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[ Abstract] An occupational exposure occurs during the performance of job duties and may place a
worker at risk of infection in terms of health or life. In this review the basic concept of occupational exposure and
the characteristics of occupational exposure in nuclear medicine practice were introduced at first. And then
introduced the global rapid trends in diagnostic and therapeutic nuclear medicine modalities applied in medical
procedure. The external radiation protection in nuclear medicine practice mainly including time, distance and

shielding were emphasized. Moreover, a literature retrospective review was undertaken focusing the hot topics in

radiation protection fields, like pregnancy, fetal, PET-CT and radiation low-dose biological effects.

[Key words] Nuclear medicine; Occupational exposure; Radiation protection; Dose-response relation-

ship, radiation

H M 1895 AEEZER I X STk )m, HHkuk) 1z
BT B4, U X sk . X L
IGIT o A% SR ) A R R AR B 12
FPHORSE . TEIR LI HOR ) 2 W B[R, ot
KT RBEYA R, NRERCR IR
&, G AU R R G E A R B R sz B T
JZ R . ARSONE R 2ALTT i R A R 2 ol A
BUAT e B U IR R B AT T 25, I BB
P BT B A 2

1 ZEZFRARE

HROY B i ol T OC R MR # e fE R A 3%
Hh L DT AT RESD 5 (R L 22 1 I AR A F— R R 1
R R TIE I — DT ARTE, WA T

DOI: 10.3760/ c¢ma. j. issn.1673-4114.2011. 01. 014

YEBBAL: 200233, 1M 5 A B A 7S N R I e A = 2
B GEEAD 5 200032 B, WHARAAAIL AR A S #
AR E (HER)

BIEEE: JAER (Email: zjzhou@shmu.edu.cn)

TR AL FEHUATE AP IRIE e il i FEBe TR (B
PrE . AW R A DL ALIRAS B HA YRR
CEYre . Hhor ORRHIESE) o WERERE B H
. DI REE SRR Z R ;. OfbTTEUE
FERAE AN T BTSN s IFAN 255 5B Z 18] (Y
A5G &R G R IR SRt N T, RERE S5,
A R EE SRR 5 OTERER RMRAIHOLT (R
WAHE) , BRI

BB DOl N BB 28 55 220k B TARP 12
Sl TS SR B I A AR, R T R i A
B, XA RS AR A O A O R Rl
RULLCTARIER, WnzyPril . RS . 290
OF . BEIRITAEAOC, (TSR LA 5 52 IR R A

SR IR TR BB B BR R S R SMA A — A
BB T I —HP Z5K . B B 5K A

PR, BRI Z 8] AR EAE MO & A
N33R AT S IRIE T A A b S i 2R
HLODBATT R BOL S K BAANMRAY) . Y



50 H Ry B ESARE 2011F 1A H355 5 14 Int ] Radiat Med Nucl Med, Jaunary 2011, Vol.35, No.1

A N FRRE S RS E A B PR , 20R] L
DA S 9 5 A0 3 B A b . P 55K 5 iR Y
ZRRHISCHR , U™ B AN T8 B O R, T
HAZFERANTR R R el e Ty, I 80™
H AT AVIVIE . FEHEREAE 35 ] Osipow!®
T 1998 4B AL S5k, RO T AR
AL RS S P B T AR N U A R R T T
SR . iz 3 KIS AA: BT
G5 IR AR B K S R A R AR I 0 B ) 4
Bp— a1 AR BRI H AL, TiiE— 500 H SR AR
(2% H AL, RS20 AR Bl B 5K A 55K S
PSR [RJIE, SRS 222K S FEHRMY AR B
W TARRE R EOR AR, B TARRE IR BL AP
WITAERES . AR, BFFERG5 X B R
SR LAF R RE IR, RO TARE—Ff
Zokpgiulk; PR EERA RS, EEINN
X A RE-S MOl A SR 2 i A RO A 56

2 ERSMZEFISTIR

HAR B2 o R oy 4 T 2010 42 3 A & 8 J
AT T R E R EE IR AT, #ZE 2010457 A
31 H, FRER L X AT R 2 AR = 875 4,
A 6838 ANFHZLE-THE, £570 SPECT {45 555 &,
PET-CT {¥#% 133 &5, [IEmEas 72 5. 2009 4,
17 SPECT ¥ #F % 117.88 J1 fil , 47 PET # #F %
15.48 Jifil, A7 HTUEE 17.18 T AWK .. HURAE
BE 143 TR, BRI ERE 15.59 TR Bi%
B 115 K, g 33.79 1A,
T R AR 5.38 T3 AWK, R s kil 1313.83
TAFRA, AR 3011.15 T4

1982 4F5E, HAR[RIN R PresBghE 5 4ExT 42 H
AW B AR DL T — R A, A dff— IO 2007
AEFEATHYS, AlATRE 1309 Z28 3 AE M5 FH Pk
BRI RAIA N T IR, Hodr, 1219 R
TR, 49 ZZIEATIRSMGI, 212 AT PET,
AR 1207 5K& . GtdiRER, 1119 %K
BRI P43 T 1569 5 SPECT, HHEVT R
141 73 NIRIKG A 5 TS S8 40 B 4F 29 1310 1A
W B RIRIF IR B HAT 2R, 41
RITHITRFIN 2373 AWK, HURARIE B E L 4146
AR PET Kt fe HA 2 PR, fR5FATT, 2007
AR AUCH 40 7,

M 1950 A, &AL T A AR S5 ALA DL K &
S 2 R T T 22U 4 55 Y L R 2
PEZY PRI TS, F AR DA B2 vp (o FH A O
PEIZIT I ERTF AR A S Mtk N 535 SR e 55
LA (R 1, £ 2) . WA ETLE 2000 AT S
T, RAARESERT, HAER N ALY
RS R 2.8 mSvI'. AN A R A BN B A
M AR, 78 TAER AN T, Bl
HuEA TR ST B AP R Y o

1 RIFVAEG 3 R BEA T IR 2197 AR ()

1973 4 1982 4 2005 4E

CEEED 125 181.1 345.0
O 33 95.0 980.0
Jiti 41.7 119.1 74.0
FHAR 46.0 67.7 -

(533 122 236 47.0
B i 53.5 160.3 121.0
ik 151.0 81.2 -

SR - - 38.0
e 1.4 12.1 34.0
HoAtb 294 - -

Mt 351.0 740.0 1720.0

[ s A (R e g
2 AN[ERGEAIH A B O 552 B8R (mSv)

T3 H SRR R BR) A28 500 5 BRI
LB EAH 1.50 3.56
FROR AR 0.94 1.63
e 0.33 0.53
“Ter-MIBI LfIE 0.86 2.02
O] 0.20 0.29

3 BEFEFMIFHILANERBEBR

FRATBTA H B2 B 1A E AR E R, PR
i BERLYE SO ) e R, (2 K 3 ] LR 32 A 7K
-, AR — DT RAT T G B R 0 RGO T LA
A BASCEN ) BeAR K F o S BT 3 114 A R i 52 ek
AIE AL (RIBE OIS PR NOZIE THY) LU
SYPAPRERLAE (RITERE 27 R T TR R
NIRRT o BB R AT PR
s OXFRE ERORN RS, RUECHHAZ R AN
PR R R, X BE 55 A 0% 2SR ARG, Bk
SRR 2R AR S5 8 9 S 2 0 A A B R 5



E RS B E2EAE 201141 A %3555 18 Int ] Radiat Med Nucl Med, Jaunary 2011, Vol.35, No.1 51

QI TR TEL TR N BRI, BE 2B
SRR, D RIEEHSZ IR .

CACES N WNE -3 U P IR 01T A
PRCAEAR A BRSBTS R B — DI ) 52 ml
AT B IO A R A AR 2L 1 1
SYBAR = SR TR B | R RSB AR A

M B3 . RER AL AT R, %2
HEGR R AR o 7R AR o R P AN TR
R R A AR — BN 18] A 4 52 300 ) G P R g A 119
s AERIE IR AAERRE IFREE T —E B[]
A2 B B R A XS AARC I BT
WIHERZ R = DO A B SEPR T AR R, W28 i 3R
THT5 RSO BRI , ol P ) 4S5 45 b PR 52
PRAERZS T 5RO A ) R i R
KA TAR, B AR AR R i BT o 0
WERAT I FANTE ST HE T I RBP4 T 0
IR SRR T

PEESBTA . BRSO , 2 5 A4 7R
SUBUIN, IR ION G R U e R TR
A] LA PG RSO A FA 10 T T, e
g 1 A DX BN [R] ) B T SE B 7R R 2,
SER AL T2 A

PR BRI i IR R AR EE T
PR XU — PP B R AT, ol By oy IEH
o X B, ERHEPWAS, AR R R
SRR 575 o o R — RO AT 2R
1, ERZERENART S, — ki 4t B
JkeEd, FAMU RO AZ R A
RN B, ERIEREL S MR, T RBOCR M
AT o HORPER R BEAR NI RIS 3 41> ]
o, FEAMBA, Wik, BP0 EE T
PTAEAS IR IR At ) o EA T R A
I, T L B A LR Al S A Bl
af, — LR R AR ORI B G, VTR
MEHRTEG)R, BRI K, FEE A O
T, 24 h T, i s SR o
A R RS FREVE . X B T2 my B AT
B, H—, BHIARMZFERIII o ST,
FrotAsie “2" TR, 7 ZRNE S
FORRB3 H, aR A s e S R
BYSE) K Bid B AFLk, B[R E BB EUR S 4 A
A, ATRUCRIR RS . B AR Sk B

w, SEBR TAE B R H R L, Hoa AR
P FE R IR B Ay ALk, B X R R ]
LR B — b A SR i Bk RE, mT TR B B
SHERFN y B2k v SHER BB I B R A A
w, LR RO AR 0 g i DL SRR
JZ, BIRESTLR AR i — 2 MR R, —
10 P2PE 2R M BHEGE T o BB 25 IR
SRR | FER y SR AR R LUK B bR AT
R EVA R
3 BB RS 2 R S A ()2

R FEAE R (keV)  HHYHE(E)Z (cm)
PTen 140 ~0.02
| 364 ~0.30
PXe 81 ~0.03
'y 245 ~0.10
FCs 662 ~0.65
2] 70 ~0.03
5 355 ~0.01

4 BXRZ2ES5MILHESBR

AR N NGRS S B RS S = O
TR R, RO St A f iR L2 i AR
WA, ERAE R, HITERYE, AR
(1) B ph 3B S — D) AT BB G SRR S0 FE MR ET 3
A, W R R & R B TR, XIS e
FERCHBUR, oA KR AR TAR AT
HAEIL B R A . IRIE, — B MO A B R, 070
RIS BN 2 WP, 2 AR AT 2
BB o SRR W LA sl DR A (e P A s
KR R S B B AR filn, X
I R AZ B 2 ol FH 5 22 B S M A 38 T, LA
AT 24 JEL R NIRRT 0.25 emo O B3 B9 R ARG
B LA KA BB A — IR0, ZERE ISR F# AT
ZAMEIBI B FEMAIIE, BT O A%
RIITFBL, W IR T EEE AR

IE LT S AR AR B 3P A EAE — A RRBR 1 [ R
K E B FEIETE 511 keV 1% F TH 1 & TCRE N /1
(), FEERREEZAAERBE (R 4
S BAE RS e SR R A D, AR
R A AR R IR AN 0 S 4 3 D B AR IS K
SRR AEZ AR P 5 S8R B P i el A T B



5 H Ry B ESARE 2011F 1A H355 5 14 Int ] Radiat Med Nucl Med, Jaunary 2011, Vol.35, No.1

¥
[2A=]

SRR E RAEE . ik, FERREE
W

TERGHAN , v i b 2 fnh 1 P, 2 2k
PRI WD e JLAR A R Y, I 1Y
TR AR L SR, A A G
YRR, EMRR 9 A, BEEN A H
i 500 cSv, URIEMAEEFEE R T 500 cSv, B
ZAERE PRI R, RBGA S AG T 50 ¢Sy,
KRB G LR AR AR, X S 2 58 i U,
BEZ T RE. MRILRAR S Rig i AR Z P REAIAS R
FE, AAEAERIER | BT R, MERGEK TS
1 DR AR R AR B R S

5 %X7F PET-CT RIiESTFIEFBHIA

PET Wl R FIHEC 2458 7T Z A, 4
FEM I 2 W7 . I D REF Y LA B0 AR AR
&, PET-CT e AL I ARG 3 191 450, D) e 148
ARG I, SR K Rk By ok T — AN al
. PET-CT fifxrh CT () X & 5 IEH 742
AL BEHR T W AR S & #5 ? Huang 5581 ff
F T 45 PET-CT 45150 2 I ok T A BUE S
K, 1% A Alderson-Rando 8 FIHGEOGHI BT
SR CT 7 R R R i, SCgerh B4l 1T CT 1)
3FPAE CT MRS M, SR FES B S 2
I BGA R SE JE IL % 45 PET BOSRS H AR R B2
DA R S 500 o R A T BN T A AR B, R RS
BR_FDG (74 h 370 MBq, K4 5 MK, A
IRAZ 2.75 min, FEKGA KT E 20 min, FISTT
AL F| M PET (4G #GR 5 R 6.23 mSv; ¥ PET
ARG 5 CT /ARG HEA NS 2 PET-CT 9
SARGNEL . 25, 163 Fh CT REEZMTT, PET-
CT B ARGA & B YES 51 13.65 mSv, 24.80 mSv
13218 mSv, L4354 13.45 mSv, 24.79 mSv
F131.91 mSv, HrHr CT W5kl 54%~81%; KM
LA A GRS TR S BUm DAL, 45 R R,
XFT 20 2 02, JREE & AR AR LA T R i B (E

H 0.231%~0.514%, X+ 20 % B, %EN
0.163%~0.323%; &SI, MG REFEE
AESEIE GG B R R . 4518 PET-CT A (- Ry
DR B0 R R A AU, DRI M2 TG e 20T S W
IR, FH R RIBGE 24 5 R IR 5700

6 RFIELEMR

B 2 SEN AU S IR O] 17N DI
ZR R, FEXTNARBI IR IS IR A S B
FREKAR (AHA) 507, an i 3] 52 IR 3 T A DU R 3
TR 5 Fxt 32 BEE 4 B FEAS ) 3R] 4042 B34
N (g, BPERCER) . AR (U Bk
Wil . IR SE) FUR N BRSO (AR L
WIS s A IR AE ML S5 7 A RO A s [
R, A4 A RSO R N o AR R RO
B4 23 D1 2 TR, KR S A Rl 43 R B HLAK
R FIAERESLRON o FEMLASON 48 & A AR (imi
FEERRE) SRR AN CRIRUN, KT R AL
NEASAEAEFR LA B, AR N 0] ] 5 AL
N, SURRAEER N TR SR B I
(AR 9 PN, 3 530 AR U R0 A BRSSO
A AL F ™ B O o 7)o 1 72 A T i
X F XN AT REAE AR R B, B R SRk
AT A AR, B A IR AR AR ) T P B
B JOR A BB 0 | N A 4 D 1T i e
. PERRAN I 4 T BUE B RE I B E

A I NG NI B e R S v - d i R (i e
(A FL B RS v, GBSO — M AR A 7 it
[y S O RN G L MR L DY Sk
5, HAMARZE R IIGR EANE], iEAZa
THEEEMIRAAEYIR, AT AT S X
INURR, AR ERER G, ANBEAZ B AR A AL EAZ R
MK UA R e e ity 4324 . AR 2055 R F ik ik et ik sg
FFAZA RPN FE R 4%, Sahin 5519 R FHIX
AN WIS FRAISE T H B S XA B2 Bl A D ) it

4 PET-CT " CT BARIRER A AR FEE R RO B A2

I ERIEGY)  EEmEGs) )2 (mm)

ARG WA ]
[ 4ilE) A (mA) BHARON = LA G

(mSv) (mSv)
A 120 0.5 0.625 0.984 100~300 7.42 7.22
120 0.5 0.625 0.984 200 18.57 18.56
C 140 0.5 0.625 0.984 150~350 25.95 25.95




E RS B E2EAE 201141 A %3555 18 Int ] Radiat Med Nucl Med, Jaunary 2011, Vol.35, No.1 53

FE3NE + 43 AE T AR RUARAR 14 H UG R AR
TR 5E % G2 B A0 J8] I A A 7 A ) 98k 2 240 B 1) 455
F%, IR G ARSI L B RS X 4%
= 2F DOl A D3 BB RN, PR A TRl A R 2
TR S (R SR R 1.20 mSv~48.56 mSv, 45k
B, TP A B0 G AR R 2 5 1 ) A doh ok e 2
R IR LR BB, [RIRE, Rkt
FERT G B AZA A AE R 2 5 10 ) e, AR o 3
1R, X RIS A A5 0N A T
AN NG e U N RS =Y AT P AT
WA T H— e E A e, REAE— i
AL ABON AB AT AN T 5526 P S5 710 o ) {7

7 Z5iE

Wit 5 % = 221297 T Be R W S DL & PET-CT
ERFF B, EE2E MO B B SR S
T TR (M) NZAR RN 20 7 E . N H TR R AT
PR, TR ESE R B R SR, AZ B MO
AR G S R B AT SR A& A T FE T LA

& £ X W

[ 1] Linet MS, Kim KP, Miller DL, et al. Historical review of
occupational exposures and cancer risks in medical radiation
workers. Radiat Res, 2010, 174 (6) : 793-808.

[ 2 ] Salvatori M, Lucignani G. Radiation exposure, protection and risk
from nuclear medicine procedures. Eur J Nucl Med Mol Imaging,
2010, 37 (6): 1225-1231.

[ 3 ] Lundberg TM, Gray PJ, Bartlett ML. Measuring and minimizing the
radiation dose to nuclear medicine technologists. J] Nucl Med Tech-

nol, 2002, 30(1): 25-30.

[ 4 ] VNGB, UAESC, Bestie. Toos A DL SR 5K KCF-F0 T A 2
RT3 HT. B e R R 2241z, 2007, 30(9) : 958-960, 964.

[ 5] 3Emenm, 50, XGRSC. B TARE B S0k S TARR I &R
PIRFST. HTE Rl K241, 2010, 33(9): 1052-1055.

[ 6 ] Osipow SH. Occupational stress inventory revised edition (OSI-R).
Sth ed. Odessa: Psychological Assessment Resources, 1998, 24-25.

[ 7 ] HhARE SR BRI 4. 2010 4R 4 [ % BR 2 BUIR T 25 . vh A%
PE2E2%E, 2010, 30(6): 428-429.

[ 8 ] Kuwabara Y, Koizumi K, Ushijima Y, et al. Nuclear medicine prac-
tice in Japan: a report of the sixth nationwide survey in 2007. Ann
Nucl Med, 2009, 23 (2): 209-215.

[ 9 ] Mettler FA Jr, Bhargavan M, Faulkner K, et al. Radiologic and nu-

[a—

clear medicine studies in the United States and worldwide: frequen-
cy, radiation dose, and comparison with other radiation sources—
1950-2007. Radiology, 2009, 253 (2): 520-531.

[10] Fairlie I. Commentary on UNSCEAR 2006 Report: Annex C-the
new effects of radiation. Radiat Prot Dosimetry, 2010, 138(2): 190—
193.

B

[

Bolus NE. Review of common occupational hazards and safety con-
cerns for nuclear medicine technologists. J Nucl Med Technol,
2008, 36(1): 11-17.

[12] Buls N, Covens P, Niehoer K, et al. Dealing with pregnancy in radi-
ology: a thin line between science, social and regulatory aspects.
JBR-BTR, 2009, 92 (6): 271-279.

[13] Sudarez RC, Berard P, Harrison JD, et al. Review of standards of pro-
tection for pregnant workers and their offspring. Radiat Prot
Dosimetry, 2007, 127(1-4): 19-22.

[14] Huang B, Law MW, Khong PL. Whole-body PET/CT scanning: es-
timation of radiation dose and cancer risk. Radiology, 2009, 251
(1): 166-174.

[15] Sahin A, Tatar A, Oztas S, et al. Evaluation of the genotoxic effects

of chronic low-dose ionizing radiation exposure on nuclear medicine

workers. Nucl Med Biol, 2009, 36 (5): 575-578.

(ks HIH: 2010-11-22)

(ERMHEFREZRT) FUEFEZRSBIERZEA
(A H I F DA D )

RER L WRSOBT PR

gty LI e FHE
Bk Xt pljeEa
ESiNG ARG PRI
FA EHE A
(7P (704 ZELl
R RN ag Bk

[EEEES KL BN
A PR o
KB X R SN
ey o M 3 A
WA r i
foeni Tk HE YN

AR





