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This report contains the results of the intercomparison IAEA-156

on the determination of radionuclides in clover. Initially participants
134 137 40 90

were requested to determine the levels of Cs, Cs, K, Sr

and invited to provide data for other radionuclides. The participants

included 46 laboratories located in 25 countries, and statistical

evaluation of their data yield recommended values for these four radio-

nucl
125,

210 239
nuclides. Additional radionuclides reported were Pb1 Pu and

Sb; however, insufficient data exists to statistically determine

recommended values for these radionuclides.

The radionuclides, their recommended values and confidence

intervals are listed below:

Cs-134: 132.1 Bq/kg (126.4 - 137.7)

Cs-137: 264 Bq/kg (254 - 274 )

K-%0 : 657 Bq/kg (637 - 676 )

Sr-90 : 14.8 Bq/kg (13.4 - 16.3 )

Reference date: 1 August 1986
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RESULTS OF INTERCOMPARISON FOR PB-210 IN CLOVER-156, 1990
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1. INTRODUCTION

Shortly after the Chernobyl nuclear power plant accident, the IAEA
started collecting many environmental samples for the AQCS programme in
order for them to serve as material for intercomparison studies. One was
a clover from Austria collected in 1986. It was anticipated that the
concentrations of the radionuclides in this clover would be higher than
the environmental levels usually found and, therefore, would constitute
an important intercomparison sample.

2. SCOPE OF THE STUDY

Participating laboratories were to determine the following radio-
nuclides: 4 0K, 90Sr, 134Cs and 1 3 7Cs. Data on other radionuclides
were also invited. The analysts were requested to make at least three,
but preferably six independent measurements for each radionuclide.

The results listed in the tables are from 46 laboratories in
25 countries. For this inter comparison, 44 laboratories determined
4 0K, 22 determined 90Sr, 44 determined 134Cs and 44 determined

Since only very limited data were received for other radio-
nuclides, these have not been included in this report.

3. DESCRIPTION OF THE MATERIAL

The clover (1000 kg) was collected in 1986 during summer harvest
from different farms, but the same field in Austria.

The air-dried bulk sample was milled to a grain size smaller than
0.3 mm and homogenized in an agricultural animal nutrition mixer.
Aliquots of 250 g of the material were distributed to plastic bottles,
sealed and sterilized by gamma ray irradiation of about 2.5 x 10^ Gy
using a 60Co source.

The homogeneity of the material was tested by gamma spectrometry
on each bottle to be shipped for this intercomparison study. Considering
the results of 40K and 137Cs measurements, the count rates did not
not differ significantly (the variations fall within the statistical
counting errors) and thus this material can be considered sufficiently
homogeneous for these radionuclides for a sample size of greater or equal
to 250 g.
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4. EVALUATION OF RESULTS

The original data that were received from the participating
laboratories were edited (converted to the same units and format) before
entry typed into a computer data file. This data file was processed by a
computer program especially written for evaluation of intercomparison
results. Results which deviated significantly from the population were
considered to be outliers and rejected if they failed either one of the
following statistical tests at the significance level of a = 0.05:

(1) Dixon's;
(2) Grubb's;
(3) Coefficient of skewness; and
(4) Coefficient of Kurtosis.

Additional information on acceptance criteria can be found in
Reference [I].

4.1. Explanation of tables

4.1.1. Data tables

The laboratory mean values for a specific radionuclide for which
at least two laboratory means were supplied are presented in
Tables 1 to 9.

Lab._code No^: Each laboratory was assigned a code number, which
is the same throughout the report. To ensure anonymity these code
numbers do not correspond to the sequence of the laboratories in
the list of participants given at the end of the report.

MeUiod code: The analytical techniques employed by the
participating laboratories are presented in the form of codes (a
letter and number). The key to the different analytical
techniques is given in Table A.

No^ of determinations: The number of individual results for a
given radionuclide reported by the participating laboratory.

Lab._mean: The arithmetic mean computed from all the individual
results reported by the participating laboratory. An asterisk (*)
after the lab. mean denotes that it was detected and rejected as
an outlier. Outliers were not used to compute the overall mean
for this radionuclide.

Lab. standard deviation: The absolute and relative standard
deviations were calculated if at least three results were reported
by the participating laboratory.

[1] K. Dybczynski, A. Tugsavul, O. Suschny, Analyst 103 (1978) 733
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4.1.2. Summary of results tables

The summary of the results for IAEA-156 is given in Table B. Most
of the terms used in the summary table have already been defined.
The standard error (S. E.) is defined as the standard deviation of
the mean values divided by the square root of the number of
laboratory f.e

4.2. Description of figures

A figure was plotted for a radionuclide when at least five or more
laboratory means were reported. The laboratory means are plotted
in ascending order (Bq/kg) on the y-axis with their corresponding
laboratory code noted along the x-axis.

The reported uncertainties or "error bars" (standard deviation of
the laboratory mean) are also shown. The code above the error bar
is the laboratory method code, while the value below the error bar
is the number of individual determinations. If a "less than"
value was reported, an arrow downwards was employed rather than
the numerical value. The mean value and the 95% confidence
interval for all the accepted laboratory means are listed in the
figure caption when appropriate. Finally, the solid points
indicate those values that (filled in circles) were detected and
rejected as outliers for the calculation of the overall laboratory
mean.

4.3. Criteria for recommended values and confidence intervals

Please note that these criteria are especially designed for this
report and do not apply for general consideration.

The mean value of the overall data, excluding outliers, were con-
sidered as the recommended values when they satisfy, the following
criteria:

(1) More than 15 laboratory means were available;

(2) The percentage of outliers was less than 20%; and

(3) The relative uncertainty of the overall mean does not exceed
±10% for activity concentrations equal to or higher than
100 Bq/kg and ±20% for activity concentrations lower than
100 Bq/kg.

5. RESULTS AND CONCLUSION

The results obtained from this intercomparison are detailed in
Tables 1-9. In view of the level of radionuclide concentration in this
material, the dispersion of results supplied can be accepted as satis-
factory. Although data on seven radionuclides were reported, only four
radionuclides (134Cs, x37 C S r 40Kf 90 S r ) a re a s si g n ed recommended
values and confidence intervals according to the previously described
criteria.
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The other radionuclides (210Pb, 2 3 9Pu, 125Sb) are not
assigned recommended values as they fail to meet one or more of the
criteria listed above.

The recommended values for the activity concentration (Bq/kg) of
1 3 4Cs, 1 3 7Cs, 40K and 90Sr in IAEA-156 are summarized in Table C.
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Goettler for processing the results and to the Oesterreichisches
Forschungszentrum for the *"UCo irradiation of these intercomparison
samples. Finally, we would also like to thank all the participating
laboratories listed at the end of this report for their co-operation in
providing the data for this intercomparison.
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Table A

Method Codes in the IAEA-156 Intercomparison

Method code Method

Bl Beta counting following radiochemical separation

G2 Direct high-resolution gamma spectrometry without
sample pre-treatment, except for drying

G3 High-resolution gamma spectrometry with sample pre-
treatment

G4 Direct low-resolution gamma spectrometry without
sample pre-treatment, except for drying

K-2 Alpha spectrometry following radiochemical
separation

S-I Spectro-photometric determination of potassium and
calculation of 40K content
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TABLE NO. 1 SIGNIFICANCE LEVEL 0 . 0 5

RESULTS OF INTERCOMPARISON FOR CS-134 IN CLOVER-156, 1990

UNIT: BQ/KG

NO. LAB. METHOD NO.OF
CODE CODE DETERM.
NO.

MEAN STANDARD DEV. ACCEPTANCE
CODE **

ABS REL %

1
2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
35
37
38
39
40
41
42
43
44
45
46
47
48
49
50

2
3
4
5
6A
6B
6C
6D
7
8
9
10
11
12A
12B
12C
12D
13
14
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32A
32B
33
34
36A
36B
37
38A
38B
39
40
41
42
43
44

G2
G2
G2
G2
G4
G4
G4
G4
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
62
G2
G4
G2
62
62
G2
62
62
62
62
G2
62
64
62

6
3
6
3
6
6
6
6
6
6
3
6
2
6

e
6
6
3
5
6
3
6
6
4
1

3
B
4
6
6
4
6
6
6
4
5
6
6
6
4
4
6
6
6
6
3
6
6
5
6

104.58
108.00
122.33
141.00
158.33
161.17
166.00
151.00
78.93
147.50
44.67*
124.67
140.00
138.83
135.47
126.42
122.43
128.33
124.80
116.50
133.00
154.50
168.38
141.50
132.70
130.90
120.00
148.50
124.33
106.83
116.50
126.00
154.83
127.50
51.75*
141.74
145.48
173.33
105.00
148.25
143.25
120.17
145.68
134.63
129.83
120.67
112.17
114.00
48.70*
124.33

2.40
1.73
8.71
7.00
4.27
4.26
11.05
4.20
4.24
6.95
1.53
3.50
2.83
13.03
16.06
6.40
7.10
9.50
3.90
6.98
5.00
3.62
4.29
6.35

2.52
3.16
5.51
2.34
10.57
4.36
7.18
2.14
4.51
7.14
4.19
3.11
26.95
1.17
7.85
8.06
2.79
3.74
11.10
4.49
13.05
3.43
9.72
0.61
15.47

2.3
1.6
7.1
5.0
2.7
2.6
6.7
2.8
5.4
4.7
3.4
2.8
2.0
9.4
11.9
5.1
5.8
7.4
3.1
6.0
3.8
2.3
2.5
4.5

1.9
2.6
3.7
1.9
9.9
3.7
5.7
1.4
3.5
13.8
3.0
2.1
15.5
1.1
5.3
5.6
2.3
2.6
8.2
3.5
10.8
3.1
8.5
1.2

12.4

-9.1
-10.6
-0.5
0.5
4.9
5.5
2 = 6
3.2

-11.2
1.4

-53.5
-0.5
0.8
0.1
OK

-0.0
-0.6
OK

-0.4
-1.4
OK
4.6
7.2
0.6
OK
OK

-2.0
2.0

-0.9
-1.9
-2.3
-0.1
8.0
OK

-10.5
1.0
2.5
1.3

-18.3
1.3
0.7

-2.2
2.1
OK
OK

-0.4
-4.2
-1.3
LO

-0.1
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TABLE NO. 1 SIGNIFICANCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR CS-134 IN CLOVER-156, 1990

UNIT: BQ/KG

NO. LAB. METHOD NO.OF MEAN STANDARD DEV. ACCEPTANCE
CODE CODE DETERM. CODE **
NO. ABS REL %

51 45 G2 2 98.00 8.49 8.7 -3.4

** FOR CONFIDENCE INTERVAL 126.43 10 137.67

RESULTS BELOW LIMIT OF DETECTION REPORTED

NO. LAB. METHOD LAB.

CODE CODE LOD
NO.

1 46 G2 37.00
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TABLE NO. 2 SIGNIFICANCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR CS-137 IN CLOVER-156, 1990

UNIT: BQ/KG

NO. LAB. METHOD NO.OF MEAN
CODE CODE DETERM.
NO.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
JJS
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

2
3
4
5
6A
6B
7
8
9
10
11
12A
12B
12C
12D
13
14
16
n
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32A
32B
33
34
36A
36B
37
38
39
40
41
42
43
44
45
46

G2
G2
G2
G2
G4
G4
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G4
G2
62
G2
G2
G2
G2
G2
G2
G2
G4
G2
G2
G2

6
3
6
3
6
6
6
6
3
6
2
6
6
6
6
3
5
6
3
6
6
4
1
3
6
4
6
6
4
6
6
6
4
5
6
6
6
4
4
6
6
6
3
6
6
5
6
2
4

203.02
221.33
268.67
283.33
301.83
311.50
190.23
285.83
263.33
224.83
274.00
263.05
266.10
252.92
244.35
315.00
259.00
240.17
259.00
311.67
349.37
287.00
264.40
272.20
252.50
296.75
261.67
256.67
228.25
261.83
310.50
259.67
266.25
276.94
278.57
345.50
204.35
308.00
304.50
237.67
272.17
254.50
251.67
241.17
220.17
217.80
243.67
216.50
390.87*

STANDARD DEV. ACCEPTANCE
CODE **

ABS REL %

1.49
2.08
9.97
3.51
4.71
5.68
1.71
10.67
2.89
3.76
2.83
24.17
15.86
19.93
3.55
33.78
4.85
3.87
5.29
7.03
5.42
10.36

4.79
4.18
1.50
7.39
14.51
4.99
5.00
2.66
6.12
13.72
6.96
7.80
9.67
0.59
4.08
13.77
1.97
4.73
8.53
10.69
3.97
3.43
2.77
6.56
6.36
18.89

0.7
0.9
3.7
1.2
1.6
1.8
0.9
3.7
l.l
1.7
1.0
9.2
6.0
7.9
1.5
10.7
1.9
1.6
2.0
2.3
1.6
3.6

1.8
1.7
0.5
2.8
5.7
2.2
1.9
0.9
2.4
5.2
2.5
2.8
2.8
0.3
1.3
4.5
0.8
1.7
3.4
4.2
1.6
1.6
1.3
2.1
2.9
4.8

-34.2
-15.7

OK
2.5
5.8
6.5

-37.2
1.1
OK

-7.7
OK
OK
OK

-0.1
-2.7
1.2
OK

-3.6
OK
5.3
13.8
1.2
OK
OK

-0.3
14.9
OK
QK

-5.1
OK

13.6
OK
OK
0.4
0.5
7.4

-84.2
8.2
2.2

-8.3
OK
OK

-0.2
-3.2
-9.8
-13.0
-1.6
-5.9
6.2

** for confidence interval 253.92 to 274.38
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TABLE NO. 3 SIGNIFICANCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR K-40 IN CLOVER-156, 1990

UNIT: BQ/KG

NO. LAB. METHOD NO.OF
CODE CODE DETERM.
NO.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

2
3
4
5
6A
6B
7
8
9
10
11
12A
12B
12C
12D
13
14
16
17
18
19
20
22
23
24
25
25
27
28
29
30
31
32A
32B
34
36A
36B
37
38
39
40
41
42
43
44
45
46

G2
G2
G2
G2
G4
G4
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
62
G2
G2
G2
G2
G2
G2
G2
G2
G2
G2
G4
G2
G2
G2

6
3
6
3
6
6
6
6
3
6
2
6
6
6
6
3
5
6
3
6
6
4
3
6
4
6
4
4
5
6
6
4
5
5
6
4
4
6
6
6
3
6
6
5
6
1
4

MEAN

335.48*
570.00
502.83
705.33
102.50*
93.50*
603.65
779.50
629.67
576.67
610.00
738.17
639.17
622.83
639.08
701.67
664.00
650.17
669.00
734.33
1073.00*
639.00
718.33
606.67
758.50
605.33
678.75
580.25
672.00
763.33
651.33
643.50
674.40
712.88
335.52*
701.25
679.25
753.00
604.50
680.33
632.33
665.50
566.17
616.60
616.33
440.00*
4158.05*

STANDARD DEV.

ABS

5.83
10.00
58.39
20.60
3.67
9.89
11.96
72.41
35.92
24.22
29.70
143.36
102.33
65.35
38.83
17.62
27.82
26.00
3.46
7.45
79.10
109.86
10.97
12.11
17.97
30.04
47.42
26.50
28.73
13.40
18.97
38.65
22.98
52.76
2.69
37.39
70.01
31.77
12.08
29.91
16.56
23.96
18.36
16.15
101.57

1764.18

REL %

1.7
1.8
11.6
2.9
3.6
10.6
2.0
9.3
5.7
4.2
4.9
19.4
16.0
10.5
6.1
2.5
4.2
4.0
0.5
1.0
7.4
17.2
1.5
2.0
2.4
5.0
7.0
4.6
4.3
1.8
2.9
6.0
3.4
7.4
0.8
5.3
10.3
4.2
2.0
4.4
2.6
3.6
3.2
2.6
16.5

42.4

ACCEPTANCE
CODE **

-51.7
-6.7
-2.3
1.4
LO

-54.9
-2.8
1.4

-0.2
-2.5
-0.9
0.4
OK

-0.2
OK
1.4
OK
OK
OK
7.8
5.0
OK
3.8

-2.5
4.6
-1.1
0.1
-2.1
OK
6.5
OK
OK
OK
0.7
LO
0.7
0.0
2.7
-2.7
0.1
-0.3
OK

-3,9
-1.3
-0.2
LO
2,0

** FOR CONFIDENCE INTERVAL 636-94 TO 676.34



- 12 -

0.00 80.00
*10 l

120-00 160.00 200.00



- 13 -
TABLE NO. 4 SIGNIFICANCE LEVEL 0 .05

RESULTS OF INTERCOMPARISON FOR PB-210 IN CLOVER-156, 1990

UNIT: BQ/KG

NO.

1
2

LAB.
CODE
NO.

27
28

METHOD
CODE

G2
G2

NO. OF
DETERM.

3
1

MEAN

12.00
12.00

STANDARD DEV.

ABS REL %

2.00 16- 1

TABLE NO. 5 SIGNIFICANCE LEVEL 0 . 0 5

RESULTS OF INTERCOMPARISON FOR P U - 2 3 9 IN CLOVER-156, 1990

UNIT: BQ/KG

NO.

1
2

LAB.
CODE
NO.

10
24

METHOD
CODE

K2
K2

NO. OF
DETERM.

2
2

MEAN

0.03
0.07

STANDARD DEV.

KBS

0.01
0.00

REL %

2 9 . 4
7.3

RESULTS BELOW LIMIT OF DETECTION REPORTED

KO. LAB. METHOD LAB.
CODE CODE LOD
NO.

1 15 0.00

TABLE NO. 6 SIGNIFICANCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR RA-226 IN CLOVER-156, 1990

UNIT: BQ/KG

NO. LAB. METHOD NO.OF MEAN STANDARD DEV.
CODE CODE DETERM.
NO. ABS REL %

1 28 G2 6 1.93 0.74 38.5

TABLE NO. 7 SIGNIFICANCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR RU-106 IN CLOVER-156, 1990

UNIT: BQ/KG

NO. LAB. METHOD NO.OF MEAN STANDARD DEV.
CODE CODE DETERM.
HO. ABS REL %

1 28 G2 6 57.50 32.83 57.1

TABLE NO. 8 SIGNIFICANCE LEVEL 0 .05

RESULTS OF INTERCOMPARISON FOR SB-125 IN CLOVER-156, 1990

UNIT: BQ/KG

I.

1
2

LAB.
CODE
NO.

28
29

METHOD
CODE

G2
62

NO. OF
DETERM.

6
3

MEAN

12.84
20.67

STANDARD DEV.

ABS

6.55
1.53

REL %

51.0
7.4
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TABLE NO. 9 SIGNIFICANCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR SR-90 IN CLOVER-156, 1990

UNIT: BQ/KG

NO. LAB. METHOD NO.OF MEAN STANDARD DEV.
CODE CODE DETERM.
NO. ABS REL %

ACCEPTANCE
CODE **

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

1
3
9
10
14
17
20
22
23
24
29
35
37
38
39
40
41
42
43
44

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl

4
3
3
4
3
4
5
3
3
6
2
3
3
2
2
6
5
6
3
3

12.82
18.73
13.10
13.62
13.77
19.20
15.18
12.90
15.73
10.27
12.80
12.50
15.53
8.30
15.68
20.02
19.50
17.67
15.90
13.43

0.62
0.78
0.40
0.95
0.32
2.48
1.16
3.30
0.40
0.47
0.57
0.00
0.59
0.42
0.12
1.79
1.21
1.85
1.22
1.58

4.9
4.1
3.1
7.0
2.3
12.9
7.6
25.6
2.6
4.6
4.4
0.0
3.8
5.1
0.8
8.9
6.2
10.5
7.7
11.8

-0.9
3.2
-0.7
OK
OK
1.2
OK

-0.1
OK

-6.7
-1.0
LO
OK

-12.0
OK
2.1
2.7
0.7
OK
OK

** FOR CONFIDENCE INTERVAL 13.38 TO 16.28

RESULTS BELOW LIMIT OF DETECTION REPORTED

NO. LAB. METHOD
CODE CODE
NO.

45
46

Bl
Bl

LAB.
LOD

20.00
2500.00
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Table C

Recommended Values and Confidence Intervals for
Radionuclides in IAEA-156 Clover

Radionuclide

134Cs

137Cs

40
K

90
Sr

Recommended value, Bq/kg

132

264

657

14.8

Confidence

126

254

637

13.4 -

interval!*]

138

274

676

16.3

[*] Confidence intervals are for significance level 0.05

Reference date: 1 August 1986
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Canada
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Romania
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