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SUMMAKY Zooplankton samples from French Polynesian and Australian coastal waters were
analysed for natural and artificial radionuclides. Quality control was assured by correlating replicate
analyses between three laboratories and by participation In an international intercomparison exercise. Pu-
239/240 was detected sporadically among samples from both regions, with the highest levels being more
consistently found in Tuamotu-Gambier samples. The artificial radionuclides Cs-137, Cs-134, Sr-90 and
Co-60 were not detected. Of the natural nuclides, Ac-228 was detected in shallow continental waters off
Northern Australia and an inverse relationship (P< 0.02) was-established between plankton density and
their Po-210 concentration.

I INTRODUCTION

Marine zooplankton are well known for their
capacity to accumulate a variety of natural and
man-made radionuclides, to levels up to ICF
times higher than their concentrations in the
aquatic medium (IAEA, (I)). Such an
accumulation capacity gives them the ability to
monitor the presence and relative
concentrations of radionuclides that may occur
al veiy low concentrations in sea water,
particularly in the Southern Hemisphere
(Ballesira and N'oshkin, (2)). Hence they may
be used to optimise the likelihood of detecting
the presence of ' particular artificial
radionuclides in the marine environment
associated with local nuclear activities. For
these reasons they have formed a major
component of the environmental monitoring
program of LESE, with respect to the weapons
testing program that has been conducted at
Mururoa and Fangataufa, in the Tuamotu-
Gambier archipelago. Given the global
distribution of artificial radionuclides associated
with historical atmospheric testing of nuclear
weapons, it was important to consider their
background levels within ths similar latitudinal
region. For this reason ibe levels of
radionuclides in zooplankton were also
measured in Australian coastal waters.
In addition to their role as bioaccumulating
monitors of the levels of radionuclides in water,
zooplankton have a fundamental importance in
marine foodchains, particularly in regard to the
capacity of particular radionuclides, such as
polonium-210, to concentrate through these
foodchains to components of human diet, such
as fish. Also they are known to be very
important in the biogeochemical behaviour of
radionuclides in the marine environment
(Fowler cl al, (3). Fisher et ai, (4)).

In this paper we summarise the preliminary
results of our investigations on the levels of
artificial and natural radionuclides associated
with Zooplankton. sampled from the waters of
the major island groups of French Polynesia
and of the Gulf of Carpentaria. Australia, as
well from waters off the Australian East Coast.
A major emphasis of these investigations has
been on analytical quality assurance.

2 MATERIALS AND METHODS

In Figure 1 is shown 'he general locations of the •
sampling sites for zooplankton, that were
collected between 18/8/90 and 29/6/92.

Within French Polynesia, zooplankton were
sampled by the RV Marara from the waters
surrounding the Marquesas [number of samples
(N)=12], TuamotU'Gambier (N=IO), Society
(N=6) and Austral (N=2) archipelagoes, by the
French Biological Control Joint Service
(SMCB). Triplicate nets were towed at a
average depth of 100 m, and the sampled
volumes measured by a depth-distance recorder,
located at the entrance of the net. Organisms
ranging between approximately 75 |im and 4
mm were retained for subsequent analysis;
small plankton samples were also retained for
taxonomic description. Following collection the
plankton samples were spun-dried by
centrifugation, followed by oven-drying at 60
degrees C for 7 days. An average FWDW ratio
of 7.5 was recorded. Plankton from Australian
coastal waters were collected in a comparable
way by CSIRO in the Gulf of Carpentaria
(N=27) and by Dr I. Suthers (UNSW) or
ANSTO from coastal waters near Sydney
(N=3).
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Figure 1. Sampling sites for marine zooplankton from French Polynesian and Aostraliao coastal waters.

The dried plankton samples were prepared as
replicated subsamples to be shared between the
participants for radionuclide analysis. Gamma
analyses were performed using shielded, planar,
HP Ge, co-axial spectrometers. Thejsotopes of
analytical interest were Th-234, Ac-228i K-40,
Cs-137, C5-134, Co-60, Ra-226. Pb-2lO and
any other significant peak. Radionuclidcs were
identified by the programs INTERGAMMA,
"MAESTRO and Raddecay (Negin, (5)).
Analysis for Sr-90 following ingrowth of Y-90
by Cherenkov counting (Polciiko et al, (6)) was
performed at LESE, but was discontinued
following repeated non-significant results, ie.
<0.2 Bq/kg FW. To detect Pu-239/240 and Po-
210, alpha spectrometry was performed at both
laboratories, as well as at the Service Central de
Protection Contre les Rayonnements Ionisants
(SCPRl), France.

3 RESULTS

Measured zooplankton densities in g
were as follows: the Marquesas, 1.5; Tuamoru-
Gambier, 0.47; Society, 0.91; Austral, 0.17;
Gulf of Carpentaria, 50.0; and Sydney, 133 .
That is, density varied by an order of magnitude
between island groups within French Polynesia,
with the highest concentrations associated with
waters in the vicinity of the Marquesas Islands
and the lowest values with the Austral Islands.
However, French Polynesian plankton densities
were all one to ;wo orders of magnitude lower
than those from Australian coastal waters. In all
regions Copepodae dominated the taxonomic
composition of plankton, with respect to the
relative numbers of individuals. In French
Polynesian samples, Calanoid copepods
comprised 53% of the taxa with a further 15%

of Podoploea. Copepods from the Gulf of
Carpentaria are described in Othman et al, (7).

As part of the quality assurance program for
this study, both ANSTO and LESE took part in
a gamma spectrometry inlcrcomparison
exercise involving laboratories from 4 countries
of the South Pacific (Twining, (8)). LESE
always achieved results within ±2 s.e. of the
recommended or overall average value.
ANSTO generally gave higher than average
results however, with the exception of K-40, the
results were also within ±2 s.e. of the average
values. In the current study, results for replicate
sample analyses for individual isotopes were
linearly regressed between each laboratory, and
in all comparisons Che regression coefficients
were highly significant (P< 0.005, r= 0.54 to
0.95).

The average results for nuciides detected by
each laboratory in plankton from each region
are summarised in Tables Ia (natural) & Ib
(artificial). These results show that i) Cs-134,
Cs-137, Co-60 and Sr-90 were not detected; ii)
Pu-239/240 was detected in some samples from
each region, except the Austral archipelago and
waters off Sydney. The measured low levels
ranged from 0.05 to 0.93 Bq/kg DW with the
highest concentrations among the laboratories
consistently being in Tuamotu-Gambier
samples; iii) Th-234 counts (shown as U-234 in
Table Ia) from delayed analyses were always
lower than earlier analyses. This indicated that
much of the Th-234 was unsupported, as
expected. However delayed analyses invariably
produced higher values when corrected back to
sample date (Th-234 in Table Ia), indicating
significant U-238 support. The variability



within and between analyses was such that the
degree of support could not be estimated; iv)
Ac-228 was only detected in plankton samples
from the Gulf of Carpentaria, which is
consistent with their collection from a shallow
coastal environment; v) Average Po-210

concentrations were inversely correlated with
tplanktoa density (Iog e) among the
geographical regions (Figure 2), for subsaraples
analysed by both ANSTO (N=6, r=-0.87,
P=0.02) and LESE (N=6, r=-0.85, P=0.03).

Table Ia. Mean (± s.e.) activities (Bq/fcg DW) of natural radioisotopes detected in each area by each
laboratory.

Isotope
Laboratory

Marquesas

Tuamotu •
Gambier
Society

Austral

Gulf of
C'Uria
Sydney

Ae-228
A

<10

<10

<10

<10

56
(9)
<I0

L
<9.5

<9J

<9.5

<9.5

106
(16)
<9.5

K-40
A
68

(10)
141
(29)
52
(8)
27

140
(9)
946

(707)

L
139
(18)
232
(37)
109
(30)
60

(13)
144
(10)
268
(122)

U-238»
A

241
(179)
150
(50)
103
(26)
17

57
(9)
139
(21)

L
562
(301)
384-
(158)
287
(98)
232
(114)
<2

<9J

Th-234»
A

9411
(3802)
7566

(3369)
144S3

(12439)
19740

3731
(1702)

374
fl35)

L
860

(394)
2413

(1204)
1456
(330)
375$

(1415)
<415

Po-210
A

695
(227)
1519
(297)
1880
(355)
1720
(64)
3P9
(20)
362

L
423

(278)
1609
(284)
924

(340)
2496
(530)
194
(16)
411
(27)

S
789

(226)
1580
(232)
1073
(160)
NA

54
(6)
NA

* Both U-238 and Th-234 values are derived from Th-234 counts at the lime of couniing (see text).

Table Ib. Mean (± s.e.) activities (Bq/kg DW) of anthropogenic radioisotopes detected in each area by
each laboratory.

Isotope
Laboratory •.

Marquesas
Tuamotu -
Gambier
Society

Austral
GuiïofC'taria
Svdncy

Cs-134
A

•<1.5
<1.5

<1.5

<1.5
<1.5
<1.5

L
<0.7
<0.7

<0.7

<0.7
<0.7
<0.7

Cs-137
A

<3.5
<3.5

<3.5

<34
<3.5
<3.5

L
<2.0
<2.0

<2.0

<2.0
<2.0
<2.0

Ca-60
A

<4.0
<4.0

<4.0

<4.0
<4.0
<4.0

L
<Z0
<2.0

<2.0

<2.0
<2.0
<2.0

Sr-90
L

<13.0
<13.0

<13.0

<I3.O
NA
NA

Pu-239/240
A

0.06
<0.1

<0.1

<0.1
0.10
<0.05

L
<0.03
0.41

(0.14)
0.03

<0.07
0.75

<0.07

S
0.05
0.93

Jp.61)
0.07
(0.1)
NA

<0.1l
NA

Less than values are given as reported by the investigating laboratory or as derived from background
count-rates for a 20 g DW sample. KA indicates no analysis.
Laboratory codes: A. ANSTO; L1LESE; S, SCPRI.
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Figure 2. Showing the inverse relationship between Plankton density (In) and their average Po-2lO
concentration (Bq/kg DW).



Overall average values (Bq/kg DW) for each
isotope detected in plankton samples from all
laboratories, given in Tables Ia Se. b, were
converted to FW by dividing by 7JS and then
used to derive water activities based on the

recommended concentration factors (t) . 'Less
than' values in the table were multiplied by 0.5
for the estimation of average values across all
laboratories. The results of these calculations
are shown in table 2.

Table 2. Recommended FW CF values foe each isotope (I) and denved water concentrations (Bq/L)
based on FW data. Water concentrations fBq/L) measured or taken from literature are also civen.

Isotope

Rccorara. CF values

Ac-228

10000

U-238

3

Th-234

10000

Po-210

30000
Derived values

Marquesas
Tuamotu - Gambier
Society
Austral
Gulf of Carpentaria
Sydney

6.67E-5
6.67E-S
6.67E-5
6.67E-5
1.08E-3
6.67E-5

1.07E+1
7.12E+0
5.20E+Û
3.33E4O
7.73E-1
1.92E4O

6.85E-2
6.65E-2
1.06B-1
1.S7E-1
Z63E-2
4.MB-3

2.83E-3
6.97E-3
5.74E-3
9.37E-3
8.27E-4
1.72E-3

Cs-137

30

Sr-90

I

ÛH60 I • Po-
239/40

2000 1 1000

6.22E-3
6.22E-3
6.22E-3
6.22E-3
6.22E-3
6.22E.3

8.67E-1
8.67E.1
8.67E-I
8.67E-1

l.QQE-4
1.00E-4
1.00E-4
1.00B-4
1.00E-4
l.OOE-4

5.33E-6
6.13E-S
6.67E-6
8.00E-6
4.00E-5
4.00E-6

Literature or measured values (2JJ)
French Polynesia
Gulf of Carpentaria
Sydney

5.00E-5
3.O0E-3
1.5OE-3

4.00E-2
4.00E-2
4.00E-2

4.00E-2
3.O0E-2
3.30E-2

3.OOE-3
t.OOE-3
2.00E-4

2-34E-3
130E-3
1.00E.3

1.35E-3 <2,0OE~4 3.63E-6

4 DISCUSSION

For plankton samples from Tuamotu-Gambier,
Pu-239/240 was detected consistently between
laboratories in three samples at levels ranging
from 0.25 lo 2.15 Bq/kg DW (only 1 of JO
samples was analysed by ANSTO, Table Ib).
This nuclidc was also detected sporadically
among samples from other regions, with the
exception of the Austral archipelago and
Sydney. A single high'value of 0.75 Bq/kg D W
was detected in plankton from the Gulf of
Carpentaria, with 24 other analyses giving 'less
than' values. A recent investigation (2) also
detected Pu-239/240 in two plankton samples
taken from the Tuamom-Gambier region near
the perimeter of the territorial waters at
Mururoa, with levels ranging from 0.05 to 0.07
Bq/kg DW. The authors interpreted these values
as representing ihe lower l eve l of
concentrations expected from atmospheric
fallout. All other artificial nuclides of interest
(Cs-137, Cs-134, Sr-90 and Co-60) were not
detected in plankton samples from any region
investigated in this study; similarly Baileslra
and Noshkin (2) did not detect these Isotopes in
plankton near Mururoa, with the exception of
Cs-137 which was detected by one laboratory
with a more sensitive analytical technique, at
the level of 0.3 Bq/kg DW.

These results show that plankton, given their
poor ability to concentrate isotopes of some
elements, for example caesium and strontium,
are not particularly advantageous biomonitors
for these isotopes; cobalt is also at its detection
limit based on these figures. The plankton have
shown a capacity to enable detection of
plutonium and the IAEA concentration factors

appear to be supported by the similarity
between derived and expected water
concentrations ÇTablc 2).

.The inverse relationship between plankton
density and their Po-210 concentrations is
consistent with its greater rate of removal from
ihe water column due to the higher production
of sinking biogenic paiticulae matter, eg faecal
pellets (3,9). Therefore, in waters containing
lower densities of plankton due to lower
biological productivity it could be expected that
nuclides that behave like Po-210 with respect to
removal rates, would be retained in the water
column giving elevated concentrations for
longer periods and thus enhancing the
possibility for detection in plankton samples.

For the U and Th-series isotopes, polonium
shows a good correspondence between derived
and expected water concentrations with all
values being within an order of magnitude. The
derived values aie all slightly higher than the
expected values but this can be accommodated
by the range of concentration factors indicated
in the LAEA report (I), Actinium also shows
good agreement in 3S much as it was detected in
the degree expected in the Gulf of Carpentaria.
Il was also expected to be somewhat more
evident in Sydney waters but this was not
shown in the limited number of samples we
obtained from (his area. The results also
indicate that, except for areas of exceptionally
high specific activity, ie shallow coastal waters
where actinium can ingrow from sedimentary
thorium, plankton sampling is not advantageous
Io measure actinium as its detection limit is
higher than the typical oceanic activity. The
derived uranium activity was much higher than



the well defined expected concentration. This
result is most likely due to the use of the total
Th-234 gamma spectrometry count as a
measure of U-238. It is apparent from this result
that only a small but significant proportion of
the thorium count was supported by uranium..
The thorium comparison bears this out this
interpretation; the highest average activities
measured were only a factor of 3 or 4 above the
expected values, and the over-estimate would
be reduced given the effect of a small degree of
uranium support. The lower than anticipated
activities measured in Australian samples
agrees with a reduction of thorium in these
regions due to absorption onto participates,
related to higher plankton densities.
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