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Summary

This report contains the results of the intercomparison IAEA-321 on the
determination of radionuclides in milk powder. 1Initially participants were
requested to determine the levels of 13485. 137Cs, AOK, 90g- and
invited to provide data for other radionuclides. The participants included 61
laboratories located in 29 countries, and statistical evaluation of their data
yield recommended wvalues for these four radionuclides. Additional
radionuclides reported were 226Ra and 2327H, however insufficient data
exists to statistically determine recommended values for these radionuclides.

The radionuclides, their recommended wvaules and confidence intervals are
listed below:

134¢g. 15.5 Bq/kg (14.8 - 16.2)
137¢s: 72.6 Bq/kg ( 71.1 - 74.2)
40k . 552 Bq/kg (536 - 569 )
90sr: 3.3 Bg/kg ( 3.16 -  3.44)

Reference Date: 1 January 198%
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1. Introduction

The levels of radioactive fallout which resulted from the Chernobyl
reactor accident have led to increased concern about radioactivity in food.
This concern has prompted governments to establish allowable levels of various
radionuclides in food. In order to assist those laboratories that are
involved in making these radionuclide measurements, the IAEA's Analytical
Quality Control Services (AQCS) section collected a wvariety of food and
environmental materials which had been contaminated by faliout debris for
preparation of reference materials.

The levels of radionuclides in milk are of particular concern since milk
is an important component of human nutrition, especially for children, and the
concentration of radionuclides in milk can rise very quickly after radiocactive
contamination is released to the environment. Earlier (1), the AQCS section
prepared a milk powder reference material, TAEA-152 (collected in autumn 1986)
containing high levels of radionuclides due to the Chernobyl accident. The
milk powder used in the present intercomparison was collected in Burope in
autumn 1987 from the same processing plant as milk powder for intercomparison
run TAEA-152.

. Scope of study

Participating laboratoires were requested to determine the following
radionuclides: 4OK, 9°Sr. 134¢4 and 137¢s, 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 1listed in the tables are from 61 laboratories in 29
countries. For this intercomparison, 57 laboratories determined 134cg, 57
determined 137Cs, 56 determined 40K and 21 determined 90sr.

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

3. Description of the material

A single batch bulk sample of approximately 500 kg of milk powder with
elevated levels of radionuclides was collected from a processing plant. The
bulk sample was bottled in approximate portions of 250 grams, and all bottles
were sealed and sterilized (to ensure long term stability) by gamma ray
irradiation to a total dose of 2.5 x 104 Gy using a 9%Co source.

The final homogeneity testing (after bottling and sterilization) was
carried out on 10 bottles, each containing 100 grams of milk powder, and using
gamma spectrometry to determine the levels of 134cg, 137¢5 gand 40k,
Taking into account hte statistical counting uncertainties, the gamma spectral
data indicate that this material can be considered sufficiently homogeneous
for a sample size of greater or equal to 100 grams.



4. Evaluation of results

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

1) Dixon's,

2} Grubb's,

3) coefficient of skewness, and
4) ceoefficient of kurtosis.

Additional information on acceptance criteria can be found in reference
(2).

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 6.

LABE. 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.

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

NC. COF 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 absoclute and relative standard deviations
were calculated if at least three results were reported by the
participating laboratory.

4.1.2 Summary of results tables

The summary of the results for IAEA-321 is given in Table B. Most of the
terms used in the summary table have been already defined as the
standard deviation of the mean values divided by the square root of the
number of lsboratory means.



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 (Bg/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 wvalue below the error bar is the
number of individual determinations. If a *"less than™ wvalue 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 considered
as the recommended values when:

1) more than ten laboratory means were available

2) the percentage of outliers was less than 20 % and

3) the overall standard deviation was not greater than 3 times the
average standard deviation of the accepted means.

Note: Laboratory means with zero standard deviation were not

considered

5. Results and conclusion

The results obtained from this intercomparison are detailed in tables
1-6. 1In view of the level of radionuclide concentration in this material, the
dispersion of results supplied can be accepted as satisfactory. Although data
on six radionuclides were reported, only four radionuclides (134cg, 137¢g,
40g, 90gr) are assigned recommended values and confidence intervals
according to the previously described criteria.

The other radionuclides (226Ra, 232Th) are not assigned recommended
values fail as they to meet one or more of the criteria listed above.

The recommended values for the activity concentration (Bq/kg) of
134¢g, 137¢cg, 40x and 99sr in IAEA-321 are summarized in Table C.
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Tabel A

Laboratory Method Codes Used in the IAEA-321 Intercomparison

Method Code

Method

Bl

G2

G3

G4

81

Beta counting following radiochemical separation

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

High resolution gamma spectrometry with sample
pre-treatment

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

Spectrophotometric determination of potassium and
calculation of 40K content
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TABLE NO. 1 SIGNIFICANCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR CS-134 IN IAEA-321, MILK PCOWDER, 1989

UNIT: BQ/KG
KO. LAB. METHGCD NO.CF MEAN STANDARD DEV. ACCEPTANCE LB
CODE CODE DETERM. CODE == LoD
NO. ABS REL %
1 1 G2 3] 15.08 0.43 2.8 oK
2 2 G2 6 17.03 2.48 14.6 0.4
3 3 G2 3 16.00 C.00 0.0 oK
4 4 G2 6 10.79 0.75 7.0 -5.4
5 5 G2 5 17.03 1.47 8.6 0.6
6 & G2 6 12.76 2.34 18.3 -0.9
7 7 G2 6 16.55 0.51 3.1 c.8
8 8 G2 & 14.13 1.06 7.5 -0.7
9 8 G2 6 18.32 0.56 2.9 5.7
10 10 G2 & 14.95 0.88 5.9 CK
11 11 G2 2 16.25 0.30 1.9 0.3
iz 12 G2 3 15.00 3.00 20.0 oK
i3 13 G2 3 16.37 0.78 4.7 0.3
14 14 G2 3 17.70 0.62 3.5 2.5
15 15 Gz 6 16.85 1.25 T.4 0.6
16 6 G2 4 15.82 1.02 6.5 OK
17 7 G2 4 17.85 0.72 4.1 2.3
18 18 G2 5 15.52 .61 3.9 CK
18 20 G2 5 14.57 0.38 2.6 COK
20 21 G2 3 15.10 0.10 0.7 OK
21 22 G2 4 15.47 0.38 2.4 OK
22 23 G4 & 10.80 0.55 5.2 ~-7.9
23 24 G2 & 11.23 C.66 5.8 -5.5
24 25 Gz 5 17.82 0.11 0.6 15.2
25 26 G2 6 15.62 0.26 1.7 CK
26 27 G2 5 20.20 1.48 7.3 2.7
27 28 G2 3 10.20 0.51 5.0 -9.1
28 29 G2 5 21,20 4.87 23.0 1.0
29 30 G2 3 15.30 Q.70 4.5 CK
30 31 G2 5 14.60 0.8S 6.1 -0.3
31 32 G2 6 30.17= 3.43 il.4 4.1
32 33 G2 4 12.15 C.E5 5.3 -4.2
33 34 G2 4 12.90 0.27 2.1 -7.2
34 35 G2 4 13.57 1.19 B.7 -1l.1
35 36 G2 5 14.48 0.41 2.8 -0.9
36 37 G2 4 i6.67 2.43 1l4.86 0.2
37 38 G2 6 i5.25 2.13 13.9 OK
38 39 G2 3 16.67 £.98 5.9 0.5
39 40 G2 3 12.186 0.51 7.5 -2.9
40 41 G2 3 15.61 1.80 11.5 OK
41 43 Ge 6 17.14 1.90 11.1 0.5
42 44 G2 3 25.91= 3.11 12.0 3.1
43 45 G2 4 16.57 0.75 4.5 0.6
44 46 G2 4 15.77 1.70 10.8 OK
45 47 G2 3 23.90%x 0.70 2.9 11.1
46 48 G2 6 15.43 1.07 7.0 oK
47 49 G2 & 13.65 0.42 3.2 -2.8
48 50 G2 4 26.00x 0.82 3.1 12.1
49 51 G2 4 14.20 0.22 1.5 -3.0
50 52 G2 6 15.27 0.50 3.3 OK
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TABLE NO. 1 SIGNIFICAKCE LEVEL 0.05
RESULTS OF INTERCOMPARISON FOR (CS5~134 IN IAEA-321, MILK POWDER, 1983

UNIT: BQ/KG

NO. LaB. METHOD KO.OF MEAN STANDARD DEV. ACCEPTANCE LAB
CODE CODE DETERM. CODE == LOD
NO. ABS REL %
51 52 G2 3 17.70 0.53 3.0 2.9
52 56 G2 4 18.97 0.78 4.1 3.6
53 57 G2 3 12.20 0.79 6.5 -3.3
54 58 G2 4 16.37 0.10 0.6 2.3
558 59 G2 6 19.35 2.13 11.0 1.5
56 60 G2 5 14.02 1.38 2.9 -0.6
57 61 G2 6 17.83 1.52 8.5 1.1

*+« FOR CONFIDENCE INTERVAL 14.84 TO 16.15

CS-134 IN IREN-321, MILK POWUEKR. 198Y (BU/KG}
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TABLE NO. 2 SIGNIFICANCE LEVEL 0.05
RESULTS OF INTERCOMPARISON FOR CS-137 IN IAEA-32]1, MILK POWDER, 1989

UNIT: BQ/XG

NO. LAB. METHOD NO.COF KEAN STANDARD DEV. ACCEPTANCE LAB
CCDE CODE DETERM. COBE == LCD
NO. ABS REL %

1 1 G2 6 51.94= . 3.21 6.2 -£.0
2 2 G2 6 72.59 5.83 8.0 OK
3 3 G2 3 78.87 0.58 0.7 7.7
4 4 G2 6 65.26 3.71 5.7 -1.6
5 5 G2 5 103.33» 8.47 8.2 3.4
6 6 G2 & 67.23 2.76 4.1 -1.4
7 7 G2 5 70.52 3.30 4.7 -0.2
8 8 G2 & 67.50 3.79 5.5 -0.9
9 9 Gz & 78.30 3.03 3.9 1.3
10 10 G2 = 66€.90 0.75 1.1 -5.6
1l 11 G2 2 £9.83 1.21 1.7 ~1.0
12 12 G2 3 B2.00 5.00 £.1 1.6
13 13 G2 3 73.73 2,21 3.0 CK
14 14 G2 3 77.53 2.50 3.2 1.3
15 15 G2 & 70.53 1.68 2.4 -0.3
16 15 G2 4 70.07 0.57 0.8 -1.7
17 17 G2 4 79.50 1.28 1.6 4.1
18 18 G2 6 72.88 1.86 2.6 OK
19 20 G2 6 72.1C 1.72 2.4 CK
20 21 G2 3 70.43 2.76 3.9 -0.2
21 22 G2 4 72.57 1.08 1.5 CK
22 23 G4 6 51.17= 1.17 2.3 -17.0
23 24 G2 6 50.15= c.S98 2.0 -21.3
24 25 G2 5 79.06 1.30 1.6 3.7
25 26 G2 6 74.03 0.30 0.4 OK
26 27 G2 5 102.20x 4.27 4.2 6.6
27 28 G2 3 118.77= 4.92 4.1 3.0
28 29 G2 LS 79.00 2.00 2.5 2.4
29 30 G2 3 71.27 1.72 2.4 OK
36 31 G2 5 74.60 i.1l4 1.5 G.3
31 32 G2 6 80.17 1.72 2.1 3.4
32 33 G2 4 61.47 2.47 4.0 ~3.9
33 34 G2 4 61.12 1.81 3.1 -5.2
34 35 G2 4 62.52 0.25 0.4 -34.1
35 36 G2 5 67.58 2.53 3.7 -1.4
36 37 G2 4 71.42 2.4%1 3.4 OK
37 38 G2 6 71.83 3.97 £.5 OK
38 38 G2 3 73.83 0.55 0.7 OK
38 40 G2 3 72.00 1.59 2.2 OK
40 41 G2 3 73.18 l.81 2.5 OK
41 43 G2 6 73.75 2.39 3.2 OK
42 44 G2 3 71.94 2.40 3.3 CK
43 45 G2 4 73.00 1.47 2.0 QK
44 46 G2 4 80.32 5.28 €.6 1.2
45 47 G2 3 71.33. 1.53 2.1 oK
46 48 G2 6 75.48 2.00 2.7 0.6
47 49 G2 6 44.18* 0.44 1.0 -E1.7
48 50 G2 4 86.25x 0.50 0.5 44.0
49 51 G2 & 61.73 1.14 1.8 -8.1
50 52 G2 6 689.42 0.87 1.4 -2.7
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TABLE NO. 2 SIGNIFICANCE LEVEL 0.05
LTS OF INTERCOMPARISON FOR €S-137 IN IAEA-321, MILK POWDER, 1989
: BQ/KG
LAB. METHOD NQ.OF MEAN STANDARD DEV.  ACCEPTANCE LAB
CODE CODE DETERM. CODE # LOD
NO, ABS REL %
53 G2 3 74.57 2.47 3.3 0.1
56 G2 4 81.20 3.22 4.0 2.2
57 G2 3 70.20 2.23 3.2 ~0.4
58 G2 4 £9.25 2.22 3.2 -0.8
59 G2 6 72.27 2.11 2.9 OK
60 G2 5 79.00 1.91 2.4 2.5
61 G2 6 86.00 0.43 0.5 27.1
»» FOR CONFIDENCE INTERVAL 71.06 TO 74.23
CS-137 IN OB 321, MILE FOHDBLK. 1389 TBUG/RD)
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TABLE NO. 3 SIGNIFICANCE LEVEL 0.05
RESULTS OF INTERCOMPARRISON FOR K-40 IN IAEA-321, MILK POWDER, 1989

UNIT: BQ/KG

NO. LAB. METHOD NO.OF MEAN STANDARD DEV.  ACCEPTANCE LAB
CODE CODE DETERM. CODE »x LOD
NC. ABRS REL %
1 1 G2 6 480.37 25.73 5.4 -2.2
2 2 G2 6 698.08 52.37 7.5 2.5
3 3 G2 3 427.87 5.69 1.3 -19.0
4 4 G2 6 541,17 23.57 4.4 oK
5 5 G2 5 636.80 39.03 6.1 1.7
6 7 G2 6 679.67 22.29 3.3 5.0
7 8 G2 & 584.00 43.84 7.5 0.3
8 9 G2 6 631.83 38.95 6.2 1.6
5 10 G2 6 541.50 1.87 0.3 oK
10 11 G2 2 527.50 31.54 0.7 -2.3
11 12 G2 3 £56.00 25.63 3.9 3.4
12 13 G2 3 573.50 16.13 2.8 0.3
13 14 G2 3 591.33 12.34 2.1 1.8
14 15 G2 & 548.33 22.48 4.1 oK
15 16 G2 4 533.00 18.02 3.4 -0.2
16 17 G2 3 606.00 2.00 0.3 18.4
17 18 G2 6 540.50 36.76 6.8 oK
18 20 G2 6 530.83 6.01 1.1 -0.8
19 21 G2 3 544.00 19.47 3.6 oK
20 22 G2 4 511.00 11.14 2.2 -2.2
21 24 G2 6 401.25 8.22 2.0 -16.4
22 25 G2 5 562.80 17.48 3.1 OK
23 26 G2 6 521.17 7.63 1.5 -1.9
24 27 G2 5 659.40 12.28 1.9 7.3
25 28 G2 3 584.00 21.17 3.6 0.7
26 29 G2 5 613.60 174.45 28.4 0.3
27 30 G2 3 491.33 10.50 2.1 -4.2
28 31 G2 5 523.20 19.34 3.7 -0.7
29 32 G2 5 511.00 26.02 5.1 ~1.0
30 33 G2 4 463.75 26.87 5.8 -2.7
31 34 G2 4 425.50 24.66 5.8 -4.5
32 35 G2 4 434.50 32.79 7.5 -3.1
33 36 G2 5 535.38 17.17 3.2 -0.0
34 37 G2 4 525.50 27.34 5.2 -0.4
35 38 G2 6 526.83 29.71 5.6 -0.3
36 39 G2 3 562.67 18.58 3.3 OK
37 40 G2 3 540.00 11.14 2.1 oK
38 41 G2 3 589.00 26.15 4.4 0.8
39 43 G2 5 594.79 15.43 2.6 1.7
40 44 G2 3 554.55 35.17 6.3 oK
41 45 G2 4 551.00 10.49 1.9 oK
42 46 G2 4 544.00 29.83 5.5 OK
43 47 G2 3 540.00 20.00 3.7 OK
44 48 G2 6 586.20 31.89 5.4 0.5
45 48 G2 6 548.48 8.87 1.6 OK
46 50 G2 4 635.75 16.13 2.5 4.1
47 51 G2 6 453.15 3.58 0.8 -23.1
48 52 G2 6 538.50 16.16 3.0 OK
43 53 G2 3 586.67 23.50 4.0 0.7
S0 55 G4 6 594.00 9.80 1.6 2.5
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TABLE NO. 3 SIGNIFICANCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR K-40 IN IAEA-321, MILK POWDER,

UNIT: BQ/KG

NO. LAB. METHOD NO.OF MEAN STANDARD DEV.

CODE CODE DETERH.

NO. ABS REL %
51 56 G2 4 5665.25 9.43 1.7
52 57 G2 3 342.67= 3.50 2.8
53 58 G2 4 540.00 18.26 3.4
54 59 G2 6 564.84 10.48 1.9
55 60 G2 5 534.94 43.54 8.1
56 61 G2 6 598.63 12.76 2.1

»x FOR CONFIDENCE INTERVAL 535.78 TO 569.15

1989

ACCEPTANCE

CODE =«
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TABLE NO. 5 SIGNIFICANCE LEVEL 0.05
RESULTS OF INTERCOMPARISON FOR SR-90 IN IAEA-321, MILK POWDER, 1989
UNIT: BQ/KG
KO. LAB. METHOD ©NO.OF MEAN STANDARD DEV. ACCEPTANCE LAB
CCDE CODE DETERM. CODE ==» LoD
NC. ABS REL %
1 5 Bl 3 6.07* 0.12 2.0 21.7
2 11 Bl 2 3.14 0.25 7.9 -0.1
3 14 Bl 6 2.85 G.23 8.2 -1.3
4 16 Bl 3 4.43x 0.25 5.7 3.9
L3 17 Bi 3 2.97 0.35 11.8 -0.6
6 19 Bl 3 9.70* 0.35 3.6 18.1
7 21 Bi 3 3.03 0.15 5.0 ~-0.8
8 24 Bl 6 3.24 0.20 6.0 8} 4
g 26 Bl 4 3.71 0.24 6.6 1.1
10 30 Bl 3 3.03 0.24 8.1 -0.5
11 31 Bl 3 3.53 1.01 28.5 0.1
12 37 Bl 4 3.40 0.20 5.9 QK
13 40 Bl 6 2.12» 0.42 20.0 -2.4
14 42 Bl 1 3.50 HI
15 43 Bl 4 3.23 0.13 4.1 0K
16 46 Bl 2 3.39 0.26 7.7 QK
17 47 Bl 3 2.97 0.06 1.9 -3.3
18 54 Bl 3 3.77 0.21 5.5 1.6
19 56 Bl 4 3.52 1.27 36.0 0.1
20 57 Bl 4 3.41 0.23 6.8 QK
21 58 Bl 1) 3.40 0.08 2.4 0K
s+« FOR CONFIDENCE INTERVAL 3.16 TO 3.44
oR Y0 IN 0EN 321, MILE PORUER. 1989 TBU/KD)
‘O_, MEAWN VHLUE 2 3.30 BUSKD
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TABLE NO. 4 SIGNTFICBNCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR RA-ZZ26 IN IAEA-321, MILK POWDER, 1329

UNIT: BQ/KG
NO. LAB. METHOD NO.OF MERAN STANDARD DEV. LAB.
CODE  CODE DETERM. LOD
NO. ABS REL %
1 85 G4 6 13.72 2.65 15.3
TRBLE NO. & SIGNIFICANCE LEVEL 0.05

RESULTS OF INTERCOMPARISON FOR TH-232 IN IAEAR-321, MILK POWDER, 1389

UNIT: BQ/KG

NO. LAB. METHOD NO.OF MEAN STANDARD DEV. LAE.
CODE CODE DETERK. LOD
NO. ABS REL %

1 55 G4 & 0.24 0.32 34.0
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Table C

Recommended Values and Confidence Intervals
for Radionuclides in IAEA-321 Milk Powder

Radionuclide Recommended Value Confidence Intervalk)
134Cs 15.5 14.8 - 16.2
137Cs 12.6 71.1 - 74.2

Iw!( 552 536 - 569
QOSr 3.3 3.16 - 3.44

*} Confidence intervals are for significance level 0.05

Reference date: 1 January™ 9598~ - _E q 89
* S
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List of participating laboratories for the IAEA's Intercomparison Study of the
milk powder (IAEA-321) for Radionuclides:
(arranged alphabetically by country):

Austria

Bundesversuchs- und Forschungsanstalt, Arsenal Geotechnisches Institut
Isotopengeophysik, Faradaygasse 3, A-1030 Wien
F. J. Maringer, D. Rank, D. Sauer

Bundesanstalt fir Lebensmitteluntersuchung und -forschung
Abt. Strahlenschutz, Berggasse 11, A-1090 Wien
E. Henrich

International Atomic Energy Agency

Agency's Laboratories Seibersdorf, Chemistry Unit
P.0Q0. Box 100, A-1400 Vienna

A. Ghods-Esphahani

Brazil

Comissao Nacional de Energia Nuclear, Instituo de Radioprotecac e Dosimetria
Av. Americas km 165, Barra da Tijuca, Rio de Janeiro, RJ

cx postal 37750, CEP 22602

M. Vianna

Environmental Monitoring Pivision, Radiometric Laberatory
IPEN-CNEN/SFP, cx Postal 11049 - Pinkeiros

054999 - Sao Paulo

Brigitte R. S. Pecequilo

Laboratério de Radioecologia, CNA.N - DAPA.N - LARE.N
Rodovia Rie/Santos km 132, Itaorna - Angra dos Reis, CEP 23900
S. A. Ramos

Bulgaria

Institute of Nuclear Medicine, Radicbiology and Radiation Hygiene
Radiation Hygiene Research Division, 132 Glement Ochridsky Blvd.
1756 Sofia

T. Petkov

Czechoslovakia

Institute of Radioecology and Applied Nuclear Techniques
P.0O. Box A-41, 04061 Kosice
V. Jansta
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Laboratory of Spectrometry, Centre of Radiation Hygiene
Institute of Hyg. and Epidemioclogy

Srobirova 48, 10042 Prague

1. Malatova

Research and Development Institute of Czechoslovak Uranium Industry
Central Laboratories, Dep. of Radiometry

CS-47127 Strazpod Ralskem

T. Bouda

Denmark
Health Physics Department, Ris National Laboratory

DK-4000 Roskilde
A. Aarkrog

Federal Republic of Germany

Fachbereich Physikalische Chemie der Philipps-Universitit-Kernchemie
Hans-Meerwein-Strasse, D-3550 Marburg
D. Molzahn

Fachhochschule Liibeck, Labor fiir Kerntechnik/Strahlenschutz
Stephensonstrasse 3, D-2400 Liibeck 1
R. Taurit

Institut filir Wasser—, Boden- und Lufthygiene des Bundesgesundheitsamtes
Corrensplatz 1, D-1000 Berlin 33

Landesamt fiir Wasser und Abfall, Nordrhein-Westfalen
Fachgebiet 433, Postfach 5227, D-4000 Diisseldorf 1
P. Neumann

Finnland

Finnish Centre for Radiation and Nuclear Safety

SF-00101 Helsinki
A. Rantavaara

German Democratic Republic

Institute of Nuclear Researeh Rossendorf
P.0O. Box 19, Dresden 8051
U. Hiese

Rossendorf Central Institute for Buclear Research
Radiation Protection Department, GDR-B051 Dresden, Box 19
B. Knobus, W. Rossbander

Hational Board Nuclear-Safety and Radiation Protection
Waldowallee 117, DDR-1157, Berlin
H. U. Siebert, J. Thiele
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Hungary

National "FJC" Research Institute for Radiobiology and Radiohygiene
H-1775 Budafok 1, Box 101
A. Kerekes, L. Kovacs, D. Star

India

Environmental Studies Section, Health Physics Division
Bhabha Atomic Research Centre, Trombay

Bombay - 400085

I. 8. Bhat

Irag

Department of Ecology. Nuclear Research Center.
Box 765, Tuwaitha, Baghdad
Adil M. Ali

Jordan

National Radiation Protection Lab.
R.S.8., P.0O. Box 925819, Amman
A. Ajlouni

Kuwait

Central Analytical Laboratory, Kuwait Institute for Scientific Research
Box 24885, Safat, 13109
R. Abu-Eid, A. Aziz

Ministry of Public Health, Radiation Protection Division

Kuwait
Y. Baxir

The Netherlands

Netherlands Energy Research Foundation
Box 1, 1755 ZG Petten
R. EJ. Groothuis, A. W. van Weers

Norwa

Institute for Energy Technology, Health and Safety Department
P.0. Box 40, N-2007 Kjeller
G. C. Christensen
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Mexico

National Commission on Muclear Safety and Safeguards
Insurgentes SUR 1806, 01030 Mexico, D.F.
R. M. Lugo

Laboratorio de Dosimetria y Monitoreo, Ambiental, PNLV - CFE
APDO. Postal N 5 - 756

Mexico, D.F. 06500

M. A. Valdovinos Teran

Portugal

Laboratorio Nacional de Engenharia e Tecnologia Industrial
Departemento de Proteccao e Seguranea Radioldgica

Estrada Nacional N10, 2685 Sacavem

A. 0. Bettencourt

Romania

Central Institute of Physics
Bucharest, Box MG-6
A. Pantelica, M. Salagean

Institute for Food Chemistry
Bucharest - str. Girlei N 1, Sect 1
0. Ferdes

Institute of Hygiene and Public Health, Radiation Hygiene Laboratory
str. Dr. Leonte No 1-3, R-76256 Bucharest 35
C. Milu

Institute for Nuclear Power Reactors, Environmental Monitoring Laboratory
P.0. Box 78, 0300 Pitesti
P. I. Ion

Institute of Physics and Nuclear Engineering
Box MG-6, Bucharest
D. Razvan

Polytechnical Institute, Faulty of Chemical Engineering
Bucharest
I. I. Georgescu

ain
U.0. Radiactividad Ambiental, CIEMAT - PRYMA

Avda. Complutense, 22/28040 Madrid
J. M. M. Climent, A. M. Lobo, J. P, Lépez
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.8yria

Department of Protéction and Safety, Atomic Energy Commission
P.0. Box 6091

Damascus

I. Othman

Thailand

Radiation Measurement Div. Off. of Atomic Energy for Peace
Vibhavadea - rungsit, Bangkhean, Bangkok 10900
P. Polphona

Turkey

Ankara Nuclear Research and Training Center, Nuclear Physics Laboratory
06100 Besevler, Ankara

Ankara Nuclear Research and Training Center, Dept. of Chemistry
Besevler, Ankara

Cekmece Nuclear Research and Training Center
P.K. 55 Sefakoy - Istanbul
6. G. Yiilek

Chemistry Dep. Ankara Nuclear, Research and Training Center
Besevler, Ankara
T. Golge

Food Control Laboratory
Izmir
0. Yiice

Turkish Atomic Energy Authority

Lalahan Nuclear Research Institute of Animal Health
06852 Lalahan - Ankara

S. Kdzlemeci, I. Tiikenmez

United Kingdom

City Analyst's Laboratory
Grofts Street, Cardiff, CF2 3 DY, South Glamorgan
M. Williams

Department of Geology, The University Southampton S0% 5NH
Y. W. Groudace

Somerset County Council, County Laboratory, County Hall
Taunton TAl 4DY
G. A. Hudd
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National Radiological Protection Board, Scottish Center
155 Hardgate Road, Glasgow G51 428, Scotland
D. M. Smith

Department of Regional Chemist

Public Analyst and Agricultural Analyst

8 Elliot Place, Glasgow G3 8EJ, Scottland
J. Gemmill

United Ststes of America

Laboratorij of Inorganic and Nuclear Chemistry

Wadswoth Center for Labs and Research, Empire State Plaza
Box 509, Albany, New York 12201 - 6509

L. Husain

Environmental Science Division, OAK Ridge National Laboratory
Box 2008, OAK Ridge, TN 37831 - 6036
I. L. Larsen

USSR

Polytechnic Institute. Nuclear, Geochemistry Laboratory
30 Lenin prospect, 634004 Tomsk
E. G. Vertman

Yugoslavia

Laboratory za nuklearnu Kemiju, radioekologiju, Institut "Ruder Boskovic"
Bijenicka 54, P.0O. Box 1016, 41000 Zagreb
S. Lulic

Physical Chemistry "Jozef Stefan” Institute, Jamova 39
61111 Ljubljana
K. Juznic

ZVD SRS Bohoriceva 22a
61000 Ljubljana
B. Kunar, A. Jersic

Laboratory for High Resolution, Gamma Spectrometry
J. Stefan Institute, 61111 Ljubliana, POB 100
M. Korun

Venezuela

IVIC Apartado 21827
Caracas 1020A
P. A. Rosales





