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SUMMARY

The results of an intercomparison exercise, designed for the determination of
anthropogenic and natura radionuclides in a sediment sample from the Irish Sea, IAEA-385,
are reported. The data received from 99 laboratories have been evaluated.

The following are the recommended and information values (medians), with confidence
intervals, for the radionuclides determined in the study. All the values are given for the
reference date 1 January 1996 and expressed in Bq kg™ dry weight.

Radionuclide Median Confidence interval
(a =0.05)
Recommended value
4K 611 603-625

Bcs 337 32.4-34.7
2%Ra 22.7 21.8-24.0
22Th 33.8 32.6-34.5
=5y 1.36 1.24-1.51
=8 29.4 28.0-30.5
8py 0.47 0.42-0.50
239+240py, 2.98 2.81-3.13
2410 my 3.90 3.60-4.10

Information value

gy 0.59 0.42-0.68
208T) 11.6 9.3-13.5
210pg 28.0 23.8-36.6
210py 355 31.2-38.9
212g; 34.2 31.1-39.0
212pyy 37.3 33.0-39.0
214 19.6 17.8-21.0
24Py 21.6 20.0-22.4
280¢ 315 29.8-32.6
22Ra 32.9 30.7-35.0
28Th 34.0 32.0-35.0
20ThH 31.8 30.0-34.9
B4Th 28.7 22.4-34.1
B4y 27.2 25.8-28.6
Z9py 1.92 1.30-2.07
240py 1.18 0.97-1.32

" The values should be corrected for in-growth from 2pu.









1. INTRODUCTION

The accurate and precise determinations of radionuclide concentrations in marine
samples are essential to 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
(IAEA-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 Analytica
Quiality Control Services (AQCS).

For this intercomparison exercise, |IAEA-MEL, with the help of the Centre for
Environment, Fisheries and Aquaculture Science (CEFAS), Lowestoft, U.K., collected a
sediment sample from the Irish Sea at approx. 54.3°N, 3.7°W in July 1995 (R/V Cirolana cruise).
The sample aliquots were distributed in 2002 for an intercomparison exercise on anthropogenic
and natural radionuclides. Over 110 laboratories worldwide agreed to participate. Of these, 99
sent results, which have been used in the evaluation of this intercomparison exercise.

As the sample was collected in the Irish Sea elevated levels of anthropogenic
radionuclides (e.g. *°Sr, ®Tc, #I, *¥'Cs, Pu isotopes, ***Am) were expected due to discharges
from the Sellafield nuclear reprocessing plant. Participants were informed that the expected
activities for anthropogenic and natural radionuclides were in the ranges (Bgkg™ dry weight):

gammaemitters : 0.1 —1000
beta emitters <1
transuranics : 1-10

This report describes the results obtained from 99 laboratories on anthropogenic and
natural radionuclide determinationsin an Irish Sea sediment.

2.  SCOPE OF THE INTERCOMPARISON EXERCISE

This intercomparison exercise was organised to give the participating laboratories the
possibility of testing the performance of their analytical methods on a sediment sample with
elevated radionuclide levels due to the discharges from a nuclear reprocessing plant. This sample
replaces |AEA-135 which is out of provision.

The intercomparison material was chosen for anaysis 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 sediment.

3. DESCRIPTION OF THE MATERIAL

About 250 kg of sediment were collected in the Irish Sea by the Centre for Environment,
Fisheries and Aquaculture Science (CEFAS), Lowestoft, U.K., in 1995. The sample was sent to
IAEA-MEL for processing.

The sediment was frozen for 2 hours at —40°C, and then freeze-dried with a +5°C increase
in temperature per hour. Secondary drying was done over 24 hours under 0.02 mbar pressure at a
constant temperature of +40°C. The sediment was then ground into powder, sieved through a
250pum mesh and homogenized by mixing in a nitrogen atmosphere.



The samples were then packed into 100 g brown glass bottles under nitrogen gas. The
bottles were sealed with polyethylene screw caps and labeled with the code IAEA-385. They
were then sterilized at 10 kGy in an irradiation facility in accordance with SO recommendations
[1].

Particle size analysis showed that about 34% of sediment was below 63um and 70% below
125um. The sediment is mainly composed of Si (160 mg/g), Ca (55 mg/g), Al (45 mg/g), Fe (31
mg/g) and K (18 mg/g). The percentage of organic carbon in the sediment is 0.95% for a total
carbon of 2.75 %. The nitrogen content is only 0.13%. The density of the sediment is 2.56 g/cm®.

The average moisture content of the freez-dried sample after bottling, determined by
drying several aliquots in an oven at 80 °C to constant weight (1-2 days), was approximately
1.14%. Since moisture content can vary with ambient humidity and temperature, it was
recommended to check the water content prior to analysis and to report al results on a dry-
weight basis.

4. HOMOGENEITY TESTS

The homogeneity of the sample was checked by measuring the activities of “°K, *¥Cs,
20pg, By, 28y, Bpy, 29290y gnd *'Am on 10-44 bottles taken at random. Gamma-
spectrometric measurements were performed on 10 to 60 g of sediment. #°Po, 2°U, 23U, #8py,
239+290p and ***Am were determined by alpha spectrometry on 0.1 to 5 g of sediment. An
example of homogeneity test for *’Cs expressed as relative activity, is shown in Annex Il, FIG.
1. Homogeneity was determined using one-way analysis of variance. The coefficient of variation
was below 15% for gamma- and 20% for apha-spectrometrically determined radionuclides (c.f.
%Py activity concentration, less than 1 Bq kg™). The "between samples’ variances showed no
sgnificant differences from the "within sample" variances for all radionuclides tested. The
material was thus considered sufficiently homogeneous for the tested radionuclides at the range
of weights used.

5. SAMPLE DISPATCH AND DATA RETURN

Each participant received a 100 g sediment sample. For each radionuclide analysed, the
following information was requested:

- Average weight of sample used for analyss,

- Number of analyses,

- Massic activity calculated as net values (i.e. corrected for blank, background, etc.) and
expressed in Bq kg™ 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 1% January 1996.

The samples were distributed to over 110 laboratories. The deadline for reporting data was
set for 31 December 2002. As some participants expressed their intention to report later, the
deadline was extended to 30 September 2003. A reminder was sent to late participants in order to
obtain more data. Requests for more information on chemica procedures, counting systems,
standards, units etc., were also sent to participants who did not provide enough information on
time.



A total of 99 sets of results were received from participants and included in the evaluation.
The list of reported radionuclides is given in Table I. The list of contributing laboratories can be
found in Annex 1V.

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 |, Table |. The number of reported "less than" values are shown in
parentheses. The massic activities of anthropogenic and natural radionuclides are 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.

6.2. STATISTICAL EVALUATION

The principles and applications of the statistical procedure used for the evaluation of data
have been described in previous reports [2]. 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 the tables by an asterisk. Median values are calculated from all
results passing the test. Calculations are based on the assumption of non-parametric distribution
of data to which distribution-free statistics are applicable. 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 |, Tables |1
to XX| and Figs 2 to 26. The activity ratios obtained for “*Pu/?**?*°py and for **Amy>*?*py
are given in Table XXII and Figs 27 and 28. The less frequently measured radionuclides are
presented in Table XXIII. The recommended and information values obtained after statistical
treatment of data are summarised in Table XXIV. Confidence intervals were taken from a non-
parametric sample population. They represent a two-sided interval representing 95% confidence
limits.

Following the TUPAC [3] and ISO [4] recommendations for assessment of laboratory
performance, the Z-score methodology was used for the evaluation of results. The Z-score is
calculated according to the formula:

Z=(Xi—Xa) IS,
where

Xi  istherobust mean of the reported values of massic activity in the sample,
Xa isthe assigned value (a mean value of accepted results),
S, isthetarget 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 s, units) is less than or equal to 2.
The analysis is regarded as outliers when 6Z6>3. The Z-score evauation represents a simple
method which gives participating |aboratories 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% (s, <10%). The
uncertainty of the assigned value should be taken into account using the formula:

2 2
Z=(Xi—Xa)/ /sb+stu

where
Su istheuncertainty of the assigned value [5].

Z-score graphs are given in Annex 111, Figs 29 to 53.
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 participants are specified with following codes:

Alpha spectrometry

Code Method

A Not specified or not enough information.

A2 Treatment, evaporati on/precipitation, ion exchange, electro-deposition.

A10 Treatment, ion exchange, electro-deposition.

All Caoxalate, TRU resins, SCN- anion exchange, electro-deposition.

Al12 Double columns: UTEVA + TRU resins, electro-deposition.

Al13 Fe(OH)3 co-precipitation, electro-deposition on silver, nickel or stainless stedl
discs, alpha-counting.

Al4 Sulphatefiron hydroxide precipitations, Fe extraction with di-isopropyl ether,
anion exchange in HCI, electro-deposition.

A15 Treatment, ion exchange in xylene, NdF; co-precipitation, el ectro-deposition.

Al7 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, LaFs; co-precipitation, anion
exchange, electro-deposition.

A22 Treatment, anion exchange, UTEV A 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-RaSO, precipitation, TTA extraction in benzene.

A30 Wet oxidation, filtration and dilution to 1M, repeated Rn emanation strips into
quartz glass cells.

A3l Treatment, anion-exchange, TIOA/xylene phase exchange, electrodeposition.

A32 Treatment, deposition on silver disc or Ni-disc.



Beta counting

Code Method

B Not specified or not enough information.

Bl Precipitation (oxalate), fuming nitric acid separation, PbCr,O, precipitation.

B5 Precipitation (hydroxide, oxalate, carbonate, sulphate), separation with
concentrated or fuming nitric acid, scavenging of Ra and Fe, 2 weeks ingrowth
period, precipitation (hydroxide, oxalate, carbonate), beta counting of *Y (asY
oxalate, Y30s,...) 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, SrSO, precipitation.

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

B16 Digestion in HCI, ion exchange separation, Cs chloroplatinate (Cs;PtCle).

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

B18 Sr(NOg3), precipitation, PoBaCrO, precipitation, iron scavenging, Y oxalate.

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

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

B21 (Carbonate, oxalate and nitrate) co-precipitation, cation exchange, resin
columns, iron hydroxide co-precipitation.

B22 HNOs, HCI leaching, anion-exchange or separation on Sr resin, electro-
deposition, gas flow proportional counting.

B23 HCl, H,SO, dissolved, extraction in tri-n-butyl phosphate, e ectro-deposition,
gas flow proportional counting.

B24 Lead sulphate precipitation, gravimetric analysis of lead.

B25 PbBaCrO, precipitation, LaF; precipitation.

B26 Treatment, ion exchange.

Gamma spectrometry

Code Method

G Not specified.

Gl High resolution Ge spectrometry.

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

M ass 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/CCl, solvent, ICPMS.

M7 Digestion, iron oxide matrix, evaporation and baking to Fe,Os, mixing with Al
powder, AMS.

M8 Treatment, AMS.

Other methods

Code
NAA
LSC

Method
Neutron Activation Analysis.
Liquid Scintillation Counter



6.3.3.  Number of results

The number of determinations corresponds to the number of individua results from which
the laboratory mean was calculated. When no number was given, it was assumed to be one.

6.3.4. Massic activity

The massic activity corresponds to the weighted mean computed from all results obtained
from each participant and the corresponding standard deviation or weighted uncertainty.

6.4. EXPLANATION OF FIGURES

The figures (Figs 2 to 26) in Annex |l 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 (solid lines) and corresponding confidence intervals (dashed
horizontal lines),
(i) thelimitsfor accepted |aboratory means (vertical dashed lines).

Figures 27 and 28 show 2*Pu/?**2*py and ***Amy?***2*%py 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
guestionable quality. Figures 29 to 53 in Annex |11 present the Z-scores for accepted values only.
The presented distributions of Z-scores are symmetric which indicates that the overall
performance of the |aboratories was satisfactory.

6.5. CRITERIA FOR CERTIFICATION

Following the ISO Guide 35 [1], a preliminary certification of |AEA-385 was carried out
using the same criteria as in the previous intercomparison exercises, IAEA-384 and |AEA-414
[5, 6]. The certification will be completed when all data from expert |aboratories participating in
the certification procedure are available. For data sets comprising 5 or more accepted laboratory
means, median values and confidence intervals were calculated as estimations of true massic
activities. The median vaues 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’ll, + 10% for activities from 1-100 Bq kg™ and + 20% for activities lower than 1
Bgkg™.

An activity value was classified as an information value when at least 5 laboratory means
caculated from the results of at least 2 different |aboratories were available.



7. RESULTSAND DISCUSSION
7.1. ANTHROPOGENIC RADIONUCLIDES

Results of anaysis of *Sr, 13'Cs, 28pu, 2%#0py, 2%y, %py, *Am data in IAEA-385
sediment samples reported by participants are presented in Annex |, Tables Il to VI and in Annex
Il, Figs 2 to 8. When more than one result was provided, weighted means and corresponding
standard deviations were calculated. The evaluation of the full data set consisted on 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
11, Figs 29 to 35.

711 9Ogr

Data were reported from 18 laboratories (Table I, Fig. 2) of which 4 laboratories reported
only detection limits. Three laboratories submitted outlying results. The rest of the data showed
good homogeneity, al data faling less than two standard deviations from the distribution mean.
Z-score values are below 1.5 showing good performances by the laboratories (Fig. 29). The
median, given as the information value, is 0.59 Bq kg™ dw (95% confidence interval is (0.42 —
0.68) Bq kg™ dw).

7.12. ¥'cs

Eighty-five laboratories reported *’Cs results (Table 111, Fig. 3). The laboratories mainly
used direct gamma spectrometry for **’Cs analysis. Only 5 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 relatively good performance by the laboratories (Fig. 30). The
median, given as the recommended value, is 33.7 Bq kg™ dw (95% confidence interva is (32.4 —
34.7) Ba kg™ 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 apha 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 (**®Pu, 2°*?*%pu) or for
direct ICPMS, AMS analysis (*°Pu, “*°Pu, **'Pu, %**Pu) were also used. The samples for mass
spectrometry were either leached from dstainless sted discs after apha spectrometry
measurements or analysed directly by ICPMS and/or AMS. Generally, good agreement was
found between apha spectrometry and mass spectrometry results, and between ICPMS and
AMS.

238Pu

Thirty-five data sets were reported (Table IV, Fig. 4). Only 2 results failed the outlier’s
test. Two laboratories reported detection limits only. One laboratory reported a result but
requested not be used. Some laboratories reported results with rather high uncertainties. The rest
of the data is homogeneous, within two standard deviations of the distribution mean. Z-score
values are below 2.0 showing good performance of the laboratories (Fig. 31). The median, given
as the recommended value, is 0.47 Bq kg™ dw (95% confidence interval is (0.42 — 0.50) Bq kg™
dw).



239+240 Pu

Forty-three data sets (combined apha spectrometry, ICPMS and AMS results) were
reported (Table 1V, Fig. 5). Seven results were identified as outliers. One laboratory reported 2
results but did not wish to include them in the data set. The rest of the data is homogeneous,
within two standard deviations of the distribution mean. Z-score values are below 2.1 showing
relatively good performance of the laboratories (Fig. 32). The median, given as the
recommended valueis 2.98 Bq kg™ dw (95% confidence interval is (2.81 —3.13) Bq kg™ dw).

239Pu

Eight data sets were reported (Table V, Fig. 6). One result was not included in the data
evaluation at the request of the participant. The data is homogeneous, within two standard
deviations of the distribution mean. Z-score values are below 1.7 showing good performance of
the laboratories (Fig. 33). The median, given as the information value, is 1.92 Bq kg™ dw (95%
confidence interval is (1.30 — 2.07) Bq kg™ dw).

240 Pu

Eight data sets were reported (Table V, Fig. 7). One result was not included in the data
evaluation at the request of the participant. The data is homogeneous, within two standard
deviations of the distribution mean. Z-score values are below 1.4 showing good performance by
the laboratories (Fig. 34). The median, given as the information value, is 1.18 Bq kg™ dw (95%
confidence interval is (0.97 — 1.32) Bq kg™ dw).

7.1.4. *Am

Sixty results (41 obtained by gamma spectrometry and 19 by alpha spectrometry) were
reported of which 56 (40 for gamma results and 16 for alpha results) were suitable for statistical
trestment (Table VI, Fig. 8). Three alpha and 1 gamma spectrometry results did not pass the
outlier test. One result was not included in the data evaluation at the participant's request. The
rest fall less than two standard deviations from the distribution mean. The data evaluation was
done separately for gamma spectrometry results and apha spectrometry results to show the
performance of each method. The more widespread and higher uncertainty of results obtained by
gamma spectrometry than by alpha spectrometry indicate that the laboratories still have difficulty
in determining 2Am activity a low gamma energy as in the case of *°Pb (see below).
Meanwhile the data is relatively homogeneous, within two standard deviations of the distribution
mean. Therefore results obtained both by apha spectrometry and gamma spectrometry were used
in the data evaluation process. The Z-score values are shown for the combined data and are
below 2.0 (Fig. 35), showing good performance by the laboratories. The median, given as the
recommended value, is 3.9 Bq kg™ dw (95% confidence interval is (3.6 —4.1) Bq kg™ dw).

7.2. NATURAL RADIONUCLIDES

Results Of analyss Of 4OK 228-|-h 230-|-h 232-|-h 234-|-h 234U 235U 238U 226Ra, 228Ra, 228AC
21py, 219Bj, 212pp, #2Bj, 21%%h, #°po, 27| are presented in Annex |, Tables VII to XXI and in
Annex Il, Figs 9 to 26. Laboratory averages were calculated when necessary from individua
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 performances of laboratories
expressed in Z-scores are presented in Annex 111, Figs 36 to 53.

721 K

Data were reported from 80 laboratories (Table VII, Fig. 9). Seventeen results did not pass
the outliers test indicating that these laboratories may have problems with the correct estimation
of K background. The remaining data show reasonable homogeneity. Z-score vaues of
accepted data are below 2.0, showing good performance by the laboratories (Fig. 36). The
median, given as the information value, is 611 Bq kg* dw (95% confidence interval is (603 —
625) Bq kg™ dw).

7.2.2.  Thorium isotopes

228T h

Out of twenty-two reported laboratory means, 7 did not pass the outliers test (Table VIII,
Fig. 10). The data were homogeneous within two standard deviations of the distribution mean.
Both non-destructive gamma spectrometry and alpha spectrometry techniques were used. The Z-
score values (Fig. 37) are below 2.0 showing good performance by the laboratories. The median,
given as the information value is 34 Bq kg™ dw (95% confidence interval is (32 — 35) Bq kg™
dw).

230T h

Five out of 18 results were not included in the data evaluation (Table VIII, Fig. 11). One
laboratory reported only the detection limit. Both non-destructive gamma spectrometry and dpha
spectrometry techniques were used. The data were quite homogeneous within two standard
deviations of the distribution mean. The Z-score values (Fig. 38) are below 1.7 showing good
performance by the laboratories. The median, given as the information value is 31.8 Bq kg™ dw
(95% confidence interval is (30.0 —34.9) Bq kg™ dw).

232-|- h

Out of 41 reported laboratory means, 11 results did not pass the outlierstest (Table I X, Fig.
12) most of them were determined by gamma spectrometry. The rest of the data were
homogeneous within two standard deviations of the distribution mean. The Z-score values (Fig.
39) are below 2.0 showing good performance by the laboratories. The median, given as the
recommended value is 33.8 Bq kg™ dw (95% confidence interval is (32.6 —34.5) Bq kg™ dw).

234-|- h

Thirteen laboratories reported their mean values (Table X, Fig. 13) using only gamma
spectrometry and all data were accepted for treatment. The data were homogeneous within two
standard deviations of the distribution mean. The Z-score values (Fig. 40) are below 1.5 showing
good performance by the laboratories. The median, given as the information value is 28.7 Bq kg’
! dw (95% confidence interval is (22.4 — 34.1) Bq kg™ dw).



7.2.3.  Uranium isotopes

234U

Out of 23 reported laboratory means, 7 results did not pass the outliers test (Table X1, Fig.
14). These results were obtained using total dissolution followed by alpha spectrometry with the
exception of 3 results obtained by ICPMS. The Z-score values were below 2.0 showing good
performance by the laboratories (Fig. 41). The median, given as the information value is 27.2 Bq
kg™ dw (95% confidence interval is (25.8 — 28.6) Bq kg™ dw).

235U

Out of 17 results reported using gamma spectrometry, four were outliers principally due to
the interference of *°Ra (Table X|1, Fig. 15). Of the 16 results reported using alpha spectrometry
and ICPMS after radiochemical purification, only 1 did not pass the outliers test. Two
laboratories reported detection limits only. The three individual results obtained using ICPMS
fell within the confidence interval range (95%). The Z-score vaues (Fig. 42) were below 2
indicating good performance by the laboratories. The median given as the recommended vaue is
1.36 Bq kg™ dw (95% confidence interval is (1.24 — 1.51) Bq kg™ dw).

238U

Twenty-five results were reported (Table X111, Fig. 16) using gamma spectrometry and 23
using alpha spectrometry and ICPMS. One result obtained by gamma spectrometry was reported
as detection limit and 6 failed the outliers test. The data obtained by gamma spectrometry were
more widespread than the data obtained by alpha spectrometry, indicating that some laboratories
have some difficulties with gamma spectrometry measurements in the low energy region. Most
results obtained by ICPMS were in the confidence interval range (95%). The Z-score values (Fig.
43) are below 2.2, showing relatively good performance by the laboratories. The median given as
the information value is 29.4 Bq kg™ dw (95% confidence interval is (28.0 — 30.5 Bq kg™ dw).

7.2.4. Radium isotopes

226Ra

Fifty-nine laboratory means (50 accepted with 9 values as outliers) mainly obtained by
g;amma spectrometry were reported (Table X1V, Fig. 17). Severa laboratories overestimated the
“Ra concentrations due to improper calibration, background estimation or possible *°U
interference in the gamma spectra at 186 KeV energy. Of the 4 laboratories using alpha
spectrometry after chemical separation, three showed good results. The Z-score values of
accepted data (Fig. 44) are below 2.2 showing good performance by the laboratories. The median
givian as the recommended value is 22.7 Bq kg™ dw (95% confidence interval is (21.8 — 24.0) Bq
kg™ dw).

228Ra

Twenty-three laboratory means (13 accepted, i.e. amost half were outliers) obtained
principally by gamma spectrometry were reported (Table XV, Fig. 18). One laboratory using
beta counting, gave a result that was too high. Most outlier results were overestimated, showing
difficulties with gamma spectrometry. The rest of data were homogenous between two standard
deviations. The Z-score values of accepted data (Fig. 45) are below 1.5 showing good

10



performance by the laboratories. The median given as the information value is 32.9 Bq kg™ dw
(95% confidence interval is (30.7 —35.0) Bq kg™ dw).

7.25. Ac

Twenty-nine laboratory means were reported (Table XVI, Fig. 19) using gamma
spectrometry, of which 7 were outliers. The accepted values showed good homogeneity within
two standard deviations of the distribution mean. The Z-score values of these data (Fig. 46) are
below 1.9 showing good performance by the laboratories. The median given as the information
valueis 31.5 Bq kg™ dw (95% confidence interval is (29.8 — 32.6) Bq kg™ dw).

7.2.6. 2*Pband?*Bi

Twenty-six laboratory means were reported for ?**Pb and 23 for #*Bi (Table XVII, Figs 20
and 21). Gamma spectrometry was used for al analyses. Six outliers were observed for 2**Pb and
3 for #“Bi. The accepted values showed good homogeneity, within two standard deviations of
the distribution mean. The Z-score values of these data (Figs 47 and 48) are below 2.0 for both
radionuclides, showing good performance by the laboratories. The median given as the
information vaue is 21.6 Bq kg™ dw (95% confidence interval is (20.0 — 22.4) Bq kg™ dw) for
21%Ph and 19.6 Bq kg™ dw (95% confidence interval is (17.8 — 21.0) Bq kg™ dw) for Bi.

7.27. 2?Pb and ??Bi

Sixteen laboratory means were reported for “?Pb and 13 for #Bi (Table XVIII, Figs 22
and 23). As above, only gamma spectrometry was used to determine the two radionuclides and
only one outlier value was observed for each. The accepted values showed good homogeneity,
within two standard deviations of the distribution mean. The Z-score values of these data (Figs
49 and 50) are below 2.0 for both, showing good performance by the laboratories. The median
given as the information value is 37.3 Bq kg™ dw (95% confidence interval is (33.0 — 39.0) Bq
|2<ng2'l dw) for ??Pb and 34.2 Bq kg™ dw (95% confidence interval is (31.1 — 39.0) Bq kg™ dw) for

Bi.

7.28. 2%Pp

Of the 32 laboratories reporting gamma spectrometry results, only 1 laboratory reported an
outlying value and one other reported detection limit only (Table X1X, Fig. 24). This shows an
evident improvement in measuring low-energy gamma rays (especially when the activity was
sufficiently high), which was not the case in the previous intercomparison exercise [7] due to
problems with self-absorption and energy and efficiency calibrations. All 13 results obtained by
alpha spectrometry were accepted for data evaluation. The Z-score values (Fig. 51) for “°Pb
obtained for both methods are below 2.0, showing good performance by the laboratories. The
median1 given as the information value is 35.5 Bq kg™ dw (95% confidence interval (31.2 —38.9)
Bg kg™ dw).

7.29. 2%

Of the 15 laboratory means reported for #°Po, all were used for data evaluation (Table XX,
Fig. 25). Smple chemical purification before electro-deposition on silver disc following apha
spectrometry provided good results and performance as shown by the symmetrica Z-score
values of less than 1.7 (Fig. 52). The median given as the information value is 28.0 Bq kg™ dw
(95% confidence interval (23.8 —36.6) Bq kg™ dw).
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Taking into account the time elapsed between collection and analysis of the samples, it
seems reasonable to assume that “*°Pb and #°Po are in secular equilibrium.

7.2.10. %87

28T was determined only by gamma spectrometry. Of the 15 laboratories reporting mean
values, 5 did not pass the outliers test (Table XXI, Fig. 26). The rest of the data showed good
homogeneity, within two standard deviations of the distribution mean. The relative symmetry of
the Z-scores demonstrated good performance by the laboratories with a value of less than 2.0
(Fig. 53). The median given as the information value is 11.6 Bq kg* dw (95% confidence
interval (9.3 —13.5) Bg kg™ dw).

7.3. ISOTOPIC RATIOS

238py/239+290py getivity ratios are shown in Table XXII and Fig. 27. The median vaue is
0.159 (higher than the global fallout value of 0.025-0.04 [8] at these latitudes), confirming that
the IAEA-385 sediment has been significantly contaminated by Sellafield nuclear discharges.

2 AMy?3*20py activity ratios are shown in Table XX and Fig. 28. The median vaue is
1.301, higher than the global fallout ratio (0.24-0.86 [9]), due to both the impact of the Sellafield
nuclear reprocessing plant and enhanced scavenging of americium in the water column by
settling particles.

7.4. LESSFREQUENTLY REPORTED RADIONUCLIDES

Results for the less frequently reported radionuclides (*°Co, *Tc, ***Cs, **°Eu, **Ra, %'Th,
ZINp, #Pu, 2Py, total Th and U) in IAEA-385 are given in Table X XIII.

60
Co
Sixteen laboratories reported results for ®Co, of which only 3 reported values above
detection limits, ranging from 1.3 to 8.2 Bq kg™ dw.

99
Tc
Three laboratories reported *Tc results, of which 2 laboratories reported above detection
limits (0.7 and 3.6 B kg™ dw).

134
Cs
Four laboratories reported ***Cs values determined by gamma spectrometry, ranging from
5.1t0 7.8 Bq kg™ dw. Two laboratories reported detection limits only.

155Eu
Two laboratories reported **°Eu values obtained by gamma spectrometry, ranging from
4.19t0 7.86 Bq kg™ dw.

224
Ra
Four laboratories reported results ranging from 15 to 64 Bq kg™ dw for %?*Ra.

227T h

Only 1 laboratory reported ?’Th results obtained by gamma spectrometry (1.53 Bq kg™
dw).

12



237Np
Three results obtained respectively by apha spectrometry, gamma spectrometry and
ICPMS, ranging from 0.019 to 19.2 Bq kg™ dw were reported. One laboratory reported
detection limits.

241PU
Four results obtained by beta spectrometry were reported (ranging from 28 to 144 Bq kg™
dw).

242
Pu
Only one result was reported (0.67+0.02 Bq kg™ dw) using ICPMS. This is an important
result as most laboratories determining plutonium isotopes by apha spectrometry use **Pu
asinternal tracer.

Total Thand U
Using neutron activation analysis, 1 laboratory reported the total value for thorium and
uranium (9.4£1.0 and 3.1+0.4 ppm, respectively). These values (which are equivalent to
38.5+4.1 Bq kg™ for ?*U and 38.2+4.9 Bq kg™for “**Th, respectively) are dightly higher
than their medians and confidence intervals (Table IX and Table X111, respectively).

8. CONCLUSIONS

In this worldwide intercomparison exercise on Irish Sea sediment (IAEA-385), data on
natural and anthropogenic radionuclide concentration measurements were reported by 99
laboratories. 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 and information values. A
summary of these values with confidence intervals for the most frequently reported
anthropogenic and natural radionuclidesis givenin Table XXIV.

The certification procedure for IAEA-385 will be completed when analyses from expert
laboratories are evaluated and published following ISO standards. It is expected that |AEA-385
will bereleased as an IAEA reference material for radionuclides in the marine environment.
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TABLE |. RADIONUCLIDES REPORTED FOR IAEA-385

Radionuclide Number of results reported ! Radionuclide Number of results reported
0K 294 2Th 4
®Co 49(38) 28Th 84
Ogy 53(13) Z0Th 58(10)
®Tc 4(1) 22Th 146(9)
B4cs 15(5) Z4Th 43(2)
Bcs 322 Th (total) 1
1384 4(2) 234mpg 1
=y 10 4 78
207 3 25y 127(4)
2087 40 8y 128(1)
210pg 84 U (natural) 10
210pp 260(2) “"Np 11(2)
) 47 28py 148(6)
214Pb 80 239Pu 14
212p; 39 240py 14
214Bi 73 239+240Pu 180
2Ra 17 21py 11
2°Ra 208 2Am 258
28Ra 93 24Cm 12(3)
X 89
"Lessthan" values are shown in parenthesis.
TABLE Il. RESULTSFOR *Sr IN IAEA-385
(Reference date: 1 January 1996)
Laboratory ~ Method ~ Number of Weight Ogy

Code Code results (9) (Ba kg™ dw)

1 B 1 5.108 <43

2 B 2 93-98 0.42 + 0.08

5 B17 5 100 0.64 +0.04

8 B20 3 30-40 0.46 + 0.07

11 B15 2 4.56 0.58 + 0.02

21 B18 4 14.2243 <141

29 B 3 6-16 0.83+0.30

57 B17 3 23 3.63+0.12*

60 B20 6 4.45-11.19 <0.7

65 B7 2 39.5 12.7 + 0.9*

67 B 2 5 <0.01

69 B7 2 30 0.63+0.20

78 B5 2 20 0.37+0.10

84 B 2 19.8478 0.60+0.21

87 B17 2 20 0.76 + 0.12

93 B7 9 20-21 0.30+ 0.02

94 B 1 5 1.5*

97 B 2 30.34-32.96 0.68 + 0.01
Number of reported lab. means 14
Number of accepted lab. means 11
Median 0.59
Confidenceinterval (a = 0.05) 0.42-0.68

* Result rejected as outlier.
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TABLE IIl. RESULTS FOR ¥'CsIN IAEA-385
(Reference date: 1 January 1996)

Laboratory  Method Number of Weight Bics
Code Code results (9) (Ba kg™ dw)
1 Gl 4 20 331 £ 22
2 Gl 2 61 353 £ 10
3 Gl 1 91.75 300 £ 16
5 Gl 5 50.85 404 = 12
6 Gl 1 5141 319 £ 11
7 Gl 2 50.11 356 £ 24
8 Gl 4 40 399 £ 12

9 Gl 16 38.52 127 + 1.0*
11 Gl 4 11.49-27.8 40 = 27
12 Gl 3 95 38.0 £ 40
13 Gl 2 103.4 292 + 18
14 Gl 2 100.89 297 £ 09
15 Gl 6 50 312 £ 14
16 Gl 3 100 347 £ 20
17 Gl 1 27.7 312 + 31
18 Gl 2 50 322 £ 08
21 Gl 1 66.32 427 = 13
22 Gl 2 54.09 332 £ 0.7
23 Gl 9 42.54 274 £ 05
24 Gl 1 55.47 344 + 50
25 Gl 4 50.48-51.8 276 £ 04
26 Gl 3 99.4 339 £ 40
27 Gl 3 98.3 327 £ 36
29 Gl 6 11-102 291 £ 32
30 Gl 2 100 392 + 31
31 Gl 2 100 308 £ 0.7
32 Gl 3 100 284 £ 1.2
33 Gl 3 100 613 + 3.8*
34 Gl 3 100 349 £ 11
35 Gl 1 100 36.7 £ 20
36 Gl 2 23 365 £ 28
37 Gl 6 54.65 380 £ 15
38 Gl 6 33.6-33.65 366 £ 4.2
40 Gl 2 50 301 £ 1.1
41 Gl 5 100 383 £ 21
42 Gl 3 100 294 + 09
43 Gl 3 98.045 325 £ 08
44 Gl 2 46.2-47.1 338 £ 17
45 Gl 3 75 320 £ 13
46 Gl 5 39.8 40.7 = 81
47 Gl 6 53 350 £ 14
48 Gl 3 16 410 = 12
49 Gl 3 102.47 384 £ 10
50 Gl 2 73.481 274 £ 10
51 Gl 2 40.99 341 £ 24
52 Gl 2 100 365 £ 14
55 Gl 7 98.2 319 £ 15
56 Gl 5 102.2 305 £ 26
58 Gl 2 101 401 = 19
59 Gl 4 49.1-53 324 £ 11
62 Gl 2 94.33 330 £ 14
63 Gl 3 65 370 £ 0.6
64 Gl 2 82 339 £ 19
65 Gl 2 84.2 257 £ 34
66 Gl 2 51 380 £ 30

17



TABLE 111 (cont'd). RESULTS FOR ™'CsIN IAEA-385

(Reference date: 1 January 1996)

L aboratory Method Number of Weight Bics
Code Code results (9) (Bg kg™ dw)
67 Gl 1 20 380 = 15
68 Gl 2 30 30.7 = 05
69 Gl 2 77.38 342 = 08
70 G2 2 20.05-50.4 330 = 23
71 Gl 1 84.65 350 = 50
72 Gl 1 63.76 329 = 23
73 Gl 1 11.73 5 =+ 3
75 Gl 5 92 352 = 16
76 Gl 2 58.9 340 = 10
77 Gl 10 58-134.4 338 = 09
78 Gl 2 51.1 290 = 17
79 Gl 3 30 245 = 50
80 Gl 6 6-50 460 = 0.9*
81 Gl 2 50.54-50.67 282 + 12
82 Gl 7 102.2 335 = 14
83 Gl 2 35.82-36.77 387 = 25
84 Gl 2 104.2 347 + 15
85 Gl 2 58.94 481 + 58*
86 Gl 10 101.05 386 = 03
86 Gl 4 101.05 388 = 05
87 Gl 2 20.62 255 = 13
89 Gl 1 97.9 2717 £ 05
90 Gl 3 37.88 217 £ 14
91 Gl 5 100.8 423 + 28
92 Gl 2 102.2 427 = 23
93 Gl 42 60 332 = 03
94 Gl 5 100 421 = 24
95 Gl 1 103.5 306 = 25
96 Gl 1 60.05 271 = 09
99 Gl 9 4.2 328 = 20
100 Gl 1 18.1 314 + 15
Number of reported lab. means 85
Number of accepted lab. means 80
Median 33.7
Confidenceinterval (a = 0.05) 32.4-34.7

* Result rejected as outlier.
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TABLE IV. RESULTS FOR #pu AND Z*#0py |IN |IAEA-385
(Reference date: 1 January 1996)

Laboratory Method ~ Number Weight 28y 239+240py,
Code Code  of results (9) (Ba kg™ dw) (Ba kg™ dw)
1 A 3 511 054 + 0.09 3.06 + 0.33
4 A27 2 5 0.64 + 0.19 492 + 0.33*
6 A2 1 2 297 + 0.30
7 A 2 5.04 0.52 = 0.08 298 + 0.67
8 A2 2 15 047 = 0.03 3.13 + 0.65
11 A2 2 12.83 0.37 = 0.04 313 + 0.74
14 A10 2 10 0.38 + 0.02 231 + 0.09
20 A2 7 3.3-3.39 3.17 + 040
21 A2 4 14.22 <0.04 106 = 0.48*
24 A2 2 25 0.18 = 0.06* 3.20 + 0.70
28 A2 6 2.0 032 = 004 233 + 004
29 A2 7 1-3 044 = 0.08 266 = 0.10
29 M1 6 1-3 269 + 173
29 A2 1 3 0.49 + 0.08# 3.33 + 0.50#
29 M1 1 3 3.32 0.38#
36 All 2 2 058 + 0.16 473 + 0.12*
53 A3l 1 55.82 045 = 0.02 272 + 0.12
54 A2 6 7 042 + 0.01 281 + 0.12
60 All 6 4.45-11.19 048 + 0.02 3.06 + 0.06
61 A2 2 10 2.89 + 0.07
63 A2 2 4951 0.53 + 0.02 2.73 = 0.09
64 A10 1 5 045 = 0.07 292 + 0.13
65 A26 2 5 0.31 + 0.06 189 = 0.37*
66 A2 3 9.98-10.29 049 + 0.02 321 + 023
67 A 3 6 0.67 + 0.26 3.18 + 0.70
68 A10 1 5 048 + 0.09 263 + 0.24
69 A2 2 18.3 0.68 + 0.08 425 + 0.17*
70 A2 2 4.93-5.06 <1.0 355 + 0.55
73 A2 1 041 + 0.07 314 + 0.24
78 A2 2 20 042 + 0.05 2.60 + 0.19
79 A2 4 3 0.58 + 0.02 299 + 033
80 A 3 10 0.57 + 0.03 3.68 + 0.08
84 A 2 497 051 + 0.04 342 + 090
86 A 2 5.52-5.64 0.75 = 0.08* 281 + 0.32
89 A 3 11.3 0.33 + 0.01 194 + 0.51*
91 A 10 3.3-34 3.30 + 0.04
93 A2 44 0.5-5 047 + 0.02 3.13 + 0.67
93 A2 3 5 0.50 + 0.10 281 + 0.65
93 M1 2 5 319 + 0.74
93 M7 3 5 298 + 0.09
97 A 15 10 041 + 0.04 295 + 0.23
99 A 3 10 0.25 + 0.04 137 = 0.04*
100 A 3 5 045 + 0.04 256 + 0.12
Number of reported lab. means 32 41
Number of accepted lab. means 30 34
Median 0.47 2.98
Confidenceinterval (a = 0.05) 0.42-0.50 2.81-3.13

* Results rejected as outliers.

# Not included

at participant's request.
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TABLE V. RESULTS FOR #*Pu AND ?°Pu IN IAEA-385
(Reference date: 1 January 1996)

Laboratory Method Numberof  Weight 29py 240py
Code Code results (9) (Ba kg™ dw) (Ba kg™ dw)
29 M1 6 1-3 164 = 0.8 106 + 0.12
29 M1 1 3 199 = 0.20# 133 + 0.14#
78 M3 2 10.4 13 = 02 10 £ 0.2
93 M2 1 5 207 + 004 118 + 0.02
93 M2 1 5 192 + 0.04 121 + 002
93 M7 1 5 198 + 0.01 128 + 004
93 M7 1 5 202 + 0.01 132 + 004
93 M7 1 5 164 = 0.01 097 %= 0.03
Number of reported lab. Means 7 7
Number of accepted lab. Means 7 7
Median 1.92 1.18
Confidenceinterval (a = 0.05) 1.30-2.07 0.97-1.32

* Results rejected as outliers.
# Not included in the data evaluation at participant's request.

TABLE VI. RESULTSFOR **Am IN IAEA-385.
(Reference date: 1 January 1996)

Lab. Method Noof Weight #'Am (gamma) | Method No.of ~Weight ~ *'Am (alpha)
Code Code results (9) (Bqkg*dw) | Code results (9) (Ba kg™ dw)
1 G1 4 20 423 + 061
3 Gl 1 91.75 42 + 07
5 Gl 5 59.85 234 + 0.74*
6 Gl 1 51.41 381 + 035 |
7 Gl 5 A 2 5.0-5.04 355 + 0.32
8 Gl 4 40 461 + 028
9 Gl 8 38.52 263 + 038
11 Gl P A2 2 12.83 3.84 0.46
14 Gl 2 100.89 421 + 080 : AI10 2 10 333 + 040
18 Gl 2 50 378 + 013 |
25 Gl 4 50-51 3.07 + 0.07
26 Gl 3 99.4 533 + 440 |
29 G1 1 A3l 7 3 3.20 + 0.66
29 Gl P A3l 1 3 3.67 + 0.74#
31 Gl 2 100 35+ 070
32 Gl 3 100 47 =+ 04
34 Gl 3 100 504 + 097
36 Gl POALL 2 829 + 1.82*
37 Gl 6 54.65 41 + 19 '
41 G1 5 100 5,62 + 0.60
42 Gl 2 100 42 + 11
44 Gl 2 46-47 360 + 0.37
46 Gl 5 39.7984 42 + 25
47 G1 6 53 460 £+ 0.38
48 Gl 3 16.006 340 + 0.23
49 Gl 3 102.47 422 + 0.30
50 Gl 2 73.481 273 + 0.39
51 Gl 2 40.99 474 + 0.74
52 Gl 2 100 400 £+ 062
54 Gl bA2 4 7 401 + 0.08
55 Gl 7 98.2 460 £ 096
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TABLE VI (cont'd). RESULTS FOR *Am IN IAEA-385
(Reference date: 1 January 1996)

Lab. Method Noof  Weight  2Am(gamma) | Method No.of Weight  2*!Am (alpha)

Code Code results (@) (Bakg'dw) | Code results  (g) (Ba kg™ dw)
58 Gl 2 51.54 40 + 06 |

59 Gl 4 49-51 238 + 047 !

60 Gl L ALL 5 11.167 3.87 + 0.07
62 Gl 2 94.33 292 + 057 !

63 Gl LOA2 2 4951 355 + 0.14
64 Gl L A10 1 1 390 + 0.83
67 Gl LOA2 3 6 102 + 1.9*
69 Gl 2 77.38 433 + 0.76 !

70 Gl 2 20.05 330 + 072 ¢ A2 1 5.01 59 + 1.9*
72 Gl 1 63.76 445 + 0.67 !

73 Gl 2 11.73 357 + 084 !

75 G1 2 R 39 + 06 !

77 Gl 10 58-13 470 + 042 !

78 Gl .V 2 20 30 + 0.2
81 Gl 2 50 267 + 082 !

84 Gl A 2 4.974 368 + 043
85 Gl 2 58.94 488 + 1.80 !

86 Gl 16 49-101 410 + 028 ¢ A 2 552564 450 + 0.35
89 Gl 1 97.9 333+ 015! A 3 11.3 262 + 0.76
93 Gl 18 60 428 + 046 @ A2 44 05-5 401 + 0.64
93 LOA2 4 5 378 + 110
94 Gl 5 100 259 + 014 |

96 Gl 1 60.05 323 + 043 |

99 A 2 71 400 + 0.08
100 A 3 5 340 + 0.24
Number of reported lab. means 41 19
Number of accepted lab. means 40 16
Median 4.10 3.73
Confidence interval (a = 0.05) 3.60-4.22 3.55-4.01
Combined data set

Median 3.90

Confidence interval (a = 0.05) 3.60-4.10

* Results rejected as outliers.
# Not included in the data evaluation at participant's request.
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TABLE VII. RESULTSFOR “K IN IAEA-385

(Reference date: 1 January 1996)

Laboratory Method Number of Weight 0K

Code Code results (9) (Ba kg™ dw)
1 Gl 4 20 500 =+ 38
2 Gl 2 61 625 + 17
3 Gl 1 91.75 610 + 32
5 Gl 5 59.85 664 = 19
6 Gl 1 5141 768 £ 45*
7 Gl 2 59.108 56 =+ 37
8 Gl 4 40 617 + 19
9 Gl 8 38.5247 707 + 102*
11 Gl 4 11.49-27.8 691 + 53
12 Gl 3 95 610 = 30
13 Gl 2 103.4 498 = 32
14 Gl 2 100.89 569 + 14
15 Gl 6 50 625 + 29
16 Gl 3 100 525 + 14*
17 Gl 1 27.7 587 £+ A4
18 Gl 2 50 649 = 23
21 Gl 1 66.32 849 + 41*
22 Gl 2 54.09 639 = 15
23 Gl 9 42,54 714 £+ 1*
25 Gl 2 50-55 654 + 9
26 Gl 2 51.8 752 + 78
27 Gl 3 98.3 602 = 64
29 Gl 6 11-102 620 + 126
30 Gl 2 100 605 =+ 57
31 Gl 2 100 571 £ 12
32 Gl 2 100 52 + 9
33 Gl 3 100 655 = 8
34 Gl 3 100 508 + 23
35 Gl 3 100 612 + 31
36 Gl 2 23 540 £ 52
37 Gl 6 54.65 581 £+ 15
38 Gl 6 33.65 757 + T74%
40 Gl 2 50 604 + 22
41 Gl 5 100 573 + 18
42 Gl 3 100 569 + 17
43 Gl 3 98.04 618 + 25
44 Gl 2 46.2-47.1 627 £ 32
45 Gl 3 75 624 + 21
46 Gl 5 39.7984 679 = 38
47 Gl 6 53 630 = 27
49 Gl 3 102.47 637 + 17
50 Gl 2 73.48 548 + 33
51 Gl 2 40.99 746 £ 21*
52 Gl 2 100 570 £+ 21
55 Gl 7 98.2 505 + 31
56 Gl 5 102.2 631 + 60
58 Gl 2 101 636 + 24
59 Gl 4 49-53 687 + 26
62 Gl 2 94.33 604 + 31
63 Gl 3 65 642 £+ 4
64 Gl 2 82 612 + 34
65 Gl 2 84.2 641 £+ 56
66 Gl 2 51 850 =+ 80*
67 Gl 1 20 493 + 33*
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TABLE VII (cont'd). RESULTS FOR “K IN IAEA-385
(Reference date: 1 January 1996)

Laboratory Method ~ Number of Weight 0K
Code Code results (9) (Ba kg™ dw)
68 Gl 2 30 560 + 9
69 Gl 2 77.38 528 + 9
70 Gl 2 20-50.43 719 + 52*
71 Gl 1 84.65 562 + 56
72 Gl 1 63.76 645 + 27
73 Gl 1 11.73 914 + 60*
75 Gl 5 92 651 + 29
77 Gl 10 58-134.4 678 + 16
78 Gl 2 51.1 50 + 30
81 Gl 2 50.54-50.67 588 + 62
82 Gl 7 102.2 791 = 31*
83 Gl 2 35.82-36.77 607 + 34
84 Gl 2 104.2 576 + 26
85 Gl 2 58.94 603 + 81
86 Gl 10 101.05 600 + 6
87 Gl 2 20.6236 940 + 14*
89 Gl 1 97.9 656 + 18
90 Gl 3 37.88 20 = I*
91 Gl 5 100.8 681 + 44
92 Gl 2 102.2 636 + 29
93 Gl 42 60 623 + 5
94 Gl 5 100 691 + 36
95 Gl 1 103.5 570 + 34
96 Gl 1 60.05 629 + 36
99 Gl 9 4.2 611 + 55
100 Gl 1 18.1 607 = 72
Number of reported lab. means 80
Number of accepted lab. means 63
Median 611
Confidenceinterval (a = 0.05) 603-625

* Result rejected as outlier.
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TABLE VIII. RESULTS FOR 2Th AND ®°Th IN IAEA-385
(Reference date: 1 January 1996)

Laboratory Method Number of Weight 28Th Z0Th
Code Code results (9) (Ba kg™ dw) (Ba kg™ dw)
7 A 2 0.52-5.02 295 + 24 222 = 20
8 Gl 4 40 354 £ 11
9 Al18 3 2.09 350 £+ 10* 209 = 0.6*
11 Gl 2 1.807 235 = 1.0*
18 Gl 2 50 369 = 39
22 Gl 2 54.09 103 + 0.3*
23 Gl 6-10 4254 370 £ 24 <568.1
30 Gl 2 100 147 + 30*
35 Gl 1 100 309 + 41
41 Gl 5 100 3B7 = 12
45 Gl 2 0.5 340 £ 26 336 = 25
47 Gl 6 53 320 £ 16
55 Gl 7 98.2 339 £ 18
61 A2 2 10 343 £ 09 354 = 10
63 A2 2 4951 174 + 0.2* 155 + 0.1*
64 Gl 1 1 305 = 29
67 Gl 1 20 398 + 33
67 A 3 6 288 = 09
68 A10 1 0.7 303 = 16
68 Gl 2 30 341 + 07
71 Gl 1 84.65 306 = 5.0
72 Gl 2 63.76 349 = 37
73 Gl 6 0.23-0.38 470 = 19*
77 Gl 10 58-134.4 344 + 10
78 A2 2 101 320 = 27 300 = 25
83 Gl 2 35.82-36.77 350 £ 20
84 Gl 2 2.99 287 = 28
86 Gl 12 101.05 370 £ 1.2
89 A 3 11.3 278 = 10* 300 = 0.1
93 A2 5 5 334 £ 06 307 = 05
100 A 3 1 323 £ 17 328 = 17
Number of reported lab. means 22 18
Number of accepted lab. means 15 13
Median 34.0 31.8
Confidenceinterval (a = 0.05) 32.0-35.0 30.0-34.9

* Result rejected as outlier.
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TABLE IX. RESULTSFOR ZTh IN IAEA-385
(Reference date: 1 January 1996)

Laboratory  Method  Number of Weight 22Th
Code Code results (9) (Bg kg™ dw)
2 Gl 2 61 306 £ 13
7 A 2 0.52-5.02 289 + 23
9 Gl 3 2.09 257 £+ 08*
11 A2 2 1.807 241 + 10
13 Gl 2 1034 339 £ 51
14 Gl 2 100.9 325 = 33
17 Gl 1 277 832 £ 6.7
21 Gl 1 66.32 520 *= 58*
22 Gl 2 54.09 328 = 038
23 Gl 12 4254 382 £ 29
26 Gl 3 994 354 £ 70
27 Gl 3 98.3 345 = 39
29 Gl 6 11-102 346 £ 74
30 Gl 2 100 24 + 44
33 Gl 3 100 37 = 1.0*
35 Gl 1 100 360 = 36
37 Gl 6 54.65 300 = 30
38 Gl 12 33.6 5 + 18*
42 Gl 2 100 299 + 13
44 Gl 2 46.2-47.1 349 + 20
45 Al4d 2 0.5 340 £ 25
46 Gl 5 39.8 325 = 58
51 Gl 2 40.99 364 + 31
59 Gl 4 49-53 350 £ 24
61 A2 2 10 355 = 09
62 Gl 2 94.33 551 =+ 108*
63 A2 2 4951 183 + 0.2¢
64 A18 1 1 319 £ 30
66 Gl 2 51 320 £ 30
67 A 6 0.2-6 411 = 0.9*
68 A10 1 0.7 344 + 18
73 A22 5 0.24-0.38 350 £ 15
78 A2 2 101 320 = 27
78 M3 2 1.02 330 £ 08
81 Gl 2 50.54-50.67 345 + 34
84 A 2 2.99 359 = 35
86 Gl 6 49.12 42 + 4
88 NAA 9 0.1 <47
89 A 3 11.3 328 £+ 01
93 A2 5 5 337 £ 08
99 Gl 9 4.2 229 + 27*
100 A 3 1 332 + 17
Number of reported lab. means 41
Number of accepted lab. means 30
Median 33.8
Confidenceinterval (a = 0.05) 32.6-34.5

* Result rejected as outlier.
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TABLE X. RESULTSFOR *Th IN IAEA-385

(Reference date: 1 January 1996)

Laboratory ~ Method Number of Weight Z4Th
Code Code results (9) (Bg kg™ dw)
14 Gl 2 100.89 356 + 41
15 Gl 9 50 341 + 33
31 Gl 2 100 224 * 1.7
32 Gl 3 100 177 = 21
42 Gl 2 100 21.0 = 33
45 Gl 3 75 339 = 29
47 Gl 6 53 340 = 6.9
49 Gl 3 102.5 266 = 2.7
75 Gl 2 92 39.1 %= 10.2
83 Gl 2 35.8-36.8 278 + 26
85 Gl 2 58.94 <63
89 Gl 1 97.9 238 + 44
94 Gl 5 100 287 + 15
100 Gl 1 18.1 330 + 44
Number of reported lab. means 13
Number of accepted lab. means 13
Median 28.7
Confidence interval (a = 0.05) 22.4-34.1
* Result rejected as outlier.
TABLE XI. RESULTSFOR U IN IAEA-385
(Reference date: 1 January 1996)
Laboratory ~ Method Number of Weight Y
Code Code results (9) (Ba kg™ dw)
4 A27 2 5 25.0 += 0.9
6 A2 1 2 60.5 + 55*
7 A 2 0.5-5.0 224 * 18
9 A18 7 0.74-2.09 257 = 04
11 A2 2 1.81 299 = 20
28 A2 6 2.1 380 * 04*
42 Gl 2 100 21.0 + 3.3
45 Al4 3 0.5 293 + 1.1
61 A2 2 10 26.3 = 0.8
63 A2 2 4951 16.8 * 0.1*
64 Al8 1 1 258 + 14
67 A 3 6 30.7 = 0.8
68 A10 1 0.7 278 = 2.2
73 A22 4 0.24-0.38 384 + 12*
78 A2 2 1.00 270 + 20
84 A 2 5.18 174 + 1.1*
86 A 4 5.52-5.64 285 + 06
88 NAA 9 0.1 643 + 3.3*
89 A 3 11.3 263 + 2.1
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TABLE XI (cont'd). RESULTSFOR #'U IN IAEA-385
(Reference date: 1 January 1996)

Laboratory ~ Method Number of Weight Yy
Code Code results (9) (Ba kg™ dw)
93 M1 3 5 274 * 0.3
93 A2 3 5 286 * 1.8
97 A 11 10 301 + 1.2
100 A 3 1 247 £ 15
Number of reported lab. means 23
Number of accepted lab. means 16
Median 27.2
Confidenceinterval (a = 0.05) 25.8-28.6

* Result rejected as outlier.

TABLE XII. RESULTS FOR ?*U IN |AEA-385.
(Reference date: 1 January 1996)

Lab.  Meth. No.of  Weight 2% (gamma) | Lab.  Meth. No.of  Weight 25 (alpha)
Code Code results @ (Bgkgtdw) | Code  Code reslls—g) (Ba kg™ dw)
2 Gl 2 61 175 + 0.18 4 A27 1 5 <0.24
15 Gl 9 50 238 + 0.65 4 A7 1 5 150 + 032

18 Gl 2 50 151 + 0.16 6 A2 1 2 <27
23 Gl 10 4254 403 =+ 0.59* 7 A 2 0550 124 + 0.25
25 Gl 4 50.48 125 + 0.05 45 Al4 3 0.5 115 + 0.19
30 Gl 2 100 073 £ 003 : 64 A18 1 1 122 + 0.26
40 Gl 2 50 324 + 016* : 67 A 6 0.2-6 127 + 0.03
41 Gl 5 100 169 + 027 68 Al0 1 0.7 14 £+ 04
49 Gl 3 10247 191 + 023 : 73 A22 4 024038 176 + 0.23
55 Gl 1 100 <2 1 78 A2 2 1.0 140 + 033
58 Gl 2 101 17 £ 11 1 84 A 2 5179 091 £ 011
62 Gl 2 9433 368 + 0.69* | 86 A 4 5.52 123 + 0.09
72 Gl 2 63.76 187 + 024 : 88 NAA 9 0.1 287 + 017*
8l Gl 1 50.54 124 + 099 : 89 A 3 11.3 128 + 0.30
8l Gl 1 50.67 <15 1 93 A2 3 5 113 + 0.03
92 Gl 2 102.2 205 + 035 : 93 M1 3 5 131 + 0.01
93 Gl 10 60 136 * 037

94 Gl 5 100 334 £ 028 : 97 A 11 10 144 + 0.14
96 Gl 1 60.05 157 + 053 : 100 A 3 1 107 + 022
Number of reported lab. means 17 16
Number of accepted lab. means 13 15
Median 1.69 1.27
Confidence interval (a = 0.05) 1.25-1.91 1.15-1.40
Combined data set

Median 1.36

Confidence interval (a = 0.05) 1.24-1.51

* Result rejected as outlier.
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TABLE XIIl. RESULTS FOR %®U IN |IAEA-385
(Reference date: 1 January 1996)

Lab. Meth No.of Weight 28y (gamma) Lab.  Meth No.of  Weight 8y (alpha)

Code Code results ) (Bqkg'dw) | Code  Code results ©) (Ba kg™ dw)
2 Gl 2 61 379 + 39 4 A27 2 5 264 = 1.0
13 Gl 2 103.4 209 + 24 6 A2 1 2 545 £ 5.1*
14 Gl 2 100.9 356 + 41 7 A 2 0.55.0 241 = 19
18 Gl 2 50 331 + 17 : 9 A18 7 0.7-2 260 = 05
22 Gl 2 54.09 735 + 29 . 11 A2 2 181 274 = 20
23 Gl 9 42.54 586 + 09 . 28 A2 6 21 624 * 0.5*
25 Gl 4 50-51 206 + 08 : 45 Al4 3 0.5 302 = 1.2
30 Gl 2 100 146 + 56 : 61 A2 2 10 280 = 0.8
33 Gl 3 100 339 + 23 : 63 A2 2 4951 165 + 0.1*
37 Gl 6 54.65 300 + 130 : 64 A18 1 1 257 + 14
40 Gl 2 50 506 +* 23* : 67 A 6 0.2-6 3.2 = 05
41 Gl 5 100 531 + 51* : 68 A10 1 0.7 309 + 24
44 Gl 2 46-47 233 + 25 73 A2 4 0.24-038 383 + 1.2*
51 Gl 2 10.99 489 + 38 : 78 M1 2 1.02 320 = 08
52 Gl 2 100 300 £+ 71 . 78 A2 2 1 280 = 21
55 Gl 7 98.2 3B4 £+ 89 . &4 A 2 5.18 165 + 10*
58 Gl 2 101 280 =+ 60 86 A 4 5.55.6 306 = 0.9
59 Gl 4 49-51 236 = 36 88 NAA 9 0.1 60.7 = 3.1*
68 Gl 2 30 305 £ 20 89 A 3 11.3 280 = 17
71 Gl 1 84.65 230 £ 50 93 M1 3 5 288 = 0.3
72 Gl 2 63.76 330 £ 35 | 93 A2 3 5 290 = 03
77 Gl 10 58-134 316 £ 20 97 A 11 10 315 =+ 11
81 Gl 1 50.54 280 = 84 100 A 3 1 260 = 15
81 Gl 1 50.67 <35 i
86 Gl 6 49.12 300 + 40
93 Gl 10 60 293 + 6.2

Number of reported lab. means 25 23

Number of accepted lab. means 19 17

Median 30.0 28.0

Confidence interval (a = 0.05) 28.0-32.9 26.4-30.6

Combined data set

Median 29.4

Confidence interval (a = 0.05) 28.0-30.5

* Result rejected as outlier.
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TABLE XIV. RESULTS FOR ®Ra IN IAEA-385

(Reference date: 1 January 1996)

Laboratory ~ Method Number of Weight 2%Ra
Code Code results (9) (Ba kg™ dw)
2 Gl 2 61 252 + 1.2
5 Gl 5 59.85 112 + 5*
8 Gl 4 40 21.8 =+ 0.7
9 Gl 8 38.5247 142 + 2.1*
11 Gl 4 11.5-27.8 20.7 *= 0.8
12 Gl 3 95 19 + 3
14 Gl 2 100.89 223 *+ 23
16 Gl 3 100 19.1 + 31
18 Gl 2 50 26.2 + 1.3
21 Gl 1 66.32 195 + 71
22 Gl 2 54.09 257 =+ 0.7
23 Gl 9 4254 246 + 34
25 Gl 4 50.48-51.8 276 * 0.6
27 Gl 3 98.3 23.1 + 2.7
29 Gl 6 11-102 23.7 * 48
30 Gl 2 100 23.1 + 23
35 Gl 1 100 181 + 19
37 Gl 6 54.65 200 + 15
38 Gl 12 33.65 92 + 41*
40 Gl 2 50 19 + 1
41 Gl 5 100 186 + 1.1
44 Gl 2 46.2-47.1 204 + 19
45 Gl 3 05 320 *+ 53
46 Gl 5 39.7984 86.9 + 12.2*
48 Gl 3 16.006 36.1 *+ 3.1*
49 Gl 3 102.47 229 + 17
51 Gl 2 40.99 56.3 *+ 2.4*
52 Gl 2 100 195 + 09
55 Gl 7 98.2 225 + 11
56 Gl 5 102.2 28.1 *+ 6.0
58 Gl 2 101 32 + 4
59 Gl 4 49-53 25 +1
61 A2 2 10 209 + 10
64 Gl 2 82 26.6 * 3.6
66 Gl 2 51 25 + 3
67 Gl 1 20 245 + 33
68 A10 1 0.7 209 + 16
68 Gl 2 30 227 + 04
69 Gl 2 77.38 447 =+ 6.4*
71 Gl 1 84.65 21 £+ 5
72 Gl 1 63.76 299 + 26
73 Gl 2 11.4308 229 + 33
74 A29 3 1.0192 305 + 1.8
75 Gl 5 92 219 + 16
77 Gl 10 58-134.4 224 + 0.7
78 Gl 2 1.02 200 + 22
79 A29 4 3 217 + 1.1
80 Gl 3 2 240 + 1.2
81 Gl 2 50.54-50.67 283 + 34
83 Gl 2 35.82-36.77 222 + 10
84 Gl 2 104.2 200 = 0.8
85 Gl 2 58.94 256 *+ 50
86 Gl 17 101.05 295 + 35
89 Gl 1 97.9 301 + 94
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TABLE XIV (cont'd). RESULTS FOR “*Ra IN IAEA-385
(Reference date: 1 January 1996)

Laboratory ~ Method Number of Weight °Ra
Code Code results (9) (Ba kg™ dw)
89 Gl 1 97.9 301 £+ 94
92 Gl 2 102.2 36.5 + 56*
93 Gl 10 60 224 £ 05
95 Gl 1 103.5 16.1 + 38
96 Gl 1 60.05 23 =1
100 Gl 1 18.1 54 + 12
Number of reported lab. means 59
Number of accepted lab. means 50
Median 22.7
Confidenceinterval (a = 0.05) 21.8-24.0
* Results rejected as outliers.
TABLE XV. RESULTSFOR “’Ra IN IAEA-385
(Reference date: 1 January 1996)
Laboratory ~ Method Number of Weight 8Ra
Code Code results (9) (Ba kg™ dw)
7 Gl 2 59.11 307 = 12
8 Gl 4 40 352 =11
9 Gl 8 38.52 138 + 20*
11 Gl 4 11, 27.8 644 =+ 1.3
12 Gl 3 95 2.7 £ 26
22 Gl 2 54.09 777 = 15*
23 Gl 5 42.54 403 + 3.3*
41 Gl 5 100 751 £ A47*
47 Gl 6 53 340 = 19
52 Gl 2 100 675 + 55
55 Gl 7 98.2 350 = 23
62 Gl 2 94.33 298 £ 16
66 Gl 2 51 32 +£3
67 Gl 1 20 69.0 * 12.7%
68 Gl 2 30 344 + 09
73 Gl 2 11.73 85.8 + 56*
74 B25 2 1 239 + 13
75 Gl 2 92 758 + 59*
77 Gl 10 58-134.4 340 = 14
83 Gl 2 35.82; 36.77 322 = 17
84 Gl 2 104.2 319 £+ 14
86 Gl 17 101.05 360 = 0.7
96 Gl 1 60.05 329 = 15
Number of reported lab. means 23
Number of accepted lab. means 13
Median 32.9
Confidenceinterval (a = 0.05) 30.7-35.0

* Result rejected as outlier.
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TABLE XVI. RESULTS FOR ®2Ac IN IAEA-385

(Reference date: 1 January 1996)

L aboratory Method Number of Weight X
Code Code results (9) (Ba kg™ dw)
1 Gl 4 20 321 £ 23
3 Gl 1 91.75 348 + 33
6 Gl 1 51.41 325 £ 12
14 Gl 2 100.9 325 + 11
15 Gl 9 50 63.8 = 2.7*
16 Gl 3 100 50.2 * 46*
17 Gl 1 27.7 832 * 6.7*
18 Gl 2 50 340 + 16
21 Gl 1 66.32 426 + 11.7*
25 Gl 4 50.48-51.8 316 + 05
31 Gl 2 100 305 + 08
32 Gl 3 100 289 + 13
34 Gl 3 100 326 = 15
40 Gl 2 50 340 = 14
42 Gl 2 100 29 + 13
43 Gl 2 98.04 283 * 24
49 Gl 3 102.47 313 £ 22
50 Gl 2 73.48 205 + 20
56 Gl 5 102.2 28 + 17
58 Gl 2 101 390 = 3.0¢
64 Gl 2 82 204 £ 26
72 Gl 2 63.76 306 + 23
85 Gl 2 58.94 36.7 + 89
86 Gl 10 101.05 360 = 0.7
89 Gl 1 97.9 322 £ 16
92 Gl 2 102.2 452 =+ 2.1*
93 Gl 10 60 278 £ 11
94 Gl 5 100 421 + 2.4*
100 Gl 1 18.1 270 £ 29
Number of reported lab. means 29
Number of accepted lab. means 22
Median 315
Confidenceinterval (a = 0.05) 29.8-32.6

* Result rejected as outlier.
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TABLE XVII. RESULTSFOR #*Pb AND #“Bi IN IAEA-385
(Reference date: 1 January 1996)

Laboratory  Method  Number of Weight Z4py 24
Code Code results (9) (Ba kg™ dw) (Bg kg™ dw)
3 Gl 1 91.75 206 + 1.7 185 + 1.6
6 Gl 1 5141 208 + 15 153 + 7.9
14 Gl 2 100.9 225 + 23
15 Gl 6 50 193 = 0.7 183 + 1.2
18 Gl 2 50 209 £ 1.0
21 Gl 1 66.32 331 + 7.1 277 £ 8.9
25 Gl 2 50-51.8 221 + 05 241 + 04
26 Gl 3 99.4 243 + 50
31 Gl 2 100 195 + 0.6 202 + 16
32 Gl 3 100 172 = 1.0 178 + 15
34 Gl 3 100 20.0 = 09 199 + 10
37 Gl 6 54.65 200 + 15 20 + 15
42 Gl 2 100 183 + 1.3 181 + 1.8
43 Gl 2 98.04 217 + 23
47 Gl 6 53 230 + 1.2 210 + 1.2
50 Gl 2 73.48 216 + 0.8 211 + 0.9
51 Gl 2 40.99 224 + 14 223 £ 11
58 Gl 2 101 230 + 12 229 £ 10
71 Gl 1 84.65 13 + 6* 15 + 3
8l Gl 2 50.54; 50.67 147 = 25*
86 Gl 10 101.05 230 + 0.8 194 + 0.2
87 Gl 2 20.62 876 + 38* 356 £ 2.1*
89 Gl 1 97.9 182 + 04 16.0 + 0.6
92 Gl 2 102.2 436 + 1.7* 46.4 £ 2.1*
93 Gl 10 60 224 + 05 16.1 + 0.6
94 Gl 5 100 299 + 16* 266 + 15
100 Gl 1 18.1 227 + 14 124 + 15
Number of reported lab. means 26 23
Number of accepted lab. means 20 20
Median 21.6 19.6
Confidence interval (a = 0.05) 20.0-22.4 17.8-21.0

* Result rejected as outlier.
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TABLE XVIIl. RESULTS FOR #?Pb AND %?Bi IN IAEA-385

(Reference date: 1 January 1996)

Laboratory Method ~ Number of Weight 22py 22p;
Code Code results (9) (Bg kg™ dw) (Ba kg™ dw)
1 Gl 4 20 330 £ 23 36.1 + 50
3 Gl 1 91.75 332 £ 20 379 + 6.3
6 Gl 1 51.41 390 + 27 390 + 27
15 Gl 6 50 648 + 29* 679 + 39*
21 Gl 1 66.32 486 * 2.7
31 Gl 2 100 315 + 27
32 Gl 3 100 312 + 21
34 Gl 3 100 343 + 42
42 Gl 2 100 282 + 23
50 Gl 2 73.48 289 £ 46 26 + 24
51 Gl 2 40.99 373 £ 24 422 =+ 113
58 Gl 2 101 234 + 15
64 Gl 2 82 300 + 18
75 Gl 5 92 363 + 24
85 Gl 2 58.94 394 + 51
86 Gl 10 101.05 374 + 04 395 + 21
89 Gl 1 97.9 342 + 14 340 + 32
92 Gl 2 102.2 383 £ 20 311 + 48
94 Gl 5 100 438 + 22
100 Gl 1 18.1 388 + 19
Number of reported lab. means 16 13
Number of accepted lab. means 15 12
Median 37.3 34.2
Confidenceinterval (a = 0.05) 33.0-39.0 31.1-39.0

* Result rejected as outlier.
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TABLE XIX. RESULTSFOR ?° Ph IN IAEA-385
(Reference date: 1 January 1996)

Lab. Meth. No.of Weight 2ph (gamma) | Lab. Met. No.of  Weight 2%pp (alpha)
' ©)

Code Code results (g (Bakg'dw) | Code Code results (Bgkg™ dw)
5 Gl 5 59.8 257 £ 76
7 Gl 2 59.1 409 + 53
8 Gl 4 40 420 £50 : 9 Al18 3 2.03 277 £ 08
14 Gl 2 100.9 519 £ 107 . 10 B25 5 356 + 48
15 Gl 6 50 355 £36 11 A32 2 1.56 360 £ 50
18 Gl 2 50 37.3 £ 19 |
23 Gl 9 4254 32 £11 24 A32 3 0.49-059 433 * 29
29 Gl 2 11-16 353 =82
44 Gl 2 46; 47 36.3 £ 40
45 Gl 3 75 441 + 4.2
46 Gl 5 39.8 366 * 64
47 Gl 6 53 460 * 6.2
438 Gl 3 16 323 £ 43
49 Gl 3 102.47 43.8 + 38 |
51 Gl 2 40.99 42 + 112 ¢+ 60 A32 9 0.98-1.0 46.0 + 80
52 Gl 2 100 300 70 1 61 A32 2 10 226 + 37
55 Gl 7 98.2 433 61 | 63 A32 2 10;11 285 + 0.7
58 Gl 2 101 290 £50 : o4 A32 1 1 352 + 27
59 Gl 4 49-53 89 + 18 | 65 A32 2 05051 196 + 14
67 Gl 1 13 281 99 | 67 A32 1 15 283 + 6.8
68 Gl 2 30 314 = 31
72 Gl 1 63.76 390 £ 40
73 Gl 2 11.73 393 £ 163 : 73 A32 5 0.24-0.38 373 *= 13
75 Gl 2 92 261 £ 129
77 Gl 10 58; 134 422 + 35 |
83 Gl 2 36 2710 =27 79 A32 4 3 312 £ 23
85 Gl 2 58.94 <48 '
86 Gl 13 49; 101 390 £+ 18
89 Gl 1 97.9 274 £ 129
92 Gl 2 102.2 41.0 = 140
93 Gl 10 10-60 226 + 6.7
94 Gl 5 100 24 + 12 9 LSC 1 5 460 £ 24
96 Gl 1 60.05 324 £ 3.7
Number of reported lab. means 32 13
Number of accepted lab. means 31 13
Median 36.3 35.2
Confidenceinterval (a = 0.05) 31.4-39.3 27.7-43.3
Combined dataset
Median 355
Confidenceinterval (a = 0.05) 31.2-38.9

* Result rejected as outlier.



TABLE XX. RESULTS FOR %°Po IN IAEA-385

(Reference date: 1 January 1996)

L aboratory Method Number of Weight 210pg
Code Code results (9) (Ba kg™ dw)
7 A 2 5-5.05 36.6 + 3.3
9 A18 3 2.03 224 =+ 07
11 A32 2 1.56 36 =5
13 A32 3 2.01-2.05 264 * 20
28 A32 6 2.0-2.2 334 = 03
29 A32 3 0.5 253 + 58
54 A32 3 051 280 = 0.8
60 A32 9 0.98-1.0 423 + 24
61 A32 2 10 377 = 15
65 A32 3 0.48-0.51 178 + 1.2
67 A32 1 15 291 * 26
68 A32 1 0.7 307 = 32
73 A32 5 0.24-0.38 373 + 13
89 A32 3 2.08 188 =+ 05
93 A32 38 0.5 239 =+ 12
Number of reported lab. means 15
Number of accepted lab. means 15
Median 28.0
Confidenceinterval (a = 0.05) 23.8-36.6
TABLE XXI. RESULTS FOR **TI IN IAEA-385
(Reference date: 1 January 1996)
Laboratory Method Number of Weight 2087
Code Code results (9) (Bg kg™ dw)
1 Gl 4 20 114 £ 09
3 Gl 1 91.75 108 + 0.8
6 Gl 1 51.41 324 + 14*
15 Gl 6 50 96.5 + 5.6*
21 Gl 1 66.32 319 + 57*
51 Gl 2 40.99 116 + 04
58 Gl 2 101 135 + 09
75 Gl 5 92 116 + 0.8
85 Gl 2 58.94 135 + 26
86 Gl 10 101.05 295 + 0.8*
87 Gl 2 20.62 169 =+ 13
89 Gl 1 97.9 294 =+ 15*
92 Gl 2 102.2 129 £ 09
93 Gl 10 60 93 = 03
100 Gl 1 181 54 + 0.8
Number of reported lab. means 15
Number of accepted lab. means 10
Median 11.6
Confidenceinterval (a = 0.05) 9.3-13.5

* Result rejected as outlier.
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TABLE. XXIl. RESULTS FOR Z#pu/=*2°py AND 2AmvZ*2py ACTIVITY RATIOSIN IAEA-385

L aboratory COde 238Pu /239+240Pu 241 A m/239+240Pu
1 0.175 + 0.036
4 0.140 + 0.041
7 0.173 + 0.034 1191 + 0.170
8 0.150 + 0.012
11 0.118 + 0.016 1227 =+ 0.181
14 0.165 =+ 0.012 1442 =+ 0.189
24 0.055 + 0.022*
28 0.137 + 0.018
29 0.166 + 0.038 110 + 0.26
29 0.147 + 0.030# 110 =+ 0.26#
36 0.123 + 0.036
53 0.165 =+ 0.011
54 0.150 + 0.004 1426 =+ 0.033
60 0.159 <+ 0.007 1304 =+ 0.037
63 0.194 + 0.009 1298 =+ 0.071
64 0.153 + 0.026 1336 = 0.291
65 0.164 + 0.032
66 0.153 + 0.006
67 0.211 + 0.085* 3493 + 0.693*
68 0.183 + 0.040
69 0.160 + 0.024
73 0.131 + 0.024
78 0.162 + 0.020 1154 =+ 0.105
79 0.194 + 0.008
80 0.154 =+ 0.011
84 0.150 + 0.014 1076 =+ 0.132
86 0.267 + 0.033* 1601 =+ 0.166
89 0.170 + 0.009 1351 =+ 0.396
93 0.150 =+ 0.025 1281 =+ 0.292
93 0.178 + 0.036 1345 =+ 0.393
Number of reported lab. means 30 15
Number of accepted lab. means 27 14
Median 0.159 1.301
Confidenceinterval (a = 0.05) 0.149-0.165 1.191-1.351

* Results rejected as outliers.
# Not included in the data evaluation at participant's request.
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TABLE XXIIl. RESULTS FOR THE LESS FREQUENTLY REPORTED RADIONUCLIDES IN
IAEA-385 (Reference date: 1 January 1996)

| sotope Laboratory Method Number of Weight Activity
Code Code results (9) (Ba kg™ dw)
®cCo 3 Gl 2 91.7 <0.77
6 G1 1 51.4 <1.64
9 G1 8 385 29 + 04
21 G1 1 66.32 <1.81
36 G1 2 23 <2.0
41 G1 1 100 1.3 + 09
46 G1 5 39.8 <2.3
52 G1 2 100 <1.2
56 G1 5 102.2 <1.2
69 G1 2 77.4 <1.17
77 Gl 10 58; 134.4 <1
81 G1 2 50.54; 50.67 <1
85 G1 2 58.9 <2.2
87 G1 2 20.6 82 + 18
89 G1 1 97.9 <2.54
_________________________ «© &G 3 %9 <03
%Tc 29 A 2 10 07 + 02
36 ICPMS 2 16.3; 20.9 <0.32
________________________ 63 A 2 518 36 %03
B Cs 3 G1 2 91.7 <0.97
6 G1 1 51.4 <7.52
9 G1 8 385 78 + 11
50 G1 2 73.4 51 + 15
________________________ &% .6 2 %89 <91
1383 6 Gl 1 51.4 <202
________________________ N .6 3 .38 46 25
5y 41 Gl 5 100 419 + 071
________________________ 4 6 5 100 876 %053
_______ B 1 Gl 3 50 263 * 035
2Ra 15 G1 9 50 637 + 34
58 G1 2 101 37 + 4
86 G1 12 101 370 + 1.2
________________________ 89 A 8 o1ns 151
_______ 2Th 15 GL 4 50 153 + 034
_______ Mpg 89 Gl 1979 786 * 267
ZNp 4 A 2 5 <007
29 ICPMS 6 1-3 0.0186 + 0.0038
29 ICPMS 1 3 0.0184 + 0.0036
_________________________ s e 2 11, 192 + 73
Py 60 B 6 44112 286 +33
78 B 2 9.6 280 + 82
93 B 4 055 3252 + 225
_________________________ K B 3 w0 144 2
R 2Py 98 ICPMS 2 S 067 * 002
24Cm 67 A 9 6 103 + 2.7
___________________________ &9 A 8 .ous <016
_Total Th (ppm) 6 | Neutron i .94 10
Total U (ppm) 16 Neutron 1 31 + 04
88 A 9 0.1 127 + 7
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TABLE XXIV. SUMMARY OF RECOMMENDED AND INFORMATION VALUES FOR IAEA-385
(Reference date: 1 January 1996, unit: Bq kg™ dry weight)

Radionuclide Median Confidence interval
(a =0.05)
Recommended value
K 611 603-625
B¥ics 337 32.4-34.7
2%Ra 22.7 21.8-24.0
232Th 338 32.6-345
5y 1.36 1.24-1.51
8y 29.4 28.0-30.5
Z8py 0.47 0.42-0.50
239+240py, 2.98 2.81-3.13
21Am 3.90 3.60-4.10
Information value
Ogr 0.59 0.42-0.68
2087 11.6 9.3-135
210pg 28.0 23.8-36.6
210pp 355 31.2-38.9
212 34.2 31.1-39.0
212pp 37.3 33.0-39.0
214 19.6 17.8-21.0
) 21.6 20.0-22.4
28p¢ 315 29.8-32.6
2Ra 329 30.7-35.0
28Th 34.0 32.0-35.0
20Th 318 30.0-34.9
Z4Th 28.7 22.4-34.1
B4y 27.2 25.8-28.6
Z9py 1.92 1.30-2.07
240py 1.18 0.97-1.32
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ANNEX II.  DATA EVALUATION - GRAPHS
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FIG. 24. Data evaluation for 2*°Pb.
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FIG. 34. Z-score values for 2*°Pu.
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FIG. 42. Z-score values for 2°U.
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FIG. 44. Z-score values for *°Ra.
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FIG. 46. Z-score values for 22Ac.
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FIG. 48. Z-score values for 2“Bi.
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FIG. 50. Z-score values for 2*°Bi.
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FIG. 51. Z-score values for 2°Pb.
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FIG. 52. Z-score values for 2°Po.

66




Z-Score

-0.50

-1.50

-2.50

208T|

2.50

1.50 +

0.50 +

oo - _

i

100

93

3 1 51 75

Laboratory

FIG. 53. Z-score values for 2TI.

67

92

58

85

87




ANNEX 1V - LIST OF PARTICIPANTSIN IAEA-385

68



LIST OF PARTICIPANTSIN IAEA-385

Mr. Abdelkader Noureddine

Ms. Rachida Hammindouche
Commissariat al'Energie Atomique
Centre de Recherche Nucleaire dAlger
2, Bd. Frantz Fanon, B.P. 399

16000 Alger-gare

ALGERIA

e-mail: noureddine abdelkader@hotmail.com

Mr. Gary Hancock

CSIRO Land and Water
Clunies Ross St.

GPO Box 1666

Canberra ACT 2601
AUSTRALIA

e-mail: Gary.Hancock@csiro.au

Mr. Andrew W. Jenkinson

Ms. Jennifer Harrison

Environmental Radiochemistry Group
Environment Division

ANSTO- PMB 1

Menai NSW 2234

AUSTRALIA

e-mail: avj@ansto.gov.au

Mr. Ross Kleinschmidt

Senior Health Physicist

Queendand Health Scientific Services
P.O. Box 594

Archerfield QLD 4108
AUSTRALIA

e-mail: Ross Kleinschmidt@health.gld.gov.au

Mr. John Pfitzner

Australian Institute of Marine Science
PMB 3

Townsville MC QLD 4811
AUSTRALIA

e-mail: j.pfitzner@ams.gov.au

Ms. Gyula Kis-Benedek

Mr. Andrias Torvenyi

Physics, Chemistry & Instrumentation
Laboratory- Chemistry Unit

IAEA's Laboratories, Seibersdorf
A-2444 Seibersdorf

AUSTRIA

e-mail: G.Kis-Benedek@iaea.org

69

Mr. Franz Josef Maringer

Ms. Jiri Tykal

ARC Seibersdorf Research
Low-Leve-Counting Laboratory Arsend
Faradaygasse 3 Arsenal Objekt 214
A-1030 Wien

AUSTRIA

e-mail: franz-josef.maringer @arcs.ac.at

Ms. Dandra R. Damatto

Instituto de Pesquisas Energéticas e Nucleares
Environmenta  Radioprotection  Department
Travessa R, 400 — Cidade Universitaria —
Butanta

Sa0 Paulo, SP 05508-900

BRAZIL

e-mail: damatto@net.ipen.br

Mr. Rubens Figueira

Oceanography Institute of Sao Paulo University
Gamma-spectrometry Laboratory

Pcs. do Oceanografico, 191

Cuidade Universitaria

Sao Paulo — SP 05508-900

BRAZIL

e-mail: figueira@curiango.ipen.br

Ms. Adir Janete Godoy dos Santos
Centro de Metrologia des Radiacoes
Divisao de Radiometria Ambiental
Av. Prof. Lineu Prestes, 2242
Cidade Universitaria

CEP 05508-000 Séo Paulo SP Brazil.
BRAZIL

e-mail: ajgodoy@net.ipen.br

Ms. Joselene de Oliveira

Centro de Metrologia das Radiacoes

Instituto de Pesquisas Energéticas e Nucleares
Av. Prof. Lineu Prestes, 2242

Cidade Universitéria

S&o Paulo SP CEP 05508-000

BRAZIL

e-mail: jolivei @net.ipen.br

Mr. Paulo Parreira; Mr. Carlos Appoloni
Applied Nuclear Physics Laboratory
Physics Dept. — CCE

Universidade Estadual de Londrina

P.O. Box 6001

86051-990 Londrina PR

BRAZIL

e-mail: parreira@uel.br



Ms. Milka Katrankieva; Mr. Maxim Tzenov
Ministry of Environment & Water

Regional Inspectory-Vratza

81 Exarh Josif str.

3000 Vratza

BULGARIA

e-mail: rvr@isv.net

Mr. Victor Badulin

Public Exposure Monitoring Laboratory

National Center of Radiobiology and Radiation
Protection

132 St. Climent Ohridsky Blvd.

BG-1756 Sofia

BULGARIA

e-mail: v.badulin@ncrrp.org

Ms. Milena Christoskova

Institute for Nuclear Research & Nuclear Energy
72 Tzarigradsko chaussee

1784 Sofia

BULGARIA

e-mail: milenahr@inrne.bas.bg

Ms. Kitka Dimitrova

Regional Inspectorate of Environment & Waters
Laboratory of Radiologica Control

4 Jan Palah str.

Varna 9000

BULGARIA

e-mail: kdim@abv.bg

Mr. Zheko Hristov Edrev

RIOSW

Regional Inspektorate of Environment & Waters
2 Stara Planina str.

6000 Stara Zagora

BULGARIA

e-mail: jekoedrev@yahoo.com

Ms. Tsvetanka Georgieva
RIOWS-L ab.complex

1 Perushticastr.

Plovdiv 4002
BULGARIA

e-mail: tzvetanka@gbg.bg

Mr. Hristo G. Hristov
Dept. of Atomic Physics
Plovdiv University

24 Tsar Assen str.

4000 Plovdiv

BULGARIA

e-mail: hristov@pu.acad.bg

70

Ms. Rossitza Mincheva

Regional Environmental |nspectorate-REI
67, “Perushtitza’ str.

8000 Bourgas

BULGARIA

e-mail: riosvbs@bgbest.net

Mr. Lubomir Minev

Lab. of Dosimetry and Radiation Protection
Faculty of Physics, University of Sofia

5 James Bourchier Blvd.

Sofia 1164

BULGARIA

e-mail: dreeam@phys.uni-sofia.bg

Mr. Mihail Shishenkov

Mr. Ljubomir Nikolchev

Executive Environment Agency
Ministry of Environment and Water
136 Tzar Boris1lI Blvd

1618 Sofia

BULGARIA

e-mail: radiatmon@nfp-bg.eionet.eu.int

Mr. Roussian Tzibranski

Kozloduy NPP

Safety Division

Environment Monitoring Department
3321 Kozloduy

BULGARIA

e-mail: tzibranski @npp.cit.bg

Mr. Joseph McCulley

Mr. Ralph Mapplebeck

New Brunswick Power Corporation
Health Physics Environmental Laboratory
Fredericton, New Brunswick E3B 4X1
CANADA

e-mail: rmapplebeck @nbpower.com

Mr. Lubomir. Zikovsky

Nuclear Engineering Institute

Ecole Polytechnique

Box. 6079 Succ. Centre Ville
Montreal, Quebec H3C 3A7
CANADA

e-mail: Lubomir.Zikovsky@polymitl.ca

Mr. K.C. Yeung

Hong Kong Observatory
134A Nathan Road
Kowlaon

Hong Kong

CHINA

e-mail: keyeung@hko.gov.hk




Mr. K.W. Yeung

Radiochemistry, Hazardous Substances &
Emergency Response Section

Government Laboratory

7/F Ho Man Tin Government Offices

88 Chung Hau St.

Homantin, Kowloon, Hong Kong

CHINA

e-mail: kwyeung@govtlab.gov.hk

Mr. Henning Dahlgaard

Risoe National Laboratory
NUK-204

P.O. Box 49

4000 Roskilde

DENMARK

e-mail: henning.dahlgaard@risoe.dk

Mr. Gilbert Le Petit

Mr. Dominique Abt

CEA-DAM-Ille de France

BP 12

91680 Bruyéres-le-Chétel

FRANCE

e-mail: couderc@dase.bruyeres.ceafr

Mr. Bruno Chareyron
CRIIRAD

Immeuble Cime

471 Av. Victo Hugo

26000 Valence

FRANCE

e-mail: contact@criirad.com

Mr. J. Meyer

Mr. A. Maulard

Ingtitut de Radioprotection et de Surete
Nucleaire

31 ruedel’Ecluse

B.P. 35

78116 Le Vesinet Cedex

FRANCE

e-mail: glinden@opri.fr

Mr. Herve Michel

Ms. Maia Scherz

L aboratoire de Radiochimie et de Radioecologie
Faculte des Sciences

Universite de Nice-Sophia Antipolis

28, Avenue de Varose

06108 Nice

FRANCE

e-mail: herve.michel @unice.fr

71

Mr. Th. Provost

L aboratoire Environnement
COGEMA LaHague

50444 Beaumont-Hague Cedex
FRANCE

e-mail: vhochet@cogema.fr

Mr. Dirk Arnold

Mr. Herbert Wershofen
Physikalisch-Technische Bundesanstalt
Umweltradioaktivitat

Bundesallee 100

38116 Braunschweig

GERMANY

e-mail: Dirk.Arnold@ptb.de

Mr. Constanze |lchmann

Ms. M. Kloster

Senatsverwaltung fur Stadtentwicklung
Strahlenmebstelle, Soorstrabe 84

14050 Berlin

GERMANY
e-mail:constanze.ilchmann@senstadt.verwalt-
berlin.de

Mr. Hartmut Nies

Mr. Hans Gabriel

Federa Maritime and Hydrographic Agency
Marine Chemistry / Laboratory Suelldorf
Woustland 2

Bernhard-Nocht-Str. 78

22589 Hamburg

GERMANY

e-mail: hartmut.nies@bsh.de

Mr. Josef Schikowski

Zentrales | sotopenlaboratorium
Georg-August-Universiata
Burchkardtweg 2

Tammanstr. 6

D-37077 Gottingen
GERMANY

e-mail: jschiko@gwdg.de

Ms. Virginia Koukouliou

Mr. K. Kehagia

Greek Atomic Energy Commission
Department of Environmental Radioactivity
P.O. Box 60092

AGIA PARASKEVI 15310

GREECE

e-mail: vkoukoul @eeae.nrcps.ariadne-t.gr




Mr. Kerekes Andor

Mr. Antonio C. Cuella

"Frederic Joliot-Curie" National Research Inst.
for Radiobiology and Radiohygiene

Annau. 5

1221 Budapest

HUNGARY

e-mail: ccantonio@radiant.tvnet.hu

Ms. NoraVada

Ingtitute of Nuclear Techniques
Budapest University  of
Economics

1111 Budapest

Muegyetem rpt.

HUNGARY

e-mall: vajdanor@reak.bme.hu

Technology &

Mr. B. Dube

Environmental Survey Laboratory
Narora Atomic Power Station

Narora, Bulandshahr District

Utta Pradesh, PIN 202 389

INDIA

e-mail: npcil!bdube@naps.npcil.ernet.in

Ms. Usha Narayanan

Ms. Sugandhi Sures

Environmental Studies Section

Health Physics Division

Bhabha Atomic Research Centre
Trombay, Mumbai 400 085

INDIA

e-mail: rpgurg@magnum.barc.ernet.in

Ms. Mary Fegan

Environmental Laboratory

Radiological Protection Institute of Ireland
3 Clonskeagh Square

Dublin 14

IRELAND

e-mail: mfegan@rpii.ie

Mr. Andrea Salvini

Ms. Marcella Cagnazzo
C.SI.L.EN.A

Laboratorio Energia Nuclear Applicata
University of Pavia- ViaAsdli, 41
27100 Pavia

ITALY

e-mail: asalvini@unipv.it

72

Mr. Mario Terrani

CESNEF

Politecnico di Milano
ViaPonzio 34/3

20133 Milano

ITALY

e-mail: mario.terrani @polimi.it

Mr. Hirofumi Satake

Japan Chemica Anaysis Center
295-3 Sanno-cho

Inage-ku Chiba-shi

263-0002 Chiba

JAPAN

e-mail: k-sato@jcac.or.jp

Mr. Minoru Takeishi

Mr. Hitoshi Watanabe

Japan Nuclear Cycle Development Institute
JNC Tokai works

4-33 Muramatsu

Tokai-mura, Naka-gun, Ibaraki-ken 319-1194
JAPAN

e-mail: hiroki @tokai.jnc.go.jp

Mr. Arunas Gudelis

Ms. Benedikta Luksiene

Ingtitute of Physics

Nuclear& Environmental Radioactivity Research
Laboratory

Geophysical Processes & Radiochemistry Group
Savanoriu Ave 231

2053 Vilnius

LITHUANIA

Ms. Zornitza Tosheva

L aboratoire Physique des Radiations
Centre Universitaire de Luxembourg
162a, Avenue de la Faiencerie
L-1511 Luxembourg
LUXEMBOURG

e-mail: tosheva@cu.lu

Mr. Ahmad Zaharudin

Mr. |. Kamarozaman

Malaysian Ingtitute for Nuclear Technology
Research (MINT)

Bangi

43000 Kgjang- Selangor D.E.

MALAYSIA

e-mail: zahar@mint.gov.my




Ms. Mariadel Carmen Aguilar Pacheco

Mr. Ricardo Velazquez Moctezuma

Laboratorio Estatal de Salud Publica
Departamento de Control Radiologico

Eucapipto SN Lote 7, Manzana |ZC

Fracc. Framboyanes, Cd. Industrial Bruno
Pagliai, Veracruz Ver

MEXICO

e-mail: rvmale@prodigy.net.mx

rvel azquezm@yahoo.com

Ms. Esperanza Quintero Ponce

Ingtituto Nacional de Investigaciones Nucleares
Km 36.5 Carretera Mexico-Toluca Salazar
Estado de Mexico

CP.52045

MEXICO

e-mail: egp@nuclear.inin.mx

Mr. Jaime A. Silva Jmenez

Mr. Corndlio Dorantes Munoz

Laboratorio de Ingenieria Ambiental - CFE
Carrerera Federal 180, Tramo Cardel - Nautla
Campamento El Farallon

Actopan, Ver.

MEXICO

e-mail: cdorante@cfe.gob.mx

Mr. Moncef Benmansour

Mr. Mohamed Ibn Mgjah
CNESTEN

65 rue Tansift

Agdal, Rabat

MOROCCO

e-mail: benmansour@cnesten.org.ma

Mr. Carlo Engeler

Ingtitute for Inland Water Management & Waste
Water Treatment

Dept. of Radiochemistry, IKLA

P.O. Box 17

8200 AA Ldystad

THE NETHERLANDS

e-mail: C.Engder@riza.rws.minvenw.nl

Ms. Riitta Pilvio

Mr. N. Hermanspahn

National Radiation Laboratory

108 Victoria St.

Christchurch

NEW ZEALAND

e-mail: riitta_pilvio@nrl.moh.govt.nz

73

Mr. Bredo Moller

Norwegian Radiation Protection Authority
Svanhord Emergency Preparedness Unit
9925 Svanvik

NORWAY

e-mail: bredo.moller@nrpano

Ms. Ingrid Svaeren

Institute of Marine Research
Dept. of Marine Environment
Nordnesgaten 50

P.O. Box 1870 Nordnes

5024 Bergen

NORWAY

e-mail: ingrid.svaeren@imr.no

Mr. Shujaat Ahmad

Mr. Asma Rahman

Nuclear Chemistry Division
PINSTECH

P.O. Nilore

|lamabad

PAKISTAN

e-mail: shujaat@pinstech.org.pk

Ms. MariaT. Y. Nazarea

Ms. ElizaB. Enriquez

Health Physics Research Section
Philippine Nuclear Research Institute
Commonwedth Avenue

Diliman, Quezon City 1101
PHILIPPINES

e-mail: tere_ 49@yahoo.com

Mr. B. Michaik

Central Mining Institute

Laboratory of Radiometry

Plac Gwarkow 1

40-166 Katowice

POLAND

e-mail: brxbs@boruta.gig.katowice.pl

Mr. Bogdan Skwarzec
Faculty of Chemistry,
Chemistry

Radiochemical Laboratory
Sobieskiego18/19

80-952 Gdansk

POLAND

e-mail: bosk@chemik.chem.univ.gda.pl

Chair of Analytica




Ms. Maria Suplinska

Mr. Adam Adamczyk

Central Laboratory for Radiological Protection
Department of Radiation Hygiene
Konwaliowa 7

03-194 Warsaw

POLAND

e-mail: suplinska@clor.waw.pl

Mr. Fernando P. Carvalho

Instituto Tecnolégico e Nuclear

Departamento de Proteccdo Radioldgica e
Seguranca Nuclear

E.N. 10

2685-953 Sacavém

PORTUGAL

e-mail: dprsn@itn.pt

Ms. Ana Pantelica

National Ingtitute for Physics and Nuclear
Engineering "Horia-Hulube"

Applied Physics Dept.

P.O. Box MG-6

76900 Bucharest

ROMANIA

e-mail: apantel @ifin.nipne.ro

Mr. Alexander Nikitin

Ms. Nailya Valetova

Scientific Production Lab.
“TYPHOON" Roshydromet

Lenin Str., 82

242038, Obninsk, Kaluga Region
RUSSIAN FEREDATION

e-mail: nikitin@typhoon.obninsk.org

Mr. Slavik Ondrej

VUJE Trnava Inc. — engineering, design and
research organization

Okruzna 5

91864 Trnava

SLOVAKIA

e-mail: vuje@vuje.sk

Mr. Lubomir Puskeiler

Radiometry & Radioecology Laboratory
RI-pavilon SPU

A. Hlinku 2

949 76 Nitra

SLOVAKIA

e-mail: puskeile@afnet.uniag.sk

74

Ms. Sonja Ambroz

Ms. Lili Persin

Institute of Occupational Safety

Center for Ecology, Toxicology & Radiation
Protection

Bohoriceva ulica 22A

SI-1000 Ljubljana

SLOVENIA

e-mail: sonja.ambroz@zvd.s

Mr. Matjaz Korun

Mr. D. Glavic-Cindro

Nuclear Institute "Jozef Stefan"

Lab. for High-Resolution gamma Spect.
Jamova 39

1000 Ljubljana

SLOVENIA

e-mail: matjaz.korun@ijs.s

Mr. Borut Kuhar

Ingtitute of Occupationa Safety
Bohoricevaulica22 A

1000 Ljubljana

SLOVENIA

e-mail: borut.kuhar@zvd.s

Ms. Franki J. Fouche

South African Nuclear Energy Corporation
NECSA Ltd.

P. O. Box 582

PRETORIA 0001

SOUTH AFRICA

e-mail: franki @aec.co.za

Ms. Catalina Gasco L eonarte

Ms. Maria-Paz Anton

CIEMAT - Ed.3, Ingtituto de Medio
Ambiente

Radioecologia del Medio Acuatico
Av. de la Complutense 22

28040 Madrid

SPAIN

e-mail: catalina.gasco@ciemat.es

Ms. Montserrat Llaurad6 | Tarragéd
Laboratori de Radiologia Ambiental

Dep. de Quimica Andlitica

Universitat de Barcelona

Diagonal, 647, 3a planta

08028 Barcelona

SPAIN

e-mail: montse.llaurado@apolo.qui.ub.es




Mr. Juan Palomares; Ms. Milagros Pozuelo
Laboratorio de radiactividad ambiental
CIEMAT

Avda Complutense 22

28040 Madrid

SPAIN

e-mail: pozuelo@ciemat.es

Ms. Isabel Valles Murciano

Ms. Isabel Serrano Carreno

Intitut de Tecniques Energetiques
Universitat Politecnica de Catalunya
Diagonal 647

08028 Barcelona

SPAIN

e-mail: isabel.valles@upc.es

Mr. Jost Eikenberg

Paul Scherrer Institute
Divison for Radiation
Management and Safety
CH-5232 Villigen
SWITZERLAND

e-mail: jost.eikenberg@psi.ch

Protection, Waste

Mr. ElisHolm

Department of Radiation Physics
Lund University Hospital

22185 Lund

SWEDEN

e-mail: elisholm@radfys.lu.se

Mr. Tripob Bhongsuwan

Mr. Polachai Kaonuan

Nuclear Physics Laboratory

Department of Physics, Faculty of Science
Prince of Songkla University

Hatyai 90112

THAILAND

e-mail: Btripob@ratree.psu.ac.th

Ms. Kanitha Srisuksawad

Ms Boonsom Porntepkasemsan
Office of Atoms for Peace
Vibhavadee Rangsit Road
Bangkok 10900

THAILAND

e-mail: kanitha@oagp.go.th

Mr. Emin Gungor

Ms. Nurdan Gungor

Cekmece Nuclear Research & Training Centre
P.O. Box 1, Ataturk Airport

TR-34831 Istanbul

TURKEY

e-mail: emingungor@hotmail.com

75

Mr. Bektas Karakelle

Cekmece Nuclear Research & Training Centre
P.O.Box 1

Ataturk Havalimani

34149 |stanbul

TURKEY

e-mail: neset67@yahoo.com

Mr. Neset Ozturk

Cekmece Nuclear Research & Training Centre
P.O.Box 1

Ataturk Havalimani

34149 | stanbul

TURKEY

e-mail: neset67@yahoo.com

Mr. Viktor Egorov

Mr. Nikolai A. Stokozov

Ingtitute of Biology of the Southern Seas
Academy of Sciences

2 Nakhimov Pr.

UA-99011, Sevastopol-11

UKRAINE

e-mail: viktor@egorov.sebastopol.ua

Mr. Paul McDonad

Mr. Stephen Bryan

Westlakes Scientific Consulting

The Princess Roya Building

Westlakes Science and Technology Park
Moor Row

Cumbria CA24 3LN

U. K.

e-mail: paul.mcdona d@westlakes.ac.uk

Mr. Jung-Suk Oh

Geosciences Advisory Unit

School of Ocean & Earth Science
Southampton Oceanography Centre
University of Southampton-European Way
Southampton SO14 3ZH

U. K.

e-mail: jsoh@soc.soton.ac.uk

Ms. Svetlana Nour

Radioactivity Group

lonization Radiation Division 846-NIST
100 Bureau Drive-M S 8462
Gaithersburg MD 20899

U.S A.

e-mail: svetlana.nour@nist.gov




Mr. Nguyen Quang Long

Center for Radiation Protection & Environment
Monitoring

Ingtitute for Nuclear Science and Technique

P.O. Box 5T-160, Hoang Quoc Viet

Cau Giay, Hanoi

VIETNAM

e-mail: vkhkthn@vaec.gov.vn

Mr. Istvan Bikit; Mr. Jarodav Slivka
Department of Physics

Faculty of Science & Mathematics
University of Novi Sad

Trg Dositeja Obradovica 4

21000 Novi Sad

YUGOSLAVIA

e-mail: divka@im.ns.ac.yu

Mr. Goran Manic

Institute for Protection of Workers
Vojidavallicabb

18000 NIS

YUGOSLAVIA

Mr. Radosav Mitrovic

Laboratory for Radiation Hygiene
Inst. of Veterinary Medicine of Serbia
Autoput 3, 11070 Novi Beograd
YUGOSLAVIA

e-mail: nivs@afrodita.rcub.bg.ac.yu

Mr. Dusan Novkovic

Mr. Aleksandar Kandic

Laboratory for Nuclear & Plasma Physics
Institute for Nuclear Science “Vinca’
11000 Belgrade

YUGOSLAVIA

e-mail: akandic@rt270.vin.bg.ac.yu

Ms. Gordana Pantelic

Ingtitute of Occupational Health and
Radiological Protection “Dr  Dragomir
Kargovic”

Deligradska 29

11000 Belgrade

YUGOSLAVIA

Ms. Dragana Popovic

Ms. Dragana Todorovic

Faculty of Veterinary Medicine
Department of Physics & Biophysics
P.O. Box 522

11001 Belgrade

YUGOSLAVIA

e-mail: stankopo.eunet.yu

76

Ms. Slobodanka Stankovic

Inst. for Application of Nuclear Energy (INEP)
Banatska 31b

11080 Zemun

YUGOSLAVIA

e-mail: sdragovic@inep.co.yu

Ms. Gordana Vitorovic

Mr. Velibor Andric

Faculty of Veterinary Medicine
Bulevar JA 18

Belgrade

YUGOSLAVIA

e-mail: radijacija@vet.bg.ac.yu

IAEA-MEL
Radiometrics L aboratory

Ms J. Gastaud

Mr. S-H. Lee

Mr. L. Liong Wee Kwong
Ms|. Levy-Paomo

Mr. B. Oregioni

Mr. P. Parsi

MsM. K. Pham

Marine Environment Studies L aboratory
Mr. E. Wyse

Radioecology L aboratory

Mr. J.C. Miquel



7



