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LISTING OF LABORATORIES WITH EXPERTISE
IN THE ANALYSIS OF DIOXINS AND RELATED COMPOUNDS

1. INTRODUCTION

This report presents a listing of laboratories with expertise in the
analysis of dioxins and related compounds. The listing was compiled to
facilitate the identification of analytical centers in the participating
North Atlantic Treaty Organization (NATO) nations and their capabilities
for such analyses. Also listed are laboratories located in participating
countries, or as components of international organizations, active as
observers in this project. In addition to the name and location of the
laboratories, the matrices analyzed, principal analysts, and descriptions
of the quality assurance schemes used are included. Finally, a series of
graphical representations that summarize the information in the listing
are presented.

The objective of this listing is to identify laboratories in partici-
pating countries having experience in the analysis of polychlorinated
dibenzo-para-dioxins, dibenzofurans, and related compounds. This listing
was compiled as a contribution toward international information exchange
on the analysis of these important compounds. [t should facilitate the
exchange of information among those interested in this phase of dioxin
research and promote the development of improved analytical methods and
standards among the participating nations. The examination of this list-
ing of 108 laboratories in nine nations also illuminates some of the
trends with regard to laboratory affiliation, matrices analyzed, and qual-
ity assurance schemes used. Many of the laboratories listed have partici-
pated in externally moderated interlaboratory quality assurance programs
to validate and compare analytical results.

1.1 Background

This Pilot Study on International Information Exchange on Dioxins and
Related Compounds coordinated an international effort to address issues
associated witn polychlorinated dibenzo-p-dioxins (PCDDs), dibenzofurans
(PCDFs), and related compounds. The 3-year project was conducted under




the auspices of the Committee on the Challenges of Modern Society (CCMS)
of the North Atlantic Treaty Organization. The nations that participated
included Canada, Denmark, Federal Republic of Germany, Italy, Netherlands,
Norway, United Kingdom, and the United States. In addition to the major
information exchange objective, secondary goals included the reduction of
research program duplication and the identification of knowledge voids
during the planning process. As a result, better informed decisions can
be made concerning future research activities and resource allocations.
When the project was initiated in 1985, it was divided into three areas of
study: exposure and hazard assessment, technology assessment, and manage-
ment of accidents.

The Exposure and Hazard Assessment Working Group, chaired by the
United States, was charged with several tasks concerning research and risk
assessment. Numerous information exchange activities were undertaken to
promote interaction and to identify duplicative efforts and knowledge
voids. Some of these activities included the compilation, analysis, and
distribution of information on research projects, regulations and
statutes, and methods of risk and exposure assessment in the participating
nations. In addition, the working group desired to develop an interna-
tional listing of laboratories with expertise in the analysis of dioxins
and related compounds.

The accurate analysis of dioxins in environmental matrices at extreme-
ly low levels of sensitivity is fundamental to many areas of research and
regulation pertaining to these compounds. The development of precise and
repeatable methods for dioxin analysis is required for assessing the risk
of these compounds at very low concentrations. For example, the effec-
tiveness of destruction technologies is measured by the ability of treat-
ment systems to reduce the concentration of these compounds to extremely
low levels. In addition, the success of a remedial action or a human
monitoring effects program depends heavily on the analytical capabilities
available.




Ultimately, the control of these chemica]s‘is directly based on our
ability to analyze them in a variety of environmental matrices. As a re-
sult, the state of the art in dioxin analysis directly impacts many other
forms of research. In recent years, there has been a greater emphasis on
the risks involved with isomers other than 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD). Because of the need to analyze and quantify these com-
pounds at very low concentrations (ppt or ppq) in various environmental
matrices, special analytical methods and equipment have been developed.
Currently, a limited number of laboratories have the capabilities to
analyze these compounds at the detection limits necessary for research and
regulation.

Section 2 presents the methodology used to collect and compile the
information contained in the listing. It also outlines the organizations
contacted for information and the criteria used to determine whether a
lab should be listed.

Section 3 provides & description concerning the laboratories listed
and the information contained in the listing. Specifically, the matrices,
analyzed and the quality assurance schemes used by the laboratories are
presented. Extended discussions on the externally moderated interlabora-
tory quality assurance schemes used by the listed Taboratories are also
provided.

Section 4 presents some interpretation of the information contained
in the listing and illuminates some of the trends with regard to labora-
tory affiliation, matrices analyzed, and quality assurance. The Listing
of Laboratories with Expertise in the Analysis of Dioxins and Related
Compounds is presented in Section 5.




2. METHOD OF COMPILATION

At the time at which the Committee on the Challenges of Modern Society
adopted this project on International Information Exchange on Dioxins,
each NATO-member nation interested in participating appointed a lead dele-
gate to coordinate and administer the project for their country. The
following NATO-member nations appointed lead delegates: Canada, Denmark,
Federal Republic of Germany, Italy, Netherlands, Norway, United Kingdom,
and the United States. Observing organizations were the Commission of
European Communities (CEC), the Organization for Economic and Cooperative
Development (OECD), the United Nations Environmental Programme, and the
World Health Organization (WHO). In some countries, representatives of
industrial trade organizations and non-governmental environmental public
interest groups were invited to contribute as observers. For example, the
Chemical Manufacturers Association represented the chemical industry from
the United States, the Verband der Chemischen Industrie represented the
chemical industry from the Federal Republic of Germany, and the Environ-
mental Defense Fund represented the American public interest environmental
groups. In addition, the governments of Austria and Sweden, although not
members of NATO, requested to be kept informed of the progress of the
project.

To compile this inventory, reguests were sent to the lead delegates
of participating nations and to representatives of observer organizations.
These requests asked for information on analytical centers with expertise
in dioxin analysis within their organizational or political areas of rep-
resentation. Information requested included: (1) name and address of the
laboratory, (2) name of the principal analysts, (3) matrices analyzed, and
(4) a brief summary of the quality assurance schemes in use at each labo-
ratory. Recommended criteria for inclusion on the list were (1) actual
experience with the analyses for dioxins, furans, and related compounds;
(2) procedures utilizing combined high resolution gas chromatography-mass
spectrometry; and (3) demonstrated ability to perform analyses at the
parts-per-trillion sensitivity level on environmental matrices.




Several of the laboratories listed have participated in studies
sponsored by international organizations. The CEC Joint Research Centre,
Ispra Establishment, has been the moderating laboratory for CEC sponsored
studies and identified numerous laboratories included in this listing.
The laboratories affiliated with the World Health Organization (WHO)
study on levels of dioxins and related compounds in human milk were
compiled from the report of their most recent meeting in February 1988.
The report, "Summary of Consultation on Results on Analytical Field
Studies on Levels of PCBs, PCDDs, and PCDFs in Human Milk," contained a
listing of the participating Jaboratories and a description of the inter-
laboratory quality assurance program used to provide consistent analytical
resuits.

Laboratories in the United States were identified through several
mechanisms. In addition to EPA’s Contract Laboratory Program (CLP), the
EPA has several laboratories that provide dioxin analyses. As part of the
EPA’s National Dioxin Study which was completed in 1986, the analytical
methods development and quality assurance aspects of the project were
provided by the Troika. The Troika consisted of three EPA laboratories
and two supporting university laboratories and their function was to
provide immediate and valid analysis for the National Dioxin Study and to
serve as the nucleus for the development of the Contract Laboratory
Program after private laboratories demonstrated their analytical capabili-
ties. Information on the Troika laboratories and quality assurance was
collected from "Analytical Procedures and Quality Assurance Plan for the
Analysis of 2,3,7,8-TCDD in Tier 3-7 Samples of the U.S. EPA National
Dioxin Study."

In the United States, in addition to listing laboratories involved in
government programs, a survey of members of the American Council of Inde-
pendent Laboratories was made. Laboratories that were members of this
council and had combined gas chromatography-mass spectrometry capabilities
as reported to the Council’s headquarters in Washington, D.C., were con-
tacted by telephcne and asked if their capabilities matched the inclusion




criteria. This process added several laboratories to the list and con-
firmed the analytical capabilities of several laboratories already listed.




3.0 DESCRIPTION OF LABORATORIES LISTED

The listing contained herein presents the name and address of labora-
tories and the identification of principal analysts. In addition, the
matrices analyzed and quality assurance schemes employed are also included
as part of the listing. This information has been included as an integral
part of the listing, which serves to indicate the type of analyses per-
formed, and to promote interaction among labs in the participating
nations. Increasaed awareness of the type of analyses being conducted,
especially when dealing with difficult matrices, can result in greater
cooperation among labs in the forms of sample exchanges and other activi-
ties in order to develop improved methods.

3.1 Matrices Analyzed

When the requests for information on laboratories with dioxin analysis
capabilties were made, one of the data elements requested was the matrices
analyzed. Because of the variety of environmental matrices analyzed and
the varying detail of the available information reported on each analyti-
cal center, a summary grouping of matrices was developed. For example,
surface waters, ground waters, and drinking waters were grouped together
and presented in the listing as water. Other groupings, for which simi-
larities were not as immediately obvious, were combined for the listing
based on chemical/physical properties such as hazardous waste and chemi-
cals. In contrast to many environmental samples where the matrices are
generally different from the constituents of concern, hazardous wastes and
chemicals may contain constituents very similar in structure and concen-
tration. As a result, many of the extraction and cleanup steps may be
similar.

In general, the matrix groupings were summarized for this listing with
respect to the type and concentrations of potentially interferring con-
stituents, the extraction and cleanup methods required, and the overall
difficulty in analyzing these matrices. We recognize the potential dif-

ferences in these matrices, and that, in some cases, they may require
entirely different extraction or cleanup methods and/or may result in




varying detection limits achievable because of interferences from other
constituents. If you have any questions related to a particular labora-
tory and the types of analyses carried out, we encourage you to contact
that laboratory directly.

The groupings are generally as follows:

Water = drinking water, surface water, ground
water, etc.
Soil soils, sediments, sludges

industrial effluents, solid waste,
chemical products, oil, pesticides
incinerator emissions, fly ash, air,
stack gas, automobile emissions

Hazardous Waste/Chemicals

Combustion sources

Tissue = animal and human tissue, blood, milk
Food = food from animal sources
Vegetation = vegetation, food from plant sources

3.2 Quality Assurance Schemes

At the time that this compilation was initiated, the lead delegates
from each country were requested to determine and describe quality assur-
ance schemes employed at each analytical center. The quality assurance
schemes employed at the labs Tisted vary considerably. All labs provide
elements of internal quality assurance; in addition, some reported partic-
ipation in externally moderated programs. Internal quality assurance
denotes that the analytical center uses procedures within the control of
the individual laboratory. This is the usual case in research studies
that are oriented toward analytical methods development. Externally
moderated quality assurance denotes that the laboratory participates in a
program under the technical direction of an independent organization
outside the laboratory’s direct control. This type of program is usually
employed when a large number of samples are analyzed, as in organized
exposure monitoring studies. It is usually resource intensive, with some
type of technical assistance available from the moderating laboratory.

In general, the interaction among labs in externally moderated quality
assurance programs has improved the state of the art of dioxin analyses by
validating methods and analytical results through interlaboratory sample
exchanges. As a result, all labs, including those that use internally




developed quality assurance schemes, benefit from these activities. Many
labs follow the quality assurance procedures developed from these exter-
nally moderated programs, including the frequency of instrument calibra-
tion, matrix spike analyses, and method blanks.

Both types of quality assurance programs are statistically based, and
their goals are to provide data on the variability, accuracy, and preci-
sion of the analytical methodology. There are no value judgments placed
by 1isting the internal/external quality assurance guidelines in terms of
the accuracy of the analyses performed. In many cases, the internal qual-
ity assurance standards are as rigorous as those followed by the external-
1y moderated laboratories. We have chosen to include this information to
supplement the information exchange aspects of the project because the
laboratories participating in externally moderated quality assurance pro-
grams are already utilizing information exchange to their benefit. Below
are some descriptions of the types of quality assurance (both internal and
external)} being used by the laboratories.

3.2.1 Interral Quality Assurance

Laboratories reporting internal quality assurance schemes use proce-
dures controlled within the management structure of the laboratory.
Internal procedures comprise a discrete series of operations that vary
from simple to complex and generally cover the entire analytical proce-
dure. Operations include, but are not Timited to, calibration of scales
and measuring equipment, confirmation of the decontamination of glassware
and other equipment, and more complex procedures such as recovery calcula-
tions and instrument calibration. The underlying objective is the deter-
mination of the accuracy, precision, and overall variability of the proce-
dure. Samples are analyzed in specific sets with both positive and nega-
tive controls associated with each analytical series.

The exact procedures employed at each laboratory vary, but records are
kept to document procedures. The proper evaluation of a laboratory always
includes a review of the internal quality assurance data base.




3.2.2 Externally Moderated Quality Assurance

In the effort to develop accurate and reproducible analytical methods
for dioxin analysis, several externally moderated quality assurance pro-
grams have been established. In general, the interaction among labs in
the form of round-robin sample exchanges, blind QA samples, and coopera-
tive development of methods, has improved the state of the art of dioxin
analysis. Additionally, such externally moderated programs are structured
to promote the development and use of precise analytical methods including
instrument calibration procedures and multiple laboratory confirmation
procedures to produce consistency among laboratories.

In the NATO member nations participating in this project, four formal
externally moderated QA programs were identified: (1) the Troika, (2) the
Contract Laboratory Program (CLP), (3) the Community Bureau of Reference
(BCR), and (4) the WHO Interlaboratory Quality Control Protocel. Each of
these programs are described below. In addition, some comparative labora-
tory measurements and sample exchanges have been used in the Federal
Republic of Germany and the United States as a means to provide data with
greater consistency and validity. Working groups were established by the
Association of German Engineers and the Federal Environmental Agency for
analysis of emissions of PCDD/PCDF from waste incineration facilities in
the Federal Republic of Germany.

A Lake Ontario TCDD bioaccumulation study conducted by the U.S. EPA,
New York State Department of Health, and Occidental Chemical Corporation,
utilized interlaboratry comparisons using well documented analytical
protocols. Although it was not developed as a formal externally moderated
quality assurance program, the study utilized the anralytical expertise of
the EPA-Duluth, the New York State Department of Health, and the Ontario
{Canada) Ministry of the Environment Laboratories, in round-robin compari-
sons to confirm analytical results for the use in bioaccumulation studies
of TCOD in fish and sediment from the Hyde Park landfill to Lake Ontario.

Included below are descriptions of the four formal externally moder-
ated quality assurance schemes.

10




(1) The Troika

The Troika program was initiated in 1983 to provide a consistent
standard for dioxin analysis in the United States. The quantification of
2,3,7,8-TCDD and related compounds was performed by a limited number of
labs in the U.S. In order to satisfy the demand for sensitive analyses
at the parts-per-trillion level of detection, the United States Environ-
mental Protection Agency (EPA) delineated special measures to validate
the accuracy of analytical procedures for 2,3,7,8-TCDD to be used in the
conduct of analysis for the National Dioxin Study. Because the analytical
portion of the National Dioxin Study was completed, the Troika program
was terminated at the end of 1986.

The four basic principles of the program were: (1) studies to vali-
date methods; (2) "blind" QA samples; (3) multiple Taboratory participa-
tion; and (4) defining analytical criteria for confirmation of 2,3,7,8-
TCDD. The Troika consisted of the Environmental Research Laboratory-
Duluth (ERL-D), the Environmental Monitoring Systems Laboratory-Research
Triangle Park (EMSL-RTP), and the Environmental Chemistry Laboratory-Bay
St. Louis (ECL)}. Also working with the Troika under cooperative agree-
ments were Dr. Mike Gross of the University of Nebraska, Lincoln, and
Dr. Thomas Tiernan of Wright State University.

The Troika program was structured to facilitate the exchange of QA
samples, test samples, and analytical results. The validation capabili-
ties inherent in these sample exchanges and "blind" QA samples, along with
detailed sample preparation and analytical methods, provided the means
for the generation of scientifically sound data. The interaction among
labs not only verified the accuracy of analysis, but also enabled the labs
to develop new methods or make modifications required to analyze trouble-
some samples. Overall, the Troika program established reference standards
for analytical procedures to provide accurate and reproducible methods,
enhanced credibility, and validity for the data from participating labs.




(2) Contract Laboratory Program (CLP}

The Contract Laboratory Program (CLP) was established by the U.S.
Environmental Protection Agency (EPA) to provide analytical services in
support of EPA’s Superfund program for remediating hazardous waste sites.
Because of the concern for dioxins in such contaminated sites and the need
for accurate analytical data for these compounds, the Agency established
detailed quality assurance criteria and validation procedures for a net-
work of commercial analytical laboratories with capabilities for dioxin
analysis. The CLP provides the Agency with consistent and accurate
anatytical services and is closely controlled by the use of specific
methods, procedures, and reporting requirements.

The QA/QC program associated with dioxin analysis conducted under the
CLP includes:
o Detailed requirements for initial and periodic calibration and

instrument performance checks, and specified actions that must be
taken when the specified criteria are not met;

e Specifics on frequency of and criteria for method blank and
matrix spike analyses;

e Field btanks with every batch of samples;

e A blind performance evaluation sample with every batch of samples
- the acceptability of the analytical results depends on the
performance evaluation sample results.

In addition, the EPA performs complete and detailed data audits of
approximately 20 percent of the results submitted by the contract labora-
tories. A large and increasing data base is maintained by the EPA, which
facilitates establishing realistic requirements for QA/QC and for preci-
sion and accuracy. The EPA also maintains a standards repository for use
by the taboratories participating in the CLP.

These QA/QC measures are complemented by periodic onsite laboratory
evaluations conducted by EPA teams of qualified scientists.

12




(3) Community Bureau of Reference (BCR)

The Commission of European Communities (CEC) formed a group to improve
the analytical methodologies for the determination of chlorinated dibenzo-
dioxins and furars. Specifically, the various isomers in addition to
2,3,7,8-TCDD have been chosen as the subjects of the study. The analysis
of dioxins is being studied in a series of collaborative exercises to
improve and standardize the analytical methods used. The participants
have evaluated several analytical steps for the study including sample
preparation, extraction, clean-up, GC-injection and separation, and MS-
quantification and identification.

Identification and quantification at parts-per-triliion levels have
been studied using solutions of pure dioxin-congeners that are labelled
with ¢! isotopes. By using statistical techniques for collaborative
tests and examining the experimental conditions, the sources of error in
the various steps of the entire analytical procedure can be determined.

As a result, the entire methodology can be improved, and through such
collaborative efforts the sources of error can be minimized. After having
improved their methodology, the participants disseminate their information
in the form of certified materials.

This Community Bureau of Reference (BCR) program is being conducted
with numerous analytical laboratories in several CEC-member nations. The
overall program is being moderated through the CEC Joint Research Centre,
Ispra. Of the 22 analytical centers participating in the BCR in addition
to the Ispra establishment, 17 are located in NATO nations which partici-
pated in the CCMS project. (Four are located in France and one is in
Belgium). These analytical centers have also been included in this
listing.

(4) The WHO Interlaboratory Quality Control Protocol

In order to provide consistent analytical results for a Worid Health
Organization (WHO) study on dioxins in human milk, a group of 18 labora-
tories participated in an interlaboratory quality assurance program. This
study was initiated in 1985 to produce more data on the levels of, and

13




routes of exposure to, dioxins and related compounds in various countries
and geographic areas. Samples of milk were collected according to a well
defined scheme and analyses for PCDDs, PCDFs, and PCBs were completed at
18 selected laboratories, 16 of which participated in the CCMS Pilot
Study {and 5 of these also participated in the BCR).

The interlaboratory analytical quality assurance program was imple-
mented to ensure the validity and comparability of the analytical results
in order to produce reliable data for subsequent risk assessments. The
analytical protocol was developed and moderated by Dr. Rappe of the
University of Umea, Sweden. Two separate pools of human milk were dis-
tributed from the moderating laboratory along with the 13¢_7abelted
standards to the participating laboratories. Analyses for PCDDs and PCDFs
were received from 12 labs and PCB results from six labs. In general,
high resotution GC/MS was used for PCDD/PCDf analysis while PCB analysis
was performed using gas chromatography equipped with EC detection or a
similar technique.

Additional interlaboratory studies are planned to take place as an
ongoing process with additional laboratories tentatively invited to
participate.

14




4. ANALYSIS OF THE LISTING OF LABORATORIES

The following tables and figures illustrate the information contained
in the listing. These graphical representations are intended to illumi-
nate some of the more notable trends pertaining to the laboratory affilia-
tion, type of analysis performed, and the quality assurance schemes used.
Table 1 presents< the number of laboratories in each of the nations that
participated in this project. “There are 108 laboratories listed from
9 nations. Figure 1 presents the breakdown of laboratory affiliation
(government, university, or commercial} for all the labs listed. Of the
108 laboratories listed, 40 percent are commercial labs, 37 percent are
affiliated with government agencies, and 23 percent are university
laboratories.

Figure 2 displays the affiliation of the laboratories in each nation.
In Canada, Italy, and the United Kingdom, the majority of the labs are
affiliated with government agencies while in the United States and the
Federal Republic of Germany, more labs are commercially operated than in
the government agencies. It should be noted, however, that a considerable
portion of the dioxin analysis performed by commercial labs is in support
of government programs.

Figure 3 presents the quality assurance schemes employed at the
laboratories listed, while Figure 4 displays the types of sample matrices
analyzed at the laboratories providing this information. Over 30 percent
of the laboratories listed reported that they participate in externally
moderated quality assurance programs. Specifically, 18 laboratories
belong to the CEC Community Bureau of Reference, 16 participated in the
WHO interlaboratory quality control program, 12 participated in the U.S.
EPA Contract Laboratory Program, while five laboratories listed were part
of the Troika. Although the information on matrices analyzed is incom-
plete (only 75 of the 108 labs listed reported the matrices analyzed),
most of these laboratories have expertise in the analysis of soil, water,
and tissue. The analysis of combustion sources, chemicals, and hazardous
wastes are generally common practices at these laboratories. The analysis

15




of dioxins in food and vegetation is relativély scarce and only a few
selected laboratories reported these capabilities.
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TABLE 1. NUMBER OF LABORATORIES LISTED
BY GEOGRAPHIC LOCATION

Number of
Laboratories
Country Listed
Canada 13
Denmark 1
Federal Republic of Germany 23
Italy? 9
Netherlands 5
Norway 1
Sweden?2 1
United Kingdom 7
United States 48
Total 108

1 Includes the Commission of Europear Communities, Joint Research
Center, Ispra Establishment, Italy.

2 Observer Nation.
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5. THE LISTING Of LABORATORIES WITH EXPERTISE IN THE ANALYSIS OF
DIOXINS AND RELATED COMPOUNDS
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