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Radioecology became recognized as a branch of ecology in response to the radioactive 
fallout associated with the proliferation of atmospheric nuclear weapons testing at the 
onset of the Cold War period in the 1950s (1)

(1) Kangas, P.C., 2022. A History of Radioecology. Routledge Ed, USA.
(2) J. Aupias et al. STOTEN, 2024, 935, 173247.

Alongside radioecology, environmental radiochemistry emerged in the 70's in response to 
the larger use of nuclear energy (2)
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stretching in a given direction to the integration time interval t!t0.
Here σðt; t0Þ is the maximal singular value of the evolution matrix.
This method enables to identify accurately mesoscale eddies in
altimetric velocity fields. Another means to identify eddies and
transport pathways is provided by the absolute, zonal and meridio-
nal drift maps (Prants et al., 2011b, 2012, 2013, 2014a,b). The finite-
time absolute displacement is a distance between final and initial
positions of advected particles on the sea surface. We compute the
absolute displacement and its zonal and meridional components
backward in time for a large number of particles in order to identify
mesoscale eddies and zonal and meridional jets to be present in the
region for a given period of time. The absolute displacement, D, is
simply a distance between final (xf ; yf ) and initial (x0; y0) positions of
advected particles on the Earth sphere with the radius R

D$ R arccos½ sin y0 sin yf þ cos y0 cos yf cos ðxf !x0Þ': ð3Þ

Stagnation points, where the altimetric velocity is found to be
zero, contain important information about the regional flow. We
compute them daily, check their stability type by standard stability
tests and impose them on FTLE and drift maps as circles (elliptic
points) and crosses (hyperbolic points). The elliptic points, situated
mainly in the centers of eddies, are those “instantaneous” stagna-
tion points around which the motion is stable and circular. The
hyperbolic points, situated mainly between and around of eddies,
are unstable ones with two directions along which waters con-
verge to such a point and another two directions along which they
diverge.

4. Results and discussion

In this section we present the results of direct observations of
134Cs and 137Cs in surface seawater and at different depths in a
broad area in the Sea of Japan, the Okhotsk Sea and the western
North Pacific and discuss measured levels of the isotope concen-
trations. Those observations are compared with the results of
numerical simulation of spatial distribution of Fukushima-derived
radionuclides based on the altimetric velocity field.

4.1. Observed and simulated horizontal distribution patterns of
radiocesium

Concentrations of 137Cs in the Japan and Okhotsk Seas have
been found to be 1.4–2.3 and 1.5–1.9 Bq m!3, accordingly
(Table 1 in Appendix and Fig. 2), and did not exceed much
pre-accident level. A slightly increased concentration of 134Cs
(2.4 Bq m!3) was found only at one station L2 located in the
northeastern Japan Sea off northern tip of the Hokkaido Island.
This station was sampled in the area of the Tsushima Current
which transports water contaminated by river runoff from the
Honshu Island that could explain a higher concentration of
137Cs. This is in accordance with observations by Inoue et al.
(2012b) which showed an increase of 134Cs and 137Cs concentra-
tions in surface water transported by the Tsushima Current
along the west coast of Japan to Hokkaido.

All surface water samples, collected in the Pacific Ocean, contain
an increased concentration of 134Cs, 0.2–11.9 Bq m!3, with except of
Station 76 (Table 1 in Appendix and Fig. 2). This station was taken in
the warm streamer extended northward from the Kuroshio Extension
jet and thus transported relatively cleanwater. 137Cs concentrations in
all samples in the western subarctic Pacific and Kuroshio–Oyashio
frontal zone were in the range of 1.8–21 Bqm!3. The surface water
maximal 134Cs and 137Cs concentrations were registered in the frontal
zone between stations 56–65 and stations 81–84 (Fig. 2). This
confirms accumulation of surface water in the frontal zone with

particular increased content in anticyclonic mesoscale eddies. Below
we will discuss a role of those eddies in more details.

Solving the advection equations (1) backward in time, we have
computed FTLE and drift Lagrangian maps on each cruise day.
Those maps have been sent electronically to the board and used to
correct the cruise track in order to cross prominent eddies in the
area. Below we show simulated lateral distribution of radionu-
clides and compare that with cruise observations.

The initial distribution of radionuclides is supposed to be a
patch with tracer concentration decreasing logarithmically with
distance from the FNPP location. We advect tracers by the
corresponding altimetric velocity field, starting not from the date
of tsunami but from 25 March 2011, in order to take into account
not only a direct release of radioactive material from the FNPP but,
as well, a subsequent atmospheric deposition on the ocean surface
just after the tsunami on 11 March. Variations in the initial date do
not change significantly the simulation results. The concentration
distribution, χ, in the end of June 2012 is shown in Fig. 2 in a
logarithmic scale with measured concentrations of 134Cs and 137Cs
imposed.

As expected, tracers in the surface layer were transported
mainly along the Kuroshio Extension to the east. The concentra-
tion is larger on the north flank of the parent jet because the larger
part of the initial radioactive patch was situated to the north from
the eastward jet. Transport of radionuclides to the southern flank
of the Kuroshio Extension may be explained partly by tracer
advection from the southern part of the initial patch. Moreover,
there exist another transport pathways for Fukushima-derived
radionuclides. One of them, a cross-jet transport, have been
studied numerically in the AVISO field by Prants et al. (2014b)
and confirmed by tracks of surface drifters released during the
“Ka'imikai-o-Kanaloa” cruise (Buesseler et al., 2012) and before.
The mechanism of meridional cross-jet transport, documented by
Prants et al. (2014b), is pinching off rings with contaminated water
from the southern flank of the Kuroshio Extension jet. We have not
found the significant impact of the initial patch's size on the
concentration distribution. In situ observations are consistent
qualitatively with the simulation: the maximal measured concen-
trations at the stations selected have been detected in those
areas in Fig. 2 where the density of artificial tracers is really
comparatively high.
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Fig. 2. Simulated distribution of radionuclides concentration in the Northwest
Pacific to the end of June 2012 with measured concentrations of 134Cs and 137Cs
in Bq m!3 imposed. The relative simulated concentration, χ, is in a log-
arithmic scale.

M.V. Budyansky et al. / Deep-Sea Research I 96 (2015) 15–2718

Fukushima accident : 11 March 2011 

Simulated distribution of radionuclides 
concentration in the Northwest Pacific to the 
end of June 2012 with measured 
concentrations of 134Cs and 137Cs in Bq.m-3.(1)

(1) M. V. Budyansky, Deep-Sea Research I 96 (2015) 15–27 
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∼ Sentinels demonstrate the presence of bioavailable contaminants and the extent of 
exposure

∼ Surrogates indicate potential human exposure and effects

∼ Predictors assess long-term effects on the health of populations or the integrity of the 
ecosystem (1)

(1) J. F. McCarthy, L. R. Shugart, Biomarkers of Environemental Contamination, CRC Press, 2018

- Sea Mussle Mytilus GalloprovincialisA sentinel and sedentary species
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Mussels as biological indicators of pollution 

A. Viarengo and L. Canesi 
Istituto di Fisiologia Generale, Universitir di Genova, Corso Europa 26, 16132 Genova, Ital) 

ABSTRACT 

Viarengo, A. and Canesi, L., 199 1. Mussels as biological indicators of pollution. Aquaculture, 94: 22% 
243. 

Mussels have been extensively utilized in the past as a biological indicator of pollution in monitor- 
ing programs. The reason for this choice is  that the mussel is  a  sessile, filter-feeding organism, able to 
accumulate within its tissues many of the contaminants (pesticides, hydrocarbons, metals, etc. ) pres- 
ent in sea water. In addition, mussels show a  wide geographical distribution, thus permitting the sur- 
vey of extensive coastal areas. The contaminants accumulated in the tissues of mussels may cause a 
“stress syndrome” with alteration to their physiology. 

To quantify this stress, the utilization of “stress indices” has been proposed. Parameters are iden- 
tified whose variations may be related to the general physiological status of mussels (general stress 
indices) and others that may indicate the effects exerted by particular classes of contaminants (spe- 
cific stress indices). Taken together, the variations of these parameters at molecular, cellular or orga- 
nism level may provide information on the stress syndrome of the animals and on its repercussions at 
the population level. 

A. Viarengo L. Canesi

Cited by
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Mussels from the Villefranche area 
(n=28)(1)

Mussels from Toulon harbor highly 
polluted with heavy metals (n=24)1

(1) R. Stefanelli et al. Environ. Res, 252 (2024) 118877
(2) S. Nicholson et al. Marine Pollution Bul. (2003), 46, 1040

Conditions : 82-79 mussels
12 L NatU : 6×10-7 M
12 days 
Villefranche-sur-Mer
Petite rade de Toulon

Adaptation to HM pollution (2)

Detoxification mechanism ?
Concentration Factor (CF)



µ-XRF → U LII edge at 20 948 eV 
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Neighbour CN R

Cs-O 8 3.05 (1) Å 

Neighbour CN R

Cs-O 8 3.02 (3) Å 

• Cs in seawater

• Same speciation in organs in first coordination sphere

• Coordination environment characterized by a single 

type of oxygen

• Prediction of interaction with organisms, 
accumulation and toxicity.

• Cs in organs

EXAFS analysis at Cs-LIII edge (5012 eV)

Cs has the same speciation 
as in seawater.
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Shift from global approaches to “mechanistic radioecology”(1,2) 
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(1) M. R. Beccia et al. ChemPlusChem (2022), 87, e202200108
(2) J. Aupiais et al. STOTEN (2024), 935, 173247
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