<652 WO A 52 %cE 2023 4F 10 J1 45 41 55 5 1

Occup Health & Emerg Rescue, Oct. 2023 Vol.41 No.5

DOI: 10.16369/j.0her.issn.1007-1326.2023.05.026

>

PR P, ) 0 SR A0 3 e X A Al R s e 5 0 e

Research progress on the health effects of long—term exposure to

low—dose ionizing radiation

A AR ERLAK AT L IR AREE Y, B M R K
LI Xiuting', HU Xiaojiang', DONG Qiu*,YU Min',TU Lei*, WANG Boshen?,
ZHAO Liangliang®,CAO Ying', ZHANG Hongbing®

1. VL35 BAEfREEBRML B2, V195 FERT  210000; 2. R AT BRMV S B G Be , V125 R
2100005 4. & s — NRBERE, TTLIR

3. TLHRAE B IR oL VIR A

210042 ;
#EZE 223000

17 2« i P O 1 S IR ) 2 T SO B b f R ) P 0 A X A 19 22 S0 it B ) 52 ) BOR i 2
WIS TE o e AT P P A X B 7R P A A G O S BRI S e A S T A IR R S R A R AR

{ZSN N TN 1R, N 9 1= Y o TR DR A R A o

FRATAE 22 55, ARG 2 R B S Xk A A R 199 52 i) AN 2

Ao DA e S B0 A FE M AP WL AN DR R AR PR R AR AN B 52 MR k5 S A N B DS A R

b B AR R ST AR LR BT A R B P RR

KB AKA F B BASA; TR R R G R IR AL RAR AT IR iR R 4

FESES . RI46;X591 XEEFRARRD: A

XEHRS:1007-1326(2023)05-0652-05

SIR:F A4 A, FK,F. RAZT LB/ RKNRAEFTAREEY mt AL EI]] RETZAL B SHE,

2023,41(5):652-656.

T AE R B A B B AR S Y Tz 0 A B T S Y
AW K J it S PR AR B Bl N BB AR RS
— MRS, B S =Rl b OROR) R L B R A 2 L, TG
) 5 B R AT (low—dose ionizing radiation, LDIR )
AR W T TAE AN SO 2/, H LDIR % /b
5 | 72 e P ™ ) S A S 0 O (E A
2 fi LDIR Xof BIL 4378 391 £ R £14 52 i) 1 52 39 ok i 22
O, B N R B AP ST S i RS
LDIR J&AE A AT 02 Gy, FEF AL 0.1 mGy/min
9 X Ry SFPERAM IR R, R R R O 1 h Bl
Lh DL ERFSRR, fES 5 s H 48 0.5 Gy
PR BRI o BRI TAE A SR 3l h A By
PP g%, (R S S0 1 XU 2 A7 AE 1Y, I HL AT R4
TS By 47 G HE A s S A N B i B )
BN AR, H AT LDIR X HR b AT it 5 52
EEWA VLI0E DAEZERIEH (22019009 ) 5 V1 J5 48 8 55 2 1k
fift B2z CA AR BR2) WF 5T 50 H (22KIB330004 ) 5 VL7544 1A= fil
B 45 A 2 BT (WIZ202110 ) 5 VT35 0 A= felt BE HR ALY 25 52
MG RHIFIT H (FE R H ) (JKA202202 ) 5 7175 1A= f B B 2% B
KR H (JKD2021015)

BB R A 2 FH 1 (1987—) , Lo, 11, Pl

WEESE ke, B BB, E-mail : eye00@126.com

(BRI FE i 74 18, LDIR SR 000 % A A
B ft BRE 48 bR B AR - N 6 AR S BT A, ]
LDIR ) RS PR AL F g 2 h o ACLEIR T
AT LDIR ARS8 AR ¥R % LDIR K W1 fih By &
R N B R RN, , 2 M LDIR K 31482 fh b A A 4%
WE ARG, ST LDIR 5| E AL A 5L
7 A AIL ) B et 11 [ 0 S s AT 5% B (AR B

1 3 ERBR Th B B 2 0

FHCBR IR S A AR e R 14 P9 0 T R A, e ) 32 3 H
AR o AR RO TR N DR AR AR R
RIRBAE LI, A& KBl LDIR v] 5]
i P 7 RO R (%) FE R B 45 43, L FR IR IR T e 5
(18 IR S it 5 S35 T 8% I 2 8 ) it 3G i i 4 = o, &
W FESINAE 1039 #4E5 N RERN A S, &
h R R O TAE N B Rt B (A0 T4
1), logistic 1819 4381 25 3R B - 8 TAE A AR IR
A, FROTR IR T BB 5 A JRURS: Ak v 5 41 SRR
K, DR R D BE S 5 A XU tho s 55 . A B8 2L AR i
BT AE N B R 6 702 4y, & BRI A g T4
N D HUIR R 25 4 5 R HE R R 3k 51.4% , LDIR 5]

— www.oher.com.cn ——



WO TA 5 A shE 2023 4F 10 J1 565 41 45455 5 41

Occup Health & Emerg Rescue, Oct. 2023 Vol.41 No.5 <653 -

BCES TAE N O BRI 25 ¥ B4, Je L2 Lotk L 4R
Wy = TR TAEA B, Wong Y S &N EYF &
Ge T T AR N B A BA S I 5T & B, LDIR K ) % 5%
Jo (12 4E )WL BT T3 . T4 KRR . Cioffi
D L S50 58 & B8 LDIR B I 52 i Ui 5 — At FFfR
% (FT3). WEHREE (FT4) KAEHRIRH R
(TSH) 7K, fiff B= 4 N B3 FFHR R 2 BB v R 1) XU RG34
Jne T ERTR S R FT4 S AR A S
FHIEAE , B TR] T8 Al TR Y FT3 (FT4  TSH
KRS H R 22 7 G220 o BRI A0
i LDIR 1< A 2% &8 5%t i 569 1A 35 00 B IR IR D e
{H I ARS8 PR B 486 95 4 HUOR IR A8 o 2%, JF AR 215
S HUR BRI & A AR R . DL b SCHRIIF 78 45 SR SR
LDIR W[ RE 2 S8R IR TI B 55 S5 P R
I AR A A, AR I AN — 8 23 15 i B AR 8 0 1 XL
o AN AR TS Z B AE 22 5, Al 1 AT 6E 5 00 5 %
Sk AR IRSERERA XK. BZ, LDIR X H
R PR A 5 0 (A5 DG 7, (HIA 75 O 22 B SR I E

2 MNRERZENZNE

s 2 Mo XMER TRERS, LT
RIERGAR G Y BiR TR BRI RN
5% 20 it 5L A 448 3% 2 A 9 I 0 I VR R T FEL 25 AR
S W A0 M5 S T 4 MY 3 B Y RE D ek 55 2
Kiselev 581 F 5% & S TAE N G v o 300 2 19
IgE K Th i, $a A R) £ H 2 4 ) 0T A SO
B PE AT o Karimi 58 B 58 4 75 2 55 A2 A5 57 o F 5
WY T T AR ERG N 2 B A N 1 &
FIE, VAL BE A B 5002 o Persa 2805V i R S S2 86 &
L LDIR ] 5|2 /)N BRI 2 de v e 22, [R] B LDIR 2
5 TR AR N B B B R e s B AR . T X
ey S5 R T S W SE 5 & B, K LDIR 22 2% 1 3
JIFE R R 2E 2O e A L L A g A PR A R
AT ECESE TR e E e RIX BT IERRE
M3, #2758 LDIR fed) 23 i ALK s RS U fig
ZAL AR T S (R A B ) A B LA AT
BRI R RERE E R .
Candeias S M Z£719L % LDIR Al @1k F T 40 e 55
Al TCR/CD3 Wik, ot T Itk E4 40 A A9 34 48 S g
PE, N3G 58 CD4+Th 40 i (Al B bE T 4 ) S CTL
Y M AR B T 40 BE ) () 0 225 o (R X AR
WFFEH B H  LDIR XHLA R KRG BA — 2 RER
SR AEALAA 1 A 98 10280 2R 0 1 2 BTG ) b 1) LA
P, HL g5 4 0 1 55 AR 5 S =z 1] T B A Y
TE W RN . A AE R R X AR PR

PEWEA RMIBB N —BUE s, FERIART
IR T A A (CD3) R B M REAR A 5 T 20 L T [R5
(FAS) FakyFhen, LARBE T sl . 28 1,
LDIR 23 5% M 5o 928 4 0 A 0o L 450 L D Rg L e vy 1k
G HRXNE L B NEERENES, &
SEERA 2. LDIR X R G5 2 2 4
1, s 22 5 2 W58 I DAIE SE

3 TEREBIRETHRERI SN

R fit R A4 2 X F 3 o B e R i AR 4
— LH R RIARE T R R e 32 B4R S E
J& B H W ACRIR AT AR BEIE W KT, Bl AR
S, LT B R B ESY 2 AR A
b S e LDTR X R 3B B frg 53 45121, 2 3 i 212
X BE 2 A A T AR N B3 AR bR AR 9 ok 1 2 1)
43 B & B, LDIR K 2 5% 38 i/ A TAE A i
MR SRR AV R 1 8 . Litde M P 252858 & BH, ML
A R P B X B R AR 5 A R AT ) e ) 4 o T
o Azizova T V 2% FAK 2 i 22 377 24 5 TA4E
N B AT BA B AF 5T & 3, LDIR 12 1 BRl 52 5% 1l Bz
e R M N RE S BT A R 3 AR
A RS 380, L 7E o e v ke KU B v o Tk 3R Y
SISV AR RS TS RO S ) R R AR
TS K2R AT AR 60 KEEBER 1 501 44
ST T AE N BRAE R 585 5, & BUIR fd R A V2 b 4G
HH R G AR S T R AR o R e
kg, B, Litle M P 8820078 J5 ok (9 0F 52t 9E A
NI BERY & AR5 LDIR 5824 0, MR A
P EB (AR ) 7 G MR RD R Do) B B A ) 5 LDIR 2%
5 1 I e = Bl , AT 285 A ARG R H
ARE >S5 Gy M B iR REEA T 5LEAFH LR,
H AU B FRFIE R AN . Dalke C 5672V 8l 4 52 56
TESZ (bR A4 V78 3o B 300 5 48 A 1 K 2 2 1%, ik
Il R 3 SN, T LA B F At 59) £ 41, LDIR % #%
ZH 1 /0N BRFE Az A JEL 300 R R BRI i ) L R
IRt A K ZE E, LDIR X B3y Bl AR HR fd iR A 1
20 B ] BB R I K HARON T EOIR R IR AT
F A BESE, (g —2efF 55 IA  LDIR X i &6 11 45
i AN B 8RN B IR IR S, Al RE 2 K R & | 2
28 ] A S IAL

4 TEEEIEMINEERI R

BB R 2 A A A R, Y A7 IR R T A A
i 5% 7K -5, A1 J i A e O Rk A e AT, Ok
T T AE B K ) LDIR 2 8% ] BE 52 i 4h J# i

—_— www.oher.com.cn —_—



<654 - WO A 52 %cE 2023 4F 10 J1 45 41 55 5 1

Occup Health & Emerg Rescue, Oct. 2023 Vol.41 No.5

SR B £, KW LDIR 252 09 Bl A 1l /M
PR M 218 53 R 3 &Y Guo J T PSR
KB LDIR 2 #8414, HLARSME 20 40 M1tk
T RSN, SR T B A R G R A S PR
1 1| AN T R SRR A B R D D A & A
11104 TN A = 2 s G = A 7 i e |
PR W O F . Liu N 250038 351 5 s A 51 F
FEELZ A B, RV J B[] 2% 5 72 LDIR FREE oAl
fift A1 8 o it /N TR A S BEAIG, I Lo/ 1
B AR 55 A1 BE SR 55 o R - N e R, MR A
LGRS & B, T AR N DA I 2T 8K L I AR
IR REAR, ELZ0 A M 53 A1 98 B2 T o H A 22 5 A
e lm] B3R WS, DA A S AR ) S fR 2 SR S T
YN G2 A1 T i 248 5 i AN K o E ARSI E A T
S -2 N 1 I A (S N 1
ERABGHIE (P> 0.05), 110 H 764 7] 27 7% &
Bidr 50 T 1 BB 00 i 5 i 40 i S 5O
ARG S

5  XtBTRETHEEHI BT

JH R AR SRR, A AR
BRI A B S T RE I X B 4k e o AU
BB A oy B BRI AILR IO AR N DL D, 46
R IR fuh 4 5 TH G 2 (ALT) (PR ZE A (BUN) AL
BF (CR) ZKSF- 35 18 F X R4, 3 7R LDIR K 3] 2 78 %
T TAEN O SR — i, HLAS A WhFE Ak
fiti (GGT ) \BUN 7K - Fifi 5 4 1% RN T 1% 14 < 11 328 ¥ 38
&, 2 BEERUN o Sun FEIXT 508 44 Tk A HE i
(A 3R < 20 mSv) Rl 2 156 45 A3k T A b 47
¥R 3 A BRBN BT, AR R A D9 5 s (ALT) F4y
B S Il CAST ) K PPAG 45 & AR 238, 25 R B,
KW 2 LDIR 2 #Hi ek == (RR = 2.23;
95%C1:1.53 ~ 3.25) ., Yo E 3% 193 £ iE4E 10
AR il LDIR (00 T/ BRI 225 44 fi BRE RGN 1Y
ALT (AST ., 12 11 (ALB) K F HE 4743 8 , 45 SR 42 R
LDIR 30 42 fi (0 e 5 TAE N B2 i I D e ds A & %2
£ Res A I IERSEEE i3 1N a2
X 2007—2016 4F [ 17 17 X 8 273 il i 5 T A4E
N G FA BROM f BRER L R A7 43 A, e BT T4 N
JFIhBE W RN 6.53%, ANEMERIFIEES W R K
RG22, AR & T tk(P<0.01).
T AT oS50 B0 18 5 A0 5 08I B A A T AR BR 55
N G B ) 8 A2 L B R S A AR, ALT (AST 4%
febr i BT, (RO AR ISR B K W 32 ik LDIR X iF
B IRE S B E R Bk, A S SR

SER 0] 2 4 A 2R R BE T BUIF h BE I T, (R A2
SRR, i 5 BE— 25 W FEIE S K IR R i 4 A B0
w3 Pk B A AL

6 X iR E XURE B 52

LDIR % 5% 51 2 WU A A 51968 RE & A 1 AR 256
WEFE TS P TE R FLIR i I 1 R S5 AR
SHRUSR AL, 2 R 589 IE S LDIR 2 &% 5 F AR
JARIRE LR 1 I S A B VAR OG o SR, AR
5 ST %) 988 i DR T A AT SR A7 A P ORI W o P
e lE — I 173 081 AU LA A 5L BRI 5 )
RI, R E ALY RBUA R 25.5 mSv R8T AY B
PE5 3l & L A A XU Bl 22 FRGR) 8 T
1 [ A B 591 1 10 R X AU 38 7 (excess relative risk
per sievert, ERR/Sv) = 1.38,90% CI1:0.04 ~ 3.24],
Kuznetsova 251X 1948—2004 4 [a] JE A 1Y) 22 37344
R ML TN AT BRI WF5E & B, 7E LDIR %58
2 ~ 54, 2 MEREYE A ML (acute myeloid leukemia,
AML) % Jp5 AU $2 35 34 5 (ERR/Gy = 38.40,90%CI :
13.92 ~ 121.4), B Ja B K FE AR, (A4S By S 3t
& ¥ (ERR/Gy = 2.63,90% CI:0.07 ~ 12.55),
Zielinski 557 0N BE 55 T AR & TR TAE A B
FIRY MR 5 S 5 g B AR e R 3 2 T R O
BEATWESE e B0 AR IR R R R T, B IR AR
HE AL % 95 % (standardized incidence ratios, SIR) 4
1.74(90%CI:1.40 ~ 2.10) . {H Kitahara 5% iy B
PERSE I A & BE LDIR % 5% -5 HUIR i 98 2 XU RS 3
A 5% . Richardson D B 2894 T 30 & H 44 i T
YEN B BASIAF 98 % B0, LDIR 5 4598 . &5
I 9 S5 AR i R oA — 5 OCHK o Akiba S 450 A4
ot dg i, &AL LDIR 504 F , il 8 T/E ALk
Az B3 T I =2 Z1 B4 S5 A% e 98 9 A X i Bz BE A 1,26

7 Xt E M5 ER N

KR AE SV 3 meta 3BT E AT IR T
Z:FETE LDIR FREE TS T/E AN S i B 28 1k
W R B S xR DB E R R ERA SR
T2 (P < 0.05), S TAES O BB &8 il
Bor i o R o A AR R AE R A & B LDIR AT 52 0 JJE
WRE, FECOHE S E, BXF B e otk
Tian X L &8 X508 TAE N 5L AH C 98 R0 & B,
K2 il LDIR J5 HLAA Y RS0 IR e o fA | 2% 5T 34
B RO ol B0 & o o, A% 5 R B AT 4R S 1R
LDIR Pl 2 55 fi B XURS i v e A b ki o b4h, 3
Y5256 & B LDIR K 1A 2 5% v] RS 204 5 n i o8

— www.oher.com.cn ——



B DA SRR 2023 4810 J1 5% 41 555 5 40

Occup Health & Emerg Rescue, Oct. 2023 Vol.41 No.5

<655 -

s, G| JE A S R T ) (R T AT gt AR
V£ LDIR 1R 5 4E DL i e g, RNFH
BRI AT B AL, FLEPIALE T 3 100 Lk
BN A R R E M ERA RITHE (P >
0.05).

25 B Pk, LDIR 1 B 58 8% 7T RB s i 5 AR B AR
IR Ao R G IR R IR A IR B 2 A
¥, LDIR 2 #8 % F A AARAg B i R 25 240 . BT 4
WAATER 225, FIRES & TUHEIE 9 K i Ak 5
R | SR AR RS 500 0 S B R A 43 A O 9 A 22
A K, RAHA XK LDIR K W25 58T 00 %
e AL T e S AR 24 R B sg i, LAE— 2480
LA R ARV o I B A 5 1 i B P AL A AS BT ek
PE T AEERSE 22 SR 7 Bl i B AG: e A0 5] S W
A R EAR S A N D Az BEGR) 5 O AR N 5L
VIS AS ey B B 47, 7™ A% 305 <7 R VR IR 42 9 B 3R
Bl i

EERI ASCTI S PREE 7R 1A 45 vh 5
S % 3k

[1] LIU N,PENG Y,ZHONG X,et al. Effects of exposure to low—
dose ionizing radiation on changing platelets:a prospective cohort
study[ J ]. Environ Health Prev Med,2021,26(1):14.

[2] TANG F R,LOGANOVSKY K. Low dose or low dose rate
ionizing radiation —induced health effect in the human [J1.1J
Environ Radioact, 2018, 192:32-47.

(3] W, FEra. KMIIRN gy 4m o0 B2 45 A 03 R Y
[, Bl T 1 R e, 2020, 38 (1) 1 41-43.

[4] HONG J Y,HAN K,JUNG J H,et al. Association of exposure to
diagnostic low—dose ionizing radiation with risk of cancer among
youths in South Korea [J]. JAMA Netw Open,2019,2 (9):
e1910584.

(5] &30, BOCZE RN, S5 ARGR & X2kl i 4 5 S5 0 T
FEN GUHAR IR DB I SR 43 A (7], A 55 2l T0 A BRIl i 2%
,2022,40(10):733-736.

(6] B8, ok, &, 55, AR ik o 2 60 55 X g 1T/ AL
ARBREFZI LY ] i TR 30 2R, 2022, 32(3 ) £ 354358,

[7] WONG Y S,CHENG Y Y,CHENG T J,et al. The relationship
between occupational exposure to low—dose ionizing radiation and
changes in hormones  in workers [ J].
Epidemiology , 2019, 30 ( Suppl 1) :S32-S38.

[8] CIOFFI D L,FONTANA L,LESO V,et al. Low dose ionizing

thyroid hospital

radiation exposure and risk of thyroid functional alterations in
healthcare workers[J]. Eur J Radiol, 2020, 132:109279.

(9] FEFIFT, Xk 3C. IR HL B 4 A 0 R TAE A B AR IR 2
REAYSZMI L) ], I ok BE 25 2%, 2021, 34(2) : 147-148.

(10] BRigH, ARH0. WM ok el o 4 5 B2 55 L B HOIR IR i 32
mgly]. hiE S R EE 25, 2020,27(12) : 47-48.

[11] LUMNICZKY K,IMPENS N,ARMENGOL G,et al. Low dose

ionizing radiation effects on the immune system[]J ]. Environ Int,
2021, 149:106212.

[12] WUNDERLICH R, RUHLE P F,DELOCH L,et al. lonizing
radiation reduces the capacity of activated macrophages to induce
T—cell proliferation, but does not trigger dendritic cell —mediated
non-—targeted effects[ J . Int J Radiat Biol,2019,95(1):33-43.

[13] KISELEV S M, SOKOLNIKOV M E, LYSS L V, et al.
Immunological monitoring of the personnel at radiation hazardous
facilities[ J ]. Radiat Prot Dosimetry,2017,173(1-3):124-130.

[14] KARIMI G, BALALI-MOOD M, ALAMDARAN S A, et al.

Increase in the Thl —cell —based immune response in healthy

workers exposed to low —dose radiation — immune system status
of radiology staff [71.] Pharmacopuncture , 2017, 20 (2):107-
111.

[15] PERSA E,SZATMARI T,SAFRANY G,et al. In vivo irradiation
of nice induces activation of dendritic cells [J]. Int J Mol Sci,
2018, 19(8):2391.

[16 ] XUe. A%t F S/ Bl S i R GE ) D RESE M B AL 2 D 1.
B - AR K%, 2020.

[17] CANDEIAS S M, MIKA J,FINNON P,et al. Low-dose radiation
accelerates aging of the T —cell receptor repertoire in CBA/Ca
mice[ J ]. Cell Mol Life Seci,2017,74(23):4339-4351.

(18] A= L AR 45 O 1 AE N B3 40 i fe v D e R W58 [ D ).
UF - U R R, 2019,

(19 ] i . ARGRI - FL B 4R S i AT s b e R e [0 ] Rl 5 gk
B, 2021,37(23):3310-3312.

[20] AINSBURY E A,BARNARD S. Sensitivity and latency of ionising
radiation—induced cataract[ J ]. Exp Eye Res,2021,212:108772.

[21] DALKE C,NEFF F,BAINS S K,et al. Lifetime study in mice
after acute low—dose ionizing radiation:a multifactorial study with
special focus on cataract risk [J]. Radiat Environ Biophys,
2018,57(2):99-113.

[22] 29508, BEM, DI, 55, v AT AR G bk ok {d 5
RBCRALT]. PR T4, 2019,28(5) : 485-486.

[23] LITTLE M P,CAHOON E K,KITAHARA C M, et al. Occupational
radiation exposure and excess additive risk of cataract incidence
in a cohort of US radiologic technologists [J]. Occup Environ
Med, 2020,77(1):1-8.

[24] AZIZOVA T V,HAMADA N,GRIGORYEVA E S,et al. Risk of
various types of cataracts in a cohort of Mayak workers following
chronic occupational exposure to ionizing radiation [J]. Eur J
Epidemiol ,2018,33(12):1193-1204.

[25] sRRIF, XN, £, 5. )7 KE B2 TAEN SR @R
MR E B N ()], th AR E 2 S I 4
2022,42(10):771-778.

[26] LITTLE M P,AZIZOVA T V,HAMADA N. Low— and moderate—
dose non—cancer effects of ionizing radiation in directly exposed
individuals , especially circulatory and ocular diseases:a review of
the epidemiology[J ]. Int J Radiat Biol,2021,97(6):782-803.

[27 ] HEYDARHRYDARI S, HAGHPARAST A,EIVAZI M T. A novel
biological dosimetry method for monitoring occupational radiation
exposure in diagnostic and therapeutic wards:from radiation

dosimetry to biological effects [J]. J Biomed Phys Eng,2016,6

— www.oher.com.cn ——



+ 656 - B0 DA S50 2kdg 2023 4210 A 565 41 556 5 ) Occup Health & Emerg Rescue, Oct. 2023 Vol.41 No.5
(1):21-26. from computerized tomography and risk of childhood leukemia:
(28] 5, Bl , WA HE , 25, /NS0t e 2 4 S o P A7 o 2 i finnish register —based case —control study of childhood leukemia

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

S Y Meta 4387 [T ], 56 56 B 58 5 4 56 T 25 % 4, 2018, 36
(3):44-53.
GUO J J,LIU N,MA Z,et al. Dose —response effects of low —

dose ionizing radiation on blood parameters in industrial
irradiation  workers  [J]. Dose  Response,2022,20 (2):
1495855647.

ARBKT , EENES, e, S5, ) N ol AR ok v g A I 0 i S
TR AN R A R ()] B A N 2 B,
2018,36(3):233-235.

U, BRI AR ek P A A ST AR N B4 A ol A
SEWATY Meta 73 M7 () ], H R AT 104, 2016, 25(4) : 406-409.
Fak, U, BRIT, S5 N A A S X RO AR R A
Jl i o 2 2 Ko g (0], EBR A BE AR TR SRR
2022,45(1):52-57.

HIBU, XS 849 44 B2 B S TAE A DU SRR e e [T ]
i 2R B 2, 2021, 28(18) 1 168-172.

SUN Q,MAO W,JIANG H,et al. The effect of protracted
exposure to radiation on liver injury:a cohort study of industrial
radiographers in Xinjiang, China [J]. Int J Environ Res Public
Health,2018,15(1):71.

ST o, SR AL SE  4F . 2010—2019 4K 4 193 4
A GHF SR K s A (0], R 3 24 O 710,
2020,3(9):435-436.

FAETE  WREH 1 2% 3, 55, 2007—2016 4R F I 7 AT KT
CAEAN G R B A ()], AT 22, 2018,45(11 )
1948-1951.

FERR, B0 P, TR, 45 IR ) 3t H 20 8 S o A £ 2
B2 NG Dhaery e (1], b EBCEE 25700, 2022, 24
(6):31-34.

HAUPTMANN M,DANIELS R D,CARDIS E,et al. Epidemiological
studies of low—dose ionizing radiation and cancer:summary bias
assessment and meta—analysis [J]. J Natl Cancer Inst Monogr,
2020(56) : 188-200.

FRIEDMAN -JIMENEZ G,KATO I,FACTOR-LITVAK P, et al.
Low —dose ionizing radiation and cancer mortality among enlisted
men stationed on nuclear —powered submarines in the United
States Navy[.] 1. Int J Radiat Biol,2022,98(10):1542-1550.
BERRINGTON D G A, DANIELS R D, CARDIS

of low —dose

E,et al.

Epidemiological studies ionizing radiation and
cancer : rationale and framework for the monograph and overview
of eligible studies [J]. J Natl Cancer Inst Monogr, 2020, 2020
(56):97-113.

WANG X C,TIAN L L,FAN C X,et al. The adaptive responses
in non—small cell lung cancer A549 cell lines induced by low-—
dose ionizing radiation and the variations of miRNA expression
[T]. Dose Response , 2021 , 19(4):1485789883.

LUBIN J H,ADAMS M J,SHORE R,et al. Thyroid cancer
childhood exposure : a
analysis of nine cohorts [J]. J Clin Endocrinol Metab,2017,102
(7):2575-2583.

NIKKILA A, RAITANEN J,LOHI O,et al. Radiation exposure

following low —dose radiation pooled

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(FRECCLE)[J]. Haematologica,2018,103(11):1873-1880.
YASSER F A, CUCINOTTA F A,NING-ANG L,et al. Cancer
risk of low dose ionizing radiation [J]. Sec Medical Physics and
Imaging , 2020, 188(8 ) : 1552-1562.

GILLIES M,HAYLOCK R,HUNTER N,et al. Risk of leukemia
associated with protracted low —dose radiation exposure : updated
results from the national registry for radiation workers study[]J].
Radiat Res,2019,192(5):527-537.

KUZNETSOVA I S, LABUTINA E V,HUNTER N. Radiation
risks of leukemia,lymphoma and multiple myeloma incidence in
the MAYAK cohort : 1948 -2004 [J]. PLoS One,2016,11(9):
e162710.

ZIELINSKI ] M,GARNER M J,BAND P R,et al. Health
outcomes of low—dose ionizing radiation exposure among medical
workers:a cohort study of the Canadian national dose registry of
radiation workers[ J ]. Int ] Occup Med Environ Health,2009,22
(2):149-156.

KITAHARA C M,PRESTON D L,NETA G,et al. Occupational
radiation exposure and thyroid cancer incidence in a cohort of U
S radiologic technologists, 1983 2013 [J]. Int
2018, 143(9) :2145-2149.

RICHARDSON D B,CARDIS E,DANIELS R D,et al. Risk of

J Cancer,

cancer from occupational exposure to lonising radiation:

in France,the United

[J1. BMJ,

study of workers

(NWORKS)

retrospective  cohort
Kingdom, and  the
2015,351:h5359.
AKIBA S,MIZUNO S. The third analysis of cancer mortality
1991 — 2002 : estimation of
[J]. J Radiol Prot,

United  States

among Japanese nuclear workers,

excess relative risk per radiation dose

2012,32(1):73-83.

TRAR, FNEAE B RO, R e B R o TR
SLUR A Meta 387 () ], B8 SS0F 905 58 51 122 % 4le, 2016, 34

(4):29-33.

PAARIE B . LR A B 43 T AR N G BRI A PR B e [ ]

o 4 1L, 2019, 28(2) £ 123-128.

TIAN X L, LU X, CAI T J, et al. Cytogenetic monitoring of

peripheral blood lymphocytes from medical radiation professionals

occupationally exposed to low—dose ionizing radiation [J]. Mutat

Res Genet Toxicol Environ Mutagen, 2021, 867 :503370.

AR AR Sk i S S R D B B AR S s B A

FELD ] TRM TR R, 2020.

QU N,ITOH M, SAKABE K. Effects of chemotherapy and

radiotherapy on spermatogenesis : the role of testicular immunology

[J]. Int J Mol Sci,2019,20(4):957.

LIU X,CHEN Q,DING X, et al. X-ray—induced reproductive

dysfunction and differentially expressed piRNAs in male mice

[J]. Hum Exp Toxicol ,2019,38(5):533-546.

Rl gt VLD, SRR A, AF . SR AN o e 8 A AR

HRARRESRANI]. AREPE,2018,61(2):111-114.

U5 H 83 : 2023-04-07

— www.oher.com.cn ——



