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FOREWORD

Although the current levels of the common chemical contaminants in food
in Europe generally fall well within established WHO guidelines for
exposure limits, specific population groups may nonetheless be at risk.
One such situation is that of infants exposed to contaminants in human
milk,

Several years ago, a group of toxic chemicals, polychlorinated biphenyls
(PCBs), polychlorinated dibenzo-p-dioxins (PCDDs), and polychlorinated
dibenzofurans (PCDFs), was identified in human milk samples. This
finding caused considerable public debate and concern, and raised doubts
about the safety of breast-feeding.

In response to this debate, and in keeping with the WHO goal of health
for all (HFA), the WHO Regional Office for Europe developed and is
coordinating a project, in close collaboration with other international
bodies as well as numerous national institutions, to provide guidance on
prevention and control of emissions of these chemicals into the
environment and {o minimize human exposure from different sources.
Special attention has been focused on infant exposure through breast milk
and related adverse health effects on the developing child.

In 1987, a Working Group, organized jointly by the Regional Office and
the Regional Government of Venice in Abano Terme, made a
comprehensive evaluation of possible health risks in infants based on the
available research data on exposure levels, health risks, and toxicity of
these chemicals. The Working Group concluded that despite the levels
found in human milk, breast-feeding should be continued and promoted.
However, it stressed that additional information was needed to improve
the interim risk assessment and recommended that epidemiological
studies be developed to verify any possible health effects in infants
exposed to the present levels of these chemicals in breast milk. A
consultation, held in Bayreuth, Germany, in September 1990, agreed on
the development of a protocol and identified possible populations for
epidemiological studies.

The Abano Terme Working Group also recommended that more
information should be obtained on exposure levels in breast milk to
indicate possible trends in levels and to improve risk assessment. It
recommended that comparability and reliability of the published research
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data on exposure levels be improved. The Regional Office has therefore
been coordinating both analytical field studies and interlaboratory quality
control studies on levels of the above chemicals in human milk. Several
expert meetings were organized to design the protocols for these studies
and to coordinate their implementation. The first round of the analytical
field studies was completed at the end of 1987, and the results were
discussed at a consultation held in Copenhagen in February 1988. The
results of the first round of quality control studies were reviewed by a
consultation in Umea, Sweden, in August 1987.

The reports of these two consultations were published in 1989 as No. 34
in the Environmental Health Series of the Regional Office. The Umea
consultation recommended that quality control studies should be repeated
every second year and that human blood should be included in addition to
human milk. Based on this recommendation, the Regional Office has
coordinated the second round of these studies. The results of analyses
received from the participating laboratories were subjected to a
comprehensive statistical treatment, and these data were reviewed by a
consultation held in Rovaniemi, Finland, in June 1990.

This publication contains the report on this last consultation as well as
the lists of laboratories that qualified, through these studies, to perform
such analyses. It also includes detailed information on the statistical
treatment of the analytical results from laboratories.

These results are a basic step towards reducing the sources of potential
health risks to breast-feeding infants and as such help to carry out the
overall Health for all strategy of the Regional Office, part of which
concerns food safety.

The financial support provided by the Government of Finland to
organize this consultation is gratefully acknowledged. Special thanks are
extended to Dr Martin Nygren and his laboratory at the Swedish Defence
. Research Establishment, Umea, for his valuable work in the practical
coordination of the studies, to Dr Erkki Yrjdnheikki for his overall
coordinating role, and to Ms Patricia Christensen for her administrative
assistance.

S.Tarkowski
Director, Environment and Health
WHO Regional Office for Europe



Introduction

The WHO Regional Office for Europe (WHO/EURO) is coordinating inter-
laboratory quality control studies on levels of PCBs, PCDDs, and PCDFs
in human milk and blood within its overall project on the adverse health
effects of these chemicals. The aim is to ensure that reliable and
comparable data on these compounds can be obtained. The results of the
first round of studies, on human milk only, were evaluated by a
consultation held in Umea, Sweden, in August 1987. That meeting
recommended that the studies be continued and that a new round be
organized every second year from 1988 onwards. Based on that
recommendation, WHO/EURO planned the second round. A consultation
held in Copenhagen in February 1988 designed the study protocol, which
included analysis of both blood and milk. That meeting also agreed on the
practical implementation of the studies, including coordination, laboratory
work, reporting, and the timetable, the details of which were subsequently
discussed at two informal meetings of laboratory representatives in Umea
in August 1988 and Toronto in September 1989.

The Consultation on the Second Round of Quality Control Studies on
Levels of PCBs, PCDDs and PCDFs in Human Milk and Blood, held in
Rovaniemi, Finland, 5-6 June 1990, was organized with the financial
assistance of the Government of Finland. Its main aim was to evaluate
the results, received from the participating laboratories, based on a
statistical analysis carried out by Ms Annette Ersboell on behalf of
WHO/EURO. The participants were then asked to establish criteria to
determine which of the laboratories could be considered as qualified to
perform these analyses. In addition, the participants were requested to
evaluate analytical procedures in order to identify any weak points and to
advise on improvements, and to consider the necessity for further
activities to ensure the continued reliability and comparability of results.
The main output of the meeting was to be the identification of those
laboratories considered qualified to perform these analyses. The meeting
was attended by 22 experts from 15 countries, one observer, and two
representatives of WHO/EURO (see Annex 6).

Dr J.S. Carlé chaired the meeting and Dr J.R. Startin agreed to act as
Rapporteur.
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To avoid any misunderstandings it should be pointed out that not all
laboratories represented at the consultation participated in the studies or
submitted analytical results.

Study design

The design of the second round of the studies was agreed at the
consultation held in Copenhagen in February 1988 and was intended to
facilitate the use of statistical methods of analysis, as recommended by Dr
L. Pallesen after the first round. The studies have been coordinated by a
team consisting of Professor B. Jansson (Swedish Environmental
Protection Agency), Dr M. Nygren (Swedish Defence Research
Establishment), Mr R. Vaz (Swedish National Food Administration), and
Dr E.J. Yrjinheikki (WHO/EURO). The laboratory work of preparing
samples for analysis has been carried out by Dr Nygren with the
assistance of Dr Yrjidnheikki.

The study was designed to take into account both the short-term and
the long-term variation; in other words the repeatability and the
reproducibility. For each of the two matrices, human milk and blood, a
single homogeneous pool of material was made and divided into three
subpools. Prior to this division a quantity of a C,, labelled organic
compound was added to enable the homogeneity to be checked. The
radioactivity was measured in three different samples, and the standard
deviation was within 10%. For each matrix, two of the subpools were
fortified by the addition of certain of the PCDD and PCDF congeners
having a substitution pattern including the 2-, 3-, 7-, and 8- positions.
The third subpool remained unfortified. The reason for the fortification
was to obtain more reliable results from the study. The exact fortification
scheme had been agreed within the coordinating team in accordance with
the requirements for a full statistical analysis, and was not known to the
participating laboratories prior to this ponsultation. Details of the
fortification levels are given in Table 1. Initially, samples from two of the
subpools of each matrix were sent to participants. Samples of the third
subpools were distributed after results for the first two had been
submitted to WHO/EURO. Each participant was required to make three
separate analyses of each subpool. All participating laboratories were to
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use common “2C,, and C,, standards supplied by the coordinating
laboratory. All samples were shipped in a frozen state.

For PCBs, fortification was not carried out and participants were
required to complete the analysis in triplicate.

Table 1. Congeners used for fortification and their levels (in pg/mg)

Blood
Congener Pool A Pool C
2,3,7,8-tetraCDD - 0.066
1,2,3,7,8-pentaCDD 0.195 -
1,2,3,4,7,8-hexaCDD - 0.046
1,2,3,6,7,8-hexaCDD - 0.337
1,2,3,4,6,7,8-heptaCDD 1.184 0.720
octaCDD - 8.357
1,2,3,6,7,8-hexaCDF - 0.035
2,3,4,6,7,8-hexaCDF 0.028 -
1,2,3,4,6,7,8-heptaCDF 0.157 -
Milk
Congener Pool A Pool C
2,3,7,8-tetraCDD - 0.202
1,2,3,7,8-pentaCDD - 0.359
1,2,3,4,7,8-hexaCDD 0.088 .
1,2,3,6,7,8-hexaCDD 0.535 0.664
1,2,3,4,6,7,8-heptaCDD 2.986 1.115
octaCDD 10.421 12.937
2,3,7,8-tetraCDF 0.171 -
2,3,4,7,8-pentaCDF - 0.918
1,2,3,6,7,8-hexaCDF 0.081 0.101
1,2,3,4,6,7,8-heptaCDF 0.217 0.267

octaCDF 0.075 0.094
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Analytical methods for PCDDs and PCDFs

All of the procedures can be divided into three main steps: extraction,
clean-up, and final analysis by gas chromatography/mass spectrometry
(GS/MS). A summary of extraction and clean-up methods and GC/MS
conditions, based on information supplied by participants, is contained in
Tables 2 and 3, respectively.

Regarding milk, initial extraction was most frequently performed by the
pesticide residues method proposed by the Association of Official
Analytical Chemists (AOAC) (1), although some alternatives, such as
extraction with acetone/hexane or solvent extraction following freeze
drying, were used. The same methods were also applied to blood, although
the single, most widely used method was a two-phase extraction with
chloroform/methanol/water. For clean-up, most laboratories used a
sequence of column chromatographic steps aided in some cases by liquid-
liquid partition. Many of the procedures were similar to that of Smith et
al. (2), but variations and alternatives were also used. None of the
participants used high performance liquid chromatography (HPLC) in
their clean-up. There was no evidence that any of these procedures was
inherently better in terms of accuracy, precision, or sensitivity.

In the GC/MS analysis almost an equal number of participants used the
on-column and splitless injection techniques. Most participants used
nonpolar GC columns (DB5 and similar), but a few used polar columns
(such as CPSILS88 or SP2330) in addition or exclusively. Most participants
used double-focusing mass spectrometers at resolutions between 2000 and
10 000 running in electron ionization mode. A small proportion of
participants used quadrupole instruments with negative ion chemical
ionization, and one participant used a quadrupole mass selective detector
with electron ionization for part of the study.



Analytical methods for PCDDs and PCDFs 11

Table 2. Summary of extraction and clean-up methods for PCDDs and PCDFs

Labora-
tory

code no.

Sample

Fat extraction

Deter-
mination
method

Clean-up
procedure

Milk

Blood

Milk

Milk

Blood

Milk

Ethanol, ether/hexane

Chloroform/methanol
/water

Acetone/hexane

Acetone/hexane

Chloroform/meth-
anol/water

Sodium oxalate,
methanol, hexane/ether

NH,OH, ethanol,
ether/pentane

GI

Column chromatography
with silica, KOH/silica,
carbon/glass fibre,
CsOHsilica, H,SO,/silica,

alumina

Column chromatography
with H,SO /silica,
NaOH/silica,

gilica, silica, ahamina,
Carbopak C

Column chromatography on
KOH/silica, carbon/silica,
H,SO/silica, CsOH/silica,

alumina

Hexane/conc. H,SO,
partition, column
chromatography on
H,S0,/8i0,, Si0,, basic Al,0,,
18% Carbopak C/Celite

" " "

Column chromatography
with silica, KOH/silica,
carbon/glass fibre,
HﬁO,/silica, alumina

Column chromatography on
silica, KOH/silica,
carbon/glass fibre,
H,SO,/silica, Florisil
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Table 2. Continued

Labora- Sample Fat extraction Deter- Clean-up
tory mination procedure
code no. method
Blood Chloroform/methanol/ " " "
water
6 Milk Potassium oxalate, Column chromatography
ethanol, ether/pentane Florisil (1% water),
Carbopak C/ethanol,
ether/pentane Celite
Blood " " Column chromatography on
H,S0,/silica, Florisil
(1% water), Carbopak
C/Celite
7 Milk Centrifugation, sodium H,S0,/silica, NaOH/silica
sulfate, hexane/ eluted with hexane,
acetone or oxalate, Carbopack C/Celite eluted
ethanol, ether/pentane with dichloromethane/
cyclohexane, toluene,
AgNOQ,/silica, basic alumina
eluted with hexane
Blood Oxalate, ethanol, " " "
ether/pentane
8 Milk Acetone/hexane Hexane/H,SO, partition,
column chromatography on
acid/base silica, Florisil,
carbon
Blood (NH,),S0,, " " "

ethanol/hexane
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Labora- Sample Fat extraction Deter- Clean-up
tory mination procedure
code no. method
9 Milk Sodium oxalate, G H,SO, silica, neutral
ethanol, ether, hexane alumina, carbon, potasium
silicate, acid/alumina
Blood Ammonium sulfate, G " " "
ethanol, hexane
10 Blood Dichloromethane/ G Column chromatography on
methanol/water KOH/siliea, silica, carbon,
CsOH/silica, H,S0,/silica,
alumina
11 Milk Oxalate, ethanol, G Column chromatography
ether/hexane with H,SO /silica, H,SO,,
carbon/Celite eluted with
dichloromethane/cyclochex-
ane, toluene, basic alumina
eluted with dichloro-
methane/hexane
Blood Chloroform/methanol/ G " "
water
12 Milk, Methanol/chloroform G Hexane/H,SO, partition,
blood column chromatography on
alumina with hexane, CCl,,
CH,CL,
13 Milk Ethanol/ethyl ether G Column chromatography

with silica, alumina,
carbon/silica
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Table 2, Continued

Labora- Sample Fat extraction Deter- Clean-up
tory mination procedure
code no. method
14 Blood (NH,S0,, Jd KOH/silica, H,SO /silica,
ethanol/hexane silica, KOH/silica, silica,
carbon/glass fibre,
CsOH/silica, H,SO,/silica,
acid/alumina
15 Blood Solid phase G Silica, KOH/silica,
extraction H,S0,/silica, carbon/glass
fibre, CsOHsilica,
H,S0,/silica, alumina
16 Milk Sodium oxalate, G Column chromatography
methanol, hexane/ether with silica, KOH/silica,
carbon/Celite, H,SO /silica,
CsOH/silica, alumina
17 Milk, Sodium oxalate, G Adsorbed on Carbosphere,
blood methanol, ether/ rinsed with dichloromethane,
petraleum, ether extracted with toluene,
column chromatography on
alumina with hexane/CH,Cl,
18 Milk Freeze drying, Soxlet G Column chromatography
with toluene with carbon/glass fibre,
acid and basic silica, silver
nitrate silica, alumina
Blood Chloroform/methanol/ G Column chromatography
water with carbon/glass fibre, acid

and basic silica, silver
nitrate silica, alumina



Table 2. Continued

Analytical methods for PCDDs and PCDFs 15

Labora- Sample Fat extraction Deter- Clean-up

tory mination procedure

code no. method

19 Milk Sodium oxalate, G Column chromatography on
ethanol, ethyl carbon/glass fibre with
ether/hexane hexane/ethyl ether then

Blood

toluene, basic alumina

Formic acid, solid G " " "
phase extraction

G = Gravimetric; I = Infra-red; J = Summation of individual lipids.
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Table 3. Summary of analytical equipment and methods for PCDDs and PCDFs

GC equipment MS equipment

Lab- Injection Columns Instrument  Ionization Resolution

oratory technique mode

code no.

1 Splitless SP2330; 60x0.25; VG 70-250S EI 10 000
0.25

2 Splitless DB5; 30x0.25; VG 7070E EI 2 000
0.25 or FFAP;
15x0.25; 0.25

3 Splitless HP Ultra 2; VG 70-2508  EI; 30eV 10 000
25x0.2; 0.33

4 Splitless HP5; 25x0.2; HP 5987 EI (TCDD) Low
0.33 or; or NICI
RTX233030x0.25;
0.1

5 Splitless CPSILS8; 50x0.32; VG 7070H EI; 30eV 5 000
0.12

6 Splitless DB5; 30x0.25; VG Autospec EI 10 000
0.1

7 On-column Ultra 2; 50x0.32; Finnigan EI 5000
0.17 MATS8230

8 On-column DB5; 25x0.25; VG 7070 El 2 000
0.25

9 _ Splitless DB5; 60x0.25; VG 70-2508 EI 10 000
0.25

10 On-column OV2250H; 20x0.3; Finnigan NICI Low
0.2 MAT4510
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GC equipment MS equipment
Lab- Injection Columns Instrument  Ionization Resolution
oratory technique mode
code no.
11 Splitless HP5; 25x0.20; VG 70SE EI; 30eV 10 000
0.11
12 Splitless DBS and CPSil88; VG 705Q EI 10 000
50x0.25; 0.25
13 On-column DB5; 60x0.32; Kratos EI Mass pro-
0.1 MS-50 file >5 000
14 Splitless SP2331; 60x0.25; VG 708 EI; 30eV 10 000
0.25
15 On-column SE54; 60x0.25; 0.2 VG 7035 EI; 30eV 1 500-2 000
or DB5; 30x0.25;
0.1
16 On-column DB5; 60x0.32; 0.1 VG 7070E EI; 30eV 10 000
17 Falling CPSIL 19CB; VG 708Q El 3 000
needle 25x0.25; 0.21
18 On-column  DBS5; 60x0.32; 0.1 HP MSD EI Low (milk)
(milk) 3 000
VG 708Q (blood)
(blood)
19 Splitless DBS; 60x0.25; 0.1 Finnigan NICI Low

4500
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Analytical problems with PCDDs and PCDFs

Practieal difficulties were encountered during analysis. Some participants
reported that analytical standards shipped by the coordinating laboratory
had evaporated or leaked; replacement standards were subsequently
supplied by the coordinators and these problems did not affect the outcome
of the study. In future studies a larger volume of standard solution should
be shipped and the ampoule should be weighed before and after shipping.

None of the laboratories with extensive experience in analysing PCDDs
and PCDFs in milk reported any unusual difficulties with these samples,
although one participant reported that the requirement to measure
recoveries meant that an HPLC clean-up step normally applied had been
omitted and this had resulted in high background signals in the GC/MS
measurement., Some laboratories with little previous experience had
severe difficulties in obtaining sufficiently low blanks, adequate recoveries,
and repeatable results.

In the case of blood, an excessively high fortification level of 2,3,4,7,8-
pentaCDF had inadvertently been added to one of the subpools. This
prevented meaningful data from being obtained for this congener and for
1,2,3,7,8-pentaCDF, and also introduced interference with 2,3,7 8-
tetraCDF. Many of the laboratories had limited previous experience with
blood analysis and this analysis was more difficult because of the lower fat
content compared to milk.

The double-focusing mass spectrometer is advantageous in providing
high sensitivity with a uniform response. Quadrupole instruments
operating in electron ionization mode were considered suitable for milk
analysis only in conjunction with a very effective clean-up, and not at all
for blood. Most of the current methods of analysis are tedious and time
consuming.

Analytical methods for PCBs

The most frequently used method for fat extraction was that propesed by
AOAC, as was generally used for PCDD and PCDF analyses. Some
laboratories also used solvent extractions such as acetone/petroleum ether
or ethanol/acetonitrile. Column chromatographic techniques with alumina
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and silica packings were used for clean-up, a slight modification of those
used for PCDD and PCDF analyses.

For identification and quantification of different isomers, many
laboratories used normal capillary chromatographic instrumentation
equipped with electron capture detection. Some laboratories completed the
analyses using GC/MS instrumentation. Nonpolar GC columns, such as
DP5 and HP5, were most frequently used for identification although some
laboratories also used polar columns, such as CPSIL18.

A summary of extraction and clean-up methods and of analytical
instrumentation, based on information supplied by participants, is
presented in Tables 4 and 5, respectively.

Table 4. Summary of extraction and clean-up methods for PCBs

Labora- Sample Fat extraction Determi- Clean-up procedure
tory nation
code no. method
1 Milk Na-oxalate, ethanol, G Florisil
diethylether/n-hexane
2 Milk Sodium oxalate, etha- G H,80, silica gel
nol, ether, hexane
Blood Ammonium sulfate, G " " "
ethanol, hexane
3 Milk, Acetone/petroleum G Basic alumina
blood ether
4 Milk Oxalate, ethanol, G Column chromatography
ether/hexane with H,80 /silica, H,SO,,
carbon/Celite eluted with
50% dichloromethane/cyclo-
hexane, basic alumina eluted
with 2% dichloromethane/
hexane
Blood Chloroform/methanol/ G " " "

water
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Table 4. Continued

Labora Sample Fat extraction Determi- Clean-up procedure
tory nation
code no. method
5 Milk, Na-oxalate, methanol, G Alumina with
blood diethylether/petroleum hexane/dichloromethane,
ether silica with hexane
6 Milk Ethanol-acetonitrile 1 Extraction with hexane
7 Milk GERBER-method (centri- 1 Extraction with hexane
fugation with H,SO,
and amyl alcohol
8 Milk, Potassium oxalate, G Column chromatography on
blood ethanol,ether, pentane silica (1.5% water)
9 Milk Na-oxalate, ethanol, G CH,CN partition, Florisil
diethylether hexane column
10 Milk Centrifugation, G H,S0,/silica, NaOH/silica
NaSO0,, hexane/acetone eluted with hexane,
Carbopak C/Celite eluted
with dichloromethane/
cyclohexane
Blood Oxalate, ethanol, G " " "
ether/pentane

G = Gravimetric; I = Infra-red.
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Table 5. Summary of analytical equipment and methods for PCBs

GC equipment MS equipment
Lab- Injection Columns Instrument  Ionization Resolution
oratory technique mode
code no.
1 Splitless HP PONA; 25x0.2; HP 5970B EI Low
0.50
2 Splitless DB5; 60x0.25; 0.25 Varian 3700 ECD -
3 Splitless CPSIL8CB; 50x0.32; Varian 3500 - -
0.13
4 Splitless HP; 25x0.20; 0.11 VG 70SE EI; 30eV 10 000
5 Splitless HP Ultra 2; 50x0.20; HP 5880A - -
0.33
6 Splitless DB5; 30x0.25; 0.1 HP 5880 - -
7 Splitless HPS5; 40x0.2; 0.33 HP 5970 EI Low
8 Split DB5; 60x0.25; 0.1; Varian - -
DB 1701; 30x0.25; 3700/ECD
0.1
9 Splitless HP Ultra 2; 25x0.2; VG 70-250S EI; 30eV 6 000
0.33
10 Splitless HP Ultra 2; 25x0.2; Varian 3400 - -

0.11
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Analytical problems with PCBs

Laboratories met fewer difficulties in analysing PCBs compared to PCDDs
and PCDFs. PCB congeners analysed within this study were those with
International Union of Pure and Applied Chemistry IUPAC) numbers 28,
52, 101, 138, 153, and 180. Further interlaboratory quality studies should
also include congeners that are more important from a toxicological point
of view and found in higher concentrations in human milk and blood
samples. These congeners have IUPAC numbers 77, 118, 126, and 169.
Other congeners might also be considered.

Reporting of results from laboratories

The informal meeting held in Toronto in September 1989 had agreed on
a deadline of 28 February 1990 for the reporting of final results. In
practice, results were accepted until 20 March, allowing nine additional
sets of results to be considered. Within the revised timeframe the number
of laboratories reporting results were:

Milk Blood
PCDDs and PCDFs 16 15
PCBs 10 6

Results, sent to WHO/EURO on standard reporting forms, were entered
into a database by a person without any knowledge of the identities of the
participating laboratories. When "not detected” was reported, half of the
detection limit has been used rather than a "missing value". However, if
the detection limit was not reported, the result was treated as a missing
value. Independent verification of the accuracy of the data entered was
made but due to time constraints, the participating laboratories were
unable to proofread their own data.
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Determination of fat content

The fat content determined in association with each analysis for PCDDs
and PCDFs appears in Figure 1 for milk and Figure 2 for blood. The
variability was considered to be unsatisfactory, especially so in the case of
blood, and therefore all further treatment of the data was made on a
whole sample basis. A possible contribution to this variability was the
variety of methods used, some of which might discriminate against certain
components of fat to different degrees. Further efforts to improve the
reliability and comparability of fat determinations were recommended.
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Figure 1. Fat content (%) of PCDDs and PCDF's in milk
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Figure 2. Fat content (%) of PCDDs and PCDFs in blood

Statistical analysis of data

The coordinating committee had met on 20 March 1990 to review the
statistical treatment of the results, which had been prepared for
presentation at the consultation. PCDDs and PCDFs, and PCBs were
treated as two separate categories, as were the two matrices, milk and
blood. The most important output of this treatment was a score for each
laboratory. The reproducibility and repeatability are defined as follows
(3,4):
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Reproducibility: Closeness of agreement between individual results
obtained with the same method on identical test material but under
different conditions (e.g. time).

Repeatability: Closeness of agreement between successive results
obtained with the same method on identical test material and under the
same conditions (e.g. time).

In this study the reproducibility for each laboratory was based on the
absolute deviation from the median value for each pool and congener. To
obtain the final score for each laboratory, the following calculations were
made:

the median value for each pool and congener;

the average of the three determinations for each laboratory, pool, and
congener;

the absolute deviation (from the average) for each laboratory from the
median for each pool and congener;

the ranks of the absolute deviations for each pool and congener; if
the laboratory had a missing value for this combination, the
laboratory was given the same rank as that of the worst deviation;

the ranks for the three pools were averaged for each laboratory and
congener;

the average ranks were (weighted and) summed over all congeners
using toxic equivalent factors according to the Nordic equivalent
model;

in the final score, a weight factor of 1.0 was given for reproducibility.

The repeatability for each laboratory was based on the standard
deviations between the three determinations. To obtain the final score,
the following calculations were made:

the standard deviation of the three determinations for each
laboratory, pool, and congener;
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- the ranks of the standard deviations for each pool and congener; if
the laboratory had a missing value for this combination, the
laboratory was given the same rank as that of the worst standard
deviation;

- the ranks for the three pools were averaged for each laboratory and
congener;

- the average ranks were (weighted and) summed over all congeners
using toxic equivalent factors according to the Nordic equivalent
model;

- in the final score, a weight factor of 0.8 was given for repeatability.

The scores for reproducibility and repeatability, as well as the final
score for each laboratory, are presented in Annex 1. This also includes the
calculated mean values, standard deviations, and median values for each
congener,

The coefficient of variation (CV) was calculated for both reproducibility
and repeatability. The CV value for reproducibility for each laboratory
was computed as the absolute deviation from the median for each
laboratory, congener, and pool divided by the median for each congener
and pool. To obtain a more robust estimate of the CV for reproducibility,
this measure was used instead of the method where the standard
deviation is divided by the mean. The CV value for repeatability for each
laboratory was computed as the standard deviation between the three
determinations for each laboratory, congener, and pool divided by the
mean for each laboratory, congener, and pool. The average CV for each
laboratory was calculated from the CV values for reproducibility and
repeatability. These values are presented in Annex 1.

Some of the PCDD and PCDF congeners had been spiked with certain
amounts in two of the three pools. The PCBs were not spiked. Since the
spiked levels were known, the recoveries (in %) of the spiked amounts for
each laboratory could be computed. In the milk samples, pools A and C
were spiked and in the blood samples, pools A and B. The spiked
congeners and spiking levels are presented in Table 1. The recovery was
computed as the difference between the spiked and unspiked pool for each
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laboratory, congener, and determination. It was calculated as a
percentage of the spiking level (e.g. 100% means that the whole added
amount was detected in the congener in question). The calculated
recoveries for each laboratory are presented in Annex 1.

In the statistical calculations the following points should be noted:

1. In summarizing the results for all congeners for each laboratory,
ranks were used instead of the measured values since this gives a
much more robust analysis (5).

2. The data were replaced by ranks based on the analytical results
reported to WHO/EURO. The ranks were calculated for every
combination of congener and pool. They were standardized to lie
between 0 (smallest and best) and 1 (largest and worst), which is
equivalent to the usual ordinal scale.

3. Missing measurements were replaced by the worst rank, which is 1.
In this way, missing values were given a penalty in the analysis by
using the worst case results.

4. The total score for each laboratory was measured as the (weighted)
sum of rankings for all congeners and pools.

5. The score for repeatability and reproducibility for each laboratory was
calculated by using a toxic equivalent factor according to the Nordic
equivalent model. Using the international toxic equivalent factors (I-
TEF) would not have significantly altered the outcome.

6. In calculating the final score for each laboratory, the reproducibility
was weighted by a factor of 1.0 and the repeatability by a factor of
0.8.

All of the results were presented at the consultation using coded
laboratory numbers, the coding remaining unknown to participants and
to the expert performing the statistical analysis until the discussion at the
consultation was completed. The actual analytical results were not made
available and only the statistical parameters were considered. In this way
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participants were unable to identify the scores associated with their own
results.

In order that alternative statistical examinations of the data can be
made, WHO/EURO will arrange to supply the raw data from laboratories,
identified by code number, upon request by any of the participating
laboratories.

Criteria for qualification of laboratories

The criteria for qualification of the laboratories were based on the final
scores. The coefficients of variation for repeatability and reproducibility
for individual congeners averaged over all congeners, were also calculated
to verify the validity of the final scores. Moreover, the ratio between
theoretical and cobserved fortification levels ("recovery”) was discussed.
Other possible criteria were also discussed, including the detection limits
and percentage recovery of the internal standards. However, as some
laboratories had not reported these data, they could not be included when
setting the quality criteria. Furthermore, their inclusion would not have
changed the number of laboratories that qualified.

PCDDs and PCDFs in milk

Based on the final scores, the results of laboratories with code numbers 2,
11, 12, and 18 were clearly of a significantly lower standard than those of
the remaining laboratories. This finding corresponds, in terms of an
average CV for reproducibility and repeatability (based on median values),
to about 30%. The above four laboratories were therefore not regarded as
qualified. The qualified laboratories are listed in Annex 2.

PCDDs and PCDFs in blood

Based on the final scores, the results of laboratories with code numbers 10,
11, and 12 were clearly of a significantly lower standard than those of the
remaining laboratories. This finding corresponds, in terms of an average
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CV for reproducibility and repeatability (based on median values), to about
45%. The above three laboratories were therefore not regarded as
qualified. The qualified laboratories are listed in Annex 3.

In the case of blood, the analytical difficulties are greater and the CVs
and deviations in the observed fortification levels tend to be larger than
for milk, as reflected in the larger variations in the ranges. The overall
quality of blood analysis needs to be improved, and not only in the case of
the laboratories that did not qualify.

PCBs in milk

Based on the final scores, the results of laboratories with code numbers 1,
3, 4, and 6 were clearly of a significantly lower standard than those of the
remaining laboratories. This finding corresponds, in terms of an average
CV for reproducibility and repeatability (based on median values), to about
20%. The above four laboratories were therefore not regarded as qualified.
The qualified laboratories are listed in Annex 4.

PCBs in blood

Based on the final scores, the results of laboratories with code numbers 3
and 4 were clearly of a significantly lower standard than those of the
remaining laboratories. This finding corresponds, in terms of an average
CV for reproducibility and repeatability (based on median values), to about
20%.

The above two laboratories were therefore not regarded as qualified.
The qualified laboratories are listed in Annex 5.

Regarding the CV values for reproducibility and repeatability for
PCDDs, PCDFs, and PCBs, the results show that the CV values for
reproducibility are higher, reflecting difficulties in analysing samples over
a longer period of time. Regarding the recovery values, these are much
worse in the case of those laboratories that did not qualify as compared
with the laboratories that qualified.
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Need for further studies

The agreement reached at the Copenhagen consultation in 1988 that
quality control studies should be repeated every 2 years was endorsed.
The same study design should be used in principle and a design committee
should decide the necessary details. In particular the committee should
specify the exact method for fat determination. The information to be
reported should be considered by the committee but should include details
of detection limits and recoveries. The study design should also require
the analysis of method blanks at specified intervals to identify any cross
contamination. As noted above, standards should be diluted so that a
larger volume is shipped and ampoules should be weighed before and after
shipping.

Conclusions and Recommendations
Conclusions

1. The variability of fat measurements, especially for blood, was
unsatisfactory, possibly because of the variety of methods used.
Because of this, the results from this study were interpreted on a
whole-sample basis.

2. After consideration of both the accuracy and the precision of the
analyses of PCDDs and PCDF's in milk, 12 laboratories were judged
qualified out of 16 reporting results.

3. For the analysis of PCDDs and PCDFs in blood, the difficulties are
greater and a wider range of variation should, for the time being, be
regarded as acceptable. This wide tolerance was regarded as
necessary in order not to restrict unreasonably the number of
laboratories producing new data for health risk assessment; however,
all except a very few of these laboratories are urgently requested to
seek ways of improving the quality of their results. Twelve
laboratories qualified out of 15 submitting results.
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4. For the analysis of PCBs in milk, six laboratories qualified out of 10
submitting results.

5. For the analysis of PCBs in blood, four laboratories qualified out of
six submitting results.

6. Simple methods for the analysis of PCBs might provide useful results
and would promote the gathering of data from the widest possible
area, including developing countries. Congener-specific analysis is
essential in order to provide comparable results.

Recommendations

1. Only results from laboratories that had qualified in this or some other
appropriate study should be used by the WHO Regional Office for
Europe for further health risk assessment.

2. Infuture studies a design committee should specify the exact methods
for fat determination to be followed by all laboratories. In general,
laboratories are encouraged to improve the reliability of their fat
determinations, noting that simple and easily applied methods are
preferred.

3. Those laboratories that did not fulfil the criteria for qualification,
should take steps to improve their methodology before performing
further analyses. Furthermore, they are strongly requested to take
part in future interlaboratory quality control studies.

4. A further interlaboratory quality control study should be conducted
in 2 years for both PCDDs and PCDFs, and PCBs. The determination
of PCBs should include at least the congeners with IUPAC numbers
28, 52, 77, 101, 118, 126, 138, 153, 169, and 180. Other congeners
might also be considered.

5. Infuture studies the design committee should specify the information
to be reported, and this should include details of detection limits and
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recoveries. The exact method by which these are to be determined
should be specified by the committee. The design of the study should
also require analysis of blanks at specified intervals. Failure to
report all the information requested may result in penalties or
rejection of the results.

6. A European programme for the determination of PCDDs and PCDFs
in food should be included in the UNEP/WHO Global Environmental
Monitoring System (GEMS) food programme. The monitoring
programme should include the three major commodity groups: cow’s
milk and milk products; fish and fish products; and meat and meat
products. Special attention should be paid to cow’s milk. [Note: All
of the laboratories represented at this consultation have provisionally
indicated their willingness to take part.]

7. Considering the need to gather data on PCBs from the widest possible
area, including developing countries, and to use the most appropriate
methods of analysis, the methodology, as a minimum, should be based
on capillary column GC with electron capture detection and should
provide for the measurement of congeners with IUPAC numbers 28,
52, 101, 138, 153, and 180.
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The measurements can be described by the variable Y;;,; where

Congener i=12, .,
Pool :3=1,2,3
Laboratory k=12 .,n,
Determination :1=1,2,3

1. Formula for computation of reproducibility

Rankings are measured according to the standardized average Zﬂwh

Let Z;, be the absolute value of the observation standardized with the
median.

Zt‘ki: | YyH‘YJ..

where Y, is the observed value and

Y; is the median for congener i and pool j.

The standardized average Z—w_ isthen Z, = — X Z

is the number of replications.

2. Formula for computation of repeatability

Rankings are measured according to the standard deviation s, between
the three determinations.
The standard deviation between the three determinations s;, is the

square root of the variation s;‘;k between the three determinations.
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Sgk =rl-l L (- .-Uk 2. where Yy, is the observed value, Yy

is the mean value of the replications 1 and n, is the number of
replications.

The standard deviation is then Sy, = ‘/Sf,k

3. Formula for computation of coefficient of variation for reproducibility

The coefficient of variation is the standard deviation divided by the
mean value.

To get a more robust estimate of the coefficient of variation for
the reproducibility, the absolute deviation from the median for each
laboratory, congener, and pool are used instead of the standard
deviation and the median value for each laboratory, congener, and pool
is used instead of the mean value (see 1. above).

This means that the coefficient of variation for the
reproducibility is (using the results from 1. above)

CV reproducitity =~Zige. 1%,

4. Formula for computation of coefficient of variation for repeatability

The coefficient of variation for repeatability is computed as the
standard deviation between the three determinations for each
laboratory, congener, and pool divided by the mean value of the three
determinations for each laboratory, congener, and pool.

This means, that the coefficient of variation for the repeatability

S,
is (using the results from 2. above) CY repaccabiiiey =%
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5. Formula for computation of recovery of spiked amounts
For each laboratory the recovery of the spiked level in pool s compared

Y, -Y
with the unspiked pool tis R, = —"";——'ﬂ x 100% where Y, is the
is
observed value for congener i, pool s, laboratory k, and determination 1
where pool s is spiked; Y,,, is the observed value for congener i, pool t,

laboratory k, and determination 1 where pool t is unspiked; and X, is
the spiking value for congener i and pool s.
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Table 1.  List of congeners

Congener Congener
no. name

PCDDs and PCDFs

2,3,7,8-tetradioxin
1,2,3,7,8-pentadioxin
1,2,3,4,7,8-hexadioxin
1,2,3,6,7,8-hexadioxin
1,2,3,7,8,9-hexadioxin
1,2,3,4,6,7,8-heptadioxin
1,2,3,4,6,7,8,9-octadioxin
2,3,7,8-tetrafuran
1,2,3,7,8-pentafuran
2,3,4,7,8-pentafuran
1,2,3,4,7,8-hexafuran
1,2,3,6,7,8-hexafuran
1,2,3,,7,8,9-hexafuran
2,3,4,6,7,8-hexafuran
1,2,3,4,6,7,8-heptafuran
1,2,3,4,7,8,9-heptafuran
1,2,3,4,6,7,8,9-octafuran

D2 0 m-a0 b W~

e e
1 S T W

PCBs

TUPAC Number 28
TUPAC Number 52
IUPAC Number 101
TUPAC Number 138
IUPAC Number 153
IUPAC Number 180
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Table 2. PCDDs and PCDF's in milk (on volume basis/parts-
per-trillion): mean, standard deviation (SD),
median, and range

Pool
Congener A B C

1 Mean 0.07 0.06 0.26
SD 0.04 0.02 0.13

Median 0.05 0.06 0.22

Range 0.17 0.09 044

2 Mean 0.12 0.12 048
SD 0.04 0.03 0.13

Median 0.12 0.11 045

Range 0.18 0.17 0.76

3 Mean 0.14 0.07 0.10
SD 0.05 0.03 0.14

Median 0.15 0.07 0.07

Range 0.24 0.15 0.90

4 Mean 1.04 0.54 1.14
SD 0.24 0.17 0.25

Median 1.00 0.53 1.10

Range 1.10 0.85 1.32

5 Mean 0.16 0.13 0.13
SD 0.07 0.04 0.05

Median 0.15 0.13 0.13

Range 0.44 0.20 0.27

6 Mean 4.12 1.32 262
SD 0.86 0.23 0.60

Median 4.04 1.30 249

Range 3.80 1.17 2.30

7 Mean 14.25 6.34 17.95
SD 4.46 2.70 8.53
Median 13.60 5.64 15.90

Range 18.19 13.03 41.90
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Table 2. Continued

Pool

Congener A B C
8 Mean 0.18 0.04 0.05
SD 0.04 0.01 0.03
Median 0.19 0.04 0.04
Range 0.21 0.08 0.12
9 Mean 0.02 0.02 0.02
SD 0.02 0.01 0.01
Median 0.02 0.02 0.01
Range 0.08 0.05 0.07
10 Mean 0.28 0.27 1.11
SD 0.08 0.08 0.21
Median 0.28 0.26 1.10
Range 0.54 0.49 0.89
11 Mean 0.13 0.09 0.09
SD 0.06 0.02 0.04
Median 0.13 0.09 0.08
Range 0.32 0.13 0.19
12 Mean 0.13 0.08 0.15
SD 0.04 0.09 0.04
Median 0.13 0.07 0.14
Range 0.22 0.67 0.25
13 Mean 0.03 0.02 0.02
SD 0.02 0.01 0.01
Median 0.02 0.02 0.01
Range 0.10 0.05 0.05
14 Mean 0.05 0.04 0.05
SD 0.04 0.01 0.10
Median 0.04 0.03 0.03

Range 0.24 0.07 0.70




Table 2. Continued
Pool

Congener A B C

15 Mean 0.31 0.16 0.38
SD 0.10 0.14 0.27
Median 0.30 0.13 0.32
Range 0.71 0.76 1.72

16 Mean 0.03 0.03 0.02
SD 0.03 0.03 0.02
Median 0.02 0.02 0.01
Range 0.15 0.15 0.06

17 Mean 0.12 0.16 0.19
SD 0.07 0.32 0.23
Median 0.10 0.04 0.11
Range 0.37 1.81 0.96
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Laboratory Score
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Figure 1. PCDDs and PCDFs in milk: score for
reproducibility (with Nordic equivalent model)
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Figure 2. PCDDs and PCDF's in milk: score for repeatability
(with Nordic equivalent model)
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Laboratory Score
17 1.56244
1 1.93598
3 2.08411
6 2.22572
13 2.34970
9 2.42153
4 2,44922
8 2.49775
5 2.81778
7 2.84934
16 2.92179
19 2.96960
11 3.82653
12 3.90403
2 4.07129
18 4.34320
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Figure 3. PCDDs and PCDFs in milk: final score (Nordic
equivalent model) based on reproducibility and
repeatability (weight factor 1.0 and 0.8)
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Table 3. PCDDs and PCDFs in milk: median coefficient of
variation (CV) for reproducibility

Laboratory Ccv Range
1 14.04 488.63
2 38.89 2300.84
3 26,10 477.78
4 8.18 116.20
5 7.67 145.00
6 17.24 88.10
7 19.84 178.57
8 20.51 324.10
9 12.82 64.29

11 34.72 789.75
12 30.77 370.56
13 15.60 216.67
16 18.00 446.67
17 8.75 59.83
18 58.51 925.28
19 10.14 444 .44

Table 4. PCDDs and PCDFs in milk: median coefficient of
variation (CV) for repeatability

Laboratory CvV Range
1 5.97 137.78
2 22.35 241.16
3 13.13 1175.40
4 11.76 154.00
5 15.80 116.36
6 8.33 108.39
7 12.37 257.60
8 8.18 17045
9 8.33 464.20
11 24.89 1190.76
12 32.29 589.76
13 15.34 303.31
16 15.56 778.85
17 8.66 46.81
18 13.32 126.45
19 8.19 525.15
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Table 5. PCDDs and PCDF's in milk: average coefficient of
variation (CV) between reproducibility and

repeatability
Laboratory Mean CV
1 10.00
2 30.62
3 19.62
4 9.97
5 11.74
6 12.79
7 16.11
8 14.35
9 10.58
11 29.81
12 31.53
13 15.47
16 16.78
17 8.70
18 35.92
19 9.16
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Table 6. PCDDs and PCDFs in milk: average recovery (%) of spiked amount (Pool A)

Mean

Congener

Laboratory 3 4 6 7 8 12 15 17

1 74.62 76.64 7591 6141 6881 77.78 58.37 -261.78
2 -24.62 0.62 107.61 13.95 46.78 -16.46 15.36 -1108.89
3 67.80 87.85 103.82 143.30 91.62 114.81 84.33 31.11
4 114.02 90.97 9399 82.21 93.18 101.23 93.24 95.11
5 - - 8998 8192 8811 99.59 8233 124.89
6 98.86 122.18 108.28 99.80 69.59 77.37 67.59 69.78
7 81.06 137.69 108.73 50.28 9162 5556 97.85 33.33
8 132.20 14891 141.77 131.79 124.17 -146.91 89.09  205.33
9 64.77 91.59 93777 56.62 9220 103.70 109.06 173.33
11 34.06 7283 6688 6141 64.52 34.16 -33.49 -195.56
12 77.65 119.00 107.06 115.79 103.31 139.92 99.85 -37.78
13 62.50 96.26 8529 63.94 7407 61.73 89.86 173.33
16 65.53 72.90 7479 8892 6784 90.12 57.76 56.00
17 85.61 8349 17993 73.25 73.88 8395 69.12 102.56
18 128.79 104.67 103.59 60.45 101.36 139.92 86.02 -284.44
19 57.58 90.97 59.05 29.56 56.92 89.30 56.84 52.00
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Table 7. PCDDs and PCDF's in milk: average recovery (%) of spiked amount (Pool C)

Laboratory 1 2 4 6 T 10 12 15 17

1 76.24 77.99 6225 10164 9843 8497 6238 7241 -109.93
2 201.32 200.56 125.50 173.39 219.01 107.84 14191 76.15 -843.97
3 72.11 89.14 88.35 21226 197.88 90.78 35.97 119.73 -143.62
4 45.54 8682 9086 11420 77.81 8497 9109 6579 78.72
5 82.67 92.20 - 11181 75.78 89.65 79.21 69.91 64.18
6 103.30 119.78 103.46 137.562 90.70 109.30 88.45 77.40 148.58
7 88.45 11281 114.96 163.23 44.57 100.58 94.06 74.53 15.96
8 56.60 73.35 57.23 59.79 6235 79.16 -147.52 46.19 77.66
9 53.14 61.28 - 4484 2860 86.60 5347 5493 4574
11 21766 74.09 12405 77.16 6228 8312 70.63 247.82 59043
12 51.16 68.71 70.78 87.59 71.63 78.07 118.81 -14.98 -44.33
13 84.16 11328 77.56 89.09 7029 6427 49.50 54.31 184.40
16 85.31 10864 75.80 11241 82.19 6826 88.78 93.13 7270
17 87.62 100.28 86.85 9865 69.31 104.21 103.63 79.90 107.45
18 168.32 109.56 107.93 179.97 121.43 13544 108.91 154.81 202.13
19 - 9591 76.81 98.06 6441 86.78 143.23 61.30 -11.70
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Table 8. PCDDs and PCDFs in blood (on volume
basis/parts-per-trillion): mean, standard deviation
(SD), median, and range

Pool
Congener A B C
1 Mean 0.10 0.20 0.04
SD 0.28 046 0.05
Median 0.02 0.07 0.02
Range 1.29 2.18 0.20
2 Mean 0.19 0.04 0.04
SDh 0.07 0.02 0.04
Median 0.21 0.04 0.03
Range 0.35 0.12 0.19
3 Mean 0.03 0.06 0.04
SD 0.02 0.02 0.07
Median 0.02 0.05 0.02
Range 0.07 0.07 0.34
4 Mean 0.16 1.02 0.17
SD 0.06 2.37 0.06
Median 0.16 047 0.16
Range 0.28 12.49 0.32
5 Mean 0.04 0.06 0.05
SD 0.02 0.12 0.06
Median 0.04 0.04 0.03
Range 0.09 0.83 0.33
6 Mean 1.40 2.03 041
SD 0.27 3.14 0.16
Median 1.40 1.25 0.40
Range 1.30 14.33 0.81
7 Mean 4.90 15.29 4.20
SD 3.589 16.09 2.94
Median 3.15 10.47 3.10

Range 11.76 88.76 10.49
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Table 8. Continued

Pool
Congener A B C
8 Mean - - 0.02
SD - - 0.02
Median - - 0.01
Range - - 0.10
9 Mean - - 0.01
SD - - 0.02
Median - - 0.00
Range - - 0.12
10 Mean - - 0.24
SD - - 0.39
Median - - 0.12
Range - - 1.58
11 Mean 0.04 0.04 0.05
SD 0.04 0.02 0.07
Median 0.03 0.03 0.03
Range 0.26 0.10 0.32
12 Mean 0.03 0.06 0.04
SD 0.01 0.02 0.07
Median 0.03 0.05 0.02
Range 0.08 0.10 0.33
13 Mean 0.01 0.01 0.03
SD 0.02 0.01 0.08
Median 0.00 0.00 001
Range 0.09 0.03 0.33
14 Mean 0.03 0.01 0.03
SD 0.01 0.01 0.08
Median  0.03 0.01 0.01

Range 0.06 0.05 0.33
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Table 8. Continued

Pool

Congener A B C

15 Mean 0.20 0.11 0.11
SD 0.07 0.05 0.04
Median  0.20 0.10 0.10
Range 0.32 0.28 0.24

16 Mean 0.01 0.01 0.02
SD 0.02 0.01 0.05
Median  0.01 0.01 0.01
Range 0.06 0.07 0.28

17 Mean 0.06 0.06 0.08
SD 0.06 0.06 0.12
Median 0.03 0.06 0.03

Range 0.22 0.27 0.46
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Laboratory Score
1 0.76666
6 0.91115
17 1.07310
8 1.22420
9 1.27615
5 1.34829
7 1.51898
14 1.68681
3 1.75112
18 1.80414
15 1.81668
19 1.82197
12 2.23064
10 2.45916
11 2,.58119
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Figure4. PCDDs and PCDFs in blood: score for
reproducibility (with Nordic equivalent model)

Laboratory Score
14 0.75812
8 0.89272
17 1.16606
1 1.18748
6 1.38727
3 1.48063
7 .1.51635
9 1.57466
15 1.67168
18 1.73941
5 1.97166
19 1.99207
10 2.11145
12 2.33061
11 2.42088
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Figure 5. PCDDs and PCDFs in blood: score for
repeatability (with Nordic equivalent model)



52 Levels of PCBs, PCDDs and PCDFs in human milk and blood

Laboratory Score
1 1.71664
8 1.93838
17 2.00595
6 2.02097
14 2.29331
9 2.53588
7 2.73206
5 2.92562
3 2.93562
15 3.15402
18 3.19567
19 3.41563
12 4.09513
10 4.14832
11 4.51790
6 3 18 i0
1 817 G 9 7 s 15 19 K 1
{ ® o® e o 8 @ o o [ .
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Figure 6. PCDDs and PCDFs in blood: final score (Nordic
equivalent model) based on reproducibility and
repeatability (weight factor 1.0 and 0.8)

Table 9. PCDDs and PCDF's in blood: median coefficient of
variation (CV) for reproducibility

Laboratory cv Range
1 8.33 150.00
3 3168 185.17
5 15.08 415.15
6 12.80 179.07
7 25.49 744 44
8 16.67 70.59
9 15.38 78.81
10 87.03 1514.35
11 114.58 6035.63
12 55.72 6066.13
14 21.39 158.33
15 21.21 163.33
17 12.96 758.33
18 48.98 1459.39

19 13.40 98.79
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Table 10. PCDDs and PCDF's in blood: median coefficient of
variation (CV) for repeatability

Laboratory cv Range
1 5.16 964.37
3 23.26 415.73
5 15.04 322.92
6 7.77 36661
7 15.95 158.25
8 6.03 195.12
9 12.37 124.35
10 33.88 156.31
11 18.18 377.07
12 35.78 1028.39
14 7.87 2442.92
15 14.93 399.50
17 9.67 241.48
18 14.97 142.00
19 12.84 82381

Table 11. PCDDs and PCDF's in blood: average coefficient of

variation (CV) between reproducibility and
repeatability
Laboratory Mean CV
1 6.74
3 27.46
5 15.06
6 10.28
7 20.72
8 11.35
9 13.88
10 10.46
11 66.38
12 45.75
14 14.63
15 18.07
17 11.31
18 31.97
19 13.12
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Table 12. PCDDs and PCDFs in blood: average recovery (%)
of spiked amount (Pool A)

Mean
Congener
Laboratory 2 6 14 15
1 88.38 82.49 111.90 66.45
3 87.86 82.21 70.83 76.43
5 88.89 102.17 90.48 82.17
6 88.03 81.08 99.52 53.50
7 94.10 61.06 85.71 60.19
8 93.50 85.30 -2.38 83.44
9 105.30 83.05 92.86 77.71
10 223 60.18 -17.42 -42.82
11 2.56 46.66 91.07 58.92
12 - 75.17 -1041.67 -20.17
14 67.91 77.30 74.29 69.28
15 138.80 104.73 66.67 118.90
17 89.06 78.55 78.45 59.02
18 101.37 122.72 11190 113.80

19 114.70 95.16 11429 91.72
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Table 13. PCDDs and PCDFs in blood: average recovery (%) of spiked amount (Pool B)

Mean
Congener
Laboratory 1 3 4 6 i 12
1 77.27 73.19 82.10 107.87 97.72 82.86
3 73.13 62.39 87.04 84.26 74.19 81.90
5 67.17 - - 105.65 74.35 99.05
6 93.94 82.61 100.89 141.20 87.75 125.71
7 49.24 115.22 116.32 96.25 33.98 55.71
8 81.82 30.43 89.02 107.87 86.55 86.67
9 83.84 - - 104.17 50.46 100.00
10 - 92.39 2176.06 1881.83 837.76 -26.29
11 2415.66 -97.83 24.73 61.57 34.30 133.33
12 -151.52 -326.09 34.12 68.52 82.25 -761.90
14 59.95 71.74 82.45 38.97 70.50 114,48
15 91.92 78.26 171.12 143.52 84.12 86.67
17 67.68 50.72 94.96 115.28 131.63 58.10
18 242 42 111.96 111.87 177.73 178.63 157.14
19 - 111.59 112.76 131.94 76.18 95.24

Table 14. PCBs in milk (on volume basis/parts-per-trillion):
mean, standard deviation (SD), median, and range

Congener Mean SD Median  Range
1 377.60 113.12 369.00 440.00
2 75.44 181.13 30.00 930.00
3 154.11 189.13 75.00 708.00
4 3302.57 940.07 3113.00  4080.00
5 4061.21 1167.87 3865.00 5950.00
6 1728.93 567.43 1657.50  2550.00
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Laboratorxry Score

0.37778
0.38519
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0.63889
0.67593
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Figure 7. PCBs in milk: score for reproducibility

Laboratory Score
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Figure 8. PCBsin milk: score for repeatability
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1.44259
1.62407

Annex 1 57

Figure 9. PCBs in milk: final score based on reproducibility
and repeatability (weight factor 1.0 and 0.8)

Table 15. PCBs in milk: median coefficient of variation (CV)

for reproducibility
Laboratory Ccv Range
1 36.63 54.91
2 12.58 63.32
3 39.95 432.20
4 31.97 666.00
5 21.79 38.46
6 46.68 3024.93
7 21.06 40.00
8 10.58 60.00
9 39.61 64.59
10 14.67 150.00
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Table 16. PCBsin milk: median coefficient of variation (CV)

for repeatability
Laboratory Ccv Range

1 24.33 31.88
2 9.30 11.33
3 3.17 4.00
4 34.29 30.21
5 3.08 16.50
6 - -

7 0.71 24.74
8 3.33 6.24
9 6.66 9.56
10 1.31 13.91

Table 17. PCBsin milk: average coefficient of variation (CV)
between reproducibility and repeatability

Laboratory Mean CV

30.48
10.94
21.56
33.13
12.44
46.68
10.88
6.95
23.14
7.99

[ R . O

—
<
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Table 18. PCBs in blood (on volume basis/parts-per-trillion):
mean, standard deviation (SD), median, and range

Congener Mean SD Median Range
1 46.43 56.04 25.00 183.00
2 13.60 11.72 10.50 37.00
3 42.55 64.93 12.40 178.00
4 942.33  450.55 819.00 1628.00
5 1366.00 716.01 1135.00 2590.00
6 593.27 126.63 630.00 407.00
Laboratory Score
5 0.28889
10 0.47222
2 0.48889
8 0.67222
3 0.94444
4 1.00000
S 10 2 8 3 4
oo ° . .
T e L LI 1 S s o e S A
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Figure 10. PCBs in blood: score for reproducibility
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Laboratory Score
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Figure 11. PCBs in blood: score for repeatability

Laboratory Score
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Figure 12. PCBs in blood: final score based on reproducibility
and repeatability (weight factor 1.0 and 0.8)



Table 19. PCBs in blood: median coefficient of variation (CV)
for reproducibility

Laboratory Ccv Range
2 11.70 19.05
3 36.30 3.03
4 333.33 1111.60
5 2.99 58.00
8 34.92 77.80
10 5.13 73.33

Table 20. PCBs in blood: median coefficient of variation (CV)

for repeatability

Laboratory cv Range
2 0.00 645
3 10.87 8.44
4 14.35 11.00
5 3.58 119.19
8 0.96 3.25
10 648 9.30

Table 21. PCBs in blood:

average coefficient of variation
(CV) between reproducibility and repeatability

Laboratory

Mean CV

W Gt N

10

5.85
23.568
123.84
3.29
17.94
5.80
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ANNEX 2

List of qualified laboratories for analysis of PCDDs

and PCDFs in milk

(showing responsible persons - listed in alphabetical order of countries)

Dr J.J. Ryan

Food Research Division
Health and Welfare Canada
Health Protection Branch
Tunney’s Pasture

Ottawa, Ontario K1A OL2
Canada

Dr M. Ende

State Chemical Investigation
Board

P.O. Box 2462

D-2900 Oldenburg

Germany

Dr P. Furst

Chemical Investigation Bureau for
Nordrhein-Westfalen

Sperlichstr. 19

D-4400 Miinster

Germany

Dr W. Mathar

Max von Pettenkofer Institute
Federal Health Office

P.O. Box 330013

D-1000 Berlin 33

Germany

Telephone: 613-9570978
Telex: 053-3679
Telefax: 613-9571907

Telephone: 441-74091
Telefax: 441-74093

Telephone: 251-7793213
Telex: 892870 rpms
Telefax: 251-7793250

Telephone: 30-83082665
Telex: 184016 bgesa d
Telefax: 30-83082741



Dr AK.D. Liem
Department of Industrial Contaminants
Laboratory of Organic-Analytical
Chemistry
National Institute of Public Health
and Environmental Protection
P.O.Box 1
NL-3720 BA Bilthoven
Netherlands

Dr D. Hannah

Department of Scientific and
Industrial Research

Gracefield Road

Private Bag, Petone

Lower Hutt

New Zealand

Professor M. Oehme

Chemistry Laboratory

Norwegian Institute for Air
Research

P.O. Box 64

N-2001 Lillestroem

Norway

Professor C. Rappe

Institute of Environmental Chemistry
University of Umea

S5-901 87 Umea

Sweden

Dr J .R. Startin

Food Science Laboratory

Ministry of Agriculture,
Fisheries and Food

Colney Lane

Norwich NR4 7UQ

United Kingdom

Telephone: 30-742850
Telex: 47215 rivm nl
Telefax: 30-742971

Telephone: 4-666919
Telefax: 4-694500

Telephone: 6-814170
Telex: 74854
Telefax: 6-819247

Telephone: 90-165266
Telex: 54005 univ ume
Telefax: 90-186155

Telephone: 603-259350
Telex: 97317
Telefax: 603-501123
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Drs M.L. Gross/H.Y. Tong Telephone: 402-4723507
Midwest Center for Mass Spectrometry Telex: 484340
Department of Chemistry Telefax: 402-4723109
University of Nebraska-Lincoln

Hamilton Hall

Lincoln, NE 68588

USA

Dr J. Stanley Telephone: 816-7537600
Analytical Chemistry Section Telefax: 816-7538420
Midwest Research Institute

425 Volker Boulevard

Kansas City, MO 64110

USA

Dr R.D. Stephens Telephone: 415-5403003

California Department of Telefax: 415-5402305
Health Services

2151 Berkeley Way

Berkeley, CA 94704

USA
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ANNEX 3

List of qualified laboratories for analysis of PCDDs

and PCDF's in blood

{showing responsible persons - listed in alphabetical order of countries)

DrJd. d. Ryan

Food Research Division
Health and Welfare Canada
Health Protection Branch
Tunney’s Pasture

Ottawa, Ontario K1A OL2
Canada

Dr M. Ende

State Chemical Investigation
Bureau

P.O. Box 2462

D-2900 Oldenburg

Germany

Dr P. Furst

Chemical Investigation Bureau for
Nordrhein-Westfalen

Sperlichstrasse 19

D-4400 Miinster

Germany

Mr O. Pspke

ERGO Research Society mbH
Luruper Chaussee 145
D-2000 Hamburg 50
Germany

Dr K. Olie

Department of Environmental
and Toxicological Chemistry

University of Amsterdam

Nieuwe Achtergracht 166

NL-1018 WV Amsterdam

Netherlands

Telephone: 613-9570978
Telex: 053-3679
Telefax: 613-9571907

Telephone: 441-74091
Telefax: 441-74093

Telephone: 251-7793213
Telex: 892870 rpms
Telefax: 251-7793250

Telephone: 40-89692322
Telex: 211822
Telefax: 40-89692202

Telephone: 20-5256564
Telex: 16460
Telefax: 20-5256598
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Dr AK.D. Liem

Department of Industrial Contaminants

Laboratory of Organic-Analytical
Chemistry

National Institute of Public Health
and Environmental Protection

P.O.Box 1

NI.-3720 BA Bilthoven

Netherlands

Dr D. Hannah

Department of Scientific and
Industrial Research

Gracefield Road

Private Bag, Petone

Lower Hutt

New Zealand

Professor C. Rappe

Institute of Environmental Chemistry

University of Umea
S-902 37 Umea
Sweden

Dr J. R. Startin

Food Science Laboratory

Ministry of Agriculture,
Fisheries and Food

Colney Lane

Norwich NR4 7UQ

United Kingdom

Drs D.G. Patterson Jr/L. Needham
Center for Environmental Health
Centers for Disease Control

1600 Clifton Road

Atlanta, GA 30333

USA

Dr J. Stanley

Analytical Chemistry Section
Midwest Research Institute
425 Volker Boulevard
Kansas City, MO 64110

USA

Telephone: 30-742850
Telex: 47215 rivm nl
Telefax: 30-742971

Telephone: 4-666919
Telefax: 4-694500

Telephone: 90-165266
Telex: 54005 univ ume
Telefax: 90-186155

Telephone: 603-259350
Telex: 97317
Telefax: 603-501123

Telephone: 404-4884176
Telex: 549571 cdc atl
Telefax: 404-4884609

Telephone: 816-7537600
Telefax: 816-7538420



Dr R. D. Stephens

California Department of Health
Services

2151 Berkeley Way

Berkeley, CA 94704

USA

Telephone: 415-5403003
Telefax: 415-5402305
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ANNEX 4

List of qualified laboratories for analysis of
PCBs in milk

(showing responsible persons - listed in alphabetical order of countries)

Dr M. Ende Telephone: 441-74091

State Chemical Investigation Telefax: 441-74093
Bureau

P.O. Box 2462

D-2900 Oldenburg

Germany

Dr P. Fiirst Telephone: 251-7793213

Chemical Investigation Bureau for Telex: 892870 rpms
Nordrhein-Westfalen Telefax: 251-7793250

Sperlichstrasse 19

D-4400 Miinster

Germany

Dr H.-P. Pietsch Telephone: 2-3652213
Central Institute for Hygiene, Telex: 114734
Microbiology and Epidemiology
of GDR
Pistoriusstrasse 139
D-1120 Berlin

Germany

Dr AK.D. Liem Telephone: 30-742850

Department of Industrial Contaminants Telex: 47215 rivim nl

Laboratory of Organic-Analytical Telefax: 30-742971
Chemistry

National Institute of Public Health
and Environmental Protection

P.O.Box 1

NL-3720 BA Bilthoven

Netherlands



Dr D. Hannah

Department of Scientific and
Industrial Research

Gracefield Road

Private Bag, Petone

Lower Hutt

New Zealand

Dr J. Stanley

Analytical Chemistry Section
Midwest Research Institute
425 Volker Boulevard
Kansas City, MO 64110
USA

Telephone: 4-666919
Telefax: 4-694500

Telephone: 818-7537600
Telefax: 816-7538420
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ANNEX 5

List of qualified laboratories for analysis of
PCBs in blood

(showing responsible persons - listed in alphabetical order of countries)

Dr M. Ende Telephone: 441-74091

State Chemical Investigation Telefax: 441-74093
Bureau

P.O. Box 2462

D-2900 Oldenburg

Germany

Dr P. Fiirst Telephone: 251-7793213

Chemical Investigation Bureau for Telex: 892870 rpms
Nordrhein-Westfalen Telefax: 251-7793250

Sperlichstrasse 19
D-4400 Miinster

Germany

Dr AK.D. Liem Telephone: 30-742850

Department of Industrial Contaminants Telex: 47215 rivm nl

Laboratory of Organic-Analytical Telefax: 30-742971
Chemistry

National Institute of Public Health
and Environmental Protection

P.O. Box 1

NL-3720 BA Bilthoven

Netherlands

Dr J. Stanley Telephone: 816-7537600
Analytical Chemistry Section Telefax: 816-7538420

Midwest Research Institute
425 Volker Boulevard
Kansas City, MO 64110
USA



ANNEX 6
List of participants

Temporary Advisers

Dr Lutz Alder Telephone: 2-3652213

Central Institute for Hygiene, Telex: 114734
Microbiology and Epidemiology

Pistoriusstrasse 139

D-1120 Berlin

Germany

Dr Joergen S. Carlé (Chairman) Telephone: 31-697088
Research Division Telefax: 31-698807
Division of Environmental Chemistry
National Environmental Research
Institute
Moerkhoej Bygade 26, H
DK-2860 Soeborg
Denmark

Dr Alessandre di Domenico Telephone: 6-4990
Istituto Superiore di Sanita Telex: 610071 istsan i
Viale Regina Elena 299 Telefax: 6-4957621
1-00161 Rome

Italy

Ms Annette Ersboell Telephone: 45-930999

Department of of Biometry Telefax: 45-870876
and Informatics

Danish Research Service for Plant
and Soil Science

Lottenborgvej 24

DK-2800 Lyngby

Denmark
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Dr Peter Fiirst

Chermical Investigation Bureau for
Nordrhein-Westfalen

Sperlichstrasse 19

D-4400 Minster

Germany

Dr Marie-France Gonnord
Laboratory of Analytical Chemistry
Polytechnical School

Route de Saclay

F-91128 Palaiseau Cédex

France

Dr Antti Hesso

Institute of Occupational Health
Topeliuksenkatu 41A

SF-00250 Helsinki

Finland

Dr Ad de Jong

Laboratory for Molecular Spectrometry

National Institute of Public Health
and Environmental Protection

P.O.Box 1

NL.-3720 BA Bilthoven

Netherlands

Dr Anton Kocan

Research Institute of Preventive
Medicine

Limbova 14

833 01 Bratislava

Czechoslovakia

Dr Wolfgang Mathar
Federal Health Office
P.O. Box 330013
D-Berlin

Germany

Telephone: 251-7793213
Telex: 892870 rpms
Telefax: 251-7793250

Telephone: 1-69418200
Telex: 601596 ecolex f
Telefax: 1-69418173

Telephone: 0-179842
Telex: 121394 tltx sf
Telefax: 0-1913678

Telephone: 30-742271
Telex: 47215 rivm nl
Telefax: 30-250440

Telephone: 7-373560
Telex: 92279

Telephone: 30-83082665
Telex: 184016 bgesa d
Telefax: 30-83082741



Dr Martin Nygren

Swedish Defence Research
Establishment

FOA 4/Inst 45

S$-901 82 Umea

Sweden

Professor Michael Oehme

Chemistry Laboratory

Norwegian Institute for Air
Research

P.O. Box 64

N-2001 Lillestroem

Norway

Dr Kees Olie

Department of Environmental
and Toxicological Chemistry

University of Amsterdam

Nieuwe Achtergracht 166

NL-1018 WV Amsterdam

Netherlands

Mr Olaf Piapke

ERGO Research Society mbH
Luruper Chaussee 145
D-2000 Hamburg 50
Germany

Dr Jirgen Pfordt

State Chemical Investigation
Board

P.O. Box 2462

D-2900 Oldenburg

Germany

Professor Christoffer Rappe

Institute of Environmental Chemistry

University of Umea
S-902 37 Umea
Sweden

Telephone: 90-189230
Telefax: 90-186902

Telephone: 6-814170
Telex: 74854
Telefax: 6-819247

Telephone: 20-5256564
Telex: 16460
Telefax: 20-5256598

Telephone: 40-89692322
Telex: 211822
Telefax: 40-89692202

Telephone: 441-74091
Telefax: 441-74093

Telephone: 90-165266
Telex: 54005 univ ume
Telefax: 90-186155
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Dr André J. Rogirst

Food Division

Institute of Hygiene and
Epidemiology

14 rue Juliette Wytsman

B-1050 Brussels

Belgium

Dr John J. Ryan

Food Research Division
Health and Welfare Canada
Health Protection Branch
Tunney’s Pasture

Ottawa, Ontario K1A QL2
Canada

Dr Peter Schmid

Institute of Toxicology

Federal Institute of Technology
University of Zurich
Schorenstrasse 16

CH-8603 Schwerzenbach
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