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1 Summary 

This report presents the results of the tenth inter-laboratory comparison (ILC) organised by the 
European Union Reference Laboratory for Polycyclic Aromatic Hydrocarbons (EU-RL PAHs) on 
the determination of the four EU marker PAHs, benz[a]anthracene (BAA), benzo[a]pyrene 
(BAP), benzo[b]fluoranthene (BBF) and chrysene (CHR), in cocoa products, particularly in plain 
chocolate and cocoa butter. It was conducted under ISO Standard 17043 accreditation. 
In agreement with National Reference Laboratories, the test material used in this exercise were 
commercial products. Participants also received a solution of PAHs in solvent of their choice 
(either toluene or acetonitrile) with disclosed PAH content for the verification of their 
instrument calibration.  
The test materials were value assigned by applying robust statistics to the values reported by the 
participants and were used to benchmark their results.  
Both officially nominated National Reference Laboratories (NRLs) and official food control 
laboratories (OCLs) of the EU Member States were admitted as participants.  
The participants were free to choose the method of analysis. The four EU marker PAHs were 
chosen as target analytes as limits for their sum were recently introduced in European 
legislation. The performance of the participating laboratories in the determination of the target 
PAHs in cocoa butter and plain chocolate was expressed by z-scores. Additionally, the 
compliance of reported method performance characteristics was checked against specifications 
given in legislation.  
 
A summary of the performance of the participants in the determination of the four marker PAHs 
in the two test materials is given in the following table.  
 

Participant 

group 

Reporting 

laboratories 

Calculated 

z-scores 

z-scores  

2 

z-scores  

2 

 # # # % 

NRLs 25 362 296 82 

OCLs 22 325 260 80 

 
Some laboratories reported results that seem to be systematically biased. It is therefore 
recommended to investigate this further. 
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2 Introduction 

The Institute for Reference Materials and Measurements (IRMM) of the European Commission's 
Joint Research Centre operates the European Union Reference Laboratory for Polycyclic 
Aromatic Hydrocarbons in Food (EU-RL-PAH). One of its core tasks is to organise inter-
laboratory comparisons (ILCs) for the National Reference Laboratories (NRLs) [1, 2]. 
Polycyclic aromatic hydrocarbons (PAHs) constitute a large class of organic substances. The 
chemical structure of PAHs consists of two or more fused aromatic rings. PAHs may be formed 
during the incomplete combustion of organic compounds and can be found in the environment. 
In food, PAHs may be formed during industrial food processing and domestic food preparation, 
such as smoking, drying, roasting, baking, frying, or grilling.  
In 2002 the European Commission’s Scientific Committee on Food identified 15 individual PAHs 
as being of major concern for human health. These 15 EU priority PAHs should be monitored in 
food to enable long-term exposure assessments and to verify the validity of the use of the 
concentrations of benzo[a]pyrene (BAP) as a marker for a “total-PAH content” [3]. The 
toxicological importance of these compounds was confirmed in October 2005 by the 
International Agency for Research on Cancer (IARC), which classified BAP as carcinogen to 
human beings (IARC group 1), cyclopenta[cd]pyrene - CPP, dibenzo[a,h]anthracene - DHA, and 
dibenzo[a,l]pyrene - DLP as probably carcinogenic to human beings (group 2a), and nine other 
EU priority PAHs as possibly carcinogenic to human beings (group 2b) [4]. 
As a consequence, the European Commission (EC) issued Commission Regulation (EC) No 
1881/2006 setting maximum levels of benzo[a]pyrene in food, Commission Regulation (EC) No 
333/2007 laying down sampling methods and performance criteria for methods of analysis for 
the official control of benzo[a]pyrene levels in foodstuffs, and Commission Recommendation 
2005/108/EC on the further investigation into the levels of PAHs in certain foods [5, 6, 7].  
To evaluate the suitability of BAP as a marker for occurrence and toxicity of PAHs in food, the 
European Commission asked the European Food Safety Authority (EFSA) for a review of the 
previous risk assessment on PAHs carried by the Scientific Committee on Food (SCF).  
The scientific opinion on PAHs in food was published by EFSA in June 2008 [8]. EFSA concluded 
that benzo[a]pyrene was not a suitable indicator for the occurrence of PAHs in food and that four 
(PAH4) or eight PAHs (PAH8) were more suitable indicators for the occurrence of PAHs in food. 
However, PAH8 does not provide much added value compared to PAH4. Following these 
conclusions the Standing Committee on the Food Chain and Animal Health agreed to base risk 
management measures on four PAHs (PAH4) - BAA, BAP, BBF, and CHR. However, maximum 
levels for BAP would be maintained to ensure comparability with historical data. In the following 
the PAH4 will be also indicated as "the four EU marker PAHs". They are listed in Table 1. A 
maximum level for the sum of the four PAHs was included in the amendment of Commission 
Regulation (EC) No 1881/2006 [6]. Coherently, also Commission Regulation (EC) No 333/2007 
[7] which lays down minimum method performance criteria was revised by Commission 
Regulation (EC) No 836/2011. 
 
Table 1: Names and structures of the four EU marker PAHs.  

1 Benz[a]anthracene (BAA) 

 

2 Benzo[a]pyrene (BAP)  

 

3 
Benzo[b]fluoranthene  

(BBF) 
 

4 
Chrysene 

(CHR) 
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3 Scope 

As specified in Regulation (EC) No 882/2004 on official controls performed to ensure the 
verification of compliance with food and feed law, animal health and animal welfare rules [2]222222, 
one of the core duties of EU-RLs is organising inter-laboratory comparison tests (ILCs).  
This inter-laboratory comparison study aimed to evaluate the comparability of analysis results 
reported by National Reference Laboratories (NRLs) and EU official food control laboratories 
(OCLs) for the four EU marker PAHs in cocoa products. The appropriateness of the reported 
measurement uncertainty was also tested as this parameter is important in the compliance 
assessment of food with EU maximum levels. 
The ILC was designed and evaluated under the umbrella of IRMM's accreditation according to 
ISO Standard 17043:2010 [9 ]. 
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4 Participating Laboratories 

Officially nominated NRLs and OCLs of the EU Member States were admitted as participants. The 
participants are listed in Table 2 and Table 3 respectively. 
 
Table 2: List of participating National Reference Laboratories 

Institute  Country 

AGES - Österreichische Agentur für Gesundheit und Ernährungssicherheit, 

Kompetenzzentrum Cluster Chemie 
AUSTRIA 

Scientific Institute of Public Health BELGIUM 

SGL - State General Laboratory, Environmental and other Food Contamination Laboratory CYPRUS 

Nàrodní referenční laboratoř pro polycyklické aromatické uhlovodíky - Státní veterinární 

ústav Praha 

CZECH 

REPUBLIC 

Division of Food Chemistry, National Food Institute, Technical University of Denmark DENMARK 

Veterinary and Food Administration, Chemical Laboratory DENMARK 

Tartu Laboratory of Health Protection Inspectorate  ESTONIA 

EVIRA - Finnish Food Safety Authority  FINLAND 

LABERCA - Laboratoire d'Etude des Résidus et des Contaminants dans les Aliments  FRANCE 

BVL - Bundesamt für Verbraucherschutz und Lebensmittelsicherheit  GERMANY 

GCSL - General Chemical State Laboratory - Food Division - Laboratory GREECE 

Central Agricultural Office, Food & Feed Safety Directorate, Food Residues Toxicological 

Dept.  
HUNGARY 

Central Agricultural Office, Food and Feed Safety Directorate, Feed Investigation NRL  HUNGARY 

The Public Analyst's Laboratory Dublin IRELAND 

Istituto Superiore di Sanità ITALY 

BIOR - Institute of Food Safety, Animal Health and Environment LATVIA 

National Veterinary Laboratory (National Food and Veterinary Risk Assessment Institute) LITHUANIA 

RIKILT- Institute of Food Safety NETHERLANDS 

NIFES - National Institute of Nutrition and Seafood Research NORWAY 

National Institute of Public Health - National Institute of Hygiene POLAND 

IP – INRB -Instituto Nacional dos Recursos Biológicos PORTUGAL 

SVUPUDK - State Veterinary and Food Institute Dolný Kubín  SLOVAKIA 

Zavod za zdravstveno varstvo Maribor SLOVENIA 

AESAN - Centro Nacional de Alimentaciòn (Spanish Food Safety and Nutrition Agency) SPAIN 

SLV - Livsmedelsverket   SWEDEN 

FERA - The Food and Environment Research Agency 
UNITED 

KINGDOM 

 
One of the 26 NRLs did not at all report results for this PT, whereas a second NRL reported only a 
very limited number of results. Both NRLs reasoned this with instrument break downs. 
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Table 3: List of participating Official Food Control Laboratories 

Institute Country 

Institut für Umwelt und Lebensmittelsicherheit, Bregenz AUSTRIA 

Analytec - Labor für Lebensmitteluntersuchung und Umweltanalytik ZT-GmbH AUSTRIA 

LARECO BELGIUM 

Vlaamse Instelling voor Technologisch Onderzoek VITO BELGIUM 

Federal Laboratory for the Safety of the Food Chain BELGIUM 

LDA56 FRANCE 

LVD72 FRANCE 

LDA22 FRANCE 

IDAC FRANCE 

SCL Massy FRANCE 

LEAV FRANCE 

Eurofins WEJ Contaminants GmbH GERMANY 

Landesuntersuchungsamt Bremen GERMANY 

CVUA Münsterland-Emscher-Lippe GERMANY 

Landesbetrieb Hessisches Landeslabor GERMANY 

CVUA Stuttgart GERMANY 

Landeslabor Berlin-Brandenburg GERMANY 

Landesamt für Verbraucherschutz Sachsen-Anhalt GERMANY 

Institut für Hygiene und Umwelt, Hamburg GERMANY 

Thüringer Landesamt für Lebensmittelsicherheit und Verbraucherschutz GERMANY 

CVUA Ostwestfalen-Lippe GERMANY 

Minton Treharne and Davis Ltd UNITED KINGDOM 

Staffordshire Scientific Services UNITED KINGDOM 

Worcestershire Scientific Services UNITED KINGDOM 

City of Edinburgh Council UNITED KINGDOM 

 

Twenty two of the 25 registered OCLs reported results. 
 
 

5 Time frame 

The ILC was agreed with the NRLs at the EU-RL PAH workshop in Brussels on the 6th of April 
2012. It was announced on the IRMM web page (see ANNEX 1) and invitation letters were sent to 
the laboratories on the 29th of May 2012 (see ANNEX 2). Test samples were dispatched (see 
ANNEX 3) on the 16th of July 2012 and the deadline for reporting of results was set to the 14th of 
September 2012. However, two NRLs were not able to report before 30th of September. 
The documents sent to the participants are presented in ANNEX 4. 
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6 Confidentiality 

The identities of participants are kept confidential unless the participant provides a letter of 
consent to the PT organiser giving permission to disclose his/her details and results to a third 
party. 
 

7 Test materials 

7.1 1Preparation 

 
The test materials of this PT round were cocoa butter (CB) and plain dark chocolate (CHOC). This 
matrices are representative for the food category 6.1.2 "Cocoa beans and derived products" 
specified in Commission Regulation (EC) No 836/2011, with a maximum level for BAP and for 
the sum of the four PAHs (in the following indicated as SUM4PAH) of 5.0 µg/kg and 35.0 µg/kg 
respectively. Both maximum levels will come into force on 1 April 2013. 
 
Participants also received a solution of the 15+1 EU Priority PAHs in either acetonitrile or 
toluene (according to their choice, see ANNEX 3) with disclosed concentrations, which allowed 
them to check their instrument calibration against an independent reference. Participants 
received the technical specifications (see ANNEX 5) of the chosen solution together with the test 
material. 
 
The cocoa butter test material was prepared at the EU-RL PAH laboratories from four kilos of 
commercial cocoa butter, which was supplied by a Belgian Chocolatier. The whole quantity of 
cocoa butter was melted at 60 °C in a water bath, until the liquid became completely clear, and 
further stirred over night, before aliquots of about 20 mL were bottled into amber glass crimp 
cap vials. The chocolate test material was acquired at local supermarkets. In total 5 kg of plain 
dark chocolate of a particular brand with labelled cocoa and fat contents of minimum 86 % and 
56.5 % respectively were purchased and cryo-grinded. The fine particles were further 
homogenized by stirring and by repetitive application of a sample divider. Aliquots of about 30 g 
of the chocolate test sample were packed into amber glass screw cap vials. 
The standard solution was prepared from neat certified reference materials (purchased from 
BCR®, Institute for Reference Materials and Measurements, Geel, Belgium, except CPP - 
purchased from Biochemisches Institut für Umweltkarzinogene, Großhansdorf, Germany, BCL - 
purchased from Dr. Ehrenstorfer, Germany, and DIP - purchased from Campro Scientific, 
Germany). Single standard stock solutions of each analyte were produced by substitution 
weighing of neat substance on a microbalance and dissolution in toluene. Mixed standards were 
prepared gravimetrically from the single standard stock solutions in the respective solvents and 
further diluted to the concentrations specified in ANNEX 5. The standard solutions were 
ampouled under inert atmosphere and flame sealed in 5 ml amber glass ampoules. 
 

7.2 Homogeneity and stability 

Homogeneity of the test samples was evaluated according to ISO Standard 13528 [10]. An 
external laboratory was contracted for the analysis of the cocoa butter test material. The 
homogeneity study of the chocolate test material was performed in-house. 
Ten units of each of the test materials were selected randomly and analysed by gas 
chromatography hyphenated to mass spectrometry. The test materials were rated sufficiently 
homogeneous (see ANNEX 6).  
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The stability of the test material was evaluated by analysing the test material after the deadline 
for reporting of results. Significant differences of the analyte contents between the analysis 
results before dispatch and after expiration of the reporting deadline were not found. Hence 
stability of the samples over the whole study period can be assumed. 
 
 

7.3 Assigned value and standard deviation for proficiency assessment 

 
The robust estimates of the mean values of the results of the participants, according to ISO 
13528 Algorithm A, were applied as assigned values for the proficiency assessment [11]. Results 
that were reported as below a certain value were excluded from the calculations. The H15 
estimate is gained by iteration, where in each iteration step pseudo mean values and pseudo 
variances of the data are calculated. In the following iteration step extreme values (outside the 
range pseudo mean ± a certain multitude of the pseudo standard deviation) are replaced by the 
mean value ± a certain multiple of the standard deviation of the previous step, and new pseudo 
mean and pseudo variance values are calculated. Via this approach pseudo means and pseudo 
variances converge rapidly to robust estimates of the mean value and of the variance.  
The assigned values of the target PAHs are listed in Table 4 to Table 6. Table 7 provides the 
robust mean for the fat determination. 
The uncertainties of the assigned values were derived from 1.25 times the robust standard 
deviation of the reported results, divided by the square root of the number of results included in 
the calculations [10]. The uncertainty of the SUM4PAH parameter was calculated from the 
uncertainties of the individual analytes, applying the law of error propagation. 
The uncertainties of the contents of the standard solutions covered uncertainties stemming from  
the purity of the reference materials used and the weighing operation carried-out.  
 
The standard deviation for proficiency assessment, P, was set for the individual analytes equal 
to the maximum tolerable uncertainty (Uf), which is calculated according to Equation 1 [9]. A 
LOD value of 0.30 μg/kg, and  equal to 0.2 were applied for this purpose. The standard 
deviation for proficiency testing was calculated for the SUM4PAH parameter from the P - values 
of the individual analytes applying the law of error propagation. 
 

Equation 1  Uf = 
22 )C((LOD/2)   

where Uf relates to the maximum tolerated standard measurement uncertainty, LOD to the limit of detection, α to a 
numeric factor depending on the concentration C as given in Commission Regulation (EC) No 333/2007, amended 
by Regulation (EC) 836/2011. 
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Table 4: Analyte contents of the cocoa butter test material 

    Assigned value u σP 

Analyte 
Analyte 
short name  

µg/kg µg/kg µg/kg % 

Benz[a]anthracene BAA 1.55 0.07 0.34 22.2 

Benzo[a]pyrene BAP 0.86 0.03 0.23 26.6 

Benzo[b]fluoranthene BBF 1.20 0.06 0.28 23.6 

Chrysene CHR 2.28 0.15 0.48 21.1 

Sum of the four marker PAHs SUM4PAH 5.89 0.18 0.69 11.8 

p standard deviation for proficiency assessment. 
u standard uncertainty of the assigned value (k=1).  

 
Table 5: Analyte contents of the chocolate test material, expressed on product basis 

    Assigned value u σP 

Analyte 
Analyte 
short name  

µg/kg µg/kg µg/kg % 

Benz[a]anthracene BAA 1.72 0.09 0.38 21.8 

Benzo[a]pyrene BAP 0.78 0.04 0.22 27.7 

Benzo[b]fluoranthene BBF 1.02 0.06 0.25 24.8 

Chrysene CHR 2.12 0.11 0.45 21.2 

Sum of the four marker PAHs SUM4PAH 5.64 0.16 0.67 11.9 

p standard deviation for proficiency assessment. 
u standard uncertainty of the assigned value (k=1).  
 

Table 6: Analyte contents of the chocolate test material, expressed on fat basis 

    Assigned value u σP 

Analyte 
Analyte 
short name  

µg/kg µg/kg µg/kg % 

Benz[a]anthracene BAA-FAT 2.91 0.17 0.60 20.7 

Benzo[a]pyrene BAP-FAT 1.37 0.07 0.31 22.8 

Benzo[b]fluoranthene BBF-FAT 1.69 0.10 0.37 21.9 

Chrysene CHR-FAT 3.60 0.20 0.74 20.4 

Sum of the four marker PAHs SUM-FAT 9.57 0.29 0.67 11.9 

p standard deviation for proficiency assessment. 
u standard uncertainty of the assigned value (k=1).  

 
Table 7: Fat content of the chocolate test material 

    Robust mean 

Analyte 
Analyte 
short name  

% 

Fat content FAT 54.9 
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8 Design of the proficiency test 

 
The design of the PT foresaw triplicate analysis of the test samples and reporting on product 
basis of the individual results of replicate analyses for the single analytes, in the following 
indicated with the extension REP. Additionally a "value for proficiency assessment", in the 
following denoted as "final value", was requested, expressed on product basis, for both the single 
analytes and the sum of the four PAHs. All results had to be reported corrected for recovery (and 
recovery had to be stated in the questionnaire together with other parameters of the method 
applied); final results had also to be accompanied by the respective expanded measurement 
uncertainty and the coverage factor. Additionally, the final results for the chocolate samples had 
to be reported expressed on fat basis, as required by legislation, and the fat content of the 
chocolate sample had to be stated.  
Only final results were used for performance assessment. 
Participants were asked to report besides analysis results also details of the applied analysis 
method (see ANNEX 7).  
Each participant received at least one ampoule of a solution of the target PAHs in the chosen 
solvent (2 ml), with disclosed content, and at least one crimp cap vial containing the cocoa butter 
test sample as well as two screw cap vials with the chocolate test material. 
 
 
 

9 Evaluation of Laboratories 

 

9.1 2General 

 
The most important evaluation parameter was the performance of the laboratories in the 
determination of the target PAHs in the test materials, which was expressed by z-scores.  
The results reported by participants are listed in ANNEX 8. Some results were reported as 
smaller than a certain threshold value. However all threshold values were significantly lower 
than the assigned values, indicating that the respective analyses were negatively biased. 
Therefore, these results were rated assuming the threshold value as content value. 
 
The compliance with legislation of method performance characteristics for the determination of 
the four marker PAHs was evaluated as well. 
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9.2 Evaluation criteria 

 
z-Scores 
 
z-Scores were calculated based on the final values. Equation 2 presents the formula for 
calculation of z-scores. 

Equation 2  
 

P

assignedlab Xx
z




   

where z refers to the z-score, xlab to the reported “value for proficiency assessment”, Xassigned to the assigned value, 
and σP to the standard deviation for proficiency testing. 

 
 
 
The performance of the laboratories was classified according to ISO/IEC 17043:2010 [9]. Following 

scheme is applied for the interpretation of z-scores: 

 

|score|  2.0 = satisfactory performance 
2.0<|score| < 3.0 = questionable performance 
|score| ≥ 3.0 = unsatisfactory performance 

 
 

9.3 2Evaluation of results  

z-Scores were attributed only to "values for proficiency assessment" (final values). The 
individual results of replicate analyses were not rated. Also the results of the fat determination 
were not rated. However they are presented and discussed further down. 
 
Each laboratory had to report a total of 40 results; therefore the expected number of results of 
the 48 reporting participants was 1920. They submitted in total 1818 results, which equals to 
about 95 %. 
About 81 % of the results reported by the participants obtained a satisfactory z-score. The 
percentage of satisfactory scores was slightly higher among the NRLs if compared to OCLs. 
Lowest number of satisfactory z-scores was attributed to results expressed on fat basis for the 
chocolate test material, where the bias of the fat determination contributes to the gross bias. 
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Figure 1 and Figure 2 provide overviews of the z-scores assigned to the results for the cocoa 
butter test material for NRLs and OCLs respectively. The z-scores awarded to the results for the 
chocolate test material are presented in Figure 3 and Figure 4 for results expressed on product 
basis (µg/kg chocolate), and in Figure 5 and Figure 6 for results expressed on fat basis 
(µg/kg fat). The larger the triangles, the larger were the differences to the assigned values. Red 
triangles indicate z-scores above an absolute value of three, whereas yellow triangles represent 
z-scores in the questionable performance range. For questionable and unsatisfactory scores, the 
corresponding score values are presented next to the triangles. Some laboratories had major 
problems with the determination of the target PAHs in both the cocoa butter and the chocolate 
test material, e.g. participant 1008 overestimated the BAP contents of the two samples by far. 
Hence this participant shall scrutinize her/his analysis procedure for severe bias, which might be 
caused by interferences, or instrument calibration. Participant 6022 did not report a single 
analysis result within the satisfactory performance range.  
The numerical values of the calculated z-scores are compiled in Table 8 to Table 13 for both 
NRLs and OCLs . z-Scores with an absolute value of above 2 are given in bold, red font.  
 
The establishment of proper measurement uncertainty values still caused problems for the 
SUM4PAH parameter. Fifteen out of 35 participants reported for the sum of the contents, 
expressed on fat basis, of the four PAHs in the chocolate test material measurement uncertainty 
values that differed significantly from the values, which were derived by the law of error 
propagation. 
Hence the EU-RL PAHs will continue to pay special attention to this parameter in the ILCs to 
come, as it has major implications on the assessment of compliance of food with European 
legislation. 
 
Figure 7 shows the distribution of the reported fat contents. The fat content value 
corresponding to the centre of the distribution is about 1.7 % below the value given on the 
packaging. Numerical values of the reported fat contents are given in ANNEX 8. 
 
The graphical representations of the distribution of results for the individual analytes are given 
in ANNEX 8 together with the results of replicate analyses. 
For each analyte the figure shows the individual analysis results of the three replicate 
determinations. The assigned value is shown as green dotted line. The blue boxes represent the 
expanded uncertainties (k=2) reported by participants for the "value for proficiency 
assessment". The arithmetic mean of the results of the individual participant is indicated in the 
blue boxes by a blue line. The red lines represent deviations from the assigned value of ± 2p.  
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Figure 1: Graphical presentation of z-scores corresponding to the "values for proficiency 
assessment" reported by the NRLs for the contents of BAA, BAP, BBF, CHR, and the SUM4PAH 
parameter in the cocoa butter test material.  
Blue triangles indicate satisfactory performance; yellow triangles indicate questionable performance; red triangles 
indicate non-satisfactory performance; z-score values are presented next to the triangles for the last two 
performance categories. 
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Table 8: Compilation of z-scores calculated from the “results for proficiency assessment" reported by 

the NRLs for test material cocoa butter: z-scores outside the satisfactory range (|z| > 2) are indicated 

by bold red font. 
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Figure 2: Graphical presentation of z-scores corresponding to the "values for proficiency 
assessment" reported by the OCLs for the contents of BAA, BAP, BBF, CHR, and the SUM4PAH 
parameter in the cocoa butter test material.  
Blue triangles indicate satisfactory performance; yellow triangles indicate questionable performance; red triangles 
indicate non-satisfactory performance; z-score values are presented next to the triangles for the latter performance 
category. 
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Table 9: Compilation of z-scores calculated from the “results for proficiency assessment" reported by 

the OCLs for test material cocoa butter: z-scores outside the satisfactory range (|z| > 2) are indicated 

by bold red font. 
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Figure 3: Graphical presentation of z-scores corresponding to the "values for proficiency 
assessment" reported by the NRLs for the contents of BAA, BAP, BBF, CHR, and the SUM4PAH 
parameter in the chocolate test material.  
The assessment was based on results expressed on product basis (µg/kg chocolate). 
Blue triangles indicate satisfactory performance; yellow triangles indicate questionable performance; red triangles 
indicate non-satisfactory performance; z-score values are presented above the triangles for the last two 
performance categories. 
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Table 10: Compilation of z-scores calculated from the “results for proficiency assessment" reported 

by the NRLs for the chocolate test material. Results are expressed on product basis (µg/kg chocolate): 

z-scores outside the satisfactory range (|z| > 2) are indicated by bold red font. 
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Figure 4: Graphical presentation of z-scores corresponding to the "values for proficiency 
assessment" reported by the OCLs for the contents of BAA, BAP, BBF, CHR, and the SUM4PAH 
parameter in the chocolate test material.  
The assessment was based on results expressed on product basis (µg/kg chocolate). 
Blue triangles indicate satisfactory performance; yellow triangles indicate questionable performance; red triangles 
indicate non-satisfactory performance; z-score values are presented above the triangles for the latter performance 
category. 
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Table 11: Compilation of z-scores calculated from the “results for proficiency assessment" reported 

by the OCLs for the chocolate test material. Results are expressed on product basis (µg/kg chocolate): 

z-scores outside the satisfactory range (|z| > 2) are indicated by bold red font. 
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Figure 5: Graphical presentation of z-scores corresponding to the "values for proficiency 
assessment" reported by the NRLs for the contents of BAA_FAT, BAP_FAT, BBF_FAT, CHR_FAT, 
and the sum of 4 PAHs parameter (SUM_FAT) in the chocolate test material.  
The assessment was based on results expressed on fat basis (µg/kg fat). 
Blue triangles indicate satisfactory performance; yellow triangles indicate questionable performance; red triangles 
indicate non-satisfactory performance; z-score values are presented above the triangles for the last two 
performance categories. 

PROLab Plus 

Z Score
-3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3

Measurand
BAA_FAT BAP_FAT BBF_FAT CHR_FAT SUM_FAT

L
a

b
o

ra
to

ry

1001

1002

1004

1005

1007

1008

1009

1010

1011

1012

1013

1014

1015

1016

1017

1018

1020

1022

1023

1025

1027

1028

1029

1030

2.3

2.5

2.5

2.7 2.7

5.4

27.5

4.0 5.3

3.1

9.5

5.0

11.2

12.6

4.4

-2.2

-2.0 -2.3

-2.1

-2.4

-2.4

-2.7

-4.3 -4.0 -4.0 -4.2

-4.1

-7.9

 



 

 25 

Table 12: Compilation of z-scores calculated from the “results for proficiency assessment" reported 

by the NRLs for the chocolate test material. Results are expressed on fat basis (µg/kg fat): z-scores 

outside the satisfactory range (|z| > 2) are indicated by bold red font. 
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Figure 6: Graphical presentation of z-scores corresponding to the "values for proficiency 
assessment" reported by the OCLs for the contents of BAA_FAT, BAP_FAT, BBF_FAT, CHR_FAT, 
and the sum of 4 PAHs parameter (SUM_FAT) in the chocolate test material.  
The assessment was based on results expressed on fat basis (µg/kg fat). 
Blue triangles indicate satisfactory performance; yellow triangles indicate questionable performance; red triangles 
indicate non-satisfactory performance; z-score values are presented above the triangles for the latter performance 
category. 
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Table 13: Compilation of z-scores calculated from the “results for proficiency assessment" reported 

by the OCLs for the chocolate test material. Results are expressed on fat basis (µg/kg fat): z-scores 

outside the satisfactory range (|z| > 2) are indicated by bold red font. 
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Figure 7: Graphical presentation of distribution fat contents reported for the chocolate test 
material.  
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9.4 6Evaluation of compliance with legislation 

 
The characteristics of the methods applied by participants and the results reported are listed in 
ANNEX 7 and ANNEX 8 respectively. 
Compliance with legislation was evaluated on basis of requirements set in Regulation (EC) No 
333/2007 as amended by Regulation (EU) No 836/2011 [7]. Non compliant values for LOD, LOQ, 
and recovery are indicated by bold red font.  
 
In general the number of non-compliances was similar for OCLs and for NRLs. The major 
shortcoming concerned LODs and LOQs that were higher than the tolerated 0.3 µg/kg and 
0.9 µg/kg, respectively. The values for recovery complied with the limits specified in Commission 
Regulation (EU) No 836/2011. However, it cannot be evaluated whether recovery was 
understood as yield, as requested, and not as apparent recovery, which might be indicated by 
recovery values close to 100 %. 
Consequently all participants reporting method performance characteristics that do not comply 
with the minimum performance characteristics specified in legislation shall identify and 
implement for their analysis methods possibilities for improvement, or shall apply a different, 
more appropriate analysis procedure. 
 
 

10 Follow-up actions for underperforming laboratories 

All laboratories that got "questionable" or "non-satisfactory" performance ratings are urged to 
perform root cause analysis, and to implement corrective actions. 
The NRLs not reporting were already contacted for explanation. 
The EU-RL will set up follow-up measures in due time for all NRLs that received for at least one 
of the four PAHs (BAA, BAP, BBF, and CHR) z-scores > 3 as required by Regulation (EC) 
882/2004, and by the "Protocol for management of underperformance in comparative testing 
and/or lack of collaboration of National Reference Laboratories (NRLs) with European Union 
reference laboratories (EU-RLs) activities". These laboratories shall perform as an immediate 
action root-cause-analysis, and shall report to the EU-RL PAH in writing the identified cause for 
their underperformance and corrective actions they are going to take. Additionally, they shall 
participate to an independent (non-EU-RL) proficiency test on the determination of PAHs in food 
and shall communicate the outcome of this exercise to the EU-RL PAH. 
 
 
 
 
 
 
 
 
 
 
 
 
 
9B  
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11 1Conclusions 

Forty-seven participants reported analysis results. The performance of most participants was 
good. In total 96 % and 88% of the results reported by NRLs and OCLs respectively obtained a 
satisfactory z-score. However, significant bias can be concluded from the pattern of performance 
indicators of some laboratories.  
A few laboratories did not report measurement uncertainties. They are urged to improve in this 
respect as this parameter is essential for compliance assessment. 
The great majority of participants in this inter-laboratory comparison applied analytical 
methods which, with regard to performance characteristics, were compliant with EU legislation; 
however, some participants are encouraged to verify the compliance to legislation of both the 
method and the modality of data reporting in use at their laboratory. 
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14 ANNEXES 

 
ANNEX 1 – Announcement of the PT on the IRMM webpage  

ANNEX 2 – Announcement via e-mail and invitation  

ANNEX 3 – Announcement of material dispatch  

ANNEX 4 – Documents sent to participants  

ANNEX 5 – Technical specifications of the calibration solutions  

ANNEX 6 – Homogeneity of the test material  

ANNEX 7 – Questionnaire and method performance data  

ANNEX 8 – Data reported by participants   
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ANNEX 1: Announcement of the PT on the IRMM webpage 
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ANNEX 2: Announcement of the PT via e-mail and confirmation of participation 
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Confirmation of participation 
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ANNEX 3: Announcement of material dispatch 
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ANNEX 4: Documents sent to participants 

OUTLINE 
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SAMPLE RECEIPT 

 



 

 42 

 

 



 

 43 

GUIDANCE FOR REPORTING 
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PARTICIPANT CODES 
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ANNEX 5: Technical specifications of the calibration solutions 

ACETONITRILE SOLUTION 
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TOLUENE SOLUTION 
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ANNEX 6: Homogeneity of the test material 

COCOA BUTTER TEST MATERIAL 
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CHOCOLATE TEST MATERIAL 

 

 



 

 53 
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ANNEX 7: Questionnaire and method performance characteristics 

BLANK TEMPLATE 
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 QUESTIONNAIRE: 
 
1) Is the applied analysis method accredited according to ISO 17025? 
2) Are chocolate/cocoa butter within the scope of the accredited method? 
3) How many chocolate samples did you analyse so far for PAH content? 
4) Which analysis technique did you apply 
5) Which chromatographic column did you apply for the analyses? 
6) Which sample amount did you take per analysis? 
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continued: 
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7) Which of the following sample preparation procedures did you apply for the chocolate 
sample? 
7.1) If applicable: Which extraction technique was applied? 
7.2) If applicable: Which chromatography/fractionation technique was applied? 
7.2.1) If applicable: Please specify SPE cartridge(s) 
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continued: 
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8) How did you calibrate your instrument? 
8.1) Did you apply external calibration? 
8.1.1) In case of external calibration: How did you calibrate? 
8.2) Did you apply internal standardization? 
8.2.1) Which internal standards did you apply? 
8.2.2) Please provide details on internal standards 
8.3) Did you apply standard addition? 
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continued: 
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9.) How did you obtain the PAH contents of the chocolate sample expressed on fat basis? 
10) How did you determine the fat content of the chocolate sample? 
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continued: 
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11) Did you experience any problems during sample preparation of the chocolate/cocoa butter sample? 
11.1) Please specify: 
12) Did you experience any chromatographic interferences? 
12.1) Please specify: 
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continued: 
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METHOD PERFORMANCE PARAMETERS 
 
With reference to Commission Regulation (EC) No 333/2007 as amended by Commission Regulation (EU) No 
836/2011, non-compliant method performance characteristics are marked in the tables in bold red font. Threshold 
values for the evaluation were LOD≤ 0.30 µg/kg, LOQ ≤ 0.90 µg/kg.  
Despite it was requested to express recovery as a yield of the assay, many participants seemed to have reported 
apparent recovery values. Due to this inconsistency in reporting, recovery values were not rated. 

 
Method performance data reported by participants for the determination of BAA and BAP in cocoa butter. 

 
n.r.: not reported 



 

 

68 

Method performance data reported by participants for the determination of BBF and CHR in cocoa butter. 

 

n.r.: not reported 
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Method performance data reported by participants for the determination of BAA and BAP in chocolate. 

 

n.r.: not reported 
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Method performance data reported by participants for the determination of BBF and CHR in chocolate. 

 

n.r.: not reported 
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ANNEX 8: Data reported by participants 

 

The data reported by the participants are compiled in the following tables. Uncertainty values that do not 
comply with the Uf thresholds (individual PAHs), respectively that are not equal to the propagated 
uncertainties of the individual analytes (SUM4PAH parameter) are marked by bold red font. The results of 
replicate analyses together with the expanded measurement uncertainty (k=2) reported for the value for 
proficiency assessment are depicted in the graphs. Red lines indicate the thresholds for satisfactory z-scores. 
 
 
 
Distribution of individual results of replicate determinations reported for the benz[a]anthracene 
(BAA) content of the cocoa butter test sample 
blue triangles: individual results of replicate determinations, blue box: reported expanded measurement uncertainty (k=2), blue 
horizontal line in blue box: average of replicate determinations, green dotted line: assigned value, green area around assigned 
value: expanded uncertainty of the assigned value (k=2), red lines: lower and upper limit of satisfactory z-score range 

 

 

 

 

 

PROLab Plus 

Laboratory

6
0
1
5

1
0
2
9

1
0
0
2

6
0
0
1

1
0
1
3

1
0
1
1

6
0
2
0

6
0
1
0

6
0
1
3

6
0
0
4

1
0
0
5

1
0
2
8

6
0
1
2

6
0
1
1

6
0
1
9

1
0
0
7

1
0
1
2

6
0
0
5

6
0
0
7

1
0
1
7

1
0
0
1

1
0
2
3

1
0
1
0

1
0
2
2

1
0
2
0

6
0
0
8

1
0
3
0

6
0
0
2

6
0
0
3

1
0
2
7

1
0
1
8

6
0
2
6

6
0
0
6

1
0
2
5

1
0
0
4

1
0
1
6

6
0
1
4

1
0
0
9

1
0
1
5

6
0
2
4

1
0
0
8

1
0
1
4

6
0
1
8

6
0
2
1

6
0
1
7

6
0
2
2

µ
g

/k
g

3.4

3.2

3

2.8

2.6

2.4

2.2

2

1.8

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0
4
.0

1
3

6
.7

0
0

Sample: Cocoa butter
Measurand BAA on product basis
No. of laboratories: 46

Assigned value: 1.550 µg/kg (Reference value)
Target s.d.: 0.340 µg/kg (Reference value)
Range of tolerance: 0.870 - 2.230 µg/kg (|Z Score| <= 2.00)

A
ss

ig
ne

d v
al
ue

Limit of tolerance

Limit of tolerance

 
 
 
 
 



 

 

72 

Results reported by NRLs for the content of benz[a]anthracene (BAA) in the cocoa butter test 
material. Assigned value is 1.55 µg/kg 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Results reported by OCLs for the content of benz[a]anthracene (BAA) in the cocoa butter test 
material. Assigned value is 1.55 µg/kg  
The uncertainty refers to the value for proficiency assessment.  
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Distribution of individual results of replicate determinations reported for the benzo[a]pyrene (BAP) 
content of the cocoa butter test sample 
blue triangles: individual results of replicate determinations, blue box: reported expanded measurement uncertainty (k=2), blue 
horizontal line in blue box: average of replicate determinations, green dotted line: assigned value, green area around assigned 
value: expanded uncertainty of the assigned value (k=2), red lines: lower and upper limit of satisfactory z-score range 
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Results reported by NRLs for the content of benzo[a]pyrene (BAP) in the cocoa butter test material. 
Assigned value is 0.86 µg/kg 
The uncertainty refers to the value for proficiency assessment.  
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Results reported by OCLs for the content of benzo[a]pyrene (BAP) in the cocoa butter test material. 
Assigned value is 0.86 µg/kg 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Distribution of individual results of replicate determinations reported for the benzo[b]fluoranthene 
(BBF) content of the cocoa butter test sample 
blue triangles: individual results of replicate determinations, blue box: reported expanded measurement uncertainty (k=2), blue 
horizontal line in blue box: average of replicate determinations, green dotted line: assigned value, green area around assigned 
value: expanded uncertainty of the assigned value (k=2), red lines: lower and upper limit of satisfactory z-score range 
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Results reported by NRLs for the content of benzo[b]fluoranthene (BBF) in the cocoa butter test 
material. Assigned value is 1.20 µg/kg 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis  
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Results reported by OCLs for the content of benzo[b]fluoranthene (BBF) in the cocoa butter test 
material. Assigned value is 1.20 µg/kg 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Distribution of individual results of replicate determinations reported for the chrysene (CHR) 
content of the cocoa butter test sample 
blue triangles: individual results of replicate determinations, blue box: reported expanded measurement uncertainty (k=2), blue 
horizontal line in blue box: average of replicate determinations, green dotted line: assigned value, green area around assigned 
value: expanded uncertainty of the assigned value (k=2), red lines: lower and upper limit of satisfactory z-score range 
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Results reported by NRLs for the content of chrysene (CHR) in the cocoa butter test material. Assigned 
value is 2.28 µg/kg 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Results reported by OCLs for the content of chrysene (CHR) in the cocoa butter test material. Assigned 
value is 2.28 µg/kg 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Results reported by NRLs for the sum of the four marker PAHs (SUM4PAH) in the cocoa butter test 
material. Assigned value is 5.89 µg/kg 
 

 
n.r.: not reported 
k.: coverage factor 
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Results reported by OCLs for the sum of the four marker PAHs (SUM4PAH) in the cocoa butter test 
material. Assigned value is 5.89 µg/kg 
 

 
n.r.: not reported 
k.: coverage factor 
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Distribution of individual results of replicate determinations reported for the benz[a]anthracene 
(BAA) content of the chocolate test sample. 
Results are expressed on product basis (µg/kg chocolate). 
blue triangles: individual results of replicate determinations, blue box: reported expanded measurement uncertainty (k=2), blue 
horizontal line in blue box: average of replicate determinations, green dotted line: assigned value, green area around assigned 
value: expanded uncertainty of the assigned value (k=2), red lines: lower and upper limit of satisfactory z-score range 
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Results reported by NRLs for the content of benz[a]anthracene (BAA) in the chocolate test material. 
Assigned value is 1.72 µg/kg 
Results are expressed on product basis (µg/kg chocolate). 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Results reported by OCLs for the content of benz[a]anthracene (BAA) in the chocolate test material. 
Assigned value is 1.72 µg/kg  
Results are expressed on product basis (µg/kg chocolate). 
The uncertainty refers to the value for proficiency assessment.  
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Distribution of individual results of replicate determinations reported for the benzo[a]pyrene (BAP) 
content of the chocolate test sample. 
Results are expressed on product basis (µg/kg chocolate) 
blue triangles: individual results of replicate determinations, blue box: reported expanded measurement uncertainty (k=2), blue 
horizontal line in blue box: average of replicate determinations, green dotted line: assigned value, green area around assigned 
value: expanded uncertainty of the assigned value (k=2), red lines: lower and upper limit of satisfactory z-score range 
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Measurand BAP on product basis
No. of laboratories: 45

Assigned value: 0.780 µg/kg (Reference value)
Target s.d.: 0.220 µg/kg (Reference value)
Range of tolerance: 0.340 - 1.220 µg/kg (|Z Score| <= 2.00)
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Results reported by NRLs for the content of benzo[a]pyrene (BAP) in the chocolate test material. 
Assigned value is 0.78 µg/kg 
Results are expressed on product basis (µg/kg chocolate). 
The uncertainty refers to the value for proficiency assessment.  
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Results reported by OCLs for the content of benzo[a]pyrene (BAP) in the cohocolate test material. 
Assigned value is 0.78 µg/kg 
Results are expressed on product basis (µg/kg chocolate). 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Distribution of individual results of replicate determinations reported for the benzo[b]fluoranthene 
(BBF) content of the chocolate test sample. 
Results are expressed on product basis (µg/kg chocolate) 
blue triangles: individual results of replicate determinations, blue box: reported expanded measurement uncertainty (k=2), blue 
horizontal line in blue box: average of replicate determinations, green dotted line: assigned value, green area around assigned 
value: expanded uncertainty of the assigned value (k=2), red lines: lower and upper limit of satisfactory z-score range 
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Sample: Plain chocolate
Measurand BBFon product basis
No. of laboratories: 45

Assigned value: 1.020 µg/kg (Reference value)
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Results reported by NRLs for the content of benzo[b]fluoranthene (BBF) in the chocolate test 
material. Assigned value is 1.02 µg/kg 
Results are expressed on product basis (µg/kg chocolate). 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis  
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Results reported by OCLs for the content of benzo[b]fluoranthene (BBF) in the chocolate test 
material. Assigned value is 1.02 µg/kg 
Results are expressed on product basis (µg/kg chocolate). 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Distribution of individual results of replicate determinations reported for the chrysene (CHR) 
content of the chocolate test sample. 
Results are expressed on product basis (µg/kg chocolate). 
blue triangles: individual results of replicate determinations, blue box: reported expanded measurement uncertainty (k=2), blue 
horizontal line in blue box: average of replicate determinations, green dotted line: assigned value, green area around assigned 
value: expanded uncertainty of the assigned value (k=2), red lines: lower and upper limit of satisfactory z-score range 
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Sample: Plain chocolate
Measurand CHR on product basis
No. of laboratories: 45

Assigned value: 2.120 µg/kg (Reference value)
Target s.d.: 0.450 µg/kg (Reference value)
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Results reported by NRLs for the content of chrysene (CHR) in the chocolate test material. Assigned 
value is 2.12 µg/kg 
Results are expressed on product basis (µg/kg chocolate). 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Results reported by OCLs for the content of chrysene (CHR) in the chocolate test material. Assigned 
value is 2.12 µg/kg 
Results are expressed on product basis (µg/kg chocolate). 
The uncertainty refers to the value for proficiency assessment. 
 

 
n.r.: not reported 
k.: coverage factor 
Rep.: result of replicate analysis 
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Results reported by NRLs for the fat content and the sum of the four marker PAHs (SUM4PAH) in the 
chocolate test material.  
A) Results are expressed on product basis (µg/kg chocolate): Assigned value is: 5.64 µg/kg. 
B) Results are expressed on fat basis (µg/kg fat): Assigned value is: 9.57 µg/kg. 
 
A)        B) 

 

n.r: not reported 
k.: coverage factor 
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Results reported by OCLs for the fat content and the sum of the four marker PAHs (SUM4PAH) in the 
chocolate test material.  
A) Results are expressed on product basis (µg/kg chocolate): Assigned value is: 5.64 µg/kg. 
B) Results are expressed on fat basis (µg/kg fat): Assigned value is: 9.57 µg/kg. 
 
A)       B) 

 

 

 

 

 
n.r.: not reported 
k.: coverage factor 
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This report presents the results of the tenth inter-laboratory comparison (ILC) organised by the European Union Reference Laboratory for Polycyclic 

Aromatic Hydrocarbons (EU-RL PAHs) on the determination of the four EU marker PAHs, benz[a]anthracene (BAA), benzo[a]pyrene (BAP), 

benzo[b]fluoranthene (BBF) and chrysene (CHR), in cocoa products, particularly in plain chocolate and cocoa butter. It was conducted under ISO 

Standard 17043 accreditation. 

In agreement with National Reference Laboratories, the test material used in this exercise were commercial products. Participants also received a 

solution of PAHs in solvent of their choice (either toluene or acetonitrile) with disclosed content for the verification of their instrument calibration.  

Consensus values were used to benchmark the results reported by participants, as the experience of the analytical community with this analysis 

scope was considered not sufficient to provide reference values.  

Both officially nominated National Reference Laboratories (NRLs) and official food control laboratories (OCLs) of the EU Member States were 

admitted as participants.  

The participants were free to choose the method of analysis. The performance of the participating laboratories in the determination of the target 

PAHs in cocoa butter and plain chocolate was expressed by z-scores. Satisfactory performance with regard to z-scores was assigned to about 81 % 

of the reported results. 
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