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Abstract: Nuclear energy, safety, and health have become of the public concern after Fukushima nuclear accident. For the
accident, low-dose radionuclides are long-standing in the environment, and the change of environmental radiation background may
affect the health conditions of local residents. Multiple epidemiological studies on residents’ health conditions after the event and
animal studies on low level radiation exposure have been reported. This article focused on the dose threshold of low dose radiation,
absorbing and distribution of radionuclides in human body, molecular mechanism of radionuclides’ carcinogenicity, and dose-effect

extrapolation model. Research progress of epidemiological studies on residents” health conditions after other nuclear events was also

reviewed.

Key Words: nuclear event; low dose radiation; radiation carcinogenicity

R, T FEAZRE A T4 A J 2 B A — BT PR A BT B
Beo REAM T REIR S | S B2 D el e . RREA ]
Lo R AR 25 Nty e B R W i 1) ) I, 8 R 2 A
PAL S WL 7 SRR KRR — R W SR . UnE )
IRV LRI S SORT AR B R b R O P A% 20
TR R LA, TS K2 A R BE & SR 40
Do A2 i B 8 T AL 458 5 i IR 5 1 1) ) B M A
IR ik Ht S5 5 | A ) 3 e RS540 17 PG 7910 A S o AR
R R R I AR T . FRT, [N A s i
X A S P T AR A2 RN 9 8 S8 B A T~ 5 L i R
SEE A RN AHE I 1 0 S B S5 M AR 19 BRSS9 AR
R NS SR, RHRGR IR SR T A A fE T M B
V14 790 L, DA ARG ) i i AT R R 1) B ML A B30 O A
LRI o AR SCOUHUAZ FHF I 5 SRR AR K- 5 N e
A IS A O ) 70 A5k R T 453 A3 AL ) B I 2800 9 [ P9 A 5

DOI: 10.13213/j.cnki.jeom.2014.0094

[EETE 73T ARRARE R A (415 : 20124610188 )

[EBE®E T 1EH(1979—), B, WiL:, FEBEIN; BF5E 75 ml: O T4
E-mail: zhangq@nbcde.org.cn

[ BIE1EE 19K¥%, E-mail: zhangt@nbcde.org.cn

[EFBAL T3 P I il s O PR S HRY 2R By, #T 315010

PRI TERIE

1 BEHREFEEMNKENEHENFRIK

e N PR T REAUA PR S R ALE , %
LA R T R, P IR B IPNEA ARETH N F
o Hor, 3R DL E AL ARl R I SR R —
UM PR R, Rl L AT REAFE GRS Am AT,
7 B R RN B R MRS TR AP A R IR, TR AR S
7 A BEATLAE RS 77 A A R B (R Y AT T A f o A2
FAN Y, A 2R 0N 2 SRR e o A 3 G 45
el 2 X i, A S BAE—E R, B IE
T, AR 8— R 500 FRARB 5 g o IR i ARG
SeiE A A5 B, DR R RR] G B B (S i —
FHE LV L BRSO LA E AL B, PRI
FRIRGT AR RE S A O, R T 4 DNA B 518 2 1Y
SIS ARZE B 2 NI, SRR EER
FIBEMEA S, FE NN AR IR A e A A R A B4
AU LR R B T B0 DNA PR 405 , i iR it S
BN A o TR 238 X R AN R IR 2R BV R A e
B FE LSRR AN SRR BOm TG St B A B o AR AE ] —
AR HR DL 380 4 1 L 74 T 00 24 € A 2 3 0 A S 2 )



+ 410 - AT S R4 2014 4 5 H 45 31 255 5 J Environ Oceup Med, May. 2014 Vol.31 No.5

RS S OX PRI AR SR AR 22 R0, I Z2 B 4R T A - 58
7 AR, AR A i A It DR DL RJRE S8 T2 3 1 i 4
G5 o ASBEHEBRLESE— YU Bl P A 00k PR SR (LA G 35 7
AVDIRE T OUH, TR R A A JRE DT {6k A B0 AT AE I AE
B AT RETE

2 ZEHREFERFZHERILAFRER
2.1 BFMHE AL F EAR T 0B A5 A xE AR 94 R

3PV EARFA R AT, — 8 i B A R R
Jalih By, FEAY AT R A T -3 CH ), 5 -85(Kr ).
M —-133("Xe ), FH-90("Sr), 4 -137("Cs ), M -131("'T)
F%E —60( ©Co ), Firh ¥Ke Fll '*Xe NSRS %, £
BE NG, NIRRT, HP 2K R &, wliE Lt
IK—HE AN, H2ET2 A 10d, XF A MAAXHG 8N, ©Se
FCs J v S A R, H R AR (PSr: T=27.7
4, WCs: T=304F), “Sr il e AN a4, AMACEHeaE
WiR6400d; "Cs FIFE ANMRILAHE A, AARNLA N E 1N
70d; *Se A Cs BIARGHEARSN PO RAS SR R R
DAERARIR B4, 2TER N 8.02d, “Co I A5 R B A%
R, DB BB FREEH AR A KRR AR
M ARFNGCR P TE IR SRR A b, HEAPOK R B PraE
HR AT AR IR A, s T B Ao P 0 A AR, S T TCs
BRI B AR s 4, A B A 0 — R 41
JERON, PR AT R R B AT R IR PR, 2
R TR A% R R PR U SRR A s
2.2 AR T AE R T A AL F BUR AN 69 5T AUk B

3L EAXFAFE , Rt A TR, AR
i BEER BT AR 20 2 A 1) B B AR R 1T 5 35 461455
FHXFE N, RO A% L PR R AL R G AR SS
77 A 1 P BRSO 2 o AR AT i 3k PR 5 A A0 A 9 P 43 i G
FRE , AL — 16 52 2 V10K 540 B 17 528 A g 1)
FRAE P — B IT B SO AL R AR AR IR R
TR AR RN AR A G . DNA JBAZ 23 A RS B sk
o FAE BRI AV IR 231, SP4ehB s . AR &R0 A 1
A B A O IR R 2 R8T DNA 43 S i fn
R MR, A R IR . S L DNA ERLAE FNUEE K
Z4 L rb R T SR T O Tl AR U Y DG B R B PR 3
B4 0 R DN A UL PRI 22 1) 4 B2 A I DX 2 A e 62
PREFAS A SR o 3245109 DNA J5 shAUS LA R 7, At
SO RE DA (AR SR N | RS D) i ZE R RN D g, B
R R R G e L SR T AN B R B S S 1B B
YRR L R URR A BRCAT FEPR 2 FLIRE I 55 B SE A, LAND
SELO T I 57 52 AR 1K) BRCA T FE R SRR R 22—, T
ret FE I IR B4R TG F2 175 & L HUIR IR A T REREIN R 7,
2.3 FATEALF RS 69 PR AR AR RS BT R

R S 10 P o 1 35 A 2K A M WIS R, T
AR DR A RSO A P BB 95 R B, A% U
A AR, LR SRR DG (LB I ) 1) 2% 75 26 H B —
EREE RS, 0] RS A% R U A R A A

BN A G K BEA B R RS, t TR A
BRI, KER I 32 AR s A A AE T A AR T Wb
105245 A0 M e A G WS I R ST A3 R, XA
S AT AT TS o HIR DNA B 407 5 B B 515 15k
POV — AR LR o A 450 ) S D, DA AT RS A
(9 DNA S ity ANRAG , S EOMAG 1 B FImiE o =AM 5T
TRV, R S B R AR AR LS, 2R AU DNA 7]
A AR S R AN K AEATA SSORR AL , 151 G R B Hh B 4 i
A8 o GRS S A AR A B I T 20 A 38t 1% 78 A AT LAZE 71X
Ao BRI, RIS S BRSNS IS A AL S BB AE ¥, (EIS RIE R4
MATE 2 S HRL, RO E IS SR BULH
B AT REAFAE R G R o

3 FE-WAMEEEATFZEGERFISERAEDEE
R EHET

[ AR 5 575 2 B2 (ICRP (1991 ) 55 60 5 i iy F)
FH H A AR rp 32 P 4 T DAL ) e R A SE A OISR Ok, 38
LIS Y MR | 25 H R S E0m S ST S SR 2
e, (XTI R B A AE AT 3 G LA A% SRR ) R A A
PRV HEST. , e 1 Fe s 16 T4 ST REA LR RN & A A7
TR B DA B R At R 2 o 15 1RSSR R AL
DLBEBLAE RN 1 23R 5 7] 2 1R S 1 faj PR T B (B B e
SRS, TTAZE S R AT R o RS FT RE A AR LR IR St B 1
PR 1122 22 B0 A0 2 R B A0 P T T e =2 3 PR Ak o B
W, ZFBOE 132 AZ R R] | R RS SR A LR T
RHEESE, 106 AN A N R DR 5 IR A IR SUAE 1A%
F IR, BEE AR AT B R R R, BEALIERON A AR S
AERE AR R N RN IS A L T T R MOk
FE B REAE ARG IGO0 F H M SR KA. HIL, #
S — SO0 AR TR PR A S ) A IR BT T (B AR,
FIR 0 7% 7 R 8 7 e e PR R i A A A T 2 R
TR 2,

4 HE4EBREERENNMARER

I R 3 D R A v 3l 3 P35 5 AR A B s
Wk A R, BT BT RR B, 15 % LUT L HUR IR &%
SR Tb T, IS 45 3 I AR A AT 5 K B A S 5 itk — 4
MIUESE R, AR RIS R, | SR T 16 x 10°Bq
197, 1.5 % 10"Bq Y VCs, 1.4 x 10“Bq 14 *°Sr, 45 5 % BRBIF5E
SR I E A FRODR AR | 1 L B b v PR 114 9 A
A DX sl i g 1 H AR — 5 [T BB BT A 4 R R
2 A 0 1) b T4 iR 8~ 15 JE 1 01, gk s HoB 2B L AE i 2ok
IR TR G | NIUIR A SRR EME R R
AN ELRER B9 Ho Bl s TARAZ R K L%, H2E T A G248 .
1984 AEHE [~ 5 5T g AR A L S AR AL BT 3 ke SEE T Y
JLZE P O3 s FE A IT O O R 16 etz v il Al ik
187 L3 S IRg 1) R R A T T X BRI S, BRI R
Feds R 5 km S REIN T2 LR LEE A L 5 km AR RS L
B LT ARG 2.2 48, SEURIRE R R 1.6 A% o [l



IREE S PR 2014 45 5 F 55 31 255 53 1 Environ Occup Med, May. 2014 Vol.31 No.5

- 411 -

RUSPHT R, A% 10 kem 305 R DA L2 9 11 00996 A8 9 IXUSS: T o
L S e 14 RS SR R, FL 3 A B AP AE G T4 Gl o i
K ok [m L B ST 17, X 1985—2005 4F 24 K 44 Kt
R VL ] 200 i PRI R0 3 5 A P S BB T A T A DG
WHoE, G5RARIR , EEAE K R T U, (FUEIE R S
SHEROK A S TE G 38 o ot R SA SR o S B
A2 v sty R HAZ SR I A B R ST LB 1 I R R A R[]
PERNX IR PE 3h s (L TG UE s 7 A FL S 38 1 7 1 B A A 52 551
e 2 5 L B 1 I A R A G

gi LR, 3L B SRR AR, U R RS
TR . K HER S e B 3 F A B b, B RIS Yeit Rk
SR 2 A R ATk ) 2 R A R 2 15 A e A AR 1 52 i
RE— AP, BT EZ R B3, KB
TR FTREMEAEH /N A & R MRS - 225 | Bt fee te
o1&, RAKRBER & I — e, ENAFE Y BIR, Bikk
Wt E R 381 718 B0 X 3008 A S R Ak T AT AT 5 g 1020,
I, AT A H il ] 3 DX g B A, g Sy R M A
i B AR bR IO A SE LR A, X T B i ROX A R A 1A LA
RAEN 2B T N BUN PR SR AE S 2 3R AR 5 A B U

-{E& AR AR 3L T SEBRE B AE O F 25 0 22

SE Lk

[ 1 JASEIE . R X AR AR A % e 2 A B A% v b 5B 1) 20 4 [
(3] B SO, 2011, 28(4): 189-199.

[ 2 JE gAML et R PRl i, 1998: 60.

[ 3 JBRUBH . PR KA RO A G DA T = P B [ ). v e
BB P 2k, 1998, 18(5): 289-294.

[ 4 JFIAHIE . 52 e A AR BRE A P = P BUR () ). [ Ah 27
AR AR B4, 1997, 21(4): 173-177.

[ 5 IMUCK K, PROHL G, LIKHTAREV I, et al. A consistent radionuclide
vector after the Chernobyl accident[ J ]. Health Phys, 2002, 82(2):
141-156.

[ 6 JLAND CE. Studies of cancer and radiation dose among atomic homb
suvivors. The example of breast cancer[ J |. JAMA, 1995, 274(5 ).
402-407.

[ 7 IKLUGBAUER S, LENGFELDER E, DEMIDCHIK EP, et al. High
prevalence of RET rearrangement in thyroid tumors of children from
Belarus of the Chernobyl reactor accident [1]. Oncogene, 1995, 11
(12): 2459-2467.

[ 8 INOMURA T. Transgenerational carcinogenesis: induction and
transmission of genetic alterations and mechanisms of carcinogenesis
[ J ]. Mutat Res, 2003, 544(2/3 ): 425-432.

[ 9 INIKIFOROV Y E. Spatial positioning of RET and H4 following radiation
exposure leads to tumor development[ J ]. Sei World J, 2001, 1:
186-187.

[10 JLITTLE JB, NAGASAWA H, PFENNING T, et al. Radiation-induced
genomic instability: delayed mutagenic and cytogenetic effects of X
rays and alpha particles[ J |. Radiat Res, 1997, 148(4): 299-307.

[11]ICRR. 1990 Recommendation of the Znternational Commission on
Radiological Protection [ EB/OL ].[ 2013-08-01 ]. http://www.icrp.org/
publication.asp?id=ICRP Publication 60.

[ 12 MRS A% 2 RO A (e B8, 1y T 55 DR R [ 1. o [l T2
4z, 1994, 3(2): 106-107; 124.

[13]SCHLUMBERGER M, LE GUEN B. Nuclear-power-plant accidents:
thyroid cancer incidence and radiation-related health effects from the
Chernobyl accident[ J ]. Med Sci( Paris ), 28( 8/9 ): 746-756.

[ 14 ]SAKATA R, GRANT E J, OZASA K. Long-term follow-up of atomic
bomb survivors| J ]. Maturitas, 2012, 72(2): 99-103.

[15]BARON JA. Cancer mortality in small areas around nuclear facilities in
England and Wales[ J ]. BrJ Cancer, 1984, 50(6): 815-824.

[16]SPIX C, SCHMIEDEL S, KAATSCH P. Case-control study on childhood
cancer in the vicinity of nuclear power plants in Germany 1980-2003[ J .
Eur J Cancer, 2008, 44(2 ). 275-284.

[17 JWANIGARATNE S, HOLOWATY E, JIANG H, et al. Estimating
cancer risk in relation to tritium exposure from routine operation of a
nuclear-generating station in Pickering, Ontario[ J ]. Chronic Dis Inj
Can, 2013, 33(4): 247-256.

[ 18 ]STATHER J W. Childhood leukaemia near nuclear sites: fourteenth
report of the Committee on Medical Aspects of Radiation in the
Environment( COMARE )[ J ]. Radiat Prot Dosimetry, 2011 Nov; 147
(3): 351-354.

(19 JE 00, PhAey, AR, 5 28 LA v il ] L R R PR A0 0L
PR LY ] PR R SRR, 2011, 31(2): 157-159.
[20 1 =5 Msik, AN 2, JR3C, 45 FR I AL WISTT 1AR 5 JA il 12
) R A R BLIA A DFFE () ). i ESRAS TR, 2004, 13(4):

273-275.
(WA EH: 2013-09-16)
(BESCHR: VEUR Sl HRBL RO IR



