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ABSTRACT: We analyzed radiocesium (***Cs and *’Cs)
levels in the muscle tissue of several odontocetes and
mysticetes stranded on the coast of Hokkaido (the
northernmost island of Japan) in 2011 and 2012, fol-
lowing the Fukushima Dai-ichi Nuclear Power Plant
(FDNPP) accident in March 2011. Since most of the
radiocesium from the FDNPP was released into the
western North Pacific Ocean and carried eastward
from the Japan coast, there was little radiocesium con-
tamination in the seawater around Hokkaido. Hokka-
ido is surrounded by the North Pacific Ocean, the
Japan Sea, and the Okhotsk Sea, but radiocesium was
predominantly detected in the cetaceans stranded
along the North Pacific coast between June and Octo-
ber 2011. Among the stranded cetaceans, which in-
cluded the Pacific white-sided dolphin, harbour por-
poise and Dall's porpoise (odontocetes) as well as the
common minke whale and humpback whale (mysti-
cetes), the highest level of contamination was found in
a common minke whale. The radiocesium contamina-
tion of these cetaceans suggests that they moved sea-
sonally from the south of Hokkaido, particularly
through the contaminated area of the western North
Pacific Ocean. The radiocesium levels in the tissues of
these animals is likely a result of the contamination
level of the seawater along their travel route, rather
than their trophic level, because of the sudden
changes in radiocesium transport and diffusion in
seawater that occurred in 2011.
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137Cs contamination in Pacific white-side dolphins suggests
they had travelled from the contaminated waters near the
Fukushima nuclear power plant.

Photo: Kotoe Sasamori

INTRODUCTION

On 11 March 2011, a massive earthquake occurred
off Miyagi Prefecture, Japan. The earthquake and
associated tsunami disrupted the operation of the
Fukushima Dai-ichi Nuclear Power Plant (FDNPP),
which resulted in the widespread release of large
amounts of radiocesium (***Cs and '*’Cs) as well as
other radionuclides into the atmosphere and over an
extensive area of ocean off eastern Japan. The esti-
mated amount of '¥’Cs emitted from the FDNPP was
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15 PBq (Honda et al. 2012), which is about one-sixth
the amount emitted at the time of the Chernobyl
nuclear power accident (about 85 PBq) (WHO 1989).
A large proportion of these radionuclides was trans-
ported and diffused eastward by the Kuroshio Cur-
rent (Buesseler et al. 2011, Honda et al. 2012) (Fig. 1).
In order to evaluate the contamination and transport
processes of *Cs and ¥Cs in the marine environ-
ment, concentrations in seawater samples have been
extensively analyzed in the vicinity of the FDNPP
and over a large area of the western North Pacific
Ocean. Before the FDNPP accident, '*’Cs concentra-
tions in seawater samples from the western North
Pacific Ocean were about 1 to 2 mBq 1! and there
were only trace amounts of **Cs (Oikawa et al. 2013).
One month after the accident (14 April to 5 May
2011), ¥7Cs concentrations in samples collected from
a wide area of the western North Pacific Ocean
quickly increased between several fold and 2 orders
of magnitude (5 to 284 mBq 17'), not only as an
aerosol via the atmosphere but also due to the diffu-
sion and advection of seawater (Honda et al. 2012).
134Cs and '¥’Cs contamination of epipelagic fish
(sardine and Japanese anchovy) caught off the Ka-
shima-Boso area (south of FDNPP; Fig. 1) suddenly
increased, reaching a maximum level (**’Cs: 31 Bq
kg™') between June and August 2011, and rapidly
decreasing thereafter (Takagi et al. 2014). Similar
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changes in radiocesium were also found in the sea-
water collected in the Kashima-Boso area, where the
peak ¥’Cs level was about 4 Bq 1! (Aoyama et al.
2012). Although the reasons for the delay in these
peaks are not yet understood, the changes in the
radiocesium contamination of the seawater and fish
could be closely related. A similar delayed peak for
137Cs was found between June and August 2011 in
seawater off the northern Sanriku coast and the
Pacific side of the Shimokita Peninsula, which are
both to the north of the FDNPP (Fig. 1), but the
delayed peak was very small: the highest *’Cs con-
centration detected there was only 0.05 Bq 17! (Kofuji
& Inoue 2013).

Compared with the vicinity around the FDNPP and
to the east of Japan, there was little radionuclide con-
tamination in the seawater off northern (Hokkaido)
and western Japan (Inoue et al. 2012a,b,c). The in-
creases in 1**Cs and '*’Cs concentrations in seawater
collected from the Japan Sea (the area of the Tsu-
shima Current; Fig. 1) were smaller than those seen
in the western North Pacific Ocean (Inoue et al.
2012c). Similarly, radiocesium concentrations in the
Tsugaru Warm Current water (a branch of the Tsu-
shima Current) flowing out of the Japan Sea through
the Tsugaru Strait, were markedly lower than those
in the western North Pacific Ocean (Inoue et al. 2012c¢).
It is thought that the Tsugaru and Oyashio Currents
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Fig. 1. Hokkaido and Tohoku areas of Japan; numbers in expanded insert correspond to locations of stranded animals
provided in Table 1
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could have inhibited the transport and diffusion of
134Cs and ¥Cs to the coastal areas off Hokkaido
(Inoue et al. 2012c, Honda et al. 2012) (Fig. 1).

The long-lived artificial radionuclide *’Cs (half-
life: 30.2 yr) is of great interest and importance as
an indicator of radionuclide pollution in the marine
environment, as *’Cs tends to concentrate through
the food chain in the marine ecosystem (Kasamatsu &
Ishikawa 1997, Kasamatsu et al. 1999). Marine mam-
mals are generally located at the top of the marine
food chain and have been shown to accumulate 3’Cs
in the muscle rather than in the liver or kidney
(Calmet et al. 1991). In contrast, levels of *Cs are
generally below detection in marine biota because of
its shorter half-life (2.06 yr). In 1986, the Chernobyl
nuclear power station accident resulted in radionu-
clide contamination, not only of the Black Sea and
Baltic Sea, but of oceans worldwide. Kasamatsu &
Ishikawa (1997) analyzed the ¥’Cs concentrations in
30 species of marine fauna collected from the coastal
areas surrounding Japan using dried and ashed sam-
ples, and reported increases in *’Cs accumulation
with increased trophic level, with a biomagnification
factor (**’Cs in predator/**’Cs in prey) of 2.0. Using
the same methodology, Kasamatsu et al. (1999) ana-
lyzed the ¥’Cs concentrations in 2 Dall's porpoises
Phocoenoides dalli and seawater samples collected
from the coastal waters off Japan in 1996, and re-
ported that the *’Cs concentrations in the Dall's por-
poises were 0.153 and 0.234 Bq kg~!, with ®*?Cs con-
centration factors (**’Cs in animal/'¥’Cs in seawater)
of 59 and 90, respectively. Yoshitome et al. (2003)
analyzed ¥’Cs concentrations in northern fur seals
Callorhinus ursinus (n = 5) and Dall's porpoises (n =
5) collected from off the coast of Sanriku, Japan
between 1997 and 2000 using the dried/ashed sam-
ple methodology and reported concentrations of
0.21 + 0.09 Bq kg™! in the northern fur seals and
0.17 + 0.05 Bq kg~! in the Dall's porpoises. However,
the *Cs and *’Cs concentrations in marine mam-
mals inhabiting the coastal waters off Japan follow-
ing the FDNPP accident have not yet been reported.

Many cetaceans, such as the Dall's porpoise, Pacific
white-sided dolphin Lagenorhynchus obliquidens and
common minke whale Balaenoptera acutorostrata,
inhabit the coastal waters off Japan, and generally
move from south to north in spring and vice versa in
autumn. Although seasonal travel routes have been
estimated (Amano 1998, Tsutsui et al. 2001, Hayano
et al. 2003, Amano & Hayano 2007, Wade et al. 2010,
see Fig. 4), detailed travel routes remain uncertain,
despite the development of a number of research
techniques. For instance, Pacific white-sided dolphins

are observed in the mouth of Volcano Bay, Hokkaido,
between late May and the end of August every year,
but there is no direct evidence to explain the route
that this species takes to arrive in that area (Tsutsui
et al. 2001, Amano & Hayano 200%).

Here, we report the analytical data obtained for
134Cs and ®’Cs concentrations, along with the natu-
rally occurring radionuclide potassium-40 (“°K), in
odontocetes and mysticetes stranded on the coast of
Hokkaido (the northernmost island of Japan) after
the FDNPP accident. We also propose possible mi-
gratory routes taken by those cetaceans based on the
accumulation of radiocesium in their tissues.

MATERIALS AND METHODS
Cetacean tissue samples

We obtained muscle tissue samples from cetaceans
stranded on the coast of Hokkaido, Japan between
April 2011 and September 2012 from the Stranding
Network Hokkaido (SNH). The odontocete species
from which muscle samples were obtained com-
prised the Pacific white-sided dolphin, harbour por-
poise Phocoena phocoena, Dall's porpoise, Baird's
beaked whale Berardius bairdii, Stejneger's beaked
whale Mesoplodon stejnegeri, Hubbs' beaked whale
Mesoplodon carlhubbsi, pygmy sperm whale Kogia
breviceps, Cuvier's beaked whale Ziphius cavirostris
and killer whale Orcinus orca. Samples were also ob-
tained from mysticete species including the common
minke whale and humpback whale Megaptera novae-
angliae. We also obtained muscle samples from a
Pacific white-sided dolphin and a Dall's porpoise that
were incidentally caught in salmon drift nets oper-
ated as part of a scientific survey by training vessel
'‘Oshoro-maru’, about 1000 km offshore from Hok-
kaido at 39°N, 155°E and 41°N, 155°E, respectively
(see Fig. 4A,B).

We purchased 2 red meat samples, which origi-
nated from a Dall's porpoise and a Baird's beaked
whale caught in the North Pacific Ocean, from retail
outlets in Miyagi Prefecture (Tohoku area) in 2003
and 2004 before the FDNPP accident. We also pur-
chased 2 red meat samples, originating from com-
mon minke whales caught off Kushiro by the Japan-
ese Research Whaling Program, from retail outlets in
June and October 2011, after the FDNPP accident.

See Table 1 for a summary of the background infor-
mation and analytical results for all cetacean samples
analyzed. The samples of the small cetaceans were
stored at —20°C until analysis.
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Chemical analyses

Precisely weighed samples were packed into
100 ml polystyrene containers (U-8 containers, As-
one Co.). The radioactivity of ¥’Cs, **Cs and “°K
in the samples was measured for 50000 s by y-ray
spectrometry using an ORTED system (Ortec In-
dustries). Gamma-ray peaks of 661, 604.7, and
1461 keV were used to determine ¥’Cs, ¥*Cs and
40K, respectively, with detection limits of approxi-
mately 1.0 Bq kg™!. In some cases, dried samples
(treated at ca. 50°C for 12 h) were measured. In
such cases, the nuclide detection limits were ap-
proximately 0.3 Bq kg™'. As the half-life of !3*Cs
is relatively short (2.06 yr), the measured '**Cs val-
ues were decay-corrected using the date of strand-
ing to estimate the **Cs concentration at the time
of stranding.

Statistical analyses

Data were analyzed by Pearson's correlation coef-
ficient test, using the Statcel 2 program; results were
considered significant at p < 0.05. Data are shown as
mean + SD

RESULTS

Area and period of **Cs and '*’Cs contamination
in stranded cetaceans

Among the 47 cetacean stranded on the coast of
Hokkaido, radiocesium contamination (>1.0 Bq kg™)
was detected in 19 animals, including 3 mysticetes
(Table 1). As shown in Fig. 1, Hokkaido is sur-
rounded by the North Pacific Ocean, the Japan Sea
and the Okhotsk Sea. Most of the cetaceans contam-
inated with **Cs and ¥’Cs or with ¥’Cs alone were
stranded along the North Pacific Ocean coast, in and
around Volcano Bay (southwest area; locations 1 to
8 in Fig. 1), and in eastern Hokkaido (locations 9 to
14). In contrast, 3*Cs and ®’Cs contamination in
the cetaceans stranded along the Okhotsk Sea coast
(locations 15, 16 and 17) and the Japan Sea coast
(locations 18, 19 and 20) was below the detection
limits in all animals except for one harbour porpoise
(ID# SNH12001, location 19).

Most of the cetaceans that were contaminated with
137Cs were stranded between June and October
2011, whereas after January 2012, ¥Cs levels in
stranded cetaceans were below detection limits (ex-

cept for one sample from a common minke whale:
SNH12020) (Fig. 2).

The ratio of '3Cs to '¥’Cs ranged from 0.65 to 0.90
(n = 18), with the ratio of the regression line since 11
March 2011 being approx. 1 (Fig. 3). The average
level of “°K in the cetaceans was 105 + 17 Bq kg™! wet
weight (Table 1; n = 47), irrespective of the date of
stranding. The correlation between the *°K and *’Cs
concentrations was not significant (r = 0.342, p > 0.05,
n = 20) and the ratio of “°K to 3’Cs concentration
was 0.061 + 0.052.

134Cs and ¥7Cs contamination in odontocetes

Seven Pacific white-sided dolphins that stranded
between July and September 2011 on the coast in
and around Volcano Bay (southwest area; locations 1,
5, 6, 7 and 8) and on the east coast of Hokkaido (loca-
tion 13) were contaminated with ¥*Cs and ¥*’Cs.
These radionuclides were also detected in the Pacific
white-sided dolphin taken by ship on 20 May 2011 in
the North Pacific Ocean at 39° N, 155° E (SNH11012)
(Fig. 4A). However, the 'Cs and ¥’Cs levels in
4 Pacific white-sided dolphins stranded in 2012 were
below detection limits. Similarly, **Cs and ¥Cs
contamination was detected in 4 harbour porpoises
stranded on the southwest (locations 1, 6 and 9) and
east coast (location 14) of Hokkaido between June
and September in 2011, whereas contamination lev-
els in harbour porpoises stranded in 2012 were below
the detection limits, except for SNH12001.

137Cs contamination was detected in 2 Dall's por-
poises stranded on the southwest (SNH11013; loca-
tion 2, May 2011) and east (SNH11037%; location 13,
August 2011) coast of Hokkaido, but the **Cs con-
centration in SNH11013 was below detection limits.
As with the Pacific white-sided dolphins and harbour
porpoises (except for SNH12001), 'Cs and ¥Cs
contamination in the Dall's porpoise stranded in 2012
was below the detection limit. '*’Cs was detected in
the Dall's porpoise taken by ship on 19 May 2011 in
the North Pacific Ocean at 41°N, 155°E (SNH11011)
(Fig. 4B); the 3Cs concentration in that sample was
below the detection limit.

137Cs contamination was detected in 2 pygmy
sperm whales stranded on the Pacific Ocean coast in
September 2011 (SNH11043; location 8) and May
2012 (SNH12011; location 9), whereas the '**Cs con-
centration was below the detection limit. In contrast,
both the ¥'Cs and ¥’Cs concentrations were below
the detection limit in a Baird's beaked whale (April
2011, location 18), a Stejneger’'s beaked whale (April
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Table 1. Radionuclides **Cs, ¥”Cs and °K in muscle tissues of cetaceans stranded on the coast of Hokkaido, in northern Japan, and * sam-
ples from 2 species caught 1000 km offshore. Locations are numbered according to the positions shown in Fig. 1; gender: M = male, F =
female, U = unknown; SNHID no.: Stranding Network Hokkaido identification number; ND: not detected

Species SNH ID no. Location Date of finding Body length (m)  !34Cs 137Cs Ratio 40K
(dd/mm/yyyy) and gender (Bqkg™) (Bqkg™) (}**Cs/*’Cs) (Bqkg™)
Pacific white-sided SNH11012 *39°N, 155°E 20/05/2011 1.43 (M) 8.32 9.84 0.85 102
dolphin SNH11027 Muroran 6 06/07/2011 2.19 (M) 8.13 8.27 0.98 75
SNH11028 Abuta 5 09/07/2011 2.02 (F) 8.02 8.42 0.95 89
SNH11029 Noboribetsu 7 10/07/2011 2.15 (M) 10.99 12.2 0.9 105
SNH11034  Shibetsu 13 31/07/2011 2.07 (U) 2.4 2.99 0.8 63
SNH11036 Hakodate 1 04/08/2011 1.43 (U) 4.34 5.16 0.84 100
SNH11038 Noboribetsu 7 10/08/2011 2.19 (M) 6.24 7.69 0.81 83
SNH11042 Tomakomai 8 07/09/2011 2.20 (M) 5.71 6.96 0.82 93
SHN12026 Hakodate 1 15/06/2012 (F) ND ND - 104
SNH12032 Tomakomai 8 15/07/2012 2.16 (M) ND ND - 116
SNH12036 Noboribetsu 7 30/07/2012 2.18 (M) ND ND - 109
SNH12037 Noboribetsu 7 31/07/2012 2.19 (F) ND ND - 110
Harbour porpoise SNH11018 Hakodate 1 18/06/2011 1.74 (F) 1.53 1.7 0.9 100
SNH11019 Rausu 14 19/06/2011 1.23 (M) ND ND - 129
SNH11032 Rausu 14 21/07/2011 1.56 (M) 3.62 4 0.91 123
SNH11039 Muroran 6 10/08/2011 1.19 (M) 8.05 8.84 0.91 80
SNH11041 Toyokoro 9 03/09/2011 1.29 (F) 3.62 5 0.72 116
SNH12001 Ishikari 19 12/01/2012 1.23 (F) ND 1.1 - 110
SNH12003 Ishikari 19 07/02/2012 1.55 (U) ND ND - 115
SNH12004 Ishikari 19 11/02/2012 1.55 (M) ND ND - 118
SNH12006 Noboribetsu 7 27/03/2012 1.31 (F) ND ND - 93
SNH12022 Rausu 14 11/06/2012 1.30 (F) ND ND - 148
SNH12025 Rausu 14 13/06/2012 1.21 (F) ND ND - 119
Dall's porpoise SNH11011 *41°N, 155°E 19/05/2011 1.75 (F) ND 1.06 - 112
SNH11013 Matumae 2 24/05/2011 1.57 (F) ND 2.04 - 117
SNH11017 Rausu 14 11/06/2011 1.97 (M) ND ND - 113
SNH11021-2 Rausu 14 27/06/2011 1.85 (F) ND ND - 110
SNH11037  Shibetsu 13 09/08/2011 (M) 1.72 2.51 0.69 113
SNH12023 Otaru 20 11/06/2012 2.04 M) ND ND - 114
SNH12024-1 Rausu 14 13/06/2012 1.86 (F) ND ND - 111
SNH12024-2 Rausu 14 13/06/2012 1.92 (F) ND ND - 122
SNH12027 Rausu 14 23/06/2012 1.95 (M) ND ND - 115
SNH12029 Rausu 14 26/06/2012 2.03 (M) ND ND - 114
SNH12031 Rausu 14 09/07/2012 1.89 (M) ND ND - 119
Baird's beaked whale SNH11006 Wakkanai 18 08/04/2011 9.83 (F) ND ND - 92
Stejneger’'s beaked whale SNH11007 Ishikari 19 07/04/2011 4.53 (M) ND ND - 85
Hubbs' beaked whale SNH11016 Yakumo 4 30/05/2011 5.10 (M) ND ND - 87
Pygmy sperm whale SNH11043 Tomakomai 8 21/09/2011 2.23 (F) 241 3.38 0.71 98
SNH12011 Toyokoro 9 10/05/2012 2.10 (F) ND 1.52 - 137
Cuvier's beaked whale SNH12010 Muroran 6 01/05/2012 5.48 (M) ND ND - 91
Killer whale SNH12015 Rausu 14 19/05/2012 3.84 (F) ND ND - 116
Common minke whale SNH11047 Monbetsu 17 09/11/2011 ca4 (U) ND ND - 80
SNH11048 Abashiri 16 10/11/2011 4.66 (M) ND ND - 87
SNH11049 Minamikayabe 3 24/11/2011 6.24 (M) 14.39 19.88 0.72 90
SNH12020 Tomakomai 8 28/05/2012 5.22 (F) 1.9 2.86 0.77 116
SNH12028 Nemuro 12 25/06/2012 ca. 5 (F) ND ND - 113
SNH12045 Shari 15 03/09/2012 ca. 7 (U) ND ND - 104
Humpback whale SNH11030 Hamanaka 11 15/07/2011 7.58 (M) 1.95 2.63 0.65 75
SNH12047 Noboribetdu 7 27/09/2012 8.65 (M) ND ND - 98
2011, location 19), a Hubbs' beaked whale (May 134Cs and ¥Cs contamination in mysticetes
2011, location 4), a Culvier's beaked whale (May
2011, location 6) and a killer whale (May 2012, loca- Among the contaminated cetaceans (Table 1, n = 19),
tion 14) stranded in 2011 and 2012 along the coast of ~ the highest concentrations of 3*Cs and *’Cs were

Hokkaido. detected in a common minke whale stranded along
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25 @ Pacifo white-sided dolphin (location 10) on the North Pacific Ocean side of
5 W Harbour porpoise Hokkaido (Fig. 4C; '¥’Cs in the 2 samples was 1.05
2 20 o @ Dall’s porpoise -1 s
g A Pygmy sperm whale and 2.87 Bq kg™, respectively; data not shown).

o 15f O Common minke whale 134Cs and '¥’Cs contamination was detected in a
§ ® Egmfsbmkwmle humpback whale stranded along the North Pacific
E 1or ® on . Ocean coast in July 2011 (SNH11030; location 11),
38 st onm whereas the levels of contamination in the same
8 $m ! oA g species stranded along the North Pacific Ocean coast

(e ‘4' 2 in September 2012 (SNH12047; location 7) were be-

2 8 10 12 2 4 6 8 10 12
2011 2012 low the detection limit.

Date of stranding

Fig. 2. '%’Cs activity in cetaceans stranded along the coast of

Hokkaido in 2011 and 2012 DISCUSSION
1.2 134 137 40 137 ;
” - 0.0210x + 0.0047 Cs, *“’Cs, “°K and ~’Cs concentration
9 10L - r =0.553, n=17 factor in cetaceans before the accident
e | AT oY : p<0.05
-g 0.8} ® :O _________ The ¥’Cs levels in the muscle samples of 2
&) 06l oA"Y ¥ Tl Q. Dall's porpoises caught off Hamanaka on the
e North Pacific Ocean side of Hokkaido in 1966
S 04| '1:1u 'R).‘:'r‘c'ﬂ“a accident were 0.153 and 0.234 Bq kg‘1 (Kasamatsu et
.% @ Pacific white—si‘ded dolphin A Pygmysper.m whale al. 1999), and those in Dall's porpoises and
o 02 : g:;bso :;f:c:f;:se 8 ﬁ:ﬂ:;:clr: :;::I:hale northern fur seals caught off Sanriku (North
ol v Pacific Ocean side) in 1997 and 2000 were
2 4 6 8 10 12 2 4 6 8 10 12 0.17+0.05Bqkg™! (n=5)and 0.21 + 0.09 Bq
2011 2012 kg™ (n = 5), respectively (Yoshitome et al.
Date of stranding 2003). In order to analyze these low levels of
Fig. 3. Ratio of **Cs to '*’Cs in cetaceans stranded along the coast of !3Cs and '’Cs, those research groups used
Hokkaido in 2011 and 2012 dried or ashed samples, but were still unable
to determine the level of 13Cs.

the North Pacific Ocean coast of Hokkaido in No- No ¥Cs or *’Cs contamination has been reported
vember 2011 (SNH11049; location 3). '¥*Cs and ¥Cs in fish, except for Pacific cod Gadus macrocephalus,
contamination was also detected in a common minke caught off Hokkaido after the FDNPP accident (www.
whale stranded in May 2012 along the North Pacific pref.hokkaido.lg.jp/sr/ske/ek/sakanamnt.htm), and
Ocean coast (SNH12020; location 8). In addition, only small increases in **Cs and *’Cs were observed
137Cs contamination was found in 2 red meat samples in seawater collected from the coastal waters off
from common minke whales caught off Kushiro Hokkaido (Inoue et al. 2012a,b). The concentration
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Fig. 4. Putative travel routes of (A) Pacific white sided dolphin, (B) Dall's porpoise (dalli-type color morph) and (C) common
minke whale (O-type) around Japan (solid lines with arrows), and '*’Cs activity in those cetaceans after the Fukushima accident
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factor (animal/seawater) of *’Cs was estimated to be
60 to 90 in Dall's porpoises (Kasamatsu et al. 1999),
186 + 141 for marine mammals in general (Yoshitome
et al. 2003), and 100 to 400 in harbour porpoises (Ber-
row et al. 1998). Given a typical concentration factor
of 100 and a ’Cs concentration of 2 mBq kg™ in
seawater (Oikawa et al. 2013), the *’Cs concentra-
tion in Dall's porpoises stranded along the coast of
Hokkaido would be expected to be about 0.2 Bq kg™
However, this calculated value is markedly lower
than the analytical value obtained for the stranded
Dall's porpoise we analyzed (Table 1). These results
suggest that the Dall's porpoises were contaminated
with 3*Cs and *’Cs in the coastal waters off Sanriku
and the Shimokita Peninsula before stranding on the
coast of Hokkaido.

The average level of *°K, a naturally occurring
radionuclide, in the stranded cetaceans (Table 1) was
in accordance with that in marine mammals inhabit-
ing the coastal waters off the British Isles (Berrow et
al. 1998, Watson et al. 1999). Thus, the “°K concentra-
tion in the cetacean muscle may be constant at about
100 Bq kg!. According to the literature (Kasamatsu
et al. 1999), an increase in K concentration in sea-
water increases the efflux of ¥’Cs from fish, but it
does not affect the influx of *’Cs. In the present
study, however, the ratio of *°K to *’Cs concentration
in the cetaceans was almost constant (0.061 + 0.052).

134Cs and ¥7Cs in stranded cetaceans and small fish
after the accident

Similar to the cetaceans stranded along the coast of
Hokkaido (Fig. 2), '**Cs and *’Cs contamination in
small fish caught off the Kashima-Boso region (south
of the FDNPP, see Fig. 1) suddenly increased, reach-
ing a maximum value (31 Bq kg™!) between June and
August 2011, and rapidly decreasing thereafter
(Takagi et al. 2014). The biological half-life of 13’Cs in
many fish species ranges from 10 to 17 yr (13 = 3 yr)
(Kasamatsu & Ishikawa 1997, Kasamatsu & Inatomi
1998). The rapid decrease in *’Cs found in the small
cetaceans (Fig. 2) and small fish (Takagi et al. 2014)
cannot be explained by the biological half-life, as the
change in ¥Cs in the seawater near the FDNPP was
rapid and did not reach a steady state of influx and
efflux in 2011 (Kofuji & Inoue 2013, Takagi et al. 2014).

According to the literature (Kasamatsu & Ishikawa
1997, Kasamatsu et al. 1999), '**Cs and '*/Cs accu-
mulate in marine biota via the food web in a trophic
level-dependent manner, thus their concentrations
would be expected to be higher in odontocetes than

in mysticetes. However, the highest levels of radio-
cesium contamination were found in a mysticete (a
common minke whale; Table 1), and an extremely
high level of *’Cs was found in small fish (Takagi et
al. 2014). Thus, contamination levels in these species
may depend on the level of contamination in sea-
water rather than on trophic level, as changes in
radiocesium levels in the environment did not reach
a steady state of influx and efflux in 2011.

The ratio of **Cs to ¥’Cs in cetacean samples at
the time of the FDNPP accident (11 March 2011), as
estimated from the regression line, was about 1
(Fig. 3). This suggests that the emissions of **Cs and
137Cs from the FDNPP were equal, which is in agree-
ment with seawater measurements in the area (Ao-
yama et al. 2012, Kofuji & Inoue 2013). Before the
FDNPP accident, the 3*Cs levels in marine biota and
seawater were at trace levels (Kasamatsu & Ishikawa
1997, Oikawa et al. 2013). The **Cs levels detected
in some animals following the FDNPP accident,
which exceeded 1.0 Bq kg™!, provides direct evidence
for the accumulation of not only *’Cs but also **Cs
emitted from the FDNPP.

Estimated travel routes of stranded cetaceans

Fig. 4A-C shows the putative travel routes for the
Pacific white-sided dolphin, Dall's porpoise and com-
mon minke whale inhabiting the waters around Japan.

There are 2 possible travel routes that the Pacific
white-sided dolphins could take into Volcano Bay:
the first brings them via the Sanriku and Shimokita
coasts (North Pacific Ocean route), while the second
has them travel via the Tsugaru Strait from the Japan
Sea (Japan Sea route) (Tsutsui et al. 2001, see
Fig. 4A). Their contamination with **Cs and *’Cs ap-
pears to provide direct evidence for seasonal move-
ments via the North Pacific Ocean route.

Two consistent and well-defined color morphs, the
dalli-type and the truei-type, have been identified
among Dall's porpoises (Amano & Hayano 2007). All
Dall's porpoises stranded along the coast of Hok-
kaido and analyzed in this study were dalli-type. Two
travel routes have been postulated for dalli-type
Dall’s porpoise (Fig. 4B): one is via the Pacific Ocean
route and the other is via the Japan Sea route
through the Tsugaru Strait. As with the Pacific white-
sided dolphin, the contamination of dalli-type Dall's
porpoises with ¥’Cs suggests that they, too, season-
ally move via the North Pacific Ocean route.

Common minke whales can be genetically catego-
rized into 2 types: '‘O-type’ found primarily in the off-
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shore Pacific Ocean, and 'J-type’ found primarily in
the Japan Sea and nearshore waters along Japan's
Pacific coast (Wade et al. 2010). The O-type minke
whales are the primary target of the Japanese Scien-
tific Whaling Program. Although we did not geneti-
cally identify the stranded minke whales, they may
have been O-type, and as with the Pacific white-
sided dolphin and Dall's porpoise, the minke whale
may have traveled from the contaminated area of
the western North Pacific Ocean (Fig. 4C). **Cs
and ’Cs contamination was detected in a Pacific
white-sided dolphin (SNH11012) and Dall's porpoise
(SNH11011) incidentally caught in May 2011 at loca-
tions near the postulated travel migratory route of the
common minke whale (Fig. 4).

Although little is known about the migratory route
of the harbour porpoise, the possible route runs via
the Sanriku and Shimokita coasts. Interestingly, '*’Cs
contamination was detected in the harbour porpoise
stranded on the coast of the Japan Sea in January
2012 (SNH12001; location 19). Further study is nec-
essary to clarify the travel route of the harbour
porpoise.

There are 3 putative Baird's beaked whale popu-
lations around Hokkaido, Japan: those in the Japan
Sea, the Okhotsk Sea, and the Pacific Ocean (Kishiro
2007, Endo et al. 2010). According to the area in
which it was stranded and its low level of *’Cs con-
tamination (below the detection limit), the Baird's
beaked whale in this study (SNH11006; location 18)
may belong to either the Japan Sea or the Okhotsk
Sea population.

Little is known about the ecology of the Stejneger’s
beaked whale, Hubb's beaked whale, pygmy sperm
whales, Cuvier's beaked whale or killer whale off the
coast of Hokkaido. However, the detection of '*’Cs in
the pygmy sperm whales suggests that they had
moved through the radiocesium-contaminated area
of the North Pacific Ocean. In contrast, the low levels
of 134Cs and '¥’Cs contamination (i.e. below detection
limits) seems to rule out the possibility that the other
whales had traveled through the radiocesium-
contaminated area prior to stranding.

CONCLUSIONS

Radiocesium (***Cs and '¥’Cs) contamination was
detected in the muscle tissue of several odontocete
and mysticete species that were stranded around the
coast of Hokkaido after the FDNPP accident in 2011.
Contamination was found in species on the Pacific
coast, but not in those stranded on the Japan Sea or

Okhotsk Sea coasts, between June and October
2011, suggesting that those cetaceans had travelled
through the radiocesium contaminated area of west-
ern North Pacific Ocean. The degree of contamina-
tion in the animals stranded shortly after the FDNPP
accident in 2011 may be related more to the contam-
ination level of seawater along the travel route rather
than to their trophic level. Further studies of the sea-
sonal movement of fish and other prey species are
necessary to confirm the estimated travel routes of
these cetaceans. In addition, further analysis using
ashed muscle samples is necessary to investigate the
changes in **Cs and ¥’Cs at low concentrations in
cetaceans collected before and after the FDNPP ac-
cident, as well as to determine the fate of these
radionuclides in the environment.
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