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Summary

The results of the intercomparison on milk powder {(TAEA-152) for
the determination of elevated levels of radioactivity are reported. The
data from thirty-nine laboratories from eighteen different countries have
been considered and include the determination of the foliowing
radionuclides:

134¢cs, 137cg, 40k, 20gn.

According to a statistical evaluation sufficient data for
recommended mean values and confidence intervals have been received for:

134¢s; 764 Bg/kg (722 - 802)
137cs: 2129 Bq/kg (2053 — 22069}
40 53% Bg/kg (510 - 574)
9051 7.7 Bq/kg (7.0 - B.3)

Reference date: 31 August 1987
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Intreoduction

The increased levels of radiocactive fallout which resulted from the
Chernobyl reactor accident have Jed to increased concern about
radiocactivity in food. This has prompted governments to establish
allowable levels of various radionuclides in food. Furthermore, in most
cases the allowable levels are much higher than the levels in previously
available reference materials (1). In order to assist laboratories in
making these measurements, the TAFA's Analytical Quality Control Services
(AQCS) collected a wvariety of food and environmental materials which had
been contaminated by the fallout debris and reference .materisls are
currently being prepared from these materials.

Radioactivity levels in milk are of particular concern since milk
is an important component of human nutrition, especially for children,
and radionuclide levels in milk can rise very quickly after radioactive
contamination is released to the environment. Rarlier (2), AQCS prepared
a milk powder reference material, A-14 containing levels of artificial
radionuclides in the Bq/kg range which was representative of previous
levels due to weapons fallout. However, A-14 ig not very suitable as a
reference material for analyses at the current allowable iesvels. The milk
powder wused in the present intercompariscn contains 13708 and 134cs
2t concentraticns which zre several times higher than most current
allowable ievels,

2. Scope of the study

Participating laborateries were requested to determine the
foliowing radicnuciides: 40x, 90gp, 134cs  and 137¢s.  Dpata  on
other radionuclides were alsc welcomed. The =znalysts were regquested to
make at least three but preferably six independent measurements for each
radicnuclide. Each laboratery received two botties labelled A and B as
well as a bottle of A-14 which was re-evaluated at the same time.

The results listed in the tables are from thirty-nine laboratories
in eighteen different countries. The evaluation was based on 119
laboratory means for each of the A and B samples. The total number of
individual determinations for A and B combined was . 842. Thirty-six
laboratories determined 13&05, - 37 determined 13705. 30 determined
40k  and 14 determined 9¥Sr. Since only very limited data were
received for other radionucliides, these have not been included in the
report. )



3. Degeription of the material

A bulk sample of approximately 500 kg (20 sacks of about 25 kg
each) of milk powder with elevated radicactivity was collected from a
processing plant. These twenty sacks were all from the same batch
process. Thus, they were assumed tc be as homogeneous as possible.
Wevertheless, a preliminary homogeneity testing of every two sacks for
134cs and 137¢s was performed before bottling in approximate portions
of 250 grams. In order to assure long-term stability of the material, all
bettles were sterilized by gamma-ray irradiation of about 2.5 x 10% gy
using a 99¢o source. .-

The final homogeneity testing (after bottling) was performed on 12
bottles from different sacks as follows:

bottles A and B - six measurements each of 250 grams
bottles C and D - three measurements each of 250 grams
bottles E to L - one measurement each of 250 grams

Considering the results of 13%4¢s and 137Cs Ffrom the above and
employing the Student's t-test it was found that they did not differ by
more than 3% of the mean value snd thus this matecial can be considered
homogeneous for these components for a sample size of greater or egual to
250 grams.

4, Evaluation of results

The original data received from the participating laboratories were
edited (converted to the same units and format), before being typed in 2
computer data file. This data file was vrocessed by a computer program
especially written for evaluating intercomparison results. Obgervations
which deviated significantly after rigorous statistical evaluation from
the population of the other results, were considered tc 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.

Some further information can be found in reference (3).

Separate evaluations were run for the A and B bottles sc that the
final results could be compared in order to check the consistency of the
results and the homogeneity of the material. Separate sets of tables and
figures are included for TAFA-152 (A) and TAEA-152 (B).



4.1 Explanation of tables

4.1.1 Data tables

The laboratory mean values for a specific radicnuclide for which at
least two laboratory means were supplied are presented in Tables 1
to 4 for both the A and B bottles of TAEA-152.

LAB. CODE NO.: Each laboratory was assigned a code number, which is
the same throughout the whele report. These do not correspond to
the sequence of the lzboratories in the list of participants given
at the end of the report and thus anonymity is secured-

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.

¥Q. OF DETERM.: The number of individual results for a given
radionucliide suppliied by the participating laboratory.

LAB. MEAN: The arithmetic mean computed from all the individusl
results supplied by the participating laboratory. An asterisk (¥)
after the lab mean denotes that it was detected and rejected as an
cutlier. Outliers were not used to compute the overall mean for
this radiocnuclide.

LAB. STANDARD DEV: The absolute 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-152 (A) is given in Table B,
while the summary for IAEA-152 (B) is given in Table C. Most of the
terms used in the summary tables have been already defined. The
standard errcr (S.E.) is defined as the standard deviation of the
mean values divided by the square root of the number of laboratory
means.

4.2 Description of figures

A figure was plotted for each radionuclide when at least five
iaboratory means were reported. The laboratoery means are plotted by
ascending concentration wvalues (Bg/kg) on the y-axis with their
respective laboratery cede noted along the x-awis.



The respective error bars (standard deviation of the mean) are also
shown. The code above the cerror bar is the laboratory methed code, while
the value below the error bar is the number of individual determinations.
Finally, the points marked with an x in the circle were detected and
rejected as outliers and have not been used for the calculation of the
overall laboratory mean.

4.3 Criteria for recommended values and confidence intervals

*  Please note that these criteria save designed especially for

this report and do nct apply in general. .-

The overall mean values (excluding data detected and rejected as
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 results of the A and B intercompariscns are mutuslly consistent

(i.e. the mean value for A falls within the confidence interval for
B and vice versa).

5. Regsults and Conclusions

The means and confidence interval obtained for A z2nd B are
summarized in rounded form in Table D. It is apparent that the data
obtained for the A and B intercomparison are consistent since the two
means for each radionuclide differ only by a few percent or less. In
order to generate an overall mean the average of the A and B means was
calculated. The overall confidence intervals correspend tc the sutermost
values of the individual & and B confidence intervals.

The fact that the means of the A and B intercomparison are quite
close suggests that the material is homogenecus; however, it must be
realized that this is referred to averages taken over up to 35 bottles.
Hence, it can only be stated that the material is homogeneous over =
sample size of ~8.8 kg (35 x 0.25kg) for 137¢s or ~4.0 kg (16 x
0.25kg) for 90Sr on the basis of the A and B means. In order to
determine whether the material is homogeneous down to the single bottle
level, the A and B results must be compared on a laboratory by laboratory
basis. A Student's t-test which took intc account the standard deviations
in the results of individual laboratories was used to compare the A and B
results. In order to ensure that the standard deviations were reasonably
well defined the results from a subset of the laboratories were selected
on the basis that:

a) the laboratory had submitted at least 4 results for both A and B, and
b) the laboratory means had not been identified as outliers.



Although the Student’s t-test tock into account the standard deviations
in the results from individual laboratories, it could not account For any
biases which the laboratories have introduced between their A and B
results. Thus, biases such as simple weighing errors or using a different
spectrometer fer the A and B samples could introduce a significant
difference in the A and B results even though the material itself is
homogeneous.

The results of the Student's t-test indicate that the data from the
majority of the laboratories which met the selection criteria and which
produced results for a given radionuclide are consistent with homogeneity
in the samples. The percentage of the results which are consistent with
homogeneity are: 72% for 13405, 57% for 137Cs, 81% for 40K ang 100%
for sr. on this basis it can be cencluded that TAEA-152 milk powder
is homogeneous.

The recommended walues for the concentrations of 34cg, 137¢s,
40K and %0sr in TAEA-152 are summarized in Table E.
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Table A

Laboratory Method Codes Used in the IAEA-152 Intercomparison

Method Code

Method

Bl

Gz

G3

G4

s1

Beta counting following radiochemical separation

Direct high resolution gamma spectrometry without

sample pre-treatment, excepl for drying

High resolution gamma  spectrometry with sample

pre-treatment

Direct low resolution gamma spectrometry without sample

rre-treatment, except for drying

Spectropghotometric determination of potassium  and

40
caleculation of K content
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Table D

Summary of Means and Confidence Intarvals

T e e o e o e
Radicnuclide Bottle Mean Confidence intervals
(Bg/kg) {Bg/kg)
13‘iﬁis A 760 K-722 - 799
B 167 733 - 802
A+ B 764 722 - 802
13768 A 2131 2053 - 2209
B 2127 2057 — 2136
A+ 3B 2129 2053 - 2200
40
K A 544 514 —~ 574
534 510 - 5508
A+ B 53¢ 510 ~ 574
goSr A 7.7 7.3 - 8.2
B 7.6 8.3
A+ B 7.7 7.0 -~ 8.3

Cenfidence intervals are for significance level C.05.



Table E

Recommended Vzlues and Confidence Intervals for Radionuclide
in TIAEA-152 Milk Powder

mdiomeiide | ecomented vate T omtiemes mrereatt T
(Ba/ke) (Bq/kg)
Hes 2129 2053 - 2209
o 529 510 - 574
%0 . o

Based on the outermost confidence intervals of the A and &

intercomparison for a significance level 0.05.

Reference date: 31 August 1987
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List of participating laboratories for the IAEA's Intercomparison Study
of the milk powder (TARA-i52) fer Radionuclides.
(arranged alphabetically by country)

Austria

International Atomic Energy Agency

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

A. Ghods-Esphahani

BVFA Arsenal, Geotechnisches Institut,
Abt. Isotopengeophysik, PF 8, A-1031 Wien
F.J. Maringer, Mr. J. Terlunen

Brazil

Centro de Ciencias Exactas, Universidade Estadual de Londrina
Caixa Postal 6001, PR-856.05 Londrina
C. R. Appoloni

Furnas Centrais Electricas S.A., CNAAA-LAB. de Radioecologia
Estr. Rio Santos - Km 132, BR-23900 Rio de Joneiro
P. J. Diniz de Figueiredo

Divisao de Radioquimica (TFR), Instituto de Pesguisas Energeticss e
Wucleares - IPEN-CNEN/SP, Cidade Universitaria, Rua de Matao, Travessa R,
400, Caixa Postal 11.049 - Pinheiros, BR-01.000 Sao Paulo 9, SP

Marina B.A. Vasconcellsos, C. Ssepulveda Munita, M.I.L. Cunha

Canada

Institut de Genie Nucleaire, Ecole Polytechnique, C.P. 607¢
Succ. "A", Montreal, Quebec, H3C 347
L. Dikof

Radiation Protection Bureau, Env. Radiation Hazards Section, Dept. of
Nat. Health & Welfare, Brookfield Road, Ottawa, Ontario, K1A 1C1
D.P. Meyerhof, B.E. Gobbold, M.B. Cooper, L. Hauck

Radiochemical Measurements, Analytical Science Branch, Atomic Energy of
Canada LTD, Whiteshell Nuclear Research Establishment

Pinawa, Manitoba, ROE 1LO

Mr. W.W. Boivin
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Czechoslovakia

Central Laboratories of CSUP, Dept. of Radiometry
CS-471 27 Straz Pod Ralskem
T. Bouda

Federal Republic of Germany

Hahn-Meitner-Tnstitut fuer Kernforschung Beriin GmbH, Bereich Kerchemie
und Reaktor, AG: Spurenel. I.D. Biomedizin, Glienicker Strasse 100,
Postfach 39 01 28, D-1000 Berlin 39D. Gawiik, W. Gatschke .-

Institut fuer Radiochemie der Universitit Muenchen
D-8046 Garching,J.I. Kim, H. Staerk

Zentralabteilung Strahlenchutz K.F.A. Juelich GmbH
Postfach 1913, D-5170 Juelich 1
¥. Frenkler

Fachhochschule Luebeck, F.B. Angewandte Naturwissenschaft,
Stephenscnstrasse 3, D-2400 Luebeck
R. Taurit

Arbeitlung fuer Strahlenhygiene des Bundesgesundheitsamtes
ingolstaedter Landstrasse 1. D-8042 Neuherberg
R. ¥ohl

Institut fuer Physik (120), Universitaet Hohenheim

Postfach 70 05 62, D-7000 Stuttgart 70
V. Cercasov

Cerman_Democratic Republic

Natioanl Board for Nuclear Safety and Radistion Protection
Waldowallee 117, DDR-1157 Berlin
D. Obrikat, J. Thiele

Akadenie der Wissenschaften, Zentralanstalt fuer Kernforschung
Abt. Strahlenschutz, Rossendorfe 117
B. Knobus, W.R. Rossbander,

Hungary

Laboratory of Food Control, Institute of Veterinary and Fcod Conbtrol
Service, Ministry of Agriculture and Food

H~1095 Budapest, Mester u. 81

Béla Kiss



Mexico

Jefe de Ingeneria Ambiental, Lab. de Monitereo y Dosimetria AMB, Comisien
Federel de electricidad, PNLV

AP. Post. 5-756, Col. Cuauthemoc, 06500 Mexico, D.F.

Quim H. Armand Silva Jimemez, Miguel A. Valdovines Teran

Morocco

Lab. de Physique Nucleazire, Faculte de Sciences, Universite Mohamed V
B.P. 1014, Rabat -
M. Berrada

Norway

Agricultural University of Worway, Isotope Laboratory
P.0. Box 26, N-1432 AS-NLH
H, Lien, But Salbu

Inst. of Inorg. Chemistry, University of Trondheim, Unit/NTH
N¥-7034 Trondheim-NTH
O, Njastad

Polska Akademia Nauk, Instytut Geofizyki, Zaklad Oceanclogii
Ul. Powstancow Warzawy 2, PL-81-$67 Sopok
Ryszard Bojanowski

Polska Akademia Nauk, Instytut Geofizyki, Zaklad Oceanclogii
Ul. Powstancow Warzawy 2, PL-81-3%67 Sopot
D. Skiba

Central Laboratory for Radiological Protection, Radiation Hygiene Dept.,
Konwallowa 7, P1-03-149 Warszawa
A. Pletruszewski

South Africa

Koeberg Wuclear Power Station, Environmental Power Station
Private Bag X10, 7440 Kernkrag,
B.E. Oaten, B. Marshall, T.A. Dell

Sweden

National Imstitute of Radiation Protection, Environmental Laboratories,
F.0.Box 60204, S-104 01 Stockholm
Judith Melin
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National Imstitute of Radiation Protection, Environmental Laboratories,
P.0.Box 60204, S-104 01 Stockhelm
H. More

Switzerland

EPFL, Institut d'Electrochimie et de Radiochimie, CHB-Ecubles
CH--1015 Lousanne
J.J. Geering, C. Fuidu, B. Holt

Thailand

Environmental Radiation Polution, Studies Section, Waste Disposal
Division, Office of Atomie Energy for Peace

Srirubscok Read, Bangkok 10900

F. Sinakhom, Kanitha Arisoksawat

Qffice of Atcmic Energy for Peace, Radiation Measurement Division,

Vibhavadee Rangsit Road, Bangkhen, Bangkok 10900
Sskao Mahapanyawong, Y. Panyatipsakul, P. Polphong, M. Milintawisamai

United Kingdom

Scientifie Services Centre, C.E.G.B. (C.R.L.)
Canal Recad, Gravesend, Kent DA12 2RS
K. J. Odell

Environment & Medical Sciences Div., Environmental Studies Group, B364
Harwell Laberatery, UK Atomic Energy Authority

Oxfordshire 0X11l ORA

G. G. Colvin

Bioanalytical Lab. B4C5 (8), British Muclear Fuel Limited

Sellafield, Seascale, Cumbrai CAZ0 1PG
R.3. Grieve

United States of America

Nuclear & Radiochemical Analysis Section, Analytical Chemistry Division,
Oak Ridge Natienal Laboratory

P.0.Box X, Oak Ridge TN 373321

J.R. Stokely, J.W. Wade

Yugoslavia

Nuclear Institute "Josef Stefan”
Jamova 39, YU-61111 Ljubljana
Karel Juznic



Nuklearni Istitut Josef Stefan
Jamova 39, P.0.Box 53, YU-61111 Ljubljana
Matjaz Kerun, D. Brajnik

Laboratory for Environmental Radioactivity, Institute Ffor Medical
Research and Occupational Health, Yugoslav Academy of Sciences and Arts,
158 Mose Pijade, P.C.Box 291, YU--41001 Zagreb

Alica Baumann

Anon. (one laboratory did not include its address on the data sheets)





