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1. The Agency and its laboratories 

The International Atomic Ehergy Agency was established in 1957 
to accelerate and enlarge the contribution of atomic energy to 

peace, health and prosperity throughout the world". 

The formulâtive statute authorizes the Agency not only to 
"encourage and assist" peaceful atomic research, but also to "perform-
any operation or service useful in research on, or development or practical 
application of, atomic energy for peaceful purposes". This authority, 

as well as other statutory functions, including the establishment or 
adoption of standards of safety in atomic energy operations, established 
the need for laboratory facilities; indeed, the statute specifically 
authorized the Agency to "acquire or establish any facilities, plant • 
and equipment useful in carrying out its authorized functions". 

The Agency presently has three such facilities. The building 
of the Agency*s main laboratory in Seibersdorf, adjacent to the Austrian 
Reactor Centre, was completed in 1961. The working space initially 
provided was 1700 square meters; a few hundred square meters in "the 
form of outbuildings were added to this later. In addition, several 
laboratory sections are presently located at the Agency's provisional 
headquarters in Vienna. A second facility is the laboratory for Marine 
Radioactivity located in the Principality of Monaco, and the third is 
the International Centre for Theoretical Physics in Trieste, Italy. 
The total number of people employed in these facilities is 1551 of which 
about two thirds are scientists and technicians, and the rest administra-
tive, secretarial and maintenance staff« About 25 Kember States are 
represented by the staff» 
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With a relatively small group staffing Agency Laboratories it 
is mandatory that activities be selected with care to maximize the 
use of the talents and resources available to serve the objectives of 
the IAEA, Thus we seek to avoid activities that are better performed 
in the much larger and more elaborately equipped nuclear research centres 
in some of the Agency's Member States. There are problem areas, however, 
of an international nature which place a unique responsibility upon our 
laboratories. 

One area concerns the establishment of international standards 
and regulations to ensure safety in atomic energy operations; another 
includes the development of safeguards procedures to prevent the diversion 
of fissionable materials from peaceful uses — this includes a limited 
amount of direct analytical work —and a third covers the provision of 
laboratory support to some of the Agency's technical assistance projects 
and co-ordinated research contract programmes. 

Closely coupled with the establishment of standards and procedures 
is the availability of reference materials, chemical standards, and 
calibration services. More will be said about this later. 

Apart from activities associated with the Agency's role in 
regulation and safeguards, the laboratories also were designated to render 
scientific and technical services to Member States at their request. 
Many developing countries do not yet possess the necessary facilities 

> 

for certain types of scientific work in which they are interested, e.g. 
relatively advanced investigations in connection with radioisotope 
applications, or reliable analysis of samples from prospecting operations 
to determine uranium ore concentrations. 

The fields in which the laboratories operate and in which 
services can be provided are chemistry (including analytical, isotope 
and radiochemistry using destructive and non-destructive techniques), 
physics (including isotope calibration by absolute counting techniques 
and neutron monitoring)t medicine and health physics (including whole ' 
"body counting, bioassay of radionuclides and activation analysis for 
medical research purposes)t agriculture (including isotope studies of 
fertilizer applications, genetic studies with radiation—induced mutant 
strains, and sterile male technique of insect pest eradication), hydrology 
and environmental radioactivity (including marine radioactivity studies 



at the International Laboratory of Marine Radioactivity at Monaco). 

Thus far the role of the laboratories has been emphasized. The 
laboratories report administratively to the same Division as the Industrial 
Applications and Chemistry (IAC) Section which also has responsibilities 
relevant to analytical quality control. The IAC Section responsibilities 
are complementary to those of the laboratories and emphasis is placed upon 
research support through coordinated contract programmes such as one 
on nucleaj>-based methods for trace element analysis; advice for technical 
assistance programmes which include equipment grants, training courses 
and assignment of experts to assist Member States, the organization of 

symposia, seminars, panels, study groups, and the preparation of pro-
ceedings and technical reports. Although the IAC Section staff is 
small — 4 professionals — use is made of expert consultants to assist 
in planning said evaluating Agency activities. 

2. Development of the Agency*s Analytical Quality Control Programme 

A. Radioisotope Calibration 

Very early in the history of the laboratories the -Physics Section 
became involved in the calibration of radioisotopes preparations. The 
Agency, in promoting the use of isotopes in medicine, science and technology 
but particularly in the medical field, found the need for a hard look at 

the validity of existing calibrations. Several groups of experts and 
« 

panels convened by the Agency have,over the years, provided detailed 
directives on standardization and intercomparison activities of the 
laboratories. Initially, calibrated solutions mainly of short—lived 
radioisotopes were prepared by absolute methods and provided to labora-
tories in Member States against a small fee designed to recover direct 
expenses. Later, solid standard sources also were provided. Several 
thousand samples were distributed during the following years. The 
programme was terminated when an adequate supply of radioisotope standard -
sources had become available from commercial suppliers. 

To prove and maintain its own capability in the absolute 
measurement of radionuclides) the laboratory also participated in inteiw 
comparisons organized by the Bureau International des Poids et Mesures 
at Paris* 
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Calibration services were extended by the Medical Section which 
built a phantom human head fitted with exchangeable phantom thyroids 
labelled with a mixture of barium-133 and cesium—137 to simulate iodine—131 
radiation. The phantom was used in hundreds of clinical laboratories 
to check upon and improve the accuracy of thyroid function tests with 
iodine—131. 

B. Intercomparison of Analytical Results 

In the past ten years the Agency has been active in carrying out 
analytical intercomparisons of radioactive materials, of materials relevant 
to atomic energy programmes, and also of materials for which analysis by 
nuclear techniques has seemed preferable to other techniques. 

During the early i9601s, the Seibersdorf laboratory had developed 
a capability in the determination of strontium-90 an^ other fall—out 
nuclides in environmental samples. The UN Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR), concerned with calculation of human 
exposure rates to strontiuu)-90 on a world—wide scale, found that the data 
on strontium-90 concentrations in food, soil, vegetation and bones received 
by it from many Countries were often of rather doubtful quality. When 
this occurred, the Agency's laboratory was able to have intercomparison 
samples prepared in bulk quantities to provide to the involved laboratories 
to check their methods. The number of materials available for this 
purpose was increased in later years and, in addition to strontium-90, , 
other radionuclides, artificial as well as natural, were determined in 
them. In addition to "naturally contaminated" materials, spiked samples 
were occasionally used and not only intercomparison samples but also 
samples of known radionuclide content (reference materials) provided. 

For intercgmparison the samples distributed were prepared to 
closely resemble those materials routinely analyzed by the participating 
laboratories. They were selected to have reasonable stability with a 
general composition similar to the materials routinely analysed and with 

a'comparable concentration of the nuclides or elements to be determined. 
Homogeneity of the samples was, in all cases, assured down to the required 
size-range. 

In recent years, the Monaco laboratory has contributed inter-
comparison materials for marine radioactivity studies and Seibersdorf 
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some uranium and plutonium compounds to be used in safeguards work. 

Al so,a number of materials was added to serve the need of scientists 
working on trace element determinations by nuclear—based methods, mainly 

• neutron activation analysis. 

Standard and reference materials 

When many countries embarked on prospecting for uranium and other 
elements, sometimes under programmes assisted by the United Nations, the 
need arose for ore standards to check on results obtained both in the 
field and at the supporting laboratories. Three different ore types 
were used to prepare 4 batches of. standards all in the 0.2 - 0.4$ range 
of uranium concentrations. Certification of these was based on analyses 
carried out at several national laboratories. Recently, to satisfy 
demand for standards of lower—grade ores,two additional materials in the 
0.01 — 0.05$ range of uranium concentration were added. The Isotope Hydrology 
section, meanwhile, prepared two water standards for isotopic ratio analysis. 
The oxygen and hydrogen isotope ratios were intercompared by 25 laboratories 
and these standards together with two older standards distributed in the 
past by the National Bureau of Standards, but since transferred to the IAEA, 
are now available from Vienna. 

Our programme has evolyed over the years. Many intercomparisons 
carried out at more or less regular intervals were replaced by the provision 
of reference samples available on a continuous basis. The number of 
participants in intercomparisons has increased, partly through increase 
in the number of laboratories interested in the types of analysis covered 
by these, partly through improved publication of our activities. Continued 
evolution of our programme to assist Member States to improve their analytical 
capabilities is anticipated. 

3. The Need for Analytical Quality Control in the Nuclear and 
Isotope Fields 

It seems hardly necessary to stress the need for analytical quality 
control at a Symposium like the present one which by its very title under-
lines the fact that meaningful measurements can only be obtained by recourse 
to standard reference materials or by similar forms of outside intervention 
or control. The results of the Agency's efforts in quality control in 
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the nuclear and isotopes fields show that the situation in these fields 
is qualitatively similar to that in the areas covered by previous speakers. 
Quantitatively, however, it may be worse since the number of newcomers 
and inexperienced laboratories is relatively larger in nuclear techniques 
than in conventional chemistry. A few examples from the many results 
of intercomparisons which the Agency has collected, evaluated and some-
times published in the course of the last few years (l—6), will show this. 

The first example is an intercomparison of cesium-137 determinations 
in dried animal blood (6). Forty—eight organizations took part in this 
effort, providing 217 individual results. Each laboratory received 
2 kg of blood packed in an air-tight container. The material was . 
prepared from fresh animal blood containing environmental levels of 
cesium-137' Homogeneity was verified by measuring the cesium-137 content 
of the material in randomly selected containers. .. The results of the 
"determinations are shown in Fig. la. Using all the results received, 
one obtains an inter-laboratory mean cesium content and a standard deviation 
among laboratories of: 

' X - S = 114*8 - 117-6 pCi/kg 

This value and the standard deviation of more than 100% is largely due 
to the influence of three laboratories submitting a\rerages between 400 
and 600 pCi/kg. By neglectiùg these results and the equally unlikely 
one at the other end of the range (13 pCi/kg) one arrives at the much 
likelier figure of: 

X î S = 86.3 - 24.6 pCi/kg 

This latter mean is shown as dotted horizontal line in Fig. la. The 
corresponding 955° confidence limits of the mean come to — 7*4 pCi/6cg. 
Two thirds of the results submitted were obtained by (direct) gamma 
scintillation spectrometry, the other third by various radiochemical 
methods followed by beta radioactivity measurements. Calculated 
separately for each of these techniques the means are: 

Beta counting X - S = 71.2 - 23-8 pCi/kg 
4- / Gamma spectrometry - 20.4 pCi/kg 
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The difference is significant at the 0.05$ probability level and likely 
due to losses of cesium on ashing prior to radiochemical separation 
procedures. Separate distributions of results obtained with the two 
procedures are shown in Pig. lb. 

The second example is from, two intercomparisons of the analysis 
of several radionuclides on air filters carried out on request of the 
Commission on Instruments and Methods of Observation of the VTMO (7)» 
In the first one, organized in 196B-1969 radionuclides were used, 
viz. 54ïîn, 5 5Fe, 9°Sr, 1 3 7Cs, i 4 4Ce and 2 3 9Pu, at levels ranging from 
10 pCi to 1 nCi. From the ten participating laboratories, no results 
were received for Fe at the 1 nCi level. The majority of the results -
received for the other nuclides did not show unusual spread and their 
overall means did not deviate too much from the true value of the spike 

239 
added however, only three out of the ten laboratories reported on Pu 

1 144 
and only four on Ce. Of the 31 averages received for all nuclides 
taken together, 5 had to be rejected as outliers. 

A similar intercomparison was organized in 1972. The two cannot 
106 

strictly be compared, since in the new intercomparison Ru was sub-144 
stituted for • Ce and the activity levels of all nuclides was considerably 
higher than in the earlier intercomparison (the new one was aimed at 
analysis in emergency situations). Participation was much better, however, 
than in the earlier interconparison (20 laboratories compared to 10 at 
that time) and the number of laboratory averages received was 84 based 
on 729 individual determinations. The results which can be seen in 
Fig.2 show an interesting feature: the intralaboratory standard deviation 
and the corresponding standard error of each laboratory mean are usually 
small while the scatter of these means around their overall interlaboratory 
mean is considerable. 
Obviously, the difference of a laboratory mean from the overall mean is 
mainly due to bias and cannot be much influenced by repetition of measure-
ments. Excessive repetition under such circumstances must be considered 
a waste of effort. Laboratories were advised that more time should 
instead be devoted to the detection of the reason for the bias which leads 
to a standard deviation of up to 20$ (in the case of ^Sr) and which in 
some cases could be due to the use of biassed radionuclide standards. 
Agreement between the overall mean and the nominal value, on the other hand, 239 is good for most nuclides. All differences, except that for Pu, 
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amount to less than 3$ and are fully accounted for by the standard error 
of the overall mean. In all, 24$ of laboratory means had to be rejected 
in 1968, this figure was down to 15$ in 1972. 

The third example concerns the determination of uranium, thorium 
and potassium in three different sediments, two shales with a silicate 
matrix from Germany and Sweden, and a limestone with ca-rbonate—sulfate • 
matrix from Iran. Twenty-two participating laboratories returned a 
total of 134 results, each based upon from 1 to 6 individual determinations.' 
Exactly one half of the results was obtained by gamma spectrometry, 16 of. 
these had to be rejected as highly improbable (outside the limits of 
3 standard deviations from the mean of all the accepted results). 'The 
other half, obtained by methods such as neutron activation, fluorimetry, 
fission track counting and a few others,contained only 2 objectionable 
results and had smaller standard deviations. The overall means of the 
two halves were not significantly different, however. All accepted 
values were, therefore, combined in the calculation of the overall means 
and their standard deviations: 

Sediment-1 104 - 21 ppm U 11.7-2.6 ppm Th 2.92 î 0.32$ K 
Sediment-2 3-7 - 1.2 " " 8.8 - 3-1 " " 1-75 - 0.19$ " 
Sediment-3 3.3 - 0.6 " " " " 0.15 Î 0.06$ " 

The normalized distribution (mean = 100) of all nine groups of results is 
shown in Fig. 3» For uranium, the range of values received is from 
60 - 140$ at 100 ppm and from 40 to 180$ at 3 ppm. For thorium at 2-12 ppm 
the range extends from as low as 10$ up to 600$ of the mean. Most 
surprising perhaps is the wide scatter of results for potassium even 
thou^i this element was present in much hi^ier concentration than the other 
two. Even if we disallow the extreme values (one at 10$ and one each 
at 250 and at 600$) the other values are still spread between 60 and 160$ 
of the mean at the 0,1$ concentration and not much less at the 2-3$ 
concentration. 

Fig. 4 shows results obtained for the same 3 elements in urine 
samples. These determinations were carried out by laboratories whose 
function it is to determine body burdens of radioactive elements in nuclear 
industry workers. The amount e.g. of plutonium used was about that 
generally taken to correspond to 15$ of the permissible body burden. 
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(a level of 4 pCi in a 24 h* urine sample, usually rather more than 1 litre 
of urine, is assumed to correspond to the maximum permissible "body burden). 
The lowest value report ed (20$ of the mean) would indicate the presence 
of only 3$j "the highest (400$ of the mean) that of 80$ of the permissible 
value. Or, putting it another way, the laboratory providing the high 
value would report the presence of the maximum body burden already when 
the amount of plutonium present in urine would i-n fact correspond to only 
one quarter of the accepted figure, while the other would not sound the 
alarm until five times the permissible body burden would be reached. 

It has been mentioned earlier that our investigations include not 
only radioactive materials but also materials in the analysis of.which 
radiochemical and nuclear methods may be used to advantage (8). Deter-
minatio'ns of environmental mercury fall into this category. Mercury 
pollution from industrial as well as agricultural uses of the element 
has given rise to concern in the last few years and many laboratories have 
started to analyse for it in environmental materials. The concentrations 
looked for are of the order of between one and one hundred ppb and at this 
low concentration range the great sensitivity of neutron activation analysis 
for mercury has made this method one of the methods of choice. To assist 
laboratories to control their reliability and at the same time to assess 
the general status of analytical performance in this type of work, the 
Agency distributed nine different materials containing environmental 
.concentrations of mercury (9,10). The results of the nine different 
intercomparisons is shown in Table 1. As can be seen from the vertical 
column at the extreme right of the table, roughly one third of the 407 
individual values (92 laboratory averages) had to be excluded as grossly 
erroneous. The remaining results still gave standard deviations varying 
from 23$ to 65$ of the mean. A separate evaluation of the results 
according to the analytical methods employed did not show any difference 
in performance between neutron activation analysis which was used by two 
thirds of the participating laboratories and atomic absorption which was 
used by most of the others. 

Finally, as an example of an application to multi-element analysis, 
the results of the intercomparison of the analysis of 13 metals deposited 
on air filters are shown in Table 2. The filters were loaded by eva-
porating on them aliquots of suitable solutions of salts of the metals 
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concerned. The quantities of the various elements on each filter varied 
from 0.2 micrograms for mercury and selenium up to 200 micrograms for 
iron. Batches of 10 filters were provided to each participating labora-
tory. 22 laboratories submitted 171 laboratory mean results based on 
876 individual determinations. A preliminary report based on less 
complete data has been published elsewhere (7)» As in previous cases 
the standard deviations of individual laboratory means from the overall 
mean of 20-40$ for most elements were found to be very much larger than 
the differences between individual measurements carried out.Vfc one and the 
same laboratory. Differences between the nominal quantities of metals 
added and the overall mean were 10$ or less for all except three of the 
metals. For about half of the elements investigated, these differences 
were within one standard error, for slightly more than one third within the 
range between 1 and 2 SE and only for 2 elements between 2 and 3 SE. 
This proves that no serious bias was introduced in 'the preparation of the 
samples used in this intercomparison. 

Somming up the results of the intercomparisons reported here, which 
are only a small part of the total number organised by the Agency, it can 
be said that they illustrate the great need cf laboratories for analytical 
quality control. Such intercomparisons are a useful first step in 

(a) assessing the analytical capabilities of laboratories, 
(b) assisting in the improvement cf analytical programmes, 

and (c) evaluating the degree of reliability of data. 

In some fields of analysis, relatively large errors can be tolerated. 
The intercomparisons described, however, have shown that even generous 
tolerance limits are often exceeded by a considerable number of laboratories. 
Continued quality control seems to be quite essential to achieve and retain 
reliability. 

One problem has remained with us: the recognition of outliers. 
We have used different statistical criteria for their recognition, but are 
b&PPy with none of them. Depending on the number of data received in 
each run, which varies considerably, and on their grouping, one or the 
other of the methods seems preferable but none of them is really satisfactory 
for use with all the data. 
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4- Present Status of the Agency's Analytical Quality Control Programme 

The materials presently supplied are classified as follows: 

(a) Standard materials (s): these have been analyzed at one of the 
Agency's laboratories or at one or several contractor laboratories, well 
known to be reliable. They are supplied with a certificate describing 
their general composition as well as stating the content of the element or 
nuclide of interest and the method(s) by which this value was obtained. 
Our uranium ore standards fall into this category which also used to 
include our radioisotope solution standards. 
Occasionally the Agency also supplies standard samples prepared by national 
laboratories such as the NES. . 

(b) Intercomparison materials (i): these are materials distributed 
free of charge for intercomparison purposes* The homogeneous distribution 
of elements or nuclides to be analyzed in them is ascertained; their 
absolute concentration, however, is not always known to us. They are 
distributed free of charge (except for postage if its cost is considerable) 
on the understanding that the laboratories ordering them report their 
results to us on a confidential basis for- use in our calculations. 

(c) Reference materials (R): these are materials which have been 
previously used for intercomparisons so that their contents have been 
determined» Generally, the degree of accuracy with which these contents 
can be named is inferior to that pertaining to standard materials. 

Table 3 lists all the materials scheduled for distribution in 1973 
and 1974- Some of these materials are available from stock on a continuous 
basis. ï'Sost of the intercomparison samples for 1973 have already been 
sent out. For some of them the collection of results has been concluded 
and the evaluation started or, in a few cases, already completed. 

Many of the analytical activities covered by these materials 
are of interest not only to the Agency but to other international, regional 
and national bodies. Close co-operation is sought with these bodies 
with, a view towards co-ordinating programmes. We enjoy good relations 
with the Norld Meteorological Organization (vîïïO) with whom we have exchanged 
ideas concerning cur air filter studies (7) who will be interested in 
anything we do to assist in improving accuracy in the determination of air 
pollution. In the field of samples of medical interest we are in contact 
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with the World.Health Organization; those of our stable.element materials 
which are relevant to pesticide studies (5) 2-nd other agricultural appli-
cations have been discussed with representatives of FAO with whom the 
Agency has a Joint Division. We hav^ in the past consulted or co-operated 
on standards and intercomparisons with many other organizations including 
the BIPM, UHSCEAB, IÜPAC, ISO, EURATOM ( i l ) and other international and 
interregional as well as with numerous national organisations and offices, 
including, of course, the National Bureau of Standards. In addition, 
an informal network of reference laboratories has been set up by the Agency 
selected on the basis of their reputation and continued reliability, to 
assist in the analysis of reference materials. 

5. Recent Recommendations to the_ Agency 

A recent consultants* meeting on Labelled Chemicals and Kuclide 
Production Relevant to Nuclear Medicine (Copenhagen, 2—4 April 19T3) led 
to several recommendations indicative of the broader implications and 
need for Analytical Quality Control. This group recommended that there 
be IAEA sponsored intercomparison activities carried out to assure good 
accuracy in radiopharmaceutical laboratories. They also recommended 
strongly that the Agency investigate reference materials needs in Member 
States with the objective of being responsive to such needs. It was, 
incidentally, also noted that there is a need for a standard 
reference material for calibration purposes - a counting standard. In 
this context, WHO does at present provide a few reference substances for 
quality control procedures. 

A recent Panel on Practical Aspects of Neutron Activation Analysis 
(Vienna, 6-10 August 1973) - a subject that has been of major interest 
to the Agency for a long time - added further support to the importance 
of the Agency's programme. Although Neutron Activation Analysis is 
regarded by many groups, based on their own experience, as a generally 

reliable technique, wide—scale interlaboratory comparisons of MAA results 
on reference materials such as those organized by the Agency and others, 
have revealed significant discrepancies of results among the laboratories (8). 
Concurrent intercoraparisons of some other competing techniques have also 
shown that they are not better than KAA in this regard. The findings 
further underline the need for continuous control of the quality of analytical 
work, regardless of the analytical method employed. 



The panelists recommended an expansion of the Agency's services by 
acting as a clearing house for information on the availability of reference 
materials and SRK's from reliable non—Agency sources. In its own 
production the Agency should concentrate its efforts on reference materials 
and SRM's which are not currently available. Biological reference 
materials and SEM' s were pointed out as being in relatively short supply 
and increasingly demanded. The need for larger batches of these 
materials was stressed — subject to considerations of storage life — since 
often, by the time a reference material becomes accepted as an SRM, 
the supply may be nearly exhausted. The interlaboratory comparisons 
of analytical results should continue. In such studies the uncertainties 
in the standards used in the analyses of reference materials have been 
recognized as a major contributor to the large deviations observed among 
laboratories. In order to make a more realistic comparison and evaluation, 
it was suggested that the Agency provide, together with each set of 
reference materials to be analyzed for intercomparison, a "standard" for 
the elements of interest, to allow normalization of the results for 
comparison. 

In the field of marine radioactivity studies, a panel which met 
in Vienna, 30 October to 3 November 1972, recommended that the Monaco 
Laboratory should "continue the highly successful programme of preparation 
and distribution of intercojaparison samples of environmental material, both 
narine and freshwater ...... contaminated with either fission-produced 
or activation-produced nuclides" as well as "the present programme of 
co-operation with Seibersdorf Laboratory in the preparation and distribution 
of standard reference samples .....(and) calibrated solutions suitable 
for yield monitoring and standardization in the analysis for transuranic 
elements". 

Recommendations for SRM's in the field of medical isotope 
applications were made by a Consultants' meeting on analytical quality 
control for the WEO/IASA joint research programme on trace elements in 
cardiovascular diseases, Vienna, 13-15 December 1972, and for environmental 
monitoring by the IAEA/WHO Panel on environmental monitoring programme, 
Vienna, 6-10 November 1972. 

Finally a word about Reference Materials for nuolear fuel analysis. 
Here again as the result of a Consultants' Meeting (Vienna, 1}-15 Deoembcr 
1972), it was recommended that the Agency undertake several activities 



- 14 -

important for increased international co-operation with some concurrent 
improvement of the ability of scientists from different countries to be 
able to talk to one another and know that their data is comparable. These 
include preparation of a list of available materials - reference and 
also test materials — specifically uranium and plutonium materials, with 
the Agency in the co—ordination role in assisting and encouraging exchanges 
and intercomparisons of these materials. Test materials were defined 
as those normally satisfactorily characterized for their particular purpose 
but not as fully as reference materials. It is likely'that in this 
task the Agency would have the active co-operation of several supra—national 
organizations such as EURATOM. 

The Agency was asked to encourage Member States to make internal 
national reference materials available to enhance international co—operation 
on the analytical chemistry of nuclear fuels and for the mutual benefit 
of all States concerned. 

6. Future plans 

To explore the results cf programmes over the past decade and to 
advise the Agency on how to best help laboratories to achieve accurate 
measurements in the nuclear and radioisotope fields with adequate precision, 
sufficient speed and at reasonable cost, a Consultants* Meeting on 
Analytical Quality Control was convened by -the International Atomic Energy 
Agency from 16-18 May 1973 in.Vienna. 
A systematic and practicable approach to this problem resulted from the 
meeting, and plans for reference materials, analytical quality control 
and related matters are discussed in the following sections. 

A. Supply and Distribution of Standard Reference Materials 

Having effectively completed and evaluated the results of a 
number of intercomparisons, consultant meetings and panel reports the need 
for continued distribution of standards, reference materials and inter-
comparison samples has been clearly affirmed. 

The future Agency programme will seek to emphasize certification 
of more standard reference materials with their content of radionuclides 
and stable elements, and assist in the distribution of national standard 
reference materials for world-wide intercomparisons, where legal difficulties 
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prevent their direct export from one country to another ( i. e ». uranium and 
plutonium). 

Steps will "be taken to establish priorities in introducing new 
standard reference materials and reference materials in the "broad fields 
of analyzing radionuclides and stable elements in nuclear materials, rocks 
and ores, environmental and medical samples. In this context, in the 
planning of any new standard reference materials programmes continuous 
co-operation of the Agency with other international bodies-will avoid 
possible duplication. With the objective of improving the accuracy 
of laboratories engaged in intercomparison studies,, it is considered 
advisable to establish world-wide priorities for well—defined studies 
based on particular standard reference materials. It is considered 
better to carry out a few well—planned intercomparison studies on particular 
problems than to disperse the Agency's efforts ove-r a large number of 

problems. 

Standard reference materials must be produced with the highest 
quality and it is essential that only well established and recognized 
procedures be used to accomplish this goal. While we would like to 
be able to strengthen our own in—house scientific facilities and orient 
ourselves towards measurement work on standard reference materials, this 
would require a staff and facilities increase well beyond what appears 
practical for the IAEA in the" near future. 

We believe that a network of highly qualified laboratories should 
be encouraged to work together in the measurement work leading to certi-
fication. These may be university, industrial or national laboratories % 
The emphasis must be placed on quality, i.e. to measure properties with 
capability, responsibility and reliability. A large number of labora-
tories is not necessary and indeed may be. a disadvantage. We believe 
the Agency can provide a focal point for such an effort, concentrating 
on requirements for nuclear-based methods cf analysis and nuclear-analytical 
needs. 

B. Analytical Quality Control Services and Other Matters 

Since reliable analytical results are often the basis for critical 
discussions in assessing nuclear operations, environmental pollution, 
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nutritional deficiencies and mineral resource potential, it is of paramount 
importance for international organizations and their Member States to have 
at their disposition the services of analytical laboratories of assured 
reliability. 

In reviewing the problems related to the Agency's Analytical 
Quality Control Services and its results, it was felt that the reliability 
of analytical data in the fields of radiochemistry and trace analysis 
could be appreciably improved. Through analysis of the causes of 
deficiency, it is believed that improvements can.be achieved through 

- improved understanding of the analytical problems, 
- more information on suitable methods and equipment., and 

- better analytical quality control worfe-

lt is planned to continue the Analytical Quality Control Services 
based on the organization of intercomparison studies but with the expanded 
objectives of including the survey of the analytical situation in a 
particular field, information dissemination, education, and improvement 
of methodology. The accuracy of the measurements in the participating 
laboratories is to be controlled through distribution and analysis of 
standard reference materials. 

In the Agency's Safeguards programmes, improved availability and 
intercomparison opportunities>involving reference materials for nuclear 
fuel analysis also will be useful. In the development of Safeguards 
procedures for evaluating the reliability of analytical data, considerable 
effort is being put forth to examine the systematics of chemical analysis, 
to identify the frequency of use of reference materials required, to 
define biasses introduced by particular methodologies, etc. This kind 
of activity may be of considerable use outside the Safeguards programme, 
in monitoring for water or air pollution for example. We plan to exploit 
the broader applicability of those activities. 

In the field of nuclear fuel analysis one area of particular 
concern is the analysis of-mixed uranium - plutonium oxide fuel materials. 
These are important to the advanced technological efforts in a number 
of Member States. Present analytical methods for assay for uranium 
or plutonium in mixed oxide materials are difficult to master. There is 
a need for a test material to examine the difficulties involved and it 
is anticipated that a co-ordinated research programme on some of the 
analytical problems of mixed uranium - plutonium oxide materials will be 
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undertaken. This would involve obtaining a supply of well characterised 
(U — Pu) oxide material to he used as a test material. Particular problems 
to be examined would include dissolution of. mixed oxides and analysis for 
U and Pu in the presence of each other. It is expected that the opportunity 
for international intercomparison will be received favourably by all workers 
involved with the analysis of mixed oxides. , . v ~ 

C«. Areas of Priority . 

To meet the practical requirements of participating laboratories, 
the Agency may concentrate on providing the services discussed above in " ' 
areas of hi^i priority such as follows: 

• 1. Uranium and thorium prospecting (more standard reference 
materials are required). 

2. Environmental analysis for radionuclides, particularly with 
respect to radioactive waste disposal on land and into the 
ocean. 

3. Environmental analysis for stable elements by nuclear-based 
techniques (such as analysis of Hg, Cd. As and others). 

4. Analysis for safeguards purposes. 

5. Analysis in connection with isotope applications in the 
life sciences. 

D. Co-operation with Other Organizations 

It has been mentioned in preceding sections of this paper that 
the Agency has co-operated in the past with several international, inter-
regional and national organizations, institutions and laboratories in the 
preparation of materials for analytical quality control and in the organization 
of intercomparisons. It is our firm intention to continue to do so 
in the future. 

The costs of preparing certified reference materials are high and 
are influenced by the time and effort required. In view of the direct 
gain through elimination of significant analytical errors, however, costs 
should not be considered a limiting factor. The efficient use of 
materials that are expensive demands an awareness of purpose of use and 
secondary materials may be adequate for many purposes. 
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We welcome any new "initiative by national or international bodies to 
provide additional reference materials in the nuclear field. No single 
organization is capable of providing all the SRM1 s required even in this 
field alone. International cooperation and careful distribution of 
work is necessary to use the available manpower and resources to the best 
effect. • • 

7- Summary * . 

The International Atomic Energy Agency has distributed calibrated 
radioisotope solutions, standard reference materials and intercomparison 
materials in the nuclear and radioisotope fields since the early 1960's. 
The purpose of this activity was to help laboratories in its Member States 
to assess and, if necessary, to improve the reliability of their analytical 
work and to enable them, in this way, to render better service in a 
large number of areas ranging from nuclear technology to isotope applications 
in medicine and environmental sciences. The usefulness and the need 
for this service was demonstrated by the results of many intercomparisons 
which proved that without continued analytical quality control adequate 
reliability of analytical data could not be taken for granted. 

The scope and the size of the future programme of the Agency in this 
field has been delineated by recommendations made by several Panels of 
Experts. They have all agreed on the importance of it and made detailed 
recommendations in their areas of expertise. 

The Agency*s resources are limited and it cannot on its own 
undertake the preparation and distribution of all the materials which 
are needed. It can, however, offer a focal point to bring together 
different .international and national bodies who have an interest in quality 
control materials. Co—operation is sought with these bodies to co-ordinate 
efforts, avoid duplication of work and make the best use of available 
resources. 
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TABLE I Summary of Intercompari son Reeulto for Msrcury 

Manorial analysed Corn 
flour 

Wheat 
flour 

Animal j Fish 
blood j oolubloo 

Milk 
powder 

Saw 
dust 

Cellu-
lose 

Lacqucr 
paint 

Colorie 
matori al 

All 
inter-
corapa— 
rioons Intercompari son Code V-l V—2 A-2 A-6 A-8 S-8 ' S~9 5-10 s-n . i 

All 
inter-
corapa— 
rioons 

Number of individual 
reported determinations 

67 58 43 62 45 39. 33 29 26 407 
results laboratory 

averages 15 14 10 14 11 9 
i 

8 6 5 . 92 
Number of individual 
values determinations 

36 26 A 48 21 22 33 11 22 254 
excepted laboratory 

averages 9 7 8 11 6 | 6 7 3 4 61 
Number of individual 
values determinations 31 32 6 14 17 5 18 ' 4 153 
excluded laboratory 

averages 6 7 2 3 5 3 1 3 1 31 
Total range of 
laboratory averages (ppb Hg) 

2,45 - 200 2,5 
- 74 

4,1 
- 49 

32,8 
-300 

2,3 | 
- 24 ! 

29-7 i 
-1022 ! . ,i 

33,7 1 53,8 
- 608 i -5,00 

7,8 
-446 

Range of accepted 
laboratory averages (ppb Hg) 2,45 

-19,3 
2,5 
-7,75 

4,1 
-21,6 

32,0 
-104 

' • i 
2,3 t 29,7 33,7 j 53,8 

-5,37 j -56 j -143 j - 86 j 
7,8 
- 55 

Overall mean of (ppb Hg) 
accepted laboratory averages 

10,3 4,6 13.0 62,6 
1 

1,5 ! H,5 74,5 
.. 1 . ..I 

72,3 j 30,7 
. 1 . 

Standard deviation . jjg 6,6 2,2 6,0 23,0 
1 

1,1 10,1 38,7 . 16,6 
. . 1 1 .1 !. | 

19,3 

mean S $ 64,6 48,7 46,3 36,8 24,8 24,4 51,9 23,0 62,9 



TABLE 2 Aii^Filter Intercomparison - 1972/1973 

SUMMARY OF RESULTS 

Element Means > Added Recovered Difference 
Determined Received Accepted Mean S.D. S.E« 

No. Range No. Range 

/"g /ug /ug % /ug ' % /ug % 

Arsenic 12 0.695 - 4.400 11 0.695 - 2.740 2.04 1.655 O.566 34.2 0.171 10.3 0.385 18.9 
Barium 9 10.48 - 18.00 9 10.48 - 18.00 13.8 13.05 2.60 19.9 0,87 6.6 0.75 5-4 
Cadmium 11 1.93 - 5.63 10 1.93 « 4.77 3.06 3.21 0.77 23.9 0.24 7.5 0,15 4.9 
Chromium 16 1.30 - 7.50 14 1.30 « 4.20 1.85 2.28 0.76 33.4 0.21 8.9 0.43 . , 23.1 
Copper 15 0.616 - 8.333 14 0.816 - 6.000 3.04 3-22 1.26 39.1 0.34 10.4 0.18 9.7 
Iron 21 112.4 •r» 291.6 21 112.4 - 291.6 . 194 191.4 41.1 21.4 8.96 4.6 2.6 1.3 
Mercury 6 0.110 « 0.416 6 0.110 - 0.416 0.24 0.26 0.12 46.2 0.049 18.8 0.02 8.3 
Manganese 19 3.000 - 8.350 19 3.000 - 8.350 4.2 4.64 1.29 27.8 O.3O 6.3 0,44 10.5 
Nickel 11 1.63 10.00 11 I.63 10.00 5v3 6.51 2.28 35.0 O.69 10.5 1.21 22.9 
Lead 14 100.3 201.0 14 100.3 - 201.0 153 149.7 31.8 21.2 8.5 5.6 3.3 2.2 
Selenium 7 0.507 - 1.040 7 0.507 - 1.040 O.85 0.769 0.160 20.9 0.061 • 7.9 0.081 . 9.5 
Vanadium 10 1.635 +10 10.42 9 1.635-« 2.500 2.16 2.05 0.27 I3.I 0.090 4.3 0.11 5.1 
Zinc 20 50.00 — 118.8 18 50.00 — 85.76 74 70.74 9.68 13.6 2.28 3.2 3.26 4.4 



TABLE 3 IAEA Analytical Quality Programme 1973-1974 

CODE MATRIX ELEMENTS OR CONCENTRATION 
NAME NUCLIDES'TO BE OR ACTIVITY 

DETERMINED LEVEL 

Nuclear Materials 
SR-1 Uranium oxide product^ U 
SR-2 Uranyl nitrate solution U 

SR—2—1 " — 

SR-3 Plutonium nitrate 
solution 

SR-3-1 » -

U isotopic 
composition 

Pu 

87$ U 
200 g/l 

100 g/l total U 
1,5 - 5$ U~235 

20 g/l 

Pu isotopic composition Pu-2 39 

Uranium ores 
S~1 Uranium ore: 

Torbernite 
$-2 - V ~ 
S-3 Uranium ores 

Carnotite 
S—4 Uranium ores 

Uraninite 
S-12 Uranium ore: 

Pitchblende 
S—13 Uranium ore; 

Pitchblende 

U 

U 
U 

U 

U 

U 

0,471$ U308 

0,313$ U30g 
0,418$ U 30 8 

0,375$ U308 

0,014$ U30g 

0,039$ U308 

SAMPLE SIZE CLASS OF SAMPLE AND REMARKS 
SCHEDULED YEAR OF 
DISTRIBUTION 

1973 1974 

5 g I 
2 x 10 ml I 1) 

2 x 2 ml I 1 ), 

2 x 10 ml I 1) 

I 1) 

100 g S S 

100 g S . S 

100 g S S < ' ' 

100 g S \ S ' 

100 g S .S 

100 g S r S 



CODE 
NAME 

MATRIX ELEMENTS OR 
NUCLIDES TO BE 
DETERMINED 

•Environmental materials 
W-l Fresh water, low content • H~3 

of fission products Sr-89, Sr-90, Cs-137 
and tritium 

W-2 Fresh water, high content H-3 
of fission products Si>-89, Sî -90, Cs-137 
and tritium 

W-3 Fresh water Pb,Hg,Mn,Cr,As,Cd,V,Fe, 
Ni,Zn,Co,Cu,Mo,Se, Ba 

Air naroples 
V Air—1 Simulated deposition Pu, Sr-90 

on air filter Mn-54,Fe-55,Ru-106,C8-137 
Air—2 - " - Sj>-Ö9j 1-131, Ce-144 

Air-3 - n - Pb,Hg,Mn,Cr,As,Cd,V,Fe, 
Ni,Zn,Co,Cu,Mo,Se,Ba 

Sea water 
SW-A—1 Sea water 

SW-I-3 

low level fallout radio-
activity 
Fission products 
Pu 

Animal materials 
A—1 Spray dried 

animal blood 
A-2 

A-3 Calcinated 
animal bone 

Pu, U, Th 

Ae,Cd,Cr,Fe,Hg,Mn,Pb,Zn, 
Br,Co,Cu,Mo,Se 
Si>-90 5 pCi/g 
Râ-226 0,1 pCi /p; 

CONCENTRATION 
OR ACTIVITY 
LEVEL 

SAMPLE SIZE CLASS OF SAMPLE Alb 
SCHEDULED YEAR OF 
DISTRIBUTION 

1973 1974 

- 2 
REMARKS 

10 nCi/l 
2 - 2 0 pCi/l 

lAxd/l 
0,2 - 2 nCi/l 

concentrated 
solution to be 
diluted 

I,S 

I,S 

I, S 

I, s 

10^100 timeB of 
natural fresh 
water levels; 

— " — 5) 

jea. 100 pCi, 10 nCi 
0,5 - 3/uCi 
200 nCi - 1yuCi )ea. 

100 - 0,1 /ug of 
each element on 
each filter 

10 filters 

_ M _ 

10 filters 

background 
levels 

10 - 300 pCi/l 
0,5 pCi/l 

50 litres 

5 litres Ä 

2),3) 

natural 
content 
natural 
content 
(low natural 
content) 

500 g 

100 g 

100 g 

R 

R R 



CODE 
NAME 

4 MATRIX ELEMENTS OR 
NUCLIDES TO BE 
DETERMINED 

'CONCENTRATION 
OR ACTIVITY 
LEVEL 

SAMPLE SIZE CUSS OF SAMPLE AND 
SCHEDULED YEAR OF 
DISTRIBUTION 

1973 1974 

- 3 
' REMARKS 

Animal materials (cont'd) 
i 

A—10 Calcinated animal bone Sr̂ -90, Rar-226 
A-3/l - " -

A~6 Fish solubles 

A-7 Milk powder 

A-7/I 

A-9 Milk liquid 

Biological materials for 
biomedical studies 

H—l Human urine 

H-}/l 

H—4 Animal muscle 
H-5 Animal bone 
H—6 Human blood serum 

As,Cd,Cr,Fe,Hg,Mn,Pb, 
Zn,Co,Cu 
A0,Cd,Cr,Fe,Hg,Mn,Pb, 
V,Zn,Co,Cu 
Si>-90, Cb-137» Na, K, 
Ca, Sr,Ba,Cs 
As,Cd,Cr,Fe,Hg,Mn,Pb, 
Zn rCo,Cu 

Sr-89 » Si^-90 » C s-137 

U,Pu,Th 

Hg,Pb,Mn,Cr,As,Cs,V,Fe, 
Ni,Zn,Cu,Co,Se 

multielement analysis 

iodine 

medium natural content 
natural content 

— » — 

0 , 5 - 2 nCi/l 

natural content 

(natural content 
natural content 

100. ng/g 

. 50 g I 
100 g 

100 g I 

500 g R 

100 g 

• 5 ml of concen- I,S 
'trated solution 

5 ml of concen— S 
trated solution 

1 litre I 

20 g I 
20 g 
5 ml R 

R 

R 

R 

I,S 

I,S 

I 

S 

I 

2) 

5) 

5) 

. 5) 

4) 

4) 

5) 

2) 

Biological materials of 
marine origin 

AG-I-1 FUCUB vesioeloeuB Co-60,Sr~90,Ru~106,Ag-llOm, 
(Seaweed) Ce-134»Cs-137,Ce-144, 2 - 150 pCi/g 50 g R 

Pu-238,239,240 

p. 

R 

3) 



CODE 
NAME 

MATRIX ELEMENTS OR 
NUCLIDES TO BE 
DETERMINED 

CONCENTRATION OR 
ACTIVITY 
LEVEL 

SAMPLE SIZE CLASS OF SAMPLE AND 
SCHEDULED YEAR OF 
DISTRIBUTION 

1973 1974 

REMARKS 

MA—B—1 An ad.ara granosa 
(Clam) 

MA-B-2 Opisthobranch 
gastropod 

Sr-90,Ru-106,Cb-134, 
Cs-137,Ce-144 
Co-57 » Co~60, C B—1 37 » 
Ce-144 

1 - 100 pCi/g 

1 - 100 pCi/g 

50 g 

50 g 

3) ' 

2),3) 4 

Soil 
Soil—5 Soil As,Cd,Cr,Fe,Kg,Ba,Mn, 

Pb,V,Zn,Cu,Co 
natural content 1000 I 5) 

Sediments • 

SD~B-1 Marine sediment Sr-90,Ru-106,Co—1341 
Cs—137tOe-144 1 - 100 pCi/g 100 g I R 2), 3) 

SD-B-2 Marine sediment Co-57,Co-60,Cs-137,eto. 1 - 100 pCi/g 100 g I I 3) ' 

SL-l Lake sediment Ae,Cd,Cr,Fe,Hg,Ba,Mn, 
Pb,V,Zn,Co,Cu 

natural content 100 g I 

Plant 1 materials 
V^l Corn flour Hg 10 ppb Hg 50 g R' R 
V-2 Wheat flour Hg 5 ppb Hg 50 g R R 

5) V-2/l Wheat flour Ab, Cd,Cr,Fe,Hg, Mn,Fb,Zn,Cu,Co natural content 50 g "R 5) 

v-5 Wheat flour iodine 5 ng/g 15 g R » i 
. V-4 Potatoes, 

mashed,drifcd 
As,Cd,Cr,Fe,Hg,Mn,Pb,Zn, 
Cu,Co 

natural content 50 g R 5) 

NoteB and abbreviations: 
1) Each distribution consists oT two samples, one made from pure uranium 

salt solution, the other one with different impurities added. 
2) New item for 1973-
3)Di stributed from Monaco Laboratory. 

4) to be made up to 1 liter with natural matrix. 
5) for trace multiélement analysis 
I Intercomparison 
R Reference material 
S Standard material 



CODE 
NAME 

MATRIX ELEMENTS OUItl CONCENTRATION OR SAMPLE Siktitf 
NUCLIDES TO BE ACTIVITY LEVEL 
DETERMINED 

CLASS OP SAMPLE AND 
SCHEDULED YEAR OF 
DISTRIBUTION 
1973 1974 

REMARKS 

Hydrolo^ical standards 

Vienna SMOW 

SLAP 

Water 

NBS-1 

NBS-1A 

l80/l60: (1993.4+2.5)* 10"*6 D/H: (155.76+0.05)X10~6 
25-50ml 

18 Ô 0: -55.4O+O.I3 per mil 6D: -426.8+1.0 per mil 
25-50ml 

18 6 0: -7.89+0.03 per mil ÔD: -46.7+0.4 per mil 
25-50ml . 

18 ' ö 0: -24t27+0.07 per mil 6D: -182.5+0.4 per mil 
25-50ml 

6) 

*) 

7) 

7) 

7) 

Notes and abbreviations? . 
6) Distributed by the Seotion of Isotope Hydrology 
7) Difference in per mil vs Vienna SMOW, established by intercalibration of 25 laboratories 
*) CRAIG H., Standard for reporting concentrations of deuterium and oxygen~l8 in natural waters, Science,133, 

1833-34 (1961). This -^o/IÖq rati0 reported is that of the SMOW defined by Craig. The Vienna-SMOW has, 
according to Craig, exactly the same isotopio ratio as the SMOW defined by him. 

J)/Hî HAGEMANN R., NIEF G., ROTH E., Absolute isotopic scale for deuterium analysis of natural waters. 
Absolute D/H ratio for (Vienna)-SMOW, Tellus, 22, 712-715 (1970). 
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