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Abstract; In order to constrain the definition and scope of marine nuclear safety and to ultimately support
the comprehensive objectives of protecting human health, guaranteeing radiation safety for the marine
environment and organisms, and maintaining marine biodiversity and ecological service functions, the
evolving concepts from safety, marine safety, and nuclear safety, to marine nuclear safety were
comprehensively tracked. Assessing techniques of marine nuclear safety including background baseline
method , activity limit method, dose limit method, and radiation risk method were established to evaluate the
discharging of artificial radionuclides into the ocean. To protect human health and ecological and
environmental safety, priority directions including source identification, bioconcentration, and transfer of
radionuclides and their associated nuclear safety assessment in seafood based on " Big Food Concept"
assessment of radiation dose on marine biotas and protection, and radionuclides-driven synergistic effects of
multiple pollutants were proposed and suggested for the future development of marine nuclear safety. In
summary, this study systematically examines the conceptual framework and scope of marine nuclear safety,
evaluates the advantages and applicability of four assessment methodologies to address multi-level nuclear safety

management needs, and identifies three key research directions to advance the high-quality development of

marine nuclear safety assessment technologies in the context of climate change and human activity.

Keywords

marine nuclear safety;

water; seafood;

0 3| &

H 20 t20 40 4R LIk, A ZAE R RE ol 72
AR K N TR PEAZ 2R, il A B AR G
it AR T 400 2R KSR
72 69% N TS A% K Y Cs (780 PBq) H L
(ST N T 105 BT & S N1 R S A O DNY )
S A% 2R O RN T KRR S R I A i
PR a2k 60 AR, R Ak A = RRHE b
BT — EL AL K P AR AL K B R Cs T P00
S N TR EAZ 2RO 5 4 05 A% = SO U A0 J S P A%
2R 80% S 4t ARTVELT

i 28 A H A% T Gl d5c 7™ T 19 4 5 56— A% L il s
1 XATS SR 47 28 T N T80 0 P A% 3R 3 AU T
2023 4F 8 H 24 5, H AR BN IS 248 &5 4% 15 G 7K HE
V), A S SR VR AR N TS A 2R 3 ek 9 7 K S
S BT I E S R KR
B WU I R AR 3, R N 2 R AL B —
JER Y, 51 4 R AR N I VR A S IR fa B 4
PR T R N2 AR R B 56 T A 5 TS Y K HE
MR A S AT YR 5 I 45 1) S5 00 B o
Xof [ P AN 7= i A Tl i B — s s

VEPE B ERFE TR 70. 8% , & N T U PEAZ 2
MM , FEAR S A% TS YK HRE S 808 1 s
IR G 55 (055 52, VR A & AT Al 5 A B |
EHORF AN R Z R BRI PR R A 1

assessment techniques;

nuclear power plant

radionuclide;  Fukushima-contaminated

SCRVA RS BEATS SR B AR , AR SC PP A B AR sk =
RAHR,

BT, EHURGEME LS R E B
SRR G A AT R 2 A E
SCCE EE | F DRSPS R 5 T A 25 30
Sitiar Abs it , AN 8 s HAR 99 A% 3 30
SR YEY) O AT IS BT 2 P EOR
TR S R WL AL 9 7 i P A R DR -
T G P A T AT R LR W A O R RV
SR AR RGN T U VA% R KB 2 s e
YW R) RN 55 e Jre 1AL, LA F5 S VA e 2 DR B L
ARMREE, 5 MSE 3 AL L e AR TR
Folv i AR,

1 BEFEZREREER REFFIE

1.1 REEFRERBRENE X PR

LA MR B A R IY L — A i R — 11 T
FESX B A N S ARAS S < AE B, T i ]
P SO WA R A A B E” A& FWARE T
(02 2ok 5 WU L 22 4 g IR B 0L
FNE ) R FRAE D il 2 44 FAR R )
(GB/T28001) Hrfs e 4 5 SUN “ Sl T AT #3210
P 3 KBS RS s PR R U8 1 2 4 UK
“g AR FRAS ) RV AT FESE A fE B U0 R XU
PR B A B0 R 48 B XU B ARG - 1



hoE e B o e

- 84 - China  Safety

Science

H35%
20254F

Journal

FEFE AT 4532 AP B LR 0 M R A7
(S PrRER A A rh i SCRT LAt 22 2 A X A8
& T A B MU 2R E R A R AN AE
Y iz ax  BARRPERRAE, FraliE R, Z et
R LA B i BE 5 A e BUE 7 A LI M B
Ran TRE, PRI, B rh il 2O 2 e PR M i
e AF AT SR AR R A B AR R
FBRPERORRE

LA EARM T B B SR RO R AR
BEIAE, HERCEEZR” M7 A ER G2 ]
AT U7 R (2% S Dl S G o /e ol | P [ 5
PR RS R BOR R 7 e 2 4 B
LA T EOME BAR I B IR P AT FER, PAE
Wihe 2 2 5 R EA B XEhe,; “ La”

PERPRAE , T 75457 22 1Y I 23 4 32 v it 3k | e i &
&, A S R RRAE , AR S5 I RESE FR A &R 4
Ko &5 b R BAZMNE WM AERHE A2
PE RGN 23 PR A L ERAE

VT 2 Ml R A 1) T BT e, D AR A
KA LT B R R AE S IR 5 AR W
IR AR S TEA 5 A 32 AR EE 8 KU AR
AU W R BOR AU A B E PR I
TEVESE 22140, H oA T i A AR J T AR 4 52
e MEGE TS 4 TR 4 s &4 JGE
AL PP R R R A R AU 4
TEBOAE A TR 24 R SO 4 IR
& RGPS I L AR

TR A AU T 300 7 km®, K I 5
2ol 1.8 U7 km?, [R5 ] M S 3 P 1 AR 4T
HURH ) [ K42 BRighitE ) N RS, s i KT R it
PFFAEAN [V L AR R R 4 4 | B 5 5 i TR X
PR UL B Gl B 0 BEIRAE) T R R
EHSEA Gy, A PR BT 5 ] O 5t
T LRV E R L 2 AN, HE A
= T

W A R AL RE AR A T3 — F ARk
Bl Ry 22 4z la) i, [ Br )7 REHILAG (International
Atomic Energy Agency, TAEA) 2011 W (k3T
W) B2t N3S” ME A iz T a8 305 8, R &
¥ % 4= (Nuclear Safety) 4% %% ( Nuclear Security) |
BiAR BE ( Nuclear Safeguard ), J7 SLPKE % &
“N3S” ;B a9 & 4= F 248 Nuclear SafetyUSJ o

SHEZ TR R L s A T2 S, 7R U
Ja S E N AHE RS,

FHLE AT O T SRR A 2 4 i A 75 A% 22 A A% A
(A QTS ok eV B | R SR VR R S %% S| B
by S5 40 5 R DG B B fT BT B R R AR
B A AETEFE LB AL AT R, 2R AT
AP R TG B0 5 B AR B G T 3 A bR A K
bl BN FAERPE B Y, 202 P kA% R
PHRONIEAH T,

PSR B A e E(E PR
REDLI AR E) & & O« SEBLIE F i2
A0, B 1k & A sz RO 5, A T
PEN B2 AR 3R 55 %0 32 R OF 24 1 46 B fE 7
TAEA A% 2 4200 A% ah J1 iR it de & i 3 Bl 4 FnA%
Y E A 3 KA, LE(EEREN S % 421)
W A AR T R T BB = ek R S R R
WU 5 AR T i s AT Gk IR
SHEY s A B AR L HER A S it ., 72D
M NRILFE A2 k) T, 8 A% A
“XIAZ L AZ ARk B DG SR 1 2 SR BRI 5 B
PR R AW AE S5 4 AR, 7 1k R TR DR A
NI PR B8 1 AR 9 1t A S, e R R B Ul e A%
FHAEOL T BB R RIS A KEE
BN SR AZ 28 4 I 38 R BRI 24 48 il 1 £ A% 158
Jiti I Bl AZ AL RIS A 5 1 2 4 AR A
A 37 Wi B R A 5 T A S Rt 4e 4 AR
by HRTEE A U IR ) B A G U ) T
T84T ARV I I B RS R R L e
(R R 3k B it 1 A B T W R R
FE oy VA 3 =3/ IO 3 N UR

W e RE R R SR AR A, %
AR R A A B A% L kSR Lk R A%
WO A LR Ry R A 3 6 =i
iU VIR AR SE mSEs)sE 4 4
WYL HEA A A R R S AR R, 1986 4 )
IRV IR HHOR TAEA 3R < 224304k FHE
&L TE 191 AE R R A N (LA ) ks
(INSAG-4) Hpift —2b 58 36 | % A5 A 28 A 28 A 5
AU 4 S A7 43R 2 TAEA 7E 1994 4F3 i (4%
GANAYY G A E S 70 24, S A BT
HLHLZH (9 B A [ 52 TAEA 7648 5 4% 3805 19 2011
9 Hift— it (g A7 8hi 4l .

TR AL S, REREE R SR
TR W, B e — R —



5 5 1]

MRS LS T g 2 ik RO P FAR -85 -

BT A 1982 AR Tk [ I 4R BT 5% 8% 47 4 B G
i, 1984 4E RS FI R % 4 Jry , - [ O Ak
AL FRITRLEE AR RIS R T S R )2
KR R R MR AR FIIR BT 62
BRAHEE BRI E LR 2003 ARG SiE( e
N R i B P 75 e B IR ), 2014 4F 2 30 F
FAOFEfT 220 A RS = M A e 2 AR IR
“HRME BMA JRUE” R E A A A, 2017 AR I
E 2018 AFFF 4 S A N R AL E AL 2 42 k) |
2019 4F 9 A KA (P E A 4 F R B E R
PR, ] A S — A% S e TR R RS
JRAZ % & SRR FE B S VA TAE, kA (& 430k
U ) A% 28 4 SCARARFAE ) il 28 42 SO fb A
JEU] Y B SO, B et o v A 2 4 5 IR SO AR A
25 RWiHE R 2 i A% 2 4 SCARAR AR 1 S A
BB e A BRAA B ARER AR (v A A
GESALEEDIRY L | Bah v EAZ R L 45
ORG24 S & e, i
T IR N A2 e & SeAb sk b D 4R
1.2 BEZLEER

W B 4 RN 2 4 2 AR B R 2 LR AT LA
B, TR iR AR A SR AR B R
75 MEE R SRR R, AP B
o8 [ RS 1T 5T VAL A A N I R AR
PR R A EEIT

BE 2024 F 12 A 31 H, KB (AEHEEGE
WIX) s T AL St 57 &, B IEEAZ R, 4
i it M IR R . R IE R BT
RS, % H Sl B HE I — 7 i N T A
(ArPH . . Cs &) AT TE R HOR
B, HAH A% SR 7= A 0 K N T
BB I A3 IR ELATE 2014 4F
P 308 5 Y P R 0 0F A R AR Vi R R IR Y S 0
>

A S A% T e KRR W RS 30 4R g
BAEBAUE R A8 5 %75 YR @ 1 I PR R B 48
TR Y i E 4B B, £ ok okt AR E
IR AN, 2021 4 SE [ RV ARG S A% T A
TE T 13 A i A 52021 4F 36 B MRS =
e A AR OG FR MUK B 356 9 0 & A O
fE 52022 AF{i 3% VG B U7 P E S T ), SEE
R 5% Bl g M B K ek A A8 R A AT (T 1)
2023 4F 12 H 1955 28 Jmik & E AR S L Bk S
22 E R SAEEREE =) , U S 2] 2050 4EH4

S ERIZ R LAY B4 2020 4ERETIN 2 £5 1 H AR, i
X HL P A IS T 1 ) B N U A R HE A
ETPSN = oSt RIER v el o ) | Y EE [ N B3 & 3 D
AW L IE R A S I R DR o 1R
RAYHE A s E AL P SRR RS
A AILPRAMEI A AL AS S [ B
BB IR R H 4505 2 A% 3h ARk R A%
VRS BN AG R RER IR EAR TS Y KU (T 1)

IR O AL R B )75, 2023 4R (P
NGBS NGt 28 RS IA D RIENE RV 151 ) | D15
FERRST IR, 2023 4F 12 A & A i rhdrfoke
] 95 e O T4 T HE 2 5 i 6] A A ) 2 DL ) PO AR
A T iR e T Ak T O Y R A R M DU AT E Y
B2 A AR R [ G Al 58 AR HBIHT Y B 4R
W, P 7EFR E B A% B AR R 2 7 kR 5 it
TEREN 1V G 0T H 2 248 1 A BB R A H A B
BTG YRR | TR IR 5 A% W U v s il 43 =
G H 4R RN E PR BB T L 2 B
H BRI R SORR 2L E K 5K

SR R AR/ 3 AR (S 2E e o1 7% ee A1 ]|
XU Z b o TR A o Hod i ny B R =
() PRIE , 0T SRR (00 ¥ PR A% 22 R IR HOR 4 R4S
JEYE . BRIEEEAZ Rl R = OB S AL B A1, i
RO L 5 A% Sl TR T RE A% B A
VI A, Pl Sl S R A PR A% A2 A ) R e A,
AR AR W RGBS RO R W) i it 1z
i 5 S35t PR A RZ DR D SIC SR D s b ORI/
JCUKTE/ BN BEVEAEHE By i W UR TS
e WUFRMUAS A% ) T3 B BN | H AR B A% 15 Gk
I EEHEA% HL Z SRS AR is AT R A R rh S
(AR NN € INe 7% vl PN PN €hf
PERZ R MR AR PRI AR B IRTT R AR
fE A 1) R SR S P 9 BT ( Naturally  Occurring
Radioactive Material, NORM ) 5| % KR iR G 4574 .

MG T A A R 5 SR IR B it O o V5 v
BBt A A a2 4, H B2 R4 A ZE A
TR 2 B R A e IR AN L
BEsh A 2 S BOIUR M R IR T 2277
ST VA 4 T A TR B KA S A
VAL ) T BN R P BT O S 2R, AR AN [ =
1/ BRI TR T3S PR B it e AT JS B TR TS
PPPARHORIR R o A PRl Y A TS G I 3 B
N H R XU (107 288 AHE R ER IR B
IR 1] 45 ) A AR XT3 /0 5 Ay I B3R e B N 2R e,



hoE T e B ¥ % iR $35%
- 86 - China  Safety Science Journal 20254F
=77 == S T E—-—-—-—-——-—=—-=
HE B GS(2016)2048% v oS
PAL L ke 7 | menan: e Qi A
1

23R M S 1F 00 R 1

kN LB BB AT S
L_O — 25

500 750 1,000
Mi

les

120°E

B 1

130°E 140°E

R EFREEN % DM BIZEREED T AR RIEZESH

Fig.1 Footprints of nuclear-powered aircraft carriers and nuclear submarines in the China seas and

adjacent ocean, and some coastal nuclear power plants in China
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