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Abstract

An intercomparison exercise on radionuclides in environmental samples was
carried out during 2000-2001 as part of a Nordic NKS project. The exercise in-
cluded six sample types (aerosols, dry milk, soil, seawater, seaweed and lake
water) and a range of man-made and naturally occurring radionuclides, mainly
gamma-emitters but also beta- and alpha-emitters. A total of 25 Nordic and Bal-
tic laboratories participated. The analytical quality across participants was gen-
erally good with about two thirds of the results in close agreement with estimated
mean values. The exercise has demonstrated improved agreement between the
results and more realistic analytical uncertainties submitted by the participants
compared with a previous exercise carried out during 1998-1999 in the same
NKS project.
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Summary

In the second NKS intercomparison exercise in the BOK-1.1 project three types of sam-
ple materials were repeated from the first round (dried milk, seaweed and seawater) and
three new materials were introduced (aerosols, soil and lake water). Weighted average
radionuclide concentrations were calculated for each sample material excluding outlying
results.

The results for dry milk were similar to those from the first round with 15 out of 19 re-
sults included in the weighted average for K-40 and Cs-137. The results indicated impro-
vement for Cs-137, which could be attributed to more realistic (higher) uncertainties and
better background subtraction (fewer results being too high). The results for seawater
improved significantly. In the first round the results showed considerable scatter, which
was reduced in the second round, but still there is room for improvement with only 4 out
of 8 results included in the weighted mean. Three laboratories analysed the seawater for
Tc-99 with good agreement. For seaweed the results were not better after the second in-
tercomparison. The activity levels of the seaweed samples were quite similar for the two
rounds, but the scatter in the results increased for the second round.

The soil samples included were from Gévle, Sweden, and contained relatively high levels
of Cs-137, easy to analyse and with good counting statistics. However, the scatter in the
results was relatively large compared to the counting statistics. One reason could be vari-
able moisture content due to incomplete drying. The soil samples were also analysed for
Pu and very good agreement was found for 6 of the 7 submitted results. The aerosol ma-
terial was relatively difficult to analyse and only 60 % of the results were included in the
weighted mean. The lake water was also from Gévle, Sweden, and did not represent a
low-level sample for Cs-137 (approx. 170 Bq m™). Eight out of 11 results were included
in the weighted mean.

Overall, 70 - 90% of the gamma spectrometric results were included in the weighted
means for the traditional sample types. For the difficult samples (especially seawater and
aerosols) these numbers dropped to 50 - 70%. There were no significant differences bet-
ween the first and the second intercomparison. Five sample types were analysed for Sr-
90 by up to 10 laboratories. Generally the agreement was poorer than for the gamma ana-
lysis, but the variability of the results was reduced significantly from the first to the se-
cond round. This may partly be explained by the fact that a number of participants with
low performance for the Sr-90 analyses in the first exercise did not participate in the se-
cond exercise.

In summary, both intercomparisons have demonstrated that there is room for considerable
improvement of the quality for analysis of radioactivity in environmental samples. The
fact that complex analyses for Pu-239/240 show better results than relatively simple
gamma spectrometric analyses indicates that there is a strong 'operator dependence'. Trai-
ning and improved quality control are essential in order to improve the analytical quality.



1 Introduction

The work described in this report is part of a sub-project BOK-1.1 of the Nordic Nuclear
Safety Research Programme (NKS) 1998-2001 devoted to "Laboratory measurements
and quality assurance". Important activities within BOK-1.1 are intercomparison exerci-
ses designed to test the quality of laboratory analyses of radioactivity in environmental
samples. Two intercomparison exercises have been carried out. The first was completed
in the autumn of 1999 (Fogh, 2000) and included six types of sample material and a range
of radionuclides. This report presents the results from the second intercomparison exer-
cise, which had participants from 25 laboratories some of which submitted results from
more than one group.

The present exercise was based on information collected in a questionnaire circulated
among the participants prior to the exercise. Six environmental materials: dry milk, aero-
sol, soil, seaweed, seawater and lake water, were used (Table 1). Homogeneity tests are
described, and the results from the participants are given and discussed according to sam-
ple material followed by an overall discussion.

Table Fejl! Ingen tekst med den anforte typografi i dokumentet.. Sample types
and relevant isotope determinations for the present exercise.

Sample type y-emitters Sr-90 Tc-99 Transura-
nics

Dry milk X X

Aerosol X X

Soil X X X

Seaweed X X X

Seawater X X X

Lake water X X

1.1  Statistical methods applied

The homogeneity of the sample materials was tested from repeated analyses carried out
and applying a X* (Chi-square) test to the results. First a weighted average was calcula-
ted:

where A is the average activity, A; is the activity of the i-th analysis and s; is the standard
deviation of the i-th analysis. The X* sum is then calculated as:

n

n
X2 = ZXE - Z(Al- )2 /s
i=1

i=1

If radionuclides are homogeneously distributed within a sample, the variability between
sub-samples should be explained by the statistical counting uncertainties. The X* sum
would then be approximately Chi-square distributed with a value of expectation equal to
the number of measurements.



Participants were asked to provide total uncertainties of the analytical results correspon-
ding to one standard deviation. If the reported uncertainties were below 5% these were
changed to 5% in order to ensure that single values reported with very low uncertainties
did not influence the weighted mean too much.

An AVM value (Accepted Value Mean) was calculated by excluding all results with X*
values larger than 3 in an iterative process. First the result with the largest X;* value was
excluded and then the X* was recalculated and a new largest value deleted until all X
values were below 3.

2 Soil

Soil was collected July 2001 from Gévle in Sweden, the area that experienced the highest
fallout of Cs-137 in Western Europe after the Chernobyl accident. Sampling was done in
the forest behind the Scandic Hotel in the western outskirts of town. This soil was selec-
ted as the most appropriate matrix to use for comparing Pu-238, Pu-239/240 and Am-241
analyses.

The soil was dried at room temperature, homogenised in a grinding mill and finally dried
at 80 °C. Each participant received a 200-g soil sample.

2.1 Homogeneity analyses

Ten soil sub-samples were packed in 200 ml cylindrical containers and gamma counted.
The values obtained and the corresponding X* values are shown in Table 2.1, and these
show that the soil is homogenous within the counting uncertainties except for Cs-137.
The observed variability for Cs-137 is accounted for in the Chi-square test by 1% in addi-
tion to the counting statistics and this small deviation from homogeneity is considered
acceptable for the purpose of the intercomparison.

Table 2.1 Review of the results of the X° test on 10 sub-samples of 200-ml soil

Soil Activity No. samples SD SE X2 In-
homogeneity

[Ba/kg] [Ba/kg] [Ba/kg] [%]

K-40 553 10 7.81 247 10.6

Cs-134 128 10 0.25 0.08 1.7

Cs-137 1906 10 23 7 394.2 1

T1-208 20.1 10 0.9 0.3 8.5

Ra-226  22.0 10 1.0 0.3 13.8

Th-232  20.2 10 0.9 0.3 9.5

The homogeneity of the soil with respect to Pu-239+240 was tested prior to distribution.
The results for Pu-239+240 (Figure 2.1) show a standard deviation of 7% across the 8
analyses indicating the soil is homogenous within the analytical uncertainty.
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Figure 2.1 Homogeneity test for the soil material with regard to Pu-239+240 activity
concentration.

2.2 Gamma results

The results from the gamma analyses are shown in Table 2.2 and Figs. 2.2-2.7.
The results are generally in good agreement with the majority of results included
in the accepted value mean (AVM).

Table 2.2 Review of mean concentrations of radionuclides in the the soil mate-

rial.
Number of Number AVM AVM AVM
results in AVM value min max
[Ba’kgl [Ba/kg] [Barkg]

K-40 22 14 509 448 553

Sr-90 7 5 24 1 22.6 27
Cs-134 22 16 13.7 12.8 15.3
Cs-137 24 20 2061 1890 2285
Pb-210 4 4 140 88 158
Ra-226 12 7 23.2 21.5 29.7
Th-228 6 6 19.8 18.2 23.7
Th-232 12 9 19.8 17.3 30.5
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Figure 2.2 Review of the results for Cs-134 in soil.
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Figure 2.3 Review of the results for Cs-137 in soil.



Ra-226 in Soil
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Figure 2.4 Review of the results for Ra-226 in soil.
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Figure 2.5 Review of the results for Pb-210 in soil.



Th-232 in Soil
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Figure 2.6 Review of the results for Th-228 in soil.
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Figure 2.7 Review of the results for Th-232 in soil.

2.3  Sr-90 results

The results of analyses of Sr-90 in the soil samples are shown in Figure 2.8. The agree-
ment is very good for 6 out of 8 results. The AVM value is 24.1 Bq/kg, with a minimum
value of 22.6 Bg/kg and a maximum value of 27 Bq/kg.
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Figure 2.8 Review of the results for Sr-90 in soil.

2.4 Transuranic element results

The results for the transuranic radionuclides are shown in Table 2.3. The Pu analyses we-
re carried out by relatively few laboratories but the majority of the results could be inclu-
ded in the AVM (>71%). The submitted Am-241 results are also good, covering a narrow
range of values.

Table 2.3 Review of estimated mean concentrations of transuranic nuclides in the
soil.

Number of Number AVMva- AVM AVM

results in AVM lue min max

[Ba/kg] [Ba’kg] [Ba/kg]

Pu-238 6 5 0.066 0.056 0.095
Pu-239+240 7 5 1.72 1.62 1.78
Am-241 3 3 0.75 0.73 0.93

11




3 Dry milk
The dry milk material was obtained from Danish dairies. About 80 kg was collected over

a four-month period. The milk powder was homogenised in a forced mixing machine.
Each participant received a 2-kg dry milk sample.

3.1 Homogeneity test

In order to test the homogeneity, ten 2-kg samples were ashed and analysed. Table 3.1
summarises the result of the test. Only K-40 and Cs-137 were detected in the samples.
Both nuclides passed the X*-test and it can be concluded that the milk sample was homo-
genous. Further, it can be noted the X* values are lower than those obtained for the milk
powder sample material used in the first intercomparison and so it appears to have been
better mixed.

Table 3.1 Result of analysis and homogeneity test for milk

Milk Activity No.sam- SD SE X? sum
ples
[Ba/kg] [Ba/kg]  [Ba/kg]
K-40 387 10 7 2 9.5
Cs-137 0.355 10 0.023 0.007 4.9

3.2 Gamma results

Twenty laboratories submitted results for gamma emitters in dry milk, two more than in
the first intercomparison. 15 results were included in the AVM value for both nuclides,
the same number as in the first intercomparison.

For K-40, all of the results are within 20% of the AVM, as can be seen in Figure 3.1.
However, the low reported uncertainties on the individual measurements (typically at 5%)
limited the number included in the AVM.

The AVM is strongly influenced by results with low measurement uncertainties. Within
the Cs-137 results there are 2 clusters of results with low uncertainties; 4 below 0.4 Bq
kg' and 2 around 0.47 Bq kg™ and these affect the AVM value. The AVM was calculated
at a value of 0.36 Bq kg by excluding the result with the highest X* value first, as de-
scribed in the introduction.

Table 3.2 Review of radionuclides detected in dry milk.

Milk powder Number Number AVMva- AVM AVM

of re- in AVM lue min max

sults [Bakg] [Bakgl [Ba/kg]
K-40 19 15 384 360 425
Sr-90 10 6 0.30 0.26 0.54
Cs-137 20 15 0.36 0.20 0.50

12
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Figure 3.1 Review of the results for K-40 in dry milk. The three lowest and the highest
value were excluded from the AVM value.
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Figure 3.2 Review of the results for Cs-137 in dry milk.

3.3 Sr-90 results

Sr-90 results were submitted by 10 laboratories, 2 more than in the first intercomparison.
6 results were included in the AVM value. A seventh value could have been included as it
was reported with more than 90 % uncertainty, but was excluded as it was considered to
have to little informative value. For Sr-90 this was a significant improvement compared
to the first intercomparison where only 3 out of 8 results were included in the AVM.

13




Sr-90 in dry milk

Activity [Bq/kg]
N
|

. _I‘I‘II‘I‘IF*‘Ir_Wl_I—lﬁ’{—‘

> L R L T S T

Laboratory number

Figure 3.3 Review of the results for Sr-90 in milk powder. Results from laborato-
ries 4,9, 13 and 7 were not included in the AVM value.

4 Aerosols

The aerosol sample material was intended for use in the first intercomparison exercise
and therefore collected in 1998 and 1999. When it was decided to reduce the programme
for the first round, the acrosol material was saved for the second exercise.

A high-volume air sampler was used to collect aerosols for 36 weeks. Aerosols from a
total of 13 million m’ of air were collected. The long delay from collection to distribution
of this sample material meant that the Be-7 concentrations were significantly lower than
in a normal air sample. The air filters were ashed at 450 °C thus evaporating the polypro-
pylene filter material. The aerosols were homogenised and a 5-g sample was sent to each
participant.

4.1 Homogeneity test

Ten sub-samples of the homogenised aerosols were tested for homogeneity. The results of
the homogeneity test are summarised in Table 4.1. Since Pb-210 has high activity and
low counting uncertainty, any significant in-homogeneity would be clearest from the Pb-
210 data. However, the observed X* value indicates an in-homogeneity of less than 1 %.

Table 4.1 Review of homogeneity test of the aerosol samples.

Aerosols Activity No. sam-SD SE X2
ples
[Ba/kg] [Ba/kg] [Ba/kg]
Be-7 444 10 31 10 4.4
K-40 1016 10 27 9 4.7
Cs-137 69.0 10 2.13 0.67 6.2
Pb-210 35050 10 484 153 17.6
Ra-226 25.7 10 1.64 0.52 2.5

14



4.2 Results

The results are shown in table 4.2. Due to low activity levels the results for Be-7, Na-22
and Ra-226 had high measurement uncertainties and so almost all reported results were
included in the AVM value. However the variability is rather large, as can be seen from

the maximum and minimum values.

The results for K-40 are shown in Figure 4.1. For K-40, the AVM value includes the four
values from laboratory number 3 to laboratory number 8 in Fig 4.1. The two other values
with low uncertainties (laboratory number 1 and laboratory number 24) were excluded.
The very high results from laboratories 13 and 17 show difficulties in measuring samples

in such a small geometry.

The results for Cs-137 are illustrated in Figure 4.2. Most values given with small uncer-

tainties agree well. The AVM value is 69 Bq kg™

Table 4.2 Review of the estimated true values for the aerosol material.

Aerosols Number of Numberin AVM va- AVM AVM

Results AVM lue min max
[Ba’kgl  [Ba/kg]l  [Barkg]
Be-7 5 5 447.6 377 710
Na-22 5 5 8.4 24
17.68
K-40 15 11 905 712 1308
Cs-137 16 9 69.3 54 81
Pb-210 8 6 35457 32400 42200
Ra-226 7 6 25.1 50
17.9
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Figure 4.1 Review of the results for K-40 in aerosols.
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The results for Pb-210 are summarised in Figure 4.3. Six out of eight results contribute to
the AVM value at 35 kBq kg™
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Review of the results for Pb-210 in aerosols.
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5 Seaweed

The seaweed was collected in September 2000 from the seashore 2 km north of the Swed-
ish nuclear power plant Barsebick at the same location as used in the previous intercom-
parison exercise. This sample was distributed for gamma, Sr-90 and Tc-99 analysis. Ho-
wever, homogeneity was tested using the gamma-emitters. Each participant received a
200-g seaweed sample.

5.1 Homogeneity test

The seaweed was dried at 100°C, crushed and homogenised by mixing in a forced blen-
der. Ten samples were analysed in a 200-ml cylindrical container.

The radionuclide concentrations corresponded to those of the samples collected in 1998.
However, the scatter observed in the Co-60 results indicated a 2% in-homogeneity com-
pared to 1% in the first intercomparison. The X* value was also a little high for Cs-137.
Results for K-40 showed a standard deviation of 1.4 %, while below 1 % in the first inter-
comparison. In summary, the seaweed sample showed in-homogeneity for Co-60 and Cs-
137 at the 2% level. However, the dried seaweed was sufficiently homogenous for the
intended purpose.

Table 5.1 Results of the homogeneity test.

No. sam-

Seaweed Activity olos SD SE X2 In-hom.
[Ba/kd] [Ba’kg] [Ba/kg] [%]

K-40 868 10 12.3 3.9 15.1

Mn-54 3.53 10 0.22 0.07 3.2

Co-60 33.2 10 1.27 0.40 99.2 2
Ag-110m 3.9 10 0.21 0.07 3.7

Cs-137  25.2 10 0.73 0.23 26.8

Ra-226  16.5 10 0.48 0.15 6.4

Th-232 20.9 10 1.06 0.34 4.43

TI-208 2.4 10 NA NA NA

Pb-212  2.08 10 0.40 0.13 12

17



5.2 Results of gamma analyses

The results from the gamma analysis of the seaweed are shown in Table 5.2 and Figs. 5.1-
5.5.

Table 5.2 Summary of gamma emitters in seaweed.

Number of Numberin AVM va- AVM AVM

results AVM lue min max
[Ba/kg]  [Ba/kg]  [Barkd]
K-40 20 13 783 623 872
Mn-54 13 12 3.57 2.70 4.60
Co-60 20 12 33.2 30.3 37.23
Sr-90 8 8 4.31 3.55 5.56
Tc-99 3 3 81.7 74.3 98.6
Ag-110m 7 4.07 3.40 4.50
Cs-137 21 16 26.6 24.0 29.0
Ra-226 10 7 15.6 13.0 21.2
TI-208 3 3 2.06 1.70 2.50
Th-228 5 3 4.71 4.30 5.70
Th-232 8 7 18.8 16.4 22.3
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Figure 5.1 Review of the results for K-40 in seaweed.
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Mn-54 in seaweed
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Figure 5.2 Review of the results for Mn-54 in seaweed.
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Figure 5.3 Review of the results for Co-60 in seaweed.
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Cs-137 in seaweed
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Figure 5.4 Review of the results for Cs-137 in seaweed.
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Figure 5.5 Review of the results for Ag-110m in seaweed.

5.3 Results of Sr-90 analysis

The results of the analyses of Sr-90 in seaweed are shown in figure 5.6. An AVM value
of 3.8 Bq kg was calculated from 5 of the 8 results submitted.
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Figure 5.6 Review of the results for Sr-90 in seaweed.

5.4 Tc-99 analysis of seaweed

The results for the analyses of Tc-99 in seaweed are shown in table 5.3. Only 3 laborato-
ries provided results and with reasonable agreement. The AVM value was 75.2 Bq kg
based on two results.

Table 5.1. Results for Tc-99 analysis of seaweed

Laboratory Tc-99 Error
number [Ba/kg] [Ba/kg]
1 74.3 4

16 77 5
28 98.6 5

6 Seawater

Near-bottom water was collected from Kattegat close to Hesselo in June 2001 with assi-
stance from the Danish Navy. Near-bottom water was selected as it contains higher con-
centrations of Tc-99, although the Cs-137 concentrations are higher in the surface water.
Each participant received a 50-litre sample.

6.1 Homogeneity test

Ten 50-litre samples of seawater were analysed for Cs-137 using an AMP procedure in-
volving Ammonium Molybdophosphate (AMP) in a strongly acidic solution (based on
Dutton, 1970) to test for homogeneity. This was considered a sufficient check of overall
homogeneity. The observed variability of the results corresponded to the counting uncer-
tainties demonstrated by the X*-test as shown in Table 6.1.
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Table 6.1 Results of the homogeneity test for Cs-137 in seawater

Seawater Activity No.samples SD SE X2
[Ba/m”] [Ba/m’] [Ba/m’]

Cs-137 5.1 10 0.3 0.1 6.9

6.2 Results

The results from the participating laboratories for Cs-137 in seawater are shown in Fig.
6.1 and Table 6.2. The reported results vary considerably, but 5 results could be included
in AVM.

Cs-137 in seawater
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Figure 6.1 Results for Cs-137 in seawater.

Table 6.2 Review of the estimated true values for the seawater

Number Numberin AVMva- AVM AVM
of results AVM lue min max

[Ba/m’ [Ba/m® [Ba/m’

Cs-137* 8 4 5.51 5.06 6.20
Sr-90 2 2 1.82 1.76 1.90
Tc-99 3 3 1.42 1.21 1.65
K-40 3 2 12137 11100 12800

* two results were reported below detection limit

Only few laboratories analysed the seawater for Sr-90, Tc-99 or K-40. However, the re-
sults received were in good agreement. The Sr-90 results were within measurement
uncertainty of each other. The Tc-99 results showed a 17% standard deviation, which was
little higher than the quoted uncertainties (5 — 9%) but still reasonable. Finally, the varia-
bility between the K-40 results was only a little higher than accounted for by the reported
uncertainties.
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7 Lake water

Lake water was collected in July 2001 from lake Hillesjon in Gévle, Sweden. The water
shows relatively high concentrations of Cs-137 due to significant fallout over the Géavle
area from the Chernobyl accident in 1986. Each participant received a 50-litre sample.

7.1 Homogeneity test

The lake water was tested for homogeneity with respect to Cs-137 using the AMP
method. The sample was homogenous as shown in Table 7.1.

Table 7.1 Results from the homogeneity test of the lake water

Fresh water Activity No.samples SD SE X2
[Ba/m”] [Ba/m’] [Ba/m’]

Cs-137 171.6 10 3.8 1.2 10

7.2 Results

The results submitted for the lake water sample are shown in Table 7.2 and Figures 7.1
and 7.2. The variability of the results reported for Sr-90 is rather large compared with the
reported analytical uncertainties. Therefore only half of the results are included in the
AVM. The three results that are included agree quite well especially considering the nar-
row error margins used in calculating the AVM. The Cs-137 results are rather better,
with only 3 out of 11 results excluded.

Table 7.2 Estimated true values for the lake water sample.

Number of Number in AVM va- AVM AVM

results AVM lue min max

[Ba/m®] [Ba/m® [Ba/m’]
Sr-90 6 3 16.3 154 17.6
Cs-137 11 8 166 147 191
K-40 3 3 87.1 64.3 110
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Figure 7.1 Results of Sr-90 in lake water.
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Figure 7.2 Review of the results for Cs-137 in lake water.

8 Conclusions

This intercomparison exercise has had participants from 25 laboratories in the Nordic and
Baltic countries. The exercise has covered six environmental sample types: aerosols, dry
milk, soil, seaweed, seawater and lake water and a range of man-made and naturally oc-
curring radionuclides. The response from the participants was highest for soil and sea-
weed for which more than 100 results were received. About 50 results were received for
milk and aerosols and a few tens of results were received for the seawater and lake-water
samples. Most of the results related to gamma-emitting radionuclides, particularly Cs-
137 and K-40, while there were fewer results for beta (Sr-90 and Tc-99) and alpha emit-
ters (Pu-239+240 and Am-241).
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The evaluation of the results was based on comparison with an “accepted value mean,
AVM?”, which is derived from the results after removal of outlying data. Typically two
thirds of the results were within 10 to 20% of the AVM. For the aerosol samples, howe-
ver, only about half of the results were within 10 to 20% of the AVM. For the radiologi-
cally important radionuclide Cs-137 the overall comparison has shown that two thirds of
the results were within 10% of the AVM.

There were eight more laboratories participating in the first NKS intercomparison
exercise compared with the second. The change in participation from the first to
the second exercise was distributed equally between Nordic and Baltic laborato-
ries. There were about 30% more results in the first exercise mainly on gamma-
emitting radionuclides, but the number of results for beta- and alpha-emitting ra-
dionuclides did not change between the two exercises.

The overall analytical quality across participants showed differences between the
two exercises. There was improvement for the determination of Cs-137 in seawa-
ter from the first to the second exercise, but still with considerable room for
improvement. There was also better agreement between results in the second
exercise for Sr-90 in soil compared with Sr-90 in sediments in the first exercise.
Furthermore, the participants supplied more realistic uncertainties to the analytical
results in the second exercise than in the first. This development was probably
motivated by the use of these uncertainties in the evaluation procedure.

In summary, both intercomparisons have demonstrated that there is room for con-
siderable improvement of the quality for analysis of radioactivity in environmen-
tal samples. The fact that complex analyses for Pu-239+240 show better results
than relatively simple gamma spectrometric analyses indicates that there is a
strong 'operator dependence'. Training and improved quality control are essential
in order to improve the analytical quality.

The intercomparison exercises organised in NKS projects are important activities
for the participating laboratories to ensure and maintain a good quality of the ana-
lytical results from determination of radionuclides in environmental samples.

9 References

Dutton, J.W.R., 1970. The determination of radiocaesium in sea and fresh water. Tech.
Rep. Fish. Radiobiol. Lab., MAFF Direct.Fish.Res., Lowestoft(FRL), (6): 9 pp.

Fogh, C.L., 2000. NKS 1999 intercomparison of measurements of radioactivity. NKS-19,
NKS Secretariat, PO Box 30, DK-4000 Roskilde, Denmark.

25



10 Participants

Henrik Prip/Sven P. Nielsen
Rise National Laboratory
P.O. Box 49

DK-4000 Roskilde
DENMARK

Eia Jakobson

Estonia Radiation Protection Centre
Kopli 76

EE-10416 Tallinn

ESTONIA

Enn Realo

Institute of Physics, Tartu University
Riia 142

EE-2400 Tartu

ESTONIA

Seppo Klemola

Finnish Centre for Radiation and Nuclear
Safety

P.O. Box 14

FIN-00881 Helsinki

FINLAND

Kristina Rissanen

Finnish Centre for Radiation and Nuclear
Safety

Louhikkotie 28

FIN-96500 Rovaniemi

FINLAND

Anita Skujina

Lielriga Regional Environmental Board
Rupniecibas Str. 25

LV-1045 Riga

LATVIA

Daina Riekstina

Laboratory of Neutron Activation Analysis
Miera street 31

LV-2169 Salaspils

LATVIA

Arnita Kirillova

Latvian Environment Agency
Osu street 5

LV-2015 Jurmala

LATVIA

Victor Kuzmenko

National Environmental Health Centre,
Radiological Laboratory

Klijanu street 7

LV-1012 Riga

LATVIA

Antons Lapenas

Radiation Metrology and Testing Center
Miera str. 31

LV-2169 Salaspils

LATVIA

Igor Gubachev

Ignalina Nuclear Power Plant
Visaginas

LT-4761 Visaginas
LITHUANIA

Arunas Gudelis

Nuclear and Environmental radioactivity
Laboratory

Institute of Physics

A. Gostauto 12

LT-2600 Vilnius

LITHUANIA

Gendrutis Morkunas / Rima Ladygiene
Radiation Protection Centre, RPC
Kalvariju 153

LT-2042 Vilnius

LITHUANIA

Rasa Morkuniene

Nuclear Hydrophysics Laboratory
Vilnius Gediminas technical University
Sauletekio 11

LT-2040 Vilnius

LITHUANIA

Lars Foyn / Ingrid Svaeren
Institute of Marine Research
P.O. Box 1870, Nordnes
N-5024 Bergen

NORWAY

Gordon Christensen
Institutt for energiteknikk
P.O. Box 40

N-2007 Kjeller
NORWAY

26



Lindis Skipperud / Deborah Oughton
Lab. for Analytical Chemistry,
Agric. University

P.O. Box 5026

N-1432 As

NORWAY

Anne Liv Rudjord / Trine Kolstad
Norwegian Radiation Protection Institute
P.O. Box 55

N-1345 Osteras

NORWAY

Maria Suplinska / Dariusz Grabowski
Central Lab. for Radiological Protection
Konwaliowa Str. 7

PL-03194 Warsawa

POLAND

Tamara Zalewska

Institute of Meteorology and Water
Management

Maritime Branch

Ul. Waszyngtona 42

81-342 Gdynia,

POLAND

John Albinsson

Dept. of Radiation Physics, Lund University

Malmo alméinna sjukhus
S-205 02 Malmé
SWEDEN

Mats Isaksson

Goteborg Universitet
Dept. of Radiation Physics
S-413 45 Géteborg
SWEDEN

Ulrika Nygren
FOI NBC-skydd
Cementvégen 20
S-901 82 Umeéd
SWEDEN

Yvonne Sandell
Studsvik Nuclear AB
S-600 82 Nykoping
SWEDEN

Hans More

Swedish Radiation Protection Institute
S-171 16 Stockholm

SWEDEN

Sigurddur Emil Palsson
Geislavarnir rikisins
Raudararstig 10

IS-150 Reykjavik
ICELAND

27



Bibliographic Data Sheet NKS-59

Title

Author(s)
Affiliation(s)
ISBN

Date

Project

No. of pages

No. of tables

No. of illustrations
No. of references

Abstract

Key words

Intercomparison of Radionuclides in Environmental
Samples 2000-2001

C.L. Fogh, S.P. Nielsen and M.J. Keith-Roach
Risg National Laboratory, Denmark
87-7893-114-2

July 2002

NKS/BOK-1.1

27

15

23

2

An intercomparison exercise on radionuclides in environ-
mental samples was carried out during 2000-2001 as part
of'a Nordic NKS project. The exercise included six sam-
ple types (aerosols, dry milk, soil, seawater, seaweed and
lake water) and a range of man-made and naturally occur-
ring radionuclides, mainly gamma-emitters but also beta-
and alpha-emitters. A total of 25 Nordic and Baltic
laboratories participated. The analytical quality across
participants was generally good with about two thirds of
the results in close agreement with estimated mean values.
The exercise has demonstrated improved agreement
between the results and more realistic analytical
uncertainties submitted by the participants compared with
a previous exercise carried out during 1998-1999 in the
same NKS project.

Cesium 137; Environmental Materials; Gamma Radiation;
Interlaboratory Comparisons; Milk; Radioactivity; Seawa-
ter; Seaweeds; Soil; Strontium 90; Technetium 99; Tran-
suranium Elements

Available on request from the NKS Secretariat, P.O.Box 30, DK-4000 Roskilde, Denmark.
Phone (+45) 4677 4045, fax (+45) 4677 4046, e-mail nks@catscience.dk, www.nks.org



	NKS-59 - Cover including Abstract
	Contents
	Summary
	1 Introduction
	2 Soil
	3 Dry milk
	4 Aerosols
	5 Seaweed
	6 Seawater
	7 Lake water
	8 Conclusions
	9 References
	10 Participants

