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Abstract

137Caesium, 238Pu, 239.240Py and 241Am were determined in total monthly deposition (wet + dry) to elucidate the delivery behaviour of
anthropogenic radionuclides into the northwestern Mediterranean Sea. The results show that the concentrations of 239:240Py in
precipitation were similar to those found in Mediterranean surface water while the concentrations of 24! Am in precipitation were higher.
The annual contribution of transuranics from the atmosphere to northwestern Mediterranean was much lower than their mean annual loss.
However, many particles loaded in precipitation in February and August probably played important roles in enhancing the scavenging of

transuranics in the northwestern Mediterranean Sea.

Introduction

Atmospheric input of anthropogenic radionuclides to the ocean has been
regarded as one of the most important of the various input sources such as
river input, discharges from nuclear industrial activities and accidents, etc.
For this reason, in order to study the fluxes of anthropogenic radionuclides,
their biogeochemical behaviour and the high scavenging rates of
transuranics in the Mediterranean Sea, as well as for monitoring possible
accidental discharges of radionuclides to the sea, we regularly collected
rainwater (wet and dry deposition) to estimate the amounts of delivery and
to measure the concentrations of anthropogenic radionuclides.

Methods and Materials

Precipitation was collected monthly in a 2.35 m? plastic container
placed on the roof of the building which houses IAEA-MEL in Monaco.
Preconcentration of radionuclides in rainwater, radiochemical separation,
purification steps and o-spectrometry measurements have been described
elsewhere [1].

Results and discussion

Radionuclide concentrations in precipitation and monthly deposition
rates are presented in Table 1 and Figure 1, respectively. The monthly depo-
sition of radionuclides into the northwestern Mediterranean Sea shows that
a significant amount was delivered from September to October when high
precipitation rates were observed. A strong spring peak observed in previ-
ous studies [2] was not observed in the recent study; only a small sub-peak
was noted at this time. The annual delivery of anthropogenic radionuclides
into the Sea was calculated to be 0.51 + 0.06 mBq m-2 for 238Pu, 16.5 + 0.4
mBq m2 for 239:240Py, 6.8 + 0.4 mBq m-2 for 24! Am and for 137Cs 1.17 +
0.12 Bq m2. These amounts correspond to 8% for 238Pu, 6% for 239:240py
and 32% for 241Am of those measured previously by Thein ef al. [2] in
Monaco during 1978-79.

These results demonstrate that the transport of anthropogenic radionu-
clides from the stratosphere to the troposphere and then to the sea, which
was observed previously, has been replaced by resuspension of radionu-
clides from soil and their wash-out from air to seawater. Therefore, at pre-
sent, delivery patterns of radionuclides are dependent on the amounts of
precipitation. The recent annual discharges of radionuclides to the
Mediterranean Sea through the adjacent rivers are poorly known and only
approximate data and gross activities have been reported [3, 4]. If we
assume that the same amounts of radionuclides as estimated by Fukai et al.
[3] are discharged into the Mediterranean Sea (in reality, the present
amounts should be lower), the observed deposition amounts of 239:240py
and 24!Am are slightly higher than annual discharges by rivers. The
observed deposition amounts are only 4% for 239:240Pu and 5% for 241 Am
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Fig. 1. Monthly deposition (mBq m-2 month~1) of radionuclides and precipita-
tion (fallout) into northwestern Mediterranean Sea, 1999.
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Table 1. Concentrations and activity ratios of anthropogenic radionuclides
in precipitation over Monaco, 1999.

Month Precipitation ~ 238Py 239,240py 2 Am 37Cs
iy (mm)  (uBqL") (uBqL") (uBqL?) (uBqL)
January 25 1403 49%07 36 £07 1907
*February - 116 +£31 3300+£180 1780130 1261
March 25 21406 18+2 58 +16 27+07
April 123 04+0.2 47+07 44 £07 13x08
May 65 0.5+0.1 23+1 87 £07 1.7+02
June 38 23+06 530+30 2342 7410
July 8.3 1.3+£03 42+2 21+2 56+05
August 7.5 74+15 28010 105 +8 101
September 70 14+06 704 16 £1 26+02
October 275 - 16 + 1 88+12 09402
November 48 2604 171 6708 18%0.1
December 30 02+0.1 70£07 28+03 029+0.04
Month Precipitation 238py/ 20Am/  (239,240py/137Cs)*
(mm) 239,240pyy 239,240py 1000
January 25 0.286 + 0.081 0.73+0.17 26+1.0
*February = 0.035 + 0.010 0.54 + 0.05 263+15
March 25 0.119 £ 0.036 0.33+0.10 6.6+19
April 123 0.089 + 0.046 0.93+0.20 37+24
May 65 0.023 + 0.005 0.38 +£0.03 14 £20
June 338 0.044 + 0.011 0.44 +0.04 71+£1.0
July 8.3 0.031 + 0.008 0.49 +0.04 75+0.7
August 75 0.026 + 0.006 0.37 £0.03 28+2
September 70 0.021 % 0.009 0.23 £0.02 26x2
October 275 - 0.54 +0.08 195
November 48 0.155 + 0.025 0.39 £ 0.05 10+1
December 30 0.034 £0.017 0.40 +0.06 24 +4
* Dry deposition (no rain): values are in uBq

of the mean annual transuranic loss in surface waters measured in the
northwestern Mediterranean [5]. Therefore, the total inputs from both the
atmosphere and rivers are less than 10% of the annual loss in surface water
of the northwestern Mediterranean.

The activity ratios of 238Pu/239,240Pu show that plutonium in total depo-
sition originates mainly from global fallout. Noticeable exceptions are in
January, March and November and the high deviations from the global
fallout ratio (0.024) for these months will require careful interpretation
when additional results become available. The 241Am/239.240Pu ratios
(weighted mean 0.38), do not reveal any signature of a special input source
compared to that of global fallout (0.37). The observed mean activity ratio
of 239240py/137Cs is 0.015. When taking decay correction into account,
our result is in good agreement with that (0.023) of Thein et al. [2].
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