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INTKODDCTION

Representatives of the " Service Mixte de Sécurité Radiologique" of the
"Direction des Centres d'Expérimentations Nucléaires" and of the
"Commissariat à l'Energie Atomique (DIRCEN-CEA, Montlhéry, France)"
requested the IAEA International Laboratory of Marine Radioactivity,
Monaco (IAEA-ILMR) to provide personnel that would act as impartial
experts in order to:

a) establish a sampling protocol for the collection of seawater and
plankton samples from the perimeter of the territorial waters around
Mururoa Atoll (French Polynesia). The samples would be distributed to a
small group of participants as part of a radiological intercomparison
exercise.

b) assist with the sampling and attest to the reliability of the
collections, handling, storage and shipment of the samples.

It was also requested that the IAEA-ILMR be a participant in the
intercomparison exercise and measure the concentrations of any man-made
and several natural radionuclides in the samples. IAEA-ILMR would also
collate the data from the participants and prepare a final report on the
intercomparison exercise.

This report contains a brief outline of the sampling program and a
summary of all available radiological data provided by the three
participants, The DIRCEN-CEA Laboratory at Montlhéry, France; The
Lawrence Livermore National Laboratory (LLNL), Livermore, Ca, USA; and
The IAEA International Laboratory of Marine Radioactivity, (IAEA-ILMR),
Principality of Monaco. The IAEA-ILMR results are complied in a separate
report by Ballestra et al. (1991) that has details of the program and
copies of the protocol and the "Procès-verbal de constat" produced by the
legal representative at the end of the sampling program.

SAMPLING

A sampling program was designed to collect 3 large volume seawater and
2 plankton samples from locations near the territorial limit outside
Mururoa Atoll. The different samples were to be used for a radiological
intercomparison exercise. A legal representative from Papeete, Tahiti
(French Polynesia) was given the task to verify the authenticity of the
samples and to ensure that the protocol was followed by the participants.

The sampling program was conducted between 5 and 9 March 1991 on board
the research vessel RV Marara. On-board participants included:
Representatives from the IAEA-ILMR
Representatives from the DIRCEN-CEA
Legal representative (lawyer) from Papeete
Members of the ships crew.

Seawater

Unfiltered surface seawater samples were collected from the three
stations shown in figure 1. One station was located east of the atoll at



21°58.9'S, 138°22.4'W and coded station El. The other two stations were
located at 22°06.2'S, 138°58.37'W (coded station E2) and 21°40.85'S,
139°06.65'W (coded station E3 ) . 3000 1 of seawater were collected fro-
each of the three stations and stored in 30 1 plastic drums. Each drurr.
was acidified with 50 ml of concentrated HCl. Ail drums were sealed and
tagged by the legal representative. Each participant in the analytical
program was provided with 600 1 of acidified seawater from each of the
three stations. The remaining 120 drums of seawater are stored and
eventually will be used by IAEA-ILMR as reference material after
completion of this exercise. Separate One liter samples for salinity
determination were also collected.

Plankton

Plankton tows were made usually at night near the vicinity of the water
stations. Six new nets of different mesh sizes were used on each tow
which lasted 4 to 6 hours. After collection the wet plankton were
immediately screened through a plastic mesh to separate any debris and
organisms larger than 4 mm. Sample Pl was the combined zooplankton
obtained from three tows, each consisting of 6 nets, east of Mururoa. The
total wet weight of zooplankton sampled was 1618 g. Sample P2 consisted
of 1735 g of wet plankton from three tows made in regions located
approximately NW, W, & SW of Mururoa. Figure 1 shows the tract taken by
the ship during each of the tows. The average sampling depth was 138 m
for Pl and 90 m for sample P2. Both samples were weighed wet, dried,
homogenized, divided, and packed in plastic containers which were then
sealed by the lawyer. The wet weight/dry weight ratio of the plankton
samples Pl and P2 were 8.05 and 7.58, respectively.

Each participant also received a small aliquot of wet plankton,
preserved in formalin, for species identification.

IAEA-ILMR identified that about 60% of the Pl sample consisted of mixed
copepod species (mainly calanoid), 20% was larval decapods
(mysiids and Euphausiids of genus Euphausia) and remainder consisted of
fish eggs, numerous preopods (small molluscan shells) and a few
chaetognaths. Tar balls were visible in the collection.

About 80% of the P2 sample was composed of mixed copepods with calanoid
species again the dominant type. Other species noted were larval mysiids,
a few tomopterid annelids (worms), chaetognaths (arrow worms), Euphausia
sp., crab larva, hyperiid amphipods. The presence of crab larva
indicates that some but not all of the component organisms may originate
from the nearby coral Atolls. Crab larva were not identified among the
organisms making up the Pl collection which are described as typical open
ocean species. These observations were confirmed by measurements at LLNL.

RADIONUCLIOE MEASUREMENTS

Radionuclides and expected concentrations

Samples were to be processed by experienced analysts using well
established in-house techniques. For the intercomparison exercise the
participants were to assess the presence and determine the quantities of
?°K, " V 23SUf 9usr/ Ï14 C S | Ï3? C S ; 25i+24»pu a n d edCo. However all the
participants agreed to look for any other man-made gamma emitting



radionuclide ( M n , 2 4 Am, etc) that would provide additional comparative
results for the water and plankton samples. The participants were
informed to expect the levels of 90Sr, 1 3 7Cs, and 238",239+241Op11 i n t h e
surface waters to be lower (because of mixing processes and radioactive
decay) than the global fallout levels found in surface waters between the
latitudes of 15-30°S during the 72-73 GEOSECS program (Livingston, et al.
1985) . Concentrations reported in surface seawater between these
latitudes during 1972-1973 in the South Atlantic and South Pacific were:

90Sr 2.0-2.3 Bq m~3
1T1 Cs 3.1-3.6 Bq m~3

239+240pu 0.0067 Bq m~3

The expected levels of some naturally occurring radionuclides (Woodhead,
1973) in surface seawater are:

4°K 12000-13000 Bq m~3
2o8U 41-44 Bq m~3

"ZU 44-47 Bq m~3
235U 2 Bq m~3

Based on zooplankton concentrations factors (CF) reported in the IAEA
Tech. Report Series 247 (1985), and the above water concentrations, the
concentration of the above radionuclides associated with wet zooplankton
should fall at or below the maximum 1973 values, given below, provided
that the CF values are reasonably reliable:

90Pr 0.002-0.023 Bq kg"1

•yla CSn 0.030-0.180 Bq kg"1

VJQ P u 0.003-0.034 Bq kg"1
23®U 0.21-0.22 Bq kg"1
2 3 4U 0.22-0.235 Bq kg 1

2 3 5U 0.010 Bq kg"1

no CF for K is given

This information could be used to estimate the amount of sample required
for processing.

Analytical Processing and Analysis

The water from a number of the 30 1 containers were combined for
analysis. The IAEA-ILMR processed replicate 90 1 samples of water while
DIRCEN-CEA and LLNL processed essentially the entire 600 1 as a single
sample. ILMR and LLNL added appropriate carriers and/or tracers to the
acidified sample, mixed the contents and collected either a MnO2 or
Fe(OH)3 precipitate containing the transuranics, rare earths and
transition elements. This step was followed by an AMP scavenging to
remove cesium from the seawater. Finally sodium carbonate or oxalic acid
was added to the remaining basic solution to remove strontium. After the
DIRCEN-CEA equilibrates the sample with appropriate tracers and carriers,
they first separate Cs by passing the water through icn-exchange resins
impregnated with cupric ferrocyanide. They then collect a Fe(OH3)
precipitate containing the transuranics, rare earths and transition
elements. Several weeks later HDEHP is added to the water to extract 9 0Y
in equilibrium with 9 Sr.

Separate aliquots of water were processed for potassium and uranium.
Gamma spectrometry measurements were made at all laboratories on the



dried plankton samples, and on either the MnOn, Fe(OH)3/ AMP, or
Cu2Fe(CN)6 precipitates using HP Ge or Ge(Li) gamma detection systems.
LLNL further purified the cesium fraction and precipitated Cs-,PtCl6 for
low-background beta counting in addition to gamma spectrometryt Counting
times for specific samples ranged from 3000-8000 minutes. The data
reduction method used by all three participants was similar and involved
using a general purpose computer program for the data reduction of all
gamma-ray spectra. Any observed photopeak in the measured spectra is
compared to that in a library of photopeaks from gamma-ray emitting
fission and activation products and naturally occurring radionuclides to
identify the radionuclides in the sample. The program then applies
correction factors for sample size, density, counting time, background,
counting geometry and decay to convert the measured counting rate to Bq
kg of wet plankton or Bq m of seawater. The program also generates an
upper limit amount of specific radionuclides based on those spectra
regions where signals would be seen if a radionuclide were present in
detectable quantities. The mean minimal detectable concentrations based
on counting times used by the participants for some longer-lived man made
gamma-emitting radionuclides including 4Cs and 60Co are shown in Table
1.

Radiochemical separation methods were used to isolate fractions for the
measurement of plutonium radionuclides by alpha spectrometry and for 90Sr
by low-background beta counting of the daughter radionuclide, Y.

RESULTS

PLANKTON SAMPLES

Anthropogenic radionuclides

All comparative radiological data from the 3 participating laboratories
is shown in Table 2. Concentrations are expressed on a wet or fresh
weight basis. No man-made radionuclide was reported detected by gamma
counting the entire dried plankton sample at any of the three
laboratories. The radionuclides listed in table 1 were below their
respective detection limits bv gamma spectrorcetry. LLNL was able to
improve the sensitivity for Cs bv using a low-background beta counter
(by first verifying the absence of 1 3 4Cs from the gamma counting results)
and found a concentration of approximately 0.032 Bq kg in samples Pl
and P2. This concentration falls within the range of values predicted in
plankton for 13'Cs resulting from global fallout.

There was exceptionally good comparability between the three reported
239+240pu concentrations in the plankton. The computed mean value was
0.0087±0.0011 Bq kg in the sample from Pl and O.0068±0.0009 Bq kg in
sample P2. These mean values are not considered to be statistically
different and they also fall on the low side of the range of values
estimated for the global fallout levels in South Pacific zooplankton. No
systematic bias was detected among the 3 sets of results.

No laboratory could detect 90Sr in either sample of plankton.
Concentrations are below the respective detection limits (which are
reasonably close to one another) provided in Table 2. The estimated
maximum fallout level in plankton is seen to be less than the detection



limits for ^"Sr. It is therefore understcuiuable why q°£
measured in the samples.

The concentrations of the man-made radionuclides reported in the
plankton by the three laboratories are consistent and in good agreement.
The concentrations are lower than the maximum 1973 fallout background
levels expected to be accumulated by oceanic zooplankton.

Naturally Occurring Radionuclides

The spread in concentration measured for 4 0K in the plankton was larger
than anticipated for a radionuclide that was determined in the dried
sample by gamma spectrometry at each laboratory. Individual values range
from 28.6-38.3 Bq kg"1 (see Table 2). Nevertheless the mean values
computed for each of the two samples are in excellent agreement.

IAEA-ILMR and DIRCEN-CEA measured 2 3 4U and 2 3 8U by alpha counting
following radiochemical separation. IAEA-ILMR also determined total U on
different aliguots with different technicians using ICP-MS. LLNL also
used ICP-MS to measure 2 3 4U, 2 3 5U, 2 3 8U and total U. The IAEA-ILMR
measurements for 2 3 8U made by alpha spectrometry and mass spectrometry
are both extremely close in value and in excellent agreement with the
LLNL results determined by ICP-MS and the alpha counting results reported
by DIRCEN-CEA. This was the first in-house intercalibration of two
analytical methods, alpha counting and ICP-MS, at IAEA-ILMR and we are
satisfied that both methods are generating comparable results.

All laboratories were able to provide concentrations of the short-lived
radionuclide 2 3 4Th (half-life= 24.1 days) in both plankton samples from
the gamma spectrometry results. The concentrations reported give'means of
286±42 Bq kg"1 and 369±51 Bq kg"1 for Pl and P2 respectively. The
difference in value is not considered significant since even water and
particles from closely spaced stations and depths in the ocean often
contain different quantities of 2 3 4Th.

IAEA-ILMR identified photopeaks from natural 226Ra and 2 2 8Th (and
daughters) in the gamma ray spectrum of the dried plankton but the
concentrations were not quantified.

SEAWATER SAMPLES

Anthropogenic Radionuclides

Results for the different man-made radionuclides detected in the
seawater samples by the three participants are shown in Table 3. The
values reported by IAEA-ILMR are weighted mean values from replicate
analysis of 90 1 samples. LLNL and DIRCEN-CEA values result from the
analysis of the radionuclides extracted from a single large volume
sample.

With the exception of 1 3 7Cs, no other man-made gamma emitting
radionuclide could be detected in the precipitates separated from the
seawater samples. Therefore concentrations of any of the radionuclides
listed in Table 1 (except 137Cs) are below the respsctive detection limit
indicated.

Remarkably good agreement was found for the 137Cs concentration
reported in seawater from the 3 stations sampled. The mean concentration



~;atjion ic 2.34 Dq ~ with a standard deviation no larger than
±0.15 Bq m~J. The mean value is consistent with fallout levels expected
in surface water in the South Pacific between 15-30°S during 1990-1992.

t
3

There is some rcatter in the individual + 2lîopu values submitted for
each station. This scatter however results from the very low activity
levels since there is no indication of any syscematic drift of individual
data from the mean values. Interesting all three laboratories reported
approximately three times the concentration of 239-t-240pu ^n w a t e r frcni

tion E2 than was measured either at El or E3. The value of the
Pu/239+240Pu ratio in water at station E2 is found to be larger than

the values found in either the other water samples or plankton. Ruling
out the possibility of chance contamination of 1800 1 during sampling and
because there is no good physical-chemical reason to expect this
difference in surface water concentration from closely spaced stations,
these comparative results suggest some source in addition to global
fallout, is contributing to the low levels of plutonium found in. the
water mass at station E2 . However the mean value of 0.0068 Bq m~3 at
station E2 is no greater than the fallout level found in seawater from
the South Pacific during 1972-1973 GEOSECS program. Mean concentrations
now found at stations El and E3 are significantly lower, as expected,
than the 1973 surface water concentration.

The threee sets of results for 90Sr, like 137Cs, show excellent
agreement. The concentration found at each of the 3 stations sampled
averages 1.35±0.06 oq m~. This value is less than the 90Sr levels
measured in surface seawater during the 1972-73 GEOSECS program. The mean
ratio of 1 3 7Cs/ Sr in South Pacific surface seawater is 1.7; not unlike
the value expected if both radionuclides originate from atmospheric
global fallout.

Naturally Occurring Radionuclides

The data reported for measured natural radionuclides is shown in Table
3.

K levels are consistent with those expected in seawater with
salinities that were measured in the samples.

The results reported for 234U and 238U from all three laboratories fall
within one sigma of the mean determined at each station and no systematic
differences can be found associated with the results from any single
laboratory. The values given by the participants range over typical
natural levels expected in surface seawater which also show, as expected,
slightly enriched levels of 2 3 4U. The value of the quotient 23nu/238U
ranges from 1.13 at station E3 to 1.15 at station El.



SUMMARY

This exercise was extremely useful for several reasons.

As an intercoraparison exercise, it demonstrated that participating
laboratories are capable of generating reasonably accurate comparable
data for the small quantities of several man-made radionuclides in
seawater and plankton from the South Pacific. The only man-made
radionuclides found in the seawater and plankton samples that were above
detection limits included 90Sr, 1 3 7Cs, and 238,239+"24Op1J1 F o r t h e m o s t
part the concentrations of these radionuclides were at levels that could
be anticipated from atmospheric fallout in the different media.

Results for the naturally occurring radionuclides were generally in
good agreement but somewhat more difficulty was encountered in obtaining
comparable values in plankton than in seawater. The reason for this is
not altogether known.

Collectively the laboratories found that the levels of 239+240pu w e r e
higher in seawater at station E2, located to the south of Mururoa and to
the west of Fangataufa J see fig. y,than in water samples from either El
or E3. The ratio of 238Pu to 239>240pu w a s a l s o nigher at E2 than in
samples from El or E3, or in the plankton. The source of this higher
activity is not known but the identification of these slightly elevated
levels attest to the usefulness of this radionuclide as a tracer in the
ocean to identify different sources and mixing processes.

Many of the values for zooplankton concentration factors in IAEA
Technical Report Series 247 are based on very limited data. For example
the mean value for Cs was determined from two estimates, one being a
derived value and the other from a concentration of stable cesium
measured in a euphausiid and compared to a estimated surface water
concentration measured elsewhere. We have (by LLNL) the first positive
simultaneous determination of fallout ^ Cs :.n seawater and zooplankton
that enables us to compute the only field derived concentration factor
ever determined in the open ocean. Values for Uranium concentration
factors are also poorly documented.

We compare our computed values for the radionuclides measured to those
in the Tech. Report Series 247 in the table below (values are Bq kg"1 wet
plankton/Bq 1 water) . On the basis of our measurements we would
recommended the value for Cs be revised downward from 30 to 15; the U
value be revised upward to at least 30; that the value for Pu be
increased to 4000; and that a low value of 5 be accepted for he
concentration factor for K associated with marine zooplankton.

Concentration Factors
IAEA Tech. Rep ,.Series 247 Best Value from this Exercise

Cs ("7Cs) 30 14
0Sr) 1 <100
*°Pu 1000 4000 (sta. El & E3)

U (238U) 5 28
K (40K) no value 3

Limited amounts of seawater from stations El and E3 will become
available in the future through IAEA-ILMR as reference material. Samples



may be requested by any IAEA Members States laboratory in 03
their analytical capabilities for the measurement of the low level
residual atmospheric fallout concentrations of "0Sr, ^ Cs, 239+240pu an^
several natural radionuclides in seawater.
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Table 1. Mean Detection Limits for Some Gamma-emitting Radionuclides in
Seawater and Plankton Samples

Detection Limit

Radionuclide 54Mn 58Co 60Co 110mAg 134Cs 137Cs 241Am 125Sb

IAEA-ILMR
Plankton(Bq kg"1) 0.06 0.06 0.06 0.06 0.06 0.06 0.3 0.2

Water(mBq I"1) 0.2 0.2 0.2 0.2 0.1 0.1 0.9 0.3

DIRCEN-CEA

Plankton(Bg kg"1) 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.18

Water (mBq I"1) 0.09 0.09 0.09 0.09 0.03 0.03 0.10 U.27

LLNL

Plankton(Bq kg"1) u.12 0.12 0.16 0.24 0.20 0.14 0.5 0.4
Water (mBq I"1) 0.10 0.10 0.13 0.20 0.17 0.12 0.4 O.B

Based on co-precipitation from water and gamma counting for 3000-8000
minutes. For plankton, direct gamma counting for 3000-8000 minutes.
Expressed in Bq kg"1 wet weight.



Table 2. Results for radioisotopes concentrations in plankton
samples.(Corrected to date of collection. Bq kg"1 wet weight).

Sample Pl Sample P2

Collection date 1991-03-05
Wet weight collected 1618 g
Wet/Dry weight ratio 8.05
Water volume filtered 4.1x10 m
Mean depth of collection 138 m

Sample Pl
Laboratory A B C

1991-03-06/07
1735 g

3'2X10V
90 m

Sample P2
A B C

Naturally occurring radioisotopes

40Tf

234
238
238
235
234

U
U (a)
U (b)
U
Th

30.3±1.5 37.711.4 30.2±1.2 28.6±1.4
1.4±0.1 1.27+0.06 1.5810.08 1.4+0.1
1.3±0.1 1.14±0.06 1.27±0.03 1.210.1

1.37+0.04 1.46±0.04
0.061±0.002

322+32 295110 240121 382+38

34.4+1.3 38.3+3.9
1.1810.08 1.4110.07
1.30+0.07 1.1410.02

313+10
0.055+0.002
412+78

Man-made radioisotopes

238
239
90S
137

Pu
Pu
r
Cs

1.310.4*
9.111.0*
<0.4
<0.06

<2.5*
9.511.2*
<0.12
<0.06

<3*
7.411.7*
<0.25

0.0301.009

1.110.2*
6.411.3*
<0.4
<0.06

<3* 1.310.4*
6.211.1* 7.911.1*
<0.15 <0.26
<0.06 0.0351.008

Note: * 2 3 8Pu and 239+240pu a r e e x p r e s a ed in mBq kg -1

40K

Radioisotopes mean concentrations (Bq kg"1 wet weight, corrected to
sampling date)

P2
33.814.9
1.3310.13
1.2710.14

0.05510.002
369151

0.001110.0002
0.006810.0009

234,
238
235
234Th
238p
239+240
90Sr
13?-,'Cs

n=3
n=3
n=4
n=l
n=3
n=l

Pu n=3
n=3
n=3

Pl
32.714.3
1.42+0.15
1.2710.10

0.061+0.002
286142

0.0013+0.0004
0.0087+0.0011
<0.12
0.03010.009

<0.15
0.03510.008

Other man-made gamma emitting radionuclides listed in Table 1 are below
the respective detection limit shown in the table.

Note; (a) Determined by lab. A and B by alpha counting. Determined at
lab. C by ICP-MS.

(b) Determined by lab. A using ICP-MS

Code;
Laboratory A-IAEA-ILMR
Laboratory B-DIRCEN-CEA
Laboratory C-LLNL

10



Table 3. Results for radionuclide concentrations in seawater (Bq m~3)

Laboratory A B c Mean

Station El
Collection date
Salinity, ppt

1991-03-05
35.8174 ± 0.0022

Ï37
90

Cs
r

2.42±0.34
1.33±0.10

2.29±0.08
1.37±0.08

239+240pu o.0016±0,0002 O.0031±0.0002
238
40 V

23Ï,

Pu

238
235

<0.0002
1260011300
47.2±1.0
40.8±1.3

<0.0005
12500±500
44.2±1.8
40.9±1.5

Station E2
Collection date
Salinity, ppt

1991-03-07
35.7560 ± 0.0016

137
90 Cs

r
2.20±0.20
1.4410.14

2.32±0.09
1.34±0.08

239+240pu o.0067±0.0011 O . 0076±0.0004
238
40

Pu 0.0017±0.0008 0.0024±0.0002
K

234
238
235

12300±1200
48.013.0
41.212.8

118001500
45.611.6
41.411.5

Station E3
Collection date
Salinity, ppt

1991-03-08
35.8187 1 0.0004

137
90,

Cs 2.3010.20
1.2610.14

2.3110.09
1.3510.08

239+24Op11 0.001410.0004 0.002210.0002
238
40 V

234

Pu

238
235

U

<0.0003
1170011200
47.012.0
41.011.7

<0.0006
125001500
44.911.5
42.611.5

2.3010.11
1.3010.18

0.002010.0003
0.000410.0002

45.015.1
37.011.9
1.7510.11

2.5010.12
1.5010.21

0.006010.0006
0.002110.0004

43.015.1
37.011.9
1.8010.11

2.4010.12
1.3010.36

0.002210.0004
<0.0003

43.015.1
36.011.8
1.7310.11

2.3410.07
1.3310.04

0.002210.0008
0.000410.0002
125471741
45.511.6
39.612.2

2.3410.15
1.4310.08

0.006810.0008
0.002110.0004
119801721
45.512.5
39.912.5

2.3410.06
1,3010.05

0.001910.0005
<0.0003
122091721
45.012.0
39.913.4

Other man-made gamma emitting radionuclides listed in Table 1 are below
the respective detection limit shown in the table.

Code;
Laboratory A-IAEA-ILMR
Laboratory B-DIRCEN-CEA
Laboratory C-LLNL

11
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