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2. FEB

2.1. FDNPS Bz 817 28 B0 LOIERE O

T _ l— i

2013 4535 2015 4RI, FDNPS 480>/ N A (RIFRESE) i e Soma :
ACHBIRREFRAOMT, 27 FONPS IOARN =) o ]
(HEBERT) 72TV Vb FRTESE IS RIS OIRIR THRILABIC Z0 & '

L2, PRI Figl (074, REBUEE I, 7T ‘@ Naraha

0, PIBEERL T (P, B 2, BH. RSO TR (ool Onahama: - - oo

L. #5608, JR{LONERE T T, LSy

Fig.1 Sampling location
2.2. BER/KEN TR SOTHELRIEREOTE
2012 FRITEEREFIRE TR S, BARST CHFE L TN ISV TR (T~ F7012 20T )
MEIEMTREBAL , FNENEAEEHSET TR RIL, 52, IRAEDIERETT 72,

2.3, v EEOREOHIE

RSO LU TZ3REH L, UB BRRICEED T, Canberra HH8UE Ny 7 7 T0 R Ge H-E AR (GX2019) 2 VT, 24
WSEID v HFED IERTT o7z, Ge FEMBRHIBRL, BAET 1V b—T7HAMOEEAREIRIE (5~50mm, 9.5~95g, 7V
F) BT (BRI 72H D& Uz, Cs (604.7 keV), ¥'Cs (661.7 keV), “K(1460 keV)ODE BfE FA STERL
Teo ZRIVLISD v $ZFBIIE RIS IV o T2, B Cs ORI TFRRMEL, 0.05 Ba/kg-EEE TH T,

Table 1 The activities of radionuclides in fishes collected aound off Fukushima in 2013

3 WD%}Oi L}g‘%
(1) The activities of radienuclides in fishes collected off Soma in Nov. 6th, 2013 (Ba/Kg-wet)
3.1 KEGR OIS E OJRE Parts Edible parts Bony parts
. 3 N Spacies “Ca Cs “Ce+'"0s K “Os Woe  MCar'Gs <K
2013 FOE BB OKEDIIER RS Bastard halibut 1851 4750 6601 41714 267 726 1013 8547
Stone flounder 454 984 1438 133.20 158 420 578 8097

Table 1 _Tﬁl ﬁTﬁ%{qﬂ/\@'&' l\iﬁjﬁiﬁ Common skele 2064 4701 6765 98.18 13.82 3143 4525 7597
FOREE Cs (FCs+5Cs) IR (Bg/kg—EE

{2) The actwities of radionuclides in fishes collected off Naraha in Eﬂ,,i??'ﬁr_@ﬂi@ﬂi’fi‘f!e“

%) ﬂj\ . %L \ ”E b | ;E‘ \\/ 7!\7 x ~ (67 ) t:j 7( Parts Edible parts Bony parts
Species “Ca "Cs  MCs+"Cs K “Cs "Cs  ™MCs+"Cs  “K
(66) T, HTERTIHA T, T2 B A(109) . Bastard halibut 1880 4674 6554 15079 518 1222 1740 7666
Fat greenling 1123 2793 39.16 13538 - - - =
T A(39) Thotr, MIEERTHE DT P A Comimen skete 20984 7913 10897 3635 1411 2749 5160 76.26

Cloudy catshark 412 954 1366 9338 070 168 238 5344

AT RMEECHEMEED 100 Bq/keEEHEY
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> = 3 iviti ionuclides in fishes coli E f Hima.
Ez—f:o 77%@:‘3@%1@ Cs {%E’{‘i\ @4@‘% Table 2 The activities of radisnuclides in fishes coliected aound off Fukushima

e OTEL A LISMNIE A IO Hb (1) The activities of radionuolidas in fishes collsotad off Naraha in Nov. 24th, 2014 (Ba/Ke-wet)
s Cocta -

Cs 2%&%@”\:{567\1)\?"6&)0%:0 :h@i‘j%yﬁ Species Paris a = I:: +error - tA: Eerror K:\? Zerror
ANOULHIRERD DWRET. D L™ w1 <om s ow wm om
TN SISV AT L E L BB, Common skate  Ediblo ports 4 211 092 851 285 1882 052
R PEATE K B (Bo/ke—EEHE) 13, (2) The activities of radionuclidas in ﬂshs;g““? : d off Narana ijz; 29¢h, 7015 (eq::ii;m:-
FIERTIE 53~85 LARRICL B IRDS species Pas o Ferr v e Ay Femy
Dbt TAMTHBIITNACIAT  trewe  cwseows s o on  sw o nm sw
417 HEeh L, Mid 86~160 O#EFHIZH - o .

77 H

2014 4E& 2015 FEITEERIL - M E ARG OREDE % 30 E
R D720 BRI A& O BHEFEO HIEE{T o7, 2 S
8020 i
ZORERA Table2 & Fig.2 \Z7T, 2013 HE4T L~ TR Cs 8 5 g n

it

BEAMET LT BRI RSB DT, o o
ko7 T2 I PORINE Cs A EHFOL -~ ET 28 .
Tz, FERPORERRD LB LD, HH Y

WP OIREIIRED NSV Ve TEL B AR A
F BT RAROEL B ARO LB TS Cs EERTs g 2 The indvidual differences of radioactivity in fishes

VMEBMIZHDZEME X LD, collected off Fukushima. o: ""Cs, e: average of “'Cs, o:
“%, m: average of K.
3.2 FHEEIN IS KGR ORI EE DR E N E) ‘ gfob;:zsegh;;xc;vgizz Sét;adionuchdus in marine products and
BERILURIRROY o= &5/, TR ) R Marine produsts processors esrits  K-40
EINTHE GLFLERRE SRR L AENTERL ., TR Ao Bakg  +
SNBLO)RBOTRESET FHPLHEIE Cs itttz 7 T L e e
Taote, RSN~ IBUAERERE K 700 Tloofe,  Peefesney Bt Eaesors <1102 1
KEEHOMITRIEMTHEO T EERFO K BEEHBUAE 5 o Baks =+
R ML OBEIR AR BB ZOREICH T, (T e S e
L10-200% B2 B\ HERE RL o FAPIMTICHEORIREIOK  Focfe sy ety Eitoe o RS
DU L, R IRESINT A5, FETECs IR BH T IRE G Ubarakd Baske +
BBl SEVEREDRECHENE Cs apiFIR T e S o T
BT OSEE FRTRIBEDRS Rofo T TN Peeite s g’: ;;: ?;:‘j :::* j : :gi; ;’g
Cs BENBHINSETRBEEI NV IERRLIL2o7
(Table 3), Table 4 The activities fluctuation in the edible parts of fishes with the cooking and processing
BERLU-AERETIIOWT, & Radionuclides ' “Cs+%'Cs iy
(HIREATEL, S000COMAK e g oo oo e o
1230 SREBIEE DB Ft M Soma | Bastard bt 6601 1875 72 AI744 10440 75
WEOIEREE WAL, BEE0 B S S

135.38 8274 39

ﬁﬂl?ﬁf‘l‘ft Cs /;;%I;"E{ﬁﬁ%ab 40’70%@1@ Naraha Fat graenfing 39.16 2251 43
DU, KA DWW THRIERFREFHE LSRR, (SRERIREE Cs LRIC Thole, DEVERD DR E DO
BLTODLDEEZ LIS (Tabled),

AT IR RHETRES AR EE RS L OBA Y BR SRR EE RRORERRHERR TR & - UT b RO —# Ch
D
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Radiocaesium Activities in Marine Samples Collected off Fukushima

T. Aono', M. Fukuda', S. Yamazaki', S. Yoshida', M. Akashi,
M. Yamada®, A. Yamanobe?, T. Sohtome®, T. Mizuno®
('NIRS, *Fukushima Prefectural Fisheries Exp. Stn.)

About four years have passed since an accident of the Fukushima Daiichi Nuclear Power Station. The
observed radiocaesium activities in the enable parts of fish collected in the Fukushima coastal area in 2013
were higher than these in 2014 and 2015, because those in seawater and plankton off Fukushima were
gradually decreased until almost the same levels as before the accident. No significant influence from the
accident was observed in the marine samples collected off Fukushima in 2014 and 2015.
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Activities of radionuclides in the Pacific coastal area of Fukushima since the
TEPCO Fukushima Daiichi Nuclear Power Station accident

Tatsuo Aono!, Miho Fukuda!, Satoshi Yoshida!, Tadahiro SOHTOME?, Takuji MIZUNO?,
Satoshi IGARASHI?3, Yukari ITO?, Jota KANDA* and Takashi ISHIMARU*

!National Institute of Radiological Sciences, 263-8555, Chiba, Japan. *Fukushima Prefecture Fisheries
Experimental Station, 970-0316, Fukushima, Japan. *Fukushima Prefecture Sea-Farming Association, 970-8044,
Fukushima, Japan. *Tokyo University of Marine Science and Technology, 108-0075, Tokyo, Japan

Introduction

About three and half years have passed in September 2014 since an accident of the
TEPCO’s Fukushima Daiichi Nuclear Power Station (FDNPS). It remains as important to
clarify behaviors of the atmospheric and oceanic releases and the dispersion of artificial
radionuclides in the marine environment immediately after and since the March 2011 accident
at TEPCO’s Fukushima Daiichi Nuclear Power Station (FDNPS). The pre-accident levels of
137Cs activities in seawater and sediments were 1-2 mBg/L and 1 Bq/kg-dry, respectively.
The activities of *’Cs in seawater have decreased gradually to 1-2 mBg/L approaching the
pre-accident levels. On the other hand, higher activities of '3*Cs and '*’Cs in sediments have
been reported off the Fukushima coastal area in the Pacific Ocean (Kusakabe et al., 2013). It
is necessary to clarify the effects on the radionuclides in marine biota off Fukushima.
The aims of the present study were to examine the temporal and spatial variation in
radioactivities and to investigate the distribution and behavior in the marine environment
immediately after and since this accident.

Samples and analytical method

Samples collected in the marine environment included seawater and sediments and also
marine biota such as plankton, benthos, fish and shellfish. They were collected with a
plankton net, dredge sampler, and trawl net during cruises of some research vessels and by
fishing ships. Radioactive Cs in filtered seawater was determined with the ammonium
phosphomolybdate (AMP) /Cs compound method (Aoyama and Hirose, 2008). Detection
limits of '3*Cs and '3’Cs were each 1 mBg/L in seawater. Collected marine biota samples
were classified into species, and some kinds of fish and shellfish were separated into some
parts, such as the edible (muscle), viscera and bony parts, etc. These parts were dried with a
vacuum drying machine, homogenized, and packed into a plastic container (U-8). The 3'I
activities could not be measured as '3'I in biological sample had been volatilized by the
treatment. Radioactivity was determined by gamma-ray spectrometry using a HPGe detector
(GX-2019; Canberra). The radionuclide activities of seawater, sediment and biota on the
sampling date were calculated with the correction of the decay. Detection limits of !34Cs,
37Cs and '"""Ag in sediment and marine wildlife samples were all within 1 Bg/kg [wet
weight (wet wt)].



Fish and shellfish

Marine wildlife that were used as
foodstuffs before the accident, were
collected off Onahama (Fukushima,
Prefecture) in June and December
2011, and their 134Cs, 137Cs and '"'mAg
activities are shown in Fig. 1. The
radioactivity of 13*Cs + 137Cs in marine
products ranged from 11 to 132 Bg/kg
(wet wt) in June 2011 and from less
than 1 to 135 Bg/kg (wet wt) in
December 2011. '19mAg activity was
not detected in fishes collected in
December 2011, although it
measured in the viscera of squid, crab,
and fish collected in June 2011. It is
considered that the activity of ''"'mAg
in fish gradually decreased with time
because the half-life of 11'mAg is 249.8
cesium

was

days. However, no
radioactivity was observed in squid
and crab. It is -well known that
mollusca and crustacea concentrate

silver in their visceral parts. The

aCs+137Cs activity (Bg/kg-wet)
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Fig. 1 Radioactivity in each part of the studied marine
organisms. Black bars, whole body; open bars, muscle
(edible parts); dark bars, viscera; light gray bars, bony
parts. Samples were collected in June (I) and December
(II) of 2011.

bottom-dwelling wildlife such as shellfish and benthos had high activities of 134Cs, 13’Cs and

1mAo one year after the accident.
239+240py. activities in visceral parts

Sr were not detected in the bony parts of fish and
were the same levels as before the accident. The Cs

activity in seawater o

decreased ten-fold during 6 - )l .. YK us
months, and consequently ” | N *

activity in the marine biota g a0 1 . ooe

also dropped. On the other £ | ®ee Tae o Lt s oo s o
hand, the decrease of ''mAg %Zg * "

activity in mollusks could be 2 % ,w u7
observed to be almost that of ~ ~ o }

the physical half-life time. It * ] e a " . .a A am
is thought the decreases of om0 M0 4@ &0 700 L 20 %0 a0 60 0
134CS, 137Cs  and IIOmAg The number of days since January 1,2012.

activities in marine biota
depend on differences in the

mechanisms of accumulation

Fig. 2 The activity of ¥’Cs in plankton samples in the Pacific
off Fukushima
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100 mBg/kg to less than 50 mBqg/kg, although
these in the offshore area were almost the
same levels as before the accident. The 134Cs
and '7Cs activities in the plankton net
samples collected in the coastal area in
autumn 2012 were higher than these in 2013
and these were almost constant in the offshore
area. No significant influence from the
accident was observed in the coastal area

samples collected off Fukushima in 2013.

Benthos

Density (girmdl

Fig. 4. The correlation between the

density and the activities of '*’Cs in

benthos collected off Fukushima during
from 2011 to 2012. Polychaete (@), Sea
hare (o), Sea urchin (m), Starfish (A)
and Crab (e).

The activities of 13*Cs and '37Cs were less than 1 to 448 Bq/kg-wet in benthos collected off
Fukushima from 2011 to 2012 (Fig.3). Benthos such as polychaete, sea hare, starfish and crab
were also observed to have !'""mAg activity. The correlation with the activities of
radionuclides and density were thought to elucidate the influence from sediment, but no
correlation was found for them in the present data (Fig. 4). The variations of radioactivity in



benthos are not caused by the weight of sediment in the body, but are influenced by feeding
habits and the sediment in their habitat.

Estimation of concentration ratio (CR)-Cs

The CR [= activity in biota (Bg/kg (wet wt))/activity in seawater (Bq/kg or Bq/L)] is
usually represented in terms of the concentration in biota relative to that of seawater for
modeling purposes (IAEA, 1985). This value of cesium in marine biota was calculated with
the activity of cesium in seawater. The estimated CR of cesium (CR-Cs) in marine organisms
ranged from 26 in the muscle part of squid to 10,000 in clam viscera. Large differences in
CR-Cs in different parts of marine biota were not observed. The estimated CR-Cs values in
plankton around the coastal area (n=41) were 47 to 1,100 and their geomean was 680 during
2012-2013. These values were higher than the reported CRs of fish, crustaceans, mollusks
and macroalgae in TRS-422, being 100, 50, 60 and 50, respectively. These resulting values
ranged from 58 to 780, and they were higher than the CR-Cs values (20 to 40), but also
similar to the K;—Cs value in TRS-422 (IAEA, 1985). It was suggested that the rapid change
in radioactivity in seawater and the resuspension of particles from the sediments led to high
CRs of Cs after the FDNPS accident.

Calculation of dose rate

The dose rate in benthos collected inside 30 km from FDNPS in 2011 was calculated with
the ERICA tool (Vives Batlle et al, 2004). The activities of '**Cs and 3’Cs observed over
were 70 Bg/kg-wet in Mediterranean mussel. On the other hand, these of '1mAg were three
times higher than of *Cs and '3’Cs in starfish and sea hare. The internal dose rate (mGy/h) in
Mediterranean mussel, starfish and sea hare were 0.009-0.028, 0.002-0.017 and 0.003,
respectively. These results showed that the radiological impact on marine biota will
consequently be lower.

This work was partly supported by Research and Development to Radiological Sciences in Fukushima
Prefecture, Health Labour Sciences Research Grant and the Kakenhi Grant-in-Aid for Scientific Research on
Innovative Areas (24110005). The authors would like to thank the scientific party, captain and crew of the T/S

Umitaka-maru and Shinyo-maru for their help in sampling.
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