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ABSTRACT 

The significance of analytical results depends critically 
on the degree of their reliability, an assessment of this reliability is 
indispensible if the results are to have any meaning at all. Environ-, 
mental radionuclide analysis is a relatively new analytical field in 
which new methods are continuously being developed and into which many new 
laboratories have entered during the last ten to fifteen years. The 
scarcity of routine methods and the lack of experience of the new laborat-
ories have made the need for the assessment of the reliability of results 
particularly urgent in this field. 

The IAEA., since 1962, has provided assistance to its Member 
-States by making available to their laboratories analytical quality control 
services in the form of standard samples, reference materials and the 
organisation of analytical intercomparisons. The scope of this programme 
has increased over the years and now includes, in addition to environmental 
radionuclides, non—radioactive environmental contaminants which may be 
analysed by nuclear methods, materials for forensic neutron activation 
analysis, bioassay materials and nuclear fuel. The results obtained 
in recent intercomparisons demonstrate the continued need for these 
services. 



1 . In t roduct ion — The need f o r a n a l y t i c a l q u a l i t y corrtrol 

Results of laboratory analysis constitute factual findings on 
which certain administrative, economic, legal, or medical decisions may 
have to be based. In the case of bioassay such decisions may involve 
the taking of an employee off woik or the start of medical treatment, in 
environmental radionuclide analysis they would relate to the magnitude of 
permissible radionuclide releases from a nuclear facility, while in monitoring 
unplanned releases they might involve actions of considerable social and 
economic consequence such as stopping the distribution of contaminated food 
or evacuating people from an affected area. 

Each of these decisions at least implicitly involves a judgement 
concerning the reliability of the analytical data on which it is based and, 
since it is not practicable to determine this parameter individually for 
each new set of data, it is usually the general analytical performance of 
the laboratory concerned which has to be evaluated. This situation is 
illustrated in Pig. 1 which shows in which way the administrative action 
level is influenced by the assumed degree of reliability of analytical data. 
To qualify themselves as producers of analytical information of a certain 
degree of reliability laboratories have to prove their performance. 

The reliability of a measurement is usually expressed in the form 
of an error term attached to a reported value and delineating the range 
within a certain prohfibility - the tnip valnp ic 
lie. Unfortunately, the analyst seldom has all thé information necessary 
to give a satisfactory estimate of this range. Errors will arise at every 
step of an analytical procedure. It is usual in statistics to group 
these errors into random errors and systematic errors (bias). The former 
are summed up quadratically and their sum decreases with the number of 
measurements combined to form a reported value, the latter are added up 
either arithmetically or quadratically according to the assumed dependency 
of one upon the other and their sum does not depend on the number of repli-
cate measurements. Random errors can be evaluated from repeated measure-
ments, using well«4cnown statistical formulae. By going through such 
replicate measurements, laboratories may, without any help from the outside, 
determine the precision (which is a function of the random errors) either 
of individual measurements, or, more generally, of an analytical method 
used by them. Unfortunately, the comparative ease with which this can be 
done has led mcuiy analysts to let the matter rest there and to quote their 
data with an error term based only upon random errors. This may lead to 



serious underestimates of the overall incertitude which also includes 
systematic errors. 

Accuracy, which depends upon the sum of systematic errors, is more 
difficult to determine. One way of determining it experimentally is to 
repeat the analysis using one or several different procedures. This method, 
however, might still fail to detect a bias if the latter is common to all 
the procedures used (an error due to wrong calibration of a balance or of 
volumetric glassware will escape detection if the same balance or glassware 
is used for all procedures). It is preferable, therefore, to go to the 
extra effort of having a material analysed not only by different procedures 
but also at different laboratories. The information gained in this way 
can be used to establish the accuracy of analytical results or analytical 
procedures and at the same time to evaluate the performance of laboratories. 
Finally, a laboratory may determine its accuracy by analysing a suitable 
reference material the content of which is known and which resembles in its 
general composition the materials routinely analysed by the laboratory. 

The final two methods depend on the availability of homogenous test 
material. In addition, for the second of the two, the content of the 
substance of interest in the test material must be known and knowledge of 
its general composition is useful. The need for many different test 
and reference materials is great, only few of them are available in the 
general area of environmental analysis and the preparation of new items 
takes a great deal of effort and money. 

2. The IAEA's Analytical Quality Control Scheme 

When the International Atomic Ehergy Agency entered this field 
about eleven years ago, it did so in part upon the request of laboratories 
in Member States, including some in developing countries, which were hampered 
in their work by the difficulty of obtaining suitable reference materials 
from national suppliers and by the lack of international intercomparison 
schemes. Another impetus came from the users of the data such as the 
Radiation Committee of the United Nations (UNSCEAR) which had difficulty in 
evaluating its input data which often arrived without meaningful error 

limits. 

To satisfy the needs for analytical quality control, the Agency 
provides standardized samples, reference materials and test materials and 
organizes analytical intercoraparieons between laboratories on a fairly 



large scale. These services are announced by circular letters sent to 
the Governments of the Agency's Member States as well as to laboratories 
known to the Agency to be active in the field of analysis concerned. 
Laboratories participating in the intercomparisons are supplied with sub-
samples of homogenized materials in sufficient quantity to allow replicate 
analyses. Each laboratory is free to use its own routine technique but 
requested to inform the Agency in some detail about that technique and the 
results obtained with it for the provided sub—samples. 

The results received are examined statistically and improbable 
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values rejected according to some exclusion principle * depending on the 
number of results and on their distribution. The remaining results are 
used in the estimation of the "true" concentration of the element or nuclide 
to be determined in the sample. (When artificially prepared samples are 
distributed as test samples, this concentration is, of course, known 
beforehand). In addition, the mean values obtained by individual labo-
ratories and their confidence levels are plotted on charts to show the 
overall spread of results. In these charts laboratories are represented 
by code—numbers known only to themselves and to the organisers. 

Results obtained during earlier periods have been included in 
3 reports on IAEA Laboratory Activities , in several internal progress 
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reports and comiminications to participants and occasionally in journals 1 

or monographs^. Some have been reported at Symposia and other scientific 
meetings and can be found in the proceedings of these meetings^* 

3. Results and Discussion 

The tables and figures provided in this paper show the results 
of some intercomparisons organized during recent years. They are 
summarized in Table 1. This table shows which types of materials were 
provided, what nuclides or elements were looked for in these and what 
concentrations, and how many institutes participated in each run. Also 
given is the number of results received in each intercomparison and the 
standard deviation as a measure of their overall spread. The standard 
deviations listed in the table are those obtained after elimination of 
obviously erroneous results which have a very small statistical probability. 
Only about one third of the intercomparisons actually carried out are listed, 
viz. those which are pertinent to environmental radionuclide analysis*, 
those concerned with pesticide residues or with stable—trace elements in 



biological materials (to be determined e.g. by neutron activation analysis) 
have been left out. In the following text some of those runs which 
dealt with materials of possible interest to this meeting are described. 

137 3.1. Determination of Cs and potassium in animal blood 

48 institutes took part in this run, providing 373 individual 
137 results, 217 for Cs and 156 for potassium. Each laboratory received 

2 kg of dried animal blood packed in an air—tight container. The material 
137 was prepared from fresh animal blood containing environmental levels of Cs. 

No additional activity was added. Homogeneity was verified by measuring 
137 the Cs content of the material in randomly selected containers. 

The results of the cesium determinations are shown in Fig. 2 . 
Using all the results received one obtains an intei^-laboratory mean 
cesium-137 content and a standard deviation between laboratories of 

X — S = 114.8 - 117.6 pCi/kg. 

This value is largely due to the influence of three laboratories submitting 
averages between 400 and 600 pCi/kg. By leaving out these averages and 
the equally unlikely one at the other end of the range (13 pCi/kg) one 
arrives at the likelier figure of 

X £ S « 86.28 - 24.6 pCi/kg. 

This latter mean is shown as dotted horizontal line in Fig. 2. The 
corresponding 95^ confidence limits of the mean come to £ 7.4 pCi/kg. 
Information was provided also on the various techniques used in the deter-
mination of cesiuro-137. The influence of these techniques on the 
results obtained is summarized in Table 2. 
A distinct difference can be seen between the results obtained by gamma 
counting and those obtained by beta measurements. The two methods give 
the following values: 

Beta counting: X - S «= 71.23 - 23.8 pCi/kg 
Gamma spectrometry: X £ S = 96.70 £ 20.4 pCi/kg 

The difference is significant at the 0.05 probability level. 
The results obtained by these two methods are shown in Fig. 3. 

The results of potassium determinations are shown in Fig. 4. 
Laboratories which took part in the cesiun̂ -137 intercomparison but did not 



return any results on potassium are left out of the table and shown as 
blanks in the figure. 

The inter—laboratory mean and the standard deviation between 
laboratories are given by 

X - S = 3.91 - 0.74 g/kg 

The corresponding 95$ confidence limits of the mean are — 0.21 g/kg. 

Pig. 4 shows the results sorted out according to different deter-
mination methods. The number of laboratories using methods other than 

40 
gamma counting of K to determine potassium is too small to detect any 
systematic differences between these techniques. 

3.3. Determination of radionuclides on air filters 

Hundred paper filters of type Whatman 41 with a diameter of 5 cm 
were spiked with a solution containing the following quantities of radio-
nuclides per gramme of solution at the reference date: 

54Mn 17.4 nCi 1 3 7Cs 15.0 nCi 
55Pe 93.0 nCi 1 4 4Ce 2.06 nCi 
9°Sr 2.65 nCi 2 3 9Pu 1.01 nCi 

cc 
(All activities except Pe guaranteed to be within 5$ of the nominal 
value, Pe within 15$ of that value). 

One drop of the above solution wei^iing 12—13 rag was put on the 
center of each filter and weighed on a micro—balance. The activity was 
in every case confined to a concentric circle of 1 cm diameter. After 
drying, filters were sealed inside a double plastic envelope. Control 
analyses proved that not more than 0.05$ of the activity was transferred 
to the plastic foil, weiring errors were estimated to be of the order of 
0.03$, 

the total error, therefore, not larger than the uncertainty of the 
radionuclide content of the spiking solution. 
10 laboratories returned a total of 93 results. 
Tfrie number of results received for each element is summarized in Table 1. Also 
given are the mean of all laboratory averages and the standard deviation 
between laboratories, attaching equal weight to each laboratory average 
no matter how large was the spread between the individual measurements 
obtained at that laboratory. 



The fo l lowing values were omitted from t h i s c a l c u l a t i o n : 

Results of Lab. 5 for 137Cs and 9°Sr, of Lab. 3 for 54Mn and 144Ce and of 
90 

Lab. 2 for 7 Sr. 
They are, however, shown in Fig. 5* No values were received for Fe. 
This nuclide has, therefore, been omitted from the figure. 

3«4. Determination of uranium, thorium and potassium in sediments 

Three different sediments were used which in the following text 
are called sediment-»!, sediment—2 and sediment—3, respectively. 

Sediment-»!: Shale with silicate matrix originating from 
Schoenberg in Germany 

Sediment—2: Shale with silicate matrix from Yxhult (Sweden). 
Oil source rock. 

Sediment—3: Limestone with carbonate—sulfate matrix, originating 
from Gachsaran, Iran. 

Each material was carefully milled, sieved and subsequently 
homogenized by wet mixing. No spikes were added. Samples wei^iing 
between 40 g (Sediment—l) and 100 g (Sediments 2 and 3) were distributed 
to the participating laboratories. Altogether 22 laboratories returned 
a total of 134 results,each based upon 1—6 individual determinations. 
Exactly one half of the results were based upon gamma spectrometry, 16 of 
these had to be rejected as hi^ily improbable (outside the limits of 
three standard deviations from the mean of all the accepted results). The 
other half, obtained by other methods such as neutron activation, fluorimetry, 
fission track counting, etc. contained only 2 objectionable results and 
smaller standard deviations. The overall means of the two halves were 
not significantly different, however. All accepted values were, therefore, 
combined to give the following means and standard deviations: 

Uranium (ppm) Thorium (ppm) Potassium (%) 
Sediment—1 104*21 11.7-2.6 2.92^0.32 
Sediment—2 3.7 £ 1.2 8.8 £ 3.1 1.75 £ 0.19 
Sediment—3 3.3 £ 0.6 ~1.9 O.151 1 0.060 

The distribution of all nine groups of results is shown in Fig. 6 
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3-5» Determination o f Sr and Cs in f r e s h water 

Fresh water from a natural well containing approximately 2 g of 
90 

dissolved salts per litre was slightly acidified and spiked with Sr and 
137 Cs, each at two different concentration levels to give two samples: 

Water-1: 
Water—2: 191 

1.93 nCi 137Cs + 9*5 pCi 9°Sr 
nCi 137Cs 940 90 pCi 7 Sr 

Sub—samples of 900 ml of each of these solutions were distributed 'to 
18 laboratories which returned a total of 71 results based upon 295 indi-
vidual measurements. 
Of the strontium results, ten had to be rejected as outside of the limits + 
of — 3 SD, all cesium results were acceptable. 

The following means and standard deviations were calculated from 
the accepted values: 

90 

Added 
Sr (pCi/l) 

Found 

137Cs (nCi/l) 
Added Found 

Water—1: 
Water-2: 

9.5 10.0 - 0.77 
940 980 i 100 

1.93 1.88 - 0.13 
191 180 t 10.3 

The distribution of results is shown in Fig. 7< 

3.6. Determination of thorium, uranium and plutonium in urine 

Human urine was preserved with 0.2 g of thymol and 10 ml of HCl 
per litre. The following spikes were added: 

U: 33»6yug/l, Th: ll,2yug/l, Pu (expressed as 0,63 pCi/l 

(in fact the plutonium added had the following composition: 1,1$ Pu, 
88,9$ 239Pu, 9 ,4$ 24°Pu, 0,6% 241Am (« 100$ of total alpha disintegrations). 
10yug of Europium per litre were also added to carry the plutonium. 

20 laboratories returned 38 results the distribution of which is 
shown in Fig. 8. Most laboratories used fluorimetry for uranium and 
spectral photometry for thorium. For plutonium, procedures were based 
on co^precipitation, solvent extraction and ion exchange followed by sample 
preparation for a-counting by evaporation or electro—plating. 3 uranium, 
4 thorium and 3 plutonium results had to be rejected. The following means 



and standard deviations were calculated from the accepted values: 
Added Found 

Uranium (yug/l) 33.6 3l«7 ̂  7»8 
Thorium (yug/l) 11.2 11.9 £ 2 .4 

Plutonium (pCi/l) 0.63 0.71- 0.24 

Conclusions and outlook 

The degree of accuracy required of an analytical result depends 
on the purpose for which it is required. In environmental analysis, 
as well as in bioassay, particularly for samples containing very low levels 
of contamination, relatively large errors are usually tolerated. The 
intercomparisons described here have shown, however, 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. 

The Agency's quality control programme will be continued in the 
field of environmental radioactivity on a scale similar to that adhered 
to in the past. In addition, inactive materials for trace element anâ -
lysis by nuclear methods, in particular those relevant to environmental 
pollution studies, and materials of interest to the nuclear industry, for 
all of which demand has grown markedly, will be provided in increasing 
numbers. 



TABLE 1 Summary of IAEA Intercomparisons of Radionuclide Determinations 
in Environmental and Biological Materials 1966—1972 

Matrix Nuclide/ Mean Standard No.of No. of 
Element deviation inst. results 

Dried animal blood Cs-137 86.3 pCi/kg 28,5$ 48 217 
i» » K 3.91 g/fcg 18,8$ 37" 156 

Vegetation Pu—239 8.7 pCi/kg 24,2% 8 35 
Water Rn—222 121.5 pCi/l 8,3$ 13 59 
Soil Ra—226 O.56 pCi/g 57,1$ 11 62 

»» Ra^-228 0.76 pCi/g 27,6$ 7 42 
Feldspar K 126.0 g/kg 3,8$ 32 151 
Water H-3 1331 pCi/l 21,2$ 10 42 
Air filters Mn-54 209.3 pCi 5,3$ 7 21 

Cs-137 184.2 pCi 7,2$ 10 30 
s 1̂ -90 31.2 pCi 2,9$ 7 21 

M " — Ce-144 29.7 pCi 9,4$ 4 12 
M " M Pu-239 11.4 pCi 7,0$ 3 9 

Sediment—1 u IO4.2 ppm 20,4$ 18 20 
_ »i Th 11.7 ppm 22,2$ 17 17 
^ it _ K 2.92 x 104 ppm 11,0% 14 16 

Sediment—2 U 3.67 ppm 33,3$ 15 43 
— « _ Th 8.77 ppm 35,1$ 15 39 
M '* M K 1.75 x 104 ppm 10,9$ 11 24 

Sediment—3 U 3.34 ppm 18,0% 15 48 
M « M Th 1.92 ppm 87,7$ 15 34 
mm n K 0.151 x 104 ppm 39,8$ 13 27 

Human Urine U 31.7 yug/l 24,6$ 18 20 
M « — Th 11.9 yug/l 20,0% 9 9 
M M Pu O.71 pCi/l 33,3$ 12 12 

Fresh water — low Cs-137 1.88 nCi/l 7,1$ 18 82 
_ H — Si^-90 10.0 pCi/l 6,0$ 16 50 

Fresh water - hi^i Cs-137 180 nCi/l 5,7$ 18 82 
_ M _ Si^-90 0.98 nCi/l 11,5$ !7 82 

Milk - low 1-131 9.99 nCi/l 8,6$ 30 30 
» - Cs-137 9 . 2 8 nCi/l 7,5$ 31 31 

Bar-140 2 . 0 3 nCi/l 17,1$ 33 33 

. * /. . 



TABLE 1 (cont'd) 

Mat rix Nue1i de/ Mean Standard No.o f No. of 
Element deviation inst. results 

Milk - low Sî -90 1 . 1 2 nCi/l 1 9 , 2 2 22 

- " - Sr-89 3.15 nCi/l 13,5$ 12 12 

- " - Sî -89+90 5-31 nCi/l 29,4^ 4 4 

Milk - hi g l 1-131 105.2 nCi/l 7 , 1 $ 30 30 

- " - Cs-137 97.5 nCi/l 7,4°/0 31 31 

- " - Ba-140 20.9 nCi/l 12,5$ 33 33 

- " - Sr-90 1.63 nCi/l 25,6ü/o 20 20 

- » - Sr-89 35.0 nCi/l 26,1# 11 11 

- " - Sr-89+90 48.2 nCi/l 36,0^ 5 5 



TABLE 2 

techniques on results. 

Step Technique Mean fo of .laboratories 
pCi/kg 

4. 
(a) ashing dry oxidation 79,4 - 30.8 47.9 

wet oxidation 88.9 ^ 1«3 4.1 
no oxidation 94.9 - 1 1 . 2 48.0 

(b) determination gravimetric 68.3 j 23.0 31.3 
of yield various 77.4 ̂  8.7 12.5 

no determination 96.7 — 19.7 56.2 

(c) separation molybdophosphate 66.5 ^ 23»4 22.9 
chloroplatinate 75* 7 — 21.3 16.7 
various 102.7 J 30.4 12.5 
no separation 97.2 - 1 4 . 2 4 7 . 9 

(d) counting beta counting 71.2 - 23.8 35 
gamma counting 96.7 - 20.4 65 



FIGURES 

1. Influence of reliability on action level 

2. Cs—137 in dried animal blood (by laboratories) 

3. Cs—137 in dried animal blood (by methods) 

4- K in dried animal blood 

5. Five radionuclides on air filters 

6. Uranium, thorium and potassium in sediments 

7- Sr—90 and Cs—137 in fresh water 

8. Uranium, thorium and plutonium in urine 



FIG I INFLUENCE OF RELIABILITY ON ACTION LEVEL 
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