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Abstract @ The Fukushima nuclear power plant (NPP) accident caused by the East Japan Earthquake in 2011 and the recent increase in the
frequency of earthquakes in Korea have caused safety concerns regarding radionuclide exposure. In addition, the Tokyo Electric Power Company
(TEPCO) in Japan recently decided to release radionuclide-contaminated water from Fukushima's NPP into the Pacific Ocean, raising public concerns
that the possibility of radionuclide contamination through both domestic- and foreign fishery products is increasing. Although many studies have been
conducted on the input of artificial radionuclides into the Pacific after the Fukushima NPP accident, studies on the distribution and accumulation of
artificial radionuclides in marine products from East Asia are lacking. Therefore, in this study, we attempted to explore recent research on the
distribution of artificial radionuclides (e.g., 'VCs, ?**Pu, 'Sy, and etc.) in marine products from Korean seas after the Fukushima NPP accident. In
addition, we also discuss future research directions as it is necessary to prepare for likely radiation accidents in the future around Korea associated

with the new nuclear facilities planned by 2030 in China and owing to the discharge of radionuclide-contaminated water from the Fukushima NPP.
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9 HosRbg): 2.1y
A A 71 Ak BE AR
(UNSCEAR, 2000). 198613l A3t A2 =1] =}
(Nuclear Power Plant, NPP) A} 329} SFA|u} AL
th2F 85 PBq¥} 13~20 PBqe] YCso] t7] ¢} sjdo =
Aoz RIETHDevell et al, 1995; De Cort et al, 1998;
Kobayashi et al., 2013; Aoyama et al., 2015). ¥'Cs 2 **Csi= =
|07 Holgle A & S, 53] A9 25
o] F2 =45 Aow 4#A TtHKim et al, 2019).

B920py(Fpy WHZE7]: 24,1008, *Pu WHE7): 6,5614)
F2 YA A(1950~19601d tye] FAF el A 7191 Lot
(A BE ATHAE AFo 2 dAn AAT A, A=
e} A M 4 Abarel] oFAME Y B A3
o 2 W& A TH(Peirson et al., 1982; Clark and Smith, 1988;
Donaldson et al., 1997). | FA & 2% Puo] A= F-4=
Al A D sl AAE 91ds 2dske Zow 4
A o] A A E4 9 Y 3] (Codex Alimentarius Commission,
CAO)NA= Pu THHLAE AF U 5 1A FHo=2 3
3 th(Lee et al., 2018).

OSr(WHE7]: 28.8W) TR FE DA A= WA
HEHR) T W A 8“&4&1 A EREFe A 9]
PSre] Fa 712 1945~1960 0] Znb7bA] e A
oltt. ol ATtel oJatd, A EwU Apare] o3 °F 10
PBq2] *sro] 712 W& 5 2. H(UNSCEAR, 2000), B=3+ |
= ZFAu GAALLR S18te] 0.8+0.2 ~85+3 Bq m® W99
gro] AH WEE 202 W 1% S tH(Casacuberta et al., 2013).
Msrol AE W A 2L FH(group)d T EF S (alkali
carth elements)?! Z-#+(Ca)e} fFAFSIH PSrd Q1A wio &7
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B Miller and Reitemeier, 1963; Tsumura et al.,
al.,, 2017; Choi et al., 1991).

2011 39 S AR fgixjroez Qs WAys Z3A|a}
A 3= =AD&} 7] - (International Atomic Energy Agency,
IAEA)Ol] o]l A AE A QDA=EALLL 5 F(International Nuclear
Event Scale, INES) & AE2xW Alue} 72 Hu SH(75
ez A A FATHKim and Yoon, 2013). o}, Folo] o]
o]zl Y Al AA VES iﬂrfﬂ 20161 52k 2017
¥ Azl ot YA PHA 5 X B AR 2 FH
gt o] 2z A F7t T2 %114 AA A A7 bA
Ao gk BT WAMS =Ed gk FgRle] $8HE o
2 F35 A H THKwag et al., 2020; Jung et al., 2021, Park et al.,
2021). 53], S-2lvteks 1980d ) o] & o] w2

1984; Miki et

clo

o|Fo]H F 245719 YA (nuclear power reactor)’} & Al
7V Fol, WA =l AY A 26 %E AFASEAL QL

(IAEA, 2021)Fig. 1).

North Korea

Hanul 1-6
) (Uljin)

South Korea =~ fikuShima NPP

® sin Wolsong 1- ;
Gori 2-4 Japan
Sin Gori 1-4 °

Hanbit 1-6
(Younggwang)

North Pacific

Fig. 1. The locations of Fukushima nuclear power plant (NPP)
and major 24 nuclear facilities (currently in operation)
around the Koran peninsula. Modified from Lee and Kim

(2021).
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2.1 $4E U
3T =4 Y

A7 M=, AE U T8 A3EAA
Mol FEE A BASE UEAEd wHES st
AL g

Yes WAk A S4E flste APE AR Al E
AAZ ANZ F Az bE&E AL $ AlE A9

9 E3tsle] gAY AAYE ARE AvF AF
71?1 Marinelli beakerdl] Hol D¢ thg, 315 % Ge(HPGe)
= 7](y-spectroscopy) S AH8-3F] A™E el A F(Yes &
Hes) s AlSe Avkad s AR R S48 f8l &
Aol th3l ol A= Standard gamma source solutionS AF-&
3te] H A (calibration) 3}, SAH o2 Fofst A ;S 4
7] A3lA 159 o] AFel aTEH W AR T WAFs
Lo wet t2A AeE F Advke AES A gl

Wepyol Z48 9, WA wAskEAAE ¢4 EahE
ANFEE WA7ZA 550~600°CE T3] 3] 3}AI 70} o] &
HNO;# HCIE Aol 7Fell f-7]1&E8& Zallaln &3fA17ITth
fr7l=e] A walE A8 o] 8-S Ak g 5, &
o] w3t A A7 A 8M HNOsE ©]&3lo] WAL Pus:
T FES5 98 IM NHiI9F OM HCIZ &
A o] Wb FESE o]g A 28 FAE Pud 1AA
stainless steel discoll 7 Zr(electrodeposition)A]| 71 ¥, &3 A=
7](a-spectroscopy) 2 A5 et FAX R MFE U= Al
= s 27 fdste] ARk o® Alg 59 o] AS
o] a7t 1 F A A AR W A s
off wpgl Al g2 H8d 7 Uk AAH g HAHAA Pu
spike(*PuyE F7Fste] 3}8HA AbES BA ST

7Sre] A, A3t 9 3]5kE A5 HNO:Y HClS WHs
Moz 7hate] & &I|AIZl H, Oxalic acide 7}l
Sr(Ca)C,042 3 3 (co-precipitation)*] Z1THat pH 5.5). L Th<,
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ERE

S F7ket 7, sro] B EQ o] ET5-90'Y)E 20 o]/
WA & (ingrowth) A 71T}, whA| gt o & QFRUot4E 78
Y(OHiE HAAT H, Y& Fol2udtsa didow &
stal o] & #28}7] 913 0.5M alpha hydroxyisobutyric acid
(a-HIBA)E 71819 Y0y A7 o] HAES 25mm
of Aol o sfste] ZRErb vk 7)Nke] HER AIS7](B
-counter)Z o] g3 UntF oz 59 o] AFI} 2 F
AS A A8 U PANS X wE 24 4849 5
Ak AZ 7S Bsrel Y spike S B3 IS 3eHA A&
T BAsl

o] g 2l
.

T -
2d GRS flsto], dubH o ofd A= gl Ha o] F= W
=

53 9 ol & FFHI WY
AAME AFo sl v Al F4
, B Abs 24 B A o] &E HUHE el w5
“*(Concentrartion Factor, CF)& 4Fd 3} (Hong et al., 2006; Kim
et al, 2019). CFE TS AX2A(1)& AL-&3+e] A4HSITHIAEA,
2004).

Concentrationper unit mass ofbiota (Bgkg ')

CF=
Concentrationper unit mass of seawater (Bq kg~ )

(Annual effective dose, AED)°|2} e]ste] AH7g st} AED
s A @E S8 A @k

AED= A pxe(T)x1, 2

o714 AEDE A7t & AZFEmSv yr'), A TAHE
ul Q1AM AF ] it Abs FEBq kg, oT)E
' A A, PHpu 2 srell s ZH2E 1.3x10°%,
2.5x107 2 2.8x10° Sv Bq')(UNSCEAR, 2000), v} #| 2} 0 2 1y,
= 239 % (Food balance sheet) A #| AHZ Faf & 3t
=0e =7l 191 FAkE A% AH kg yr')ol THKREL
2016)
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o= sl EAekeE WA
9] 8- 3] 2 (External exposure)Z} A3
o3 Al A NFH o2 wmEE = T
*(Internal exposure)©] EA] ]| O]TOVqHJL FAA AFE
o Za N &S e
e and Lee(2016)3
A o] CES
o=z s HAH A=

&l
L}

1

ne Mgz =A3

el 7patm],
Fosoll A 5 gl
& (Potential dose rate)=
E _rsg o]_o;]l—;]_ E 40(40K), 137CS QOSr 239+240Pu
A 219 S AE) F9 A%E 9 folisl Aol
A FEHA], FADel A 2H2E 10 107, 10°, 10°8) o]/ 3=
< Ao e 53] Ppyo] A g, 7] g A o 9
3|4 Fojurh oF 10 EA dEtston, e
T(Kim et al,, 2019)o| M &= 722 Ay S B GT) o] At
A AEAA O =& HAA SZFo] AE2E AL F
BRREe gubd 9)RuFe] ANARY AFHAS

fridel T 719Y + AdS AP th(Lee and Lee,
2016). WHH
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e, olde Adteld AL AT F=
(Activity concentration)v= FAETHAIHTE tha WA ‘JrEP’L‘jr
ER, AFA02 & NGB oF FAA 4G Vo

40K>>137CS>QOSr>239+240Pu 2~ 0 {- =4 137C QOS 239+240Pu94'
‘1,]7(-] H]—}\]_/\-] 6]150“ o]zs} QHO]:/@EiO] A ogil x}-O:]HP}\]_
4 T YKol vl FAR ¢ e FESE UEET
o]2]3t A7} Z EE Lee and Lee(2016)S WALS 3 Zof tff
& FA B SAAE B E 9kl 12 A™E 715 (Dose
rate standard)S 7HE A Q 7} ok AetsliTh 2L 3
WHE eletel A o] 2ei7 o) B 600elF ool wat

7+Oo 0]
E Y

ERom delA Qe BE APAE R i Fo
Bl(Kim, 2009), ° AT AL FAHE HHA ol gl
QLA W A o) A HFEel e AT 5
A R AT, U P S 92 WA 9
of pAT AukEel HrhE U7 i of el gol g

Kim et al.(2017) b= W3] vt G = ﬁ(—iaﬂ

E, ¥ xR, #245, AAEE, offF 9 dF)elA #d %
A FQl 2 H-210("Po b&uﬂ 1389)2] BEE A}
akglon, olg EUR g=clo] i FAHE AHEAEH
4l 119 2o AEDS FA 33 E}. Ao A A
E 2 U¥gzFE 2T SFAEELS A7, &, A4 2
Aol wet 2o FE7F ThEA e o, o= £H, A

A4 A5 A% 2 g5 AT A

FE, G, A 29, 54 Aol i e sk
Y gdg aRlsel 5% 2 A IdFY AEEH
(bioaccumulation)el] 7)o} ghclar W WA whA, e JIw)
2 gao A APdE TF D FS MPo FEIF A E WSt
Rom, ol EelstetA AAA 9 Holrk FAletl7]
wolgta waaglvh A E(20~300 m 2 >300 ym) 2 O
& ZF(Laver 2 Sea mustard)ol| A 2°Poo] H FEE 77
W1 32~137 Bq kg, 47~113 Bq kg, 143 Bq kg' & 0.97 Bq

kg! (wet weight, ww)Z YEFSTH 324F, AA5E 2 oF
o] &% 9 el A o 27y 4 2.84 Bq kg' 2
906 Bq kg', 2.93 Bq kg'¥} 1500 Bq kg', 3 Bq kg'¥} 539 Bq
kg' (ww)Z 5ol vl3] Ul sx7t o Eokon, o
© FE A Fo] AW 7] 21°Po°l o @ol] 44
te AS vERdnh EXY A9 o FE ol 7P =
2% 5 52(39542 Bq kg, ww)E YEFALE o] FollA AE A
717} 55 Po FETt Wk, L ol A7), A R
AEEC] SUHETS AE A YA vlaA @] wiE
Q1 Zlolet AlRtardth A1) A AR Q1F 1919
2%po2] AEDY: 19~189x10° mSv yr' (Bt 94x10° mSv yr')&
¥ ATHTable 1). 3 BAE T2 FAHEI 22 14
o= A 7Hgshd, f& Aol of 34 Ak 57
g = gtk S-Eivketel A dXE 7 wol AanEE o
Fo] W (KREIL 2012), ®3F th2 o 2591 A HR(FE 2
o] A &= Ade gy B A7F A A mZ AL
At} WA Kim et al (2017)9— HA 2
o =& E}E Oivs*ﬂr aLefsho]

/\Eg
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4 #Fe] 719S WAt skl g_f& ol& nf
HZF2 FFATCHE skl =iat
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SEES

15204458 mBq k')t AEFH AL, o) thE o) Froll u]
| Axo] whe] T mHHo] Fohr] icso]l ¥ E&H
o® EFAE A stk Lee et al(2018) o Ul

et
Bics T2 19903t o] 3 3 s

ol

g Holu, o]z
FAE 2011 EFA 0} JAALL o] T = AL S
S Rl FFA N ddAla Ao LEH o F Y

YCs FE Al frAbEE o R YERRY]

AHALALE EbE FW o] {e] Yies FEe fod dEs
w22 kAL A QFstGitt 2 0pue] g, B

% S (Minimum Detection Activity, MDA)
1] ZHMDA ~0.22 mBq kg’l)?l Aoz Yepkth PSr E3k U
X7 AEH Ao (MDA
~18 mBq kg'), o= Ert/\]u]— AAA L o] H-g okol A
o] 8k o] {FE2] sr =9 vig- frAbE Ao YERT
(Miki et al., 2017). Lee et al.(2018)% 3+ Uk o] 7 —oﬂxi
YCsMsr w5 Blgkel FFAIE AL o] H o] Fol A F
AE vt A FARES Baskgl o (Miki et al, 2017),
b, SFAE YA LE Sk E T o] Fe] FCs,

modpy W N5 o] fold AFL FA ks AL
ARSI PP dgk A AFWARY AT 71

Ir

2
o

FA = A A RH(Lee et al, 2009)= 2 = Q)] = Ak
A o] o3 el A PP Pue] Hlgke] °F 0.209~0.237
= e Th(Lee et al., 2018). ©]= AWHARI BV E F3 o
Z (atmospheric dust fallout)®] ***Pu/**Pu ¥ ZH(SF 0.018)T+= 10
Hj o] xpol7h = Ao R LPEP*E} A ATFEAA B
EHH G MHo R T2E 54 =8F(North Equatorial
Current)-‘?] %% gl e *PufPPu ¥ 74(0.18~0.33, HA
0.25)3 fAFSE 21 0® Ko, o= gk ARe] of i Fof A
Pus A FAFHe Qo HA4r = ALEH Pacific Proving
Grounds(PPGs)ol| A 5-E] Tt} 34w *pypurl 3 F2 Sl
SR f9H Aoz wekeiqltt VCse] CFe o Fulth
i ZFol & BAATH3-201), it EF5A T &F 742 IAEA
(2004)° A A|et3t WALE 9 E 31X (IAEA recommendation)
Q1 50~100 R 91 o]l A o= vERRTE o F A FH Ol o
3 AED2| 73-%-, 3.85x10° mSv yr' & A HFAMA HF 5 9] A 3]
(International Commission on Radiological Protection, ICRP)(ICRP,
2007)0ll 4] @ z‘s} AZE M= SHAIQL 1 mSvell s F-Alh
gkstk £l Ao E}tTHLee et al, 2018). Lee et al.
(2018)2 viA|Tto 2 Ak ] AFWANE FF AT 3F
A Picsel] wls WA AlF A el AIzE Q1 o]
iﬁfﬂli Sr F PPy Sk bR A 2FE ) A
=3e17] Wil % F7F A57F asioha Ak

o]

¢

2

Z o7
S}

Qe
3kl Th

Kim et al.2019) 2015~2017 A7} ik Aol A o] g
FAECETF, AATE, 4F R 2H)S FHs] SR
Wl Q1FAY (s, Py Wl Msne] B 9 5
e 2ABIT olite] A%, Fes, PP 9 Psre)
= ZH7} 39.8-258.4 mBq kg (H ¥ 135.1£65.1 mBq kg, n=18),

019~0.290 mBq kg' (B 0.525+1.128 mBq kg" n=15), %
11.3~16.0 mBq kg (Eﬂﬁ 14.742.7 mBq kg', n=7)¢] W¢I & 1}
E}tTh o] AFo M= 7 FAME S F(species), A4 A (B3,
lii}fﬂﬂ ﬂ%ﬁwb

THAFE ] AR 3?3% = FoE YERTE AA
&N, A&, &% 5)
39.8~104.5 mBq kg (Jé& 43.8£26.1 mBq kg, n=11), 0.126~1.879
mBq kg (B 0.316£0.535 mBq kg', n=6), 13.5~18.3 mBq kg
(B 177441 mBq kg', n=2)9] WA}t E3], F2 A
(benthic) Y E-oll &3l AASEMollusk) (A&, AT 5)
A 474 (pelagic) oi%oﬂ H| 3] 22py =7} 108 7}7ko] o
ol AMEHEN FHHE Pu(A
ﬂ47l 9 OETH 7141 zﬂ)Oﬂ o) gk Jakl Ao R vhefyith

5, HARLRE o YA 99uFe] AR QP

WAbs ol T8 7199 A5S AlRbE Lee and Lee
(201 62 o AFATe} YAsH= AFelth Kim et al.(2019)
ol A& Fall, IHollAE Ao ofFelA g
oﬂ 2 ol FH 1—/\}}\4 6“.4_0] lr:z Ob\} }_/\}0]—031:]— 1
Hago] o fell A Fies wEIF A AT ShE

o= L]FE}A/\»—E“](Flg 2), ol& AEFHAS

oo o 2 or
o UK
&g oy o 2
~
Q‘L
fr

7t A GE Aak AUdA AE 52 AL
el A7l
7t AE U AFHALEs 5 AEE CFE A
F7 AR QS o], AWHA O 2 JAEA FAA KUl whe Ao
WERSE T 22U AR 2/ (algae)oll A 37Cs"] CF7} TAEA

1-}
oF 2250 = A YEbR:
(&, A5 3)°lA 1AEA :’4_&1&5} of 20} 7}77}o]
Aoz Yelt) *sre] A4, 7, dAlEE L o
A IAEA Bax)ol] w)s] 22t oF 4, 24), 7H) & A
2 el THFig. 3).
Kim et al.2019)2 = Uj4t BE FiHE9)
H

o) o] W, B20py Mg = o)

i’l
fz
g

o du Hr r2 & Hod
2 o 2 R
ot
it
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A& =1} 37 = = 3L T =S -
TUAE FAHE U A 2 QIFAt e 4 AT A8 2 S A Wk

350 350
= y =58.9In(x) - 222.3
o 00 ¢ —— = 300 R?=0.91 °
2 . o
o 250 | @ Spanish mackerel x .5
[11] o
£ ~@- Salmon [11]
£ 200} = g 20
2 - Mullet -
> 150 £ 150
= ~@- Pollack >
] =
: 100 ¢ ~-@- Flounder g @
(&) 50 @~ Squid 3 50

F . @~ Squi
o et q $
0 . . . . . . o . . . .
0 10 20 30 40 80 0 500 1000 1500 2000 2500 3000 3500 4000

Body length (cm)

Body weight (g)

Fig. 2. The plot of the mean "’Cs activity (mBq kg') versus mean body length (cm) (left figure) and the logarithm between *’Cs
activity (mBq kg') versus body weight of fish species (spanish mackerel, mullet, pollack, and flounder) (right figure). Error
bars (in left figure) in the x-axis direction denote the entire ranges of sample size (i.e., body lengths) and error bars in the

y-axis direction denote the 10 of uncertainty. Modified from Kim et al. (2019).

mm 3Cs = 239+240py B 90gr ---Cs (IAEA) -=-Pu (IAEA) ---Sr (IAEA)
10000
1000
—
S 1| IR
(ST MR IRl lgla - e -ttt =T — T — 1
B ) E I I |
) 5% 53 4% pel e H
ISEERLE K % £ = o g M RS r4
IS K K] i I K % Il
= A 15 ] & B A ik
K] K] XN FHE K] K]
s o K s 0 B K]

1 K] K] X Kl K %
9 % % s s s K
= s i ‘A ' K]
© % K] s s W k4
E o K] i3t o Wy B %

T | i i i i | o b e B O [
AEHARHBAAEEBRBEERABRABEHBEHBBEBHBREHAY
O iTi3|°is5|3/3i/8i|8]| (21 2/ 8|3/ 3/3 zid|8 3 g i Ti%i2|5:8/ 8521882
c i 1] | 3 SsisS i | - g.g.g; 2 &8 ~18|l2id i'“’ < o |8 a2 3 g,C::,,—,
) [ a2 g | <13 P iEI8igigid|tiTiIEITI®3

B ERR - i i 3 | i i i iS58 I = ]
(V] aie| 2 ] b 3 |8 |
R | I bl I
. [ 8| T il
Macroalgag Crustacepn Mollusck Mesopelagic fish Pelagic fish Benthic fish

Fig. 3. Comparisons of IAEA recommended values of concentration factors (dotted lines) of artificial radionuclides with the
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(2019).
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Modified from Lee and Kim (2021).
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Table 1. Reported annual effective dose (AED) (10° mSv yr') for artificial- ("’Cs, ****Pu and *Sr) and natural (*'*°Po)
radionuclides from recent studies by seafood consumption in Korea
B7Cs 239+240py Sy 210pq Reference
Fish 39 Lee et al. (2018)
Macroalgae 59+8 13£2 <13 Kim et al. (2019)
Mollusk + Crustacean 82+3.7 31+£26 6.0+0.1 Kim et al. (2019)
Fishes 40 +20 04+04 95+1.7 Kim et al. (2019)
Macroalgae 1.8 Kim et al. (2020)
Shellfish 1.4 Kim et al. (2020)
Fish 0.7 Kim et al. (2020)
Anchovy 23+2 6.0+£1.0 Lee and Kim (2021)
150+40 1,900 ~ 189,000 Kim et al. (2017)
TOtal SeafOOd 137, 239+240 90, .
(sum of ~'Cs, Pu and "Sr) (mean 9,400) Kim et al. (2019)
ArE AHel o8 AAWAS BFE Wpos] AED HTFE AT At ATk £@, WAS AT IH ATFEL
S AT (Table 1). 248, FFA9F A AR o], = 2 5 ol AA 7k F-9l(edible part)E Able] &
e A bl tiE 27t SRIENAl b ar 9l gato] ATk ARt 4 o] Ag-A o] mE ofF
= Aol 5 ALHQ] ke g A4F g AlREh o obrbv] FlelA WAbsel b Wel wFHE dow
F, t7] B2, A H4E ) BUEES ot A BuHa ok 24 58 ol &ste] 5 8l me2s e §
WAbs A% H7F 2ad Aot =Rl afr st wet o Feo] BE 9 WA 5
% s wrtske Aok o WEe F4 WrAdE % F
5. &% &4 Y& A AR 55 deta] faiM e F7F A4 28 7A4EL
= AZE 53], 249 g g o4 Holrt Hn
UM 2 NS npek o] e Fre] Fuial FAkE(e] AEHAME dFo] o] (food-web)oll olEl] A = %“J
W, 27, Al ) 2 ERAE T MG E A A7t Zasith dE 5W, EAE Helde R ol&
gk JFHAMY SFo Rxof FH B4 #dd AE g A2 oF@aLTel )l AT 54 A9t
o] AN FHHJTE o] HAANA = AT AFor Fasirt
o] 7o) Aol me e WAt FAE A Wl A B3, vttt Srketal gl SEobrel e F7h A
7k S ‘iit‘r EE of 7o AW FepdE A AF s A AL B T E FFAIE 2] BEE S B
X}Olﬂ om dWbzow Tl ua] 7| delA 2 o tinlate] s B FAkEelA Y FF WAbs 0 T
=7F H A vebgeh ol 2l gk o ATt AdES g dS B oS A8 wid R dolHuels -5 A 2
°® Wibs 9] B B F= FHE] Bgel oivl esttt
shal Ak Qb Sr 9l =l 98 245 9l &5 da
g AT WIS oIt &l AljketaLat gk (2 &2 Y A3UAS iS5 7(2 AT
Lee and Kim(2021)el wh=w Hx| o] A (HE A4 Pu
(1) &= (0{F)0IA %*AM; #HE S5 LYY AT 7F A ol E o]F ] A e Ul AA s s
W AFeAE TS AA S5, W 71 AE AL F ASS ARl 7IEe] TS o dEE
s F=ele] A4 A4S FL e R Belate] WAk dF FollA o] 7o sE7|Ae T2 belA o] FojAH, Tt
= BAsloy, Agow ASHE ofei(fish eggoll Aol dEHS A W Fpel dofditkar g A Sk sHA|



(3) Fh& 2A4B00M 52 PuIlH X 55 B4 o7
w0pys] A%, ApelgA el o)n B B4 %

AR
TF oF 100 A YEbston, o] A= HAEENE ] 3
A o)nmFo] AR QA K F

A & 98-S Aereti(Lee and Lee, 2016). B3k, Kim et al.

Q0= = pus) (7 S A% 5 AN BAH A4S
= AR BN IAEA B wTt o 2u] 7l7te] o A
O & eyt 3 o] F = EX ol A = 2929py o] CF

ck
7} g2 o Fol Hla 5 37 (CF~148) WEbst o,

o]
IAEA AILA|(CF=100)2.t} F Levl| A UEth7] = skt
(Lee and Kim, 2021). ©]&]gt ¢k AFE9] AAE nddlE
uj, ghar ] A AshE YA ES e E S P
719 9 E5 Fde g AR de FUHER A9 28

3 Ao nelr),

(4) WAHS HBO HUYME L olH Aty B}

) ool Jpo Rt e B4 AREE, BRA, 3
S, H2%) B oo My A712AE Bal A FuA
Azl BE BUHYS 58 Fol ek 2 FE o
PAPs ool HE 27t FThgelw Beha AvHo
2 olel @ YA BFe] wmFel mE ABA W Aol
BE Qe JiHoR Bo| RESTL metd WAbs
Aol et W So BAL A A5l AN Bl
BE AE e A7t Bash

(5) =L A e fFME YAS 7IEX HE AP

71Ee] dmoR Sy
|2 = IAEAS] ALXE
A gl JM o] AFoA FHE FEA otk 1

|
aﬁoouggo] HFALAS ;u'% 2L o} t}erst
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.
AR A A5 el o 98 B 4 3l

A 18 87t Ak ﬁ%é}ﬁﬂaﬁm et al., 2019).
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E4, ‘3]% ol L X] F-(United States Department of Energy,
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£ 10 mGy d' (3.65 Gy y")& A<t} th(Singhal et al.,
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A A7 4% 2 FF A
MAE Sdste] -9 dAte] Nep TR &S 3] dt
= FES d ol A FF RUHE, ¥F A, T
delol] et mo] o Ao Yrdrt
AL A

o] =& Il AKIOST)S] FRATARY
WA =8 H AgRE T AT (PEI9I2)S] AT
A9E ol AAFHAFUT & =29 SHEE Eol7]
A T2 A AEE T4l 3919 o] AAbA 25
Al Abe] s EEUYh E3E o] =i A Ead
FA A4E vabd, old] AT, ol A2 AFrelA=
ke EEE ERHUT

Reference

[1] Aoyama, M., Y. Hamajima, M. Hult, M. Uematsu, E. Oka, D.
Tsumune, and Y. Kumamoto(2015), 134Cs and 137Cs in the
North Pacific Ocean derived from the march 2011 TEPCO
Fukushima Dai-ichi Nuclear Power Plant accident, Japan. part
one: Surface pathway and vertical distributions, Journal of
Oceanography, Vol. 72, No. 1, pp. 53 - 65.

[2] Byun, M. W.(2011), Fukushima nuclear power plant accidents

and food safety, Food Science and Industry, Vol. 44, No. 2,

pp. 9-15.

Casacuberta, N., P. Masqué, J. Garcia-Orellana, J. Garcia-

Tenorio, and K. O, Buesseler(2013), 90Sr and 89Sr in seawater

off Japan as a consequence of the Fukushima Dai-ichi nuclear

accident, Biogeosciences, Vol. 10, No. 6, pp. 3649-3659.

[4] Choi, Y. H., K. H. Chung, K. J. Chun, S. R. Kim, and J. H.
Lee(1991), Sr-90 Uptake by the Barley (Hordeum vulgare L.
emend. Lamark) and Soil-to-Plant Transfer Coefficient, Journal

16, No. 1, pp.

3

[Ai}

of Radiation Protection and Research, Vol.
33-42.

[5] Choo, H. S. and D. S. Kim(1998), The effect of variations in
the Tsushima warm currents on the egg and larval transport
of anchovy in the southern sea of Korea, Korean Journal of
Fisheries and Aquatic Sciences, Vol. 31, No. 2, pp. 226-244.

[6] Clark, M. J. and F. B. Smith(1988), Wet and dry deposition
of Chernobyl releases, Nature, Vol. 332, No. 6161, pp.
245-249.

[7] Coyle, P., J. C. Philcox, L. C. Carey, and A. M. Rofe(2002),
Metallothionein:
Molecular Life Sciences CMLS, Vol. 59, No. 4, pp. 627-647.

The multipurpose protein, Cellular and

- 627 -



SEES

[8] De Cort, M., G. Dubois, S. D. Fridman, M. G. Germenchuk,
Y. A. Izrael, A. Janssens, A. R. Jones, G. N. Kelly, E. V.
Kvasnikova, 1. 1. Matveenko, I. M. Nazarov, Y. Pokumeiko,
V. A. Sitak, E. D. Stukin, L. Y. Tabachny, Y. Tsaturov, and
S. L Avdyushin(1998), Atlas of Caesium Deposition on
Europe After the Chernobyl Accident; EUR Report Nr. 16733,
Office for Official Publications of the European Communities,
ECSC-EEC-EAEC, Brussels-Luxembourg, pp. 1-63 (Catalogue
number CG-NA-16-733-29-C).

[9] Devell, L., S. Guntay, and D. A. Powers(1995), The Chernobyl
reactor accident source term. In: Development of a Consensus
View (No. NEA-CSNI-R-1995-24), Organisation for Economic
Co-Operation and Development-Nuclear Energy Agency
(OECD Nuclear Energy Agency, Paris).

[10] Donaldson, L. R., A. H. Seymour, and A. E. Nevissi(1997),

University of Washington’s radioecological studies in the

Marshall Islands, 1946-1997, Health Physics, Vol. 73, No. 1,

pp. 214-222.

Hong, G. H, C. S. Chung, S. H. Lee, S. H. Kim, M.

Baskaran, H. M. Lee, Y. . Kim, D. B. Yang, and C. K.

Kim(2006), Artificial radionuclides in the yellow sea: inputs

(11]

and redistribution, Radioactivity in the Environment, Vol. §,
pp. 96-133.

[12] TAEA(2004), Sediment Distribution Coefficients and Concentration
Factors for Biota in Marine Environment, International Atomic
Energy Agency (IAEA), Technical Report Series, No. 422.

[13] IAEA(2021), https://pris.iaca.org/PRIS/CountryStatistics/Country
Details.aspx?current=KR, International Atomic Energy Agency
(TAEA).

[14] ICRP(2007), The 2007 recommendations of the International
Commission on Radiological Protection, International Commission
on Radiological Protection (ICRP), Ann. ICRP, Vol. 37, No.
2-4, pp. 16-38.

[15] Jung, J. W, J. G. Ha, D. Hahm, and M. K. Kim(2021),
In-structure Response Evaluation of Shear Wall Structure via
Shaking Table Tests, Journal of the Earthquake Engineering
Society of Korea, Vol. 25, No. 3, pp. 129-135.

[16] Kang, M. H., S. G. Choi, and B. K. Hwang(2014), Acoustic
characteristics of Anchovy schools, and visualization of their
connection with water temperature and salinity in the
Southwestern Sea and the Westsouthern Sea of South Korea,
Journal of the Korean Society of Fisheries and Ocean
Technology, Vol. 50, No. 1, pp. 39-49.

[17] Kim, B. D. and S. G. Yoon(2013), Changes of Nuclear

AL

Promotion Strategies in South Korea after the Fukushima

Nuclear Accident, Korean Sociological Association, pp.
509-529.(http://www.ksa21.or.kr/content/lib/simpo_view.php?id
=1900)

[18] Kim, J. K.(2009), Diversity and conservation of Korean
marine fishes, Korean Journal of Ichthyology, Vol. 21, No. 1,
pp. 52-62.

[19] Kim, S. H, G. H. Hong, H. M. Lee, and B. E. Cho(2017),
290 in the marine biota of Korean coastal waters and the
effective dose from seafood consumption, Journal of

Environmental Radioactivity, Vol. 174, pp. 30-37.

Kim, S. H, H M. Lee, S. H. Lee, and I. T. Kim(2019),

Distribution and accumulation of artificial radionuclides in

(20]

marine products around Korean Peninsula, Marine Pollution
Bulletin, Vol. 146, pp. 521-531.

[21] Kim, S. H, S. H. Lee, H. M. Lee, and G. H. Hong(2020),
Distribution of 239,240Pu in marine products from the seas
around the Korean Peninsula after the Fukushima nuclear
power plant accident, Journal of Environmental Radioactivity,
Vol. 217, pp. 521-531.

[22] Kobayashi, T., H. Nagai, M. Chino, and H. Kawamura(2013),
Source term estimation of atmospheric release due to the
Fukushima Dai-ichi

atmospheric and oceanic dispersion simulations, Journal of

Nuclear Power Plant accident by

Nuclear Science and Technology, Vol. 50, No. 3, pp.
255-264.

[23] KREI(2012), Food Supply Table. Korea Rural Economic
Institute (KREI), Rep. of Korea.
[24] KREI(2016), 2016 Food Balance Sheet (in Korean), Korea

Rural Economic Institute (KREI), http://library.krei.re.kr/pyxis
-api/1/digital-files/5251e7¢7-2191-4284-8{7c-5fe8eb93d0cS.

[25] Kwag, S. Y., Y. H. Ryu, and B. S. Ju(2020), Efficient Seismic
Fragility Analysis for Large-Scale Piping System Utilizing
Bayesian Approach, Applied Sciences, Vol. 10, No. 4, p.
1515.

[26] Lee, S. H., P. P. Povinec, J. Gastaud, J. J. La Rosa, E. Wyse,
and L. K. Fifield(2009), Determination of plutonium isotopes
in seawater samples by Semiconductor Alpha Spectrometry,
ICP-MS and AMS techniques, Journal of Radioanalytical and
Nuclear Chemistry, Vol. 282, No. 3, pp. 831-835.

[27] Lee, D. M. and J. H. Lee(2016), Assessment of Potential
Radiation Dose Rates to Marine Organisms Around the

of Radiation Protection and

Korean Peninsula, Journal

Research, Vol. 41, No. 1, pp. 1-6.

- 628 -



)

TR FAE Ul A 2 AFAL

b

[28] Lee, S. H., J. S. Oh, K. B. Lee, J. M. Lee, S. H. Hwang, M.
K. Lee, E. H. Kwon, C. S. Kim, I. H. Choi, I. Y. Yeo, J. Y.
Yoon, and J. M. Im(2018), Evaluation of abundance of artificial
radionuclides in food products in South Korea and sources,
Journal of Environmental Radioactivity, Vol. 184, pp. 46-52.

[29] Lee, H. S. and 1. T. Kim(2021), Accumulations of artificial
radionuclides 137Cs and 239+240Pu in anchovy from the
Korean seas, Radioprotection.

[30] Miki, S., K. Fujimoto, Y. Shigenobu, D. Ambe, H. Kaeriyama,
K. Takagi, T. Ono, T. Watanabe, H. Sugisaki, and T. Morita
(2017), Concentrations of *Sr and "’Cs/™Sr activity ratios in
marine fishes after the Fukushima Daiichi nuclear power
plant accident, Fisheries Oceanography, Vol. 26, No. 2, pp.
221-233.

[31] Miller, J. R. and R. F. Reitemeier(1963), The leaching of
radiostrontium and radiocesium through soils, Soil Science
Society of America Journal, Vol. 27, No. 2, pp. 141-144.

[32] Park, 1. S., K. S. Kim, B. C. Han, Y. J. Choung, B. Y. Gu,
J. T. Han, and G. K. Kim(2021), A Study for Monitoring Soil
Liquefaction Occurred by Earthquakes Using Soil Moisture
Indices Derived from the Multi-temporal Landsat Satellite
Imagery Acquired in Pohang, South Korea, The Korean
Association of Geographic Information Studies, Vol. 24, No.
1, pp. 126-137.

[33] Peirson, D. H., R. S. Cambray, P. A. Cawse, J. D. Eakins,
and N. J. Pattenden(1982), Environmental radioactivity in
Cumbria, Nature, Vol. 300, No. 5887, pp. 27-31.

[34] Singhal, R. K., K. Ajay, N. Usha, and A. V. R. Reddy(2009),
Evaluation of doses from ionising radiation to non-human
species at Trombay, Mumbai, India, Radiation Protection
Dosimetry, Vol. 133, No. 4, pp. 214-222.

[35] Tsumura, A., M. Komamura, and H. Kobayashi(1984), Behavior
of radioactive Sr and Cs in soils and soil-plant systems,
Nogyo Gijutsu Kenkyusho Hokoku, B: Dojo Hiryo (ISSN
0077-4839), No. 36, pp. 57-113.

[36] UNSCEAR(2000), Sources and Effects of lonizing Radiation,
United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), report to the General Assembly,
Sources and Effects of Ionizing Radiation, Vol. 1.

Received : 2021. 07. 07.
Revised : 2021. 07. 23.
Accepted : 2021. 08. 27.

pu

[¢)

- 629 -



