0.52 0.26 - - 


Cl8 0.19 0.1 0.17 0.18 0.65 0.33 0.23 - 


Cl 9 0.1 0.08 - - 0.55 0.28 0.22 - 


Cl10 - 0.06 - - 0.19 0.19 - - 


Cl11 - - - - - - - - 


Cl12 - - - - - - - - 


comments: 
homologue pattern entries are relative area as corrected against a 6-MeO-BDE-157 
external standard 


instrument: GC-ECNI-LRMS (Finigan Trace GC/Polaris Q) 


C10 C11 C12 C13 C14 C15 C16 C17


LC 03


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 06


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 07


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12
C10 C11 C12 C13 C14 C15 C16 C17


LC 08


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


Results for the powdered sample  
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LC 06 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 0.0008 0.003 0.0053 0.005 0.0175 0.0028 0.0008 0.0002 
Cl5 0.0181 0.0188 0.0106 0.0034 0.0184 0.0109 0.0047 0.0031 
Cl6 0.0375 0.0172 0.0066 0.0078 0.0344 0.0197 0.0134 0.0081 
Cl7 0.0375 0.0194 0.0072 0.0213 0.05 0.0313 0.0209 0.0103 
Cl8 0.0344 0.0103 0.0069 0.0269 0.0875 0.0303 0.0166 0.0084 
Cl 9 no cal 0.0059 0.0059 0.0222 0.1875 0.0241 0.0084 0.0053 
Cl10 no cal no cal 0.0022 0.0081 no cal 0.0106 0.0059 0.0034 
Cl11 - no cal no cal no cal no cal 0.0056 0.0075 0.0023 
Cl12 - - no cal no cal no cal 0.0007 0.005 0.0006 
Cl13 - - - no RRF no RRF low no cal low 
Cl14 - - - - no RRF no cal no RRF no cal 
Cl15 - - - - - no RRF no RRF no cal 


comments: 


values bases on concentrations relative to sum (sum S+MCCP = 1)  


no RRF = no Relative Response Factor calculated (concentration to low  in single chain standards) 


no cal = no calibration curve (concentration to low  in calibration standards)  


low  = under smallest Calibration Point; over highest Calibration Point: C10Cl8, C13Cl10, C14Cl9, C16Cl12 
instrument: LC-ESI-Orbitrap-MS (Dionex Ultimate 3000 LC/ Thermo Q Exactive Focus) 


 
 


LC 07 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 - - - - - - - - 
Cl5 - - - - - - - - 
Cl6 8.8 2.3 - - 8.7 - - - 
Cl7 13.2 5 - - 12.9 - 3.4 - 
Cl8 8.4 3.4 2.2 3.1 9 4.1 2.5 - 
Cl 9 2.5 1.9 - - 4.5 2.5 - - 
Cl10 - - - - 1.5 - - - 
Cl11 - - - - - - - - 
Cl12 - - - - - - - - 


comments: the expressed values are percentage 


instrument: GC-ECNI-TOF-MS (Agilent 7890B GC/ 7200B Q-TOF) 


 
 


LC 08 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 0.0002 0.0012 0.0012 0.002 0.01402 0.00545 0.0034 0.00175 
Cl5 0.0045 0.0041 0.0042 0.00774 0.05813 0.02644 0.01614 0.00681 
Cl6 0.0082 0.0053 0.0061 0.01109 0.10098 0.05409 0.03427 0.01528 
Cl7 0.0091 0.0049 0.0069 0.01384 0.10482 0.06451 0.04924 0.02536 
Cl8 0.0042 0.0032 0.0057 0.01029 0.06543 0.0457 0.03895 0.02322 
Cl 9 0.0006 0.0011 0.0022 0.00552 0.02573 0.02192 0.01938 0.01334 
Cl10 - 0.00003 - 0.00074 0.00842 0.0097 0.00841 0.0058 
Cl11 - - - - 0.00167 0.0028 0.00268 0.00199 
Cl12 - - - - 0.00013 - - - 


comments: 
Relative homologue pattern = relative peak areas expressed as fraction from the sum CP 
peak area. Must multiplied with 100% to obtain percentage. 


instrument: LC-FT-ICR-HRMS (Bruker 7T SolarixXR) 
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2. Test sample – Infant formula B (2103-IFB) 


 


 
 


 
 
 


LC 03 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 - - - - - - - - 
Cl5 - - - - - - - - 
Cl6 0.34 0.34 0.46 - 0.31 0.23 - - 
Cl7 0.74 1.26 0.79 - 2.2 0.69 - - 
Cl8 1.03 3.62 1.26 0.23 4.08 1.73 0.5 - 
Cl 9 0.5 3.98 1.49 0.19 2.66 1.56 0.59 0.19 
Cl10 0.17 1.38 1.05 - 0.82 0.68 0.33 - 
Cl11 - - - - - - - - 
Cl12 - - - - - - - - 


comments: 
homologue pattern entries are relative area as corrected against a 6-MeO-BDE-157 
external standard 


instrument: GC-ECNI-LRMS (Finigan Trace GC/Polaris Q) 


 


C10 C11 C12 C13 C14 C15 C16 C17


LC 03


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 06


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 07


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 08


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


Results for the powdered sample 
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LC 07 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 - - - - - - - - 
Cl5 - - - - 0.3 - - - 
Cl6 2.1 2.4 2.3 - 3.7 0.6 - - 
Cl7 6.4 8.1 3.3 0.8 7.8 - 0.7 - 
Cl8 5.8 14.7 3.8 0.7 7.2 2.3 0.7 - 
Cl 9 1.8 10.4 3.5 0.2 3.3 1.4 0.2 - 
Cl10 0.1 2.6 1.6 - 0.7 0.4 - - 
Cl11 - - - - - - - - 
Cl12 - - - - - - - - 


comments: the expressed values are percentage 


instrument: GC-ECNI-TOF-MS (Agilent 7890B GC/ 7200B Q-TOF) 
 
 


LC 08 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 - 0.00004 0.00038 - - 0.00021 0.00035 0.00003 
Cl5 0.00077 0.00303 0.00915 0.00083 0.00913 0.0032 0.00221 0.00084 
Cl6 0.00499 0.01215 0.02169 0.00269 0.05206 0.01514 0.00586 0.00247 
Cl7 0.01091 0.02979 0.02529 0.00508 0.12969 0.04869 0.01639 0.00619 
Cl8 0.00789 0.0449 0.02232 0.00439 0.13821 0.07259 0.02634 0.01035 
Cl 9 0.00194 0.02752 0.01947 0.00225 0.06095 0.04461 0.02079 0.00992 
Cl10 - 0.00598 0.00842 0.00034 0.01238 0.0137 0.00894 0.0055 
Cl11 - 0.00045 0.00162 - 0.00151 0.00257 0.00238 0.00199 
Cl12 - - - - - 0.00003 0.00023 0.00027 


comments: 
Relative homologue pattern = relative peak areas expressed as fraction from the sum CP 
peak area. Must multiplied with 100% to obtain percentage. 


instrument: LC-FT-ICR-HRMS (Bruker 7T SolarixXR) 


 
 


LC 06 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 0.0001 0.0006 0.0015 0.0012 0.0041 0.0004 0.0001 0.00002 
Cl5 0.0017 0.008 0.0107 0.0017 0.0055 0.0021 0.0007 0.0004 
Cl6 0.008 0.026 0.016 0.0022 0.0153 0.0063 0.0027 0.0014 
Cl7 0.0187 0.0633 0.0187 0.0053 0.0407 0.0187 0.006 0.0023 
Cl8 0.026 0.1 0.016 0.0073 0.1 0.0273 0.0073 0.0027 
Cl 9 no cal 0.0627 0.0267 0.006 0.22 0.0247 0.0053 0.0025 
Cl10 no cal no cal 0.0293 0.0017 no cal 0.0093 0.0041 0.0021 
Cl11 no RRF no cal no cal no cal no cal 0.0037 0.0047 0.0016 
Cl12 no RRF no RRF no cal no cal no cal 0.0007 0.0045 0.0007 
Cl13 - no RRF - no RRF no RRF low no cal 0.00003 
Cl14 - - - - no RRF no cal no RRF no cal 
Cl15 - - - - - no RRF no RRF no cal 


comments: 


values bases on concentrations relative to sum (sum S+MCCP = 1) 


no RRF = no Relative Response Factor calculated (concentration to low  in single chain standards)  


no cal = no calibration curve (concentration to low  in calibration standards)  


low  = under smallest Calibration Point; over highest Calibration Point: C10Cl8, C13Cl10, C14Cl9, C16Cl12 
instrument: LC-ESI-Orbitrap-MS (Dionex Ultimate 3000 LC/ Thermo Q Exactive Focus) 
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LC 06 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 - 0.0002 0.0021 0.0012 0.0051 0.0005 0.0001 0.00002 
Cl5 0.0013 0.0073 0.0167 0.0019 0.0053 0.002 0.0006 0.0004 
Cl6 0.008 0.02 0.0187 0.0027 0.016 0.0057 0.0025 0.0011 
Cl7 0.0187 0.0667 0.02 0.0064 0.04 0.0167 0.0054 0.0019 
Cl8 0.026 0.1067 0.0167 0.008 0.1 0.028 0.0067 0.0025 
Cl 9 no cal 0.0613 0.0273 0.0073 0.22 0.0273 0.0051 0.0024 
Cl10 no cal no cal 0.0293 0.0019 no cal 0.01 0.004 0.0019 
Cl11 - no cal no cal no cal no cal 0.0036 0.0049 0.0017 
Cl12 - - no cal no cal no cal 0.0007 0.0046 0.0007 
Cl13 - no RRF - no RRF no RRF low no cal 0.00003 
Cl14 - - - - no RRF no cal no RRF no cal 
Cl15 - - - - - no RRF no RRF no cal 


comments: 


values bases on concentrations relative to sum (sum S+MCCP = 1)  


no RRF = no Relative Response Factor calculated (concentration to low  in single chain standards)  


no cal = no calibration curve (concentration to low  in calibration standards) 


low  = under smallest Calibration Point; over highest Calibration Point: C10Cl8, C13Cl10, C14Cl9, C16Cl12 
instrument: LC-ESI-Orbitrap-MS (Dionex Ultimate 3000 LC/ Thermo Q Exactive Focus) 


 


C10 C11 C12 C13 C14 C15 C16 C17


LC 06


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 07


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 08


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


Results for the reconstituted sample 
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LC 07 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 - - - - - - - - 
Cl5 - - - - - - - - 
Cl6 - 0.5 - - 3.7 - - - 
Cl7 6.5 8.4 3.4 - 7.1 - - - 
Cl8 6.1 17.2 4.7 - 8.2 3.1 - - 
Cl9 2.2 13.3 4.4 - 4 0.8 - - 
Cl10 - 3.8 2.3 - 0.2 - - - 
Cl11 - - - - - - - - 
Cl12 - - - - - - - - 


comments: the expressed values are percentage 


instrument: GC-ECNI-TOF-MS (Agilent 7890B GC/ 7200B Q-TOF) 


 
 


LC 08 C10 C11 C12 C13 C14 C15 C16 C17 


Cl4 0.00003 0.00028 0.00063 0.00031 0.00248 0.00115 0.00063 0.00012 
Cl5 0.00283 0.00403 0.00952 0.00146 0.01487 0.00546 0.003 0.00137 
Cl6 0.00757 0.01259 0.02141 0.00276 0.05437 0.01819 0.00746 0.00342 
Cl7 0.01133 0.02895 0.02378 0.00478 0.12814 0.05012 0.01768 0.00779 
Cl8 0.00786 0.04324 0.02117 0.00407 0.13101 0.06975 0.02641 0.01108 
Cl 9 0.002 0.02655 0.01805 0.00206 0.05622 0.04129 0.01985 0.00967 
Cl10 0.00001 0.00566 0.00762 0.00013 0.01137 0.01255 0.00831 0.00522 
Cl11 - 0.00043 0.00144 - 0.00134 0.0024 0.00229 0.00196 
Cl12 - - - - 0.00003 0.00005 0.0002 0.00019 


comments: 
Relative homologue pattern = relative peak areas expressed as fraction from the sum CP 
peak area. Must multiplied with 100% to obtain percentage. 


instrument: LC-FT-ICR-HRMS (Bruker 7T SolarixXR) 
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EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant Formula 


2021 [EURL-PT-CP_2103-IF] 


EURL for halogenated POPs in Feed and Food 
 
Annex 6: Comparison between powdered and reconstituted sample 
 


Overall evaluation of the secondary exercise (sample 2103-IFB) 


As for the naturally contaminated sample (2103-IFA), only two participants reported results 


for the reconstituted sample, no comparisons were possible. Results for the secondary 


exercise sample allowed for more evaluation.  


Reported lipid content in the reconstituted sample had 


a much higher variety than results reported for the 


powder. The very low results might indicate difficulties 


with lipid extraction from the liquid sample, which 


should be investigated further. Consequently, the 


lower reported lipid content in the reconstituted sample 


lead to higher CP results expressed on lipid base. One 


participant commented that results expressed on 


product base were comparable, while on lipid base 


notably differing. 


 


Based on these observations, further comparisons were made after recalculating all 


reported results to match the declared fat content of 21.2% of this sample. While the 


changes of results in the powdered sample were in most cases only minimal, this correction 


had greater influence on some of the results obtained from the reconstituted sample.  


 
Figure 2. Boxplot diagrams of the determined sum parameters in powdered and reconstituted sample 2103-IFB. 
Comparison of the original reported data with results recalculated for the declared lipid content of the sample. 


Figure 1. Boxplot diagram of the determined 


lipid content in powdered and reconstituted 
sample 2103-IFB. 
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While the two laboratories reporting chain length specific results did not obtain comparable 


results, their own results for the powdered and reconstituted sample displayed in one case 


only minor differences while in the other, whole CP chain lengths disappeared.  


Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP Lipid content 


01 - - 86 - 21.2 


03 178 178 54 123 21.2 


04 - 224 104 121 21.2 


06 - 1337 606 704 21.2 


07 309 309 116 193 21.2 


08 176 176 48 128 21.2 


09 310 310 109 201 21.2 


10 1754 - - - 21.2 


Lab 


code 
ΣC10 ΣC11 ΣC12 ΣC13 ΣC14 ΣC15 ΣC16 ΣC17 


06 72 348 160 34 517 125 47 19 


07 28 57 26 5 128 39 26 0 


Lab 


code 
Total CP ΣSCCP+MCCP ΣSCCP ΣMCCP Lipid content 


04 - 219 92 127 21.2 


06 - 1344 645 708 21.2 


07 311 311 109 201 21.2 


08 191 191 52 139 21.2 


10 148 - - - 21.2 


Lab 


code 
ΣC10 ΣC11 ΣC12 ΣC13 ΣC14 ΣC15 ΣC16 ΣC17 


06 73 350 179 40 511 125 46 17 


07 16 69 24 0 168 33 0 0 


Results for the powdered sample 
 


Reported results for sample 2103-IFB for analysis of the shipped dry sample.  


Results for the reconstituted sample 
 


Reported results for sample 2103-IFB for analysis of the reconstituted sample according to PT 


instructions.  
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Notably, laboratory 06 used Soxhlet extraction after freeze-drying for the reconstituted 


sample, while laboratory 07 solely used cold extraction. As no other participant used cold 


extraction without freeze-drying or other preparation steps for the reconstituted sample, no 


direct conclusions can be drawn, but results indicate that the method might not be ideal for 


this type of sample. Interestingly, a difference of <10% between determined and declared 


lipid content for the reconstituted sample was reported by laboratory 07. This indicates that 


a good agreement in lipid content does not necessary equal complete CP extraction. 


 
Figure 3. Column diagrams of the determined CP chain length concentrations in the powdered and reconstituted sample 
2103-IFB. Comparison of recalculated results for the powdered and reconstituted sample. 


Incomplete sample extraction as main reason for differences between powder and 


reconstituted sample could also be confirmed by comparing the obtained homologue 


patterns. Specifically, there seemed to be a slight shift of pattern towards higher chlorinated 


homologue groups, with the Cl6 homologue groups being completely missing in some cases. 


The most dominant homologue groups in both sample types had seven and eight chlorine 


atoms, describing ~80% of the pattern in powdered samples and ~90% of the pattern in the 


reconstituted samples.  


 


 
Figure 4. Pareto diagrams describing the contribution of homologue groups sorted by chlorine number to the total 
homologue group pattern in the powdered and reconstituted sample 2103-IFB. 
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Again, this comparison on homologue group level pointed towards issues with extraction 


efficiency from the reconstituted sample in contrast to a previously theorized increased CP 


amount from encapsulated ingredients in the powder. In this case, no correlations between 


methodology and results were observed. 


C10 C11 C12 C13 C14 C15 C16 C17


LC 06
powder


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 06 
reconstituted


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 07
powder


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 07
reconstituted


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 08
powder


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12


C10 C11 C12 C13 C14 C15 C16 C17


LC 08
reconstituted


Cl4 Cl5 Cl6 Cl7 Cl8 Cl 9 Cl10 Cl11 Cl12
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Overall, though evaluation was limited by the small data basis, this secondary exercise 


could show that 


 Lipid determination in liquid samples seems to be an issue in some laboratories 


 Even if the determined lipid content in powdered and reconstituted sample is 


similar, this does not guarantee a successful extraction of CPs 


 Especially Cl6 homologue groups seem to be affected by the lower extraction 


efficiency from the reconstituted sample. 


 


Should this kind of sample matrix be considered for further investigations, i.e. in a monitoring 


project, it might be prudent to analyse directly from the powdered sample. Throughout the 


evaluation of both sample 2103-IFA and 2103-IFB, no indication of any encapsulated CPs 


being released when reconstituting the powder was found. 
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EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant Formula 


2021 [EURL-PT-CP_2103-IF] 


EURL for halogenated POPs in Feed and Food 
 
Annex 7: Test for sufficient homogeneity 
 


1. Test sample – Infant formula A (2103-IFA) 


 
 


EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant formula 2021 [EURL-PT-CP_2103-IF]


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


Infant formula [2103-IF]


Sum parameters - Homogeneity test - Data


Sample Replicate


2103-IFA CP2021-003 49 10 39


2103-IFA CP2021-003 74 12 62


2103-IFA CP2021-003 46 8.8 38


2103-IFA CP2021-003 44 7.4 36


2103-IFA CP2021-003 47 8.2 39


2103-IFA CP2021-003 50 9.4 41


2103-IFA CP2021-003 47 9.0 38


2103-IFA CP2021-003 52 9.5 42


2103-IFA CP2021-003 57 13 43


2103-IFA CP2021-003 47 9.2 37


2103-IFA CP2021-004 71 13 58


2103-IFA CP2021-004 58 13 58


2103-IFA CP2021-004 56 12 44


2103-IFA CP2021-004 59 10 49


2103-IFA CP2021-004 58 9.2 49


2103-IFA CP2021-004 50 10 40


2103-IFA CP2021-004 64 13 51


2103-IFA CP2021-004 75 10 59


2103-IFA CP2021-004 63 12 50


2103-IFA CP2021-004 57 13 45


Cochran's C-test for duplicate results


C 0.219 0.274 0.290


Ccritical (α = 0.05, m = 2, n = 10) 0.653 0.653 0.653


Ccritical (α = 0.01, m = 2, n = 10) 0.541 0.541 0.541


C < Ccritical yes yes yes


Outliers no outlying pair no outlying pair no outlying pair


Homogeneity test


General average x̅ 59 11 46


Standard deviation of sample averages sx 7.69 1.39 6.02


Within-sample standard deviation sw 10.12 1.69 8.03


Between-sample standard deviation ss 2.82 0.71 2.01


Standard deviation for proficiency assessment σPT 14.63 2.67 11.47


ss / σPT 0.19 0.27 0.18


Test for homogeneity (ss ≤ 0.3 σPT ) passed passed passed


ΣCPs


ng/g lipid


ΣSCCPs


ng/g lipid


ΣMCCPs


ng/g lipid
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2. Test sample – Infant formula B (2103-IFB) 


 
 
 


EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant formula 2021 [EURL-PT-CP_2103-IF]


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


Fortified infant formula [2103-IFB]


Sum parameters - Homogeneity test - Data


Sample Replicate


2103-IFB-002 I 221 172 95


2103-IFB-009 I 116 80 36


2103-IFB-012 I 245 155 115


2103-IFB-024 I 312 176 136


2103-IFB-033 I 270 139 106


2103-IFB-040 I 226 127 99


2103-IFB-002 II 255 179 54


2103-IFB-009 II 97 56 41


2103-IFB-012 II 208 154 76


2103-IFB-024 II 220 125 95


2103-IFB-033 II 308 126 136


2103-IFB-040 II 275 156 120


Cochran's C-test for duplicate results


C 0.573 0.717 0.272


Ccritical (α = 0.05, m = 2, n = 6) 0.781 0.781 0.781


Ccritical (α = 0.01, m = 2, n = 6) 0.883 0.883 0.883


C < Ccritical yes yes yes


Outliers no outlying pair no outlying pair no outlying pair


Homogeneity test


General average x̅ 254 151 103


Standard deviation of sample averages sx 23.74 16.08 18.62


Within-sample standard deviation sw 23.06 19.12 25.04


Between-sample standard deviation ss 17.26 8.71 5.77


Standard deviation for proficiency assessment σPT 63.51 37.71 25.81


ss / σPT 0.27 0.23 0.22


Test for homogeneity (ss ≤ 0.3 σPT ) passed passed passed


ΣCPs


ng/g lipid


ΣSCCPs


ng/g lipid


ΣMCCPs


ng/g lipid
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EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant Formula 2021 [EURL-PT-CP_2103-IF] 


EURL for halogenated POPs in Feed and Food 
 
Annex 8: Participants’ methods 
 


1. Sample preparation (pre-treatment/extraction) 


 
Lab 


code 


Dry sample (powder) Reconstituted sample 
Δ lipid%  


Pre-treatment Extraction Pre-treatment Extraction 


01 none 
ultrasound-assisted extraction 


DCM/nHex (1:1, v/v), room temp 
none 


ultrasound-assisted extraction  


DCM/nHex (1:1, v/v), room temp 
 


03 none 
ultrasound-assisted extraction 


3:1 nHex/DCM, 1 min vortexing and 1 min ultrasonication 


(tw ice). 


- -  


04 none 
hot extraction 


Soxhlet, nHex/Acetone 
none 


liquid/liquid extraction 


Isoprop/DEE/Hexane 
20-50%  


05 none cold extraction 


3x stirring w ith DCM/nHex (1:1, v/v) at room temp 
- -  


06 none 
hot extraction 


Soxhlet-Extraction, nHex/DCM/MeOH (5:2:1,v/v/v)  


glass f iber extraction thimbles w ere heated over night at 435 °C  


freeze-drying hot extraction no 


07 none 


cold extraction 


Sample mixed w ith deionised w ater and ethyl acetate at room 
temp, shaken w ith subsequent addition of salts to support the 


ethyl acetate extraction, centrifugation.  


none 


cold extraction 


extracted directly by ethyl acetate, shaken 
w ith subsequent addition of salts to support 


the ethyl acetate extraction, centrifugation.  


< 10% 


08 
centrifugation; 


other  


ultrasound-assisted extraction 


DCM/nHex (1:1, v/v) at room temp 


freeze-drying; 


centrifugation; 


other  


ultrasound-assisted extraction 


DCM/nHex (1:1, v/v) at room temp. 
no 


09 none 
hot extraction 


Pressurized liquid extraction (Buchi), 120°C, Toluene/Acetone. 
none liquid/liquid extraction  


10 other  
liquid/liquid extraction 


EtOH/Ace (1:1, v/v), shaking 3 times at 1800 rpm for 4 min  
other  other no 


12 none 
cold extraction 


stirring w ith DCM/nHex (1:1, v/v) at room temp 
- -  
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2. Sample preparation (further clean-up) 


 


Lab 


code 
Lipid removal Further clean-up 


Auto-


mated? 


Multi-


method? 


01 
silica-sulphuric acid column; silica column; alkaline silica 
column 


Florisil column no yes 


03 
direct sulphuric acid treatment; direct addition of 
acidified silica to the extract 


silica column (not deactivated) 
Agilent bond elut silica columns (500 mg) were conditioned with 
DCM and then nHex, the sample was loaded and then fraction 
by 6 mL of nHex (waste) and 12 mL DCM (analysis fraction). 


no no 


04 direct sulphuric acid treatment Alumina column no no 


05 
deactivated silica/silica-sulphuric acid column;Florisil 
column 


Florisil column no no 


06 
silica-sulphuric acid column 
Sugar removal before fat determination by liquid/liquid 
extraction with water 


Florisil column no no 


07 
SPE (deactivated silica gel) followed by direct sulphuric 
acid treatment 


no separation no yes 


08 


direct sulphuric acid treatment; acidic silica column 


Extraction → Centrifugation x2; combine organic 
extracts → directly add H2SO4, mix 30 min, centrifugate 
→ evaporate organic extract → layered acidic silica and 
Florisil column → wash with Hex → elute with DCM:Hex. 


Florisil column no yes 


09 silica-sulphuric acid/silica column; Florisil column silica column (not deactivated);other no no 


10 direct sulphuric acid treatment 
Florisil column 
Clean-up columns were prepared using sodium sulphate, 
H2SO4-silica and Florisil. 


no no 


12 silica/silica-sulphuric acid column; Florisil column Florisil column no no 
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3. Standards 
 
Lab 


code 


Injection 
standard 


Recovery 
standard 


Recovery range 
Δ powder/ 


reconst. Quantification standards 


01 PCB 209 γ -HCH 70-90 no SCCP 63% Cl (LGC) 


03 
ε-HCH;  
6-MeO-BDE-157 


13C10-HCD NA no 
SCCP 51.5% Cl (LGC); SCCP 55.5% Cl (LGC); 
SCCP 63% Cl (LGC); MCCP 42% Cl (LGC); 
MCCP 52% Cl (LGC); MCCP 57% Cl (LGC) 


04 γ-Chlordane 13C10-HCD 50-76 <10% 
SCCP 51.5% Cl (LGC); SCCP 55.5% Cl (LGC); 
SCCP 63% Cl (LGC); MCCP 42% Cl (LGC); 
MCCP 52% Cl (LGC); MCCP 57% Cl (LGC) 


05 ε-HCH 13C10-HCD 88-95%  
SCCP single chain standards (EURL POPs); 
MCCP single chain standards (EURL POPs) 


06 
13C-β-HBCDD 13C10-HCD 82-104 % for samples and blanks <10% 


SCCP single chain standards (EURL POPs); 
MCCP single chain standards (EURL POPs) 


07 PCB 166 none  no 
SCCP single chain standards (LGC);  
MCCP single chain standards (LGC) 


08 none 13C10-HCD 


We did not calculate ISTD recoveries since 
we do not use syringe standard.  
We always analyze previous PT materials 
as a QC material. (SCCP-MCCP-SumCPs) 
Coconut D: 91% - 118%-107%  
Lard D: 127%- 80% -91%  
Lard E: 100% - 79% -88%  


no 
SCCP single chain standards (LGC); SCCP 
single chain standards (EURL POPs); MCCP 
single chain standards (EURL POPs) 


09 d18-β-HBCDD 13C γ -HBCDD  no 
SCCP 51.5% Cl (LGC); SCCP 55.5% Cl (LGC); 
SCCP 63% Cl (LGC) ;MCCP 42% Cl (LGC); 
MCCP 52% Cl (LGC); MCCP 57% Cl (LGC) 


10 none 13C10-HCD  no SCCP 55.5% Cl (LGC); MCCP 57% Cl (LGC) 


12 ε-HCH 13C10-HCD 76-108%  
SCCP single chain standards (EURL POPs); 
MCCP single chain standards (EURL POPs) 
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4. Instrument and quantification method 
 


Lab 


code 
Instrument LC modulator 


monitored ions or 
transitions 


Instrument type and producer LOQ 


01 GC-ECNI-LRMS  
full scan m/z 33 -119, 
m/z 35,37 + 69-75 


Finigan Trace GC/Polaris Q  LOQ SCCPs 10 ug/kg fat 


03 GC-ECNI-LRMS  [M-Cl]-; [M-HCl]- Agilent 7000D triple quadrupole GC-MS 
100 ng/mL for each of 
∑SCCPs and ∑MCCPs 


04 GC-ECNI-LRMS  [M-Cl]- Agilent 5977A (GC) + G7040A (MS) 
SCCP lb 2 ng/g 
MCCP lb 5 ng/g 


05 GC-ECNI-Orbitrap-MS  [M-Cl]-; [M-HCl]- 
Thermo Trace 1015 GC/Q-Exactive MS 
system 


 


06 LC-ESI-Orbitrap-MS 
0.05 mM NH4Cl in 
aqueos and organic 
solvent 


[M+Cl]- 
Dionex Ultimate 3000 LC/ Thermo Q 
Exactive Focus 


no LOQ calculated till now 


07 GC-ECNI-TOF-MS  [M-Cl]-; [M-HCl]- 
Agilent 7890B GC/ 7200B Q-TOF 
system 


 


08 LC-FT-ICR-HRMS 
NH4Cl 0.025 mM as a 
phase additive to MeOH 


[M+Cl]- 
Bruker 7T SolarixXR FT-ICR-HRMS 
system 


LOQs based on blanks, 
equalling 10 ng/g lw SCCPs 
and 20 ng/g lw MCCPs 


09 LC-ESI-Orbitrap-MS DCM [M+Cl]- LC-Q-Exactive, Thermo  


10 GC-EI-MS/MS  
mass transitions 115-
>77, CE 20 V 102-
>67, CE 10 V 


Agilent 7890B/ 7010 
Not applicable, we only 
measure total CPs. 


12 GC-ECNI-Orbitrap-MS  [M-Cl]-;[M-HCl]- Thermo Trace 1015 GC/Q-Exactive MS  
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5. Quantification strategy 
Lab 


code Quantification strategy 


01 Linear calibration (Reth/Zencak/Oehme) 


03 
Reth et al 2005 based calibration using exponential curve and 6-MeO-BDE-157 external standard for quantification: 
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. 


04 Linear calibration (Reth/Zencak/Oehme) 


05 Quantification by congener groups (e.g. Yuan et al.); Exponential calibration (e.g. Sprengel et al., McGrath et al.).  


06 Quantification by congener groups (e.g. Yuan et al.) 


07 Linear calibration (Reth/Zencak/Oehme) 


08 


Firstly, individual calibrations of single-chain mixtures are constructed to obtain chain-length and Cl% degree specific RFs. These RFs are then plotted RF 
vs calculated Cl% degree to obtain a linear relationship between Cl% and RF for each chain length.  
 
Four different single-chain mixtures were used for each C10, C11, C12 and C13 homologue group 
Three different single-chain mixtures were used for each C14, C15, C16 and C17 homologue group 
 
Slopes and R-squared values were as follows: 
C10:y = - 291 + 4.86 x   R2 = 0.978 
C11:y = - 441 + 7.66 x   R2 = 0.964 
C12:y = - 298 + 5.53 x   R2 = 0.986 
C13:y = - 230 + 4.6 x   R2 = 0.986 


C14:y = -166 + 3.54 x   R2 = 0.904 
C15:y = -109 + 2.58 x   R2 = 0.900 
C16:y = - 95.8 + 2.75 x   R2 = 0.397 
C17:y = -204 + 5.11 x   R2 = 0.997, where 


y = Response factor (normalized sum peak area per 1 ng/uL of each single-chain CP group) 
x = Total calculated chlorination degree of each single-chain CP group (based on relative peak area distributions) 


09 Multiple linear regression (e.g. Nilsson et al.) 


10 Response factors / CP patterns (Tomy et al.) 


12 
Quantification by congener groups (e.g. Yuan et al.); Exponential calibration (e.g. Sprengel et al., McGrath et al.) 
Use of chain-length specific standards to calculate RFs for allpresent homologue groups, then determining homologue group concentrations for a mixed 
standard used with a exponential calibration curve. 
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EURL Proficiency Test on Determination of Chlorinated Paraffins in Infant Formula 
2021 [EURL-PT-CP_2103-IF] 


EURL for halogenated POPs in Feed and Food 
 
Annex 9: Participants’ feedback 


 


 
 
Participants 
 


Type of laboratory Answers 


National Reference Laboratory (NRL) 1 


Official Laboratory (OFL) 0 


Commercial laboratory 0 


Other (e.g. research and development) 1 


No Answer 0 


 
General aspects 
 
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 sta rs meaning "full 
satisfaction". 
 


Announcement 
 


Instructions 
 


Sample shipment 
 


Reporting of results 
 


Preliminary report 
 


 
  
Did the proficiency test meet expectations? 


 


The feedback survey was made available upon publication of the preliminary evaluation. 
Contributions were anonymous and non-mandatory. Two participating laboratories gave feedback. 


Shown are the average ratings awarded for each question. 
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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?  


Was the time frame acceptable? 
 


Was the handling of EUSurvey as webtool for reporting and 
source of instructions manageable?  


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


 
 


Was the selected sample adequate for the goal to assess analytical performance of laboratories in 
relevant matrices? 
 


choice of matrix 
 


level of contamination (2103-IFA) 
 


level of contamination (2103-IFB) 
 


 
No further comments or any suggestions for improvements were submitted. 
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