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Abstract: ’Cs is one of the main artificial radionuclides and important indicators in the monitoring of radioactive
liquid effluent of the coastal nuclear power plants. It is easily accumulated by marine organisms, and the enrichment
status of radioactive cesium by marine biota in the surrounding sea areas of nuclear power plants has attracted
much attention. After analysis of the manners of radioactive "*’Cs enrichment by marine organisms, the population
characteristics of bioconcentration coefficient and the radiation dose rate of artificial radionuclides in marine organ-
isms, the results show that 1) the radioactivity level of '*’Cs in seawater near the coastal nuclear power plant is
rather low; 2) the population characteristics is not significant in bioconcentration coefficient; 3) the organisms with
higher enrichment level of radioactive cesium mainly belong to benthic species; 4) the enrichment levels of marine

organisms near the coastal nuclear power plants are usually lower than the threshold of radiation dose rate that can
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cause ionizing radiation damage. With the great development of coastal nuclear power plants in China, it is necessa-

ry to pay more attention to the indicator organism selection, biological quality safety in radioactivity monitoring and

ecological health risks assessment of environmental radioactivity.

Keywords: "’Cs; marine organisms; enrichment; ecological risk
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WOGHEWIEAL TG 3.6 ~27 PBq B H:HE AR HL i J&]
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2000 ALK, A% L =l & R T HL AR AL U T M
X, Uk 2018-10-22 , Frd A% A iz AT % AL e
iKE 45 &, IEE R BEAILA)AE 12 7 (https:/
www.iaea.org/PRIS/), ARG+ = F HL K, T FEDRs 2k 2k
VAR RE R AL & e, T T3] 2020 4, #%
ML Bt 5 B S L 55 — 57, 3 S o 48 1 0 7 96
PEABE R BTG YR 1. BT, VRN 4R 4
FEFRE R R X R A O RS EC
JEZ BT AR R I s 2 A T K
FaEH MR E 02 ~13 pg® . SRTMFEZE o 3l
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K, THEAEAEYFE L H AR ERA

RO B 2t SRR B N TR 2R B A W e
LA A SR, ASSO TR R R R 05
WK THOREAZ R 7 Cs BRI KL PR )
A Cs iJr A W e A AR B R AR AIE AR
70 3R IV S5 I T A P o i T Bl A T 2R ) )
b2 R OCHEA T B A | X AT 3 R i v A B R o
LT o 2 4 e A A g R AR 4R i —
2%,

1 RESFEREPFATHSHEZEYCs BERBER
H 4375 ( Sources and distribution of artificial radio-

nuclide "’ Cs in China’s marine environment)

BCs, FERUE T ALK A% S e AR AL
S AL LA R 3R 43 i AZ B E 5 A 20 4D 50 4R
AR ARG 7= A= AR S 0 X T 1) 55 Wi 5 T 4y
SLHEATA .Y Cs T2, B Rh PR
I ERBE KRNI U R R 2 — . R
I8, 7 Cs R K P AT B O T K H B Bl L R
LA FH A B s HA e K R 29 70% DL S8
XA, — MW FETR B PR B R ™ Cs 1 20 A FL A
S B DAY T[] 1 32 8 T v () AR Ak, X BB S H
Ty A U W W B A O, BE T A, LR BN R AT A
1 000" HHFUEFEIREE R Y Cs MR (FLIE ) /NHL
BRI I 1 2 R B T A A S R 3 R R I =
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LY,
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(37K 5 80.99 Bq-m™' Sk, BEE " Cs H B
AR KK A AR AR T PR35 B N T T S PR A
FURPE RN 22 1 FNEE T SCHRAR A A 3 [ 1A
MK Cs WRBE (LI B A8k, AT LA A AT
e A, TR 3 IV 38 P AT Cs O K 3
%, X — 1005 AR TR A% 2 32 2R I8 T 4%
A6 A% S0 HE K /D38 o 1A A% ok o % 3R I 4%
IR AE 20 tH22 90 “FRUARTARA 1T 1
HOEZERL, 28R ,2013 4RGN Cs e i B 4
i, AR KRR EE T2 54 5 4% O T2 X B0 52
AHRM BN, H IR T 1988—2000 4F AV 1
R e JR 1 v K AR Cs R B 5 T R ST
STCs HERUE I DA 2R, R BRI K T Cs R Y AR
PR A 4% AR HE UK W Y Cs O HEICE B —
LRPEIEARSE™ ) T LA BB R AR B TF & RO
FZ )y R A — R bSO TR T
PRI YRR IR Z —

2 BEEYPAIHHEZECs WE % (En-
richment of artificial radionuclide "’ Cs in marine
species)
2.1 @K

TREVE AR R T ) 5 A IR — 1 5 2 AR
WL | 38 R A AT A AR AR R
B E YW, 8 TR TR,
MK 20 22 40 AL, 32 35 [ FTET I8 BRI A i
T PR TS T I, 3447 76 A Bk b i 2R ik
PRI s SR R A, — i, O Cs i AT

AW RN EZE L 2 RO, — RO Cs T
WA S R A T L A0 — S A 3 i B A A 7 Wi
AWy S — PR Cs 25 I K B A 0 28 B S8 D
PR A B R U A Cs BTERL, 28I Ak i
JE BT RN E B, o U A s R
VIR B YIEE L 6, OnT BEL R Al A AR, BER
i, KA Cs 5 Bl A i, B EVRR IR K A A
Y [l R RI L 2 B Y AR RE A AT
DA B, LRV B R SR KT F KB IN A
IFE> 8> > Bz (88> (L 455 S A ) > LI 1
2.2 WY T Cs BB T R R
T4 5 T8k A= A= Wi, T4 ok [ A
5 H AR AR 85 A% S v XV P A 0 5 R R e N
e, ARRIE R BRI RS AN KU
YRR IR ST, G T 80% Ui M A
TR SOk A 3 A H R TR B AR 5 30 ~ 600
kPR IR S T P A AR N R BT O 1 Cs, HHE
FEEHEBONTAY 10 ~ 1 000 1527 4 TR AR
Yy el P RO R Cs, (B RS G AR RS
251 (ecological half-life) K | -4 7] ik 386 d*,
TR, o 56 [ o R 8 2 SIE P 0 T 40 2 1) 5 B 4
FAE H AR S A% R Ja 48T Wk b 25 2R R
S AR P R R R A 4R Cs B ik
#(4.0+14) Bq-kg' ."Cs }(6.3+1.5) Bq-kg", X M
00 TF 52 e T 5 408 4 A £ A YRR 1 Cs 1 R R
HOINRETR B H AR 5 A% O R 1 i
T, e A SO A 1 2L B W SRS, B 2
PR AR RIS RO IR 401 DL BN A e B
Wil AL b S5 T, B AR e SO B R T
KAV AE AT T 000 1 4 1Y SIS, L

®1 REEEEEYCs iRE(Bg-m”)

Table 1 "’Cs concentration in offshore waters of China (Bq+-m™)
X5 el W /(Bq-m™) 23k
Area Type Concentration/(Bq-m™) References
{3 Bohai Sea FJZMGIK Surface seawater 740(1980 4F) 0.05(2014 4F) [14-15]
7K1t} the East China Sea FJZMEIK Surface seawater 6.66(1978—1984 4F) 1.07(2011 4F) 0.63(2013 4F) [12, 15-16]
R EE South Huanghai Sea FJZMGIK Surface seawater 1272011 %) 0462014 4F) [12, 15]
T4 South Sea FJZFIK Surface seawater 4.1(1988—1990 4F) 1532011 4F) [12, 17]
K7 Daya Bay FJZMEIK Surface seawater 2.39(1991—1992 4F) 1742012 4F) - [18]*
bR North Pacific Sea F)ZMEK Surface seawater 1 ~6(2013 4F) [15]

FE R RZG K P 2012 4217 Cs W BB 5 T P A% FL IS AR R 1 ke F 00 A P 318 J] 20085 K W 00 9

BAZHLYE 3 4 SHLALR TR SO R ) o

IR AR AZ AT R ] 2009 4RI

Note: * The concentration of '7Cs in the surface water of Daya Bay in 2012 was taken from the seawater monitoring data of the LANS, which is 1 km away

from the GNPS-Lingdong Nuclear Power Co., Ltd. 2009 "LANS Units 3 and 4 Completion Environmental Protection Acceptance Monitoring Report".
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BV EERTBME EILT 830, X —1Fi ez
FATEE AW bR S5 50 A S 4R ERICA (Envi-
ronmental Risk from Ionizing Contaminants: Assess-
ment and Management)() SEFR 13 R R, 3 2
A4 T SCHRIC s 3R R LR M Ao T 32 52
IR0 N T O S AAA ) A MAT K A K R R AR AR 1
WA BB, SR E, WA Y T
FCs M Cs IE A WS B[R A Y i
KB EEZEFIEBOR, R, I THENR XK
WA A [, [) — o 28 s 388 A9 5 SR IRDL(1.01 ~
13.17 $91H 6. 95 ) S BB il i 22 5, FESX PR A: )
rh AR 1 SCHIR Hh A 500 R BRI AR D 2k
B B W FE AR IO R A F S A A R ) AT
HAl =258 (P<0.05), X—& RSB FHL L
Je ER AR5 T H AU AR ) i A RO
AL, BITE IR A A 5 U5 (2011 4F 7 H—2013 4F 8
FR R 10 420 46 A& IR AE 9

FH T2 44 Malacostraca AT S 10 2 B4
Polychaeta 7252 """ Cs 5 Wi fix B/ 2 N1, 41
Bk F] 33.19 3540 Bq-kg'-wet, ifi A A" Cs
YIE M 2893 Bq-kg'-wet™ |

Bt T ] VS v A vl A O R s R ML A H
w2, N LI PEAZ R B9 R SeHEC AT RE D & AT
XTIV A ) B LA AR R BT AT
M= A ARG T AL, X T B & SR8 1 i
W T K R % 2R K AR A AT RE R A [ AR
FERYSZIR . S A Y AR Cs MR RN Z 1
FEIREE AL W R 22 (0 WUE S ), BRI R 3 AN 7
Y RS R O pH S A M
8, PEAROE WS AEZ B L BRARAD BOK AR 2
HOXFFTCs 195 A AR 7 B — MoK B b iy £ 25N
%, FEJEFE TR TR A" Cs A5 Bk
AP AW R WA RN AT
PE LSS 0T AR M) SRR ) B S M A AR
(7] 260 Y TR 3R 1 DU 2808 AR % T Cs 1 B 4R
RESIANA]

SR TEAE R 00T | i v, J) 0 Vi N A
PRV AT SR A 3R R B (L 37 B8 ) — AR (AN 3R 1 ),
I b K AR B A A% 5 PR 35 ) 33k 3 3 LA K

®2 NBBENEESFEYN THMEENRKEEESE R

Table 2 Absorption and concentration coefficient of radioactive cesium in marine species in China in publications

251 [E¥ BIEEY HAERE EE TS S 25 3k
Type Nuclide Marine species Concentration coefficient Range References
134 s Kyt Boleophthalmus pectinirostris 045 [30]
2 B4Cs ¥ifl Liza haematocheila 97 [31]
Fish 134y H AP Epinephelus awoara 4.6 045~97 [31]
B¢ Wt Mugil cephalus 34 [31]
34y X REUF M Synechogobias hasta 2 [31]
_— 137¢s XHUF Penaeus japonicus 16.67 32]
Crustaceans 134 Cs R EXTEF Penaeus chinensis 326 25~326 B1]
B34 cs % Helice tientsinensis 25 [31]
e VRt Tegillarca granosas 52 [33]
BAkshy B4 Cs FEMif Scapharca subcrenata 1238 B31]
Mollusk 134 Cs JEFETEMA 1T Ruditapes philippinarum 233 327233 B1]
BiCs %4iW% Sinonovacula constricta 21 B1]
37¢Cs Jii %% Platymonas helgolandica 6.95 [34-35]
137 ¢Cs 1§ Laminaria japonica 16.6 31]
WA 134 e ; ;
Algae Cs Y5 %838 Porphyra haitanensis 64 101 ~13.17 [31]
34 s f Ulva lactuca 134 [31]
3¢y W& Enteromorpha prolifera 35 [31]
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SCHREE B R R R SR AP e R, i o
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BOHAE R B A W X 5 2 — | T e i e A2 fL S
TR PN S P G A T PR AR

3 YCs TEiFFEEYIE N B FE M R ( Toxicolog-
ical study of ' Cs in marine species)

H T Cs 58 (K) 1P AR R B AT R K 26
SR e RIoE X eE !IRa o 7/ B e i = 0 Y
PHIE BT MR Ry 4 S b A 3 A ) AR
EIPR b, A S A R Cs U5 1 A2 0 i R
SRR SCHR e 18 e 2, W Koy K A AR B S AR
210 P Cs T Cs HB-90 (St A M
IR AL Z X AE AR A R S 2 i e L T HAT )2
WS B HE XA A R Sl SR L A RAEFIO A2
AR AR SR HE Y tan, R AR R T I, o
IR H AR 5 2% 35 80s 32 817 Cs ™ 15 Qb X
(1 000 kBq-m™)J A7 {1 % & (Bush Warblers, Cettia
diphone), R P B EE T K& Cs f1™Cs, H
AFDT At I TS s 5 i 9 DX 3R, 32 Bl DX 1) A7 155

S R i BT B T I A A, L B T
R AR

TEFR I | U 1 [ 67 22 7 R 5 v (9 47 Ry
IR T 20 4 50 AR H A K Cs X TV
A= W SR AN AT 5 B SR AR A AR D O
T2 IR TR /K A A= 0 21 05 £ 5 S IR A 5
P& T, —Fh KAYE(Daphnia magna)7E 23 d 119 0.38
mGy-h"""Cs y ST G T T 750 ™ —
FhZ BNLEEL B 7 101 3.2 mGy-h'"Cs y 4
LRGSR BRI i N RS IR DL LR R
S REE] 0.61 wGy -h' 5l 520 DNA XUEE 1 Wr
40 S — AR R K O A B AR T E B AR
10 nGy - h FTERON e IR 48 70 1R P, Rt &
PR BT AR 5 IR U KRG AF RS,
2R L E 4 R v A T A%
FEHE , (A5 S AL FE 4 E 9 TR
SEHEAZ R T T AR ) K AR 2SR R 1 R 2 42 )

AH 558

4 KERSZBREAREEHANBSEFEVERNH
B Cs %5| R KRS 7 & % XU 4 ( Risk as-
sessment of radiation dose rates caused by radionu-
clides including " Cs in some marine species sur-
rounding coastal nuclear power plants in China)
KT HETELE YA O VAR R 108 - AT R SR
SRR 2 25 1 RS A I A1 G 5 ] IR A A AR 5 A
S PR S B 7 SR N U A O AR PR T
P B RS e B BRI RS T 5, G AR S X FL
RIS YL IR, A= R A 2S00, SR AR 2

xR3 NBMPEXINEEBZELELSEEMRERFATERGEER
Table 3 Estimation of radiation dose rates of marine species around three coastal

nuclear power plants in literatures

SRR/ (LGy-h)

NSNS ) B0 Radiation dose rate/(nGy-h™) 27 SCHk
Coastal nuclear power station Type HEHE B S PEREGES Reference
Algae Crustaceans Fish
BHYTA#ZH %Y Yangjiang Nuclear Power Plant  1E% T.#% Normal working condition 1.83%107 747x107  454x10™* 29]
KIS HL ¥ Daya Bay Nuclear Power Plant  1E% T.7% Normal working condition 03x107? 6.57x10"0  126x102 [49]
P FAZHL S A southern nuclear power plant  1E% T.4¢ Normal working condition 140x107 [50]

T Rl o o BT B SR TR R e A A3,y SR MCNP V3a/PC MONTE-Carlo 215, FH VTR Ll i 77 L 5638 1%

V5% B ERICA #&1%,

Note: * Daya Bay Nuclear Power Station, a-particle and B-ray adopt the point source dose distribution formula, and y-ray adopts MCNP V.3a/PC

MONTE-Carlo program. The Yangjiang and one nuclear power plant in the southern both use the ERICA program.
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A~ R T S5 i KU PEAR B
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5 45i& ( Conclusion)
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