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1 INTRODUCTION 

Occurrence, distribution and formation of polychlorinated dibenzo-para-dioxins (PCDD), 
polychlorinated dibenzofurans (PCDF) and other dioxin-like compounds have been discussed 
lively in the scientific literature since the early 1980. Now 25 years later PCDD/PCDF are 
routinely analysed in a large number of different types of samples. Nevertheless, dioxins are 
still in the news reporting high values especially due to accidental food contamination: levels 
above guideline concentrations in fish in certain areas or in eggs. 

PCDD/PCDF have never been synthesised deliberately apart from the extreme small amounts 
for usage as analytical standards or toxicological tests. They are by-products of several 
industrial processes including production of herbicides (chlorinated phenoxy acids as in Agent 
Orange), chlorine bleaching of paper, chlorine production using mercury and carbon 
electrodes, and different incineration processes (hazardous and municipal waste incineration). 
In addition to dioxins resulting from human activity, recently also PCDD/PCDF in very old 
clay layers were found probably resulting from natural sources. However, the total amounts of 
‘naturally formed’ dioxins are small compared to the anthropogenic sources.  

The concentrations of PCDD/PCDF in environmental samples are normally at the ppt level 
(ng per kilogram or pg per gram), and thus some analytical skill is required detecting the 
dioxins among many interferences. A large number of national dioxin inventories have been 
done in the western world including Europe, the US, Canada and Japan. Much less data is 
available from developing countries in Africa, South and Central America or Asia. When now 
national implementation plans are done by Parties of the Stockholm Convention and other 
countries, it is very important that the quality of the data from those activities is controlled. 
This is of extreme importance that the results of national inventories can be compared. Data 
from inventories and measured environmental concentrations from one country should be 
comparable with data from countries in other regions. The analytical variance should be as 
small as possible and quantifiable. This is necessary to ground solid decision making in which 
analytical errors are eliminated between nations and regions. Most recently, this was 
emphasised in the regulation of levels of PCDD/PCDF in feed and food within the European 
Union. Low limit values were set for different animal feed and food, both within the EU and 
for products exported to the EU. It is expected that limits for the dioxin like PCB are to be 
included in 2006.  

An approach that has been working very well to both improve the analytical quality and to 
quantify the uncertainty in analytical data is the organisation of interlaboratory comparison 
studies. This will be discussed in detail in this report focussed on the analysis of dioxins in 
soil, sediment, sewage sludge, and incineration samples. This approach is also useful and 
being used for other target POPs such as PCB, pesticides (including DDT, chlordanes, and 
toxaphene), brominated flame retardants (BFRs), or even heavy metals. Dioxin analysis is one 
of the most complicated analyses and the prefect example of what can be achieved with strict 
QA/QC and long-term interlaboratory studies. All knowledge acquired from the dioxin field 
can be readily applied to other target compounds including the POPs included in the 
Stockholm Convention.  
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2 THE TEF CONCEPT FOR PCDD, PCDF, AND DIOXIN-LIKE PCB 

Although often reported as only one single value, PCDD and the structurally similar PCDF 
are in reality 210 different compounds consisting of 75 PCDD congeners and 135 PCDF 
congeners. The structures of both compound classes are shwon in Figure 1; they consist of 
two aromatic rings bond together by oxygen with different chlorine substitution on the 
aromatic rings.  

All 210 congeners are thus different compounds and exhibit very diverse chemical, physical 
and toxicological properties. All PCDD/PCDF are persistent but only 2,3,7,8 chlorine 
substituted congeners bioaccumulate and are found to be toxic. Different samples contain 
complex mixtures of PCDD or PCDF congeners; fly ash samples can contain nearly all the 
congeners, which is also often the case for soil and sediment samples. The higher chlorinated 
PCDD (OCDD) for example dominates sewage sludge.  Other samples contain only a limited 
number of congeners. Biological samples higher up the food chain including humans contain 
only congeners with chlorine substitution in the 2,3,7,8 positions. 
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Figure 1: The chemical structure of PCDD and PCDF 

PCDD and PCDF with chlorine substation in the 2,3,7,8 positions have been found toxic and 
potent inducers of the AHH receptor. Non 2,3,7,8-chlorine substituted PCDD and PCDF show 
only very limited toxic responses. To get an overview of the ‘dioxin-like toxicity’ in the 
sample, the toxicity of the PCDD and PCDF with chlorine substitution in the 2,3,7,8-positions 
is often related to the most toxic dioxin; 2,3,7,8-TeCDD. This is the basis for the TEF concept 
where 2,3,7,8-TeCDD is assigned a toxicity equivalency factor (TEF) of 1, and the other 17 
PCDD/PCDF have TEFs assigned ranging from 1 to 0.0001. The WHO-TEFs as established 
in 1998 are given in Table 1.  
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Table 1: Toxicity equivalency factors (TEFs) according the WHO (1998) 

PCDD TEF 
2,3,7,8-TeCDD 1 
1,2,3,7,8-PeCDD 1 
1,2,3,4,7,8-HxCDD 0.1 
1,2,3,6,7,8-HxCDD 0.1 
1,2,3,7,8,9-HxCDD 0.1 
1,2,3,4,6,7,8-HpCDD 0.01 
OCDD 0.0001 
PCDF   
2,3,7,8-TeCDF 0.1 
1,2,3,7,8-PeCDF 0.05 
2,3,4,7,8-PeCDF 0.5 
1,2,3,4,7,8-HxCDF 0.1 
1,2,3,6,7,8-HxCDF 0.1 
1,2,3,7,8,9-HxCDF 0.1 
2,3,4,6,7,8-HxCDF 0.1 
1,2,3,4,6,7,8-HpCDF 0.01 
1,2,3,4,7,8,9-HpCDF 0.01 
OCDF 0.0001 

When reporting the concentrations of PCDD and PCDF, the measured mass concentrations in 
an environmental sample are multiplied with the respective TEF for each of the congeners and 
a total toxic equivalent (TEQ) is calculated. This is illustrated in Table 2 where the toxic 
equivalent (TEQ) is calculated for a municipal solid waste incinerator ash sample.  

Σ Ci x TEFi
i = 1

TEQ =
N

Σ Ci x TEFi
i = 1

TEQ =
N

 

Using the formula above, the concentrations in ng/kg in the second column in Table 2 are 
multiplied by the TEF factor resulting in the levels expressed in ng TEQ/kg (column 4), these 
values are than summed up to give the total TEQ at the bottom of Table 2. 

Several PCB can adopt a planar structure with the biphenyl ring located in the same plane 
geometry. This configuration is energetically favourable for PCB with no chlorine substitution 
in the ortho positions but can also be adopted by PCB with only one chlorine atom in the 
ortho positions. This is illustrated in Figure 2 showing both a planar or non ortho PCB with no 
chlorine atoms in the ortho positions and a mono ortho chlorine substituted PCB containing 
one chlorine atom in the ortho position. Adopting a co-planar structure these PCB resemble 
the planar chlorinated dioxins and furans and can bind to the AHH receptor in a similar way. 
This was recognized already in an early stage for three of the planar PCB, PCB #77, #126 and 
#169 and later for the mono ortho substituted PCB, PCB #105, PCB #114, PCB #118, #123, 
#156, #157, and #167. Also, an additional planar PCB, #81, was added to the WHO-TEF list 
in 1998. 
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Table 2: Example of the TEQ calculation for a MSWI ash sample 

PCDD Concentration (ng/kg) TEF TEQ (ng/kg) 
2,3,7,8-TeCDD 12 1 12 
1,2,3,7,8-PeCDD 28 1 28 
1,2,3,4,7,8-HxCDD 30 0.1 3 
1,2,3,6,7,8-HxCDD 72 0.1 7.2 
1,2,3,7,8,9-HxCDD 41 0.1 4.1 
1,2,3,4,6,7,8-HpCDD 610 0.01 6.1 
OCDD 1850 0.0001 0.185 

PCDF    
2,3,7,8-TeCDF 85 0.1 8.5 
1,2,3,7,8-PeCDF 90 0.05 4.5 
2,3,4,7,8-PeCDF 82 0.5 41 
1,2,3,4,7,8-HxCDF 91 0.1 9.1 
1,2,3,6,7,8-HxCDF 89 0.1 8.9 
1,2,3,7,8,9-HxCDF 23 0.1 2.3 
2,3,4,6,7,8-HxCDF 90 0.1 9 
1,2,3,4,6,7,8-HpCDF 29 0.01 2.9 
1,2,3,4,7,8,9-HpCDF 40 0.01 0.4 
OCDF 160 0.0001 0.016 

  Total TEQ 147 

The TEFs for the four coplanar PCB and eight mono-ortho substituted PCB are given in Table 
3. Because of the TEF concept used to report dioxins and dioxin-like compounds it is essential 
that congener-specific analyses are performed. Co-elution or inferences can result in large 
errors and wrong TEQ values are obtained. Although the situation is extreme for PCDD and 
PCDF, only 17 toxic congeners to be analysed among 210 possible congeners at ppb, ppt or 
even ppq level also other compound classes including PCB, pesticide or brominated flame 
retardant (BFR) exibit similar problems. It is therefore a real challenge for the analyst to come 
up with the ‘right’ and usable results. 
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Figure 2: Example of the chemical structure of ‘dioxin-like’ PCB 



International Intercalibration Studies 5 

Table 3: TEFs for "dioxin-like" PCB (WHO 1998) 

coplanar or non-ortho PCB TEF 
PCB #77 0.0001 
PCB #81 0.0001 
PCB #126 0.1 
PCB #169 0.01 

mono-ortho PCB   
PCB #105 0.0001 
PCB #114 0.0005 
PCB #118 0.0001 
PCB #123 0.0001 
PCB #156 0.0005 
PCB #157 0.0005 
PCB #167 0.00001 
PCB #189 0.0001 
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3 CHEMICAL ANALYSES 

Congener specific analysis of PCDD/PCDF is best achieved by high resolution mass 
spectrometry (HRMS) coupled to high resolution gas chromatography (HRGC) after elaborate 
extraction and clean-up procedures. Soxhlet extraction using organic solvents (toluene, 
hexane, acetone) is the most used extraction technique for solid samples although accelerated 
solvent extraction (ASE) and supercritical fluid extraction (SFE) also can be used. This was 
confirmed in the 10th Round of the international intercalibration study (2005) in which more 
than 100 laboratories participated. Only two laboratories used a different solvent than toluene 
(methylene chloride or a mixture of hexane/acetone) and only one laboratory used microwave 
assisted extraction. Nine laboratories used accelerated solvent extraction (ASE) or pressurised 
liquid extraction using toluene at elevated temperatures and pressure. For the analysis of ash 
samples there is some debate in the international literature if sample pre-treatment with acid 
(mainly HCl) is necessary. Ten participants (10%) decided not to use this treatment, although 
this procedure is highly recommended for complex samples such as fly ash. For sediments, 
the addition of copper to reduce sulphuric compounds might be necessary during the 
extraction stage or early in the clean-up stage.  

Further clean-up of the extract is done by open column chromatography using acid/base 
modified silica and alumina oxide (AlOx) or Florisil. The final separation is done using 
carbon columns, which enable the planar compounds (PCDD, PCDF, and dioxin-like PCB) to 
be separated from the non-planar compounds. The open column clean-up procedure is very 
similar for many sample matrices after the extraction stage. Many laboratories use in-house 
methods based on the scheme in Figure 3. Recently also automated systems based on the same 
three open columns have become available.  

PCB Fraction

Non Planar Waste
Fraction

Planar Dioxin Fraction

Carbon Column

Dioxin Fraction

AlOx Column

Acid/Base
Silica Column

Extraction

GC/MSPCB Fraction

Non Planar Waste
Fraction

Planar Dioxin Fraction

Carbon Column

Dioxin Fraction

AlOx Column

Acid/Base
Silica Column

Extraction

GC/MS

 

Figure 3: A typical sample clean-up for dioxin analysis 
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Although the sample clean-up and extraction procedures have improved and automated 
systems have become available many laboratories still use procedures based on the clean-up 
scheme in Figure 3. It should be noted that all steps normally take one day of work for a set 
from five to ten samples. This implies that it might take at least four days to get an extract 
ready for GC/MS analysis. The usage of different clean-up columns is given in Figure 4 
where the clean-up methods used by the participants in the 10th Round of the international 
intercalibration study are summarized. Additional clean-up was performed by using sulphuric 
acid, silver nitrate or Florisil. An automated system (Powerprep) based on the multi silica 
column, the alumina oxide column, and the carbon column was used by ten of the 
participants. 
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Figure 4: Clean up columns used for the analysis of dioxins and planar PCB in the 10th 
Round of the international intercalibration study 2005 

When PCDD/PCDF were first found in environmental samples analyses were performed 
using low resolution mass spectrometry (LRMS) and packed columns (LRGC). This did not 
allow congener specific analysis and many interferences were present in the produced 
chromatograms. Since these first publications a lot has changed and the introduction of 
capillary columns and high resolution GC/MS has resulted in less interferences and baseline 
separation of nearly all the toxic 2,3,7,8-substituted PCDD and PCDF congeners. This finding 
is illustrated by a chromatogram of one of the samples from one of the last interlaboratory 
comparison studies in Figure 5.  
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Figure 5: A reconstructed selected ion recording (SIR) chromatogram (PCDD) of a 
sediment sample illustrating the enhanced separation of capillary columns 
(DB-5MS) 

Although separation of PCDD/PCDF on capillary columns has improved during the last 
decade, it is still difficult to achieve baseline separation of all toxic 2,3,7,8-substituted 
congeners in one GC run. Therefore, most laboratories run complex samples (soil, sediments, 
ash or emission samples) on a confirmation column after positive identification of the toxic 
congeners. Recently custom designed ‘dioxin’ columns have become available, reducing the 
need for confirmation columns.  

However, the most used columns including DB-5MS or DB-5 do not separate all toxic 
congeners. It is not exactly clear how this affects the total TEQ results and this is again very 
depended on the sample type and the complexity of the dioxin pattern in the sample. 
Biological samples for example, especially higher up the food chain, merely contain the 
2,3,7,8-substituted congeners exclusively. In Figure 6, the columns used for the analysis of the 
ash samples of the 10th Round of the international intercalibration are given. In addition 22 
laboratories used a confirmation column to be able to completely separate all 2,3,7,8-
substituted PCDD/PCDF.  
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Figure 6: GC columns used in the most recent round of the International Intercalibration 
(10th Round 2005) 

The usage of extensive sample clean-up and sample concentration was made possible through 
the availability of 13C labelled internal standards, these compounds behave exactly the same 
properties as their native counterparts but can be distinguished by mass spectroscopy.  
Normally, the twelve 12C carbon atoms in the two biphenyl rings are replaced by 13C carbon 
atoms resulting in an identical molecule with a mass of 12 units higher. All seventeen 2,3,7,8-
substituted PCDD/F are now available as 13C marked internal standards in addition to several 
non 2,3,7,8-substituted 13C labelled PCDD or PCDF. These standards can be used as sample 
(SS), internal (IS) or recovery standards (RS). The usage of a 13C standard added before 
extraction is illustrated in Figure 7.  

An important QA/QC criteria is also illustrated in Figure 7; the chlorine isotope ratio. Because 
of the natural occurrence of both 35Cl and 37Cl atoms, several POPs including PCDD/PCDF 
containing chlorine show a special ‘chlorine cluster’ when analysed by mass spectrometry. 
The abundance of the molecular ion (M) and the chlorine isotope (M + 2) of 2,3,7,8-TeCDF in 
Figure 7 should be within 15% of the theoretical ratio of 77%. 

Nearly all laboratories use high resolution mass spectrometry operated at 10,000 resolution to 
achieve the best selectivity in combination with the best sensitivity. In the 10th Round of the 
International Intercalibration study only four laboratories used low resolution (quadrupole) 
instruments and two laboratories MS/MS (ion trap) instruments. Most standard methods 
require or recommend the use of high resolution mass spectrometry operated at 10,000 
resolution to avoid interferences during GC/MS detection. 
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Figure 7: The 3 SIR channels for TeCDF, showing mass (m/z) 303.9016 for the 
molecular ion (M) at the bottom, mass (m/z) 305.8987 for the most abundant 
ion in the molecular ion chlorine cluster (M + 2) in the middle, and mass (m/z) 
317.9389 for the most abundant ion for the 13C labelled internal standard of 
2,3,7,8-TeCDF 

For the analysis of PCDD/PCDF, several standard methods are available from the US-EPA 
(EPA 1613), the European Union (EN 1948) or Japan (JIS). The majority of laboratories are 
using methods based on US-EPA method 1613. For example, for the samples distributed for 
the 10th Round of the international intercalibration study more than 70 percent of the 
participants used EPA-based methods. The QA/QC criteria of the standard methods are very 
similar and only differ on a few details. The QA/QC criteria are summarised in short below; 
more details can be found in the respective methods. 

The recovery of the internal standards added before extraction should be within 50% to 150%. 
This recovery is calculated against 2-4 13C labelled recovery standards added just before the 
final GC/MS analysis. The recoveries indicate loss of the target compounds during sample 
handling, extraction and clean-up. The relative retention time of the target compound 
compared to the internal standard should be within a set time interval (1-5 s) for positive 
identification. The chlorine isotope ratio should be within 15% of the theoretical chlorine 
isotope ratio when measuring the two most abundant ions of the chlorine cluster to exclude 
co-elution of interferences. Additional QA/QC features are the linearity of a 3- or 5-point 
calibration curve showing relative response factors (RRFs) against the internal standard within 
15%. The levels in laboratory blank samples run with each batch of samples should be less 
than 10% of the values found in the samples. It is also common that a certified reference 
material (CRM) or an in-house QA/QC sample is analysed with each batch of samples. 
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4 INTERNATIONAL INTERCALIBRATION STUDIES 

4.1 General 

With standardised methods in place and in combination with international or national 
accreditation according to ISO norms, the quality of the data produced is well documented but 
the quality of that data is not yet assured or accessed. External QA/QC can be achieved by 
participating in international intercalibration or interlaboratory comparison studies also 
referred to as round robin studies in the international literature. This kind of studies makes up 
important control criteria if properly organised.  Therefore, international intercalibration 
studies are important QA/QC tools.  

The basic idea of an interlaboratory study is to send representative samples without further 
information to a large number of laboratories. The participants analyse ‘blind’ samples with 
in-house methods and technology and report back to the organiser. This not only enables 
validation of the performance of the laboratories but also gives an overview of the state of art 
of the analyses. In addition to real samples, standard solutions and extracts are used to access 
specific analytical problems such as extraction efficiency or the control of calibration samples. 
The analysis of blind samples within international QA/QC studies gives better and more 
objective information than the analysis of CRMs or in-house QA/QC samples of which the 
levels are known. It is also important that the studies are organised on a regularly basis, 
preferable each year. For dioxin analysis two major studies are organised; the International 
Intercalibration on soil/sediment/sludge and fly ash organised by MTM Research Centre, 
Örebro University, Sweden and the study on food samples organised by the Institute of Public 
Health in Oslo, Norway.  

Both studies are based on the same principle and are discussed below. A broad call to 
participate in the studies is send out in September/October each year and interested 
laboratories register for the appropriate study during this period. During October/November 
representative samples are produced and if necessary tested for homogeneity. In addition, 
extracts and standard solutions are prepared and tested. Normally three to four samples and a 
standard solution are sent for each study, covering different concentrations ranges and sample 
types. The samples are sent by an international carrier in special containers with absorbent 
material in the case of leakage or other accidents in December/January. For most shipments, 
this results in the samples being in the laboratory within 2-4 days. Due to more strict security 
since 2001, some delays have occurred during shipment. Additional paperwork done by the 
international carrier or the organiser has again assured that all packages arrive within a 
reasonable amount of time (2-4 days). The control of the shipments, through an Internet-based 
system, is essential. This way both the organiser and the participating laboratories are able to 
monitor the samples during shipment. 

A period of three months to the end of March is given to the participants to analyse the 
samples and report the results through a results file in MSEXCEL format. This file is send in 
advance to all participants to facilitate the reporting of the results. The strict deadline at the 
end of March has to be enforced to be able to present the data at the yearly Dioxin 
symposium, which is typically held in August/September and to give all participants a 
possibility to check their results for writing mistakes or mistakes during data transfer to a 
database. During these annual Dioxin Symposia, the results are presented and discussed in an 
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informal lunch session. Taking both, comments and suggestions, from this meeting and 
reactions through @mail into account the final report is written during September/October. 
The report is made available in pdf-format in November through the internet and finally a 
printed copy is send to all participants. All results are presented with a code for each 
participating laboratory. This code will not be disclosed to third parties unless permission is 
given by the participating laboratory. The Food study organised by the Institute of Public 
Health in Oslo has a similar set-up and is also organised on a yearly basis. 

Table 4. Schedule International Intercalibration on Soil/Sediment/Sludge and 
Incineration related samples 

Time period Activity 
Sep/Oct 2005 Call to participate send by @mail 
Oct/Nov 2005 Preparation samples 
Dec 2005/Jan 2006 Shipment of samples 
31 March 2006 Deadline to report results 
April/May 2006 Control of results 
June/July 2006 Validation results 
Aug 2006 Presentation at International Dioxin Symposium 
Sep/Oct 2006 Final report available on the internet 

In international intercalibration studies, the laboratories are asked to treat the samples as 
routine samples and use in-house methods to resemble a ‘normal’ analysis as closely as 
possible. The participants use their own standard solutions and calibration standards and are to 
report all seventeen 2,3,7,8-substituted PCDD/PCDF, the four planar PCB, and the eight 
WHO-TEF assigned mono-ortho PCB all given in Table 1 and Table 3. In addition the 
PCDD/PCDF TEQ, the PCDD/PCDF + planar PCB TEQ and the total TEQ (PCDD/PCDF + 
all dioxin-like PCB) calculated by the formula given on page 3. 

Detailed information on the method has to be reported in the results form on the extraction 
method used, the extraction solvent, the clean up method, the GC columns used, the GC/MS 
system, the number of standards and on which method the procedure was based. All the 
results files in EXCEL format are read into a database for further evaluation. When this 
process is done, a ‘preliminary’ results' file is send back to the participants for control of 
writing and transfer errors.  

4.2 Statistical Treatment of the Data 

Different approaches exist to evaluate the results in an international intercalibration study.  
The most basic way to evaluate the data is to calculate the mean, the median, the range of 
reported results (min, max), the standards deviation (RSD) and the relative RSD as a 
percentage ((RSD/mean)* 100%). This is illustrated in Table 5 where the results of a high 
level fly ash sample of the 8th Round (2003) are given. 
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Table 5: Compilation of the data of Ash sample of the 8th Round of the intercal study 

Average Median Min Max SD %RSD
2,3,7,8-TeCDD 2.9 3.1 0.4 7.0 1.1 38%

1,2,3,7,8-PeCDD 22.2 22.4 0.9 54.1 7.7 34%
1,2,3,4,7,8-HxCDD 27.6 28.3 3.1 69.1 9.6 35%
1,2,3,6,7,8-HxCDD 38.0 38.0 4.2 105.8 13.6 36%
1,2,3,7,8,9-HxCDD 46.9 44.7 5.5 137.6 20.2 43%

1,2,3,4,6,7,8-HpCDD 237.0 231.0 22.8 1371.0 156.6 66%
OCDD 287.7 261.0 16.4 2822.5 315.9 110%

2,3,7,8-TeCDF 5.2 4.4 0.67 32.0 4.6 89%
1,2,3,7,8-PeCDF 11.4 11.6 1.60 27.0 4.5 40%
2,3,4,7,8-PeCDF 17.9 17.8 3.90 51.0 7.1 40%

1,2,3,4,7,8-HxCDF 27.1 26.1 3.40 92.0 13.9 51%
1,2,3,6,7,8-HxCDF 25.7 26.5 2.84 68.2 9.1 35%
1,2,3,7,8,9-HxCDF 6.8 2.2 0.02 57.6 11.6 169%
2,3,4,6,7,8-HxCDF 26.8 28.0 0.99 82.5 14.0 52%

1,2,3,4,6,7,8-HpCDF 122.9 122.3 9.21 289.6 45.5 37%
1,2,3,4,7,8,9-HpCDF 11.6 11.7 1.62 24.8 4.0 35%

OCDF 44.7 45.9 3.43 113.2 18.2 41%

TEQ (PCDD/DF) 58.9 59.0 6.46 148.9 20.8 35%

PCB #77 4.6 4.6 0.43 9.1 1.5 34%
PCB #126 5.0 5.0 1.65 10.6 1.6 32%
PCB #169 1.9 2.0 0.59 5.3 0.7 37%
PCB #81 0.9 0.9 0.32 2.4 0.4 40%

TEQ (including coplanar PCBs) 63.0 60.4 25.37 149.5 20.2 32%

Mono ortho PCBs
PCB #105 3.7 2.2 1.02 70.4 9.5 257%
PCB #114 1.1 0.4 0.06 26.8 3.7 340%
PCB #118 3.8 2.1 0.64 60.2 8.5 222%
PCB #123 0.9 0.3 0.00 14.6 2.2 235%
PCB #156 3.9 2.6 0.71 63.5 8.3 215%
PCB #157 2.0 1.2 0.41 42.9 5.6 278%
PCB #167 1.6 1.0 0.27 27.1 3.6 230%
PCB #189 2.6 2.1 0.97 30.4 3.9 149%

TEQ Total 63.3 61.2 25.37 149.5 20.7 33%  

This works well if the data shows a ‘normal’ distribution. Other methods are also in use 
including robust statistics (WEPAL) and Cofino statistics (QUASIMEM). The difference in 
mean calculated by the two other methods is relatively small when the medium and median 
are close to each other. A critical point however is how outliers are identified in the ‘raw’ data 
file.  

Two different approaches to validate the results are commonly used: a set value of the RSD or 
‘floating' RSD determined by the results. In order to study the improvement of the analysis 
over a long period of time, the second alternative results in RSDs depending on the degree of 
difficulty of the samples and the analytical skills of the laboratories. This is the preferred 
method for the more complex and challenging chemical analysis and is achieved by omitting 
so-called obvious outlier outside 2x the RSD from the mean on a PCDD/PCDF TEQ basis. 
For the example below this would be values outside 63.0 ± 41.6 (2x RSD). This is further 
illustrated in Figure 8 where the five outliers are marked with an arrow. 
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TEQ Ash B (RSD 35 %, n = 77) 
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Figure 8: Data from the 8th Round of the intercal study, high level fly ash B. 

The laboratory code is given on the x-axes. The TEQ reported by each 
laboratory, the mean of all data, 1x the RSD and 2x the RSD are also given. 
Results outside 2x the RSD are considered outliers 

These results outside 2x the RSD are deleted and a new value for mean value, median value, 
and standard deviation is calculated. This procedure results in a better RSD and five results 
that were not classified. For the example above, the RSD for the total PCDD/PCDF TEQ 
improved from 35% for all 77 laboratories reporting to 23% for 72 laboratories after omitting 
the five outliers. This is illustrated in Figure 9 where the number of classified results are 
plotted together with the mean, 1x RSD and 2x the RSD. The laboratories are classified as 
good if the results are within 1x the RSD, satisfactory when within 2x the RSD and 
questionable when within 3x the RSD. Outliers or results outside 3x the RSD are classified as 
unsatisfactory.  

Table 6: Qualification of z-scores after omitting obvious outliers outside 2x the RSD 

Z-score Z-score Qualification 
z-score < -3  z-score > 3 Unsatisfactory 

 - 3 < z-score < -2  2 < z-score < 3 Questionable 
 - 2 < z-score < -1  1 < z-score < 2 Satisfactory 
 - 1 < z-score < 0 0 < z-score < 1 Good/Excellent 

The results on TEQ basis displayed from Figure 8 to Figure 10 contain valuable information 
for the participants on the quality of their data. Similar figures are also given for the individual 
PCDD/PCDF and PCB congeners.  These figures are useful for the participants to find out 
which congeners might be responsible for the deviation from the mean TEQ value. It is 
important to evaluate the results on a congener specific basis. The total TEQ is a weighted 
average (see example in Table 2) and this might disguise problems on the individual congener 
level. In Figure 8 the raw data is displayed and the obvious outliers (not qualified) are 
identified, in Figure 9 the obvious outliers are removed and the qualified laboratories are 
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displayed. To study the variation within the laboratories, identical samples are distributed 
without further knowledge to the participating laboratories. This results in a figure both 
showing the within laboratory variation and the between laboratory variation. As an example, 
the results of a standard solution are given in Figure 9.  
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Figure 9: Data from the 8th Round of high level fly ash B 

The TEQ reported by each laboratory, the mean of all data, 1x the RSD and 2x 
the RSD after deleting the results outside 2x the RSD. Laboratory code 
displayed on the x-axis 

TEQ Standard P + Q (RSD 10 %, n = 87) 
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Figure 10: Data from the 10th Round, two identical standard solutions showing both the 

variation within the laboratories and the variation between the laboratories 
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In Figure 10 the performance of the laboratories can be distinguished according to accuracy 
(the closeness of a result to its true or accepted value) and precision (the closeness of data to 
other data that have been obtained in the same way). Although the laboratories marked in red 
show good precision, the results are not accurate and their mean result is far from the 
consensus value. On the other hand, one of the laboratories marked in blue shows good 
accuracy but low precision. The other lab marked in blue shows both low accuracy and 
precision. The laboratories marked in green are examples where the laboratories show both 
good precision (inner laboratory variation) and accuracy (closeness to the consensus value). 

Another point of discussion is the treatment of non-detects (ND) when a detection limit or less 
than value is reported. Both ‘lower bound’ when NDs are not included in the total TEQ or 
‘upper bound’ when the DL or the less than value, which is reported are used. The difference 
between upper bound and lower bound is generally small for environmental samples when 
enough sample volume is available but might be more problematic for human or other 
biological samples, which contain low levels and only limited material is available for 
analysis.  

The usage of a floating RSD depending on the actual results submitted by the participants has 
two advantages over the usage of a set RSD. When the RSD is dependent on the reported 
results this gives an indication of the analytical quality at just that moment in time for a 
certain sample. When analytical methods are just established or implemented, this RSD is 
expected to be somewhat larger, while if standard methods have existed for longer period of 
time the RSDs will become smaller. It also results in more fair classification criteria 
depending on the performance of other laboratories or the kind of samples. Samples 
containing interferences and/or very small amounts of the target compounds are generally 
more difficult and result in larger RSDs.  

4.3 Z-Scores 

Another way to represent the data and to classify laboratories is to calculate so called z-scores, 
calculated as z = (x-X) / SD, where x = reported value, X = consensus value or mean value 
and SD the standard deviation. A graphical representation of z-scores calculated for a low 
level soil sample from the 8th Round of the International Intercalibration study is given in 
Figure 11. The overall RSD of the results for this sample was 20 % for 69 laboratories out of a 
total of 73. In this example the z-scores of 56 laboratories are between -1 and 1 and are 
classified as good, 12 laboratories are classified as satisfactory showing a z-score between 1 
and 2 (lab codes 21, 41, 66, and 125 in Figure 11) or -1 and -2 (lab codes 8, 9, 50, 89, 155, 
158), the results of two participants (10, 59) is questionable. The results of 5 laboratories were 
classified as unsatisfactory, z-score larger than 3 or -3 (lab codes 55, 140, 166).  
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Figure 11: Z-scores calculated after omitting obvious outliers outside 2x the RSD. 
A z-score of 1 is classified as good, a z score between 1 and 2 as satisfactory 
and a z-score larger than 3 is unsatisfactory 

The z-scores can be compared with other studies (QUASIME, Institute of Public Health, 
WEPAL) by studying the RSDs. In the statistics using a fixed RSD 25% is often used as a 
general criterion for the analysis of POPs in environmental samples independent of the target 
compounds, levels or complexity of the samples. A set RSD of 25% for a z-score of 2 might 
be somewhat optimistic for the complex dioxin analysis in low level samples. It is striking 
that the RSD based on the submitted results gets close to this optimal value (25%) and is in 
this way direct comparable. 

4.4 Evaluation of Ten Rounds of International Intercalibration Studies 
(1994-2005) 

In Figure 12 the relative RSDs for all 10 rounds of the dioxin intercalibration since 1994 are 
displayed together with the number of participants qualified after omitting obvious outliers. 
The data presented in this figure is included in detail in Appendix 1. From this figure an 
increase of in the number of participants since 1994 can be seen reflected in the number of 
laboratories qualified for each sample. This number increased from 8 in the 1st Round in 1994 
to 87 for the standard solution in the 10th Round. Although initially an improved RSD was 
expected during the studied time period this was not seen in the data and Figure 12. The RSD 
is more dependent on the complexity of the samples and not related on the number of 
participants or the year when the exercise was organised. The lowest RSDs were achieved for 
standard solutions with an average RSD of 15% varying from 10% to 37% followed by the fly 
ash or soil extracts with an average of 19% ranging from 11% to 27%. The soil, sediment or 
sludge samples generally resulted in better RSDs than the fly ash samples with an average 
RSD of 27% varying from 13% to 65%. The fly ash samples were most complicated to 
analyse especially the low level samples and resulted in the largest variation between the 



18 International Intercalibration Studies 

 18

laboratories with an average RSD of 31% ranging from 19% to 49% in the years from 1994 to 
2000. Low level sample were generally more difficult to analyse, but also complicated high 
level samples containing many inferences occasionally caused problems for the laboratories. 
In one sample large amounts of polychlorinated naphthalene’s were present; this compound 
class has similar properties as the PCDD/PCDF during clean up and interferes even when 
using high resolution GC/MS detection.  
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Figure 12: Number of participants in the international intercalibration study for each 
individual sample and the RSD after omitting obvious outliers during the 
period 1994-2005 

In order to study the general analytical quality of the laboratories doing dioxin analysis the 
data from the last seven rounds of the QA/QC study was evaluated in more detail. For this 
evaluation the number of laboratories within 10 % and 20% of the median were calculated as 
a percentage of the total number of participants. This data is in detail included in Appendix 2 
and displayed in Figure 13 and Figure 14. In Figure 13 the data for all fly ash samples is 
displayed with the number of participants on the right y-axis and the percentages of 
participants within 10% or 20% on the left y-axis. The number of participants increased 
steadily until 2002 to around 70-80 laboratories. Note that many participants might analyse 
different matrices each year subscribing to the soil/sediment /sludge study one year and to the 
fly ash study another year. Also the percentage of laboratories within 10% or 20% of the 
median increased until 2002, and stayed basically the same during the period 2002-2004. The 
latest results from the 10th Round organised during 2005 differs and show somewhat lower 
percentages. The reason for this decrease is not directly evident. The samples for the fly ash 
study for 2005 were not more complicated than previous years. On average 52% of the 
participants were within 20% of the median and 32% within 10% of the median. But the 
results varied widely from 6% to 78% for results within 20% of the median value and 8% to 
59% for results within 10% of the median. 



International Intercalibration Studies 19 

Number of results within 10% and 20%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1999 2000 2001 2002 2003 2004 2005
0

10

20

30

40

50

60

70

80

90

20%
10%
Total

 

Figure 13: Number of participants within 10 and 20% of the median from the 4th Round 
(1999) to the 10th Round in 2005 for the fly ash samples. 

The number of laboratories within 10% or 20% of the median for the soil, sediment, and 
sludge samples was generally larger than the numbers for the fly ash samples as illustrated in 
Figure 14. Already for the 4th Round (1999) more than 60% of the participants were reporting 
values within 20% of the median. On average 73% of the participants were reporting within 
20% of the median (range 57-88%) and 50% within 10% of the median (range 31-74%) which 
are very good results taking into account that both low level samples and complex high level 
samples were included. 
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Figure 14: Number of participants within 10% and 20 % of the median since the 4th 
Round (1999) for the soil samples 

Extraction was found to be a key issue when the results in Appendix 2 were validated in more 
detail. The three extracts distributed in the 4th, 5th and the 9th Rounds resulted in much better 
interlaboratory agreement than the solid samples. More than 90 % of the laboratories reported 
results within 20% of the median for a soil extract distributed in 1999, 89% of the participants 
were within 20 % of the median for a fly ash extract distributed in 2000 and finally 68% 
within 20% of the median for an extreme low level fly ash extract distributed in 2004. 

For the standard solutions distributed throughout the years 2000-2005 the number of 
laboratories reporting between 10% of the median ranged from 48% to 79%, again depending 
on the concentration or complexity of the ‘blind’ standard solution send to the participants. In 
some cases co-eluting congeners to the 2,3,7,8-substituted congeners were included to 
increase the degree of difficulty. 
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4.5 Regional z-Scores 

The z-scores of the 10th Round of the international intercalibration study were divided into 
seven regions according to Table 7 to study the analytical quality in different regions. Europe 
was divided into three regions consisting of the EU member states, the new member states and 
a group containing Norway, Switzerland, Turkey and Russia. Asia was divided into Japan and 
the rest of Asia including China and Hong Kong, Taiwan, Korea and Malaysia.  

Table 7: Distribution of the participants of the 10th Round (2005) according to countries 
and regions 

Region/Country No of participants Region/Country No of participants 
USA/Canada   EU New Member States (2)   
USA 7 Czech Republic 2 
Canada 8 Poland 1 
South America   Slovenia 1 
Brazil 2 Hungary 2 
    Other (Europe 3)   
EU (Europe 1)   Switzerland 1 
England 4 Norway 1 
Germany 4 Turkey 1 
France 6 Russia 3 
Sweden 4 Australia/New Zealand   
Belgium 4 Australia 2 
The Netherlands 2 New Zealand 1 
Italy 10 Asia   
Spain 4 Japan 9 
Austria 1 China 3 
Finland 3 Hong Kong 3 
Denmark 1 Korea 5 
    Taiwan 6 
Total 102 Malaysia 1 

The results of the regional z-scores are given in Table 8 in addition to the number of results 
submitted in the regions. The z-scores for each participant were calculated after omitting 
obvious outliers for the PCDD/PCDF TEQ. The average of the absolute value for each region 
was calculated. This results in a positive average z-score for each region as opposed to both 
negative and positive z-scores for the individual results which is given in Table 8.  

The overall RSDs between the participating laboratories in the 10th Round of the dioxin 
interlaboratory study for the different samples were relatively good and varied between 9% 
and 35%. All regions showed, on average, good z-scores varying between 0.40 and 0.80. The 
highest regional z-scores were closely related to the number of participants from that region. It 
is therefore difficult to draw any conclusions on the ‘overall’ analytical quality per region. 
However it is obvious that in several regions; South and Central America, Africa, Asia (with 
the exception of Japan) and India, only limited analytical capability is available for advanced 
(PCDD/PCDF) POP analysis. With regard to Japan the analytical capability is larger that the 
number of laboratories (9) participating in the 10th Round world wide. A recent study within 
Japan organised by the Research Group on Ultra Trace Analysis (UTA) of the Japan 
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Environmental Measurement & Chemical Analysis Association (JEMCA) attracted 84 
laboratories. Preliminary results from this study showed extreme good agreement between the 
laboratories for a fly ash extract (RSD, 6.5%). 

Table 8: Regional z-scores (average of the absolute value) of the results of the 10th 
Round and the number of results submitted by the participants per region 

  Standard P Standard Q Ash A Ash B Ash C 
  RSD 11% RSD 9% RSD 25% RSD 28% RSD 35% 
  n z-score n z-score n z-score n z-score n z-score 
USA/Canada 14 0.43 14 0.57 10 1.26 10 0.72 11 1.01 
                    
Europe 1 40 0.82 38 0.73 35 0.62 33 0.72 30 0.93 
Europe 2 4 0.64 4 0.80  -  - 1 0.05 1 0.88 
Europe 3 4 0.52 5 0.51 5 1.14 5 0.74 2 0.90 
                    
Australia 3 0.29 3 0.07 2 0.94 2 0.62 2 0.14 
                    
Japan 7 0.36 7 0.55 5 0.79 5 0.55 5 0.37 
Asia 16 0.65 16 0.76 14 0.83 13 0.71 14 0.64 
                    
South America 1 0.40 1 0.33 1 1.35 1 0.78 1 1.83 

                      
  Sediment A Sediment B Soil C Sediment D Total 
  RSD 22% RSD 20% RSD 14% RSD 19%   
  n z-score n z-score n z-score n z-score n z-score 
USA/Canada 11 0.55 11 0.67 12 0.65 11 0.76 104 0.74 
                
Europe 1 30 0.90 29 0.82 29 0.76 27 0.93 291 0.80 
Europe 2 1 0.68 1 0.19 2 0.36 2 0.08 16 0.46 
Europe 3 2 0.34 2 0.41 2 0.22 2 0.26 29 0.56 
                
Australia 3 0.68 3 0.23 3 0.42 3 0.19 24 0.40 
                
Japan 5 0.32 5 0.46 5 0.20 4 0.37 48 0.44 
Asia 13 0.85 13 0.89 13 0.86 12 0.74 124 0.77 
                
South America  -  -  -  -  -  -  -  - 5 0.94 
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5 OUTLOOK AND FUTURE OF INTERCALIBRATION STUDIES 

Interlaboratory or intercalibration studies are an important QA/QC tool for advanced POP 
analysis and have contributed that a growing number of laboratories are able to perform 
analysis with acceptable variation. Several studies have also contributed to better 
understanding of the variation in the results presented from different part of the world. 
Uncertainty between 10-25 % has to be excepted when comparing results worldwide 
especially for advanced POP analysis. Intercalibration studies will also in the future be needed 
for both established and new laboratories to check their performance and ‘prove’ their 
capability. From an international quality assurance point of view world wide international 
studies are preferred, but local initiatives could also be useful to lift the analytical quality in 
just that region or country. 

Table 9: World wide interlaboratory comparison or intercalibration studies on 
PCDD/PCDF and other organic chemicals 

Organisation / Contact/ @mail / home page Samples Target Compounds
International Intercal Fly Ash PCDD/DFs WHO PCBs
Bert van Bavel Soil/Sediment/Sludge PCDD/DFs WHO PCBs
Bert.vanBavel@intercal.se Standard Solutions PCDD/DFs WHO PCBs
www.intercal.se PBDD/DF PBCDD/DF

Norwegian Institute of Public Health Food PCDD/DFs WHO PCBs
Georg Becher Standard Solutions PCDD/DFs WHO PCBs
Georg.Becher@folkehelsa.no PBDE HBCD
Line.Smastuen.haug@fhi.no
www.fhi.no

WEPAL /SETOC Soil/Sediment/Sludge PCDD/DFs WHO PCBs
Bram Eijgenraam PAH / Pesticides Bulk PCBs
info.wepal@wur.nl
www.wepal.nl

QUASIMEME Fish and Shellfish PCDD/DFs WHO PCBs
David Wells Shellfish PAHs
Jacob de Boer Sediment PAHs Chlorinated 
quasimeme@wur.nl Fish Oil Toxaphene Organics
www.quasimeme.org Solution/Biota/Sediment BFRs (BDE, HCBD)

Japanese Environmental Measurement Soil PCDD/DFs WHO PCBs
& Chemical Association Standard PCDD/DFs WHO PCBs
Research Group of Ultra Trace Analysis Fly Ash Extract PCDD/DFs WHO PCBs
Takumi Takasuga
t_takasuga00@shimadzu-techno.co.jp
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A number of large international studies open to laboratories worldwide are given in Table 9. 
These organisations often can give advice or suggest other studies to newly established 
laboratories. Concerning the POPs included in the Stockholm convention, studies on all 
compounds are available. For new POPs including the persistent brominated flame retardants 
(such as PBDEs) and persistent organic fluor compounds (such as PFOS, PFOA) new 
initiative have recently started. In addition, new technological developments are evaluated in 
several international studies. As an example, the biological detection of dioxins using 
different kinds of bioassays was validated both between the ‘bioassay’ laboratories and the 
chemical analysis. Another example is the analysis of the PBDE replacement HBCD. This 
compound exists of three isomers, which are difficult to separate using gas chromatography. 
This issue is now being investigated in an intercalibration study. New POPs are expected to be 
included in the Stockholm Convention (see report of the 1st Meeting of the POPs Review 
Committee at http://www.pops.int/documents/meetings/poprc/default.htm), which is presently 
evaluating the proposal to include five additional POPs:  chlordecone, γ-
hexachlorocyclohexane (γ-HCH, lindane), hexabromobiphenyl (HxBB), pentabromo diphenyl 
ether (PeBDE), and perfluorooctane sulfonate (PFOS). World-wide interlaboratory 
comparison studies in an early stage will assure the quality of the analytical procedures and 
provide a base for solid decision making on both an international or regional level. 
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6 SUGGESTIONS AND GUIDELINE BEFORE PARTICIPATION IN 
INTERNATIONAL INTERCALIBRATION STUDIES. 

To illustrate the benefits of long term participation in intercalibration studies the data for three 
laboratories have been adapted and plotted in Figure 14. The absolute value of the adapted z-
scores has been plotted for 4 years (2001-2004). Laboratory A has been participating almost 
since the beginning of the study in 1992, laboratories B and C have more recently joined. As 
can be seen from Figure 14 laboratory A has been consistently under a z-score of 1 with the 
exception of the first sample from 2002. This pattern is typical for many of the more 
experienced laboratories performing well over a longer period of time but occasionally 
showing a larger z-score, although still satisfactory. Laboratory B resembles the pattern for a 
starting laboratory. In 2001 showing relatively high z-scores but gradually improved to 
surprisingly good results in the later years (2003, 2004). Laboratory C started well but did 
experience some problems in the year 2003 for the whole sample set with even one z-score 
over 2. Although speculative (no detailed information is available) this might indicate 
problems with the calibration standard which was corrected in the following year (2004). 

The z-score calculated on the total PCDD/PCDF TEQ indicate if this value is in agreement 
with the other participants. However this is a so called weighted average (see Table 2) and 
individual results for the congeners might still be off. It is therefore still important to also 
evaluate the isomer specific results. 
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Figure 15: Absolute z-scores of three selected laboratories adapted from data from the 6th, 
7th, 8th and 9th Rounds of the international intercalibration study 
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7 A PRACTICAL GUIDELINE FOR STARTING DIOXIN 
LABORATORIES 

1. Research the literature. Information can be found in the Dioxin conference proceeding 
series (Organohalogen compounds). Since 1999 these proceedings are available on CD 
(www.dioxin2005.org).  A lot of ‘dioxin’ articles are published in international journals 
such as Chemosphere and Environmental Science and Technology (ES&T). 

2. For analytical procedures consult existing standard methods. For PCDD/PCDF EPA 
Methods 1613, 8290 and 23 are readily available from the internet (www.epa.gov). 
European guideline EN 1948 or different Japanese JIS methods are also available (but 
not free of charge or only in national language). 

3. Take contact with a well established laboratory in the region and visit this laboratory. 
The investments to establishing a dioxin laboratory are substantial. A high resolution 
GC/MS system is not the only investment. The outcomes of a recent EU project 
(Difference) highlighted labour cost of the extraction and clean up phase as the largest 
cost per sample. 

4. Contact and test high resolution GC/MS instruments, although low resolution 
instruments (e.g., ion trap MS/MS) can be used for specific samples or applications, 
90% of the laboratories world wide use high resolution instruments. Low levels samples 
including feed and food are almost exclusively run on high resolution instruments. 
Currently 4 suppliers are offering this instrumentation (Waters, Thermo Electron, JEOL 
and MSI) of which the first two dominate the market. 

5. Education of laboratory personal in doing trace analysis is essential. Training on the 
high resolution GC/MS systems is normally not a problem and is offered by the 
different companies either at their facilities or on site. It is more difficult to train 
personal doing dioxin analysis at trace levels. Although automated systems such as the 
Powerprep (www.dionex.com) are available and gaining in popularity they are still not 
commonly used and are expensive. Most laboratories still use manual extraction and 
clean procedures adapted after one of the standard methods.  

6. Consult established dioxin laboratories or the literature on the extraction procedures and 
clean up used and design a procedure that works for the local conditions. Decisions have 
to made on extraction procedures (Soxhlet, open column, liquid/liquid, ASE), clean up 
steps (acid/base silica, AlOx, Florisil, carbon) and chromatographic columns (polar, 
non-polar, 30 m, 60 m). 

7. One of the biggest problems during analysis is contamination; all chemicals from clean 
up gels to organic solvent have to be tested for dioxin contamination. It should also be 
kept in mind that high level samples potentially can contaminate low level samples and 
ideally should be extracted and handled in different laboratory locations.  

8. All dioxin methods are based on the isotope dilution principle using 13C labeled internal 
standards. A wide variety of standards are available from two main suppliers, 
Wellington Laboratories and Cambridge Isotope Laboratories (www.well-labs.com and 
www.isotope.com ) for the method used or the expected concentrations. 
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9. When blank test and standard runs are satisfactory a start can be made by testing ‘real’ 
samples. One of the first stages is to analyse certified reference material (CRM) of 
which the concentrations of dioxins are known. CRMs are available from the NIST, 
Sigma Aldrich or the standards suppliers mentioned above. In a start up phase it might 
also be useful to analyse material used in earlier intercalibration studies. Often the 
organisers of the intercalibration have material left over which can be sent for in house 
testing at low costs. 

10. Running ‘real’ samples or CRMs might reveal co-elution or separation problems. 
Especially incineration related and soil/sewage/ sludge samples do not only contain the 
2,3,7,8-substituted congeners and co-elution does occur. Often these samples have to be 
run on both a polar and/or non-polar column, although custom made ‘dioxin’ columns 
have become available with enhanced separation capacity. Biological samples in general 
human samples often only contain the 2,3,7,8-substituted PCDD/PCDF but the levels 
are significantly lower and column bleed could be an issue. 

11. The final test will be to actually take part in a intercalibration study for the sample types 
relevant to the work expected to be done. It is not advisable to participate in several 
studies at once. A good strategy is to start with one or two matrices and slowly expand. 
It is very common that laboratories participate for different matrices every year, rotating 
between incineration related samples (fly ash), solid samples (soil/sediment/sludge) and 
biological samples (feed/food or human). 

12. When the results are available always follow up the results on a congener specific basis. 
This will give detailed information on the extraction efficiency, cross contamination and 
calibration standards. From an analytical point of view the total TEQ is a weighted 
average which might not reveal problems on a congener specific level. 
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8 ANNEX 1:  RESULTS FROM INTERNATIONAL INTER-
CALIBRATION STUDIES 1994-2005 

Table 10: RSDs from all samples analysed within the international intercalibration study 
on dioxin in solid samples 1994 to 2005 

  Year Sample RSD (all) n RSD1 n 
1st Round 1994 Fly Ash Extract A 23% 8 23% 8 
  Fly Ash Extract B 20% 8 20% 8 
    Fly Ash Extract C 23% 8 23% 8 
2nd Round 1996 Fly Ash Extract A   25 11% 21 
  Fly Ash Extract B  25 15% 21 
    Fly Ash Extract C   25 12% 21 
3rd Round 1998 Fly Ash A 46% 30 33% 22 
  Fly Ash B 43% 30 31% 22 
  Fly Ash C 40% 30 23% 25 
  Extract D 24% 30 24% 30 
  Extract E 25% 30 25% 30 
  Extract F 22% 30 22% 30 
    Soil A 22% 29 16% 28 
   Soil B 14% 29 14% 29 
   Soil C 59% 29 59% 29 
   Sewage Sludge D 110% 27 33% 21 
    Sewage Sludge E 96% 28 33% 24 
    Standard Z 37% 36 37% 36 
4th Round 1999 Fly Ash A 49% 52 49% 52 
  Fly Ash B 141% 52   
  Extract C 16% 51 16% 51 
    Sediment A 34% 52 34% 52 
   Sludge B 34% 50 34% 50 
    Extract C 17% 51 17% 51 
5th Round 2000 Fly Ash A 46% 57 35% 50 
  Fly Ash B 46% 57 32% 50 
  Extract C 12% 56 12% 56 
    Sediment A 62% 52 17% 48 
   Sediment B 55% 51 18% 50 
    Sediment C 263% 51 17% 44 
    Standard E 18% 58 10% 50 
6th Round 2001 Fly Ash A 37% 63 32% 60 
  Fly Ash B 85% 61 49% 59 
  Fly Ash C 41% 62 31% 60 
    Sludge A 96% 50 65% 49 
   Clay B 90% 50 19% 49 
   Sediment C 41% 49 26% 48 
    Sediment D 39% 49 14% 48 
  Standard F 19% 67 10% 63 
  Standard H 29% 66 17% 62 
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Table 10 (cont'd.) 

  Year Sample RSD (all) n RSD1 n 
7th Round 2002 Fly Ash A 35% 80 19% 74 
  Fly Ash B 40% 80 19% 74 
  Fly Ash C 45% 80 40% 77 
    Soil A 35% 68 18% 64 
   Soil B 43% 66 20% 63 
   Soil C 64% 68 64% 68 
    Soil D 35% 66 18% 62 
    Standard I 17% 93 11% 86 
8th Round 2003 Fly Ash A 68% 79 24% 75 
  Fly Ash B 35% 77 23% 72 
  Fly Ash C 48% 79 30% 76 
  River Clay A 50% 70 25% 66 
  Soil B 118% 64 53% 60 
  Sediment C 22% 69 14% 65 
   Standard L 29% 89 16% 84 
9th Round 2004 Fly Ash A 43% 75 26% 75 
  Fly Ash B 51% 79 33% 77 
  Fly Ash Extract C 41% 74 27% 72 
  Sewage Sludge A 42% 71 20% 69 
  River Clay B 23% 71 13% 70 
  Sewage Sludge C 41% 69 41% 69 
  Sediment D 45% 71 24% 67 
  Standard M 29% 75 11% 68 
   Standard O 25% 68 14% 63 
10th Round 2005 Fly Ash A 38% 76 25% 72 
  Fly Ash B 43% 75 28% 70 
  Fly Ash C 36% 76 35% 75 
  Sediment A 34% 65 22% 63 
  Sediment B 42% 65 20% 63 
  Sediment C 33% 66 14% 65 
  Sediment D 23% 63 19% 61 
    Standard P + Q 20% 91 10% 87 
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Table 11: Total number of laboratories qualifying within 10% and 20% of the median 
consensus value of incineration and soil/sediment/sludge samples and extracts 
1999-2005 

    Total 20% 10%     Total 20% 10% 
4th Round 1999         1999       
  Ash A 51 39% 24%  Soil A 52 62% 31% 
  Ash B 52 6% 8%  Soil B 50 66% 40% 
  Extract C 51 78% 59%  Extract C 51 90% 57% 
5th Round 2000         2000       
  Ash A 57 33% 18%  Soil A 48 75% 54% 
  Ash B 57 37% 16%  Soil B 47 79% 57% 
  Extract C 56 89% 70%  Soil C 48 71% 44% 
6th Round 2001         2001       
  Ash A 63 48% 29%  Soil A 50 68% 50% 
  Ash B 62 40% 16%  Soil B 50 84% 74% 
  Ash C 63 48% 30%  Soil C 49 78% 53% 
         Soil D 49 88% 69% 
7th Round 2002         2002       
  Ash A 80 60% 44%  Soil A 68 78% 44% 
  Ash B 80 54% 35%  Soil B 66 79% 62% 
  Ash C 79 71% 46%  Soil C 68 60% 46% 
         Soil D 67 70% 48% 
8th Round 2003         2003       
 Ash A 79 59% 35%  Soil A 71 68% 45% 
  Ash B 77 69% 43%  Soil B 65 57% 37% 
  Ash C 79 58% 35%   Soil C 70 79% 56% 
9th Round 2004         2004       
  Ash A 79 71% 39%  Soil A 71 77% 62% 
  Ash B 79 62% 35%  Soil B 71 82% 68% 
  Extract C  74 68% 54%  Soil C 72 58% 35% 
         Soil D 71 64% 38% 
10th Round 2005         2005       
  Ash A 74 58% 38%  Soil A 66 64% 39% 
  Ash B 74 53% 28%  Soil B 66 76% 50% 
  Ash C 74 39% 22%  Soil C 66 88% 64% 
            Soil D 63 73% 41% 
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Table 12: Total number of laboratories qualifying within 5% and 10% of the median 
consensus value of standard solutions analysed between 1999 and 2005 

    Total 10% 5% 
5th Round 2000       
  2,3,7,8-TCDD 58 53% 33% 
6th Round 2001       
  2,3,7,8-TCDD 66 67% 38% 
  2,3,7,8-TCDD 65 48% 28% 
7th Round 2002       
  2,3,7,8-TCDD 92 51% 30% 
8th Round 2003       
  2,3,7,8-TCDD 88 60% 33% 
9th Round 2004       
  2,3,7,8-TCDD 74 65% 42% 
  2,3,7,8-TCDD 68 60% 32% 
10th Round 2005       
  2,3,7,8-TCDD 89 79% 63% 
  2,3,7,8-TCDD 89 78% 65% 
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Table 13: Participants in the Soil/Sediment or Incineration Study 2005 
Participant @mail 
Wolfgang Moche wolfgang.moche@umweltbundesamt.at 
Umweltbundesamt Austria   
Spittelauer Laende 5   
A-1090 Vienna   
Austria   
Dr. Alan Yates  alan.yates@measurement.gov.au 
AGAL Dioxin Analysis Unit   
National Measurement Institute – Pymble   
1 Suakin Street   
Pymble NSW 2073    
Australia   
Clive Robinson clive.robinson@alsenviro.com 
Australian Laboratory Services (ALS)   
32 Shand Street   
Stafford   
Brisbane   
Queensland 4053   
Australia   
Marc Van Ryckeghem / Geert De Smet marc_van_ryckeghem@sgs.com 
SGS Belgium NV IAC geert_de_smet@sgs.com 
Polderdijkweg 16   
Haven 407   
B-2030 Antwerpen   
Belgium   
Rudy Van Cleuvenbergen rudy.vancleuvenbergen@vito.be  
Vito   
Boeretang 200 – building MAN   
B-2400 Mol   
Belgium   
Gauthier Eppe G.Eppe@ulg.ac.be 
CART-Ulg   
University of Liege   
Allee de la chimie B6C, Sart-Tilman   
B-4000 Liege   
Belgium   
Gaston Charlier g.charlier@issep.be 
Institut Scientifique de Service Public (ISSeP)   
Rue du Chéra, 200   
4000 LIEGE   
Belgium   
Dr Thomas Krauss thomas@ensp.fiocruz.br 
Fundação Oswaldo Cruz (FIOCRUZ)   
Escola Nacional de Saúde Pública (ENSP)   
Rua Leopoldo Bulhões, 1480 – Manguinhos   
CEP: 21041-210   
Rio de Janeiro RJ   
Brasil   
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Table 13 (cont'd.) 
Participant @mail 
Gabriela Kernick Carvalhaes gabriela@anasol.com.br  
Analytical Solutions   
Rua Prof. Saldanha 115   
Jardim Botânico    
Rio de Janeiro 22461-220   
Brazil   
Brock Chittim/ Colleen Tashiro brockc@well-labs.com 
Wellington Laboratories Inc. colleen@well-labs.com 
345 Southgate Drive   
Guelph   
Ontario N1G 3M5   
Canada   
Rick Zolkiewski rzolkiew@envirotest.com 
Enviro-Test Laboratories   
9936-67 Avenue NW   
Edmonton, Alberta T6E 0P5   
CANADA T6E 0P5   
Rita Dawood  rita.dawood@ene.gov.on.ca 
Ontario Ministry of Environment   
Laboratory Services Branch   
125 Resources Rd   
Etobicoke   
Ontario M9P3V6   
Canada   
Sue Bigg sue.bigg@maxxamanalytics.com 
Maxxam Analytics Inc. 
5555 North Service Road 

AnnMarie.Wright@maxxamanalytics.com 

Burlington, Ontario L7L 5H7   
Canada   
Chung Chiu chung.chiu@ec.gc.ca 
Environment Canada   
Environmental Technology Centre   
335 River Road South   
Gloucester   
Onatrio K1V 1C7   
Canada   
David Wotherspoon Wotherspoond@inspection.gc.ca 
Canadian Food Inspection Agency   
Calgary Laboratory   
3650 – 36th Str. N.W   
Calgary Alberta T2L 2L1   
Canada   
Dale Hoover dhoover@axys.com 
Axys Analytical Services Ltd. Pe_study@axys.com  
2045 Mills Road West   
Sidney BC, V8L 5X2   
Canada   
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Table 13 (cont'd.) 
Participant @mail 
Aviva Battat aviva.battat@mddep.gouv.qc.ca 
CEAEQ   
Ministère du Développement durable   
de l'environnement et des Parcs     
850 Vanier Bld    
Laval   
Québec H7C 2M7    
Canada    
Dave Hope dave@pacificrimlabs.com 
Pacific Rim Laboratories Inc.   
#103, 19575 – 55A Avenue   
Surrey   
Britisch Columbia V3S 8P8   
Canada   
Professor Minghui Zheng zhengmh@mail.rcees.ac.cn 
Research Center for Eco-Environmental Sciences   
Chinese Academy of Sciences   
P.O. Box 2871   
18 Shuangqing Road   
Haidian District   
Beijing 100085   
China   
Weike Zhong  zhwk@caiq.com.cn  
Chinese Academy of Inspection and Quarantine   
A3 Gaobeidian North Road    
Chaoyang District    
Beijing 100025 P. R.   
China   
Yan Jianhua / Lu Shengyong yanjh@cmee.zju.edu.cn 
Dioxin Laboratory of ITPE mswx@zju.edu.cn 
Zhejiang Univeristy   
Zheda Road 38#   
Hangzhou, 310027   
China   
Sukun Zhang zhsk@gig.ac.cn  
State Key Laboratory of Organic Geochemistry zhskyyg@hotmail.com 
Guangzhou Institute of Geochemistry   
The Chinese Academy of Sciences   
Kehua Street 51th   
Tianhe District   
Guangzhou 510640   
China   
Jianqing Zhang jianqingzh@hotmail.com 
Shenzhen Center for Disease Control & Prevention   
No. 21, 1st road Tianbei   
Luohu district, shenzhen   
Guangdong province   
China   
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Table 13 (cont'd.) 
Participant @mail 
Ida Chan envlab@onyx-hongkong.com 
Enviropace limited   
51 Tsing Yi Road South   
Tsing Yi Island   
N.T. Hong Kong    
China   
Honghai TIAN hhtian@cneac.com 
National Research Center for Environmental    
Analysis & Measurement (NEAC)   
No 1, Yuhuinanlu, Chaoyang District   
Beijing 100029   
China   
Professor Yongning Wu wuyn@public.bta.net.cn 
National Institute of Nutrition and Food Safety   
Chinese Center for Disease Control and Prevention   
29 Nanwei Road   
Beijing 100050   
China   
Dr. Zongwei Cai zwcai@hkbu.edu.hk 
Dioxin Analysis Laboratory   
Hong Kong Baptist University   
W700, Science Tower   
Kowloon Tong, Kowloon   
Hong Kong SAR, China   
Dr. Yee-Lok Wong ylwong@govtlab.gov.hk 
Environmental Chemistry A Section   
Government Laboratory HKSAR   
7/F Ho Man Tin Government Offices   
88 Chung Hau Street   
Kowloon   
Hong Kong, China   
Shu Teh Pan shuteh_pan@hotmail.com 
Cenpro Technology Corp   
#286, 8th Fl. Hsin Ya Road   
Chen Jenn District   
Kao Hsiung 806   
Taiwan, China   
Yong-Chien Ling / Vincent Hsu ycling@mx.nthu.edu.tw 
GMLAB d897428@alumni.nthu.edu.tw 
Department of Chemistry   
National Tsing Hua University   
101, Sec. 2 Kuang Fu Road   
Hsinchu 30013   
Taiwan, China   
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Table 13 (cont'd.) 
Participant @mail 
Jing-Min Duh jmduh@itri.org.tw 
Center for Enivironmental Safety and   
Health Technology Development ITRI   
CESH/ITRI Room 06414 Bldg.6   
321 Kuang Fu Road, Section 2   
Hsinchu   
Taiwan, China   
Dr. Ching-Chang Lee / Po-Chin Huang cclee@mail.ncku.edu.tw 
Department of Environmental and Occupational Health s7891101@ccmail.ncku.edu.tw 
Research Center of Environmental Trace Toxic Subs.   
Medical College, National Cheng Kung University   
138 Sheng Li Road   
Tainan 70428   
Taiwan, China   
Ying Hung Shen taco237@geinc.com.tw 
GLOBAL-ENTECH.,LTD   
6th Floor, 766, Chung Cheng road   
Chung Ho   
Taipei County   
Taiwan, China   
Tien-Chi Hu ymweng@mail.niea.gov.tw 
Environmental Analysis Laboratory tchu@mail.niea.gov.tw 
E.P.A. / R.O.C.   
No. 260, Sec 3, Ming Tsu Road   
Chung Li City, Taoyuan County   
Taiwan, China   
Miloslav Sebránek miloslav.sebranek@ecochem.cz 
Ecochem, a.s.   
V Ráji 906   
53002 Pardubice   
Czech Republic   
Roman Grabic Roman.Grabic@zuova.cz 
Institute of Public Health Ostrava Tomas.Ocelka@zuova.cz 
National Reference Laboratory for analysis of POPs   
Partyzanske nam 7   
702 00 Ostrava    
Czech Republic   
Rossana Bossi rbo@dmu.dk 
National Environmental Research Institute (NERI)   
Department of Atmospheric Environment    
Frederiksborgvej 399   
DK-4000 Roskilde   
Denmark   
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Table 13 (cont'd.) 
Participant @mail 
Päivi Ruokojärvi  Paivi.Ruokojarvi@ktl.fi 
National Public Health Institute   
Department of Environmental Health   
Laboratory of Chemistry   
Neulaniementie 4   
FIN-70701 KUOPIO   
Finland   
Erik Sandell erik.sandell@vtt.fi 
Nab Labs Ympäristöanalytiikka Oy   
Otakaari 3   
FI-02150 Esbo   
Finland   
Juhani Tarhanen Juhani.Tarhanen@uku.fi 
University of Kuopio   
Department of Environmental Sciences   
PL 1627   
Savilahdentie 9   
70211 Kuopio   
Finland   
Olivier Farot olivier.farot@generale-des-eaux.net 
DIOXLAB  
1 pace de Turenne 

nicolas.boucher@generale-des-eaux.net  

le Dufy   
94417 Saint-Maurice cedex   
France   
Daniel Fraisse dfraisse@net.asi.fr 
CARSO-LSEHL   
321 Avenue Jean Jaurès   
F-69362 Lyon Cedex 07   
France   
Dr. Paul-Eric Lafargue paul-eric.lafargue@wanadoo.fr 
MicroPolluants Technologie contact@mp-tech.net 
5 Impasse des Anciens Haut-Fourneaux    
BP 80 293   
F-57108 THIONVILLE Cedex    
France   
SARTHOU / POUCHOU epld.eric@wanadoo.fr 
EPLD organique@labo-lagor.com 
Laboratoire de LAGOR   
Rue des Ecoles    
64150 LAGOR   
France   
Irina FROLOV ifrolov@lemlabo.com 
LEM Laboratories nwaeteraere@lemlabo.com 
38, rue de l’Industrie   
BP 192   
67405 ILLKIRCH CEDEX   
France   
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Table 13 (cont'd.) 
Participant @mail 
Francois BLONDEL labo.rouen@wanadoo.fr 
Laboratoire de Rouen – ETSA francois.blondel@etslab.com 
49 rue Mustel / BP 4063   
76022 Rouen cedex 3   
France   
Dr. Armin Maulshagen, Dr. Stephan Hamm s.hamm@mas-tp.com 
Münster analytical solutions gmbh MAS a.maulshagen@mas-tp.com. 
Technologiepark Münster   
Mendelstr. 11   
D-48149 Münster   
Germany   
Horst Rottler Rottler@oekometric.de 
Oekometric GmbH   
Berneckerstrasse 17-21   
D-95448 Bayreuth   
Germany   
Dr. Wolfgang Körner   wolfgang.koerner@lfu.bayern.de  
Bayerisches Landesamt für Umweltschutz   
Referat Z5   
Bürgermeister-Ulrich-Str. 160   
86179 Augsburg   
Germany   
Beate Ortner beate.ortner@ergo-research.com 
ERGO Forschungsgesellschaft mbH   
Geierstraße 1   
D-22305 Hamburg   
Germany   
Dr. Matthias Opel mopel@gfa-wb.de 
GfA Gesellschaft für Arbeitsplatz- und Umweltanalytik rhartung@gfa-ms.de 
Otto-Hahn-Straße 22   
D-48161 Münster-Roxel   
Germany   
Dr. Árpád Kisfalvi kisfalvia@freemail.hu 
Institute of State Public Health  kisfalvi@fovaros.antsz.hu 
and Medical Officer Service of Budapest kisfalvia@invitel.hu 
Váci út 172   
H-1138 Budapest,    
Hungary   
Maria Balint / Csaba Lovász balintanal@axelero.hu 
Balint Analitika Ltd.   
Fehervari u. 144.   
H-1116 Budapest   
Hungary   
Polo Bonifiche, dr. Claudio Trova   
ARPA Piemonte   
Spalto Marengo 38   
15100 Alessandria   
Piedmont   
Italy   
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Table 13 (cont'd.) 
Participant @mail 
Dr. Giancarlo Cuttica g.cuttica@arpa.piemonte.it 
ARPA Piemonte p.spagnolo@arpa.piemonte.it 
Dipartimento di Torino I-07176380017 
Polo Microinquinanti (SS 03.02)   
Via Sabaudia 164    
10095 Grugliasco (To)    
Italy   
Dr. Mauro Vendri m.vendri@chelab.it 
Chelab s.r.l.   
Via Castellana, 118/A   
31030 Resana (TV)   
Italy   
Paola Bresso paola.bresso@theolab.com 
Theolab S.r.l.   
Corso Europa, 600/A   
10088 Volpiano (TORINO)    
Italy   
Lorenzo Casagrande lorenzo_casagrande@evc-int.com 
European Vinyls Corporation (EVC) Italia   
Via della chimica 5   
30175 Porto Marghera (VE)   
Italy   
Werner Tirler w.tirler@eco-research.it 
Eco-Research I-02387520212 
Via Negrelli, 13   
I-39100 Bolzano   
Italy   
Maria Cristina Cristofori cristofori@syndial.it 
Syndial SpA   
P.le Donegani, 12    
44100 Ferrara   
Italy   
Eugen Christoph & Gunther Umlauf  gunther.umlauf@jrc.it 
European Commission JRC-IES-IMW  eugen.christoph@jrc.it  
Institute for Environment & Sustainability   
T.P. 290, Via Enrico Fermi 1   
I-21020 Ispra (VA)   
Italy   
Stefano Raccanelli raccanelli_inca@unive.itNon 
Consorzio Interuniversitario Nazionale la Chimica 
perl'Ambiente  
Edificio Cygnus – Via delle industrie 21/8   
I-30175 Marghera (VE)   
Italy   
Dr. Stefano Maggi s.maggi@labanalysis.it 
LabAnalysis s.r.l.   
via Europa, 5   
27041, Casanova Lonati (PV)   
Italy   
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Table 13 (cont'd.) 
Participant @mail 
Claudio Carraro claudio.carraro@rc-scientifica.it  
R&C SCIENTIFICA   
Via RETRONE 29/22   
36077 ALTAVILLA VICENTINA   
VICENZA   
Italy   
Dr. Nobuyoshi Yamashita nob.yamashita@aist.go.jp 
National Institute of Advanced Industrial Science and 
Technology (AIST)   
Institute for Environmental Management Technology 
(EMTECH)   
Environmental Measurement Group   
Onogawa 16-1   
Tsukuba 305-8569   
Japan   
Tomohiro Seki t-seki@lares.dti.ne.jp 
Nihon Environmental Services Co.,Ltd   
Sachiura 2-1-13, Kanazawa-ku   
Yokohama-city   
Kanagawa   
Japan   
Naoki Furuno, Masahiro Saotome, Kenji Ohtsuka   
JFE Techno-Research Corporation  saotome@jfe-tec.co.jp 
2-1 SUEHIRO-CHO TURUMI kohtsuka@jfe-tec.co.jp 
YOKOHAMA   
KANAGAWA 230-0045   
Japan   
Yoichi Kono / Toshihiko Yanagi kounoy@jfrl.or.jp 
Japan Food Research Laboratories yanagitos@jfrl.or.jp 
6-11-10 Nagayama Tama-city    
Tokyo   
Japan   
Kazuo Miyaji miyaji@mail.towakagaku.co.jp 
Towakagaku Co., Ltd.   
Technical Center   
2-10-37 Dejima Minami-ku   
Hiroshima-shi 734-0013   
Hiroshima    
Japan    
Dr. Takumi Takasuga t_takasuga00@shimadzu-techno.co.jp 
Shimadzu Techno-Research Inc   
1 Nishinokyo-Shimoaicho   
Nakagyo-ku   
Kyoto 604-8436   
Japan   
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Table 13 (cont'd.) 
Participant @mail 
M. Kuribayashi m.kuribayashi@yagai.co.jp 
Yagaikagaku.co.ltd   
2-39 12 Tyoume Naebotyou   
Sapporo   
Japan   
Hiroshi Kameda kameda@jesc.or.jp 
Japan Enviromental Sanitation Center,   
10-6 Yotuya-Kamicho, Kawasaki-ku   
Kawasaki-city 210-0828   
Japan   
Tatsuya Hattori   
Metocean Environment Inc. tatsuya@notes.metocean.co.jp 
Koukdo-Kankyo Inc   
Riemon 1334-5   
Ohigawa-cho Shida-Gun   
Shizuoka 421-0212   
Japan   
Kyoung-sim Kim, Jong-guk Kim kjongguk@moak.chonbuk.ac.kr 
Center for chemical safety management  isomer13575@paran.com 
6th building, College of Engineering wjdalwjd@hotmail.com 
Chonbuk National University    
664-14 1ga Duckjin-dong Duckjin-gu Jeonju    
Jeonbuk 561-756    
Republic of Korea   
Jongki Hong jjseo@kbsi.re.kr 
Korea Basic Science Institute jongki@kbsi.re.kr 
Hazardous Substance Research Team ygahn@kbsi.re.kr 
126-16, 5th, Anam-dong, Sungbuk-ku   
Seoul 136-701   
Republic of Korea   
Seung-Ryul Hwang naproxh@me.go.kr 
Micropollutant Division naporxh2@hotmail.com 
National Institute of Environmental Research   
Environmental Research Complex   
Kyungseo-Dong, Seo-Ku   
Inchon, 404-170   
Republic of Korea   
Sang Won Lee swlee04@emc.or.kr 
Analytical Research Center   
Environmental Management Corperation(EMC)   
Environmental Research Complex   
Kyungseo-Dong, Seo-Go   
404-708 Incheon   
Republic of Korea   
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Table 13 (cont'd.) 
Participant @mail 
Byoung-Eog Kim bekim@rist.re.kr 
Research Institute of Industrial Science & 
Technology(RIST)   
#32 Hyoja-dong Nam-ku   
Pohang City, 790-330   
Republic of Korea   
Professor Yoon-Seok Chang / Jungho Kang junghok@postech.ac.kr 
Scientific Environmental Analysis Laboratory yschang@postech.ac.kr 
School of Environmental Science & Engineering   
Pohang University of Science & Technology (POSTECH)   
San 31, Hyojadong, Namgu   
Pohang, 790-784   
Republic of Korea   
Aishah Latiff aishah@dcc.usm.my 
Doping Control Centre   
University Science Malaysia   
Minden   
11800 Penang   
Malaysia   
Hans de Kok hans.dekok@al-west.nl 
AL-West eric.koopman@al-west.nl 
Handelskade 11 812632254.B01 
7417 DE Deventer   
The Netherlands   
Henk de Weerd / Ruud Peters h.deweerd@mep.tno.nl 
TNO Built Environment and Geosciences r.j.b.peters@mep.tno.nl 
Environment, Health and Safety   
Laan van Westenenk 501   
NL-7323-DT-Apeldoorn   
The Netherlands   
Scott Leathem / Dallas Bishop leathems@agriquality.co.nz 
AgriQuality Limited BishopD@agriquality.com 
Wellington Laboratory   
1B Bell Road   
P O Box 31242   
Lower Hutt   
New Zealand.   
Martin Strand Andersen msc@nilu.no 
Norwegian Institute for Air Research (NILU) msa@nilu.no 
P.O.Box 100   
Instituttveien 18   
N-2007 Kjeller   
Norway   
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Table 13 (cont'd.) 
Participant @mail 
Adam Grochowalski agrochow@chemia.pk.edu.pl 
Cracow University of Technology   
Laboratory for Trace Organic Analysis   
Warszawska 24   
31-155 Krakow   
Poland   
Andrey Shelepchikov kluyv@online.ru 
Severtzov Institute of Ecology and Evolution   
Russian Academy of Sciences (IPEE RAS)   
Laboratory of Analytical Ecotoxycology   
Leninsky prospect 33   
Moscow 117071, Russia   
Sergey.Y.Semenov sysemenov@mtu-net.ru 
Russian Research Center of Emergency Situations   
Ministry of Health of the Russian Federation   
46/4, Shabolovka str.   
Moscow 117419   
Russia   
Amirova Zarema ecocnt@diaspro.com 
Environmental Research & Protection Centre   
450075, October Ave., 147   
Ufa   
Russia   
Vasilyeva Irina welcome@aqua-analyt.com 
Water Reseach and Control Center   
9 Komsomola st.   
St.-Petersburg, 195009   
Russia   
Anton Kocan anton.kocan@szu.sk 
Department of Toxic Organic Pollutants   
Slovak Medical University   
Limbova 12   
833 03 Bratislava   
Slovakia   
Dr. Ernest Voncina ernest.voncina@zzv-mb.si 
ZAVOD ZA ZDRAVSTVENO VARSTVO   
INŠTITUT ZA VARSTVO OKOLJA   
Prvomajska 1   
2000-Maribor   
Slovenia    
Dr. Esteban Abad/ Professor Josep Rivera jraeco@iiqab.csic.es 
Laboratori d'Espectrometria de Masses eaheco@cid.csic.es 
Departament d'Ecotecnologies   
IIQAB-CSIC   
Jordi Girona, 18-26   
08034 BARCELONA   
Spain   
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Table 13 (cont'd.) 
Participant @mail 
Juan A. Conesa / Pilar Blasco ja.conesa@ua.es 
University of Alicante   
Department of Chemical Engineering    
Technical Services for Research   
Ap. 99   
E-03080 Alicante   
Spain   
Jordi Díaz Ferrero jdiaz@iqs.edu 
Institut Quimic de Sarria-Environmental Laboratory   
Via Augusta 390   
08017-Barcelona   
Spain   
Dr. Begona Fabrellas begona.fabrellas@ciemat.es 
CIEMAT. Department of Environment   
Avda. Complutense, 22. Ed 20   
28040-Madrid   
Spain   
Anna Johansson Anna.h.johansson@eka.com 
Chemical Analysis SE 556022-997201 
Eka Chemicals AB   
445 80 Bohus   
Sweden   
Per Liljelind/Rolf Andersson/Mats Tysklind Rolf.Andersson@chem.umu.se 
Environmental Chemistry per.liljelind@chem.umu.se  
Department of Chemistry Mats.Tysklind@chem.umu.se  
Umeå University   
SE 901 87 Umeå   
Sweden   
Kristofer Warman / Nina Enell nina.enell@alcontrol.se 
Alcontrol AB kristofer.warman@alcontrol.se 
Olaus Magnus väg 27    
Box 1083    
581 10 Linköping    
Sweden   
Per Ivarsson per.Ivarsson@analycen.se 
AnalyCen Nordic AB   
Box 905, Sjöhagsgatan 3   
SE-531 19 Lidköping   
Sweden   
Denis Hundsbuchler denis.hundsbuchler@cibasc.com 
R-1047.110   
Ciba Specialty Chemicals Inc.   
4002 Basel   
Switzerland   
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Table 13 (cont'd.) 
Participant @mail 
Sönmez Dağlı Sonmez.Dagli@mam.gov.tr 
TUBITAK MRC CEI   
Gebze 41470   
Kocaeli   
Turkey   
Steve Wilson steve.wilson@aes-labs.co.uk 
AES Ltd.   
Organics Laboratry   
Northhumberland Dock Road   
Howdon, Wallsend   
Tyne & Wear NE28 0QD   
United Kingdom   
David Wood dwood@saiman.co.uk 
SAL Ltd.   
Medlock House   
New Elm Road   
Manchester M³ 4JH   
United Kingdom   
Eric Aries/ David Anderson Shelley.Richardson@corusgroup.com 
Corus R,D&T david.anderson@corusgroup.com 
Trace Organic Analysis Laboratory eric.aries@corusgroup.com 
Swinden Technology Centre   
Moorgate, Rotherham, S60 3AR   
England UK   
Dave Wilson / Mike Hodgkinson 
National Laboratory Service 

dave.wilson@environment-
agency.gov.uk  

Environmental Agency   
Olympia House   
Gelderd Lane   
Leeds LS12 6DD   
United Kingdom   
Jill Kellmann / Mike Flournoy  mflournoy@stl-inc.com  
STL Sacramento jkellmann@stl-inc.com  
880 Riverside Parkway    
West Sacramento, CA 95605    
USA    
Dr. Yves Tondeur yt@ultratrace.com 
Analytical Perspectives   
2714 Exchange Drive   
Wilmington   
North Carolina 28405   
USA   
Nial M. Maloney nialm@frontieranalytical.com 
Frontier Analytical Laboratory   
5172 Hillsdale Circle   
Eldorado Hills CA 95762        
USA   
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Table 13 (cont'd.) 
Participant @mail 
Bill Luksemburg Billux@ALTALAB.com 
Alta Analytical Laboratory   
1104 Windfield Way   
El Dorado Hills, CA 95762   
USA   
Paul W. Groff Groff.Paul@epamail.epa.gov  
U.S. Environmental Protection Agency   
4930 Old Page Road   
Research Triangle Park   
NC 27709   
USA   
Joseph Ferrario ferrario.joseph@epa.gov  
USEPA /ECB   
Bldg. 1105, Stennis Space Ctr.   
Mississippi 39529   
USA   

 


