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FOREWORD

The Radiometrics Laboratory of the IAEA Environment Laboratories has provided quality support
services and products to laboratories in Member States for over 50 years. They include the
organization of proficiency test exercises and laboratory intercomparisons, and the production of
certified reference materials with a wide range of marine sample matrices and radionuclide levels.

As part of these activities, a follow-up proficiency test exercise was organized in 2015 at the request of
the Nuclear Regulation Authority of Japan to continue testing the performance of participating
laboratories in an analysis of radionuclides in a seawater sample. The exercise was designed to support
laboratories in seawater analyses of *H, "*Cs, *'Cs and *°Sr relating to the accident at the Fukushima
Daiichi nuclear power plant, in March 2011, and the subsequent contamination of the marine
environment. The results of the exercise, which are described in this publication, allow the
participating laboratories to evaluate and compare their performance in the analysis of these
radionuclides for this sample type. A total of 43 laboratories from 29 Member States participated from
August to October 2015. Earlier exercises are described in IAEA Analytical Quality in Nuclear
Applications Series Nos 40—43.

The IAEA is grateful to the Government of Monaco for its support and wishes to thank the
participants and laboratories who took part in this proficiency test exercise. The IAEA officers
responsible for this publication were A.V. Harms, I. Osvath and D. Osborn of the IAEA Environment
Laboratories.
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1. INTRODUCTION

The IAEA Environment Laboratories (IAEA-EL) in Monaco and Seibersdorf regularly organize
proficiency tests (PT) for radionuclides in environmental samples to support laboratories in [AEA
Member States. The organization and the results of a second PT organized in cooperation with the
Nuclear Regulation Authority (NRA) in Japan are described in this publication. Nine laboratories
associated with the IAEA Technical Cooperation project RCA RAS/7/021 entitled ‘Marine
Benchmark Study on the Possible Impact of the Fukushima Radioactive Releases in the Asia-Pacific
Region’ also took part in the exercise.

2. MATERIAL AND METHODS

2.1. PROFICIENCY TEST OBJECTIVES

This proficiency test was initiated to support laboratories in seawater analyses of *H, *’Sr, **Cs and
7Cs. The results of this exercise allowed the participating laboratories to evaluate their performance
in the analysis of these radionuclides for this sample type.

2.2. PARTICIPANTS

A total of 43 laboratories from 29 countries participated in this exercise during the period August —
October 2015. This included 10 laboratories from Japan and 33 laboratories from other IAEA Member
States, including nine laboratories taking part in the IAEA Technical Cooperation project RCA
RAS/7/021. The 10 Japanese laboratories are indicated with the symbol * following their participation
code (i.e. Participants 1* to 10¥*). The 9 laboratories associated with the RCA RAS/7/021 project are
indicated with the symbol # following their participation code (i.e. Participants 27# to 35#). The full
list of participants is given on pages 55—60.

2.3. MATERIAL DISTRIBUTION AND REPORTING REQUIREMENTS

A sample containing 5 L of filtered and acidified Mediterranean seawater spiked by the IAEA with the
radionuclides *H, *’Sr, '**Cs and "*’Cs was distributed to the participants, with the massic activities
only known to the IAEA. The massic activities were traceable to a standard provided by Czech
Metrology Institute CMI. The combined massic activities in the exercise samples were lower than the
natural activity level of **K in seawater (which is approximately 12 Bq kg™). The *H, *°Sr, "**Cs and
B7Cs massic activities for the samples were approximately 3.2, 0.10, 0.15 and 0.20 Bq kg,
respectively. The sample also contained a non-active Cs-carrier at 10 mg kg in order to stabilize the
solution and to avoid adsorption of Cs to the container walls. No Sr was added to the sample as non-
active Sr present naturally in seawater will act as a carrier for *°Sr.

The participants were required to report to the IAEA the *H, *Sr, "**Cs and "*’Cs massic activities (in
Bq kg') of the proficiency test sample combined with the associated uncertainties (also in Bq kg ™).
Additionally, the participants were asked to submit the following:

— A short description of the analytical method used for the sample analysis. The Information
Sheet sent to the participants suggested for *H distillation followed by liquid scintillation
counting. For “Sr precipitation *’Sr precipitation from seawater as mixed Ca/Sr oxalate or
carbonate follow by a standard *°Sr procedure (e.g. a radiochemical procedure such as
precipitation with fuming nitric acid, liquid-liquid extraction or extraction chromatography
followed by a measurement technique such as gas-flow proportional counting or liquid
scintillation counting). For '**Cs and "*’Cs three methods were suggested: (i) direct gamma
spectrometry, (ii) adsorption on AMP (ammonium molybdophosphate, (NH4);POsMo0;,05¢)
and subsequent gamma spectrometry or (iii) adsorption on copper hexacyanoferrate
(Cuy[Fe(CN)g]) and subsequent gamma spectrometry;

— Type of calibration and software used for gamma ray spectrometry;

— Nuclear data used;

— An uncertainty budget for the measurement results.



The reference date for reporting massic activities was set at 1 September 2015. At this date, the ranges
for the traceable massic activities in the proficiency test exercise samples sent to the participants were
3.13-3.22 Bq kg™ °H, 0.0996-0.1027 Bq kg ' *°Sr, 0.1523-0.1571 Bq kg "**Cs and 0.2017-0.2080
Bq kg 'Cs, respectively (see Table 1).

TABLE 1. IAEA ASSIGNED VALUES

Participant ’H maBssic zicltivity Sr massic iilctivity 134§:t;3§§75ic 137§:t;3§§75ic
(Bqkg) (Bqkg) (Bq kg ) (Bq ke )
1* 3.17£0.06 0.1009 + 0.0007 0.1543 £ 0.0006 0.2043 £ 0.0013
2% 3.19+£0.06 0.1016 +0.0007 0.1555 £ 0.0006 0.2058 £ 0.0013
3* 3.16 £0.06 0.1007 £ 0.0007 0.1541 £ 0.0006 0.2040 £ 0.0013
4* 3.14£0.06 0.1001 +0.0007 0.1531 £ 0.0006 0.2027 £ 0.0013
5* 3.19+£0.06 0.1017 £ 0.0007 0.1555 £ 0.0006 0.2059 £ 0.0013
6* 3.14£0.06 0.1001 +0.0007 0.1531 £ 0.0006 0.2027 £ 0.0013
7* 3.17£0.06 0.1011 +0.0007 0.1547 £ 0.0006 0.2047 £ 0.0013
8* 3.17£0.06 0.1008 +0.0007 0.1542 £ 0.0006 0.2041 £ 0.0013
9* 3.18£0.06 0.1014 +0.0007 0.1551 £0.0006 0.2053 £ 0.0013
10* 3.18£0.06 0.1015 £ 0.0007 0.1552 £ 0.0006 0.2055 +£0.0013
11 3.15+£0.06 0.1002 +0.0007 0.1533 £0.0006 0.2030 £ 0.0013
12 3.15+£0.06 0.1002 + 0.0007 0.1532 £ 0.0006 0.2029 £ 0.0013
13 3.18£0.06 0.1012 +0.0007 0.1548 £ 0.0006 0.2050 £ 0.0013
14 3.15+£0.06 0.1004 + 0.0007 0.1536 £ 0.0006 0.2034 £ 0.0013
15 3.18£0.06 0.1013 +£0.0007 0.1549 £ 0.0006 0.2051 £0.0013
16 3.18£0.06 0.1013 £ 0.0007 0.1550 £ 0.0006 0.2052 £ 0.0013
17 3.22+£0.07 0.1027 £ 0.0007 0.1571 £ 0.0006 0.2080 +£0.0013
18 3.21+0.06 0.1022 +0.0007 0.1563 £ 0.0006 0.2069 +0.0013
19 3.22+£0.07 0.1026 +0.0007 0.1570 £ 0.0006 0.2078 £0.0013
20 3.17£0.06 0.1010 £ 0.0007 0.1546 £ 0.0006 0.2046 £ 0.0013
21 3.18£0.06 0.1012 +0.0007 0.1549 £ 0.0006 0.2051 £0.0013
22 3.17£0.06 0.1010 £ 0.0007 0.1545 £ 0.0006 0.2045 £ 0.0013
23 3.19+£0.06 0.1015 £ 0.0007 0.1552 £ 0.0006 0.2055 +£0.0013
24 3.17£0.06 0.1010 £ 0.0007 0.1545 £ 0.0006 0.2045 £ 0.0013
25 3.18£0.06 0.1013 £ 0.0007 0.1550 £ 0.0006 0.2052 £ 0.0013
26 3.17£0.06 0.1009 + 0.0007 0.1544 £ 0.0006 0.2044 £ 0.0013
27# 3.17£0.06 0.1009 + 0.0007 0.1544 £ 0.0006 0.2044 £ 0.0013
28# 3.18£0.06 0.1014 +0.0007 0.1551 £0.0006 0.2054 £ 0.0013
294 3.17£0.06 0.1010 £ 0.0007 0.1544 £ 0.0006 0.2045 £ 0.0013
30# 3.16 £0.06 0.1007 £ 0.0007 0.1540 £ 0.0006 0.2039 +£0.0013
31# 3.16 £0.06 0.1007 £ 0.0007 0.1540 £ 0.0006 0.2039 +£0.0013
32# 3.17£0.06 0.1008 +0.0007 0.1542 £ 0.0006 0.2041 £ 0.0013
33# 3.18 £ 0.06 0.1014 +0.0007 0.1552 +£0.0006 0.2054 £ 0.0013
34# 3.17£0.06 0.1010 £ 0.0007 0.1545 £ 0.0006 0.2046 £ 0.0013
35# 3.13+0.06 0.0996 + 0.0007 0.1523 £ 0.0006 0.2017 £ 0.0013
36 3.18 £ 0.06 0.1014 +0.0007 0.1552 +£0.0006 0.2054 £ 0.0013




TABLE 1. IAEA ASSIGNED VALUES (cont.)

Participant ’H maBssil({: ajtivity Sr massic iilctivity 134§:t;3§;5ic 137§:t;3§;5ic
(Bakg) (Bakg) (Bq kg ) (Bq ke
37 3.17£0.06 0.1009 £ 0.0007 0.1543 £ 0.0006 0.2043 £ 0.0013
38 3.16 £0.06 0.1006 £ 0.0007 0.1539 £ 0.0006 0.2038 £ 0.0013
39 3.19+£0.06 0.1015 £ 0.0007 0.1553 £0.0006 0.2056 £ 0.0013
40 3.15+£0.06 0.1003 £ 0.0007 0.1535 +£0.0006 0.2032 £ 0.0013
41 3.14£0.06 0.1000 £ 0.0007 0.1530 £ 0.0006 0.2025 £ 0.0013
42 3.18£0.06 0.1014 £ 0.0007 0.1551 £0.0006 0.2053 £ 0.0013
43 3.15+£0.06 0.1004 £ 0.0007 0.1535 £ 0.0006 0.2032 £ 0.0013

* Participant from Japan
# Participant from RCA RAS/7/021

3. PERFORMANCE CRITERIA

The methodology adopted for this exercise was slightly updated from the existing IAEA methodology.
The scoring system took into account the accuracy, precision and trueness of the reported data and
included in the evaluation both the combined standard uncertainty of the IAEA value and the
combined standard uncertainty reported by the participating laboratories. The IAEA values, which
were used for the data evaluation, were the certified values of radionuclides at the reference date. A
result must pass three tests to be assigned the status ‘Accepted’, otherwise it was assigned the status
‘Warning’ or ‘Not accepted’.

3.1. ACCURACY

The first step in producing a score for a result Valueanays: Was the estimation of the bias. The relative
bias between the Analyst’s value and the IAEA target value was calculated as follows and expressed
as a percentage:

Bi __ Valueppalyst—Valueiaga
lASrelative —

x 100% (D

Valueipaga

The absolute value of the relative bias was compared to the Maximal Accepted Relative Bias (MARB).
Participants’ results were scored as ‘Pass’ for accuracy when:

|Biasre1ative| < MARB (2)

The MARB values used in this evaluation were 20% for both **Cs and "*’Cs and 25% for both *H and
90
Sr.

3.2. PRECISION AND TRUENESS
The precision P for each result was calculated according to the following equation:

UNCIAEA 2 UNCAnalyst 2 0
P=|( )+< )XlOO/o 3)

Valueipaga ValueAnalyst

The precision P was compared to the Limit of Accepted Precision (LAP). The participants’ results
were scored as ‘Pass’ for precision when:

P < LAP “4)



The LAP values used in this evaluation were 20% for both **Cs and "*’Cs and 25% for both *H and
90
Sr.

The participants’ results for trueness were scored as ‘Pass’ when:

: Valuepnalyst
|Bla5re1ative| <—————258P (5)
Valuejpaga

3.3. FINAL EVALUATION

For the final evaluation, all three scores were combined (see Table 2). The result was considered as
‘Accepted’ if it passed all three tests. If the accuracy test was failed, the result was considered as ‘Not
accepted’. If the accuracy test was passed but one of the other two tests was failed, the result was
assigned the ‘Warning’ status. The ‘Warning’ status will reflect cases in which the reported result was
close enough to the assigned property value, but its associated uncertainty was deemed to be either too
small or too large.

TABLE 2. PERFORMANCE EVALUATION CRITERIA

Accuracy Precision Trueness Final evaluation
Pass Pass Pass Accepted
Pass Fail Pass Warning
Pass Pass Fail Warning
Fail Pass/Fail Pass/Fail Not accepted

These evaluation criteria can also be illustrated by plotting the relative bias against the relative
uncertainty of the participants’ result (see Figure 1). In the illustrated case, a relative uncertainty of 1%
for the IAEA value is assumed with MARB and LAP limits of 20%.
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FIG. 1. Visualization of performance evaluation criteria.

The plot consists of six zones (Zone 1 ‘Accepted’; Zones 2, 3 and 4 “Warning’; Zones 5 and 6 ‘Not
accepted’), whose areas are defined by the three tests used above to evaluate the data. The areas of
Zones 1, 3 and 4 are finite, while the areas of Zones 2, 5 and 6 are infinite. A result located in Zone 1
passes all three tests (evaluation ‘Accepted’). A result located in Zone 2 fails only the precision test as
its associated uncertainty is deemed to be too large (evaluation: ‘Warning’). A result located in Zones
3 and 4 fails only the trueness test as its associated uncertainty is deemed to be too small (evaluation:
‘Warning’). A result located in Zones 5 and 6 fails (at least) the accuracy test as its relative bias is
larger than the MARB (evaluation: ‘Not accepted’).



3.4. COMPARISON OF PARTICIPANTS’ VALUES WITH THE IAEA VALUES

The means and the uncertainties for the combined participants’ results were calculated according to a
method developed by Cox (i.e. the weighted mean of the largest consistent subset containing
p results)' and subsequently compared with the IAEA values. The mean of the combined participants’
results, Valuecompined, Was tested against the [AEA value, Valuejaga, using this equation:

Valuecombined —Valueiaga (6)
\/(unCCOmbined)2 +(unciaga)?

The effective degrees of freedom veg were determined with the Welch-Satterthwaite equation. The
effective degrees of freedom v were rounded and the critical value ¢.; for this value was identified.

The criterion for passing the ¢ test was:
[t] < terit (7)

If the absolute value of ¢ was greater than the critical value ¢, this indicates there was a significant
difference between the combined participants’ results and the IAEA value.

4. RESULTS AND DISCUSSION

In total 131 measurement results were reported by 43 laboratories from 29 countries for *H, PSr, *Cs
and "*’Cs. The evaluation of these results showed that 69% of all reported results were ‘Accepted’,
while 21% of the individual measurement results were “Not accepted” with the remaining 9% having
the ‘Warning’ status. The performance evaluation for *H, *Sr, '**Cs and "*’Cs is summarized in Table
3. The subset of the results of the 10 Japanese participants showed that 87% of all reported results
were ‘Accepted’, while 7% of the results were ‘Not accepted’, with the remaining 7% having the
‘Warning’ status. The subset of the results of the 9 RCA RAS/7/021 participants showed that 68% of
all reported results were ‘Accepted’, while 21% of the results were ‘Not accepted’, with the remaining
11% having the ‘Warning’ status.

TABLE 3. SUMMARY EVALUATION OF THE RADIONUCLIDES REPORTED

Radionuclide subl;xlll;‘glebdeie(;fﬂ s Accepted Warning Not accepted
*H 23(7) [3] 15(7) [2] 2(0) [0] 6 (0) [1]
St 23 (5) [6] 18 (5) [4] 2(0)[1] 3(0)[1]
B4Cs 43 (9) [10] 26 (6) [7] 5(2) [0] 12 (1) [3]
HCs 42 (9) [9] 32 (8) [6] 3(0)[2] 7(M)[1]

NOTE: The numbers in round brackets represent the subset of Japanese results, while the numbers in
square brackets represent the subset of RCA RAS/7/021 results

There was no significant bias of the combined participants’ results for *H (=3.2%), *°Sr (0.3%), '**Cs
(-2.3%) and "’Cs (1.0%) (see Table 4). For *H, *Sr, **Cs and "*’Cs about half of the participants’
results showed a negative bias (52%, 57%, 57% and 48% of the results, respectively). Coincidence

' Cox, M.G., 2007. The evaluation of key comparison data: determining the largest consistent subset. Metrologia
44 187-200



summing is a problem for **Cs as it leads to signal loss and hence underestimation of the activity
levels for this radionuclide. The results suggest that a small minority of the participants did not make a
sufficient correction for coincidence summing. For the combined Japanese results, there were no
significant relative differences with the IAEA values for all four radionuclides as well. There was a
significant negative bias of the combined RCA RAS/7/021 participants’ results for *’Cs. Table 5
summarizes the data evaluation sorted by laboratory code.

TABLE 4. COMPARISON OF THE COMBINED PARTICIPANTS’ RESULTS WITH THE IAEA VALUE

Nuclide partigi(;)r:}l)tlslffesult L?]]ssk;ﬂl)le iléesgi‘g; ; t-value gﬁ;l:lflael Bias (%)
(Bgkg)

*H 3.08 +0.05 3.18 £0.06 19 (83%) -1.27 2.05 32
PSr 0.1013+£0.0014 | 0.1011 +0.0008 | 20 (87%) 0.17 2.04 0.3
B4Cs 0.1510+0.0023 | 0.1545+0.0010 | 36 (84%) —1.41 2.01 2.3
B7Cs 0.207 £ 0.003 0.2046 + 0.0013 | 35 (83%) 0.69 2.01 1.0

*Size of the LCS (largest consistent subset) denotes the percentage of the returned results contributing to
combined participants’ results

TABLE 5. SUMMARY EVALUATION

Lab code ‘H Sy BiCs BCs

1%
2%
3%
4%
5%
6%
7%
g
9
10*
11
12
13
14
15
16
17
18
19
20
21
22




TABLE 5. SUMMARY EVALUATION (cont.)

Lab code

23
24
25
26
274#
284#
294
30#
31#
32#
33#
34#
35#
36
37
38
39
40
41
42

43

* Participant from Japan
# Participant from RCA RAS/7/021

The performance evaluation sorted by radionuclide and the bias plots are presented in Appendix I (see
Tables 6-9 and Figures 2—13). In the bias plots, the ‘Accepted’ results are represented by dark blue
points. ‘Warning’ and ‘Not accepted’ results are represented by the yellow and red points, respectively.
The error bars represent the standard uncertainties of the bias (with a coverage factor of £ = 1). The
dotted lines represent a relative bias of + 25% or + 20% (Maximum Accepted Bias for *H/*Sr and
B%Cs/™Cs, respectively). The performance evaluation sorted by laboratory code is presented in
Appendix II. All laboratories reported their values with standard uncertainties (k= 1). However, a
large spread in the submitted uncertainties was observed with relative uncertainties (at k£ = 1) ranging
from 1.8% to 39% for *H, from 2.2% to 34% for *Sr, from 4.8% to 40% for "*'Cs and from 2.3% to
26% for '¥'Cs. However, most reported relative uncertainties were in the range of 5% — 15%.

For °H, practically all participants (except Participant 18) performed a distillation of the seawater
samples, followed by liquid scintillation counting (LSC). Four participants (9*, 13, 39 and 41)
performed electrolytic enrichment after distillation (and obtained excellent results with small
uncertainties of less than 9% at k = 1). The direct measurements after distillation yielded slightly
larger uncertainties generally between 5% and 39%. For *’Sr, most participants used gas-flow
proportional counting (GPC) of chemically separated ™Y as the analysis technique, except Participants
17, 18, 25, 30#, 32# and 38 who used LSC/Cherenkov counting. Chemical separation techniques used
included precipitations of Sr-oxalate or Sr-carbonate, barium chromate precipitations, nitric acid
precipitations, cation-exchange chromatography, Sr-extraction chromatography and direct liquid-



liquid extraction of *°Y with HDEHP. No significant difference between the performances of the
chemical separation techniques is apparent. For "*Cs and '*'Cs, a majority of the participants
measured the seawater samples directly with gamma spectrometry, while a minority of laboratories
either used a pre-concentration technique (i.e. adsorption on ammonium molybdophosphate) to
separate the caesium radionuclides from the seawater matrix followed by gamma spectrometry
(Participants 1*, 4% 10*, 12b, 15, 27#, 28#, 32#b and 35#) or they used a combination of the two
techniques (Participants 26, 30# and 36). Two participants (37 and 39) evaporated the sample before
measurement. No significant difference in the performance between the two techniques is apparent.
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APPENDIX III. LIST OF PARTICIPATING LABORATORIES

AUSTRALIA (RCA RAS/7/021)

Sdraulig, S.

BELGIUM

Verheyen, L.

CHINA (RCA RAS/7/021)

Li, Y.

CROATIA

Bituh, T.

Grahek, Z.

ESTONIA

Jakobson, E.

FINLAND

Vaaramaa, K.

Australian Radiation Protection and Nuclear Safety Agency
619 Lower Plenty Road
Yallambie 3085

Belgian Nuclear Research Centre SCK-CEN
Boeretang 200
2400 Mol

Laboratory of Marine Isotopic Technology and
Environmental Risk Assessment

Third Institute of Oceanography

State Oceanic Administration

184# Daxue Rd, Xiamen 361005

Institute for Medical Research and Occupational Health
Ksaverska cesta 2
10001 Zagreb

Ruder Boskovi¢ Institute
Bijenicka cesta 54
10000 Zagreb

Radiation Safety Department, Environmental Board
Kopli 76
10416 Tallinn

STUK
Laippatie 4
00881 Helsinki
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GERMANY

Aust, M.-O.

Bendler, 1.

INDIA (RCA RAS/7/021)

Jha, S.K.

IRELAND

O'Colmain, M.

JAPAN

Fujikawa, T.

Fujita, H.

Kashiwaya, T.

Kato, Y.
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Thiinen-Institut fiir Fischereiokologie
Marckmannstrafle 129b
20539 Hamburg

Bundesamt fiir Seeschifffahrt und Hydrographie (BSH)
Wiistland 2
22589 Hamburg

Health Physics Division
Bhabha Atomic Research Centre
Trombay, Mumbai 400 085

Office of Radiological Protection
Environmental Protection Agency
3 Clonskeagh Square

Clonskeagh Road

Dublin 14

General Environmental Technos Co Ltd
3-1-1 Higashikuraji

Katano

Osaka 576-0061

Japan Atomic Energy Agency
4-33 Muramatsu Naka-gun
Tokai-mura, Ibaraki 319-1194

Fukushima Nuclear Power Branch Office
Tokyo Power Technology Ltd.

7-31 Dounohara

Kamikitaba, Hirono-cho

Futaba County 979-0401

Geo-Science Laboratory Co Ltd
1-608 Uedahonmachi
Tenpaku-ku

Nagoya-city 468-0007



JAPAN (cont.)

Kume, T.

Mitsugi, N.

Moriguchi, T.

Ohta, T.

Takasawa, K.

Tomatsuri, S.

JORDAN

Makahleh, M.

LEBANON

Baydoun Bsat, R.

MALAYSIA (RCA RAS/7/021)

Kadir bin Ishak, A.

IDEA Consultants Inc
3-15-1 Komazawa
Setagaya-ku

Tokyo 154-8585

Foundation for Promotion of Material Science and
Technology of Japan

1-18-6 Kitami, Setagaya-ku

Tokyo 157-0067

Environmental Radioactivity Monitoring Center of
Fukushima

16-6 Mitouchi, Houkida

Fukushima-shi 960-8163

Japan Chemical Analysis Center
295-3 Sanno-cho, Inage-ku
Chiba 263-0002

Environmental Affairs Division
Tokyo Power Technology Ltd.
2-3-6 Onodai

Midori-ku 267-0056

Kaken Inc
Hori 1044
Mito, Ibaraki 310-0903

Jordan Atomic Energy Commission
P.O. Box 70
Amman 11934

Lebanese Atomic Energy Commission
P.O. Box 11-8281

Riad El Solh

107 2260 Beirut

Radiochemistry and Environment Laboratory
Malaysian Nuclear Agency

Bangi, 43000 Kajang

Selangor
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NETHERLANDS

Engeler, C. Rijkswaterstaat CIV Laboratory
Zuiderwagenplein 2
8224 AD Lelystad

NEW ZEALAND (RCA RAS/7/021)

Hermanspahn, N. Institute of Environmental Science and Research
ESR Christchurch Science Centre
108 Victoria St.

Christchurch 8013
NORWAY
Heldal, H.E. Institute of Marine Research
P. B. 1870 Nordnes
5817 Bergen
OMAN
Hilal Al Shaaibi, M. Ministry of Regional Municipalities and Water Resources

P.O. Box 3094 Airport
Postal code 111

PAKISTAN (RCA RAS/7/021)

Mashiatullah, A. Pakistan Institute of Nuclear Science & Technology
(PINSTECH)
Islamabad

PHILIPPINES (RCA RAS/7/021)

Enriquez, E. B. Health Physics Research Section
Philippine Nuclear Research Institute
Commonwealth Avenue, Diliman
1101 Quezon City
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POLAND

Zalewska, T. Institute of Meteorology and Water Management
National Research Institute Maritime Branch
Waszyngtona 42
81-342 Gdynia

PORTUGAL

Madruga, M.J. Instituto Superior Técnico
Universidade de Lisboa
Campus Tecnologico e Nuclear
Estrada Nacional 10 (ao km 139,7)
2695-066 Bobadela LRS

RUSSIA

Stepanov, A. V.G. Khlopin Radium Institute
2" Murinski Av. 28
194021 St. Petersburg

SLOVENIA

Strok, M. Jozef Stefan Institute
Jamova 39
1000 Ljubljana

SPAIN

Bruach Menchén, J.M. Universitat Autonoma de Barcelona
Bellaterra
08193 Barcelona

Garcia Tenorio, R. Escuela Técnica Superior de Arquitectura
Avenida Reina Mercedes, 2
41012 Sevilla

de Pablo Sanmartin, A. CEDEX

Alfonso XII, 3y 5
28014 Madrid



SRI LANKA (RCA RAS/7/021)

Waduge, V.A. Atomic Energy Authority of Sri Lanka
60/460 Baseline Road
Orugodawatta
Wellampitiya

SWEDEN

Ehrs, S. Swedish Radiation Safety Authority

Solna strandvig 96
17116 Stockholm

THAILAND (RCA RAS/7/021)

Udomsomporn, S. Office of Atoms for Peace
16 Vibhavadi Rungsit Road
Chatuchak, Ladyao
Bangkok 10900

THAILAND

Chanyotha, S. Department of Nuclear Engineering
Chulalongkorn University
Wangmai, Patumwan
Bangkok 10330

UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND

Bonfield, R. CEFAS
Pakefield Road, Pakefield
Lowestoft, Suffolk

NR33 OHT
VIET NAM
Nguyen Quang Long Institute for Nuclear Science and Technology
179 Hoang Quoc Viet Street
Cau Giay
Hanoi
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