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Abstract

Abstract

As anthropogenic radionuclides, **'Cs and 23**?Py have been intentionally
and/or accidentally introduced into the marine environment since the nuclear era in
the early 1940s through various human activities including above-ground nuclear
tests, nuclear accidents and reprocessing of nuclear materials. This has caused major
concerns both from the general public and the academic community. This study
sought to evaluate the impact of the 2011 Fukushima nuclear accident on the China
Seas based on anthropogenic radionuclides ¥’Cs and 2°*#*%py, and to identify the
sources of Pu in the China Seas through examining Pu isotopic compositions in both
the sediments and water column.

The earthquake in Tohoku, Japan and its subsequent tsunami of March, 2011,
resulted in unprecedented radioactivity release from the Fukushima Dai-ichi nuclear
power plants (FDNPP) to the northwest Pacific Ocean, which has been concerned by
both the international community and the general public. The China Seas are
marginal seas of the northwest Pacific Ocean and located to the southwest of Japan.
Direct release of contaminants from FDNPP into the China Seas would not be very
likely due to the strong west boundary ocean current-Kuroshio, which flows
northeastwardly along the boundary off the China Seas. Atmospheric deposition was
thus thought to be the main introduction route for the nuclides released into the China
Seas. In order to evaluate the impact of the FDNPP accident on the China Seas, we
investigated the 13'Cs activity levels and Pu isotopic compositions in the China Seas.

We collected the seawater samples from the South China Sea (SCS), the East
China Sea (ECS) and the Yellow Sea (YS) in April-June 2011, one month after the
Fukushima nuclear accident. The *’Cs activities were measured using
low-background y-spectrometry. The $3’Cs activities in the investigated area ranged
from 0.75 to 1.43 Bq m™, with an average of 1.1240.08 Bq m=. The *’Cs activities
initially increased from the nearshore to the inner shelf, and subsequently decreased
from the inner shelf to the outer shelf. Vertical profiles showed higher 3’Cs activities
at the surface but lower activities at depth in the ECS, suggesting atmospheric input
of ¥¥’Cs. As such, the distribution pattern of *'Cs in the ECS was presumably
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determined by a combination of atmospheric deposition and subsequent mixing
between different water masses including the coastal currents, the Yangtze River
plume and the Taiwan Warm Currents. Based on the inventory of 93 Bq m2and the
atmospheric deposition flux of *¥'Cs in the ECS of 32.2 mBq m?2 d? (5.4-42.9 mBq
m2 d 1), we derived the residence time of **’Cs in the upper water column to be 66
days (45-95 days). Meanwhile, we also concluded that in terms of *3’Cs, the ECS was
less impacted by the Fukushima accident as compared to the Chernobyl accident. The
released amount of ¥'Cs into the ECS from the Fukushima accident was minute.
Secondly, we found both the 2°*240py activities and the 2*°Pu/%*°Pu atom ratios were
almost identical before and after the FDNPP accident on the northern South China
Sea (NSCS) shelf, indicating that the contribution of Fukushima-derived Pu, if any, to
the NSCS was negligible or the input flux of #*°*24%Py was too small to alter the Pu
isotopic compositions. Consequently, based on the activity levels of the radionuclide
137Cs and Pu isotopic compositions in the China seas, we concluded that the impacts
of FDNPP accident on the China Seas were minute.

In order to examine the Pu sources in the China Seas, we investigated the Pu
isotopic compositions in both the sediments and the seawater of the China Seas.
Firstly, we determined the 23%*24%Py activities and 2*°Pu/?**Pu atom ratios in the
sediments collected in the NSCS shelf and its adjacent Pearl River Estuary (PRE)
during 2009 and 2012 cruises. On the NSCS shelf, the 2°*240py activities in surface
sedimenits ranged from 0.157 to 0.789 mBq g%, with an average of 0.50140.010 mBq
g (n=19), the distribution of 229*24%py showed an increase from the outer shelf to the
inner shelf, followed by a decrease from the inner shelf toward the shore. The
240py/2%py atom ratios ranged from 0.246 to 0.281, with an average of 0.268+0.012
(n=19), the distribution of 2*°Pu/?**Pu atom ratios showed a shoreward decrease from
the outer shelf. Such pattern of Pu isotopic compositions indicated that Pu on the
NSCS shelf is sourced from a combination of global fallout and close-in fallout from
the Pacific Proving Grounds (PPG) in the Marshall Islands, where above-ground
nuclear weapons testing was carried out between 1952 and 1958, supporting the
previous hypothesis that Pu releasing from the PPG can be transported long distances

to the western Pacific Ocean and flowed into its adjacent marginal seas by the North
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