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Introduction
In the early 1960s, the IAEA's decided to launch a programme for the assessment of the
reliability of low level radiochemical analysis and since then, the Analytical Quality Control
Services (AQCS) has developed into a major organiser of world-wide intercomparison runs.
Over the intervening years, the types of matrices studied and the analytes of interest have been
extended beyond the limits of radioactivity measurements to encompass: trace elements,
organic contaminants, stable isotopes and methyl mercury.

Objectives
The Agency provides assistance to its' Member States through the AQCS programme to
improve the standard of analytical results in their laboratories. These results must be of a
certain quality (i.e. accuracy and precision) which is determined by their intended use and
should be comparable with other analytical measurements produced elsewhere. In order to
enable laboratories in Member States to generate analytical measurements with appropriate
and internationally recognised quality the main objectives of AQCS programme are:
•S to provide the analyst with tools to compare and evaluate their performance relative to

other laboratories,
S to assess the accuracy and precision of the analytical method used,
S to provide objective evidence on the quality of the results,
•f to ensure comparable analytical results within projects and networks.

What does AQCS involve?
AQCS entails technology transfer and improvement in measurement quality through a number
of activities including the organisation of intercomparison studies, production and distribution
of reference materials (RMs) as well as the training and education of analysts to be capable of
producing measurements that will ensure reliability of results for the intended purpose,
comparability of analytical measurements. AQCS is also involved in providing reference
materials to meet specific needs arising out of the IAEA's Co-ordinated Research Projects and
Technical Co-operation Projects. After a recent, comprehensive review, it has been
recommended that AQCS should move towards proficiency testing in order to better meet the
current needs of Member States.

AQCS materials. History and current status.
AQCS activities began in the early 1960's and a wide variety of intercomparison and
reference materials have been developed and issued to date. During this period, AQCS has
closely followed the developmental path of other national and regional reference materials
programmes. At first, synthetic samples relating to industrial processes were at the core of the
programme, however, by the late sixties, natural matrix materials relating to human and
environmental health had been added. As analytical tasks have become more demanding and
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specific measurement needs have emerged, the AQCS has collected and prepared materials to
address these needs. Currently AQCS has a total of 102 reference materials available. A
comprehensive listing of available IAEA reference materials is given in the AQCS Catalogue
1998/99 [1] and is summarised in Table 1.

Table 1. Number of available IAEA reference materials.

Analyte Group
Radionuclides
Trace Elements
Stable Isotopes

C-14
Organic compounds (pesticides, PCBs, PAHs)

Methyl-Hg

Number of reference materials
19
31
37
8
3
4

A number of intercomparison runs for the determination of radionuclides, trace elements (and
methyl mercury), stable isotopes and organic contaminants in various environmental,
biological and materials of marine origin are organised each year. Whilst the determination of
radionuclides remains a major component of the programme, trace element, organic
contaminants and agrochemical residue determinations in the terrestrial and marine
environments are of growing importance. Practically all existing IAEA AQCS reference
materials were initially characterised through intercomparison exercises. The growing interest
amongst Member State laboratories to participate in such exercises from 1970 onwards is
illustrated in Figure 1

Figure 1. Number of participating laboratories taking part in intercomparison run as a
function of year.

Reference materials produced by IAEA AQCS are suitable for use as quality control materials
for the following kinds of analyses: radionuclide, trace element, stable isotope, agrochemical
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residue, methyl mercury and organic contaminants. The number of units of IAEA reference
materials sold and/or distributed between 1987 and 1998 is presented in Figure 2.

Figure 2. Sale/distribution of IAEA reference materials.

1600

Year

Resources.
A wide range of Agency Divisions and laboratories are involved with work related to the
AQCS programme. Three groups within the IAEA mainly implement the work:
V Agency's Laboratories in Seibersdorf (Chemistry Unit) and Vienna (Isotope Hydrology

Section), both groups belong to Physics, Chemistry, Instrumentation Laboratory (PCI),
5 Marine Environment Laboratory (MEL), Monaco.

For specific projects, these groups co-operate with a number of other sections within the
IAEA, e.g.; Industrial Application and Chemistry Section, Nutrition and Health Related
Environmental Studies Section, Safeguards Analytical Laboratory, FAO/IAEA Agrochemicals
6 Residues Section.

Production of IAEA AQCS reference materials.

Selection of the materials.
In its' selection of new candidate reference materials, the Agency attempts to fill the gap in
the list of existing reference materials available to the international community and
particularly to address the needs of its' Member States. Planning is achieved through
Consultants Meetings and Advisory Groups, where all related issues are discussed. The
recommendations given by these external experts are used as a basis for future actions.
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Collection of the material.
The set of AQCS reference materials covers a wide range of environmental and biological
matrices. In many cases, they represent unique samples collected from many different regions
of the world. There are several possible arrangements for the collection of new material:
•S collected by IAEA staff with or without collaboration with other institution(s),
•/ collected by other institution in agreement with AQCS,
V material prepared by IAEA staff,
•S material prepared by another institution in collaboration with AQCS,
•f material prepared from commercially available materials,
S material donated by a Member State.

Currently, IAEA AQCS is in possession of 21 potential reference materials (Table 2) which
were collected and stored within one year of the Chernobyl accident.

Table 2. Potential reference materials in storage.

Identification
IAEA-158
IAEA-160
IAEA-161
IAEA-162
IAEA-163
IAEA-164
IAEA-328
IAEA-330
IAEA-344
IAEA-360
IAEA-369
IAEA-370
IAEA-372
IAEA-376
IAEA-377
IAEA-401
not assigned
not assigned
not assigned
not assigned
not assigned

Matrix
Hay
Clover
Hay
Hay
Hay
Clover
Spruce Needles
Spinach
Lake Sediment
Soil
Milk Powder
Milk Powder
Grass
Soil
Soil
Soil
Beech Leaves
Sewer Sludge
Sewer Sludge
Soil
Soil

Origin
Austria
Austria
Austria
Austria
Austria
Austria

Novozybkov
Kiev (Ukraine)
Novozybkov
Kiev
Gomel (Belarus)
China
Austria
Austria
Austria
Austria
Austria

Processing and initial characterisation
Materials are normally processed in such a way that their final chemical and physical
characteristics represent the original characteristics of the material as closely as possible. The
essential steps in the preparation of reference materials are:
S drying/lyophilization
S homogenisation,
S bottling
•S y sterilisation (60Co source)
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The following steps in the processing of a material are only followed when necessary:
•S cleaning (e.g. physical removal of material (debris) which differ from the required matrix),
S grinding,
•S sieving,
S milling/jet milling

Initial Characterisation
Characterisation of a candidate intercomparison includes the following steps which are

performed in the IAEA laboratories:
S moisture content determination,
S particle size distribution analysis,
S preliminary determination of the levels of trace elements (instrumental neutron activation

analysis, atomic absorption spectrometry and inductively coupled plasma mass
spectrometry and inductively coupled plasma-emission spectrometry) or radionuclides (y-
spectrometry, ot-spectrometry, (3-scintillation counting),

S homogeneity test of the bulk material,
S testing of the final (bottled) material to assess its' homogeneity and decide upon its'

fitness as an intercomparison material,
S internal analysis of the final product for as many analytes as possible using the broadest

spectrum of analytical techniques available.
S internal validation of results and assessment of the material.

Intercomparison run.
The following actions need to be taken for the planning and organisation of an
intercomparison run:
S preparation of a timetable for the intercomparison project (consultants meetings, research

projects, etc.),
S Issue an invitation to laboratories in Member States to participate in the intercomparison

(via announcement in the AQCS Catalogue, invitation letters etc.),
S collection of replies,
S preparation of related documentation (information sheet, diskettes, questionnaires, etc.),
V shipment of samples and related documentation to the participants,
•S collection of results.

Evaluation of results.
Results from intercomparison runs and laboratory performance evaluations are reported to the
Agency and evaluated by AQCS. The data are used to prepare a preliminary input file (for
subsequent statistical processing) which is sent to the participating laboratories for verification
and correction, if necessary. Then the most probable values and their uncertainties are
determined from statistical procedures in parallel with an evaluation performed by an
experienced analyst. If the material is suitable for use as a reference material, results are
finally reported as recommended values with stated uncertainties.
The statistical evaluation of the data is used to determine the distribution of the reported
values, to identify "outliers" and to arrive at an estimate of the true value. This approach uses
four empirically selected tests (Dixon, Grubbs, skewness and Kurtosis) in order to identify
and reject outlying values on the assumption that the data set is normally distributed [2].
Testing is continued until no further rejection occurs at a significance level of a = 0.05. The
statistical evaluation is supported by an expert's judgement on the data which includes
analytical considerations, the quality of the data reported by a laboratory (evaluated by quality
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indicators such as completeness and precision of data and procedure descriptions) and the
known general performance of a method in the given matrix .

Categorisation.
The output data obtained after statistical treatment and expert evaluation of intercomparison
exercise contains information on the mean value of laboratory means, 95% confidence
interval, number of accepted results, identification of outliers, results from each laboratory
(including the mean value) and method code for the analytical techniques used. Such an
output file, supported with a graphical presentation of the data, is the basis for the decision on
possible classification of the result for each analyte (i.e. recommended or information value).
According to the procedure applied at the Chemistry Unit (Monaco Laboratory uses slightly
different approach), the recommended values, as best estimates of the true concentrations
should meet the following requirements:
V the overall mean is based on at least 10 accepted laboratories' means,
V two or more different analytical methods are used to provide the overall mean,
V the number of laboratories' means rejected as outliers does not exceed 20%,
V the relative standard deviation of the overall mean is not more than 20% for lower and

10% for high concentration (the terms "high" and "low" concentration are defined in the
context of each individual intercomparison).

However, this approach may lead to some problems :
V a large range in the results remains even after removal of "outliers",
V the standard deviations of the final data set may be influenced by biases rather than

random errors (certain results might be biased due to the chosen sample dissolution
technique, or the choice of preconcentration/separation techniques or inherent in the final
measurement method used).

V results of the intercomparison might have an unrealistically small confidence interval
owing to the large number of participants.

Availability.
An intercomparison material is normally prepared in an amount sufficient to meet the needs of
the AQCS programme for some years after the intercomparison run has finished, a catalogue
listing the RMs available and planned intercomparison runs is published by the IAEA every
two years. Details about availability, cost and ordering are given in the catalogue.
Reference materials available for selected analytes in stock which could be taken into
consideration as a material for speciation studies, together with the assigned status of
recommended ( R ) or information ( I ) value as well as corresponding concentration and
inventory numbers are shown in the Table3.
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Table 3. IAEA's Reference Materials available for selected analytes.

Reference material Status Concentration
[dry weight]

Inventory
[units/size]

As
IAEA-SL-1, Lake Sediment
IAEA-Soil-7
IAEA-SL-3, Lake Sediment
IAEA -375, Soil
IAEA-140/TM, Fucus (Sea
Plant Homogenate)
IAEA-155, Whey Powder

R
R
R
I
R

I

27.5
13.4
3.2

2.56
44.3

49

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

l̂ g/kg

230(25g)
300 (25g)
80 (50g)

1500(250g)
70(14g)

1150 (50g)

Cr
IAEA-SL-1, Lake Sediment
IAEA-Soil-7
IAEA-140/TM, Fucus (Sea
Plant Homogenate)
IAEA-V-10, Hay Powder
IAEA-155, Whey Powder
IAEA-V-9, Cotton Cellulose

R
R
R

R
R
R

104
60

10.4

6.5
0.59
0.11

mg/kg
mg/kg
mg/kg

mg/kg
mg/kg
mg/kg

230 (25g)
300 (25g)
70 (14g)

370 (50g)
1150(50g)
1100 (25g)

Pb
IAEA-Soil-7
IAEA-SL-1, Lake Sediment
IAEA-140/TM, Fucus (Sea
Plant Homogenate)
IAEA-V-10, Hay Powder
IAEA-V-9, Cotton Cellulose
IAEA-155, Whey Powder

R
R
R

R
R
R

60
37.7
2.19

1.6
0.25
104

mg/kg
mg/kg
mg/kg

mg/kg
mg/kg

l̂ g/kg

300 (25g)
230 (25g)
70(14g)

370(50g)
1100 (25g)
1150 (50g)

Se
IAEA-SL-1, Lake Sediment
IAEA-155, Whey Powder

I
R

2.9
64

mg/kg 230 (25g)
1150 (50g)

Hg
IAEA-SL-1, Lake Sediment
IAEA-085, Human Hair
IAEA-086, Human Hair
IAEA-142/TM, Mussel
Homogenate
IAEA-V-9, Cotton Cellulose
IAEA-140/TM, Fucus (Sea
Plant Homogenate)
IAEA-V-10, Hay Powder
IAEA-155, Whey Powder

I
R
R
R

R
R

R
R

0.13
23.2

0.573
126

55
38

13
2.6

mg/kg
mg/kg
mg/kg

ug/kg

Hg/kg
l̂ g/kg

Hg/kg
ug/kg

230 (25g)
430 (5g)
660 (5g)
90(10g)

1100 (25g)
70(14g)

370 (50g)
1150(50g)
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Methyl-Hg
Note: all Methyl-Hg values are reported as their corresponding Hg concentration
IAEA-085, Human Hair
IAEA-086, Human Hair
IAEA-142/TM, Mussel
Homogenate
IAEA-140/TM, Fucus (Sea
Plant Homogenate)

R
R
R

R

22.9
0.258

47

0.626

mg/kg
mg/kg
Pg/kg

Hg/kg

430 (5g)
660 (5g)
90 (lOg)

70 (14g)

AQCS address database.
During its activities, the IAEA AQCS has established a database of its customers containing
some 6500 addresses. AQCS customers regularly receive information related to reference
materials and intercomparison runs. All participants and customers receive the AQCS
catalogue on a biennial basis in which they are informed about the status of reference
materials and current or planned intercomparison runs.
A questionnaire was included with the current catalogue to help identify the needs of Member
States relating to the AQCS programme (scope of intercomparison exercises, analyte
concentration ranges, type of matrix, level of interest expressed for proficiency testing, etc.).
More than 1500 responses has been received to date, a broad spectrum of expectations and
needs have been expressed. The response to the questionnaire is being evaluated and a report
will be issued in 1999. More than 40% of the responses express interest in trace elements and
many respondents express a need for reference materials for speciation analysis. There is a
growing interest as well for a reference material on speciation of radionuclides (Pu-239+240,
Sr-90, etc.) in various matrices.

Recommendations for future activities.
In the October 1997, a Consultants' Meeting was convened where the Consultants were
charged with evaluating the results of the Agency's AQCS activities between 1990 and 1997
as part of the general Performance Assessment System (PPAS) of Agency's programmes [3].
At this meeting it was recognised and recommended that the efforts of AQCS should be
refocused towards the following primary goals:
V m addition to developing new reference materials, the current stock of materials within

AQCS may serve to provide 'value added' information. This would require a critical
scientific reassessment concerning their utility and could lead to the characterisation of
important new analytes in existing materials.

V Future intercomparison exercises should be used for quality assessment only. Future
reference materials should be developed in accordance with ISO Guides 34/35 and at the
highest metrological levels possible.

V Certification of reference materials requires full traceability of the underlying processes to
accurate realisations of the entities being measured and emphasises the need for establishing
a quality system at the Agency's laboratories in compliance with the relevant ISO
requirements.

V Instead of concentrating solely on simple statistical evaluations of the interlaboratory
comparisons, effort should be focused towards identifying sources of error to provide
participants with guidance for preventative actions in their work protocols.
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To achieve these goals, the following steps must be undertaken:
V Upgrade current reference materials with respect to their traceability and uncertainty level.
V Characterise new important analytes and chemical species in the current reference

materials.
V Develop the scientific capabilities of the involved personnel in accordance with the above

recommendations.
V Develop future reference materials in accordance with the ISO Guidelines 34 and 35.
V Implement a quality system at the Agency's laboratories.
V Deploy and delegate national and/or regional intercomparison schemes to Member State

laboratories.
V Improve qualitative and timely feedback to laboratories participating in intercomparisons in

order to identify and prevent potential sources of error.
V Disseminate guidelines and standard operating procedures for analytical measurements.

Beginning in 1998, the IAEA has started to implement some of these recommendations.
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