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Abstract: To clarify the long-term variation of "*’Cs in the China Seas after the Fukushima nuclear accident and the
characteristics of its environmental responses across multiple media, this study systematically compiled publicly
137

reported activity concentration data of “'Cs in seawater, surface sediments, and fish from the China Seas.

Exponential decay fitting, segmented regression analysis, and parameter calculation were applied to evaluate
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the variation characteristics of *’Cs before and after 2013. The results showed that the activity concentratio
of "’Cs in seawater of the China Seas generally followed an exponential decreasing trend before 2013 and
exhibited a significant positive offset after 2013, with an additional annual multiplicative change rate of 5.8 %.
The corresponding rates for the Bohai Sea, East China Sea, and South China Sea were 16.9%, 7.6%, and 3.2%,
respectively, whereas no significant change was observed in the Yellow Sea. For the activity concentration of
"7Cs in surface sediments, only the Yellow Sea exhibited a significant positive shift, whereas no significant
systematic shift was observed in the other sea areas. The activity concentration of '*’Cs in fish from the East
China Sea showed a significant positive offset after 2013. Overall, the sediment distribution coefficients and
bioconcentration factor for biota of “’Cs in the China Seas were ( 1.00+1.37) m’ - kg™ and (69.0+69.8) L - kg™,
respectively, which could provide reference values for establishing environmental behavior parameter databases
for artificial radionuclides in the China Seas. Dose assessment indicated that the annual committed effective
dose caused by consumption of fish from the China Seas was below the national annual effective dose limit for
the public. This study suggests that the response of the activity concentration of "*’Cs in the China Seas after the
Fukushima nuclear accident shows clear media-specific and regional differences, highlighting the need for long-

term, continuous, and multi-media monitoring.
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Fig.4 Temporal distribution of *’Cs activity concentration in surface sediments of the Bohai Sea, Yellow Sea, East China Sea,

and South China Sea
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Fig.8 Exponential decay fits of "’Cs activity concentration in seawater of the Bohai Sea, Yellow Sea, East China Sea,

and South China Sea
e R Ry WA O B LA 1 S5 R

FAEI], B a5 T, o W7Cs (19 A SR il F s 1,
H30.17 a0 G AT R R K 1 Cs BB
Wk (17.3£0.4)a, FIFEBEN (58.4+2.9)a;
BB (9.41 £1.0)a, FHE I E K
(19.7+2.9) a; HEHEFREFEE N (148+o7) a,
SER BT A (42.2+3.8) a; A MG I8 o
H (19.7+0.7 )a, FHEEHFE A (81.718.0)a;
BB AN (17.20.5) a, P24 B4 [a)
J9 (58.0+4.3) a.

r [ VR A SR, T Cs PR R RSP 8
PR BRI N3 4 Fos . 5HAWEAR L, ASCRS1

Hp I K R PTCs R RO (17.320.4) a,

T EAMERER (10 ~20) a] MEEEE, K
T F M (10 a), dJERFEHFE [(1321) a] SHAE
[(14.7+0.7)a ], {HB&R TACEPEER [(20+£2)a ).
r [ g K R TCs 1 T S B A [(58.4 =
29)al, KFEP M (22a), JLKFH (33 a)
MBEAME (41 a), {HBSE TALENEEE (86 a). TH
ARl Z A B 25 5. i 7 Cs M EREE
AR Y R e, 43 (9.41+1.0) a fil
(19.7+2.9) a, 5% i858 A9 45 R4 23

B Cs PR R AT 45 B R 43500 R (14.8 %



76 W RS

0.7) afll (422+38)a, S5 HAMBE MiEL;, &K
W TCs (PR EE A AT 45 B I R, 4R
(19.7+0.7)a fil (81.7+8.0)a, JZITICENEFEAYAN
R BN (17.2+£0.5)a fil (58.0£4.3 )a,
AT R ] T A, A ORE
TP TS P A% 2R S S B 15 G K HE TR I WL ) 7
R, IFARRRTRIZE K. CHMFREN, KE
J2 BB AR RN RUBE it i 45 20 2 T LA MAS TR TR BE A
AR 5 LUAN B ek 50 PR, AR SCAE A v E i
B TCs BT A 3 W RSF 2 45 B I DDA, R R TR IR
JFEUE K AE R BEARWE 5 X 4, Rt — 4K ) 2
Wit SICARE, BRAEWFSE T8 R s
57 1445 B I ) 1 Bl 2 ok TR B K . AR
T, TR AR K B TS B A PR BT 2 2 I AP
Rl ) O S OO <27 N i @ e a9 e
5SS AR, DR A A A W 1 TR AR AR
i 1) B e T 2 J2 Mg K B AR A A 4 1 700,

F4 TREHE Cs PIRE R TS B iE
Table 4 Environmental half-lives and average residence times

13 . .
of "VCs in different sea areas

Vies g VCs THIER &%

TR HUESE ]
i il /a Fif 1A /a SCifk
JELEREERE  1971—2000 4F 20%2 86 [91]
JEREFE 1971—2010 4F 131 33 [91]
WE I 1987—2006 4F 10 22 [92]
H A 1993—2010 4 14.7%0.7 41 [93]
B 1963—2018 4F 6.5+0.5 12.0 [94]
/R 1968—2015 4F  14.4%1.7 39.7 [95]
a1 1984—2018 4 16.9+2.1 55.4 [95]
it 1976—2016 4F 9.50 20.00 [7]
W 1963—2016 4f: 13.33 34.48 [7]
ARty 1960—2013 4 13.59 35.71 [7]
g 1960—2013 4 19.25 76.92 (7]
ity 1968—2012 4F  13.7%0.5 36.2 [90]
3463 1965—2012 4 15.5%0.7 46.0 [90]
o [ Y 1960—2023 4f: 17.3£0.4 58.4%29 E'S

2026 4F
ik 4

Yes M Ves FHIER S 2%

ThEI IS i)
5l /a ] /a Sk
T 1975—2023 4F  9.41+1.0 19.7+2.9 A3
B 1972—2023 4F  14.8+0.7 422+38 A3
HRifF 1960—2023 4F  19.7+0.7 81.7+8.0 A3
TifE 1966—2023 4 17.2%0.5 58.0+4.3 ES'S

3.2 FEEE "VCs BRI EREH

[E 7 it 240 ( K,, Sediment Distribution
Coefficient ) J&RAL S A% 2= AE K5 PORLY) /17T
U 2 [ 4 BeAT M EE S At
.

K,=—% (5)

K K, BB BCRE, P m® - kg Ag
DRI PR LG B, BAAh Bq - kgy's 4, MK
MR I, A Bq - m3,

W9 fiws, o E R YCs [ 43 i & 50 (Ky)
AR (1.00£137) m’ - kg, HrhEhigRm, N
(1.78+2.44) m’ - kg™, ZbRIEZ K, ML IX k2
) S, RN (1162 1.52) m’ - kg, &R
5 (083+095)m’ - kg F1 7 ¥ (059+0.59) m’ - kg’
UL, R B ORI T Cs FLAT R X A 1Y
W B B BA RE L T AR U RN R R T Cs T [
T YR A KA, B A7 KR A8 e 5 40 R A R Y
e B, 3 DX 3 25 5 AT R 5 AN (]I Y b O
VAR B RIK B0 ) Z5 A O o Wit I R B v, R X
s g ERED G, (HHF KRR, T
ZR T R R T K AR AR S 2 R, DORR A X X I
A FA 3 A1 2k 7R 0 e S 2 5 7 ey b RUEE b AR R
ok VT AR R R S 3% B KR A B K i
A g KR AR R, 2 SR AT A A (R P
AR U S K Bl 7 2% Rk R ORE A R R, R
S TCs A [ WA 22 180G PR TR . FR LR R
Syl AR N D, MR R AE AR Cs [
SYECAT M SE A A fF i — 2P 5. BROK B i
FEAN, PTCs FE [ A B A BLIA 2 pH L R TR R
W BE . B FIRBEE . A LT A R DT R AR



%5

WEAENE, . AR SEUS b RS2 A T Y Cs iR A R PR AT O B 5T 77

IS PR R TR S R R D0 Wang 45 DO
FEFRW, AE R TR OR vk B R kA A%
T, YCs 5 W WOk 0 WO TR T BLT
SV . W E SRR AR A, A
B VTCs fy R K AR ST RS R A T A R A R
B IREE . H R B S L B A LR R
R S, AT 7E — o R BE R T A 1
K A8 R YU R o YCs Wi B IE R 4. A
SCAG I K 85k R 4 1 R i b [ T
BTCs ) K (O ¥ 0.98 m® - kg™, A
0.46 ~ 1.50 m’ - kg™ ) BNPEIT, WALTFEPRIE T
BE MR AT (0.4 ~ 40 m® - kg™ ) P, I
SO S B R PR

K,/ (m’ -« kg")

V'N
| +

HHIEHEE it T ARt i
P9 b [l DU ORI K {E

Fig.9 K, values for the China Seas and the four major

se€a areas

3.3 HEEESVCsHEVEERY

W) e 2B ( Kyer, Bioconcentration Factor
for Biota ) & SN A WA N AZ R TS FE 5 H T
A IRAR PR R TG BE 2 LG, T PR T R AR W
WK AN TR PR R R B AR L A
AT

AN

KBCF:_B (6)

AW

R K, WEMEERE, BRHL - kg 4, K
YRR B, Rl Bq - ke A, Wil

KPR G, W WA Bg - L'

o E I YCs AR E R (K, ) FEIE
H(69.0+69.8) L - kg™, ZbnifE 228K, bk
X g zs ] S it s Hob, Bl (1308
144.8) L - kg', #ifF R (137.4+151.2) L - kg™,
KN (59.5+43.4) L - kg, F#EHN (105.5%
145.9) L - kg's 7 ZEULHI MY A&, M 2EX 17Cs 1
K. YRR, K AR BIRE . AT
KA 5 b 5 Z R0 R 25 m . AR SO S B R fig
Xof 0 2 g N AR S — D gy, I, AR
K o N BRI IR R E R B R, N
i BE R, RIS AT R [ 38 2 8] 5 24 3¢
B AT R . AR SO B SRS Hofh g B A
W 2E B AT X, T EN I a2 YCs A E R R
BORARAL T PR AR A N N, w s T E B R T RE AL
) (TAEA ) #EFMG A FERZE (100 L - kg ).
R B T TAEA AR, R SHERE(E N
e, RV DAIR T AE(E . i U AR 4 586103 ] ff 5
Y, BERAMGEWERK . EREIAT IS
HREETIAME. Ni 8§ g, FEARRATER
TEWEEARE R LSS, 7Cs fE K
TR, NAREN, ERFPERBE, 7Cs iy
Koo IUET HCO 2104 L« kg™ ) L1o#I( e 5) Lrostinl
P, 2 4k 22 o o ot = 63 P It 7 2R ) v O Ak
NTERMEI, I35 250 gk 55 A 15 9Fh FAS [H]
A AR PE AR W AR ) B R S HOBE P
3.4 ERAYTESEHERSENEFRERIFTEEM

Z: BRI B B 5 R R A A AR A )
(GB 18871—2002 ) "112) 7R SCR AR F5 LA #4511
WE VP A MR A Cs JT AR Y P RS

J-ing

M, HitE ARy,
Ej,ing:Ze ( g )j,inglj,ing ( 7 )
J

KX e, A EMHAEFHIEZ R (BN
BICs ) ok MY AR RE AT AR i, B Sv - als
e(g) Mg FIA B A BAIEBEHUVER R j 1R
ARG R ACLIRT 17 2 BB R Pt
L Cs EAFIEABI1.3x10°Sv - Bq'; .. N

J,ing

—AENGEYEAR YCs BIHEE, BN Bq - al,



78 BT RS 2026 4F
x5 AEEEVCs WEMEERY
Table 5 Bioconcentration factors of ’Cs in different sea areas
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