IAEA/AQ/42

IAEA Analytical Quality in Nuclear Applications Series No. 42

|JAEA-RML-2013-01
Proficiency Test

for Determination

of Radionuclides in Sea Water

) ||i||uliMHl |
mmmu




IAEA-RML-2013-01 PROFICIENCY TEST
FOR DETERMINATION OF
RADIONUCLIDES IN SEA WATER



The following States are Members of the International Atomic Energy Agency:

AFGHANISTAN

ALBANIA

ALGERIA

ANGOLA

ARGENTINA

ARMENIA

AUSTRALIA

AUSTRIA

AZERBAIJAN

BAHAMAS

BAHRAIN

BANGLADESH

BELARUS

BELGIUM

BELIZE

BENIN

BOLIVIA, PLURINATIONAL
STATE OF

BOSNIA AND HERZEGOVINA

BOTSWANA

BRAZIL

BRUNEI DARUSSALAM

BULGARIA

BURKINA FASO

BURUNDI

CAMBODIA

CAMEROON

CANADA

CENTRAL AFRICAN
REPUBLIC

CHAD

CHILE

CHINA

COLOMBIA

CONGO

COSTA RICA

COTE D’IVOIRE

CROATIA

CUBA

CYPRUS

CZECH REPUBLIC

DEMOCRATIC REPUBLIC
OF THE CONGO

DENMARK

DJIBOUTI

DOMINICA

DOMINICAN REPUBLIC

ECUADOR

EGYPT

EL SALVADOR

ERITREA

ESTONIA

ETHIOPIA

FIJI

FINLAND

FRANCE

GABON

GEORGIA

GERMANY
GHANA
GREECE
GUATEMALA
GUYANA
HAITI
HOLY SEE
HONDURAS
HUNGARY
ICELAND
INDIA
INDONESIA
IRAN, ISLAMIC REPUBLIC OF
IRAQ
IRELAND
ISRAEL
ITALY
JAMAICA
JAPAN
JORDAN
KAZAKHSTAN
KENYA
KOREA, REPUBLIC OF
KUWAIT
KYRGYZSTAN
LAO PEOPLE’S DEMOCRATIC
REPUBLIC
LATVIA
LEBANON
LESOTHO
LIBERIA
LIBYA
LIECHTENSTEIN
LITHUANIA
LUXEMBOURG
MADAGASCAR
MALAWI
MALAYSIA
MALI
MALTA
MARSHALL ISLANDS
MAURITANIA
MAURITIUS
MEXICO
MONACO
MONGOLIA
MONTENEGRO
MOROCCO
MOZAMBIQUE
MYANMAR
NAMIBIA
NEPAL
NETHERLANDS
NEW ZEALAND
NICARAGUA
NIGER
NIGERIA
NORWAY

OMAN

PAKISTAN

PALAU

PANAMA

PAPUA NEW GUINEA

PARAGUAY

PERU

PHILIPPINES

POLAND

PORTUGAL

QATAR

REPUBLIC OF MOLDOVA

ROMANIA

RUSSIAN FEDERATION

RWANDA

SAN MARINO

SAUDI ARABIA

SENEGAL

SERBIA

SEYCHELLES

SIERRA LEONE

SINGAPORE

SLOVAKIA

SLOVENIA

SOUTH AFRICA

SPAIN

SRI LANKA

SUDAN

SWAZILAND

SWEDEN

SWITZERLAND

SYRIAN ARAB REPUBLIC

TAJIKISTAN

THAILAND

THE FORMER YUGOSLAV
REPUBLIC OF MACEDONIA

TOGO

TRINIDAD AND TOBAGO

TUNISIA

TURKEY

UGANDA

UKRAINE

UNITED ARAB EMIRATES

UNITED KINGDOM OF
GREAT BRITAIN AND
NORTHERN IRELAND

UNITED REPUBLIC
OF TANZANIA

UNITED STATES OF AMERICA

URUGUAY

UZBEKISTAN

VANUATU

VENEZUELA, BOLIVARIAN
REPUBLIC OF

VIET NAM

YEMEN

ZAMBIA

ZIMBABWE

The Agency’s Statute was approved on 23 October 1956 by the Conference on the Statute of the
IAEA held at United Nations Headquarters, New York; it entered into force on 29 July 1957. The
Headquarters of the Agency are situated in Vienna. Its principal objective is “to accelerate and enlarge the
contribution of atomic energy to peace, health and prosperity throughout the world™.



TAEA/AQ/42

[AEA Analytical Quality in Nuclear Applications Series No. 42

[AEA-RML-2013-01 PROFICIENCY TEST
FOR DETERMINATION OF
RADIONUCLIDES IN SEA WATER

INTERNATIONAL ATOMIC ENERGY AGENCY
VIENNA, 2015



COPYRIGHT NOTICE

All TAEA scientific and technical publications are protected by the terms of
the Universal Copyright Convention as adopted in 1952 (Berne) and as revised
in 1972 (Paris). The copyright has since been extended by the World Intellectual
Property Organization (Geneva) to include electronic and virtual intellectual
property. Permission to use whole or parts of texts contained in IAEA publications
in printed or electronic form must be obtained and is usually subject to royalty
agreements. Proposals for non-commercial reproductions and translations are
welcomed and considered on a case-by-case basis. Enquiries should be addressed
to the TAEA Publishing Section at:

Marketing and Sales Unit, Publishing Section
International Atomic Energy Agency

Vienna International Centre

PO Box 100

1400 Vienna, Austria

fax: +43 1 2600 29302

tel.: +43 1 2600 22417

email: sales.publications@iaea.org
http://www.iaea.org/books

For further information on this publication, please contact:

TIAEA Environment Laboratories, Monaco
Radiometrics Laboratory
International Atomic Energy Agency
4a Quai Antoine ler, MC 98000
Principality of Monaco

IAEA-RML-2013-01 PROFICIENCY TEST FOR DETERMINATION OF RADIONUCLIDES IN SEA WATER
IAEA, VIENNA, 2015
TAEA/AQ/42
ISSN 2074-7659
©IAEA, 2015
Printed by the IAEA in Austria
October 2015



FOREWORD

The Radiometrics Laboratory of the JAEA Environment Laboratories (NAEL) has been providing
quality support products and services for the past 50 years. These include the organization of
proficiency tests and laboratory comparisons, and the production of certified reference materials,
including a wide range of marine sample matrices and radionuclide levels.

As part of these activities, a second proficiency test was organized in the framework of the technical
cooperation project entitled Marine Benchmark Study on the Possible Impact of the Fukushima
Radioactive Releases in the Asia-Pacific Region, to test the performance of participating laboratories
in an analysis of radionuclides in a seawater sample. This exercise was initiated to support Member
States in seawater analyses of strontium-90 and caesium isotopes in relation to the accident at the
Fukushima Daiichi nuclear power plant, in March 2011, and subsequent contamination of the marine
environment.

The TAEA wishes to thank all the participants and laboratories who took part in this proficiency test.
The IAEA is also grateful to the Government of Monaco for its support, and to G. Bilancia for
providing technical assistance.

The TAEA officers responsible for this publication were A.V. Harms, M.K. Pham and H. Nies of the
IAEA Environment Laboratories.
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This publication has been prepared from the original material as submitted by the contributors and has not been edited by the editorial
staff of the IAEA. The views expressed remain the responsibility of the contributors and do not necessarily reflect those of the IAEA or
the governments of its Member States.

This publication has not been edited by the editorial staff of the IAEA. It does not address questions of responsibility, legal or otherwise,
for acts or omissions on the part of any person.

The use of particular designations of countries or territories does not imply any judgement by the publisher, the IAEA, as to the legal
status of such countries or territories, of their authorities and institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered) does not imply any intention to
infringe proprietary rights, nor should it be construed as an endorsement or recommendation on the part of the IAEA.

The contributors are responsible for having obtained the necessary permission for the IAEA to reproduce, translate or use material
from sources already protected by copyrights.

The IAEA has no responsibility for the persistence or accuracy of URLs for external or third party Internet web sites referred to in this
publication and does not guarantee that any content on such web sites is, or will remain, accurate or appropriate.
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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 IAEA
Member States. The organization and the results of a second PT organised in the frame of the IAEA
Technical Cooperation project RAS/7/021 entitled Marine Benchmark Study on the Possible Impact of
the Fukushima Radioactive Releases in the Asia-Pacific Region are described in this report.

2. MATERIAL AND METHODS

2.1. PROFICIENCY TEST OBJECTIVES

This proficiency test was organized in the frame of the IAEA Technical Cooperation project
RAS/7/021. This second exercise was initiated to support Member States in seawater analyses of
strontium-90 and caesium isotopes, in relation to the Fukushima Daiichi nuclear power station
accident in Japan (March 2011) and subsequent contamination to the marine environment. The results
of this exercise allowed the participating laboratories to evaluate their performance in the analysis of
the radionuclides for this sample type.

2.2. PARTICIPANTS

A total of 31 laboratories from 24 countries participated in the exercise. In addition to the 11
laboratories taking part in the IAEA Technical Cooperation project RAS/7/021 (from Australia,
Bangladesh, China, Indonesia, Malaysia, New Zealand, Pakistan, Philippines, Sri Lanka, Thailand and
Viet Nam), 20 other laboratories from Thailand, USA, Viet Nam and OSPAR and HELCOM
contracting parties also took part in the exercise. The 11 laboratories associated with the RAS/7/021
project are indicated with the symbol * following their participation code (i.e. Participants 1*, 4*, 5%,
10*, 11* 13*, 16*, 19*, 20*, 22* and 26*). The full list of participants is given on pages 33-37.

2.3. MATERIAL DISTRIBUTION AND REPORTING REQUIREMENTS

A sample containing 5 L of filtered and acidified Mediterranean seawater spiked by the IAEA with the
radionuclidesSr, ***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 Bg'kgrhe *Sr, *‘Cs and**'Cs massic
activities for the samples were approximately 0.17, 0.33 and 0.42 Baréspectively. The sample

also contained a non-active Cs-carrier at 10 mi§ ikgorder to stabilise 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 i8r.

The participants were required to report to the IAEA Yig, 1*'Cs and™*'Cs massic activities (in
Bq kg?) of the proficiency test sample combined with the associated uncertainties (also if)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 suggesf&d precipitation from seawater as mixed Ca/Sr
oxalate or carbonate follow by a stand¥® 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,){R6&Mo0,,0z¢)
and subsequent gamma spectrometry or (iii) adsorption on copper hexacyanoferrate
(Cu[Fe(CN)]) 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 July 2013. At this date, the ranges for
the traceable massic activities in the proficiency test exercise samples sent to the participants were
0.1721-0.1788 Bq k§”*Sr, 0.3303-0.3433 Bq k§"*{Cs and 0.416-0.432 Bq Rg*Cs, respectively

(see Table 1).

TABLE 1. IAEA ASSIGNED VALUES

Participant sy massic 1activity ¥es massiizl activity Bics massii:1 activity
(Ba kg") (Ba kg) (Ba kg")

1* 0.1788+ 0.0011 0.3433 0.0014 0.432+ 0.003

0.1740+ 0.0011 0.3332 0.0013 0.421+ 0.003

0.1768+ 0.0011 0.3393 0.0014 0.428+ 0.003
4* 0.1743+ 0.0011 0.3344 0.0013 0.421+ 0.003
5* 0.1759+ 0.0011 0.337% 0.0014 0.425+ 0.003

0.1724+ 0.0010 0.330& 0.0013 0.417+ 0.003

0.1766% 0.0011 0.3382 0.0014 0.427+ 0.003

0.1767+ 0.0011 0.339% 0.0014 0.427+ 0.003

0.1758+ 0.0011 0.3373 0.0014 0.425+ 0.003
10* 0.1753+ 0.0011 0.336% 0.0014 0.424+ 0.003
11* 0.1770+ 0.0011 0.339% 0.0014 0.428+ 0.003
12 0.1782+ 0.0011 0.342@ 0.0014 0.431+£ 0.003
13* 0.1767+ 0.0011 0.339% 0.0014 0.427+ 0.003
14 0.1752+ 0.0011 0.3362 0.0014 0.424+ 0.003
15 0.1780+ 0.0011 0.3416 0.0014 0.430£ 0.003
16* 0.1737+ 0.0011 0.3333 0.0013 0.420+ 0.003
17 0.1721+ 0.0010 0.3303 0.0013 0.416+ 0.003
18 0.1725+ 0.0011 0.331% 0.0013 0.417+ 0.003
19* 0.1729+ 0.0011 0.3318& 0.0013 0.418+ 0.003
20* 0.1745+ 0.0011 0.334& 0.0013 0.422+ 0.003
21 0.1761+ 0.0011 0.3379 0.0014 0.426+ 0.003
22* 0.1757+ 0.0011 0.3372 0.0014 0.425£ 0.003
23 0.1786+ 0.0011 0.342# 0.0014 0.432+ 0.003
24 0.1748+ 0.0011 0.335% 0.0013 0.423+ 0.003
25 0.1788+ 0.0011 0.343% 0.0014 0.432+ 0.003
26* 0.1733+ 0.0011 0.3326: 0.0013 0.419+ 0.003
27 0.1744+ 0.0011 0.3346 0.0013 0.422+ 0.003
28 0.1737+ 0.0011 0.3334 0.0013 0.420£ 0.003
29 0.1754+ 0.0011 0.3366& 0.0014 0.424+ 0.003
30 0.1770+ 0.0011 0.339# 0.0014 0.428+ 0.003
31 0.1776+ 0.0011 0.340& 0.0014 0.429+ 0.003
32 0.1761+ 0.0011 0.3372 0.0014 0.426+ 0.003




3. PERFORMANCE CRITERIA

The methodology adopted for this exercise was slightly updated from the existing IAEA methodology.
The scoring system takes into account the accuracy, precision and trueness of the reported data and
includes in the evaluation both the combined standard uncertainty of the target value and the combined
standard uncertainty reported by the participating laboratories. The IAEA target values, which will be
used for 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 will assigned the status “Warning”
or “Not accepted”.

3.1. ACCURACY

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

Value gnqgiyst—Valueiaga

Biasyeiative = X 100% (1)

Valueraga

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

|Biasrelative| < MARB (2)
The MARB values used in this evaluation were 15% for b3&s and*'Cs and 25% fot°Sr.

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

UNCIAEA 2 UNCAnalyst 2 0
P=|( ) +( ) x 100% (3)

Valuejaga ValueAnalyst

The precisiorP was compared to the Limit of Accepted Precision (LAP). The participants’ results are
scored as “Pass” for precision when:

P < LAP ()

The Limit of Accepted Precision (LAP) values used in this evaluation were 15% for*f@shand
13'Cs and 25% for°Sr.

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

. Valuegnaiyst
|Blasrelative| < — =2 258P (5)
ValueIAEA

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 is
close enough to the assigned property value, but its associated uncertainty is 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 Falil Warning
Falil Pass/Fall Pass/Fall Not accepted

The 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 target value is assumed with MARB and LAP limits of 15%.

ihyst (%)
&

Relative

FIG. 1. Visualisation 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 iinggult 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 resultsj and subsequently compared with the IAEA values. The mean of the combined participants’
results, Valug,ines, Was tested against the IAEA value, Valge using this equation:

Valuecombineda—Valuejaea

t =
Junccompinea)?+Uncraga)?

(6)

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



The effective degrees of freedomy were determined with the Welch-Satterthwaite equafidme
effective degrees of freedomy were rounded and the critical valtyg for this value was identified.
The criterion for passing the t test was:

|t| < tcrit (7)

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

4. RESULTS AND DISCUSSION

Measurement results were reported by 32 laboratories from 24 countri&8rfd#'Cs and*'Cs. The

overall evaluation of these results showed that 69% of all reported measurement results fulfilled the
PT criteria of acceptability, while 20% of the individual measurement results were not accepted with
the remaining 11% having the warning status. The performance evaluatf8&rfdt'Cs and**'Cs is
summarised in Table 3. For the subset of subset of RCA RAS/7/021 results, the values were: 52%
‘Accepted’, 32% ‘Not accepted’ and 16% ‘Warning'.

TABLE 3. SUMMARY EVALUATION OF THE RADIONUCLIDES REPORTED

Radionuclide Numberr;egaﬁgbmitted Accepted Warning Not accepted
gy 13 (5) 8 (1) 1 (0) 4 (4)
13%cs 31 (10) 21 (6) 3(2) 7(2)
137cs 30 (10) 22 (6) 4 (2) 4 (2)

NOTE: The numbers in brackets represent the subset of RCA RAS/7/021 results

For **Cs there was a significant negative bias of the combined participants’ results (—3.8%), while
there was no significant bias for boflsr (-0.5%) and*'Cs (—2.0%) (see Table 4). F88r and®*'Cs

about half of the participants’ results showed a negative bias (62% and 46% of the results,
respectively), while for*'Cs the majority of participants’ results (81% of the results) showed a
negative bias. Coincidence summing is a problem'¥&s as it leads to signal loss and hence
underestimation of the activity levels for this radionuclide. It is clear from the results that some
participants did not make a sufficient correction for coincidence summing.

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

Nuclide partﬁ::?prggltg??esult IAEA vzillue SIcheeOf t-value Critical t- Bias (%)
(Bq kg') (Bq kg™) LCS® (%) value

0gr 0.174+ 0.006 0.17% 0.004 9 (69%) -0.24 2.16 -0.5

134cs 0.321+ 0.005 0.33% 0.007 26 (84%) -3.78 2.03 -4.9

137cs 0.416+ 0.006 0.42% 0.009 25(83%) | -1.51 2.02 -2.0

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

Table 5 summarises the data evaluation sorted by laboratory code. Six laboratories (Participants 2, 6, 8,
11*, 17 and 30) scored ‘Accepted’ ratings for all three radionuclides. Eleven laboratories (Participants
1*, 7, 13*, 14, 15, 16*, 18, 21, 27, 28 and 29) scored two ‘Accepted’ ratings (wh&Smeesults

were submitted). A full overview of all ratings is given in Table 6.



TABLE 5. SUMMARY EVALUATION

Lab code 90gy

134CS ‘ 137CS

16*

17

18

19*

20*

21

22*

23

24

25

26*

27

28

29

30

31

32




TABLE 6. OVERVIEW OF PERFORMANCE

Rating Number of participants Lab code
3A 6 2,6,8,11* 17 and 30
2A 11 1* 7,13* 14, 15, 16*, 18, 21, 27, 28 and 29
2Aand 1 W 1 9
2 Aand 1 NA 2 10* and 31
1Aand1W 1 22*
1 Aand 1 NA 3 23, 25 and 32
1 Aand 2 NA 1 5*
2W 1 20*
3W 1 3
1 NA 1 24
2 NA 1 12
1 W and 2 NA 1 4*
3 NA 1 19*

The performance evaluation sorted by radionuclide and the bias plots are presented in Appendix | (see
Tables 7-9 and Figures 2—7). 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 fastds).of he

dotted lines represent a relative bias+o25% or+ 15% (Maximum Accepted Bias fofSr and
134Cs/?'Cs, respectively). The performance evaluation sorted by laboratory code is presented in
Appendix Il. All laboratories reported their values with expanded uncertaiktre®)( However, a

large spread in the submitted uncertainties was observed with relative uncertaitiejatinging

from 3.4% to 37% forf°Sr, from 1.1% to 25% foP**Cs and from 4.0% to 34% fd#'Cs. However,

most reported relative uncertainties were in the range 7% to 24%iSfoand 4% to 14% for both

13%Cs and®Cs.

For Sr-90, the majority of the participants used gas-flow proportional counting (GPC) as the
analysis technique, while three laboratories (Participants 8, 11* and 30) used liquid scintillation
counting (LSC), in all cases after chemical separation of Sr from the seawater matrix. Chemical
separation techniques used included precipitations of Sr-oxalate or Sr-carbonate, cation-exchange
chromatography, Sr-extraction chromatography and direct liquid-liquid extraction of Y-90. The results
based on GPC show a larger variability (the range of the relative bias was between —37% and 81%,
although two GPC results [Participants 17 and 31, who both used direct liquid-liquid extraction of
Y-90] had a relative bias of less thari.5%) than the three results based on LSC (these three results
all had a relative bias of less than —4%).

For *¥Cs and™®'Cs, the majority of the participants measured the seawater samples directly
with gamma spectrometry, while a minority of laboratories either used a pre-concentration technique
(e.g. adsorption on either ammonium molybdophosphate or hexacyanoferrates containing either
copper, nickel or cobalt) to separate the caesium radionuclides from the seawater matrix followed by
gamma spectrometry (Participants 4*, 10*, 18, 20*, 28, 29 and 31) or they used a combination of the
two techniques (Participants 3, 11* and 13*). No significant difference in the performance between the
two techniques is appareatthough in general the reported relative uncertaintiek @) for the
direct measurements were somewhat larger, typically around 12% for the direct measurements and
around 9% for the pre-concentration methods.






Sanuiuod

pauodal 10N - - - - - - TT100°0 LELTO - - 9T
UJ_:OQE 10N - - - - - - TT00°0 08.T0 - - aT
n%oa& 10N - - - - - - T100°0 ¢S.T0 - - V1
pauodal 10N - - - - - - TT100°0 /9/T0 - - xET
pajiodal 10N - - - - - - TT000 Z¢8.T°0 - - 4"
paidpooy Ss¥d ssed Ssed ST B'G L'T— ITO00 0L.T°0 0100 V.10 1T
pajdpooe Jo0N [ed Ssed [red €c 6V 18 TT000 €a.T0 9T0°0 LTE0 x0T
paldpody SS¥d Ssed ssed €c 8L LT IT00°0 8G.T°0 9100 G020 6
paldpooy Ss¥d ssed ssed 6¢ 4 8¢~ 1T00°0 19270 c00 LT°0 8
pauodal 10N — - - - - - TT00°0 99.T°0 - - L
paldpooy Ss¥d ssed Sped 6¢ ¢t 09— DT00°0 v2/1°0 0200 2910 9
paid®ooe 10N [led ssed [req S/ 9’ 1e— TTO00 6G.T°0 G000 0TT0 xS
paidapoe J0N ssed sged e 9¢ 8T G¢— 1TO00 VLT O ¥20°0 0€T'0 ¥
Bulurepm [red Ssed ssed 1T L€ 8T IT00°0 89.T°0 800°0 8020 €
paideooy Sssgd s§ed §sed (013 1T gt 17000 ov.T0 c0'0 8T°0 4
pauodal 10N - - - - - - TT000 88.T°0 - - )
9Jl02S [euld gsauani]  UoIsioald | Aoeindoy me,rv_ mwﬁh._r_ (%) d mﬁﬂwu A.ﬂmw_owm : Aﬁmm_v__mw/mc A.ﬂmmw_owm : Aﬂmﬂv“mw/m_v mmmm_u
Vvavi vavi qgen qeT

3AIT10NNOIAdVd A9 d31d0SS3TdVL NOILVNTVAT GONVINHO44d3d “| X1AN3ddV

1S, 04 S11NS3TA NOILVNTIVAT "L 319VL




wedionred TZ0/2/SVY VOY «

i,:oge JON - - - - - - 17000 | TOLTO - - ze
UBQ“FQQ,Q ssed Ssed Ssyed 0°6 ' v'1— [TOO0 9/./T°0 900°0 S.T°0 1€
paldpooy Ssed SSed Ssed Vi 5 L T— [TOO0 0L.T°0 0TO00 v.T°0 0€
UJ_:OQE 10N - - - - - - TT000 ¥S.T°0 - - 62
i’:oaﬁ 10N - - - - - - T100°0 LELTO - - 8¢
n%oa& 10N - - - - - - T100°0 Yr.T°0 - - Lc
pduodal 10N - - - - - - TT000 €ELT0 - - *9¢
UJ_:OQE 10N - - - - - - TT00°0 88.T0 - - 14
i’:oaﬁ 10N - - - - - - T100°0 87/.T°0 - - ve
pajiodal 10N - - - - - - 17000 | 98.T°0 - - €z
pduodal 10N - - - - - - TT000 LS/T°0 - - xCC
pajiodal 10N - - - - - - TT100°0 T9/.T°0 - - 1¢c
pauodal 10N - - - - - - TT100°0 SV.T0 - - +0¢
paid®aoe 10N e sged I'e 44 1T G- TT00°0 62.T°0 ST0°0 6210 *6T
pajiodal 10N - - - - - - TT100°0 GZ/T0 - - 8T
paldpooy SS€d SSEd Ssed B'v B'T T DTO00 TZ.T°0 €000 V.10 LT
al02s eul4 gsauani]  UoIsIdald | Aoeinday mMNon wu_qﬂh.__._ (%) d mm,_ww_w_m Aﬂmwv_owm : Aﬁﬂvﬁm_w/m_v A.ﬂmmv_owm : Awﬂv__mw/m_v mmmm_u
’ Vvavi vavi qen gen
panuiuod

10



sanunuod
pa)dpooy ssed SSed ssed 4" /v ve- ET00°0 TTEE0 ST00 0ce0 8T
pa)dpooy ssed SSed sted 0'G c'e c'0 ET00°0 €0€E0 L00°0 TEE0 LT
paydpooy SSEd Ssed Ssed 9T 9 61— £100°0 €EEE0 1200 L2€0 *9T
pa1d$ooy Ssed SSed Sted D'8 '€ A 1000 9TvE0 1100 ¥2€0 aT
paydpooy Ssed Ssed Sped /Ay e 61— 1000 ¢9EE’0 T00 €e0 14
paidpooy SSk&d SSed Ssed at €9 9'G— 71000 T6EE0 ¢0'0 ¢e0 *xET
paydgooe 10N ed ssed red 1T 'S LT— 1000 0cveo 9100 98¢0 4"
paydpooy SSHd Ssed Ssed 9T 69 0¢c- y100°0 L6EE0 ¢co0 €EC0 xIT
paydpooy SSEd ssed Ssed 0T GY L'6— y100°0 G9EE’0 Y100 70€0 x0T
padpooy SS¥d Ssed Ssed aT €9 176 1000 €LEE0 ¢0'0 ¢e0 6
pa1dpooy Ss¥d SSed Sted 6T B'L 9'G— y100°0 T6EE0 G200 0¢eo 8
paydpooy Ssed SSed Sped 14 5'G A y100°0 68€E°0 6T0°0 GEE'0 L
paydpooy SSsed SSed ssed 8'6 B'€ ' 0~ c100°0 80€E0 €100 0€E0 9
paidpooe 10N lfed Ssed [red qT 'L LT— 71000 GQLEEO c0'0 8¢°0 xS
Bulurem e Ssed ssed 9V 6°T At €100°0 Yree 0 9000 v1€0 M
Buitre [ed SSed Sped 0°'S c'¢ (0] y100°0 €6E€°0 000 ¥0€'0 €
pa1dpooy Ss¥d SSed Sted 1X4 '8 90— c100°0 6EEE0 200 CcEE0 4
padpooy SS¥d ssed Ssed 8T 69 V'o- rT100°0 EEVED 200 creo xL
9J0oS [eul{  §sauani]  |UoIsIdald | Aoeundoy m%%w wu_hh.__._ (%) d MM_WM_M_M A.ﬂmw_owm_ : Aﬁmﬂv__mﬂmv A.ﬂmmv_owm : Awﬂvumwm_v wﬁ_wm.n_u
vavi vavl qeT qe’

$3,:d04 S11NS3Id NOILVNTIVAT '8 31dV.L

11



wedionred TZ0/2/SVY VOY «

paidajoe 10N sspd ssed reH VX4 €T L1- 1000 6.E€°0 GE0'0 08¢0 [4>
paldpody ssed SSpd ssed ST D'9 9'¢— 1000 80¥€0 0200 ¢ee0 T€
pa1dpooy ss¥d Ssed ssed 6T B'9 6'8 FT00°0 L6EE0 S20°0 0.€0 0¢
pa1d$ooy ssed ssed ssed V'S ['¢ 02— FT00°0 99€€'0 L00°0 0€eeo 6¢
pa1dooy ssed ssed ssed V'S ['e 8¢~ ET00°0 veee 0 L00°0 vZeo 8¢
paldpooy ssed Ssed ssed LT r'9 69 ET00°0 9reE0 2200 85G€0 LZ
pajenreAs 10N - - - - - - €T00°0 9¢ee’0 - 9T > +9¢
paldapoe 10N ssed sged e €¢ €L 67 P100°0 TEYEO €00 70 =14
pa1dgooe 10N 124 ssed re4 ¢ /0 ve ET00°0 GGEE0 €000 0S¥'0 ve
pa)d$ooe 10N led ssed [red €c v'S €9 V1000 L2ve0 €00 950 €c
paydpooy ssed ssed sged €c B'6 78— P100°0 [AAX N0 T€0°0 0T€0 *CC
pa1dpooy ssed SSpd ssed 91 5 0°¢— 1000 6.E€°0 2200 T€E0 TC
Bulbem e Ssid ssed €6 v ST- £100°0 81€E0 Z10°0 9820 x0¢
paydgooe 10N e sged e cl 99 Le— £100°0 81€E€0 9700 e o x6T
al02s eul4 gsauani]  UoIsIdald | Aoeinday mMNon wu_q”“h.__._ (%) d mm,_ww_w_m Aﬂmwv_owm_ : Aﬁmﬂvﬁmu\”n._v A.H%mv_owm : Awﬂv__mwhn._v mmmm_u
vavI vavi qen gen
panuiuod

12



sanunuod
paydpooy mm&n_ ssed Ssed 4" 0°'S Tv— €000 LTV'0 00 ov'o 8T
padpooy Ssyd ssed Sed 79 e 8¢ €000 9Tv'0 0T00 8210 LT
paidedoy ww#n_ Ssed Sed ¢t 8V 0T €000 0cvo 0200 vevo *9T
paidedoy mw%& ssed Sed 144 6 a1 €000 0EY0 ¥0'0 124" aT
paldeody wm*n_ sged Sed ct 9'v 6'¢ €000 vevo 00 v¥'0 14
paidpooy wm*n_ Ssed Sed X4 6 11— €000 L2y 0 GEO'0 08€0 *xET
paydgooe 10N __T_ sted red /6 Y 61— €000 TEV'0 9100 6v€0 4"
padeddy wm%n_ ssed Sed 9T 09 T €000 8¢v'0 9¢0°0 EEV0 xIT
paydpooy SS¥d ssed sed 9. 0'¢ ov— €000 vevo ¢10°0 L0V°0 x0T
Bujurem syed lred Sed 474 LT ge- €000 TAA0 L0°0 0 6
paidpooy Sskd SSed Sed aT 8'G 90 €000 YXAAN G200 0EY'0 8
padpooy SS¥d ssed sed aT 6°G A o €000 YXAA) 200 601°0 L
paidpooy Sskd SSed Sed 4" 9 TO €000 LTY0 6T0°0 LTY'0 9
pP31¢ad3y SSkd S$ed »Sed 8T 'L ¢1- €000 TA A0 €00 A0 xS
paidpooe 10N ifed §sed [red ¥'9 [ LT €000 Tero 0T00 T6v°0 M
Bulurem e ssed Sed 'S ire V'o- €000 8¢t'0 800°0 00v'0 €
padpooy SS¥d Ssed Sed 6T '8 98- €000 v 0 T€00 G8€0 4
padeody Sskd ssed Sed €T v'S 89— €000 ceEYo ¢c00 e0v'o xT
9J0oS [eul{  §sauani]  |UoIsIdald | Aoeundoy m%%w wu_hh.__._ (%) d MM_WM_M_M A.ﬂmw_owm_ : Aﬁmﬂv__mﬂmv A.ﬂmmv_owm : Awﬂvumwm_v wﬁ_wm.n_u
vavi vavl qeT qe’

$9,¢d04 S11NS3IA NOILVNTIVAT "6 319V.L

13



wedionred TZ0/2/SVY VOY «

pa1geooy wm%”_ ssed sed ct 9y €€ €000 9¢v'0 200 0 [4>
pa1ddooe 10N __ru sged e 074 09 1€ €000 6¢¥'0 €00 T95°0 T€
pajdpooy SS¥d sSed Sed Ll 0T TS €000 8¢v°0 Sv0°0 0S¥°0 (01
pajdpody SSEd Ssed sed 8'G c'c 8¢ €000 17474Y 600°0 (0] 74740] 6¢
paldpooy Ss¥d ssed sed 8'S c'e ve €000 0cy'o 6000 0eY'0 8¢
paldpooy Ss¥d ssed sed qT 9'S 9'¢ €000 ceyro ¥20'0 LEV'O LZ
palenjens 10N - - - - - - €000 6TV°0 - €T> *9¢
paldpooy Ss¥d ssed sed L2 ct Y- €000 ceY'o S¥0°0 0.€°0 =14
pauodal 10N - - - - - - €000 ecro - - ve
padeooy Ss¥d s§ed Sed ¢t 6’V 06— €000 A3 740] ¢0'0 1A 7A0) €c
Bufurem g4 sSed Sed v'a ¢ YAVAS €000 qcvo 600°0 ¢6€°0 xCC
paldpooy Ss¥d ssed sed 8T 0L L'T €000 9¢y'0 0€0°0 €eY'o TC
Bujurem g4 Ssed Sed 1T 8¢ Vi €000 acro 8T0°0 6.¥°0 x0¢
pajdpooe JoN Ied ssed |red 1T 0'S 91— €000 8T¥°0 8T0°0 ¢seo *6T
al02s eul4 gsauani]  UoIsIdald | Aoeinday wMNon wu_hh.“._ (%) d MM__VHM_M_M Aﬂmwv_owm : Aﬂmﬂvﬁm_w/m_v A.ﬂmmv_omm : Awﬂv__mw/m_v mmmm_u
Vvavi vavi qen geT
panuiuod

14



‘Selq 06-5 ¢ Old
opoD qe
O € 6 T LT TE «IT 0€ 8 9 46T s«b S
T @

0S

15



sjvedo1ed T20/20B8Vd YO seld 06-5 '€ Ol

apoD qeT
«0T «TT «6T b e

0S

16



| | | | | | | | | | | | | | | |
¥ ¥ <ITNON¥ O

f{i}t’t

b
Lab Code

FIG. 4. Cs-134 hias.

9,
*
v

o)
™M

50

%

17



sjvedo1ed T20/20B8Vd YO seld ¥€1-50 'S Ol

apoD qeT
J 29T KIT 4ET  sb 400 +0T 407 S  «6T

0S

%

18



$§§§l§

pe—

teee

9

.

.

O

I T | L I | L I | L I | L | T | T | T I | L I | L I |

50

%

-50

* i
T ™M

x0¢

oRsAaINOT O
N—=MANAN—M

* N
——
—

*9T

o)

(00
Lab Code

PNOO* OY¥
—O LN
—

*¥ N¥ (¥ ¥ MM
aanNmM N N
i i N

N
—

FIG. 6. Cs-137 hias.

19



sjvedoned T20/20B8vd Yo seld LETS0 'L Ol

apoD qeT

b k00 xIT 9T 8§ «0T T  «CC «ET  «61

0S

%

20



paldpooy sse ssed ssed 6T I'8 G'8— €00°0 1270 T€0°0 G8€'0 Se
paldpooy Sse ssed ssed 12 T'8 90— £700°0 6EEE0 1200 Zee0 SOyer
paldpooy SSt ssed ssed 0€ 1T g'e TT000 ov.T°0 200 8T°0 ISus
(%) nuw (%) selq A.H.mv_ ba) | (D1 ba) A.T@_ ba) | (D ba) apionu
2109S [euld |ssauanil |uoiIsioald | Aoeindoy (%) d 1190un aneA 118oun anjeA
ssauani| anne|ay -olpey
vavi vavI qe’ gel
"2 3A02 AHOLVYHOav1
wedionred 1Z0/2/SVY VO «
paldpooy ssg sspd sped eT 'S 89— €00°0 ZEr'0 2200 €0v'0 Seps
paldpooy SsH ssed ssed 8T 69 v'0— 71000 €EYE0 ¥20°0 Zreo SOyep
pajiodai 10N - - - - - TT00°0 88/1°0 - - ISus
(9%) My (o) seiq | @210 | (P1ba) | (Brba) | GBrba) | o 0,
9103S [euld SSauani] | uoisioald >om._joo< Ao\ov d uadun anjeA 1adun oINnjeA
ssauanJ | aAlle|oy -olpey
vavi vavi qe gel

*T A0 AHO1LVHOav]

34d00 AHO1VH04V 1 A9 d31d0SS319VL NOILVNTVAT 3ONVINHO4d3d 11 XIANIddV

21



wedionred TZ0/2/SVY VO «

pa1dpody Ssdd ssed ssed 8T Al Al €000 SZv0 €00 rAd0) S
pajdpooe JoN (e ssed e GT A LT-  |¥T00°0 GLEE0 200 820 Sei
pa1dgooe 10N e ssed re- 5/ D't L~ [T000 6S.T°0 5000 0TT 0 ISus
b1 ba) | (B bg) | (B1bg) | (6 ba)
9102S [euld |ssauanlil |uolIsloald | Aoeindoy mM%wm_:%."._ (%) d MWMV_WM_M_M RIERIV) anjea "120un anjea w%__ﬁ_vwsm,__
_ vavI vavI qe aqe _
«§ 3A0D AHO1VHOgVY1
juedionred TZ0/2/SVYH VO «
pa1dgooe 10N = sped re- 7’9 cz LT €000 120 0T00 16¥°0 Se
Builre e ssed ssed 9'Y 6T 29— £T00°0 rreeo 9000 vTE0 Sei
paidadoe 10N sspd ssed re 9e 8T GZ- [T000 €VLT O ¥20°0 0E€T0 ISus
b1 bg) | (B bg) | ((B1bg) | (6 bg)
2109S [euld |ssauanli] |uoiIslioald | Aoeindoy wwﬂwu_whr%h (%) d MMUW‘M_M_M "118oun anfeA "11903un anea w%__ﬁ_u”“w:m__g
. vavI v3vI qe qen .
«73A0D AHOLVHOaV1
Buipem rey ssed sped T'S 4 79— €000 8210 8000 00%'0 Se
Buluren e ssed ssed 0'S 2e 01— 77000 €6€€°0 1000 ¥0€'0 Sei
Buitre Ired ssed ssed 11 N 8T [T000 89/T°0 8000 8020 ISus
b1 bg) | (B bg) | ((B1bg) | (6 bg)
2109S [euld |ssauanil |uoislioald | Aoeindoy wwﬂwu_whr%h (%) d MMUW‘M_M_M "11aoun anfeA "11903un anea w%__ﬁ_u”“w:m__g
. vavI v3vI qe qen .

'€3d0D AHO1LVHOav]

22



paldpooy ssqd ssed ssed ST B'S 90 €000 L2v'0 5200 0EV'0 | SOy
paldpooy ssyd ssed ssed 6T BL 9'G- P1000 | T6EE0 5200 02€0 | SOy
paldpooy ssHd ssed ssed 62 4 8'e- TT000  |Z9.T0 200 LT°0 IS5
(96) 1 (90 seig | &P108) | (Drba) | (Bxba) | (Drba) | 0,
2109S [euld |ssauanil |uoiIslioald | Aoeindoy wwmﬁrm.::. (%) d w\qzm_m.w_ 14aoun anfeA "1480un anfea -o_.cmm_
. vavi vavi qel qel .

'8 3000 AYOLVHOaVT
paldpooy ssed SSed sped ST 6'G A €000 Lzv'0 200 6070 | SOy
paldpooy SsHd ssed ssed T 5'S z1- P1000 | 68EE0 6100 SEE0 | SOy

pajiodai 10N - - - - - - TT000 | 99T°0 - = | 1Su
(%) M| (06) seiq | &21P8) | (Diba) | (Biba) | (Drba) | o o,
9102S [eulqd |ssauanll |uolIsloald | Aoeindoy mmmﬁrm.::. (%) d m%_%_mm_ ‘1492un anjea "1490uUn anjea -o_._omm_
_ vavi vavi qel qel _

"2 3000 AYOLVHOaVT
paldpooy ssqd ssed ssed 4 o'y T0 €000 LT¥°0 6700 LTV'0 | SOy
paldpooy ssqd ssed ssed 8'6 B'E z0- ET000  |80EE0 €100 0S€'0 | SOy
paldpooy ssed SSed ssed 62 4 09~ DTO0'0  [¥2LT0 0200 2910 IS5

(96) 1] (0p) seiq | &21P8) | (Diba) | (Brba) | (biba) | o o,
9109S [euld |ssauanil |uoiIsioald | Aoeindoy wwmﬂm.::. (%) d w\wzm_m.w_ aoun anfeA "1480un anea -o_.cmm_
. vavi vavi qel qel .

'9 3d0D AHO1VHO4gV1

23



wedionred TZ0/2/SVY VO «

paldpooy Ss¥d ssed sed 9T 09 Z1 €00°0 8Z¥°0 9200 €EY'0 Sops
paldpooy Ssdd ssed ssed 9T G'O 0z 7T00°0 L6EE0 2200 €€€0 SOyer
pa1dpody ssed Ssed sed ST 3'G LT [T000 0L.T°0 0100 v.T°0 ISus
B bg) | (B bg) | ((B1bg) | (B bg)
9102S [euld |ssauanlil |uolIsloald | Aoeindoy mmﬁ%m_:ﬂ._ (%) d m“q_w@m_w_m ‘1uaoun aneA "1490uUn anjea w%__ﬂ_vwsm
. vavi vavi qe qe’ .
+TT 30D AHOLVHOaV1
wediued TZ0/2/SYY VOY «
pa1dpody ssed Sssed sed G/ D' 0't— €00°0 vZro 2100 L0v'0 Se
paldpooy Sssdd ssed sed 0T G'v 16— 77000 G9EE0 ¥10°0 ¥0€°0 SOyep
paldgooe JoN I'ed ssed req €z 6t 18 [T000 €G/T°0 9100 LTE0 ISus
b1 bg) | (B bg) | ((B1bg) | (6 bg)
2109S [euld |ssauanil |uoiIsioald | Aoeindoy wwﬂwu_whr%h (%) d MMUW‘M_M_M aoun anfeA "1480un anea w%__ﬁ_u”“w:m__g
. vavi vavi qe qe’ .
«0T 30D AHOLYHOaV1
Bufure ssed e Ssed A% LT ge- €00°0 GZv'0 100 Tv°0 Se
paldeooy ssed ssed §sed GT €9 16— ¥T00°0 €LE€°0 200 Ze0 SOyep
paldpooy ssgd ssked sed €2 Wi LT [T000 8S/T°0 9100 G020 ISus
b1 bg) | (B bg) | ((B1bg) | (6 bg)
2109S [euld |ssauanil |uoislioald | Aoeindoy wwﬂwu_whr%h (%) d MMUW‘M_M_M aoun anfeA "1480un anea w%__ﬁ_u”“w:m__g
. vavi vavi qe qe .

'6 3A0D AHO1VHO4aY1

24



paldpooy ss¥d ssed gsed A oY 6'€ €000 vZr'0 200 0 Seps
paldpooy ss¥d ssed ssed L' T 6'T— ¥100°0 29EE0 100 €€0 SOyer
pajiodal 10N - - - - - - TT00°0 2S.T0 - - 1Sy6
(%) Ny (%) selq A.T@_ ba) | (Dt bg) A.Tov_ ba) | (Dt bg) apljonu
2109S [euld |ssauanil |uoiIsioald | Aoeindoy (%) d 113oun anfeA 113dun anfea
ssauani | aAlle|ay -olpey
vavi vavi e qeT

7T 3A00 AHO1VHO4av1

wedionred TZ0/2/SVY VO «
paldpooy ssed ssed sped 12 2’6 11— €00°0 12¥°0 GE0'0 08¢0 Seps
paldeooy ssed ssed ssed GT €9 9'G— ¥T00°0 T6EE°0 200 A1) SOyep
pajiodas 10N - - - - - - TT00°0 /9.T°0 - - ISus
(%) nuy () seig | A P8) | (DADE) | (DADbaE) | (DADba) | 550,
3102S [eulqd |ssauanlil |uolIsIoald | Aoeindoy (%) d 11903un anjea 1199un anjea
ssauanJ | aAlle|oy -olpey
vavi vavi qe qe’

'*ET 30D AHO1LVHOgv]

padgooe 10N e ssed re /6 'y 61— €000 TEV'0 9100 6v€°0 Se s
pa1d$ooe 10N e ssed re4 1T T'S LT- 77000 0zZve0 GT00 G820 SOyer
pajiodal 10N - - - - - - TT00°0 28.T0 - - 1Sy6
(%) Ny (%) selq A.T@_ ba) | (Dt bag) A.Tov_ ba) | (Dt bg) apljonu
2109S [euld |ssauanil |uoislioald | Aoeindoy ssauUaNI | (%) d — 118oun anfeA 113dun anea _oipey
. vavi vavi e qeT .

'¢T 3A0ID AHO1VvdO4av1

25



pa1dpody ssed ssed ssed 79 v’z 8¢ €000 9T¥'0 0T00 8zZ1'0 Se
paidpooy ss¥d ssed ssed 9'g A4 20 £T00°0 €0€E0 L00°0 T€E0 SOyer
pa1dpody ssed ssed sged Bt BT TT DT000 12.T°0 €000 v.T0 ISus
(Brbg) | (B ba) | (B1bg) | (B ba)
2109S [euld |ssauanil |uoiIslioald | Aoeindoy wm@.ﬁﬁ% (%) d M“MV_WMM_M__ 14aoun anfeA "1480un anfea ww__ﬂ_vwsm
. vavI vavI qen qen .
"/T 3A0D AHOLVYHOaVY1
juedionred Tz20/2/SVYH VO «
padpooy ssqgd ssed ssed Zt Bt 0T €000 0zZv'0 0200 A0 S
paidpooy ssgd ssed ssed 9T 7’9 6T £T00°0 €E€EE0 1200 12€°0 Sei
pajiodas 10N - - - - - - 17000 LELTO - - 1Sus
b1 bg) | (B bg) | ((B1bg) | (6 bg)
9102S [eulqd |ssauanll |uolIsloald | Aoeindoy mwwnwm_:%."._ (%) d M“MV_WM_M_M "1190un anjea "1490uUn anjea ww__vwsm,_h
. vavI vavI qen qeT .
+9T 3A0D AHO1VHOaV
pa1deooy ssid sged ssed 44 z6 ST €000 0EV'0 ¥0°0 0 SOer
pa1dpody ssyd ssed ssed 08 €€ 5 71000 9TvE0 1100 ¥2€0 SOyer
pajiodal 10N - - - - - - TT00°0 08.T°0 - - 1Sy6
b1 bg) | (B bg) | ((B1bg) | (6 bg)
9109S [euld |ssauanil |uoiIsioald | Aoeindoy wwﬂwu_wmu,r%.“._ (%) d MMUW‘MM_M aoun anfeA "1480un anea mm__ﬂ_vwsh
. vavI vavI qen qe .

‘ST 30D AHO1VvdHO4aV1

26



wedionred 1Z0/2/SVY VO «

Bulurep e ssed ssed 1T B'E v €000 2o 8100 6.7°0 Seps
Bulurepm e ssed ssed €6 % GT- £T00°0 8EE0 2100 9820 SOyer
pajiodal 10N - - - - - - TT00°0 Sv.1°0 - - 1Sy6
(%) Ny (%) selq A.T@_ ba) | (Dt bg) A.Tov_ ba) | (Dt bg) apljonu
2109S [euld |ssauanil |uoiIsioald | Aoeindoy ssaUaNI | (%) d — 113oun anfeA 113dun anea _oipey
. vavi vavi e qeT .

'*0Z 3A0D AHO1VHO4dV1

wedionred TZ0/2/SVY VO «

paldgooe JoN e ssed req 1T oXe 91— €00°0 8T¥°0 8T0°0 Z5€0 Seps
pald®aoe JoN e ssed req ZT 09 12— £700°0 8TEE0 9100 Zveo SOyep
paldgooe J0N e ssed req 2z 1T Ge— [T000 62.1°0 ST0'0 62T°0 ISus
(%) I (%) seig | G210 | GD1bg) | (Orba) | (D1ba) | o 0,
3102S [eulqd |ssauanlil |uolIsIoald | Aoeindoy (%) d 1192un anfeA 1aoun aneA
ssauanl| aAe|aYy -olpey
vavi vavi qe qe
+6T 30D AHOLVHOaV]
paidpooy SsHdd ssed ssed ZT 0'S Tv— €000 LT¥'0 200 or'0 Se
paldpooy Ssdd ssed ssed Z1 IR ve— £700°0 TTEE0 GT0'0 02¢0 SOyep
pajiodal 10N - - - - - - TT00°0 G2.T°0 - - 1Sy6
(%) nwuy| (%) seiq A.T@_ ba) | (DX ba) A.Tov_ ba) | (b be) apionu
2109S [euld |ssauanil |uoislioald | Aoeindoy (%) d 11820un aneA 118oun anjea
ssauani| anne|ay -olpey
vavi vavI qe qe

‘8T 3A0ID AHO1VHO4aY1

27



paldpooy ss¥d ssed ssed A 6'v 0'S— €000 Zero 200 0 Seps
paidpooe 10N e gsed req €z 'S €9 ¥100°0 L2VE0 €00 950 SOyer
pajiodal 10N - - - - - - TT00°0 98.T°0 - - 1Sy6
(%) Ny (%) selq A.T@_ ba) | (Dt bg) A.Tov_ ba) | (Dt bg) apljonu
2109S [euld |ssauanil |uoiIsioald | Aoeindoy (%) d 113oun anfeA 113dun anea
ssauani | aAlle|ay -olpey
vavi vavi e qeT

'€¢ 3Ad0I0 AHO1VvdO4av1

wedionred TZ0/2/SVY VO «

Buipren ey ssed ssed 'S £'C LL- €000 GZv'0 600°0 26€0 SO)¢r
paidpooy ss¥d ssed ssed €z B'6 18- 71000 2LEE0 T€0°0 01€0 Se
payiodal 10N - - - - - - 17000 LS.T0 - - S
(06) 1 (0) Seiq (B bg) | (B bg) | (Bbg) | (6 ba) apijonu
3102S [eulqd |ssauanlil |uolIsIoald | Aoeindoy o (%) d : RIERIV) anjea "120un anjea ‘
ssauanJ | aAlle|oy -olpey
vavi vavl ge qeT
'x¢¢ 30D AHOLVHOaV
pa1dpooy ssyd ssed ssed 8T DL LT €000 9zi'0 0€0°0 €EV'0 SO)er
paidpooy ss¥d ssed ssed 9T G9 0c— 71000 6LEE0 2200 TEE0 SOyer
pajiodal 10N - - - - - - TT00°0 T9.T°0 - - 1Sy6
(%) 1L (0p) seiq | &1 P8) | (Diba) | (Biba) | (biba) | o o,
2109S [euld |ssauanil |uoislioald | Aoeindoy P (%) d ‘ aoun anfeA "1480un anea :
ssauani| aAlle|ay -olpey
vavi vavi ge gen

'TZ 3A0ID AHO1VdO4av1

28



wedionred 1Z0/2/SVY VO «

pajen[ens 10N - - - - - - €000 6I¥°0 - €T> | SOy

pajen[ens JoN - - - - - - €100°0 9zZeE0 - 9T>| SOy
pajiodal 10N - - - - - - TT00°0 €€.LT0 - - 1Sy6

b1 bg) | (B bg) | ((B1bg) | (6 bg)
2109S [euld |ssauanil |uoiIsioald | Aoeindoy wwﬂwu_whr%h (%) d MMUW‘M_M_M aoun anfeA "1480un anea w%__ﬁ_u”“w:m__g
. vavi vavi e qeT .
'«92 30D AHOLVH0aV1
paydpooy ss¥d ssed ssed 12 A 4% €000 2EV0 S¥0°0 0.£0 Se
pajdgooe 10N sqed gsed req €e €. 6T ¥100°0 TEVE0 €00 0 S
pajiodal 10N - - - - - - 11000 88.T°0 - - IS
(Brbg) | (B ba) | (B1bg) | (B ba)
3102S [eulqd |ssauanlil |uolIsIoald | Aoeindoy mM%wm_:%."._ (%) d M“W_WM_M_M ‘14aoun anjea "1190uUn anjea ww__ﬁ_vwsm,__
. vavi vavi qen e .
'GZ 3A0D AYOLVHOgvY]
vmfoa& 10N - - - - - - €000 e€cro - - SO)er
paldpooe 10N e ssed req ze L0 Ve £T00°0 GGEE'0 €000 0S¥°0 SOyer
pajiodal 10N - - - - - - TT00°0 8v.1°0 - - 1Sy6
(b1 bg) | (B bg) | ((B1bg) | (6 bg)
2109S [euld |ssauanil |uoislioald | Aoeindoy wwﬂwu_whr%h (%) d MMUW‘M_M_M aoun anfeA "1480un anea w%__ﬁ_u”“w:m__g
. vavi vavi e qeT .

¢ 3A00 AHO1VvdO4av1

29



paldpooy ss€d sskd ssed 8'S ce 8'c €000 ver'o 6000 ovv'0 Seps
paldpooy ssgd ssed ssed 'S T 0c- #1000 99€€0 L00°0 0€€0 SOyer
pajiodal 10N - - - - - - TT00°0 ¥S.T°0 - - 1Sy6
(%) Ny (%) selq A.T@_ ba) | (Dt bg) A.Tov_ ba) | (Dt bg) apljonu
2109S [euld |ssauanil |uoiIsioald | Aoeindoy ssaUaNI | (%) d — 113oun anfeA 113dun anea _oipey
. vavi vavi e qeT .

'6Z 3A0D AHO1VHO4aV1

pa1dpooy ss¥d sskd ssed 8'G ce v'e €000 (014 7l0) 600°0 0EY'0 SO)er
pa1dpooy ss¥d ssed ssed v'G T2 8¢ £T00°0 vEEE0 L00'0 v2e0 SOyer
payiodal 10N - - - - - - 11000 LELTO - - IS
(06) 1 (0) Seiq (Brbg) | (B ba) | (B1bg) | (B ba) apijonu
3102S [eulqd |ssauanlil |uolIsIoald | Aoeindoy o (%) d : ‘14aoun anjea "1190uUn anjea :
ssauanJ | aAlle|oy -olpey
vavi vavl qen e
'8¢ A0 AHOLVYHOgY]
padpooy ssgd ssed ssed ST 0'S 9€ €000 2o 200 LEV'O Seps
padpooy ss¥d ssed ssed LT 19 6'9 £T00°0 9reE0 2200 85€°0 SOyer
pajiodal 10N - - - - - - TT00°0 vv.1°0 - - 1Sy6
(%) Ny (%) selq A.T@_ ba) | (Dt bag) A.Tov_ ba) | (Dt bg) apljonu
2109S [euld |ssauanil |uoislioald | Aoeindoy (%) d 118oun anfeA 113dun anea
ssauani| aAlle|ay -olpey
vavi vavi e qeT

'LZ 3A0I0 AHO1vdO4av1

30



paideooy sskd ssed ssed T oY €€ €00°0 9zZ¥'0 200 vv'0 Sl
paidapoe 10N ssed ssed re4 L2 €T LT-  FT00°0 6LE€°0 GEO'0 082°0 SOyer
pajiodal 10N - - - - - - TT00°0 T9.T°0 - - 1Sy6
(96) 1] (%) seiq b1 bg) | (B bg) | ((B1bg) | (6 bg) apionu
2109S [euld |ssauanil |uoiIsioald | Aoeindoy wwmﬂm.::. (%) d w\wzm_m.w_ aoun anfeA "1480un anfea -o_.cmm_
. vavi vavi qe qen .

'Z2€ 3A0D AHOLVHOgVT
pa1dgooe 10N & sped Ire- 0z 09 1€ €00°0 62v°0 ¥€0°0 1950 Sl
paidpooy ssed ssed ssed GT 09 9¢- #1000 807€°0 020°0 2€e0 Ses
pa1dpooy ssed sskd ssed D'6 D'E VT [T000 9/.T°0 900°0 GLT'0 ISy

(%) N (%) seiq (B bg) | (B bg) | (Bbg) | (6 ba) apIaNU
209s [eulH gsauani] |uoisioald | Aoeinooy mmmﬁrm.::. (%) d m\q_%_mm_ ‘1492un anjea "1190uUn anjea -o_._omm_
_ vavi vavi qe’ qen _

"T€ 30D AYOLVHOgV
paidpooy ssEd ssed ssed L2 0T TS €00°0 8210 G¥0°0 0S¥'0 Sl
paidpooy ss¥d ssed ssed 6T 8'9 68 #1000 LBEE0 G200 0L€°0 Ses
pa1dpody ssed ssed ssed 1 5'G LT [T000 0L1T°0 0700 v.T°0 ISs

(96) 1] (0p) seiq | &21P8) | (Diba) | (Biba) | (Diba) | o o,
2109S [euld |ssauanil |uoislioald | Aoeindoy wwmﬂm.::. (%) d w\wzm_m.w_ aoun anfeA "1480un anea -o_.cmm_
. vavi vavi qe qen .

‘0€ 3A0ID AHO1VHO4aY1

31






APPENDIX I11.LIST OF PARTICIPATING RCA RAS/7/021 LABORATORIES

AUSTRALIA

Sdraulig, S.

Australian Radiation Protection and Nuclear Safety Agency (ARPANSA)
619 Lower Plenty Road

Yallambie 3085

BANGLADESH

Zafrul Kabir, M.

Atomic Energy Research Establishment (AERE)
Ganakbari, Savar

Dhaka

CHINA

Li, Y.

Laboratory of Marine Isotopic Technology and Environmental Risk Assessment
Third Institute of Oceanography

State Oceanic Administration

184# Daxue Rd, Xiamen 361005

INDONESIA

Suseno, H.

Radioactive Waste Technology Center (PTLR)
National Nuclear Energy Agency (BATAN)
Gedung 71 lantai 3 Kawasan

Puspiptek Serpong

Tangerang 15311

MALAYSIA

Kadir bin Ishak, A.

Radiochemistry and Environment Laboratory
Building 23

Malaysian Nuclear Agency

Bangi

43000 Kajang

NEW ZEALAND

Hermanspahn, N.

Institute of Environmental Science and Research
ESR Christchurch Science Centre

27 Creyke Road

llam Christchurch 8041



PAKISTAN

Mashiatullah, A.

Radiation and Isotope Applications Division Pinstech

P.O. Box 1482
Nilore
Islamabad

PHILIPPINES

Enriquez, E. B.

Health Physics Research Section
Philippine Nuclear Research Institute
Commonwealth Avenue, Diliman
1101 Quezon City

SRI LANKA

Waduge, V.A.

Life Sciences Division
60/460, Baseline Road
Orugodawatte
Wellampitiya (Colombo)

THAILAND

Udomsomporn, S.

Office of Atoms for Peace
16 Vibhavadi Rungsit Road
Chatuchak

Ladyao

Bangkok 10900

VIET NAM

Nhu Sieu, L.

Centre for Analytical Techniques and Environmental Monitoring

Nuclear Research Institute (NRI)
Vietnam Atomic Energy Institute
1 Nguyen Tu Luc Street

Dalat
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APPENDIX IV.LIST OF OTHER PARTICIPATING LABORATORIES

BELGIUM

Sneyers, L.

Unit Low-level Radioactivity Measurements Environment Health & Safety
Belgian Nuclear Research Centre SCK CEN

Boeretang 200

2400 Mol

DENMARK

Nielsen, S.P.

Technical University of Denmark
Center for Nuclear Technologies
DTU Risg Campus Building 204
Frederiksborgvej 399

4000 Roskilde

ESTONIA

Jakobson, E.

Environmental Board Radiation Safety Department
Kopli 76

10416 Tallinn

FINLAND

Vartti, V.-P.

STUK (Radiation and Nuclear Safety Authority)
Laippatie 4

00880 Helsinki

GERMANY

Herrmann, J.

Bundesamt fur Seeschifffahrt und Hydrographie (BSH)
Wistland 2

22589 Hamburg

Kanisch, G.

Thinen-Institut fur Fischereitkologie
MarckmannstrafRe 129b

20539 Hamburg



IRELAND

McKittrick, L.

Radiological Protection Institute of Ireland
3 Clonskeagh Square

Clonskeagh Road

Dublin 14

NETHERLANDS

Engeler, C.

Rijkswaterstaat Centre for Water Management
Zuiderwagenplein 2

8224 AD Lelystad

NORWAY

Lind, B.
Norwegian Radiation Protection Authority (NRPA)
1361 Dsteras

POLAND

Zalewska, T.

Institute of Meteorology and WaterManagement
National Research Institute Maritime Branch
Waszyngtona 42

81-342 Gdynia

PORTUGAL

Madruga, M.J.

Instituto Superior Técnico

Laboratério de Protecdo e Seguranca Radioldgica
Campus Tecnoldgico e Nuclear

Estrada Nacional 10 (ao km 139,7)

2695-066 Bobadela LRS

SPAIN

de Pablo Sanmartin, A.
CEDEX (M° FOMENTO)
C/ Alfonso XII 3y 5
28014 Madrid

Masque, P.

Universidad Autonoma de Barcelona
Bellaterra

08193 Barcelona
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SPAIN (continued)

Garcia Tenorio, R.

Escuela Técnica Superior de Arquitectura
Avenida Reina Mercedes, 2

41012 Sevilla

SWEDEN

Eriksson, M.

Swedish Radiation Safety Authority
Solna strandvag 96

SE-17116 Stockholm

THAILAND

Chanyotha, S.

Department of Nuclear Engineering
Faculty of Engineering
Chulalongkorn University

Bangkok 10330

Pakkong, P.

Department of Applied Radiation and Isotopes
Kasetsart University

50 Phahon Yothin Rd.

Chatuchak, Ladyao

Bangkok 10900

Srisuksawad, K.

Nuclear Research and Development Group
Thailand Institute of Nuclear Technology
9/9 Saimoon, Ongkharak

Nakorn Nayok 26120

VIET NAM

Quang Long, N.

Institute for Nuclear Science and Technology
179 Hoang Quoc Viet Street

Cau Giay

Hanoi

UNITED STATES OF AMERICA

Pike, S.

Woods Hole Oceanographic Institution
266 Woods Hole Road

Woods Hole MA

02543-1050
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Harms, A.V.
Pham, M.K.

Nies, H.

CONTRIBUTORSTO DRAFTING AND REVIEW

International Atomic Energy Agency
International Atomic Energy Agency

International Atomic Energy Agency
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