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Abstract: Widespread radionuclides in environment produce radiation risk to human and other living beings,
which have been considered as one of key indicators of water quality. With the increasing risks of radionuclides to
humans and ecological environments, and the severe situations of international nuclear and radiation safety, radio-
nuclide index in water quality standards is attracting more and more attention. The calculation methods of radionu-

clides limits in drinking water quality standards have been developed based on individual radiation dose rate, and
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applied widely by international organizations, as well as the United States, Canada and other countries. According

to the radiation exposure, reference organisms and biological radiation dose, the radionuclides standards of water

quality have been established gradually by several organizations and countries. Research progresses of water quality

standards on radionuclides in China fall behind the other developed countries, and there exist many problems, such

as the lack of radionuclide indicator and the lag in revision frequency and applicability. Under the new situation of

nuclear energy development and ecological civilization construction in China, the urgent tasks are to enhance the

health risk and ecological risk assessment of radionuclides, and to improve and perfect the radionuclide index sys-

tem of water quality.

Keywords: radionuclides; water quality standards; risk assessment; radiation dose
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Table 1 Radionuclides limits in Drinking Water Guidelines of WHO (Bq-L™)
Bl VR R B
Ttems Radionuclides GL
RAR BT M8l Natural radioactive uranium B3y 10
234U 1 O
. - BO0Th 1.0
KRB E R A 2R
26Ra 1.0
Natural radioactive uranium decay system 210
Pb 0.1
210pg 0.1
RARHGS 4L Natural radioactive thorium 22T 1.0
KRS PR A R 28Ra 0.1
Natural radioactive thorium decay system 28Th 1.0
. . , o Ba{e 10
N TSR R B B R W 10
s
Artificial radionuclides, nuclear reactors and nuclear tests
Gy 10
ITHAERR B RS BT - 0
Artificial radionuclides, nuclear reactors, nuclear tests, nuclear medicine
N TR 2 R o A% | 57 9 2k . 10 000
Artificial radionuclides, nuclear reactors, nuclear tests, cosmic rays
FKIRHAHER R T 2% N
C 100
Natural radionuclides, cosmic rays
THOERR B ks - L
u .

Artificial radionuclides, nuclear reactors, nuclear tests, uranium mines
NT AR 2 B R W HE Artificial radionuclides, nuclear reactors 241 Am 1.0
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Table 2 Comparison of radionuclides limits in drinking water quality standards (Bq-L™)

HLUER Ha BB 26Ra 0Sr 1¥7¢s 358
Organizations/countries Total Alpha Total Beta Radium-226 Strontium-90 Cesium-137 Remark
5 A 417 wHO!! 0.5 1.0 1.0 10 10 GL
Ri 04 gyl 0.1 1.0 0.5 49 11 DC
EEIS UsAl 0.56 — 0.19 0.3 74 MCL
Jing KU Canadal'®! 0.5 1.0 0.5 5.0 10 MAC
H 707 Japan!!”! 1.0 — 20 — 200 GL
15,5 22 18] Ukraine'®) — — — 20 2.0 AL
Bt 220
0.1 0.5 — — — MAV
New Zealand!"”!
1 [# 2 Chinal?% 0.5 1.0 — — — GL

:GL .DC MCL \MAC AL MAV 4M51{tF 45 0 $5 20 HE SRS U AR T A SR KB
Note:GL, DC, MCL, MAC, AL, MAV represent Guideline Level, Directive Concentration, Maximum Contaminant Level, Maximum Acceptable Concen-

tration, Action Value, Maximum Acceptable Value, respectively.
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WIBME AR SFAE, a0 SR A FF PF Ak A= 9 (0 R <F
RQ,,, <1, 7% W] A= 4y 0 555 7] k0 ok B A P9 R 3 3R
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B R AR S AR, 540 T B 20 2R [ 2 XA R Y K
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1, 2514 T3 3, Hr EPRE 7 REVLAL (TAEA ) FIEK
A I TR S A5O0 B2 25 51 25 (UNSCEAR) K /K A= A=
Py e SR SRR BRE A 10 mGy -d™, 36 E e IR
[ Fof 275 1 TR ATL A R S A 1 s 5 390 B
BEA] DLIRR A P () A 6300 e BRI T Ak A= A=

RO=2pyer, ) SB35
£33 KEEVESFIERE (LA . mGy-d")
Table 3  Aquatic biological dose rate limits (mGy-d™)
LUK KA KA Y Y

Organizations/countries

Aquatic organism

Aquatic animal Marine plant Marine animal

[ B J5F BEHLI IAEA) Y
WA R T AR ST OV FHF 2 51 £ (UNSCEAR)PY
% [ REJE B (USDOE)

10
10

10 —

10 2.7 0.27




32 s #F

PLINN O %13 %

P2 AT XA R R R T, it A )
S ek R A by 7K 5 < T £, 26 <RV £ 28 <R AT R A
SHYI<TFWEAE ), AT LA ) S 800 5 A ) B 3R
BERAT O IR BEE FRPOIOR AR, TR
F T AN [ ZK PRI ) 8 5 2 AN T A [R] A 0 ) AN )
TR 2R 1 5 B DY 7 R A3 B R B[], S O ]
DXIERAN[R] 7K B35 H A [ S 1 A% 2 A XU g (AN
[e] , JH e A 28 XU 3K a0 e 114 O R SR O P % 3R
26Ra 0Py Y ﬂ]mU, DL N T B e A 2% sr
e 9 Cs FIPHPY,
2.2 JKIPSEFURARIE R VAL R R (E
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PR RIS, 25 [ 7K P85 T S s v 5 2 TS
BRI DA — RSO 56 [ 27K R KA
HEMCTS 7K AT A% 2R b o FRAELAS D0 R AT R B
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Table 4 Radionuclides limits in water quality standards of USA (Bq-L™)

TK R o e A% R FRAH T
Water quality standards Radionuclides Limits Remark
B« Total a 555 —
AElEn S| =N ol
26Ra, 2 Ra 185 AR Svy
Radiation dose, Sv-y~!
R KB %Sr 0.04 —
Ground water>¥ BOTh 185 —
ARSI Svey!
*H 0.04
Radiation dose, Sv-y™!
& U Total U 30 pg-L!
$&\ a Total « 555 —
4 B Total B 1 850 —
226Ra, ?’Ra 185 ARSI Sv-y!
i ek )
226Ra 111 Radiation dose, Sv-y
Surface water?®!
Rn 1.11x10* —
*H 7.4x10° —
DSr 296 —
H 3.7x10* —
4c 1.11x10* —
0 Co 111 4 )] Every Week
gy 18.5 4K Every Day
By 37 4K Every Day
134 4
= Cs 333 K Every Day
HjliE 7k B L
1370 37 K Every Day
Discharge of sewage!*! )
220Ra 222 435 Every Week
22T 1.11 445 Every Week
By 11.1 £} K Every Day
U 1.1 £ K Every Day
Z8py/Apu 0.74 4 JH Every Week
2 Am 0.74 4 J5 Every Week
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J IR E KSR 5 256 SR E U R
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(E-

3 REASHEEREAREREFRENRKERESZ
. EKIABE i mbr iR R T 20 22 80 AR ITF

GREEST A [ PR R R 5236 SR T
PEAZ Z K IREE T b o FRAE AIF 5% 5 1 o 0 JRe 4 hy 2%
12 R K FRBE A v AR FR AR R S A& R
ALK MR K K R K 3T K A H
BEFHK all 7K 56 A s A B, SR H A 3G
SIPRETS SR P FE B, DS b5 B 2 R R 1
HLAORTE , TR RO A% R K I B o b o 5 [ B
IKEAEAE— i ZERE , 3B 50 s M 170 A 18 8 S P A G
FEFR A PRIEOUR E T o AL B O 16 B2 R
(B, T TG AR O P A% 2546 bn R AEL, 461 G b T 7K
AR HE) (GBT 14848—2017)" I A= 1E ik HI K T
AR UEY (GB 5749—2006)P7% HEE T 8 o F1LE B
FRAEL, (/K AK AR UEY (GB 3097—1997)i%5E T 5 Fif

x5 BEKFEBREARAEPHSIEZERE(SA:Bg-L)
Table 5 Radionuclides limits in water quality standards in China (Bq-L™)

Frife AR R A T
Standards Radionuclides Limits Remark

b K BRBS R bR E(GB3838—2002) 5
Environmental quality standards for surface water®!
A 7K S bR 1 (GBS 084—2005) 140!
Standards for irrigation water quality!*"’
KK FhRfE(CI94—2005)!)

Water quality standard for fine drinking water!*!!

ol K FbR HE(GB11607—89)2)

Water quality standard for fisheries!?

R K BT AR E(GB/T 14848—2017)8R7! M o Total o 0.5 IIT 2% Third Level
Quality standard for ground water>”) . B Total B 1.0 IIT 2% Third Level
“Co 0.03 —
%8r 4.0 —
WK K bR 1E(GB3097—1997)5% 106Ry 0.2 —
Sea water quality standard®®) B4y 0.6 —
B7Cs 0.7 —
AR FH K T AE FRifE(GB5749—2006) 2 B o Total o 0.5 5
Standards for drinking water quality®"! BB Total B 1.0 Guideline Level
R RARA R 7K (GB8537—2008) 14! 226Ra 1.1 —
Drinking natural mineral water!*’) B B Total B 1.50 —
. 1 FR T LA FK SO0 R K
T A AR - IR 7K (GB 19298—2014)1 e " TR T R
Packaged drinking water using
Food safety standard- packaging drinking water(*
B Total B 10 surface water or groundwater as
raw water for production
15K GEAHEPR HE(GB8978—1996) 4] M o Total « 1.0 —
Integrated wastewater discharge standard™”! BB Total B 10 —
IR HEAK RARME(CT/T 206—2005)14) M o Total « 0.1 —
Water quality standards for urban water supply!*®’ BB Total B 1.0 —




34 s #F

PLINN O %13 %

NT R COSr P Cs 7 Cs . ¥ Co F1' Ru) ) B
HPY, BAR UL 5, B2 J07k 0 KBRS H R AR
TR S AR S PRTR R . MMETTHIRR
PATIEIRE R E U R KA T ER S
] PR 7K SF- 22 HE 5 Ok BH & 6 B 4 40 Tk D 5%
HRPERL A F AR K J AN IS A 1% ot i 4 v i 7 K, A
RARHEALE St — BEi )5 W AT 2 A B 1T, ol an 55
) B AR ERERR 3 AR W BT — Wk, M3 =3
20 AERTAYBR IS FEZE FH | B 28 J0 7 1 1 T 1R s &
&S5t Sk mfb R K

AT AP TR FEAZ Tl A J | Wi R A, o 1
R IEN SR % i 2 TR AT A= 0% , [ 55 Be 4tk &2 04 (4%
LA GRS YA« = AT HR K& 2025 7T 5
Hbr) BIBA ZE 3K 2 2025 47 4% % 4 W8 KT KR 2
T, RV R R B A e 4 PR 2 A T g B,
PRI 4 5 PR o R R 4™ % H AR AR X
TR A A R AN S bR B 1 T i Bk, LR
IR IRIE 5t AR v T I B () Pk R, 2 far DO N 2K ik
JRERNABE 2 42 11 5 W £ B, P A v 1) s S 1 A% 4
PR T & B 5 1 B SR T K IR O A R A
AREE T 5T 5 2 A A AR =P 5l M #E
HEFR O A ZE KRB T b o i S BT
T K PRI 9 30 V)55 ke 1) [R)

e Xl T K 7K K B o o R, R A O
FEPRE o FILEL B 17 B2 8 1 0 A 7K 1 B 1 2 47 s S
PR AT SV, (B A T IO K AR bR ifE) (GB
5749—2006)Ff- A 15 5 HH ST A% R B BRAA, il
2% WHO FIRK3E AR FH K K bR v | o7 Je X 3%
FE A 7K T i P A% 220 | L U S A R K
B LAY B R A e A B 2 A ST s R AT e AR
FHK B RARFN TR AL R 4G bR 15~20 F, fe )
R A N8 53 70 2 PR AN % B A IR K B A =
FIFHZA () 15 A OG0 M 42 28 9 AR R /K A
FRAE

B X TR [ K PR 85 5T b 9 R A 2 XU PE A A
5,20 22 80 AFAA XA Wy 4 S A0 5 4 5 7
MIRFFR I IR AL 2D | G456 38 2 R RSB+ SEK 2R A2 )
(A4 S R T T A L Sl VS O A VT T A
Yy B % 0 HR R ™ R B ERICA T H Al
RESRAD-BIOTA F2 7 % #% L 3l &P 3/ X 35 iy A= 1 Vi
FEAE YD IEAT 5 58 52 i D140 R A 25 XUBS: P02
Ak A P Sl S P U 1 v S B TR PR R A 3
g EREDY . B E H A, T ES AR S A R

A MR S 8 ) 7K A S5 R A R i A S XU P A AR
AR 3R R R A R A 2 ST B SR,
PRI JRE TSR VA% 3R B0 A WA S 800 5 A 25 XU B o
W5, E o, FE T H AR EUR 5 E A R K R EE A4
S W) R IR A AR W) ROK A W R T A R
o1 MR E IR i E HAT AR YRR 10 26424,
VRN AR S KBS VR B ST I 2 25 LR ) HA A X 3
RERETF R HIBLR , X5 A [ K BRI v (8 A PE A 3R
TR il E 25 2K PR 5E o UL AN L TR 4 O SR A
NTTHPEAZ R 15~20 B AE R RS XU T 52
A FARAZ R s FRUC, BT XA [ K IR BRI A AR RO T
T N R AL T s e, T R & S A
PASEIARSS & BT 2, AR O 2hoat AT 4R R i
A= ARSI AR M 5125 O JR A 2 IKUBS DA M A
Yy BRI, S TR A (R K BRAREAS ) i
SRR SR WA A2 A B, 2 1T 2 ] 5 5 56 38 LAY
PEAZ ZOK IR T b v S (I Al 5 S48 DT R Bt
T RABFEFPRE 4 4 SEIAL RE R R 5 R 25
BB RIS —

BITAEER N o F145(1973-), B R EH L AR, £
BRI O AR TREERNF REFREILS0RE.

HEBINEEG N A LR(1984-), &, W+, TA2IF R H
W Ay ST T e A A

2% 3Lk ( References) ;

[1] IAEA. IAEA Safety Series No.115: International Basic
Safety Standards for Protection against lonizing Radiation
and for the Safety of Radiation Sources [S]. Vienna:
TAEA, 1996

[2] Codex Alimentarius Commission. Contaminants: Guide-
line Levels for Radionuclides in Food Following Acciden-
tal Nuclear Contamination for Use in International Trade,
Supplemental to Codex Alimentarius. Vol. XVII. Ist ed.
Joint FAO/WHO Food Standards Program [S]. Rome:
Codex Alimentarius Commission, 2004

[3] wafh, ki, KEPIWE. K IREE B Bt ARl 5 i oKk 5
YW RIS ()], FREERMESE, 2006, 193): 1-6
Meng W, Zhang Y, Zheng B H. The quality criteria, stand-
ards of water environment and the water pollutant control
strategy on watershed [J]. Research of Environmental Sci-
ences, 2006, 19(3): 1-6 (in Chinese)

[4] Brenner D J, Doll R, Goodhead D T, et al. Cancer risks
attributable to low doses of ionizing radiation: Assessing

what we really know [J]. Proceedings of the National A-



o5 4

AR EE O PAZ ZOK RS TR bR BT 52 o F 35

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[14]

[16]

cademy of Sciences of the United States of America,
2003, 100(24): 13761-13766

Ajayi O S, Owolabi T P. Determination of natural radio-
activity in drinking water in private dug wells in Akure,
Southwestern Nigeria [J]. Radiation Protection Dosimetry,
2008, 128(4): 477-484

fiat, LUk, 2048, 5. WA A AR FH 7K T M 7k A 355 4k
FEWRURIEAN (7], FREEREEBEE, 2010(1): 74-79

Ni B, Wang H B, Li X D, et al. Water environmental
health risk assessment in lake sources of drinking water
[J]. Research of Environmental Sciences, 2010(1): 74-79
(in Chinese)

World Health Organization. Guidelines for drinking-water
quality: Fourth edition incorporating the first addendum.
Licence: CC BY-NC-SA 3.0 IGO [S]. Geneva: World
Health Organization, 2017

Gharbi F, Baccouche S, Abdelli W, et al. Uranium iso-
topes in Tunisian bottled mineral waters [J]. Journal of
Environmental Radioactivity, 2010, 101(8): 589-590
Fatima I, Zaidi J H, Arif M, et al. Measurement of natural
radioactivity in bottled drinking water in Pakistan and
consequent dose estimates [J]. Radiation Protection Do-
simetry, 2007, 123(2): 234-240

Tao Z, Zha Y, Akiba S, et al. Cancer mortality in the high
background radiation areas of Yangjiang, China during the
period between 1979 and 1995 [J]. Journal of Radiation
Research, 2000, 41: 31-41

Nair R, Rajan B S, Jayalekshmi P, et al. Background radi-
ation and cancer incidence in Kerala, India-Karanagappal-
ly cohort study [J]. Health Physics, 2009, 96(1): 55-66
Larsson C M. The 2007 Recommendations of the Interna-
tional Commission on Radiological Protection. ICRP pub-
lication 103 [J]. Annals of the ICRP, 2007, 37(1): 2-4
Poschl M, Nollet L M L, Poschl M, et al. Radionuclide-
Concentrations in Food and the Environment [M]. CRC
Press, Taylor & Francis Group, 2006: 561-578

The Council of The European Union. Council Directive
on the Quality of Water Intended for Human Consump-
tion, Regulation of the European Parliament and of the
Council. No 596. [R]. Brussels: The Council of The Euro-
pean Union, 2009

Environmental
Drinking Water Regulations. EPA 816-F-01-003. [S].
Washington, DC: EPA, 2017

Health Canada. Guidelines for Canadian Drinking Water

Protection Agency. National Primary

Quality—Summary Table. Water and Air Quality Bureau,
Healthy Environments and Consumer Safety Branch [S].
Ottawa, Ontario: Health Canada, 2017

[17]

(18]

(19]

(20]

(21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

(30]

Canadian Nuclear Safety Commission. Decision of Emer-
gency Preparedness of Nuclear Installations [S]. Ottawa,
Ontario: Canadian Nuclear Safety Commission, 2001
United Nations. Economic and Social Council, Environ-
mental Performance Review of Ukraine [R]. New York:
United Nations, 1999

Ministry of Health New Zealand. Drinking-water Stand-
ards for New Zealand 2005 (Revised 2008) [S]. Welling-
ton: Ministry of Health New Zealand, 2008

e N IEAIE DA 6. GB 5749—2006, Hifg A 3
] R A o A T R K LA AR HE[S ], b mt: v A
e A, 2006

International Atomic Energy Agency. Criteria for Use in
Preparedness and Response for a Nuclear or Radiological
Emergency [J]. Disasters Preparedness & Mitigation in
the Americas, 2011, 27(2): 10

Woodhead D S. Effects of ionizing radiation on aquatic
organisms and ecosystems [R]. White Plains, NY: Interna-
tional Atomic Energy Agency (IAEA), 1976

Templeton W L, Blaylock B G. Effects of Ionizing Radia-
tion on Aquatic Organisms [M]// Effects of Ionizing Radi-
ation on Aquatic Organisms: Recommendations of the
National Council on Radiation Protection and Measure-
ments. Bethesda, MD: National Council on Radiation Pro-
tection and Measurements, 1991: 87-99

Valentin J. A framework for assessing the impact of ionis-
ing radiation on non-human species. ICRP Publication 91
[J]. Annals of the ICRP, 2003, 33(3): 201-270

Larsson C M, Brewitz E, Jones C. Deliverable 2: Part 1
formulating the FASSET assessment context [R]. Brussels:
EC, 2007

Larsson C M. An overview of the ERICA Integrated Ap-
proach to the assessment and management of environmen-
tal risks from ionising contaminants [J]. Journal of Envi-
ronmental Radioactivity, 2008, 99(9): 1364-1370
Ulanovsky A, Prohl G. A practical method for assessment
of dose conversion coefficients for aquatic biota [J]. Radi-
ation & Environmental Biophysics, 2006, 45(3): 203-214
Brown J E, Alfonso B, Avila R, et al. The ERICA Tool
[J]. Journal of Environmental Radioactivity, 2008, 99(9):
1371-1383

Barescut J C, Gariel J C, Péres J M, et al. Impact assess-
ment of ionising radiation on wildlife: Meeting the re-
quirements of the EU birds and habitats directives [J]. Ra-
dioprotection, 2005, 40(1): 893-898

IAEA. Effects of ionizing radiation on plants and animals
at levels implied by current radiation protection standards.
Technical Report Series No0.332 [R]. Vienna: IAEA, 1992



36 Ao #F O OH ¥ Mt 813 4%
[31] Groen R S. Health effects due to radiation from the cher- SN [ SR TS K SR HERORR ME[S]. dEat: hE
nobyl accident. Annex D of UNSCEAR 2008: Sources W/’E.‘H fAt, 1996
and effects of ionizing radiation. Volume 2: Effects [J]. [46] AR ILRIEEBEER. CI/T 206—2005, g A R4t
Archives of Neurology, 2011, 52(4): 373-378 T D Sl L 2 TR A oM s o 30 T S /K K BB HE[S ] bt
[32] Sazykina T G, Kryshev I I. Methodology for radioecolog- TP EBRE A, 2005
ical assessment of radionuclides permissible levels in the [47] WSO, TECT =R HEMIZEER T Z PRk B
seas—Protection of human and marine biota [J]. Radio- [N]. [ e J7 4R, 2017-03-25(001). http://www. cpnn.
protection, 2010, 37(C1): 899-902 com.cn/zdyw/201703/t20170327_957313.html
[33] Beresford N A, Hosseini A, Brown J E, et al. Assessment [48] ARG KA A Wy B ) i R—— I AR R R HE
of risk to wildlife from ionising radiation: Can initial M. MR TR AR, 1983(1): 76-82
screening tiers be used with a high level of confidence [J]. Li P Q. Radiation dose rates of aquatic organisms Il . Cal-
Journal of Radiological Protection, 2010, 30(2): 265-281 culated model and its application [J]. Transactions of Oce-
[34] US EPA. Water Quality Standards for Surface Waters [R]. anology and Limnology, 1983(1): 76-82 (in Chinese)
Washington DC: EPA, 2002 [49] JH3CTF, W AR, Haife, S5 A% A A
[35] Driscoll D G. Hydrology of the Black Hills Area, South WX OV 08 o A 4 T SO R O R R [0, B E R,
Dakota [J]. USGS-U.S. Geological Survey, Water Re- 1999, 44(17): 1846-1850
sources, 2002, 24(10): 596-602 Tang W Q, Pan Z Q, Xia Y H, et al. Radiation dose of ra-
[36] Cool D A, Peterson H T. Standards for protection against dioactive liquid effluent from nuclear power station to
radiation, 10 CFR Part 20 [R]. Washington, DC: Nuclear marine life in Daya Bay [J]. Chinese Science Bulletin,
Regulatory Commission, 1991 1999, 44(17): 1846-1850 (in Chinese)
(371 AR N RIEFNE [ 5 B i B A 560 4% B R GBT [50] FAWEF, kh£re, JREAL, 4. RESRAD-BIOTA #il ERI-
14848—2017, Hre A R HE [ S bR T K BT i bn CA TP X il A A Wy % S 5% ol PEAR 1) LU ARSI R [T, %A
HE[S]. bt A EARE T ARAE, 2017 Stpd, 2015, 35: 53-57
[38] e A\ RALFIE BRI, GB 3097—1997, e A Bai X P, Du H Y, Zhou Y Q, et al. Comparative study on
P HE AN ] [ AR v K K AR HE[S ], bt AR o radiation impact assessment of terrestrial organisms by
H AL, 1997 RESRAD-BIOTA and ERICA [J]. Radiological Protec-
[39] AR N R E B LR AT, thAe N RS E %K tion, 2015, 35: 53-57 (in Chinese)
B W BHAG I0AG  JR). GB3838—2002, Hi1 /K #5538 it (511 skmeig, bR ARk, BOEE. BHVTAZ f ) BRI i s A P 4
SARIELS]. ALt o AR AL, 2002 SEZITEA RIS, Bl EEA4R, 2009, 28(6): 35-40
[40] A N R IG A E A R K O R 9% B )R, GB Zhang X F, Shangguan Z H, Zhao F. Assessment of radio-
5084—2005, A N E LN [ [ 22 5 i A T S /K 5 logical impact on the marine organisms near Yangjiang
FRAE[S]. bt A EARE AR AL, 2005 Nuclear Power Plant [J]. Journal of Tropical Oceanogra-
[41] A NRIFE 3. CT 94—2005, e A LA phy, 2009, 28(6): 35-40 (in Chinese)
IR AR R AT MDA A KO ¥ K OK B AR AE[S]. dE 5T o [52] WRERY, WREET, BRARBE. M O 1 75 e 2k A8 U T
FEl A o At 2005 NBFFEHERE)]. A S TERA4R, 2016, 11(6): 1-11
[42] rpAE AR EFRE A ER. GB11607—1989, Hh4E A Ye S F, Zhang L P, Chen W Q. Progress of ecological risk
B E ZAR e vl K B pR v [S]. dbat: o E AR assessment for marine radioactive pollution [J]. Asian
H AL, 1989 Journal of Ecotoxicology, 2016, 11(6): 1-11 (in Chinese)
(431 AR RS [ [ 58 5 R AR 06 4G % B R GB [53]1 T, S35, T ERICA HESL AU A R R85 %
85372008, HHE A I I [ S o 1RO K AR 07 SR AR B FRAELA TR (0], oP DR R 7241, 2011, 413):
K[S]. Abst: bR A, 2008 19-23
[44] e NERILHEER DAATHETRAS. GB Yu N, Guo P F. Calculation of environmental safe concen-
19298—2014, £ 5 & 4> [E K bp vE——EL 2% Ik A /K [S]. tration limit of radionuclides based on ERICA Project [J].
Jbat: H EFRE S L, 2003 Periodical of Ocean University of China, 2011, 41(3): 19-
[45] AR N RILAIEFREL R ER. GB 8978—1996, HiAE A 23 (in Chinese) .



