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ABSTRACT 

 
The WHO Regional Office for Europe (EURO) and the WHO European Centre for 
Environment and Health, Bilthoven Division have coordinated a comprehensive 
programme on polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-dioxins 
(PCDDs) and polychlorinated dibenzofurans (PCDFs) with the aim of assessing the 
possible adverse health risks of these compounds, and controlling and preventing 
environmental exposure. To ensure the reliability of the exposure data and to 
improve comparability of analytical results from different laboratories, EURO has 
coordinated a number of inter-laboratory quality assessment studies. The fourth 
round of these studies on levels of PCBs, PCDDs and PCDFs in human milk and 
blood was conducted between February 1996 and April 1997 with the participation of 
24 laboratories. The objectives were to identify laboratories, whose results can be 
accepted by WHO for exposure assessment studies, and to encourage laboratories 
to develop and improve their methodologies and to develop an international network 
for analytical service and expert advice. This report presents the results of this study 
and a list of accepted laboratories for each of the studied compounds. 
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FOREWORD 
In recent years, the WHO Regional Office for Europe (WHO/EURO) 
and, since 1995, the WHO European Centre for Environment and 
Health (WHO/ECEH), Bilthoven Division have coordinated a 
comprehensive programme, in collaboration with several international 
organizations and national institutions, to assess the possible health 
risks of polychlorinated biphenyls (PCBs), polychlorinated dibenzo-p-
dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) – 
especially in infants due to exposure through contaminated breast-
milk – and to prevent and control environmental exposure to these 
chemicals. Within this programme, an expert group convened by the 
Regional Office in February 1987 concluded that at the levels found in 
human milk at that time, a margin of safety existed, albeit rather 
limited. Taking into account the well proved and accepted benefits of 
breastfeeding for developing infants, the expert group strongly 
recommended that breastfeeding be encouraged and promoted (1). 
 
In order to provide a better insight into the exposure of infants through 
breast-milk and to assess the potential health risks, WHO/EURO has 
carried out international studies on levels of PCBs, PCDDs and 
PCDFs in breast-milk. The first round of these studies took place in 
1987–1988 and the results were published in Levels of PCBs, PCDDs 
and PCDFs in breast-milk (2). The second round of exposure studies 
was completed in 1992–1993 with the participation of 19 countries. 
Concentrations of PCBs, PCDDs and PCDFs were analysed in milk 
samples collected in a total of 47 areas, most of them from the WHO 
European Region but some from further afield. A consultation held in 
Berlin in March 1994 thoroughly evaluated the results of this study. 
These results (3) showed declining trends in exposure to PCDDs and 
PCDFs compared with the outcome of the first study in 1987. This 
decline was most prominent in the western European countries that 
had the highest initial values. However, rather high exposure levels to 
PCBs were identified in certain areas in Europe. 
 
To ensure the reliability of these exposure data and to improve the 
comparability of analytical data from different laboratories, 
WHO/EURO has been coordinating interlaboratory quality assessment 
studies. The first study took place in 1986–1987 and the results have 
been published in WHO Environmental Health Series No. 34 (2). 



 
 
 
 

 

The second round of the studies, which included analysis of human 
milk and blood, was completed in 1988–1989 with the participation of 
19 laboratories. The results have been published in Levels of PCBs, 
PCDDs and PCDFs in human milk and blood: second round of 
quality control studies (4). 
 
The third round of the interlaboratory quality control studies completed 
in 1991–1992 was expanded to include cows’ milk and fish in addition 
to human milk and blood. This study included three categories of 
chemical: PCDDs/PCDFs, dioxin-like PCBs and other PCBs. Thirty 
laboratories were involved in this study and a consultation, held in 
Volterra, Italy, in 1992 evaluated their results. The outcome has been 
published in Quality assessment of PCBs, PCDDs and PCDFs 
analyses: third round of WHO-coordinated study (5). 
 
Based on the recommendation of the Volterra consultation, 
WHO/ECEH initiated a fourth round of quality assessment studies on 
analyses of PCBs, PCDDs and PCDFs. An expert consultation to 
evaluate the results was held in Prague, Czech Republic, from 24 to 26 
November 1997. WHO gratefully acknowledges the financial support 
of the Charles University of Prague and the German Ministry of the 
Environment, which made it possible to organize this consultation. 
Special thanks are extended to the expert members of the coordinating 
committee – Dr Jacob de Boer, National Institute for Fisheries Research, 
Netherlands; Dr Jørgen S Carlé, SCANMECO A/S, Denmark; 
Dr Martin Nygren, National Defence Research Establishment, Sweden; 
Dr James Startin, Central Science Laboratory, United Kingdom; 
Dr Michal Krzyzanowski and Dr F.X. Rolaf van Leeuwen, 
WHO/ECEH, and Dr Erkki Yrjänheikki, Ministry of Social Affairs and 
Health, Finland – for their expert support in planning and 
implementing the study; to Dr Startin and Dr Yrjänheikki for 
finalizing the report and to Dr Yrjänheikki and Dr van Leeuwen for 
overall coordination of the study. 
 

Dr Bent Fenger, Coordinator 
Health and Sustainable Development Section 

WHO Regional Office for Europe 
Copenhagen, Denmark 
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INTRODUCTION 

The WHO Regional Office for Europe (WHO/EURO) has been 
coordinating a comprehensive project on polychlorinated biphenyls 
(PCBs), polychlorinated dibenzo-p-dioxins (PCDDs) and polychlor-
inated dibenzofurans (PCDFs), with the aim of preventing and 
controlling exposure to these chemicals and assessing their possible 
health risks, especially for infants exposed to them through 
consumption of contaminated breast-milk. Because only limited data 
allowing estimation of exposure through consumption of breast-milk 
were available, WHO/EURO has initiated a series of international 
studies on the concentrations of PCBs, PCDDs and PCDFs in human 
milk. 
 
To help ensure the reliability and comparability of analytical data 
from exposure studies, and also to encourage the development and 
improvement of analytical methodologies and analytical capacity, 
WHO/EURO has, since 1987, coordinated a series of analytical 
quality assessment studies. The first of these studies took place in 
1986–1987 and the results have been published in Levels of PCBs, 
PCDDs and PCDFs in breast-milk (2). 
 
The second study, which included analyses of human milk and blood, 
was completed in 1988–1989 with the participation of 19 laboratories. 
The results have been published in Levels of PCBs, PCDDs and 
PCDFs in human milk and blood: second round of quality control 
studies (4). 
 
Thirty laboratories were involved in the third round of the quality 
assessment study that included analysis of PCDDs, PCDFs and PCBs 
in human milk and blood, and of PCBs in cows’ milk and fish. A 
consultation, held in Volterra, Italy, in 1992 evaluated the results and 
discussed in particular the criteria to be applied for acceptance of 
laboratories. It also focused on recommendations for further studies. 
The outcome of the third round has been published in Quality 
assessment of PCBs, PCDDs and PCDFs analyses: third round of 
WHO-coordinated study (5). 
 
In accordance with the recommendations from the third round of 
interlaboratory quality assessment studies, the WHO European Centre 
for Environment and Health (ECEH), Bilthoven Division, organized a 
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fourth round of quality assessment studies on levels of PCBs, PCDDs 
and PCDFs in human milk and blood plasma. The protocol of the 
study, including the criteria of acceptance as well as the outlines of the 
statistical approach, was drawn up by the coordinating committee and 
sent to all participants prior to delivery of the samples. 
 
The specific objectives of this study were: 

(a) to assess the analytical quality of the participating laboratories, 
based on a statistical evaluation of between-laboratory 
comparability and within-laboratory medium-term reliability of 
the analytical data on all of the individual PCDD, PCDF and 
PCB congeners included in the study; 

(b) to encourage laboratories to continue to develop and improve 
their methodologies; 

(c) to identify laboratories whose results can be accepted by WHO 
for exposure assessment studies, by assessing the results of a 
selected set of the most toxic and/or abundant congeners; 

(d) to develop an international network for analytical service and 
expert advice. 

 
This study was conducted between February 1996, when the first set 
of pools were sent to the laboratories for analysis, and April 1997, 
when the last reports from the results of the second shipment were 
received. 
 
A consultation was held to evaluate the results of the fourth round in 
Prague, Czech Republic, from 24 to 26 November 1997, organized by 
WHO/ECEH in collaboration with the Faculty of Medicine of the 
Charles University in Prague. The participants evaluated and 
discussed the results, based on statistical analyses carried out by 
WHO/ECEH, and agreed on the final acceptance criteria to be used to 
select laboratories from which analytical data can be collected for 
future WHO-coordinated studies to assess exposure of the general 
population to dioxins and related compounds. 
 
A total of 26 experts from 14 countries attended the consultation (see 
Annex 1), including representatives of 20 of the 24 participating 
laboratories as well as members of the coordinating committee. In 
addition, three observers and four staff members of WHO/ECEH were 
present. The participants were welcomed by Professor Vladimir 
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Bencko on behalf of Charles University Faculty of Medicine and by 
Dr Rolaf van Leeuwen on behalf of WHO. Dr Jørgen Carlé was 
elected to chair the meeting and Dr James Startin and Dr Erkki 
Yrjänheikki acted as rapporteurs. 

DESIGN AND PRACTICAL IMPLEMENTATION 

Coordination 

The study was directed by WHO/ECEH with the assistance of a 
coordinating committee whose members were: Dr Jacob de Boer, 
National Institute for Fisheries Research, Netherlands; Dr Jørgen S 
Carlé, SCANMECO A/S, Denmark; Dr Martin Nygren, National 
Defence Research Establishment, Sweden; Dr James Startin, Central 
Science Laboratory, United Kingdom; Dr Erkki Yrjänheikki, Ministry 
of Social Affairs and Health, Finland; and Dr Michal Krzyzanowski 
and Dr F.X. Rolaf van Leeuwen, WHO/ECEH. 

Study design 

The study design was developed by the coordinating committee, who 
took into account comments from potential participants. 
 
In pursuit of objective (a), the study included assessment of the 
accuracy and precision of measurements of each of the compounds 
shown in Table 1. The acceptability of laboratories for WHO exposure 
assessment studies was determined from data on a subset of these 
compounds, and was decided separately for compounds with 
biological activities mediated through the Ah receptor, classified as 
Group I, and for PCBs commonly regarded as indicator compounds, 
classified as Group II (Table 1). Group I consisted of three PCDDs, 
one PCDF and five PCBs, selected because they each contribute 3% 
or more to the total toxic equivalent (TEQ) in typical human tissues, 
when using international toxic equivalency factors (I-TEFs) (6) for 
PCDD/Fs and WHO-TEFs (7) for PCBs, and their sum accounts for 
about 90% of the total TEQ for all congeners. Group II consisted of 
the three most abundant congeners of the conventional marker PCBs. 
 
Based on recommendations from previous studies, the coordinating 
committee selected human milk and human blood plasma as the 
matrices for study in this round. Participants were instructed to 
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measure the concentrations of relevant analytes by reference to their 
own in-house analytical reference standard materials and using their 
own internal standard materials, where these were required. They were 
free to choose their analytical methods. 

Participants were required to perform at least one procedural blank 
determination, including all of the reagents, solvents and internal 
standard solutions used in the analysis, with each set of samples and 
each matrix. 
 
Participants were also required to measure the fat content of each 
sample. 
 
The study design differed from that of previous rounds in that no 
fortification of the samples was involved. For each matrix, eight 
different pools were prepared. Each laboratory received one sub-
sample from each pool, divided into two separate sets of four samples. 
Participants were required to report results for the first set of four 
samples before receiving the second set. The design thus allowed 
assessment of within-laboratory medium-term consistency without 
requiring replicate analysis of identical samples. 
 
To allow assessment of any inaccuracy associated with the use of 
inaccurate reference standards, the study also involved measurement 
of the concentration of each analyte in a set of supplied solutions. 
These analyte solutions were included with the first shipment of 
samples. 

Collection, preparation and distribution of samples 

The collection, preparation and shipment of samples were directed by 
Dr Nygren from the Swedish Defence Establishment (FOA), Umeå, 
Sweden. 
 
The analyte solutions were purchased from Larodane Fine Chemicals 
AB, Sweden, as 30 sets of four ampoules. In each set one ampoule 
contained 17 PCDD/Fs at a concentration of 20 ng/ml in n-nonane, 
and the other three ampoules contained different mixtures of PCB 
congeners at a concentration of 35 ng/ml in iso-octane. 
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Human milk was collected from three hospitals located in different 
geographical regions in Sweden: the University Hospital of Northern 
Sweden, Umeå; the University Hospital Sahlgrenska/Östra, 
Gothenburg; and the Regional Hospital of Östersund. Eight pools of 
approximately 3 l each were made by combining individual donations 
such that donations from the different regions formed a different 
proportion of each pool. The milk, together with an aliquot of an 
isopropanol solution of carboxy-[14C1]-octadecanoic acid, was mixed 
for 2 h in a glass beaker placed on a stirrer-hotplate. Throughout 
mixing a temperature of 38°C was maintained. Each pool was divided 
into 75 ml portions, which were placed into 100 ml screw-capped 
polyethylene bottles. Sub-samples were stored at –20°C prior to 
shipping. 
 
Plasma was collected, pooled and sub-sampled as described for milk, 
except that each pool was of approximately 5 l, and sub-samples of 
150 ml were packaged in 250 ml containers. 
 
Homogeneity was checked by measuring radioactivity in five sub-
samples selected at random from each pool. Each sub-sample of milk 
contained approximately 0.25 µCi of [14C1]-octadecanoic acid and 
each sub-sample of blood plasma approximately 0.43 µCi. 
Coefficients of variation of the measured activity (counts per minute) 
were between 1.3 and 3.7% for milk, and between 0.4 and 3.7% for 
blood plasma. 
 
Frozen samples were packed with dry ice and shipped by air to 
participating laboratories (except those samples that were conveyed to 
the University of Umeå by hand). Exact shipping dates were agreed 
with each laboratory in advance. The first shipment to laboratories 
included one set of analyte solution vials and sub-samples of four of 
the eight pools of each matrix. The second shipment included sub-
samples of the remaining four pools of each matrix, and was not 
despatched to participating laboratories until the results from the first 
shipment had been reported.  
 
No problems were reported with the condition of samples on receipt. 
Two laboratories asked for additional samples from the first shipment, 
and four laboratories asked for additional samples from the second 
shipment. 



 
6 
 
 

 

Reporting and handling of data 

For each analyte in each sample, participants were required to report 
either a single value for the concentration found, or a dash (indicating, 
for example, not detected). Concentrations were reported on wet 
weight basis (pg/g or ng/g milk or plasma)  
 
Participants were instructed that concentrations should only be 
reported if: 

(a) for GC/MS measurements 
− the isotope ratio was within 20% of expected value 
− the signal-to-noise ratio for each measurement channel 

used for quantification was at least 2.5:1; 

(b) for GC/ECD measurements 
− the signal-to-noise ratio was at least 2.5:1. 

 
They were instructed to report simply a dash if these criteria were not 
met. 
 
Reporting forms were distributed to the participating laboratories with 
the request to return them to WHO/ECEH Bilthoven on completion. 
Each participating laboratory was given a code number by 
WHO/ECEH, and the statisticians and members of the coordinating 
committee were not able to match codes to details of the participating 
laboratories before the consultation. All correspondence with 
participants was conducted through WHO/ECEH. The number of 
laboratories that submitted data on the analysis of Group I or Group II 
compounds on the two matrices (milk and plasma) is given in Table 2. 

Entry into database and final reading 

On receipt by WHO, the raw data from laboratories were entered into 
a database and each participating laboratory was given the opportunity 
to check the accuracy of the data entry (proof-reading). Some 
transcription errors were corrected, but no other changes to the data 
were allowed at this stage. Participants were also given the 
opportunity to recheck the accuracy of data entry in the final tables 
during the consultation. 



 
7 

 
 

 

SUMMARY OF REPORTED DATA 

The summary of reported data from participating laboratories, 
including means, standard deviations and ranges of each compound in 
each pool as well as fat contents and analyte solutions, is available to 
the participating laboratories and coordination committee on request 
to WHO/ECEH. 

ANALYTICAL METHODS 

Questionnaires on the methodology used were distributed to the 
participating laboratories with the request to return them to the 
WHO/ECEH Bilthoven. 
 
All the methods used followed the general steps of extraction and fat 
determination, clean-up (and, in many cases, fractionation), and 
finally gas chromatographic separation and determination. Details of 
the methods reported by participating laboratories are summarized in 
Tables 3–7. Many of the laboratories that analysed both milk and 
blood used different extraction methods for the two types of matrix 
which are therefore covered by separate tables. With only a few 
exceptions, laboratories that analysed more than one class of 
compound did so with a single extraction method and with some 
common clean-up steps, usually followed by some form of 
fractionation and further class-specific clean-up. Determinative 
methods were generally identical for both matrices, and Tables 5–7 
each cover both milk and blood plasma. 

Extraction, fat determination and clean-up for milk 

Methods used for milk samples are summarized in Table 3. Many 
laboratories used methods comparable to the pesticide residue method 
of the International Association of Official Analytical Chemists 
(AOAC), although some laboratories used simpler methods such as 
extraction with acetone/hexane or hexane alone. Several laboratories 
lyophilized (freeze-dried) the material prior to extraction by the 
Soxhlet method or by solvent percolation. 
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In all cases fat determinations were performed by evaporation to 
dryness and weighing of the residue. A few laboratories performed 
this determination on an aliquot, but most used the entire extract. 
 
Although a number of laboratories used clean-up methods derived from 
that of Smith et al (1984) (8), several significantly different 
procedures were also applied. Laboratories which performed analysis 
for more than one group of compounds from a single initial extraction 
also used a variety of different fractionation procedures, usually 
involving some form of carbon column. 

Extraction, fat determination and clean-up for blood plasma 

Methods used for plasma samples are summarized in Table 4. Initial 
extractions were performed using a variety of methods, including both 
liquid-liquid and solid-phase extraction approaches. As with milk, the 
determination of extracted fat was always performed by evaporation to 
dryness and weighing of the residue. 
 
During the consultation it was agreed that results for the fat content of 
plasma fell into two groups, apparently correlated with use of a polar 
solvent component in the extraction procedure. It was pointed out that 
in plasma, unlike milk, fat is a complex mixture of materials of 
different polarities and that unless a standardized definition or 
standardized methods are used the results of fat determinations are not 
comparable. 
 
Clean-up and fractionation methods were generally the same as those 
used for milk. 

Determination of PCDDs and PCDFs 

Detection methods for PCDDs and PCDFs are summarized in Table 5. 
Mass spectrometric detection was used by all participants, with high-
resolution mass spectrometry (HRMS), at resolutions between 5000 to 
10 000, and electron ionization (EI) being used in all but one case; one 
laboratory used negative ion chemical ionization (NICI) with a 
quadrupole (low-resolution) mass spectrometer. A variety of different 
GC columns were used, with some participants using two, or in one 
case three, different columns. Most participants used the splitless 
injection technique, although on-column injection and programmed 
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temperature vaporization (PTV) were also used. Stable-isotope 
dilution was employed by all participants, with from 5 to 17 stable 
isotope internal standards being used. 

Determination of non-ortho PCBs 

Detection methods for planar PCBs are summarized in Table 6. Most 
participants again used HRMS although one participant each used 
electron capture detection (ECD) and LRMS with NICI. GC columns 
and injection methods were similar to those used for PCDDs and 
PCDFs. All of the participants who used MS detection also employed 
stable isotope dilution. 

Determination of other PCBs 

Detection methods for markers PCBs are summarized in Table 7. Of the 
21 laboratories that analysed for these compounds, 9 used ECD, 
9 used HRMS, 2 used LRMS and 1 used LRMS for milk and HRMS 
for blood plasma. GC columns and injection methods were similar to 
those used for PCDD/Fs and non-ortho PCBs. 
 
Attention was drawn by some participants to the difficulty of detecting 
PCB 157 (a mandatory Group II substance) in the plasma pools, 
because of its rather low concentration. 

STATISTICAL ANALYSIS OF DATA 

Statistical calculations were carried out by Dr Krzyzanowski and 
Ms Macklai (both from WHO/ECEH). Calculations were completed 
for each substance in each matrix and pool, and included the following 
steps: 

(a) removal of obvious outliers; 

(b) removal of unlikely results falling more than three standard 
deviations from the mean; 

(c) calculation of the mean and standard deviation of the remaining 
values; 

(d) setting of an assigned value for each analyte and pool as the 
mean from step c; 
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(e) calculation of the relative deviation |r| for each reported 
concentration, defined as the difference of an individual result 
from the assigned value as a proportion of the assigned value ( a 
between-laboratory variability measure); 

(f) calculation of relative deviations for the weighted sum (TEQ) of 
Group I substances and of the unweighted sum of Group II 
substances in each pool (a between-laboratory variability 
measure); 

(g) calculation of z-scores (deviation from the mean in units of 
standard deviation) for the weighted sum of Group I substances 
and of the unweighted sum of Group II substances in each pool; 
followed by the calculation of an aggregated test value (t) for all 
pools as Σz/n1/2 (a between-laboratory measure); 

(h) normalization of raw results for the differences between pools 
by subtraction from data for a particular pool of the difference 
between the assigned value for that pool and the mean value for 
all pools; 

(i) calculation from the normalized results of the coefficient of 
variation (CV) for each substance and laboratory across all 
pools (a within-laboratory measure); 

(j) calculation from the normalized results of the CV for the 
weighted sum of Group I substances and of the unweighted sum 
of Group II substances for each laboratory across all pools (a 
within-laboratory measure); 

(k) for the calculation of between-laboratory comparability and 
within-laboratory consistency, the results (i.e. the analyte 
detected and analysed, or sums for Group I and II) from at least 
five (out of eight) samples must have been reported. 

 
In the case of the fat content of blood plasma, for calculation of 
descriptive statistics the results were divided into two groups, based 
on polarity of the extraction solvent, to facilitate comparisons. (See 
Annex 2 for a more detailed description of the statistical analysis used 
in this study.) 
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CRITERIA FOR ACCEPTANCE OF LABORATORIES 
It had been intended, during the consultation, to complete discussion 
of the criteria for acceptance before informing the representatives of 
participating laboratories of their laboratory’s code number. However, 
copies of computer files containing calculations of means and 
standard deviations as well as raw data identified by laboratory code 
had inadvertently been distributed prior to the consultation, thus 
allowing some participants to identify their laboratory’s code. 
Consequently, at the beginning of the meeting all the experts from 
participating laboratories were informed of their own code and printed 
copies of the raw data and statistics were distributed. 
 
It was agreed that acceptability of laboratories for WHO exposure 
assessments would be decided separately for the two groups of 
compounds as described above. It was also agreed that the decision on 
acceptance would be made based on the analysis of the TEF-weighted 
sum of the compounds in Group I and the unweighted sum of the 
compounds in Group II, as well as on repeatability and reproducibility 
of the determination of the individual compounds of Group I and II. 
 
Some participants thought that inclusion of both PCDD/Fs and PCBs 
in Group I was not sensible since some laboratories specialized in 
only one of these classes of substance. PCB congeners in Group I are 
frequently determined as part of the same analytical system as other 
PCBs and the groupings were contrary to analytical practice. It was, 
however, agreed not to change the grouping in this round but to 
recommend reconsideration for future studies. 

In calculating the TEF-weighted summed concentrations for 
substances comprising Group I, the revised TEFs proposed by a recent 
WHO consultation (in Stockholm, Sweden, 15–18 June 1997) were 
used; thus 1,2,3,7,8-PeCDD was given a TEF of 1 instead of the 
previous factor of 0.5. In addition, PCB 170 was included in Group I 
with a weight of 0.0001 since, although it is no longer assigned a TEF, 
data on this substance were requested as part of the study design. 
 
The acceptance criteria proposed by the coordinating committee and 
given in the study protocol were: 
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for Group I and Group II substances: 

− full reporting of all relevant measurements in all 8 pools; 

− within-laboratory consistency giving a CV <0.1 for the 
appropriate summed concentration and a CV <0.15 for individual 
congeners; 

− between-laboratory agreement giving, for the appropriate 
summed concentrations, |r|<0.3 and T <2.58. 

 
for fat determinations: 
– full reporting of all relevant measurements in all 8 pools and 

relative deviation |r| <0.1. 
 
After discussion it was agreed that the criterion for within-laboratory 
consistency for individual substances in Group I, for both milk and 
plasma, was excessively demanding compared with the criteria for 
weighted sum (which is of more practical importance), and a revised 
value of CV <0.3 was agreed by the participants instead of CV <0.15. 
Laboratories should, however, aim to improve this aspect of 
performance in the future. It was pointed out that analysts themselves 
had urged a criterion for CV for individual substances. 
 
The other criteria for Group I substances and all of the proposed 
criteria for Group II substances in both milk and plasma were agreed. 
 
Some participants drew attention to the difficulty of detecting PCB 
157 in the plasma pools, resulting in failure to meet the criterion of 
full reporting. After discussion and comparison with the non-detected 
incidence for other substances, it was agreed that there was no reason 
to change the criterion. 
 
The proposed criteria for determination of fat in milk were agreed. As 
discussed above, for fat in plasma it was agreed that in the absence of 
a standardized definition or standardized method, comparability of 
results is not expected, and that this could not be used as a criterion in 
this study. 
 
Discussion led to several recommendations for the planning and 
running of future quality assessment studies. In particular, participants 
noted that accurate determinations of different lipid fractions in 
plasma are routinely made on small samples in clinical laboratories. 
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Several participants pointed out that the handling of data for 
substances detected in blank analyses was not defined and may have 
been inconsistent, especially with respect to reporting as “not 
detected”. 

RESULTS FROM THE LABORATORIES 

For laboratories that reached the criterion of reporting eight out of 
eight pools, the relative deviation for Group I and Group II 
compounds in milk and plasma are given in Fig. 1–4. The value of |r| 
indicates the deviation of the result of the reporting laboratory from 
the “consensus” value of the respective parameter. The value of |r| 
should not exceed 30% of the consensus value (|r|<0.3 for each of the 
eight pools of each laboratory). 
 
Fig. 1 shows relative deviation for Group I compounds in milk 
samples. Laboratory No. 8 shows an apparent difference between the 
values reported for the first shipment (pools 1–4) compared with the 
second shipment (pools 5–8). Three out of the four pools of the latter 
shipment are outside the range of 0.3. (See also Table 8 with the 
summary of the results.) 
 
Fig. 2 shows the relative deviation for Group II compounds in milk 
samples. For most laboratories the calculated relative deviations for 
the different pools were quite consistent. Some laboratories (Nos. 4, 9, 
17, 24), however, showed a considerable difference between the 
results of the first and the second shipment. One laboratory (No. 7) 
reported an outlying pool. From 17 laboratories that reported 8 out of 
8 samples, 10 met this criterion. 
 
Fig. 3 shows relative deviation for Group I compounds in plasma. 
Only three laboratories met the criterion of eight out of eight samples. 
Results of the first shipment from laboratory No. 23 deviated more 
from the consensus value than those of the second shipment. 
Laboratories Nos. 2 and 5 met the criterion for the relative deviation. 
 
Fig. 4 shows the relative deviation for Group II compounds in plasma. 
Again for this parameter laboratory No. 9 reported results for the first 
shipment that deviated much more from the consensus value than 
those of the second shipment. From the 14 laboratories that reported 
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8 out of 8 samples, 9 met the criterion for the relative deviation (see 
also Table 8). 
 
The overall summary of the results with the number of laboratories 
that met each of the criteria for acceptance as described above is given 
in Table 8. According to the protocol of the study results, participating 
laboratories were only considered for statistical analysis when they 
fulfilled the criterion of full reporting of all the relevant compounds in 
Group I and Group II (see Table 1) in all pools (eight out of eight). 
The total number of laboratories that met the criteria for acceptance is 
given in Table 9. 

ACCEPTED LABORATORIES 

The laboratories regarded as accepted to provide analytical data for 
the compounds in Group I and Group II and for fat determinations in 
human milk and in plasma are presented in Annexes 2–5. 

Acceptance from previous rounds 

The validity of previous acceptance was discussed and opposing 
views were put forward. Some laboratories had decided not to 
participate in expectation that earlier acceptance would be held to 
continue (as had been decided for the third round). It was agreed that 
acceptance in the current round was required for continued WHO 
acceptance of results. For future studies it should be made clear that 
acceptance will automatically end with the next round for the same 
analyte/matrix. 

Need for further measures 

During the consultation, accreditation schemes were discussed and 
several participants emphasized their importance in promoting 
analytical quality. Most participants also proposed that a workshop to 
discuss methodologies, internal quality assurance and related issues in 
the light of the results of this study would make an important 
contribution to improved analytical quality in many laboratories, and 
thus improve international capacity for reliable and comparable 
measurements. 
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CONCLUSIONS 

1. For Group I compounds in both matrices, it was agreed that the 
acceptance criteria for completeness of reporting, relative 
deviation (|r|) of the weighted sum, coefficient of variation (CV) 
of the weighted sum (between laboratories) and T value of the 
weighted sum put forward by the coordinating committee would 
be used to decide which laboratories should be accepted for 
WHO’s purposes, but that the criterion for CV of individual 
congeners be changed from 0.15 to 0.3. 

2. For Group II compounds in both matrices it was agreed that the 
acceptance criteria for completeness of reporting, |r|, CV and T 
of the weighted sum, and CV of individual congeners put 
forward by the coordinating committee would be used to decide 
which laboratories should be accepted. 

3. For fat in milk the acceptance criterion of relative deviation 
<0.1 put forward by the coordinating committee was agreed. 

4. It was agreed that no criterion could be applied for fat in 
plasma. For comparative purposes the statistics would be 
recalculated after division of the data into two groups based on 
the use of polar solvent components in the extraction 
methodology. 

5. In human milk, three laboratories (Annex 3) met the agreed 
criteria for acceptance by WHO for analysis of PCDDs, PCDFs 
and dioxin-like PCBs, and seven laboratories (Annex 4) met the 
criteria for marker PCBs. In addition, nine met the criteria for 
determination of lipid content (Annex 7). 

6. In human plasma, one laboratory (Annex 5) met the criteria for 
analysis of PCDDs, PCDFs and dioxin-like PCBs, and three 
laboratories (Annex 6) met the criteria for analysis of marker 
PCBs. 

7. To be acceptable for WHO’s purposes for the analysis of human 
milk and plasma, laboratories must have participated in this 
round of studies and achieved results meeting the criteria. 
Acceptance in previous rounds is not sufficient. 
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8. The raw data tables from the present study will not be made 
available other than to participants in the study, the coordinating 
committee and WHO officers. 

RECOMMENDATIONS 

1. In addition to the usual WHO reports, details of the study 
should be published in the WHO Environment and Health in 
Europe series and in a refereed paper submitted to a scientific 
journal dealing with analytical chemistry. 

2. Further intercalibration studies are highly desirable, and should 
be initiated, prepared and coordinated jointly by WHO and an 
international scientific organization. 

3. In any future rounds the following modifications to the design 
should be considered: 

(a) the grouping of compounds for assessment should be based 
on analytical as well as toxicological factors; 

(b) adoption of a standardized method for determination of fat 
in blood plasma (standard clinical methods should be 
investigated); 

(c) use of reference measurements for fat content of blood 
plasma obtained from expert laboratories using well 
validated methods; 

(d) complete data tables and analytical method summaries, 
which should be circulated to participants at least four 
weeks in advance of the consultation; 

(e) clearly defined reporting and handling of non-detectable 
analytes; 

(f) clearly defined treatment of mandatory blank 
determinations, especially with respect to reporting of 
concentrations as “not detected”; 

(g) no extension of deadlines for submission of results; 

(h) mandatory provision by participants of descriptions of their 
methodology. 
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4. The acceptance of laboratories for WHO’s purposes determined 
in this study will end with the next study of the same matrices. 

5. Laboratories are strongly encouraged to seek accreditation. 

6. A workshop to discuss methodologies and improvements 
should be organized by WHO. 

REFERENCES 

1. Assessment of health risks in infants associated with exposure to 
PCBs, PCDDs and PCDFs in breast-milk. Copenhagen, WHO 
Regional Office for Europe, 1988 (Environmental Health Series 
No. 29). 
2. Levels of PCBs, PCDDs and PCDFs in breast-milk 
Copenhagen, WHO Regional Office for Europe, 1989 (Environmental 
Health Series No. 34). 
3. Levels of PCBs, PCDDs and PCDFs in human milk Copenhagen, 
WHO Regional Office for Europe, 1996 (Environment and Health 
Series No. 3). 
4. Levels of PCBs, PCDDs and PCDFs in human milk and blood: 
second round of quality control studies. Copenhagen, WHO Regional 
Office for Europe, 1991 (Environment and Health Series No. 37). 
5. Quality assessment of PCBs, PCDDs and PCDFs analyses: 
third round of WHO-coordinated study. Copenhagen, WHO Regional 
Office for Europe, 1995 (Environmental Health in Europe Series 
No. 2). 
6. NATO/CCMS (North Atlantic Treaty Organization. Committee 
on Challenges of Modern Society). Scientific basis for the 
development of international toxicity equivalency (I-TEF) factor 
method of risk assessment for complex mixtures of dioxins and related 
compounds. Brussels, NATO, 1988 (Report No. 187). 
7. AHLBORG, U.G. ET AL. Toxic equivalency factors for dioxin-
like PCBs; report on a WHO-ECEH and IPCS consultation. 
Chemosphere, 28: 1049–1067 (1994). 
8. SMITH, L.M. ET AL. Determination of part-per-trillion levels of 
polychlorinated dibenzofurans and dioxins in environmental samples. 
Analytical chemistry, 56: 1830–1842 (1984). 



 
18 
 
 

 

Table 1. Compounds assessed in the fourth round of interlaboratory 
quality assessment studies 

 

PCDDs PCDFs Non-ortho 
PCBs 

Other 
“planar” 
PCBs 

Marker 
PCBs 

2,3,7,8-TCDDa 2,3,7,8-TCDF PCB 77 PCB 105 PCB 28 
1,2,3,7,8-PeCDDa 1,2,3,7,8-PeCDF PCB 126a PCB 114 PCB 52 
1,2,3,4,7,8-HxCDD 2,3,4,7,8-PeCDFa PCB 169 PCB 118a PCB 101 
1,2,3,6,7,8-HxCDDa 1,2,3,4,7,8-HxCDF  PCB 123 PCB 138b 
1,2,3,7,8,9-HxCDD 1,2,3,6,7,8-HxCDF  PCB 156a PCB 153b 
1,2,3,4,6,7,8-HpCDD 1,2,3,7,8,9-HxCDF  PCB 157a PCB 180b 
OCDD 2,3,4,6,7,8-HxCDF  PCB 167  
 1,2,3,4,6,7,8-HpCDF  PCB 170a,c  
 1,2,3,4,7,8,9-HpCDF  PCB 189  
 OCDF    

 

aCompounds used for the assessment of acceptance by WHO for exposure assessment 
studies for Group I. 
bCompounds used for the assessment of acceptance by WHO for exposure assessment 
studies for Group II. 
cPCB 170 was included in Group I with a weight of 0.0001 but is no longer assigned a 
TEF (revised TEFs proposed by WHO consultation, Stockholm, Sweden, 15–18 June 
1997). 
 
 
 
 
Table 2. Number of laboratories that reported data on human milk and plasma 

 

 PCDD/Fs Non-ortho and 
other planar PCBs 

Marker PCBs 

Human milk 15 20 19 
Human blood plasma 12 15 15 
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Table 3. Summary of extraction, fat determination, clean-up and fractionation 
methods for analysis of PCDDs/PCDFs and/or PCBs in human milk 

 

Labo-
ratory Analytes Sample 

intake Extraction Fat deter-
mination Clean-up 

1 Ma 70 Ultrasonic ho-
mogenization; 
Na oxalate; 
ethanol; 
hexane/diethyl 
ether extraction

Evaporate; 
weigh 

Combined column of 
Florisil, sulfuric 
acid/silica, Florisil, Na 
sulfate – DCM/hexane 

2 D,b P,c 
M  

75 Ethanol/hexane Dry 105/30 
min; weigh

GPC; layered column 
acid/silica, base/silica – 
DCM/hexane; carbon 
column fractionation – 
hexane, then 
DCM/cyclohexane, then 
ethyl acetate/toluene 
PCDD/F + planar: 
alumina (1% 
deactivated); hexane, 
then DCM/hexane 
PCB: Florisil (2% 
deactivated); hexane 

3 D,P,M 70 Na oxalate + 
ethanol; diethyl 
ether/hexane 
extraction; 
water wash; dry 
over Na sulfate

Evaporate; 
weigh 

Silica; KOH/silica; 
carbon column (PX-21) 
– DCM/cyclohexane, 
then toluene; 
CsOH/silica; sulfuric 
acid/silica – hexane; 
acidic alumina – hexane 

4 P,M 2.5 Chloroform/ 
methanol; 
water wash; 
evaporate; 
dissolve in 
hexane and 
separate 
hexane layer 

Evaporate; 
weigh 

Dissolve in hexane; 
treat with conc. sulfuric 
acid 
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Labo-
ratory Analytes Sample 

intake Extraction Fat deter-
mination Clean-up 

5 D,P,M  Na oxalate + 
ethanol; diethyl 
ether/hexane 
extraction; 
water wash; dry 
over Na sulfate

Evaporate; 
weigh 

Silica – 
DCM/cyclohexane; 
Carbopack C/Celite – 
toluene (PCDD/F), then 
DCM/cyclohexane 
(PCBs) 
PCDD/F: Alumina 
PCB: Alumina; 
Carbopack C/Celite 
fractionation 
planar/other 

6 D  Hexane/ 
acetone 

Evaporate; 
weigh 

Carbopack C – 
cyclohexane/DCM 
(80:20) then toluene 
(reversed) 

7 D,P,M 75 Na oxalate 
methanol; 
extract diethyl 
ether + pet. 
ether; separate 
non-aqueous; 
dry over Na 
sulfate; 
evaporate 

Evaporate; 
weigh 

PCDD/F+planar: 
Carbosphere – DCM, 
then toluene forward 
(PCB), then toluene 
reversed PCDD/F); 
alumina (both fractions 
separately) 
Other PCB: Fat + IS + 
alumina; SFE 

8 D,P,M Entire 
sample 
provi-
ded 

Freeze dry; mix 
with silica/ Na 
sulfate; Soxhlet 
extraction with 
hexane/ 
acetone 

Evaporate; 
weigh 

PCDD/F: GPC; HPLC 
on carbon column; 
alumina column; solvent 
change; addition of 
recovery standard 
PCB: GPC; silica 
multilayer column; 
solvent change; addition 
of recovery standard 

9 D,P,M  Add K oxalate/ 
ethanol; extract 
with hexane 

Evaporate; 
weigh 

Treat with conc. sulfuric 
acid; acid/silica; 
CsOH/silica; silver 
nitrate/silica; Florisil 
fractionation 
PCDD/F: basic alumina; 
carbon/Celite 
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Labo-
ratory Analytes Sample 

intake Extraction Fat deter-
mination Clean-up 

10 D,P,M  Add IS; freeze 
dry; mix 
silica/Na 
sulfate; column 
extraction 
hexane/ 
acetone 

Evaporate; 
weigh 

Sulfuric acid/silica; 
Florisil fractionation;  
PCBs: PYE column 
fractionation; planar 
PCB fraction added to 
PCDD/Fs 

11 P,M  Hexane/ 
acetone 

Evaporate; 
weigh 

Sulfuric acid; silica 
column – hexane 
Hypercarb fractionation 

12 D,P,M  FD; Soxhlet 
ethanol/ 
toluene; 
transfer to 
butylmethyl-
ether 

Evaporate 
all; weigh 

GPC; Florisil 
fractionation 
PCDD/Fs: sulfuric 
acid/silica; Carbopack B 
PCBs: fractionation on 
Carbopack B - hexane 
(di-ortho), then 
hexane/toluene (mono-
ortho), then reverse 
elute toluene (non-
ortho) 

13 D,P,M  Solvent 
extraction 

Evaporate 
all; weigh 

Acid shake; alumina 
column; multilayer 
column; carbon column 
fractionation 

15 M  Ultrasonic 
homogeniza-
tion with 
cyclohexane/ 
acetone; 
centrifugation; 
separation 

Evaporate 
aliquot; 
weigh 

Sulfuric acid 

16 P,M  Na oxalate + 
ethanol; diethyl 
ether/pentane 

Evaporate 
aliquot 
(1/10); 
weigh 

Silica; sulfuric acid/silica 
Florisil 
Carbopack/Celite 
fractionation 

17 D,P,M  Information not 
available 

Information 
not 
available 

Information not 
available 

18 P,M  Na oxalate + 
ethanol; diethyl 
ether/pentane 

Evaporate; 
weigh 

GPC; pyrenyl silica 
fractionation of planar 
PCBs 
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Labo-
ratory Analytes Sample 

intake Extraction Fat deter-
mination Clean-up 

19 D,P,M 70 Liquid/liquid 
extraction with 
cyclohexane; 
add methanol; 
Reextract with 
cyclohexane 

Evaporate; 
weigh 

Sulfuric acid/silica 
column; alumina 
fractionation (PCDD/Fs 
and PCBs) 
PCDD/Fs: Modified 
silica; alumina 

20 D  Acetone/ 
hexane + 
ammonium 
sulphate 

Aliquot; 
evaporate; 
weigh 

Carbon/Celite column 
with acetone/hexane; 
reverse evolution warm 
toluene; multilayer 
acid/silica + base/silica; 
neutral alumina 

21 D  FD; Soxhlet 
ethanol/ 
toluene; 
transfer to 
butylmethyl-
ether 

Evaporate; 
weigh 

Reflux sulfuric 
acid/silica in hexane; 
carbon column - 
cyclohexane/ethyl 
acetate (to waste), then 
reverse elute with 
toluene; basic alumina 

23 D,P,M  Freeze dry; 
macerate with 
sulfuric 
acid/silica in 
hexane; 
transfer direct 
to clean-up 

Not deter-
mined 

Combined column 
sulfuric acid/silica, silica, 
KOH/silica carbon/glass 
fibre - DCM/hexane 
(PCBs), then toluene 
(planar PCBs + 
PCDD/Fs) 
PCB: aliquot to alumina 
column 
PCDD/F planar: Florisil 
fractionation 

24 D,P,M 70 Liquid/liquid 
extraction with 
acetone/ 
hexane; repeat 
hexane 
extraction on 
aqueous 
acetone solid 
portion 

Evaporate 
aliquot 
(5%) after 
drying; 
weigh 

On remaining hexane 
extract; sulfuric acid 
partition; sulfuric 
acid/silica column; 
Florisil fractionation - 
hexane + 1% DCM 
(most PCBs), then DCM 
(PCDD/Fs + planar 
PCBs) 
PCDD/Fs + planar 
PCBs: fractionate on 
Carbopack C column 

 
a Marker PCBs. 
b PCDD/Fs. 
c Non-ortho and other planar PCBs. 
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Table 4. Summary of extraction, clean-up and fractionation methods for 
analyses of PCDDs/PCDFs and/or PCBs in human blood plasma 

  

Labo-
ratory Analytes Sample 

intake Extraction Fat deter-
mination Clean-up 

2 D,a P,b 
M c 

150 Ethanol/hexane Dry 105/30 
min; weigh

As for milk 

3 D,P,M  Hydromatrix 
(diatomaceous 
earth) column; 
elute (for fat 
determination) 

Evaporate; 
weigh 

Na sulfate 
Silica; 10% acid 
silica; 40% acid 
silica; silica; KOH 
silica; silica 
Basic alumina 
Carbopack 
hexane/DCM/ 
toluene 

4 P,M 5 Add formic acid; 
liquid liquid 
extraction with 
hexane; wash 
with aqueous K 
carbonate 

Evaporate; 
weigh 

As for milk 

5 D,P,M  EtOH/hexane; 
add Na sulfate 
soln; collect 
hexane; dry over 
Na sulfate 

Evaporate; 
weigh 

As for milk 

7 D,P,M 160g Na oxalate 
methanol; extract 
diethyl ether + 
pet. 
ether;separate 
non-aqueous; dry 
Na sulfate; 
evaporate 

Evaporate; 
weigh 

As for milk 

9 D,P,M  Add water + 88% 
formic acid 
(1+1+1); C18 
SPE; dry; elute 
with hexane 

Evaporate; 
weigh 

As for milk 

11 P,M  Extract 
hexane/acetone 

Evaporate; 
weigh 

As for milk 

13 D,P,M  Solvent extraction Evaporate; 
weigh 

As for milk 
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Labo-
ratory Analytes Sample 

intake Extraction Fat deter-
mination Clean-up 

14 D,P,M Group I 
– 45 
Group 
II –  5 

Column 
hydromatrix/NaCl 
+ plasma; elute 
heptane/isopro-
panol (3+2 v/v) 

Evaporate; 
weigh 

No fractionation 
PCDD/F+planar 
PCBs: KOH 
silica/silica/AX21 
carbon; sulfuric acid 
silica; basic alumina 
PCBs: dissolve in 
cyclohexane; 
sulfuric acid × 2; 
basic alumina 

17 D,P,M  Information not 
available 

Information 
not 
available 

Information not 
available 

18 M  Na oxalate + 
ethanol; diethyl 
ether/pentane 

Evaporate; 
weigh 

As for milk 

19 D,P,M 150 Liquid/liquid 
extraction with 
cyclohexane 
(50 ml) repeating 
2 times and 
adding methanol 
to final extraction; 
combine organic 
phases 

Evaporate; 
weigh 

As for milk 

22 D,P,M  Ethanol/hexane 
with ammonium 
sulfate 

Evaporate; 
weigh 

Multilayer acid 
silica/basic 
silica/silica; alumina; 
carbon column 

23 D,P,M  Ethanol/ether/ 
pentane 
extraction 

Evaporate; 
weigh 

As for milk 

24 D,P,M  Add satd. aq. 
Ammonium 
sulfate + ethanol 
(1:1:1); extract 
twice with 
hexane; dry 

Evaporate; 
weigh 

As for milk 

 
a PCDD/Fs. 
b Non-ortho and other planar PCBs. 
c Marker PCBs. 
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Table 5. Summary of determination methods for analyses of PCDDs/PCDFs 
in human milk (M) and human blood plasma (B) 

 
Labo-
ratory Matrix Detector Injection 

method GC column Quantification 

2 M, B HRMS 
(10000); 
VG 
Autospec 
Ultima; EI 

Split/ 
splitless 

DB5 (60m) 
BD225 (30m)

Stable isotope IS; 17 
2,3,7,8-congeners; Milk: 
7 to 14 pg/g each, 
Plasma: 1.6 to 3.2 pg/g 
each 

3 M, B HRMS 
(10000); 
VG 70S; 
EI 

Splitless DB5 (60m) Stable isotope IS; 16 
2,3,7,8-congeners (not 
1,2,3,4,7,8,9-HpCDF); 
240 to 480 pg each 

5 M, B HRMS 
(10000); 
VG 70-
250SE; EI 

Splitless DB-Dioxin 
DB5-MS 

Stable isotope IS; 15 
2,3,7,8-congeners; 115 
pg each. Additional 12C 
isotope IS; 30 (960pg) 

6 M LRMS; 
HP5988; 
NICI 

PVT; 
Gerstel 
KAS-3; 5 
µl 

DB5-MS 
(60m) 

Stable isotope IS; 10 
2,3,7,8-congeners; 2 
pg/g each 

7 M, B HRMS 
(5000); 
Autospec; 
EI (31eV) 

Splitless Ultra 2 (60m)
 

Stable isotope IS; 16 
2,3,7,8-congeners (not 
OCDF); 150 pg each 

8 M HRMS 
(10000) 
Autospec; 
EI 

On 
column 

DB5-MS 
(60m) 

Stable isotope IS; 17 
2,3,7,8-congeners; ca 
30pg each 

9 M, B HRMS 
(10000); 
Kratos; EI 

Splitless DB5 (60m) 
 

Stable isotope IS; 15 
2,3,7,8-congeners; 50 pg 
each except 100 pg 
OCDD 

10 M HRMS 
(7500); 
Autospec; 
EI (37eV) 

Splitless DB5 (60m) 
 

Stable isotope IS; 17 
2,3,7,8-congeners; 500 
to 1000 pg each 

12 M HRMS 
(10000); 
Autospec; 
EI 

PTV 
(Carlo 
Erba);  
5µl injec-
ted 

DB5-MS 
(60m) 

Stable isotope IS; 17 
2,3,7,8-congeners; 2 ng 
each. 1,2,3,4-TCDD as 
recovery standard 

13 M, B HRMS 
(10000) 
VG 70S; 
EI  

 Ultra 2 (25m)
SP2331 
(50m) 

Stable isotope IS; 17 
2,3,7,8-congeners; 0.5 to 
1 ng each 
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Labo-
ratory Matrix Detector Injection 

method GC column Quantification 

14 B HRMS 
(8000); 
Autospec; 
EI (40eV) 

 DM5-MS 
(60m) 

Stable isotope IS; 15 
2,3,7,8-congeners (not 
1,2,3,7,8,9-HxCDF or 
OCDF); 100 pg each 

17 M, B HRMS 
(10000); 
Autospec 
Ultima; EI 

 DB5-MS 
DB225 
(TCDF) 
SP2331 
(PeCDD/F & 
HxCDD/F) 

Stable isotope IS; 15 
2,3,7,8-congeners; 2 ng 
each 

19 M, B HRMS 
(10000); 
Autospec; 
EI 

Splitless DB-Dioxin 
(60m) 
SP2331 
(60m) 

Stable isotope IS; 17 
2,3,7,8-congeners; 200 
to 400 pg each 

20 M HRMS 
(6000); 
Finnigan 
MAT HSQ 
30; EI 

Splitless HP5 (50m) Stable isotope IS; 5 
2,3,7,8-congeners; 20 
pg/g 

21 M HRMS 
(10000); 
Autospec 
Ultima; EI 

 DB5-MS 
(60m) 

Stable isotope IS; 17 
2,3,7,8-congeners; 0.5 to 
2 ng each. Average of 
height and area of M and 
M+2 peaks. RRF of 1 
assumed 

22 B HRMS 
(8000-
10000); 
Autospec; 
EI 

 DB5 (60m) Stable isotope IS; 17 
2,3,7,8-congeners; 25 to 
50 pg 

23 M, B HRMS 
(7000); 
Autospec; 
EI (45eV) 

PTV; 
Gerstel 

DB-Dioxin 
(60m) 

Stable isotope IS; 15 
2,3,7,8-congeners; 0.1 
ng each 

24 M, B HRMS 
(8000-
10000); EI 
(40eV) 

Splitless DB5 (30m) Stable isotope IS; most 
2,3,7,8-congeners; 50 pg 
each. Standard curve 
0.1 to 25 pg/ul 
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Table 6. Summary of determination methods for analyses of non-ortho PCBs 
in human milk (M) and human blood plasma (B). 

 
Labo-
ratory Matrix Detector Injection 

method GC column Quantification 

2 M, B HRMS 
(10000); 
VG 
Autospec 
Ultima; EI 

Split/ 
splitless 

DB5 (60m) Stable isotope IS; 
77/126/169; Milk: 14 
pg/g each, Plasma: 
1.6 pg/g each 

3 M, B HRMS 
(10000); 
VG 70S; 
EI 

Splitless DB5 (60m) Stable isotope IS; 
77/126/169; 480 pg 
each 

4 M, B Dual ECD Splitless SPB1701 
(30m) 
SPB5 (60m) 

External calibration; 
2.8 ng/ml each. 
Determined on 2 
columns and mean 
reported. 

5 M, B HRMS 
(10000); 
VG 70-
250SE; EI

Splitless DB-Dioxin 
DB5-MS 

Stable isotope IS; 
77/126/169; 100 pg 
each. Additional 12C 
isotope IS; 30 (960 
pg). 

7 M, B HRMS 
(5000); 
Autospec; 
EI (31eV) 

Splitless Ultra 2 (60m)
 

Stable isotope IS; 
77/126/169; 0.25, 
2.5, 1.0 ng 
respectively 

8 M HRMS 
(10000); 
Autospec; 
EI  

On 
column 

DB5-MS 
(60m) 

Stable isotope IS; 
77/126/169; ca 150 
pg each 

9 M, B HRMS 
(10000); 
Kratos; EI 

Splitless DB5 (60m) Stable isotope IS; 
77/126/169; 2 ng 
each 

10 M HRMS 
(7500); 
Autospec; 
EI (37eV) 

Splitless DB5 (60m) 
 

Stable isotope IS; 
77/126/169; 500 pg 
each 

11 M, B LRMS; 
SSQ 710; 
NICI 
 

 Ultra 2 (25m)
 

Stable isotope IS; 10 
pg/g each 

12 M HRMS 
(10000); 
Autospec; 
EI 

 DB5-MS 
(60m) 

Stable isotope IS; 
77/126/169. PCB 80 
as recovery standard 
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Labo-
ratory Matrix Detector Injection 

method GC column Quantification 

13 M, B HRMS 
(8000) VG 
70S; EI  

 Ultra 2 (25m) Stable isotope IS; 10 
to 30 ng each 

14 B HRMS 
(8000); 
Autospec; 
EI (40eV) 

 DB5-MS 
(60m) 

Stable isotope IS; 
77/126/169; 400 pg 
each 

16 M HRMS 
(10000); 
Autospec 
Ultima; EI 

 BPX5 (25m) Stable isotope IS; 
77/126/169; 1.7 pg/g. 

Volume std 13C-105 

17 M, B HRMS 
(10000); 
Autospec 
Ultima; EI 

 DB5-MS Stable isotope IS; 40 
ng each 

19 M, B HRMS 
(10000); 
Autospec; 
EI 

Splitless DB-Dioxin 
(60m) 
SP2331 
(60m) 
DB5-MS 
(60m) 

Stable isotope IS; 
77/126/169; 4 ng 
each 

22 B HRMS 
(8000-
10000); 
Autospec; 
EI 

 DB5 (60m) Stable isotope IS; 
77/126/169; 25 to 50 
pg 

23 M, B HRMS 
(7000); 
Autospec; 
EI (45eV) 

Gerstel 
PTV 

RTX5 (60m) Stable isotope IS; 
77/126/169; 100 pg 
each 

24 M, B HRMS 
(8000-
10000); EI 
(40eV) 

 DB5 (30m) Stable isotope IS; 
77/126/169; 100 pg 
each. Standard curve 
0.1 to 25 pg/µl 
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Table 7. Summary of determination methods for analyses of other PCBs in 
human milk (M) and human blood plasma (B). 

 
Labo-
ratory Matrix Detector Injection GC Column Quantification 

1 M ECD Splitless DB5 (60m) External; 5 point 
curve 

2 M, B HRMS (10000); 
VG Autospec 
Ultima; EI 

Split/ 
splitless

DB5 (60m) Stable isotope IS; 
101/105/118/180; 
Milk: 1100 pg/g 
each; Blood: 
250 pg/g each 

3 M, B Milk: LRMS 
Blood: HRMS 
(10000); VG 
70S; EI 

Splitless DB5 (60m) Stable isotope IS; 
13 congeners; 
7.5 ng each 

4 M, B Dual ECD Splitless SPB1701 (30m)
SPB5 (60m) 

External 
calibration; 
2.8 ng/ml each. 
Determined on 2 
columns and mean 
reported. 

5 M, B HRMS (10000); 
VG 70-250SE; 
EI 

Splitless DB dioxin 
DB5 MS 

Stable isotope IS; 
80/101/153/180; 
960 pg each. 
Additional 12C 
isotope IS; 30 (960 
pg) 

7 M, B HRMS (5000); 
Autospec; EI 
(31eV) 

Splitless CP-Sil 8 CB 
(50m) 

Stable isotope IS; 
28/51/101/118/138
/153/156/180/189; 
Milk: 2.5 to 50 ng/g 
fat each, Blood: 6 
to 125 ng/g fat 
each 

8 M LRMS; MD800; 
EI 

On 
column 

HT5 (30m) Stable isotope IS; 
28/52/101/118/138
/153/180; ca 75 ng 
each 

9 M, B ECD Splitless SPB20 (60m) 
SPB-Octyl 
(25m) 

Native IS; PCB 
202; 10 ng; 3 point 
curve 

10 M ECD  DB5 (60 m) Native IS post-
extraction; PCBs 
12 and 209 
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Labo-
ratory Matrix Detector Injection GC Column Quantification 

11 M, B ECD  Ultra 2 (50 m) 
DB17 (60m) 

Native IS 53; Milk: 
1300 pg/g; Blood: 
650 pg/g 

12 M HRMS (10000); 
Autospec; EI 

Splitless DB5-MS (60m) Stable isotope IS; 
28/52/101/105/118
/138/153/156/180. 
PCB 80 as 
recovery standard 

13 M, B HRMS (8000); 
VG 70S; EI  

 Ultra 2 (25m) Stable isotope IS; 
10 to 30 ng each 

14 B ECD  DB5 (60m) Native IS; 112; 2.1 
ng/5g plasma 

15 M ECD Split/ 
splitless

SPB5 (60m + 
1m precolumn) 
SPB17 (60m + 
1m precolumn) 

Native IS; 
29/112/207; 7 
point curve 

16 M HRMS (10000); 
Autospec 
Ultima; EI 

 BPX5 (25m) 
DB1701 

Stable isotope IS; 
28/118/180; 50 ng 
each. Volume std 
13C- 105 

17 M, B HRMS (10000); 
Autospec 
Ultima; EI 

 DB5MS Stable isotope IS; 
13 congeners; 40 
ng each 

18 M, B Dual ECD  DB5 (60m) 
DB17 (60m) 

External 
calibration; 5 point 
curve 

19 M, B HRMS (10000); 
Autospec; EI 

Splitless DB-dioxin (60m)
SP2331 (60m) 
DB5MS (60m) 

Stable isotope IS; 
28/52/101/138/153
/180; 4 ng each 

22 B HRMS (8000-
10000); 
Autospec; EI 

 DB5 (60m) Stable isotope IS 
(6 congeners; 25 
to 50 pg) 

23 M, B LRMS; MD800; 
EI (70eV) 

Splitless RTX5 (60m) or 
CPSIL5 (60m) 

Stable isotope IS 
(7 congeners; 10 
ng each) 

24 M, B ECD Splitless DB5 (30m) Single IS; 
1,2,3,4,6,7,8-
HpCDD. Standard 
curve (30+ 
congeners) 2 to 
200 pg/µl each 
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Table 8. Number of laboratories that met each of the criteria for 
acceptance in the fourth round of the Interlaboratory Quality 
Assessment Study on Levels of PCBs, PCDDs and PCDFs  

in human milk and blood plasma  
 

WHO criteria Human milk Plasma 
   
GROUP I COMPOUNDS   
Number of participantsa 11 7 
8 out of 8 9 3 
T<2.58 (TEQ) 8 4 
|r|<0.3 (TEQ) 9 4 
CV<0.1 (TEQ) 4 4 
CV<0.3 (congeners) 4 2 
All criteria 3 1 
   
GROUP II COMPOUNDS   
Number of participantsa 19 15 
8 out of 8 17 14 
T<2.58 (TEQ) 15 10 
|r|<0.3 (TEQ) 10 9 
CV<0.1 (TEQ) 9 6 
CV<0.15 (congeners) 7 5 
All criteria 7 3 
   
FAT   
Number of participants 22 15 
8 out of 8 20 14 
|r|<0.1 9 Deleted 
   

 
aThe number of participants refers to laboratories that reported data for all 
compounds of Group I or Group II (full reporting of data). 

 
 
 

 
Table 9. Number of laboratories that met all criteria for acceptance by WHO  

of analyses of human milk and human blood 
 
Analytes Number of laboratories accepted 

 Human milk Human blood plasma 

Group I 3 1 
Group II 7 3 
Fat 9 – 
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Fig. 2. Relative deviations for Group II compounds 
in human milk by pool (8/8 only)
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Fig. 1. Relative deviations for Group I compounds
 in human milk by pool (8/8 only)
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Fig. 3. Relative deviations for Group I compounds in 
plasma by pool  (8/8 only)
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Fig. 4. Relative deviations for Group II compounds
 in plasma by pool (8/8 only)

-0.80

-0.60

-0.40

-0.20

0.00

0.20

0.40

0.60

pool 1 pool 2 pool 3 pool 4 pool 5 pool 6 pool 7 pool 8

re
la

tiv
e 

de
vi

at
io

ns

lab 2 
lab 3
lab 4
lab 5
lab 7
lab 9
lab 11
lab 13
lab 14
lab 17
lab 19
lab 22
lab 23
lab 24
rij < .30



 
34 
 
 

 

Annex 1 
 
 

PARTICIPANTS 
 
 

Temporary Advisers 
 
 

Dr Samuel Atuma Tel.: +46 18 171462 
Senior Chemist Fax: +46 18 105848 
National Food Administration E-mail: saat@slv.se  
P.O. Box 622 
S-751 26 Uppsala 
Sweden 
 
Dr Georg Becher Tel.: +47 22 185188 
Head of Research Fax: +47 22 185200 
Department of Chemistry  
National Institute of Public Health 
Department of Environmental Medicine 
P.O. Box 4404 Torshov 
N-0403 Oslo 
Norway 
 
Professor Dr Vladimir Bencko Tel.: +420 2 292431 
Head, Institute of Hygiene and  Fax: +420 2 2491 5413 
  Epidemiology  E-mail: vladimir.bencko 
First Faculty of Medicine @lf1.cuni.cz 
Charles University 
Studnickova 7 
CZ-128 00 Prague 2 
Czech Republic 
 
Dr Jacob de Boer Tel.: +31 255 56 47 36 
Head of Environmental Research Fax:  +31 255 56 46 44 
Netherlands Institute for Fisheries  E-mail: 
  Research  j.deboer@rivo.wag.ur.nl 
P.O. Box 68  
NL-1970 AB Ijmuiden 
Netherlands 
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Dr Efim S. Brodsky Tel.: +7 095 135 9945 
Leading Research Associate  +7 095 135 1380 
Laboratory of Analytical Ecotoxicology Fax: +7 095 954 5534 
A.N. Severtsov Institute of Ecology E-mail: kluyv@glasnet.ru 
  and Evolution 
Russian Academy of Sciences 
Leninsky Prospekt, 33 
Moscow 117071 
Russian Federation 
 
Dr Jørgen S. Carlé (Chairperson) 
c/o SCANMECO A/S 
H.C. Andersens Boulevard 9 
DK-1553 Copenhagen 
Denmark 
 
Dr Tommy Cederberg Tel.: +45 33 956000 
Senior Research Chemist Fax: +45 33 956001 
Division of Chemical Contaminants E-mail: tce@fdir.dk 
Danish Veterinary and Food Administration 
Mørkhøj Bygade 19 
DK-2860 Søborg 
Denmark 
 
Dr Rudy Van Cleuvenbergen Tel.: +32 14 335020 
Project Manager Fax: +32 14 319472 
Flemish Institute for Technological  E-mail: vcleuver@vito.be 
  Research 
Gebouw LMB 
Boeretang 200 
B-2400 Mol 
Belgium 
 
Dr Beata Drobna  Tel.: +421 7 59369218 
Analytical Chemist  Fax: +421 7 59369217 
Laboratory of Toxic Organic Pollutants  E-mail: kocan@upkm.sk 
Limbova 14 
83301 Bratislava 
Slovakia 
 
 
 
 



 
36 
 
 

 

Dr Maria José Gonzalez Tel.: +34 915622900 
Consejo Superior de Investigaciones Fax: +34 915644853 
  Cientificas  E-mail: 
Department of A.I. and Environmental  mariche@iqog.csic.es 
  Chemistry 
Institute of Organic Chemistry 
Juan de la Cierva, 3  
28006 Madrid 
Spain 
 
Professor Jana Hajslová Tel.: +420 2 24314096 
Head, Laboratory of Contaminants  Fax: +420 2 24353185 
  and Toxicants  E-mail: 
Institute of Chemical Technology  jana.hajslova@vscht.cz 
Technická 3 
CZ-166 28 Prague 6 
Czech Republic 
 
Dr Blanka Krauthacker Tel.: +385 1 4673188 
Laboratory for Biochemistry and  Fax: +385 1 4673303 
  Organic-Analytical Chemistry E-mail:  bkrautha@imi.hr 
Institute for Medical Research and 
  Occupational Health 
Ksaverska cesta 2 
P.O. Box 291  
HR 10001 Zagreb 
Croatia 
 
Ms Leanne Lawrence Tel.: +1 780 413 5236 
Quality Assurance Coordinator Fax: +1 780 437 2311 
Enviro-Test Laboratories E-mail: 
9936-67 Avenue leanne@envirotest.com 
Edmonton, Alberta T6E OP5 
Canada 
 
Dr A.K.Djien Liem Tel.: +31 30 274 2871 
National Institute of Public Health Fax: +31 30 274 4424 
  and the Environment  E-mail: 
Laboratory for Organic-Analytical  Djien.Liem@rivm.nl 
  Chemistry  
P.O. Box 1 / postbak 11 
NL-3720 BA Bilthoven 
Netherlands 
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Dr Rainer Malisch Tel.: +49 761 8855133 
Head of Dioxin Laboratory Fax: +49 761 8855100 
State Institute for Chemical and Veterinary E-mail: malisch@clua. 
  Analysis of Food  cvuafr.bwl.de 
D-79114 Freiburg 
Germany 
 
Hans-Joachim Mosche  Tel.: +49 2505 89144 
Dr Wessling Chemisches  Fax: +49 2505 89119 
  Laboratorien GmbH  E-mail: labor@wessling- 
Labor Altenberge  gruppe.de 
Oststrasse 6 
D-48341 Altenberge 
Germany 
 
Dr Martin Nygren Tel.: +46 90 10 67 11 
National Defence Research Establishment Fax: +46 90 10 68 09 
  Division of NBC – Defence E-mail:  
S-901 82 Umeå  nygren@ume.foa.se 
Sweden 
 
Dr Anuschka Polder Tel.: +47 22 96 4960 
Research Assistant Fax: +47 22 59 7089 
Norwegian College of Veterinary Science E-mail: Anuschka.Polder 
Department of Pharmacology  @veths.no 
  and Toxicology 
P.O. Box 8146, Dep. 
N-0033 Oslo 
Norway 
 
Dr James Startin (co-Rapporteur) Tel.: +44 1904 462587 
Central Science Laboratory Fax: +44 1904 462111 
Sand Hutton E-mail: 
York YO41 1LZ j.startin@csl.gov.uk 
United Kingdom 
 
Dr John Jake Ryan Tel.: +1 613 9570978 
Senior Research Scientist Fax: +1 613 9414775 
Health Canada E-mail: 
Banting 2203 D, Ross Ave  jake_ryan@hc-sc.gc.ca 
Tunney’s Pasture 
Ottawa, Ontario K1A OL2 
Canada 
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Mr David Thomas Tel.: +1 250 655 5800 
President  +1 250 655 5805 
AXYS Analytical Services/Axys Varilab Fax: +1 250 655 5811 
P.O. Box 2219 E-mail: 
Sidney BCV8 L3S8 dthomas@axys.com 
Canada 
 
Professor Dr Terttu Vartiainen  Tel.: +358 17 201346 
National Public Health Institute  Fax: +358 17 201265 
Laboratory of Chemistry 
P.O. Box 95 
FIN-70701 Kuopio 
Finland 
 
Dr Thomas Wiesmüller Tel.: +49 331 5688 342 
Staatliches Veterinär- und  Fax: +49 331 5688 226 
  Lebensmitteluntersuchungsamt Potsdam  +49 331 5688346 
P.O. Box 601452  E-mail: thomas. 
D-14467 Potsdam  wiesmueller@svla. 
Germany brandenburg.de  
 
Dr Håkan Wingfors  Tel.: +46 90 786 6668 
Institute of Environmental Chemistry  Fax: +46 90 128 133 
University of Umeå  E-mail: mats.tysklind@ 
c/o FOA ABC-Skydd  chem.umu.se 
Cementvägen 20  
S-901 87 Umeå 
Sweden 
 
Dr Chris Wright  Tel.: +44 1904 462655 
CSL Food Science Laboratory  E-mail: 
Norwich Research Park m.rose@csl.gov.uk 
Colney 
Norwich NR4 7UQ 
United Kingdom 
 
Dr Erkki J. Yrjänheikki (co-Rapporteur) Tel.: +358 3 260 84 79 
Chief Development Unit Fax: +358 3 253 29 04 
Ministry of Social Affairs and Health E-mail: erkki.yrjanheikki 
Occupational Safety and Health Division @stm.vn.fi 
P.O. Box 536 
SF-33101 Tampere 
Finland 
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Observers 
 
Ms Lena Hansson Tel.: +46 18 175679 
Technical Assistant  Fax: +46 18 105848 
National Food Administration E-mail:  
P.O. Box 622 marie.aune@slv.se 
S-751 26 Uppsala 
Sweden 
 
Dr Hans-Hermann Lischke  Tel.: +49 2505 89144 
Dr Wessling Chemisches  Fax: +49 2505 89119 
  Laboratorien GmbH  E-mail: labor@wessling- 
Labor Altenberge  gruppe.de 
Oststrasse 6  
D-48341 Altenberge 
Germany 
 
Dr Linda Neimor Tel.: +1 204 945 0085 
Manitoba Technology Centre Ltd Fax: +1 204 945 0763 
745 Logan Avenue E-mail: Ineimor@wpg. 
Winnipeg, Manitoba R3E 3L5 envirotest.com 
Canada  
 
 

WHO Regional Office for Europe 
 
European Centre for Environment and Health 
Bilthoven Division, Netherlands 
 
Dr F.X. Rolaf van Leeuwen Tel.: +31 30 229 53 07 
Manager, Chemical Safety Fax: +31 30 229 42 52 
 E-mail: rle@who.nl 
 
Dr Michal Krzyzanowski Tel..: +31 30 229 53 23 
Environmental epidemiologist Fax: +31 30 229 42 52 
 E-mail: mkr@who.nl 
 
Ms Kareen Hol Tel.: +31 30 229 53 30 
Secretary Fax: +31 30 229 42 52  
 E-mail: kho@who.nl 
 
Ms Nejma Macklai Tel.: +31 30 229 53 30 
Short-term professional Fax: +31 30 229 42 52  
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Annex 2 
 
 

STATISTICAL ANALYSIS APPLIED IN THIS STUDY 
 
 
Aims 

The aims of the study were as follows: 

1. To assess between-laboratory comparability, i.e. the ability of 
each laboratory to produce results of similar magnitude to the other 
laboratories. In this way, absolute values of a determination obtained 
for the same sample by various laboratories could be compared. 

2. To assess within-laboratory medium-term consistency. 
According to this criterion, the variability of determinations done by 
the laboratory should be small enough not to obscure the real 
differences in level of the chemicals in two populations. With this 
criterion satisfied, i.e. with small within-laboratory variability, the 
laboratory can make valid inference on the differences between the 
populations (or between series of determinations). Small variability 
may also be present when criterion (1) is not satisfied and all results 
display a systematic deviation from the expected value (and the results 
obtained by other laboratories). 
 
Between-laboratory comparability 
To evaluate the comparability of results obtained by each of L 
participating laboratories, the reported results were presented after 
adjustment for the differences in the concentrations of analytes in each 
of the samples and for the variability of the results obtained by the 
laboratories. The following calculations were performed separately 
for:  

• each analyte; 

• the TEQ of weighted sum of components in Group I; 

• the unweighted sum of components in Group II; 

• the fat concentration measured in each of the matrices and, 
separately, for each analyte in the analyte solution. 
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For the calculation of the between-laboratory comparability the results 
(i.e. the analyte detected and analysed, or sums for Group I and II) 
from at least 5 (out of 8) samples must have been reported.  
 
On the basis of results xij for sample i (i = 1...8) measured by laboratory 
j (j=1...L) “consensus” central value ci was calculated as follows: 

• mean and standard deviations were calculated for all available 
results; 

• the mean mi and standard deviation si for between-laboratory 
variability in the i-th sample was calculated on the basis of results 
xij from all l (l < L) laboratories ( L-l laboratories with missing xij 
values indicated by “-” were ignored); 

• consensus value ci was equal to the mean value if there were no 
outliers: 

ci = mi  if |xij - mi | < 3 si for all l laboratories 

If there were outliers, the consensus value was calculated as a mean 
after the outliers were excluded: 

ci = m’i 

if |xij - mi | < 3 si for all but k laboratories, then m’i and s’i were 
calculated as the mean and standard deviation of xij from the 
remaining l-k laboratories.  
 
Standardized value zij was calculated for each xij: 

zij = ( xij - ci) / s’i 

This value indicates deviation of the result from the “consensus” value in 
relation to the between-laboratory variability of the results. It had 
approximately standard normal distribution (with mean 0 and variance 1) 
and its value can be interpreted in terms of probability of the 
measurement xij if the measurements from all laboratories indicate the 
same true value and differ by chance. If |zij| > 2.58, this probability is less 
than 1%. 
 
Relative deviation rij of the result xij from the “consensus” value ci 
was calculated: 

rij = ( xij - ci ) / ci 
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It provides a numerical value of the relative difference between the 
result and the consensus value. 
 
Mean value Zj for laboratory j was calculated basing on v (5 < n < 8) 
reported samples measured by j-th laboratory: 

Zj = ΣΣΣΣ zij / n 
Values Zj = 0 indicate a laboratory with perfect overall comparability 
(in relation to the “consensus” values). Zj > (or <) 0 indicate 
systematic over- (or under-) estimation of the concentrations in the 
series of n determinations. Zj has, approximately, normal distribution 
with mean 0 and variance 1/n. Its value can be interpreted in terms of 
probability of the average results obtained by the laboratory j, when 
the results from all laboratories differ only by chance. If  T =  |Zj |  √√√√ n  
> 2.58, this probability is less than 1%. 

Within-laboratory medium-term consistency 

To evaluate internal consistency of results obtained by each of L 
participating laboratories, the reported results was presented after 
adjustment for the differences in the concentrations of analytes in each of 
the samples. The following calculations were performed separately for: 

• each analyte; 

• the TEQ of weighted sum of components in Group I; 

• the unweighted sum of components in Group II; 

• the fat concentration measured in each of the matrices, separately 
for each of the participating laboratories (j=1...L). 

 
For the calculation of the within-laboratory consistency the results 
(i.e. the analyte detected and analysed, or sums for Group I and II) 
from at least 5 (out of 8) samples must have been reported. 
 
We assumed that each congener has a certain average concentration C 
in the analyte. For this study, the value of C was calculated as an 
average across all samples and all laboratories: 

C = ( ΣΣΣΣ ΣΣΣΣ xij ) / N 

i = 1,… 8; j = 1,…L, 
N= number of valid determinations of the congener in all samples and 

laboratories 
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Each sample (pool) deviates from that concentration by a value (ci - C) 
where the “consensus” value ci represents the concentration at sample i 
and is defined above. To correct raw results of measurement for sample 
i (i=1...8) at laboratory j (j = 1,…L), corrected concentrations were 
calculated: 

dij= xij - ( ci  - C) 

Mean Dj of the corrected concentrations for n valid determinations 
(5< n <8): 

Dj = (���� dij ) / n 

Standard deviation Sj for within-laboratory variability based on the 
corrected concentrations: 

Sj = √√√√  [���� ( dij - Dj)2  / (n-1) ] 

Coefficient of variation CVj for the laboratory j is the following: 

CVj = Sj / Dj 
The value of the coefficient of variation indicates internal consistency 
of the results obtained by the laboratory. Even if its results differ 
systematically from a “true” value, high consistency allows for 
comparison of the chemical levels in various populations.  
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Annex 3 
 
 

LABORATORIES WHICH MET CRITERIA FOR 
ANALYSES OF PCDDS, PCDFS AND 
DIOXIN-LIKE PCBS IN HUMAN MILK 

(In alphabetical order of countries) 

 
 

Laboratory Contact information 
   
AXYS Analytical Services/ 
Axys Varilab 

Tel.: 
Fax: 

+1 250 655 5800 
+1 250 655 5811 

P.O. Box 2219 E-mail: dthomas@axys.com 
Sidney BC V8L 3S8  (Mr David Thomas) 
Canada   
   
Health Canada Tel.: +1 613 9570978 
Bureau of Chemical Safety Fax: +1 613 9414775 
Banting 2203 D, Ross Ave. E-mail: Jake_ryan@hc-sc.gc.ca 
Tunney’s Pasture  (Dr John Jake Ryan) 
Ottawa, Ontario K1A OL2   
Canada   
   
Chemisches und 
Veterinäruntersuchungsamt  
  Freiburg (State Institute for  
  Chemical and Veterinary  
  Analysis of Food) 

Tel.: 
 
Fax:  
 
E-mail: 

+49 761 8855133 
+49 761 8855 0 
(switchboard)  
+49 761 8855100  
malisch@clua.cvuafr.bwl.de 

Bissierstr. 5  (Dr Rainer Malisch) 
D-79114 Freiburg 
Germany 

  

   
   
Total: 3 laboratories   



 
45 

 
 

 

Annex 4  
 
 

LABORATORIES WHICH MET CRITERIA FOR 
ANALYSES OF MARKER PCBS IN HUMAN MILK 

(In alphabetical order of countries) 
 
 

Laboratory Contact information 
   
Flemisch Institute for  
  Technological Research (VITO) 

Tel.: 
Fax: 

+32 14 335020 
+32 14 319472 

Gebouw LMB, Boeretang 200 E-mail: vcleuver@vito.be 
B-2400 Mol 
Belgium 

 (Dr Rudy Van 
Cleuvenbergen) 

   
National Public Health Institute Tel.: +358 17 201346 
Division of Environmental Health 
Laboratory of Chemistry 

Fax:  
 

+358 17 201265  
 

P.O. Box 95   
FIN-70701 Kuopio   
Finland   
   
Chemisches und 
Veterinäruntersuchungsamt  
  Freiburg (State Institute for  
  Chemical and Veterinary 
Analysis of Food) 

Tel. 
Fax:  
E-mail:

+49 761 8855133 
+49 761 8855100 
malisch@clua.cvuafr.bwl.de 
(Dr Rainer Malisch) 

Bissierstr. 5 
D-79114 Freiburg 
Germany 

  
 
 

   
Norwegian College of Veterinary
   Science 

Tel.: 
Fax: 

+47 22 96 4960 
+47 22 59 7089 

Department of Pharmacology and
  Toxicology 

E-mail: Anuschka.Polder@veths.no 
(Dr Anuschka Polder) 

P.O. Box 8146, Dep.   
N-0033 Oslo   
Norway   
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Laboratory Contact information 
   
Institute of Preventive and  
  Clinical Medicine 

Tel.: 
Fax: 

+421 7 59369218 
+421 7 59369217 

Laboratory of Toxic Organic  
  Pollutants 
Limbova 14 

E-mail: Kocan@upkm.sk 
(Dr Anton Kocan) 

83301 Bratislava   
Slovakia    
   
Institute of Environmental  
  Chemistry 

Tel.: 
Fax: 

+46 90 786 6668 
+46 90 128133 

University of Umeå E-mail: mats.tysklind@chem.umu.se 
c/o FOA ABC-Skydd  (Professor Mats Tysklind) 
Cementvägen 20   
S-901 87 Umeå   
Sweden   
   
National Food Administration Tel.: +46 18 171462 
P.O. Box 622 Fax: +46 18 105848 
S-751 26 Uppsala E-mail: saat@slv.se 
Sweden  (Dr Samuel Atuma) 
   
Total: 7 laboratories   
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Annex 5  
 
 

LABORATORIES WHICH MET CRITERIA FOR 
ANALYSES OF PCDDS, PCDFS AND  

DIOXIN-LIKE PCBS IN HUMAN PLASMA  
(In alphabetical order of countries) 

 
 

Laboratory Contact information 
   
AXYS Analytical Services/Axys 
Varilab  

Tel.: 
Fax: 

+1 250 655 5800 
+1 250 655 5811 

P.O. Box 2219 E-mail: dthomas@axys.com 
Sidney BC V8L 3S8  (Mr David Thomas) 
Canada   
   
Total: 1 laboratory   
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Annex 6 
 
 

LABORATORIES WHICH MET CRITERIA  
FOR ANALYSES OF MARKER PCBS  

IN HUMAN PLASMA 
(In alphabetical order of countries) 

 
 

Laboratory Contact information 
   
AXYS Analytical Services/Axys 
Varilab 

Tel.: 
Fax: 

+1 250 655 5800 
+1 250 655 5811 

P.O. Box 2219 E-mail: dthomas@axys.com 
Sidney BC V8L 3S8  (Mr David Thomas) 
Canada   
   
National Public Health Institute Tel.: +358 17 201346 
Division of Environmental Health Fax: +358 17 201265 
Laboratory of Chemistry   
P.O. Box 95   
FIN-70701 Kuopio   
Finland   
   
National Institute of Public Health 
  and the Environment (RIVM) 

Tel.: 
Fax: 

+31 30 274 2871 
+31 30 274 4424 

Laboratory for Organic-Analytical 
  Chemistry 

E-mail: Djien.Liem@rivm.nl 
(Dr A.K.Djien Liem) 

P.O. Box 1 / postbak 11   
NL-3720 BA Bilthoven   
Netherlands   
   
Total: 3 laboratories   
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Annex 7 
 
 

LABORATORIES WHICH MET CRITERIA FOR 
ANALYSES OF FAT IN HUMAN MILK 

(In alphabetical order of countries) 
 
 

Laboratory Contact information 
   
Flemish Institute for  
  Technological Research (VITO) 

Tel.: 
Fax: 

+32 14 335020 
+32 14 319472 

Gebouw LMB, Boeretang 200 E-mail: vcleuver@vito.be 
B-2400 Mol 
Belgium 

 (Dr Rudy Van 
Cleuvenbergen) 

   
Enviro-Test Laboratories Tel.: +1 780 413 5236 
9936 67th Avenue Fax: +1 780 437 2311 
Edmonton, Alberta T6E OP5 E-mail: leanne@envirotest.com 
Canada  (Ms Leanne Lawrence) 
   
Laboratory for Biochemistry and  
  Organic-Analytical Chemistry 

Tel.:  
Fax: 

+385 1 4673 188 
+385 1 4673 303 

Institute for Medical Research  
  and Occupational Health 

E-mail: bkrautha@imi.hr 
(Dr Blanka Krauthacker) 

Ksaverska cesta 2   
P.O. Box 291   
HR-10001 Zagreb   
Croatia   
   
Danish Veterinary and Food 
  Administration 

Tel.: 
Fax: 

+45 33 956000 
+45 33 956001 

Division of Chemical  
  Contaminants 

E-mail: Tce@fdir.dk 
(Dr Tommy Cederberg) 

Mørkhøj Bygade 19   
DK-2860 Søborg   
Denmark   
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Laboratory Contact information 
   
Chemisches und Veterinärunter- 
  suchungsamt Freiburg (State 
  Institute for Chemical and  
  Veterinary Analysis of Food) 

Tel.: 
Fax: 
E-mail: 

+49 761 8855133 
+49 761 8855100 
malisch@clua.cvuafr.bwl.de 
(Dr Rainer Malisch) 

Bissierstr. 5   
D-79114 Freiburg 
Germany 

  

 
Dr E. Wessling Chemisches  
  Laboratorien GmbH 

Tel.: 
Fax: 

+49 2505 89144 
+49 2505 89119 

Labor Altenberge E-mail: Labor@wessling-gruppe.de 
Oststrasse 6   
D-48341 Altenberge   
Germany   
 
Staatliches Veterinär- und  
  Lebensmitteluntersuchungsamt  
  Potsdam 

Tel.: 
Fax: 
E-mail: 

+49 331 5688 342 
+49 331 5688 226/346 
Thomas.wiesmueller@svla. 

P.O. Box 601452  brandenburg.de 
D-14467 Potsdam  (Dr Thomas Wiesmüller) 
Germany   
 
National Institute of Public Health
  and the Environment (RIVM) 

Tel.: 
Fax: 

+31 30 274 2871 
+31 30 274 4424 

Laboratory for Organic-Analytical 
  Chemistry 

E-mail: Djien.Liem@rivm.nl 
(Dr A.K.Djien Liem) 

P.O. Box 1 / postbak 11   
NL-3720 BA Bilthoven   
Netherlands   
 
Consejo Superior de Investiga- 
  ciones Cientificas (CSIC) 

Tel.: 
Fax. 

+34 915622900 
+34 915644853 

Department of A.I. and  
  Environmental Chemistry 

E-mail: mariche@iqog.csic.es 
(Dr Maria José Gonzalez) 

Institute of Organic Chemistry   
Juan de la Cierva 3 
28006 Madrid 

  

Spain   
   
Total: 9 laboratories   
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