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SUMMARY

The results of an intercomparison exercise, designed for the determination of 

anthropogenic and natural radionuclides in mixed fish sample from the Irish Sea and 

North Sea, IAEA-414, are reported. The data received from 90 laboratories have been 

evaluated.

The following are the recommended and information values (medians), with

confidence intervals, for the set of radionuclides determined in the study. All the values 

are given for the reference date 1 January 1997 and expressed in Bq kg
-1

 dry weight. 

Radionuclide Median Confidence interval

(  = 0.05) 

Recommended value

137Cs 5.14 5.00-5.27
238Pu 0.023 0.022-0.025

239+240Pu 0.120 0.113-0.125
241Am* 0.196 0.189-0.199

Information value

40K 480 461-498
90Sr 0.28 0.10-0.54

210Pb(210Po#) 2.22 1.55-2.60
226Ra 1.40 0.59-1.76
232Th 0.029 0.025-0.031
234U 1.22 1.14-1.27
235U 0.050 0.045-0.058
238U 1.112 1.065-1.170

*
The values should be corrected for in-growth from 

241
Pu.

#
210

Po is in equilibrium with 
210

Pb at the time of measurement.
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1.  INTRODUCTION

The accurate and precise determinations of radionuclide concentrations in marine

samples are important aspects of marine radioactivity assessments and the use of 

radionuclides in studies of oceanographic processes.  To address the problem of data

quality, and to assist Member States in verifying the performance of their laboratories,

the IAEA Marine Environment Laboratory (MEL) in Monaco has conducted 

intercomparison exercises on radionuclides in marine samples for many years as part of 

its contribution to the IAEA's programme of Analytical Quality Control Services 

(AQCS).

For this intercomparison exercise, IAEA-MEL with the help of the Fisheries

Laboratory of Ministry for Agriculture Fisheries and Food (MAFF), (presently the 

Centre for Environment, Fisheries and Aquaculture Science (CEFAS)), Lowestoft, U.K.,

collected in 1996 fish flesh samples of mixed species in the eastern Irish Sea.  As the 

quantity of material obtained was relatively small and measured activities of some 

anthropogenic radionuclides were relatively high, the sample was mixed with fish 

powder from North Sea. The sample aliquots were distributed during 2000 for

intercomparison of anthropogenic and natural radionuclides. Over 100 laboratories 

world-wide agreed to participate.  Of these, 90 sent the results which could be used in 

the evaluation of this intercomparison exercise. 

As the sample was collected in the Irish Sea, elevated levels of anthropogenic 

radionuclides (e.g. 
90

Sr,
99

Tc,
129

I,
137

Cs, Pu isotopes) were expected due to discharges

from the Sellafield reprocessing plant.  Participants were informed that the expected

activities for anthropogenic and natural radionuclides would be in the ranges (Bq/kg dry 

weight):

gamma emitters  : 0.1 – 500

beta emitters  : 0.1-1

transuranics  : 0.01 – 0.3

  This information was given to the participants with the sample.
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This report describes the results obtained from 90 laboratories on anthropogenic 

and natural radionuclide determinations in Irish and North Seas fish. 

2.  SCOPE OF THE INTERCOMPARISON EXERCISE

This intercomparison exercise was organised with the aim of providing the 

participating laboratories with the possibility of testing the performance of their 

analytical methods on a fish sample with elevated radionuclide levels due to the 

contamination of fish species by the reprocessing nuclear plant. 

The intercomparison material was designed for analysis of anthropogenic and 

natural radionuclides.  Participating laboratories were requested to determine as many 

radionuclides as possible by gamma spectrometry and any possible transuranium

radionuclides and other radionuclides requiring radiochemical separation and alpha or 

beta counting, as well as ICPMS, AMS and TIMS analyses. 

It was expected that the sample, after successful certification, could be issued as 

a reference material for radionuclides in marine fish. 

3.  DESCRIPTION OF THE MATERIAL

About 350 kg of mixed fish species were collected in the eastern Irish Sea by the 

Fisheries Laboratory of the Ministry for Agriculture Fisheries and Foods (MAAF), 

(presently the Center for Environment, Fisheries and Aquaculture Science (CEFAS)),

Lowestoft, U.K., in 1996. The skin was removed, the fish filleted and freeze-dried, and

sent to IAEA-MEL for processing. 

The sample, which was reduced by freeze-drying to about 69 kg, was then

ground to powder, sieved through a 0.5 mm mesh and homogenized by mixing under 

nitrogen atmosphere. The sample was freeze-dried once more, ground and sieved at 250

m to obtain a final amount of 10 kg. As the quantity of material obtained was relatively 

small and the measured activities of some anthropogenic radionuclides were relatively 

high, the sample was mixed with 100 kg of North Sea fish powder (a fraction below 250 

m) to get the required quantity of material. To ensure the homogenization of the final
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sample, both samples (fractions <250 m) were mixed using the jet pulverizing 

technique in a nitrogen atmosphere.

The samples were then packed into brown glass bottles (100 g per bottle) under 

nitrogen gas, screwed with polyethylene caps and labeled with the code number IAEA-

414.

The sealed glass bottles containing 100 g each of fish powder were sterilized as 

requested by ISO 2001 [1] at 10 kGy in an irradiation facility.

The average moisture content of the lyophilized sample after bottling, 

determined by drying several aliquots in an oven at 80 ºC to constant weight (1-2 days), 

was found to be approximately 3%. Since the moisture content can vary with the 

ambient humidity and temperature, it was recommended that the water content should be 

checked prior to analysis and that all results should be reported on a dry-weight basis. 

4.  HOMOGENEITY TESTS 

The homogeneity of the sample was checked by measuring the activity of 
40

K,

137
Cs,

210
Po,

235
U,

238
U,

 238
Pu,

239+240
Pu and 

241
Am on 16-30 bottles taken at random.

Gamma-spectrometric measurements were performed on 30 to 100 g of samples,
210

Po,

235
U,

238
U,

238
Pu,

239+240
Pu and 

241
Am were determined by alpha spectrometry on 0.1 to 

20 g of samples.  Results for some selected transuranic and natural radionuclides as 

137
Cs,

210
Po,

 238
U,

238
Pu,

239+240
Pu and 

241
Am and expressed as relative activities are 

shown in Annex I, Tables I&II.  Homogeneity was determined using one-way analysis 

of variance.  The coefficient of variation was below 10% for both gamma and alpha-

spectrometrically determined radionuclides.  The "between samples" variances showed

no significant differences from the "within sample" variances for all radionuclides 

tested.

IAEA-414 intercomparison sample was used in a national intercomparison 

exercise organised by CIEMAT (Centro de Investigaciones Energeticas, 

Medioambientales y Tecnologicas, Madrid, Spain) for Spanish laboratories [2]. During 

the course of exercise we were notified about possible inhomogeneities in the sample 

claimed for several radionuclides. However, the Spanish report [2] did not confirm any 
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existence of inhomogeneities in IAEA-414. Additional analyses carried out in IAEA-

MEL during the certification procedure also did not find any inhomogeneities. Thus the

material could be considered sufficiently homogeneous for the tested radionuclides at the 

weights used. 

5.  SAMPLE DISPATCH AND DATA RETURN

Each participant received 100 g of fish sample.  For each radionuclide analysed, 

the following information was requested:

- Average weight of sample used for analysis 

- Number of analyses 

- Massic activity calculated in net values (i.e. corrected for blank, background 

etc.) and expressed in Bq kg
-1

 dry weight 

- Estimate of the total uncertainty (counting and other uncertainties)

- Description of chemical procedure and counting equipment

- Reference standard solutions used 

- Chemical recoveries, counting time, decay corrections

The reference date for reporting activities was set for 1 January 1997. 

The samples were distributed to over 100 laboratories. The deadline for reporting 

data was set for 31 December 2000. As some participants expressed their intention to 

report later, the deadline was extended to 30 September 2001. A reminder was sent to 

late participants in order to obtain more data. Requests for more information about 

chemical procedures, counting systems, standards, units etc., were also sent to many

participants who did not provide enough information on time.

A total of 90 sets of results were received from participants and included in the 

evaluation.  The list of reported radionuclides is given in Table III. 

The list of contributing laboratories can be found in Annex IV. 
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6.  EVALUATION OF RESULTS

6.1.  DATA TREATMENT 

The list of reported radionuclides with the number of reporting laboratories for 

each radionuclide is given in Annex I, Table III.  The number of reported "less than" 

values are shown in parentheses.  The massic activities of anthropogenic and natural 

radionuclides were reported.  Laboratory means were calculated when necessary from 

individual results and are given as weighted means with weighted uncertainties. All 

values have been rounded off to the most significant figure keeping in mind the 

necessity of maintaining the uniformity of presentation. 

6.2.  STATISTICAL EVALUATION

The principles and applications of the statistical programme used for the

evaluation of data have been described in previous reports. Briefly, the data treatment

consists of identifying and eliminating the outlying values, calculating the median and 

the confidence intervals. Calculations are based on the assumption of non-parametric 

distribution of data to which distribution-free statistics are applicable.

The "less than" values are segregated from the results and the remaining values

are checked for the presence of outliers using a box and whisker plot test. Outliers are 

identified in different tables with an asterisk. Median values are calculated from all 

results passing the test. These values are considered to be the most reliable estimates of 

the true values. 

The results for the most frequently measured radionuclides are found in Annex I, 

Tables IV to XIV and Figures 1 to 12. The activity ratios obtained for 
238

Pu/
239+240

Pu and 

for
241

Am/
239+240

Pu are given in Table XV and Figures 13 and 14. The other less

frequently measured atom ratios are presented in Table XVI. The less frequently 

measured radionuclides are presented in Table XVII. The recommended values and 

information values obtained after statistical treatment of data are summarised in Table

XVIII.
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Confidence intervals were taken from a non-parametric sample population. They 

represent a two-sided interval representing 95% confidence limits.

Following the IUPAC [3] and ISO [4] recommendations for assessment of 

laboratory performance, Z-score methodology has been used in the evaluation of 

intercomparison results. The Z-score is calculated according to the formula:

Z = (Xi – Xa) /Sb,

Where

Xi is the robust mean of the reported values of massic activity in the sample,

Xa is the assigned value (a mean value of accepted results), 

Sb is the target standard deviation. 

The performance of a laboratory is considered to be acceptable if the difference 

between the robust mean of the laboratory and the assigned value (in sb units) is less 

than or equal to two. The analysis is regarded as being out of control when Z >3. The 

Z-score evaluation represents a simple method which gives participating laboratories a 

normalized performance score for bias. 

The selection of the right target value depends on the objectives of the exercise. 

For radionuclide analysis, laboratories are required to have a relative bias below 20% (sb

<10%). The uncertainty of the assigned value should be taken into account using the 

formula:

Z = (Xi – Xa) /
tu
S

b
S

22

Where

stu is the uncertainty of the assigned value [5]. 

Z-score graphs are given in Annex III, from Figure 15 to Figure 26. 
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6.3.  EXPLANATION OF TABLES

6.3.1.  Laboratory code 

Each laboratory was assigned an individual code number to ensure anonymity.

6.3.2.  Method code 

The analytical techniques employed by the participants are: 

Alpha spectrometry 

Code Method

A Not specified or not enough information.

A2 Treatment, evaporation/precipitation, ion exchange, electro-deposition.

A10 Treatment, ion exchange, electro-deposition. 

A11 Ca oxalate, TRU resins, SCN- anion exchange, electro-deposition. 

A12 Double columns: UTEVA + TRU resins, electro-deposition. 

A13 Fe(OH)3 co-precipitation, electro-deposition on silver, nickel or stainless steel 

discs, alpha-counting. 

A14 Sulphate/iron hydroxide precipitations, Fe extraction with di-isopropyl ether, 

anion exchange in HCl, electro-deposition. 

A15 Treatment, ion exchange in xylene, NdF3 co-precipitation, electro-deposition.

A17 Pu separation and purification with anionite (Av-17, Russian reagent), electro-

deposition.

A18 Treatment, extraction by TBP, anion-exchange resin, electro-deposition. 

A19 Treatment, TOPO extraction in cyclo-hexane, LaF3 co-precipitation, anion 

exchange, electro-deposition. 

A22 Treatment, anion exchange, UTEVA resins, electro-deposition.

A23 Leaching, double columns, UTEVA + TRU resins, electro-deposition.

A25 TRU resins, LaF3 co-precipitation. 

A26 Treatment, extraction, cation exchange, LaF3 precipitation. 

A27 Leaching, UTEVA+TRU resins, NdF3 micro-co-precipitation.

A28 Digestion, lead and barium precipitation. 

A29 Ba-RaSO4 precipitation, TTA extraction in benzene. 

A30 Wet oxidation, filtration and dilution to 1M, repeated Rn emanation strips into

quartz glass cells. 
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Beta counting 

Code Method

B Not specified or not enough information.

B1 Precipitation (oxalate), fuming nitric acid separation, PbCr2O4 ppt. 

B5 Precipitation (hydroxide, oxalate, carbonate, sulphate), separation with conc. or 

fuming nitric acid, scavenging of Ra and Fe, 2 weeks ingrowth period, 

precipitation (hydroxide, oxalate, carbonate), beta counting of 90Y (as Y 

oxalate, Y2O3,...) or liquid scintillation counting. 

B7 Precipitation (oxalate, hydroxide), scavenging, beta counting of Y oxalate. 

B11 Precipitation (oxalate), cationic resin with DCTA, sodium malonate, atomic

absorption.

B14 Sr separation in presence of EDTA, SrSO4 precipitation. 

B15 Oxalate precipitation, Sr crown ether resin, Sr carbonate precipitation. 

B16 Digestion in HCl, ion exchange separation, Cs chloroplatinate (Cs2PtCl6).

B17 BaCrO4 co-precipitation, iron scavenging, Y oxalate. 

B18 Sr(NO3)2 precipitation, PbBaCrO4 precipitation, iron scavenging, Y oxalate. 

B19 EDTA precipitation, ion-exchange chromatography, carbonate precipitation. 

B20 HCl leaching, Eichrom Sr-spec columns, LSC counting.

B21 (Carbonate, oxalate and nitrate) co-precipitation, cation exchange, resin 

columns, iron hydroxide co-precipitation. 

B22 HNO3, HCl leaching, anion-exchange or separation on Sr resin, electro-

deposition, gas flow proportional counting. 

B23 HCl, H2SO4 dissolved, extraction in tri-n-butyl phosphate, electro-deposition,

gas flow proportional counting. 

B24 Lead sulphate precipitation, gravimetric analysis of lead. 

B25 PbBaCrO4 precipitation, LaF3 precipitation. 

B26 Treatment, ion exchange. 
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Gamma spectrometry

Code Method

G Not specified.

G1 High resolution Ge spectrometry.

G2 Treatment, purification, AMP, high resolution Ge spectrometry.

Mass spectrometry 

Code Method

M1 Treatment, ion exchange, electro-deposition, leaching, ICPMS. 

M2 Double columns: UTEVA + TRU resins, ICPMS.

M3 Treatment, ICPMS.

M5 Extraction, purification using TBP/CCl4 solvent, ICPMS. 

M7 Digestion, iron oxide matrix, evaporation and baking to Fe2O3, mixing with Al

powder, AMS. 

M8 Treatment, AMS.

Other methods

Code Method

N No information.

NAA Neutron Activation Analysis. 

DNC Delayed neutron counting. 

F Treatment, anion-exchange, laser fluometer.

6.3.3.  Number of results 

The number of determinations corresponds to the number of individual results 

from which the laboratory mean was calculated. When no mention was made in a 

participant's report as to the number of measurements made, it has been assumed to be 

one.
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6.3.4.  Massic activity 

The activity corresponds to the weighted mean computed from all the individual 

results obtained from the participants with the corresponding standard deviation or 

weighted uncertainty.

6.4.  EXPLANATION OF FIGURES 

The figures (Figs. 1 to 12) in Annex II present the tabulated data with the

corresponding standard deviation or weighted uncertainty in order of ascending massic

activity. Also shown are: 

(i) the distribution medians (full lines) and corresponding confidence intervals 

(dashed horizontal lines), 

(ii) the limits for accepted laboratory means (vertical lines).

Figs. 13 and 14 show 
238

Pu/
239+240

Pu and 
241

Am/
239+240

Pu activity ratios,

respectively.

The performance of laboratories in terms of accuracy has been expressed by Z-

scores which were calculated for each radionuclide. Performance is considered 

satisfactory if the Z-score is equal to or less than 2. A Z-score from 2 to 3 indicates that 

the results are of questionable quality. If Z >3, the analysis is out of accepted range.

Figs. 15 to 26 in Annex III present the Z-scores for only accepted value. The presented 

distributions of Z-scores are symmetric which indicates that the performances of the 

laboratories were satisfactory.

6.5.  CRITERIA FOR CERTIFICATION

Following ISO Guide 35 [1], a preliminary certification of IAEA-414 was 

carried out using criteria as strict as in the previous intercomparison exercise IAEA-384

[6]. The certification will be completed when all data from expert laboratories

participating in the certification procedure are available. For data sets comprising 5 or

more accepted laboratory means, median values and confidence intervals were
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calculated as estimations of true massic activities. The median values of the data within

the confidence interval, were considered as the recommended values when: 

1. At least 5 laboratory means were available, calculated from at least 3 different

laboratories.

2. The relative uncertainty of the median did not exceed  5% for activities

higher than 100 Bq kg
-1

,  10% for activities from 1-100 Bq kg
-1

 and  20% 

for activities lower than 1 Bq kg
-1

.

An activity value was classified as an information value when at least 5

laboratory means calculated from the results of at least 2 different laboratories were 

available.

7.  RESULTS AND DISCUSSION

7.1.  ANTHROPOGENIC RADIONUCLIDES 

Results of analysis of 
90

Sr,
 137

Cs,
238

Pu,
239+240

Pu,
241

Am data in IAEA-414 fish 

samples as supplied by participants are presented in Annex I, Tables IV to VII and in 

Annex II, Figures 1 to 5. Laboratory averages were calculated when necessary from

individual results and are given as weighted means with corresponding standard 

deviations. The evaluation of the full data set consisted of identifying and eliminating

outlying values, then calculating the median and the confidence intervals (95%

significance level). The performance of laboratories expressed by Z-scores is presented 

in Annex III, Figures 15 to 19. 

7.1.1.
90

Sr

Data were reported from 28 laboratories (Table IV, Fig. 1) in which sixteen 

laboratories reported only detection limits.  Four laboratories submitted outlying results.

The rest of the data show good homogeneity, all data fall less than two standard 

deviations from the distribution mean. Z-score values are below 1.5 showing good 
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performances by the laboratories (Fig.15).  The median given as the information value is 

0.28 Bq kg
-1

 dry weight (95% confidence interval is (0.10 – 0.54) Bq kg
-1

dw).

7.1.2.
137

Cs

81 laboratories reported 
137

Cs results (Table V, Fig. 2). The laboratories mainly

used direct gamma spectrometry for 
137

Cs analysis, one laboratory reported detection 

limit only. Nineteen results were identified as outliers. The rest of the data is

homogenous within two standard deviations of the distribution mean. Z-score values are 

below 2.2, showing good performances by the laboratories (Fig. 16). The median, given 

as the recommended value, is 5.14 Bq kg
-1

 dw (95% confidence interval is (5.00 – 5.27) 

Bq kg
-1

 dw). 

7.1.3.  Plutonium isotopes

The majority of participants used a rather conventional method based on sample

treatment, ion-exchange separation followed by electro-deposition and alpha-

spectrometry.  Some laboratories combined ion-exchange separation with liquid-liquid 

extraction, or used only liquid-liquid extraction.  Resins (a single TRU column or double 

UTEVA + TRU columns) for separation and subsequent electro-deposition and alpha-

spectrometry (
238

Pu) or for direct ICPMS, AMS analysis (
239

Pu,
240

Pu,
241

Pu,
242

Pu) have

also been used. The samples for mass spectrometry were either leached from stainless 

steel discs after alpha-spectrometry measurements, or analysed directly by ICPMS

and/or AMS.  Generally, good agreement was found between alpha-spectrometry and 

mass spectrometry results, and between ICPMS and AMS. 

238
Pu

Thirty-two data sets were reported (Table VI, Fig. 3).  Ten results did not pass 

the outlier test. Four other laboratories reported detection limits only.  Some laboratories 

reported their results with rather high analytical uncertainties. The rest of the data is

homogeneous, within two standard deviations of the distribution mean.  Z-score values 

are below 2.0 showing reasonable performances by the laboratories (Fig. 17). The
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median, given as the recommended value, is 0.023 Bq kg
-1

 dw (95% confidence interval 

is (0.022 – 0.025) Bq kg
-1

 dw). 

239+240
Pu

Forty-two data sets (combined alpha-spectrometry, ICPMS and AMS results) 

were reported (Table VI, Fig. 4). Nine results were identified as outliers.  The rest of the

data is homogeneous, within two standard deviations of the distribution mean. Z-score

values are below 2.0 showing good performances by the laboratories (Fig. 18). The

median, given as the recommended value is 0.12 Bq kg
-1

 dw (95% confidence interval is

(0.113 – 0.125) Bq kg
-1

 dw). 

7.1.4.
241

Am

Thirty-four results (13 obtained by gamma-spectrometry and 21 by alpha-

spectrometry) were reported in which twenty-two (8 for gamma results and 14 for alpha

results) were available for statistical treatment (Table VII, Fig. 5). Six laboratories

reported detection limits only. Five alpha-spectrometry results and one gamma-

spectrometry result did not pass the outlier test.  The rest fall less than 2.2 standard 

deviations from the distribution mean. The data evaluation was separately done for

gamma-spectrometry results and alpha-spectrometry results, but only alpha-

spectrometry results were used for certification process due to too high analytical 

uncertainties in gamma-spectrometry. The Z-score values are below 2.2 (Fig. 19). The 

median, given as the recommended value, is 0.196 Bq kg
-1

 dw (95% confidence interval 

is (0.189 – 0.199) Bq kg
-1

 dw). 

7.2.  NATURAL RADIONUCLIDES

Results of analysis of 
40

K,
232

Th,
 234

U,
 235

U,
238

U,
 226

Ra,
210

Pb(
210

Po) in IAEA-

414 fish samples as supplied by participants are presented in Annex I, Tables VIII to 

XIV and in Annex II, Figures 6 to 12. Laboratory averages were calculated when 

necessary from individual results and are given as weighted means with corresponding 

standard deviations. The evaluation of the full data set consisted of identifying and 

eliminating outlying values, then calculating the median and the confidence intervals
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(95% significance level). The performance of laboratories expressed by Z-scores is 

presented in Annex III, Figures 20 to 26. 

7.2.1.
40

K

Data were reported from 73 laboratories (Table VIII, Fig. 6). One laboratory 

reported a detection limit only, and five results did not pass the outlier test. These 

laboratories might have problems with the correct estimation of their background under 

the
40

K photopeak. The remaining data show reasonable homogeneity.  Z-score values of 

accepted data are below 2.2, showing reasonable performances by the laboratories (Fig. 

20). The median, given as the information value, is 480 Bq kg
-1

 dw (95% confidence 

interval is (461 – 498) Bq kg
-1

dw).

7.2.2.
232

Th

From 11 reported laboratory means, only 6 results were accepted in the

evaluation, 5 results did not pass the outlier test (Table IX, Fig. 7). Three laboratories 

reported detection limits only. The data were homogeneous within two standard 

deviations of the distribution mean. Both non-destructive gamma-spectrometry and 

alpha-spectrometry techniques were used, but only the results obtained by alpha-

spectrometry technique have shown good results.  The Z-score values (Fig. 21) are 

below 1.6.  The median, given as the information value is 0.029 Bq kg
-1

 dw (95%

confidence interval is (0.025 – 0.031) Bq kg
-1

dw).

7.2.3.  Uranium isotopes 

234
U

From 23 reported laboratory means, 7 results did not pass the outlier test (Table 

X, Fig. 8).  Mostly total dissolution followed by alpha-spectrometry, with the exception 

of 3 results obtained by ICPMS, was used in the analysis.  The Z-score values were 

below 2.3 showing good performances by the laboratories (Fig. 22).  The median, given 

as the information value is 1.22 Bq kg
-1

 dw (95% confidence interval is (1.14 – 1.27) Bq 

kg
-1

dw).
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235
U

Eighteen results were reported (Table XI, Fig. 9) using alpha-spectrometry and 

ICPMS with chemical purification and enrichment of uranium beforehand. One result 

was obtained by delayed neutron measurement. Almost all results obtained by gamma

spectrometry were reported as detection limits only or as outlying values. The difficulty 

dealing with gamma-spectrometry measurements was principally due to interference of 

226
Ra. In 17 results obtained by alpha spectrometry, only one did not pass the outlier test. 

Two of three results obtained by using ICPMS technique fell in the confidence interval

range (95%). The Z-score values (Fig. 23) are below 2.  The median given as the

information value is 0.05 Bq kg
-1

 dw (95% confidence interval is (0.045 – 0.058) Bq kg
-

1
dw).

238
U

Twenty-seven results were reported (Table XII, Fig. 10) using gamma-

spectrometry, alpha-spectrometry and ICPMS. Most results obtained by gamma-

spectrometry were reported as detection limits only or as outlying values. Twenty

laboratories reported results obtained by alpha-spectrometry (14 were accepted). Two of 

three results obtained by ICPMS technique were in confidence interval range (95%).

The Z-score values (Fig. 24) are below 1.8, showing very good performances by the

laboratories.

The median gives the information value is 1.112 Bq kg
-1

 dw (95% confidence 

interval is (1.065 – 1.170) Bq kg
-1

dw).

7.2.4.
226

Ra

Eighteen laboratory means (13 accepted) mostly obtained by gamma-

spectrometry were reported (Table XIII, Fig. 11). Several laboratories overestimated the

226
Ra concentrations due to an improper calibration, a background estimation and 

possible interferences in gamma-spectra at 186 keV energy from
235

U. Ten laboratories, 

which reported detection limits only, used gamma-spectrometry techniques. The Z-score 

values of accepted data (Fig. 25) are below 1.7. The median given as the information

value is 1.40 Bq kg
-1

 dw (95% confidence interval is (0.59 – 1.76) Bq kg
-1

dw).
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7.2.5.
210

Pb(
210

Po)

Twenty-seven laboratory means were reported for 
210

Pb and 
210

Po (Table XIV, 

Fig. 12).  Mostly gamma-spectrometry and alpha-spectrometry (
210

Po in-growth) were 

used for 
210

Pb. Eight laboratories reported gamma-spectrometry results as outlying

values or detection limits only. This showed evidently the difficulty dealing with low

energy gamma-rays due to self-absorption problems and the energy and efficiency

calibration. The Z-score values (Fig. 26) for 
210

Pb&
210

Po are below 1.9. The symmetry

of Z-scores showed the good performance of laboratories. The median given as the 

information values is 2.22 Bq kg
-1

 dw (95% confidence interval (1.55 – 2.60) Bq kg
-

1
dw).

Taking into account the time elapsed between collection and analysis of the 

samples, it seems reasonable to assume that 
210

Pb and 
210

Po are in secular equilibrium.

7.3.  ISOTOPE RATIOS 

238
Pu/

239+240
Pu activity ratios are shown in Table XV and Fig. 13.  The weighted 

mean value is 0.193  0.006 (higher than a global fallout value 0.028) documenting that 

plutonium found in IAEA-414 sample is significantly contaminated by nuclear 

discharges from the Sellafield reprocessing plant. 

241
Am/

239+240
Pu activity ratios are shown in Table XV and Fig. 14.  The weighted 

mean value is 1.59  0.05, much higher than the global fallout ratio (0.37) due to the 

enhanced concentration of 
241

Am in the fish sample.

240
Pu/

239
Pu atom ratios from 5 different measurements made by ICPMS and 

AMS are shown in Table XVI.  The weighted mean value is 0.21  0.01, that does not 

differ significantly from the global fallout ratio (0.18). 

234
U/

238
U and 

235
U/

238
U atom ratios are given in Table XVI. One result obtained 

by ICPMS gave a value of (5.8  0.3) 10
-5

 for 
234

U/
238

U and (7.1  0.2) 10
-3

 for 
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235
U/

238
U, respectively. These ratios are consistent with the values for natural uranium

atom ratios (5.64 10
-5

 for 
234

U/
238

U and 7.26 10
-3

 for 
235

U/
238

U).

7.4.  LESS FREQUENTLY REPORTED RADIONUCLIDES 

Results for the less frequently reported radionuclides (
60

Co,
99

Tc,
129

I,

228
Ra(

228
Ac),

228
Th,

230
Th,

237
Np,

239
Pu,

240
Pu,

 241
Pu) in IAEA-414 are given in Table 

XVII.

 60
Co

Eight laboratories reported results for 
60

Co, most of them are lower limit

detection or reported with very high statistic error, so we prefer to note them as LLD. 

 99
Tc

Using beta-counting with chemical pre-treatment beforehand, five laboratories 

reported
99

Tc results. Four values were rather homogenous (from 5.5 to 7.9 Bq kg
-1

 dw),

one laboratory submitted an outlying results.

 129
I

Three laboratories reported 
129

I values, determined by ICPMS in the range from

0.008 to 0.012 Bq kg
-1

 dw. 

228
Ra(

228
Ac)

Two laboratories reported results (9.2  1.8) and (2.0  0.3) Bq kg
-1

 dw for 
228

Ra

and one laboratory reported results (2.0  0.3) Bq kg
-1

 dw for 
228

Ac, respectively. All 

other laboratories reported detection limits only 
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 228
Th

Five laboratories reported consistent 
228

Th results obtained by alpha-

spectrometry (from 0.17 to 0.22 Bq kg
-1

dw).

 230
Th

Seven laboratories reported 
230

Th results with two different ranges, one of low 

values (0.037 to 0.06 Bq kg
-1

dw), the other in higher values (0.5 to 1.95 Bq kg
-1

dw).

Two other laboratories reported LLD (below 0.04 Bq.kg
-1

 dw).

237
Np

Two results obtained by alpha and gamma-spectrometry, ranging from 0.32 to 

1.5 Bq kg
-1

 dw were reported. Two other laboratories reported detection limits (below

0.4 Bq.kg
-1

 dw)

239
Pu&

240
Pu

Four laboratories reported 
239

Pu and 
240

Pu results obtained by ICPMS. The 

results obtained by ICPMS method are rather homogenous (0.064 to 0.082 Bq kg
-1

 dw) 

for
239

Pu and (0.047 to 0.065 Bq kg
-1

 dw) for 
240

Pu, respectively

241
Pu

Four results were reported (from 1.33 to 4.5 Bq kg
-1

 dw) obtained by beta-

spectrometry, alpha-spectrometry of the 
241

Am daughter, or ICPMS analysis. 9 

individual results obtained by ICPMS are on the higher side of the data set (in 

comparison with the results obtained by other methods in the same laboratory). 
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8. CONCLUSIONS

In this world-wide intercomparison exercise, using mixed fish from the Irish Sea 

and the North Sea (IAEA-414), data on natural and anthropogenic radionuclide 

concentration measurements have been reported from 90 laboratories world-wide. The

median activities for the sets of accepted values were chosen as the most reliable 

estimates of the true values and were given as recommended values and information

values.

A summary of the recommended values and information values with confidence 

intervals for the most frequently reported anthropogenic and natural radionuclides is 

given in Table XVIII. 

The certification procedure for IAEA-414 will be completed when all analyses 

from expert laboratories are evaluated.  It is expected that IAEA-414 will be released as 

an IAEA Reference Material for radionuclides in the marine environment.
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TABLE I. HOMOGENEITY TESTS(*) FOR TRANSURANICS IN IAEA-414.

No. of sample 241Am
238Pu 239+240Pu

1 0.92 0.84 0.90

2 0.93 0.92 0.95

3 0.94 0.93 0.95

4 0.96 0.97 0.96

5 0.98 0.98 0.96

6 0.99 0.98 0.97

7 1.00 1.00 0.99

8 1.02 1.04 1.02

9 1.03 1.06 1.05

10 1.08 1.10 1.09

11 1.15 1.16 1.17

12 1.04 1.04 0.96

13 1.00 0.82 0.99

14 1.06 1.15 1.07

15 1.04 1.05 0.95

16 1.07 1.05 1.11

17 0.92 0.94 0.93

18 0.88 0.94 0.99

19 1.05 0.90 0.98

20 0.99 0.94 0.91

21 0.97 0.90 0.97

22 1.00 1.17 1.00

23 1.01 1.20 1.07

24 0.98 0.90 1.07

Minimum 0.88 0.82 0.90

Maximum 1.15 1.20 1.17

Mean 1.00 1.00 1.00

Median 1.00 0.98 0.99

Standard dev 0.06 0.1 0.07

Coef. var. (%) 6 10 7

(*) =x/X (individual/mean values): initially expressed in this manner to assure confidentiality of results
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TABLE II. HOMOGENEITY TESTS(*) FOR SOME ANTHROPOGENIC AND NATURAL

 RADIONUCLIDES IN IAEA-414.

No. of sample 137Cs
210Po 238U

1 0.70 0.66 0.99 0.89

2 0.90 0.81 1.01 0.90

3 0.92 0.81 1.05 0.90

4 0.92 0.87 1.06 0.91

5 0.99 0.87 1.06 0.92

6 1.00 0.89 1.08 0.92

7 1.01 0.89 1.08 0.93

8 1.02 0.91 1.09 0.99

9 1.04 0.91 1.14 0.99

10 1.04 0.96 1.17 0.99

11 1.06 0.96 1.18 1.01

12 1.06 0.97 1.20 1.01

13 1.07 0.97 1.23 1.03

14 1.08 0.98 1.25 1.03

15 1.09 0.98 1.05

16 1.09 0.98 1.08

17 1.22

18 1.23

Minimum 0.70 0.66 0.89

Maximum 1.09 1.25 1.23

Mean 1.00 1.00 1.00

Median 1.03 0.98 0.99

Standard dev 0.10 0.13 0.098

Coef. var. (%) 10 13 10

(* )=x/X (individual/mean values): initially expressed in this manner to assure confidentiality of results
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TABLE III.  RADIONUCLIDES REPORTED FOR IAEA-414.

Radionuclides Number of all results Radionuclides Number of all results

40K 228(3*)
234U 65

60Co (35)
235U 89(18)

90Sr 55(30)
238U 92(19)

99Tc 8
237Np 9(4)

129I 26(9)
238Pu 83(4)

137Cs 240(1)
239Pu 27

210Pb(210Po) 107(17)
240Pu 27

226Ra 76(19)
239+240Pu 124(1)

228Ra(228Ac) 39(36)
241Pu 24

228Th 37(13)
241Am 94(10)

230Th 24(3)
243Am 2(2)

232Th 32(5)
243Cm (1)

232U 2
244Cm (1)

*) "Less than" values are shown in parenthesis.
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TABLE IV. RESULTS# FOR 90Sr IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Lab Method No. of Weight 90Sr

Code Code Results  (g)

1 B7 2 10 14.8 ± 3.7*

2 B17 2 30; 45 <0.5

14 B17 2 48 <0.4

15 B17 2 10 0.14 ± 0.01

19 B17 2 20 2.3 ± 1.0*

21 B18 2 29.30; 29.82 <0.4

23 B17 2 44.03; 46.2 <0.1

26 B15 1 40 <0.5

27 B11 2 30 <0.25

29 B17 2 21.93 <0.3

40 B18 2 10.07 <2.6

41 B17 2 28.42 6.2 ± 1.1*

42 B19 2 19; 20 < 0.15

53 B14 2 24 <0.12

54 B17 2 6 1.25 ± 0.14*

64 B20 2 10 <0.4

68 B5 2 41.2; 43.5 <0.3

71A B7 4 50 0.159 ± 0.014

71B B7 1 100 0.08 ± 0.04

74 B21 2 30 0.54 0.22

75 B 2 75.1 0.44 0.07

78 B15 2 30.45; 37.45 <0.2

79 B 2 35 0.103 0.025

82 B7 2 46 <0.3

83 B21 2 40 <0.4

85 B7 1 24.662 <0.6

87 B 2 100 0.6 0.2

88 B5 2 20; 40 0.40 0.17

Number of reported lab. Means 12

Number of accepted lab. Means 8

Median 0.28

Confidence interval (  = 0.05) 0.10 – 0.54

# Uncertainties at 2

* Results rejected by the test for outliers
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 TABLE V.  RESULTS# FOR 137Cs IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Lab Method No. of Weight 137Cs

Code code Results  (g)

1 G1 3 20 7.4 ± 1.9*

2 G1 2 30; 45 4.9 ± 0.5

3 G1 2 62.5 5.5 ± 0.5

4 G1 2 28.39 4.33 ± 0.43

5 G1 2 246.5 5.45 ± 0.21

6 G1 5 90.7 5.22 ± 0.31

7 G1 2 32.46 5.7 ± 1.5

8 G1 2 45 5.14 ± 0.44

9 G1 1 68.85 4.8 ± 0.2

10 G1 2 69.8 6.8 ± 1.0*

11 G1 2 28.2 5.7 ± 0.6

12 G1 2 25.7; 69.1 5.6 ± 1.0

13 G1 2 38; 57 5.05 ± 0.42

14 G1 4 96.71 4.95 ± 0.14

15 G1 2 10 225 ± 16*

16 G1 2 96.7; 99.3 5.17 ± 0.26

17 G1 2 30.67 6.0 ± 0.9

19 G1 1 20 5.4 ± 1.4

21 G1 1 97.635 <0.5

22 G1 2 96.81 5.6 ± 0.4

23 G1 3 44-76.4 6.5 ± 0.8*

24 G1 2 22.24; 22.45 5.3 ± 0.6

25 G1 2 31.3145 5.34 ± 0.40

26 G1 3 56.3 5.4 ± 0.7

27 G1 2 20-24 7.9 ± 1.3*

28 G1 2 14.55; 15.89 4.9 ± 0.4

29 G1 2 44.59 4.6 ± 0.5

30 G1 4 58.5 5.5 ± 0.4

31 G1 1 2.79 16.3 ± 2.4*

32 G1 1 98 5.4 ± 1.3

33 G1 1 64.2 2.4 ± 0.2*

34 G1 4 93.4 5.2 ± 0.3

35 G1 2 14.92; 14.95 7.6*

36 G1 4 22.66 4.85 ± 0.42

37 G1 2 83.386 5.00 ± 0.17

38 G1 4 38 4.4 ± 0.7

39 G1 2 25.0 5.0 ± 1.6

41 G1 2 22.24 5.49 ± 0.43

42 G1 2 29.7 6.2 ± 1.0

43 G1 2 32.4; 33.7 7.2 ± 1.4*

44 G1 2 88.44 4.9 ± 0.7

45 G1 13 41.42-43.38 4.7 ± 0.7

46 G1 2 109 6.16 ± 0.29

47 G1 2 2.334 6.2 ± 0.1

48 G1 3 23.78-24.9 6.03 ± 0.32

49 G1 2 42.85; 44.26 5.0 ± 0.7

51 G1 2 97.98; 98.11 4.47 ± 0.36

52 G1 5 71.45 5.21 ± 0.37

53 G1 9 62.15-62.18 5.04 ± 0.23

55 G1 2 15.4; 25.5 5.80 ± 0.32

56 G1 2 27.6 6.7 ± 0.6*

57 G1 2 28; 30 4.22 ± 0.47
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TABLE V (cont'd). RESULTS#  FOR 137Cs IN IAEA-414.

  (Reference date: 1 Jan uary 1997, unit: Bq kg-1 dry weight)

Lab Method No. of Weight 137Cs

code code results (g)

58 G1 7 97.56 5.58 ± 0.38

60 G1 4 66.74 5.1 ± 1.6

61 G1 3 34.72-36.8 4.83 ± 0.47

62 G1 3 35.24 7.5 ± 1.2*

63 G1 2 27.88; 31.39 3.95 ± 1.33*

64 G1 2 27.13; 38.41 6.4 ± 0.6*

65 G1 3 24.58 5.14 ± 0.41

66 G1 2 41.4; 102.4 5.0 ± 1.0

67A G1 2 14.3 3.9 ± 1.2*

67B G1 2 14.3 2.7 ± 1.2*

68 G1 2 42.2; 43.5 5.8 ± 0.8

69 G1 2 100 3.28 ± 0.42*

70 G1 1 37.5 5.1 ± 0.7

71A G1 16 30 5.07 ± 0.13

71B G2 2 10 4.47 ± 0.50

72 G1 2 25 5.26 ± 0.40

73 G1 3 14.3 4.3 ± 1.2

74A G1 3 61.31-68.23 4.9 ± 0.5

74B B16 2 30 5.0 ± 0.8

75 G1 4 32.05-33.57 6.04 ± 0.18

76 G1 5 37-93 6.1 ± 0.5

77 G1 16 96.4-96.8 5.21 ± 0.12

78 G1 2 16.9; 72.1 4.75 ± 0.21

79 G1 4 11-95 5.27 ± 0.43

81 G1 2 50 4.4 ± 0.9

82 G1 2 102 19.9 ± 2.7*

83 G1 1 150.6 6.5 ± 0.2*

85 G1 2 70.6 5.1 ± 0.8

87 G1 3 100 3.32 ± 0.33*

Number of reported lab. Means 80

Number of accepted lab. Means 61

Median 5.14

Confidence interval (  = 0.05) 5.00– 5.27

# Uncertainties at 2

* Results rejected by the test for outliers
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TABLE VI. RESULTS FOR Pu AND Pu IN IAEA-414.# 238 239+240

-1(Reference date: 1 January 1997; unit : Bq kg  dry weight)

Lab. Method No. of Weight 238Pu 239+240Pu

Code results (g)

1 A25 2 10 0.54 ± 0.22*

2 A2 1 30 0.07 ± 0.01* 0.29 ± 0.02*

3 A10 2 10; 10.3 0.144 ± 0.013

9 A 1 10 <0.04 0.134 ± 0.024

9 M3 1 0.121 ± 0.035

15 A2 2 10 0.027

17 A2 2 10; 20 0.032 ± 0.008* 0.139 ± 0.018

20 A2 6 - 0.021 ± 0.004 0.113 ± 0.008

21 A2 2 29; 30 0.025 ± 0.014 0.39 ± 0.06*

23 A2 2 44; 46 0.119 ± 0.033

25 A2 4 3-3.139 0.108 ± 0.025

26 A23 1 10 <0.05 <0.05

27 A23 2 15 0.012 ± 0.002* 0.11 ± 0.01

29 A2 2 21.93 0.023 ± 0.011 0.125 ± 0.026

30 A 3 11.5-11.7 0.115 ± 0.015

31 A15 2 26.4; 29 0.54 ± 0.30* 0.154 ± 0.039*

31 A15 1 29 <0.25

40 A2 3 3 0.20 ± 0.02*

42 A2 2 22 0.11 ± 0.02

49 A12 2 42; 44 0.02 ± 0.01 0.114 ± 0.019

49 A12 1 42.79 <0.03

50 A11 2 4.8; 4.86 0.066 ± 0.016* 0.07 ± 0.02*

53 A15 2 49; 53 0.021 ± 0.004 0.105 ± 0.010

55 A2 2 10; 20 0.103 ± 0.007

68 A2 2 42; 43 0.028 ± 0.003 0.143 ± 0.008

70 A2 2 15 0.11 ± 0.03* 0.17 ± 0.02*

71A A2 13 20 0.022 ± 0.001 0.122 ± 0.004

71B M1 14 10 0.111 ± 0.003

71C M7 3 10 0.146 ± 0.015

71D A22 5 10 0.023 ± 0.001 0.115 ± 0.003

72 A13 3 50 0.023 ± 0.002 0.123 0.006

73 A 2 2.7 0.05 ± 0.03* 0.08 ± 0.03*

74 A2 2 20 0.023 ± 0.008 0.145 ± 0.019

75 A 2 14 0.027 ± 0.004 0.134 ± 0.009

76 A2 3 50 0.025 ± 0.007 0.107 ± 0.012

77 A19 3 32-33 0.022 ± 0.002 0.121 ± 0.005

78 A2 2 30; 37 0.025 ± 0.002 0.108 ± 0.005

79 A 4 10 0.022 ± 0.002 0.125 ± 0.013

80 A2 3 25 0.046 ± 0.003* 0.125 ± 0.008

83 A2 2 40 0.03 ± 0.003* 0.120 ± 0.009

84A A2 3 5 0.04 ± 0.01* 0.12 ± 0.02

84B M3 2 10 0.13 ± 0.01

85 A2 1 24.662 0.022 ± 0.011 0.136 ± 0.022

88 A2 2 20; 40 0.025 ± 0.007 0.16 ± 0.02*

90 M3 5 10 0.116 ± 0.022

Number of reported lab. Means 28 41

Number of accepted lab. Means 18 32

Median 0.023 0.120

Confidence interval (  = 0.05) 0.022 – 0.025 0.113 – 0.125

# Uncertainties at 2 ; * Results rejected by the test for outliers
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TABLE VII.  RESULTS# FOR 241Am IN IAEA-414.

(Reference date: 1 January 1997; unit : Bq kg-1 dry weight)

Lab Method No. of Weight 241Am 241Am

Code code Results (g) (gamma) (alpha)

1 A25 2 10 <0.1

5 G1 2 246.5 0.26 ± 0.03

7 G1 2 32.46 <1

9 G1 1 68.85 0.28 ± 0.21

12 G1 2 25.7; 69.1 0.6 ± 0.3*

15 A2 2 10 0.02*

16 G1 2 96.7; 99.3 0.29 ± 0.18

20 A2 2 - 0.194 ± 0.022

22 G1 2 96.81 0.25 ± 0.08

26 A23 1 10 <0.5

27 A23 2 15 0.196 ± 0.007

29 A15 2 21.93 0.19 ± 0.02

31 A27 1 26.4 0.57 ± 0.17*

34 G1 3 93.4 0.24 ± 0.05

37 G1 2 83.386 0.22 ± 0.08

44 G1 2 88.4 <0.6

49 A12 2 42; 44 0.16 ± 0.03

50 A11 2 4.8; 4.86 0.062 ± 0.013*

53 A15 2 49; 53 0.20 ± 0.03

62 G1 3 35.24

68 A2 2 42; 43 <2 0.233 ± 0.013

70 G1 1 37.5 <2

71A A2 13 20 0.20 ± 0.01

71D A22 5 10 0.189 ± 0.002

71C G1 11 30 0.25 ± 0.01

72 A13 3 50 0.197 ± 0.012

74 A2 2 20 0.185 ± 0.012

75 G1 4 32; 33 0.38 ± 0.13

76 A2 2 50 0.180 ± 0.014

77 A19 3 32; 33 0.194 ± 0.008

78 A2 1 37.45 0.30 ± 0.03*

79 A 4 10 0.20 ± 0.02

83 A2 3 20-40 0.20 ± 0.01

85 A2 1 24.662 0.39 ± 0.06*

Number of reported lab. Means 9 19

Number of accepted lab. Means 8 14

Median 0.26 0.196

Confidence interval (  = 0.05) 0.24 – 0.29 0.189 – 0.199

# Uncertainties at 2

* Results rejected by the test for outliers
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TABLE VIII.  RESULTS# FOR 40K IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Lab Method No. of Weight 40K

Code code Results (g)

1 G1 3 20 <115

2 G1 2 30; 45 580 ± 100

3 G1 2 62.5 507 ± 20

4 G1 2 28.39 509 ± 14

5 G1 2 246.5 508 ± 20

6 G1 5 90.7 427 ± 4

7 G1 2 32.46 480 ± 50

8 G1 2 45 494 ± 24

9 G1 1 68.85 398 ± 18

10 G1 2 69.8 454 ± 20

11 G1 2 28.2 463 ± 20

12 G1 2 25.7; 69.1 514 ± 24

13 G1 2 38; 57 453 ± 13

14 G1 4 96.71 558 ± 4

16 G1 2 96.7; 99.3 486 ± 21

17 G1 2 30.67 537 ± 38

19 G1 2 15.382; 16.735 395 ± 100

21 G1 1 97.635 326 ± 25*

22 G1 2 96.81 527 ± 26

23 G1 3 44-76.4 470 ± 30

24 G1 2 22.24; 22.45 430 ± 25

25 G1 2 31.3145 558 ± 16

26 G1 3 56.3 420 ± 34

27 G1 2 20; 24 593 ± 45

28 G1 2 14.55; 15.89 465 ± 21

29 G1 2 44.59 405 ± 10

30 G1 4 58.5 480 ± 50

31 G1 1 2.79 528 ± 20

34 G1 4 93.4 453 ± 18

35 G1 2 14.92; 14.95 690*

36 G1 4 22.66 444 ± 40

37 G1 2 83.386 434 ± 17

38 G1 4 38 700 ± 120*

39 G1 2 25.0 381 ± 37

41 G1 2 22.24 501 ± 18

42 G1 2 29.7 517 ± 58

43 G1 2 32.4; 33.7 532 ± 33

44 G1 2 88.44 490 ± 57

45 G1 13 41.42-43.38 470 ± 20

46 G1 2 109 465 ± 10

47 G1 2 2.334 484 ± 15

48 G1 3 23.78-24.9 484 ± 41

49 G1 2 42.85; 44.26 440 ± 16

51 G1 2 97.98; 98.11 449 ± 17

52 G1 5 71.45 442 ± 16

53 G1 9 62.15-62.18 504 ± 13

56 G1 2 27.6 454 ± 17

57 G1 2 28; 50 432 ± 30

58 G1 7 97.56 510 ± 20

59 G1 2 21.61 580 ± 100

60 G1 4 66.74 493 ± 15

61 G1 3 34.72-36.8 483 ± 33
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TABLE VIII (cont’d). RESULTS#  FOR 40K IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Lab Method No. of Weight 40K

Code code Results (g)

62 G1 3 35.24 498 ± 67

63 G1 2 27.88; 31.39 400 ± 35

64 G1 2 27.13; 38.41 540 ± 35

65 G1 3 24.58 461 ± 32

66 G1 2 41.4; 102.4 504 ± 81

67 G1 4 14.3 507 ± 37

68 G1 2 42.2; 43.5 552 ± 43

69 G1 2 100 368 ± 32

70 G1 1 37.5 522 ± 26

71 G1 16 30 480 ± 10

72 G1 2 25 426 ± 12

74 G1 3 61.31-68.23 460 ± 20

75 G1 4 32.05-33.57 498 ± 15

76 G1 5 37-93 609 41*

77 G1 16 96.4-96.8 453 9

78 G1 2 16.9; 72.1 436 25

79 G1 4 11-95 507 51

82 G1 2 102 382 44

83 G1 1 150.6 510 30

85 G1 2 70.6 479 24

87 G1 3 100 353 35*

Number of reported lab. Means 72

Number of accepted lab. Means 67

Median 480

Confidence interval (  = 0.05) 461 – 498

# Uncertainties at 2

* Results rejected by the test for outliers
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TABLE IX. RESULTS# FOR 232Th IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Lab Method No. of Weight 232Th

code code results (g)

1 G1 1 20 <0.6

3 A18 2 10.1; 10.2 0.025 ± 0.005

5 G1 2 246.5 <1.0

10 G1 2 69.8 1.85 ± 1.03*

22 G1 2 96.81 <20

45 A 1 1.56 0.9 ± 0.6*

50 A11 1 4.8 0.031 ± 0.015

57 G1 1 28 1.45 ± 1.03*

71 A22 8 10 0.044 ± 0.002*

72 A10 2 14.96; 15.06 0.030 ± 0.004

74 A10 2 5 0.026 ± 0.012

76 A2 2 50 0.030 ± 0.014

79 A 4 10 0.029 ± 0.003

81 G1 2 50 2.7 ± 1.1*

Number of reported lab. Means 11

Number of accepted lab. Means 6

Median 0.029

Confidence interval (  = 0.05) 0.025 – 0.031

# Uncertainties at 2

* Results rejected by the test for outliers
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TABLE X.  RESULTS# FOR 234U IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Lab Method No. of Weight 234U

code code results (g)

1 A26 2 5 1.4 ± 0.3

3 A18 2 10 1.27 ± 0.08

9 M3 1 9.55 1.14 ± 0.09

15 A2 2 10 0.02*

23 A2 1 46.2 0.04 ± 0.02*

25 A22 5 3.0-3.6 1.45 ± 0.07

26 A23 3 1 3.5 ± 0.3*

29 M5 2 7.31 0.97 ± 0.16

31 A27 2 26.4; 29 1.14 ± 0.09

40 A2 3 1.0 3.8 ± 0.2*

45 A 1 1.56 2.6 ± 0.6*

49 A23 2 42; 44 0.25 ± 0.04*

50 A11 2 4.82; 4.86 0.82 ± 0.07

68 A22 2 42.1; 43.5 1.16 ± 0.05

71B M1 3 10 1.24 ± 0.02

71C A22 16 10 1.23 ± 0.02

72 A18 2 14.8; 14.93 1.15 0.07

74 A18 2 5 1.20 0.14

75 A 2 4.243; 6.277 1.32 0.05

78 A14 2 7.6 2.15 0.07*

79 A 4 10 1.26 0.13

80 A2 3 25 1.06 0.04

85 A22 1 24.662 1.28 0.09

Number of reported lab. Means 23

Number of accepted lab. Means 16

Median 1.22

Confidence interval (  = 0.05) 1.14– 1.27

# Uncertainties at 2

* Results rejected by the test for outliers
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TABLE XI. RESULTS# FOR 235U IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Lab Method No. of Weight 235U

code Code Results (g)

1 DNC 2 0.2 0.065 ± 0.019

1 A26 2 5 <0.1

3 A18 2 10 0.062 ± 0.016

9 M3 1 9.55 0.050 ± 0.002

14 G1 4 96.71 3.86 ± 0.14*

15 A2 2 10 0.029 ± 0.006

25 A22 5 3.0-3.6 0.07 ± 0.02

26 A23 3 1 <0.1

29 M5 2 3.66 0.036 ± 0.002

31 A27 1 26.4 0.05 ± 0.04

38 G1 4 38 <2.0

44 G1 2 88.44 <0.2

50 A11 2 4.82; 4.86 <0.04

57 G1 2 28; 50 <1

62 G1 3 35.24 <24

68 A22 2 42.1; 43.5 0.042 ± 0.005

71A A22 2 10 0.045 ± 0.005

71B M2 3 10 0.052 ± 0.001

71C A22 18 10 0.0525 ± 0.0004

71D G1 16 30 0.045 0.002

72 A18 2 14.8; 14.93 0.038 ± 0.008

74 A18 2 5 0.051 ± 0.020

75 A 2 4.243; 6.277 0.086 ± 0.015

79 A 4 10 0.046 ± 0.004

85 A22 1 24.662 0.058 ± 0.012

Number of reported lab. Means 18

Number of accepted lab. Means 17

Median 0.050

Confidence interval (  = 0.05) 0.045 – 0.058

# Uncertainties at 2

* Results rejected by the test for outliers
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 TABLE XII. RESULTS FOR U IN IAEA-414.# 238

(Reference date: 1 January 1997, unit: Bq kg  dry weight)-1

238Lab Method No. of Weight U

code Code results (g)

1 DNC 2 0.2 1.4 ± 0.3

1 A26 2 5 1.4 ± 0.4

3 A18 2 10 1.15 ± 0.08

5 G1 2 246.5 <2.0

9 M3 1 9.55 1.07 ± 0.05

10 G1 2 26.2 21.0 ± 5.2*

15 A2 2 10 0.026*

23 A2 1 46.2 0.05 ± 0.02*

25 A22 5 3.0-3.6 1.33 ± 0.06

26 A23 3 1 2.8 ± 0.4*

29 M5 2 7.31 0.94 ± 0.02

31 A27 2 26.4; 29 0.85 ± 0.06

38 G1 1 38 0.9 ± 0.4

45 A 1 1.56 3.5 ± 0.8*

45 G1 41-44 <3

49 A23 2 42; 44 0.14 ± 0.03*

50 A11 2 4.82; 4.86 0.82 ± 0.08

57 G1 2 28; 50 <19

66 G1 2 41; 102 <34

68 A22 2 42.1; 43.5 1.07 ± 0.05

71A A22 2 10 1.10 ± 0.05

71B M2 3 10 1.112 ± 0.020

71C A22 18 10 1.12 ± 0.01

72 A18 2 14.8; 14.93 1.07 ± 0.07

74 A18 2 5 1.15 ± 0.15

75 A 2 4.243; 6.277 1.19 ± 0.04

78 A14 2 7.6 1.95 ± 0.07*

79 A 4 10 1.17 ± 0.12

80 A2 3 25 1.02 ± 0.03

81 G1 2 50 17.8 ± 7.7*

85 A22 1 24.662 1.22 ± 0.09

Number of reported lab. Means 27

Number of accepted lab. Means 19

Median 1.112

Confidence interval (  = 0.05) 1.065 – 1.170

13

# Uncertainties at 2

* Results rejected by the test for outliers
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TABLE XIII.  RESULTS# FOR 226Ra IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Lab Metho

d

No. of Weight 226Ra

Code Code results (g)

1 G1 2 20 <15

1 A28 2 1 5.0 ± 1.3*

3 G1 2 62.5 <3

4 G1 2 28.39 <0.1

5 G1 2 246.5 0.59 ± 0.06

6 G1 5 90.7 7.7 ± 0.5*

9 G1 1 68.85 <2

10 G1 2 69.8 <6

21 B25 2 29; 30 <0.1

22 G1 2 96.81 <2

25 A2 4 3.1-3.6 1.48 ± 0.14

25 G1 2 31.31 1.8 ± 0.5

32 G1 1 98 0.6 ± 0.4

34 G1 2 93.4 0.38 ± 0.15

37 G1 2 83.386 0.54 ± 0.24

38 G1 4 0.0383 12.1 ± 1.3*

40 A29 3 1.0 1.6 ± 0.7

44 G1 2 88.44 <0.2

45 G1 5 41-43 1.0 ± 0.5

56 G1 2 27.6 <2

57 G1 1 28 10 ± 6*

64 G1 1 38.41 1.3 ± 0.5

69 G1 2 100 1.76 ± 0.20

71 G1 14 30 1.40 ± 0.35

72 A30 2 14; 15 1.5 ± 0.4

74 A28 2 5 <0.6

81 G1 2 50 12 ± 6*

87 G1 3 100 2.6 ± 0.3

Number of reported lab. Means 18

Number of accepted lab. Means 13

Median 1.40

Confidence interval (  = 0.05) 0.59 – 1.76

# Uncertainties at 2

* Results rejected by the test for outliers

41



 TABLE XIV.  RESULTS# FOR 210Pb(210Po) IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Lab code Method

code

No. of 

results

Weight

(g)

210Pb(210Po)

1 A13 3 1 3.3 ± 1.0

3A A13 2 1.33; 1.36 12 ± 1*

3B A13 2 1.33; 1.36 11 ± 1*

5 G1 2 246.5 <3

9 G1 1 68.85 <5

10 G1 2 69.8 <15

16 G1 2 96.7; 99.3 5.1 ± 2.3*

19A A28 1 5.1638 9 ± 4*

19B A28 1 10 2.0 ± 0.7

20 A13 3 - 1.83 ± 0.04

22 G1 2 96.81 <3.6

25A A13 5 3.05-3.66 2.85 ± 0.12

25B A13 5 3.05-3.66 2.54 ± 0.11

34 G1 2 93.4 1.3 ± 0.9

37 G1 2 83.386 2.3 ± 0.9

40 A13 4 1.0-1.02 3.0 ± 0.1

44 G1 2 88.44 <170

47 G1 2 2.334 <10

50 A13 2 4.79; 4.86 0.76 ± 0.15

55A B24 2 17.5; 19.2 2.9 ± 0.5

55B A13 2 7.7; 8.8 2.44 ± 0.22

56 G1 2 27.6 6 ± 2*

62 G1 3 35 <25

64 G1 3 27-38 <1.6

68 A13 2 4.2; 9.6 2.9 ± 0.3

70 A13 2 1.5; 3.7 2.5 ± 0.2

71 A13 30 0.3 2.14 ± 0.07

72A A13 2 14.79; 14.89 1.35 ± 0.13

72B A13 2 14.79; 14.89 1.92 ± 0.11

74A B16 1 30 1.1 ± 0.9

74B A13 2 1 1.55 ± 0.25

79 A 6 3-10 2.77 ± 0.23

80 A13 4 25 1.61 ± 0.03

82 A 2 1.01; 1.06 0.65 ± 0.19

83 B22 2 40 2.6 ± 0.7

Number of reported lab. Means 27

Number of accepted lab. Means 22

Median 2.22

Confidence interval (  = 0.05) 1.55 – 2.60

# Uncertainties at 2

* Results rejected by the test for outliers
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TABLE. XV. RESULTS FOR 238Pu/239+240Pu AND 241Am/239+240Pu ACTIVITY RATIOS IN IAEA-414

Lab. 238Pu/239+240Pu 241Am/239+240Pu

Code

2 0.24 ± 0.04

17 0.23 ± 0.06

1.7

1.52

0.4

1.63

±

75

0.179 ± 0.6

0.022

0.177 0.026 0.2

83 0.25 ± 0.03

0.156

20 0.21 ± 0.03 ± 0.2

27 1.78 ± 0.17

29 0.18 ± 0.10 ± 0.37

49 0.18 ± 0.09 1.4 ±

68 0.196 ± 0.024 ± 0.13

71 0.180 ± 0.011 1.64 ± 0.10

72 0.187 ± 0.019 1.60 ± 0.12

74 0.16 0.06 1.28 ± 0.19

0.201 ± 0.033

76 0.23 ± 0.07 1.7 ± 0.2

77 0.015 1.6 ±

78 0.228 ±

79 ± 1.6 ±

1.67 ± 0.15

85 0.16 ± 0.08

88 ± 0.021

Weighted mean value 0.193 0.006 1.59 0.05
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TABLE XVI. OTHER LESS FREQUENTLY MEASURED ATOM RATIOS REPORTED IN IAEA-414

Isotope Lab. Method No. of Weight Atom ratios

code Code results (g)

240Pu/239Pu 9 M3

2.758

M3

M3

1 - 0.22 0.09
- 71B M1 14 10 0.21 0.01
- 71C M7 9 10 0.23 0.05
- 85 M3 1 0.191 0.016
- 90 5 10 0.19 0.05

234U/238U 9 M3 1 9.55 (5.8 0.3) 10-5

235U/238U 9 1 9.55 (7.1 0.2) 10-3

44



TABLE XVII. RESULTS# FOR THE LESS FREQUENTLY MEASURED RADIONUCLIDES

REPORTED IN IAEA-414.

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Isotope Lab. Method No. of Weight Activity

code Code results (g) (Bq kg-1)

60Co 26 G1 3 56.3 <2
- 32 G1 1 98 <0.6
- 33 G1 1 64.2 <1.3
- 36 G1 4 22.66 <1
- 57 G1 2 28; 50 <1
- 62 G1 3 35.24 <3
- 71 G1 11 60 <0.5
- 91 G1 10 102 <0.1

99Tc 2 B22 1 30 2.2 ± 0.8
- 68 B23 2 49.34; 49.84 6.55 ± 0.45
- 72 B22 2 10 5.5 ± 0.4
- 79 B 2 10

G1

22

- 25 G1 2 31.3145 <1.2

62

64

0.002

0.175

0.018

7.0 ± 1.0
- 84 B20 1 10 7.9 ± 2.6

129I 1 G1 1 6 <16
- 9 G1 1 68.85 <3.9
- 22 G1 2 96.81 <1.5
- 34 G1 2 93.4 <0.1
- 44 G1 2 88.44 <27
- 62 G1 3 35.24 <2
- 86 M8 6 1.086-1.099 0.0080 0.0002
- 89 M8 6 2.48 0.0090 0.0002
- 91 M8 3 8.1416 0.012 0.003

228Ra*(228Ac) 1 G1 1 20 <40

3 G1 2 62.5 <3

4 G1 2 28.39 2.0 ± 0.3

10 2 69.8 <2
- 21 B25 2 29; 30 <0.4
- G1 2 96.81 <2
- 24 G1 1 22.45 9.2 ± 1.8

- 34 G1 2 93.4 <0.2

44 G1 2 88.44 <0.5
- 45 G1 13 41.42-43.38 <0.4

56 G1 2 27.6 <1

G1 3 35.24 <22
- G1 3 27-38 <0.9

228Th* 1 G1, A26 3 2.5 - 20 <0.5
- 24 G1 1 22.45 14.0 2.7
- 38 G1 4 38 <17
- 47 G1 2 2.334 <5
- 50 A11 2 4.8; 4.82 <0.03
- 64 G1 2 27; 38 <0.8
- 71 A22 11 10 0.176
- 72 A10 2 14.96; 15.06 0.014
- 74 A10 2 5 0.22 0.03
- 76 A2 2 50 0.75 0.14
- 79 A 4 10 0.193
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TABLE XVII (cont’d). RESULTS#  FOR THE LESS FREQUENTLY MEASURED RADIONUCLIDES

REPORTED IN IAEA-414

(Reference date: 1 January 1997, unit: Bq kg-1 dry weight)

Isotope Lab. Method No. of Weight Activity

code Code results (g) (Bq kg-1)

230Th 1 G1, A26 3 2.5 - 20 1.95 0.48
- 3 A18 2

- 50 A11 2

A22 0.001
- 72 14.96; 15.06 0.008

1 5 <0.015

A

2

2

±

M7

20

B1

10.1; 10.2 0.50 0.03
- 45 A 1 1.56 1.3 0.6

4.8; 4.82 <0.04
- 71 8 10 0.060

A10 2 0.040
- 74 A10
- 74 A10 1 5 0.037 0.018
- 79 4 10 0.043 0.004

236U 9 M3 1 9.55 <1.2 10-4

237Np 1 A25 10 <0.4
- 31 A27 26.4; 29 0.32 0.06
- 44 G1 2 88.44 <0.3
- 71 G1 3 30 1.5 0.3

239Pu 9 M3 1 - 0.070 ± 0.025
- 71B M1 14 10 0.0640 ± 0.0003
- 71C M7 9 10 0.082 ± 0.001
- 84 M3 2 10 0.072 ± 0.006

240Pu 9 M3 1 - 0.051 0.024
- 71B M1 14 10 0.0470 ± 0.0003
- 71C 9 10 0.065 ± 0.003
- 84 M3 2 10 0.053 ± 0.004

241Pu 29 B26 2 21.93 4.5 ± 3.1
- 71B M1 9 2.916 ± 0.003
- 71E 8 20 1.95 ± 0.10
- 71F A2 5 20 1.33 ± 0.15

243Cm 26 A23 1 10 <0.5
243Am 44 G1 2 88.44 <0.2
244Cm 26 A23 1 10 <0.5

# Uncertainties at 2

* At the time of the measurement
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TABLE XVIII.  SUMMARY OF RECOMMENDED AND INFORMATION VALUES FOR IAEA-414

(Reference Date : 1 January 1997, unit: Bq kg-1 dry weight)

Radionuclide Median Confidence interval

(  = 0.05) 

Recommended value

137Cs 5.14 5.00-5.27
238Pu 0.023 0.022-0.025

239+240Pu 0.120 0.113-0.125
241Am* 0.196 0.189-0.199

Information value

40K 480 461-498
90Sr 0.28 0.10-0.54

210Pb(210Po#) 2.22 1.55-2.60
226Ra 1.40 0.59-1.76
232Th 0.029 0.025-0.031
234U 1.22 1.14-1.27
235U 0.050 0.045-0.058
238U 1.112 1.065-1.170

*
The values should be corrected for in-growth from 

241
Pu.

#
210

Po is in equilibrium with 
210

Pb at the time of measurement.
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ANNEX II 

Data evaluation - graphs 
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Fig. 1.  Data evaluation for 
90

Sr
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ANNEX III 

Z-Scores
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Fig.17. Z-score values of 
238

Pu

239+240
Pu

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

55 76 25 42 20 30 90 83 9 71A 29 80 9 85 68 74

Laboratories

Z
-S

c
o

re

Fig.18. Z-score values of 
239+240

Pu

65



241
Am

-3.00

-2.00

-1.00

0.00

1.00

2.00

3.00

49 76 74 71D 29 20 27 53 77 72 71A 83 79 68

Laboratories

Z
-S

c
o

re
 (

fo
r 

a
lp

h
a

 r
e

s
u

lt
s

 o
n

ly
)

Fig.19. Z-score values of 
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40
K

-3.00

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

2.50

69 19 29 6 37 52 34 56 65 46 85 30 47 60 75 66 3 83 42 31 64 25 27

Laboratories

Z
-S

c
o

re

Fig.20. Z-score values of 
40

K

66



232
Th

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

3 74 79 72 76 50

Laboratories

Z
-S

c
o

re

Fig.21. Z-score values of 
232

Th

234
U

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

2.50

3.00

50 29 80 31 9 72 68 74 71C 71B 79 3 85 75B 1 25

Fig.22. Z-score values of 
234

U

67



235U

-3.00

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

15 29 72 68 71A 71D 79 9 74 71B 71C 31 85 3 1 25 75

Laboratories

Z
-S

c
o

re

Fig.23. Z-score values of 
235

U

238
U

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

50 31 38 29 80 72 68 9 71A 71B 71C 3 74 79 75B 85 25 1 1

Laboratories

Z
-S

c
o

re

Fig.24. Z-score values of 
238

U

68



226Ra

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

34 37 5 32 45 64 71 72 25 40 69 25 87

Laboratories

Z
-S

c
o

re

Fig.25. Z-score values of 
226

Ra

210Pb(210Po)

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

1.50

2.00

2.50

82 74A 72A 80 72B 71 55B 25B 79 55A 40

Laboratories

Z
-S

c
o

re

Fig.26. Z-score values of 
210

Pb (
210

Po)

69



ANNEX IV 

LIST OF PARTICIPANTS

70



LIST OF PARTICIPANTS IN IAEA-414

Mr. Mihail Shishenkov Ms. Suzana Backa and Mr Luan 

Qafmolla National Center for Enviroment

and Sustainable DevelopmentInstitute of Nuclear Physics

1618 Sofia, 136 Tzar Boris III  blv. Academy of Sciences 

BULGARIATirana

ALBANIA Email: Radiatmon@nfp-

bg.eionet.eu.netEmail: anuar @ icc.al.eu.org

Dr. Andrea Ramer Dr. H.G. Hristov 

Osterreichisches Forschungs-und 

Prufzentrum

Dep. of Atomic Physics 

Paisii Hilendarski University

Arsenal GmbH 24 Tza Assen Str, 4000 Plovdiv 

BULGARIAUmweltforschung

Faradaygasse3, P.O. Box 8 Email: hristov@pu.acad.bg

1030 Wien

AUSTRIA

Email: ramer.a@arsenal.ac.at

Mr. L.Minev Dr. Ieda I.L. Cunha 

Lab. of Dosimetry and Radiation 

Protection

IPEN-CNEN/SP, Rua do Matao 

Trav. R No.400 - CEP 05508 

Faculty of Physics, Sofia University Caixa Postal 11049 (Pinheiros) 

5 James Bourchier blvd. Sao Paulo 

BRAZIL Sofia 1146 

BULGARIAEmail: figueira@curiango.ipen.br

Email: dream@phys.uni-sofia.bg

Dr. Victor. Badulin Ms. Milena Christoskova 

Radiation Protection Division Institute for Nuclear Research and 

132 St. Climent Ohridsky Blvd. Nuclear Energy 

BG-1756 Sofia 72 Tzarigradsko chaussee

BULGARIA 1784 Sofia 

BULGARIAEmail: ncrrp@ncrrp.org

Email: milenahr@inrne.bas.bg

71



Dr. Richard Nelson Mr. Roussian Tzibranski 

Bedford Institute of Oceanography Kozloduy NPP 

Dept. of Fisheries and Oceans Safety Division 

Marine Chemistry Division Environmental Monitoring Department 

P.O. Box 1006, Dartmouth - N.S. B2Y 

4A2

3321 Kozloduy 

BULGARIA

CANADAEmail: tzibranski@npp.cit.bg

Email: NelsonR@mar.dfo-mpo.gc.ca

Ms. Tsvetanka Georgieva 

Dr. K.C. YeungRIOWS-Lab.complex

Royal Observatory - Hong Kong 1 Perushtica str., Plovdiv 4002 

BULGARIA 134A Nathan Road, Kowloon 

CHINAEmail: albega@plovdiv.techno-

link.com Email: kcyeung@hko.gcn.gov.hk

Email:

Mr. Ken Gilmer Dr. S. Lulic and Ms. Marina Kosutic 

Ontario Ministry of Labour Ruder Boskovic Institute 

Radiation Protection Service Center for Marine Research Zagreb 

Bijenicka 54 81A Resources Road 

Weston  M9P 3TI P.O. Box 1016, HR-41001

CROATIAOntario

CANADA lulic@rudjer.irb.hr

Email: gilmerk@mol.gov.on.ca

Dr. Luziko Zikovsky Mr. Hector A.C.Aguila 

Ecole Polytechnique Laboratorio de Vigilancia Radiológica- 

C.P. 6079 - Succ. "Centre Ville" Ambiental del Centro 

Montreal - QC H3C 3A7 P.O. BOX #5

CANADA Ciudad Nuclear CP 59350, Ciénfuegos 

CUBAEmail: luziko@meca.polymtl.ca

Email: Ivrac@perla.inf.cu

Dr. AerulioT. Hernandez Rivero Mr. Joseph McCulley/ Mr. Ralph 

Mapplebeck Centro de Isotopos

Carretera la Rada km 3 
½

, GuanabacoaHealth Physics Department, 

Environmental Laboratory, AP15, San Jose de la Lajas 

420, York Street, Fredericton, La Habana 

CUBANew Brunswick, 

Canada, E3B 3P7 Email: Isotopos@centis.edu.cu

CANADA

Email: rmapplebeck@nbpower.com

72



Ms. B. Bousier Dr. Petr Rulik/ Dr. Alena Pospisilova 

Agence Francaise de Sécurité Sanitaire 

des Aliments

National Radiation Protection Institute 

Srobarova 48 

Lab. Central d’Hygiène Alimentaire100 00 Prague 10 

CZECH REPUBLIC AFSSA Paris 

10, Rue Pierre CurieEmail: prulik@suro.cz

94704 Maisons-Alfort Cedex 

FRANCE

Email: b.boursier@afssa.fr

Dr. Sven P. Nielsen Mr. Donald Jaskierowicz 

Risoe National Laboratory Lab. d’Analyses de Surveillance et 

d’Expertise de la Marine Building 202 

PO-Box 49 BP 02 

NUK-114 50115 Cherbourg Naval 

FRANCEDK-4000 Roskilde 

DENMARK

Email: sven.nielsen@risoe.dk

Ms. Catherine Pointurier/ Mr. Gilbert

Le Petit Dr. Sitaram Garimella

DASE / RCEPhysics Dept., SPAS

C.E.A.The University of the South Pacific 

BP 12 P.O. Box 1168, SUVA 

FIDJI ISLANDS F-91680 Bruyères-le-Châtel 

FRANCEEmail: garimella_s@ups.ac.fj

Email: couderc@dase.bruyeres.cea.fr

Mr. Wilfried Pouvesle/Mr. Jean-

Christophe Varin 

Dr. Herve Michel 

Lab. de Radiochimie et Radioecologie 

Assessment Laboratories Faculte des Sciences, Uni. de Nice-

Sophia Antipolis COGEMA la Hague 

DQSEE/PR/E/L 28, Avenue de Valrose 

F-50444 Beaumont-Hague Cedex F-06108 Nice Cedex 

FRANCE FRANCE

Email: wpouvesle@cogema.fr Email: herve.michel@unice.fr

Mr. Bruon Chareyron Dr. Sonke Szidat/ Mr. Thomas Ernst 

CRii-RAD University Hannover 

Immeuble CIME Center for Radiation Protection 

471 Av. Victo Hugo and Radioecology (ZSR) 

26000 Valence Am Kleinen Felde 30 

FRANCE D-30167

GERMANYEmail: contact@criirad.com

Email: ernst@mbox.zsr.uni-

hannover.de

73



Dr. Günter Kanisch 

Federal Research Centre for Fisheries 

Institute of Fisheries Ecology 

Marckmannstraße 129b, Building 4 

D-20539 Hamburg

Dr. Dieter Molzahn, Mr. Stefan Ritzel 

Fachbereich Physikalische Chemie

Philipps - Universitaet Marburg 

Kernchemie

Hans-Meerwein-Strasse

GERMANY
 Email: Guenter.Kanisch@ifo.bfa-fisch.de
http://www.bfa-fisch.de

D-3550 Marburg 

GERMANY

Email: Ritzel@Stud-Mailer.Uni-

Marburg.DE

Dr. Tajan Sándor Dr. Kloster, Dr Ilchmann
National Food Inverstigation Institute Senatsverwaltung fur 
Mesteur u. 81Stadtentwicklung und Umweltshutz 
P.O. Box 1740 

Strahlenme stelle, Soorstra e 84 
H-1465 Budapest 94 

14050 Berlin 
HUNGARY

GERMANY
Email: starjan.oevi@matavnet.hu

Email:martina.kloster@senstadt.verwal

t-berlin.de

Dr. Jeno Szeghalmi, Mr. Balogh 

Ferenc
Mr. Josef Schikowski 

Zentrales Isotopenlaboratorium
Radio-analytical Department

Georg-August-Universität
Regional Lab. of Veterinary and 

Burchkardtweg2
Food Control Station 

D-37077 Göttingen
H-6001 Kecskemet, P.O. Box 155

GERMANY
HUNGARYEmail: jschiko@gwdg.de
Email: baloghfe@freemail.hu

Dr. D. Reents 
Mr. Kiss KalmanNiedersaechsisches Landesamt
Bacs-Kiskun Megyei 

Allategeszsegugyi es 
für ökologie 

Dezernat R3
Elclmszer Ellenorzo AllomasPostfach 10 10 62 
(Veterinary and Food Control Station) D-31135 Hildesheim
H-6000 Kecskemet

GERMANY
Szechenyi 29Email: r3.nloe@t-online.de
HUNGARY

Dr. Nora Vajda 
Dr. Herbert Wershofen, Dr. Dirk 

Arnold
Budapesti Muszaki EgyetemPhysikalisch-Technische Bundesanstalt 
Nuklearis Technickai IntezetLab. 6.12 "Umweltradioaktivität"
111 Bp., Muegyetem rkp. 3-9 

Bundesallee 100 
HUNGARYD-38116 BRAUNSCHWEIG 
Email: vajdanor@reak.bme.hu

GERMANY

E-mail: Dirk.Arnold@ptb.de

74



Prof. Edoardo Orvini Dr. A.G. Hegde

Dipto. di Chimica Nucleare Environmental Survey Laboratory 

Istituto di Chimica  Generale Bhabha Atomic Research Center 

Universita di Pavia Tarapur Atomic Power Station 

Viale Tramelli,12, I-27100 Pavia Via Boisar, TAPP(post), 

THANE(Dist.) ITALY

Email: orvini@chifis.unipv.itMaharashtra , India - 401 504 

INDIA

Email: taps@wspl.net.in

Mr. Massimo Esposito 

Laboratorio di Ingegneria Nucleare Dr. P.C. Verma

Università di Bologna Environmental Survey Laboratory, 

RAPS Via dei Colli 16 

40136 Bologna Bhabha Atomic Research Center 

ITALYBhabha Nagar 

Kota, 323307 Email:massimo.eposito@mail.ing.unib

o.itINDIA

Mr. R.P. Gurg Mr. Yoshihiro Maruo 
Government of India Health and Safety Division 
Bhabha Atomic Research Centre JNC Tokai works, 319-1194 
Health Physics Division JAPAN
Trombay Email: maruo@tokai.jnc.go.jp
Mumbai-400 085 

INDIA

295-3,Sanno-Cho,Inage-Ku, Chiba-

Shi,

Email: rpgurg@magnum.barc.ernet.in

Mr. L.N. Sharma Dr. Hirofumi Satake 
Environmental Survey and 

Micrometeorological Lab. 
Japan Chemical Analysis Center

Narora Atomic Power Station 

Narora 202 389, District Bulandshahr Chiba 263-0002
Utta Pradesh JAPAN
INDIA Email: k-kitamura@jcac.or.jp
Email: naps@giasdl01.vsln.net.in

Dr. Tom RYAN
Dr. Kim Chang-Kyu 

Radiolog. Protection Inst. of Ireland 
Dept. of Radiological Environmental

Assessment
3 Clonskeagh Square 

Clonskeagh Road 
Korea Inst. ff Nuclear Safety 

Dublin 14 
P.O. Box 114, Yo-song, Taejon, 305-

600
IRELAND

Email: tryan@rpii.ie
Republic of KOREA

Email: k216kck@kins.re.kr

75



Ms. Lise FloDr. Muhamat Bin Omar

Norwegian Radiation Protection

Authority

Nuclear Energy Unit 

Ministry of Science, Technology and 

Environment Svanhord Emergency Preparedness 

UnitPuspati Complex - Bangi 

9925 Svanvik 43000 Kajang - Selangor D.E. 

NORWAYMALAYSIA

Email: lise.flo@svanhovd.noEmail: muhamat@mint.gov.my

Dr. H.A. Silva Jimenez Dr. Shujaat Ahmad

Laboratorio de Monitoreo y Nuclear Chemistry Division 

Dosimetria Ambiental - CFE - GCN PINSTECH

Cd. Cardel - Ver. 91680 P.O. Nilore 

P.O. Box 53, Mexico D.F. Islamabad

MEXICO PAKISTAN

Email: asilvaj@cfe.gob.mx Email: asmar.pins@dgcc.org.pk

Mr. Jose Manuel Osores Rebaza 

Mr. Ibn Majah Mohamed, Mr. Moncef 

Benmansour

Instituto Peruano 

de Energia Nuclear 

CNESTEN Avenida Canada 1470 - Lima 41 

PERU65, Rue Tansift 

Agdal, Rabat Email: joores@ipen.gob.pe

MOROCCO

Email: benmansour@cnesten.org.ma

Dr. Richard Bojanowski 

Institute of Oceanology-PEPANMr. Riitta Pilvio 

Ul. Powstancow Warszawy 55 National Radiation Lab. 

PL-81-967 Sopot P.O. Box. 25099 
POLANDChristchurch
Email: rbojan@iopan.gda.plNEW ZEALAND

Email: riitta_pilvio@nrl.moh.govt.nz

Prof. Bogdan Skwarzec Dr. P.I. Voors 
Faculty of Chemistry, Chair of 

Analitycal Chemistry
NRG

Westerduinweg 3 
Radiochemical Laboratory P.O. Box 25 
Sobieskiego18/19NL-1755 ZG Petten 
80-952 Gdansk NETHERLANDS
POLANDEmail: voors@nrg-nl.com
Email:bosk@chemik.chem.univ.gda.pl

76



Ms. Fatima Schroeder Dr. Boruta Michalik

Koeberg Nuclear Power Station Central Mining Institute

Environmental Survey Laboratory Plac Gwarkow 1 

Private Bag X10 PL-40-166 Katowice 

POLAND Kernkrag 7440 

SOUTH AFRICAEmail: brxbm@boruta.gig.katowice.pl

Email: fatima.schroeder@eskom.co.za

Mr. Fernando  P. Carvalho 

Instituto Tecnológico e Nuclear Mr. Thiagan Pather 

Departamento de Protecção 

Radiológica e Segurança Nuclear 

National Nuclear Regulator 

P.O. Box 7106, Centurion 

E.N. 10 Pretoria, 0046

SOUTH AFRICAP-2685-953 Sacavém

PORTUGAL Email: tpather@nnr.co.za

Email: dprsn@itn.pt

Dr. Frank J. Fouche Ms. Alina Turtureanu

Manager Radioanalysis Lab. of Food Biophysics 

NECSA Ltd. Institute of Food Chemistry

P O Box 582 Garlei Str.1

Pretoria, 0001 Sector 1, R-71576 Bucharest 

SOUTH AFRICAROMANIA

Email: franki@aec.co.zaEmail: ica@sunu.rnc.ro

Dr. Istvan Bikit

Institute of physics, Faculty of Science Mr. Stefan Grubel 

and Mathematics A16, Slovenske Elektrarne, a.s 

University of Novi Sad Atómové elektrárne o.z., 93539 

MochovceTRG Dositeja Obradovica 4

Hranicna 12 21000 Novi Sad 

SERBIA and MONTE NEGRO 82736 Bratislava 

SLOVAKIAEmail: slivka@eunet.yu

Email: grubels@emo.seas.sk

Dr. D. Popovic 

Faculty of Veterinary Medicine Dr. Lubomir Puskeiler 

Departement of Physics Radiometry & Radioecology 

LaboratoryBulevar JA18 

11000 Belgrade RI-pavilon SPU,  Hlinku 2 

SERBIA and MONTE NEGRO SK-949 76 Nitra 

SLOVAKIAEmail: stakopo@eunet.yu

Email: puskeile@afnet.uniag.sk

77



Prof. Montserrat Llauradó I Tarragó Dr. Ivan Sykora 

Dep. De Quimica Analitica Comenius University 

Unisersitat de BarcelonaDept. Nuclear Physics 

Diagonal, 647, 3a planta Mlynska dolina F1, Bratislava 

SLOVAKIA 08028 Barcelona 

SPAINEmail:Ivan.Syroka@uniba.sk
Email:montse.llaurado@apolo.qui.ub.es

Ms. Milagros Pozuelo/Mr. J. 

Palomares
Dr. Matjaz Korun 

Nuclear Institute "Jozef Stefan" 
CIEMAT - Ed.3, Instituto de Medio 

Ambiente
High-Resolution Gamma Spect. Lab. 

Jamova 39, P.O.B 3000 
Radioecologia del Medio Acuatico 1001 Ljubljana 
Av. de la Complutense 22 SLOVENIA
28040 Madrid Email: matjaz.korun@ijs.si
SPAIN

Email: pozuelo@ciemat.es

Dr. Borut Kuhar 
Dr. Isabel Valles Murciano Zavod SRS za varstvo pri delu 
Instituto de Tecnicas EnergeticasBohoriceva 22A 
Univers. Politecnicas de Barcelona 61000 Ljubljana 
Diagonal 647 - ETS11B SLOVENIA
8028  Barcelona 28 Email: borut kuhar@zvd.si
SPAIN

Email: isabel.valles@upc.es

Dr. Barbara Berkopec, Ms. Sonja 

Ambroz Dr. Hakan Pettersson 

Radiation Protection Division Zavod RS za varsto pri delu 
Dept. of Radiation Physics, O-centrumDepartment of Ecology and 

Toxicology Linkoping University Hospital 

S-58185 Linkoping Bohoriceva 22 a 
SWEDEN1000 Ljubljana 
Email: Hakan.Pettersson@Lio.seSLOVENIA

Email: sonja.ambroz@zvd.si

Prof. Elis HolmDr. Catalina Gasco Leonarte
Department of Radiation Physics and Dr. Maria-Paz Anton 
Lund University Hospital CIEMAT-DIAE
22185 Lund Radioecologia del Medio Acuatico 
SWEDENAv. de la Complutense 22 
Email: elis.holm@radfys.lu.se28040 Madrid 

SPAIN

Email: Cata@ciemat.es

78



Mr. P.A. SmedleyMr.  Jean-Jacques Geering 

Lowestoft Laboratory Institut de radiophysique appliquée 

Pakefield road Centre universitaire (EPFL)

Lowestoft; SuffolkCH-1015 Lausanne 

SWITZERLAND NR33 OHT 

U. K.Email: Jean-

Jacques.Geering@hospvd.ch Email: p.a.smedley@cefas.co.uk

Dr. Kanitha Srisuksawad Dr. Jung-Suk Oh 

Office of Atomic Energy for Peace Geosciences Advisory Unit 

Env. Radiation Poll. Studies Sect. School of Ocean and Earth Science 

Waste Disposal Division Southampton Oceanography Centre 

Vibhavadee Rangsit Road University of Southampton

Bangkok 10900 Southampton , SO14 3ZH 

THAILAND U. K.

Email: kanitha@oaep.go.th

Dr. G.G. Polikarpov/ Dr. Victor.N. 

Egorov

Dr. Guler Koksal 

Cekmece Nuclear Research and 

Training Center National Academy of Sciences of 

UkraineP.O. Box .1, 

2, Pr. Nakhimova Ataturk Airport 

99011,  Sevastopol-11, Crimea34831, Istanbul 

UKRAINETURKEY

Mr. Michael E. Murray 

Oak Ridge National Laboratory Dr. Ian Warburton

Life Sciences Division Cardiff City Analysts

POB. 2000, MS-6379 Crofts Street 

Oak Ridge, Tennessee 37381 Cardiff - South Wales  CF2 3DY 

U.S.A.U.K.

Email: murrayme@ornl.govEmail: M.Williams@cardiff.gov.uk

Dr. George J. Ham/ Dr. Norman Green Dr. Michael E. Ketterer

National Radiological Protection

Board

Department of Chemistry

Northern Arizona University 

Chilton, Didcot Box 5698, Building 20, Room 125

Oxon, OX11 ORA P.O. Box. 5698

U.K. Flagstaff, AZ 86011-5698 

U.S.A.Email: george.ham@nrpb.org.uk

Email: michael.ketterer@nau.edu

79



Dr. Dana Biddulph 

The University of Arizona

Physics Departement

1118 E. Fourth Street 

PAS 81 Rm 236 

Tucson, Arizona 85721 

U.S.A.

IAEA

Marine Environment Laboratory

Radiometrics Laboratory 

4 Quai Antoine 1er 

98012 Monaco Cedex 

MONACO

Ms. Janine Gastaud 

Mr. Jerome LaRosa 

Mr. Sang–Han Lee 

Mr. Laval Liong Wee Kwong 

Mr. Beniamino Oregioni 

Mr. Pierre Parsi

Ms. Mai Khanh Pham

Mr. Eric Wyse

80



81


