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19931 19 19HE] 1979 129 319747 B R)
2 47l ST WYel] SF3ta QlomA WAl 2kl
AAZ BFE0 A WENRE Moz =4 Bel
45895 1 Ul A15E A AP 479 B
2 39

24 A2 P AAEAR Ade) 329
steel7] Sl8) Agekn Yy YERAL AR A
(TLD : Thermoluminescent dosimeten) 2. 7| oz ZAsl0]
% Hase 71EAE AT BAegch 19933
1959744 2 4 oA LEWA Kodak film,
A FHA A BHE)E ol felglon o] FUEHE TLD
& F2 Agshn dgick BEYAS A48T 19597HAE
ot ZAE QAR TLD (Panasonic UD 802AT TLD chip, &t
TR FASAlA BT ASY 196358 Y
vitt zAsiglong AEUAE A4 sl 2L VhUn
o 2A% Aoz gAslel YAAR BEWAE A
slelle mRem D915 AHgiHon] TLDE AgYulE mSv
98 ALk 1 mSviE 100 mReme| B2 2% mSv o
A sl HAell Agsiadeh ololl Edg FAATE
AchibArdat, XagAsdst g9 doeale] s A,
YA, A, AF2dg0l Jen At g B
AE 25 Eahsigich @ 1d ot 2450 S99 A9t
5 Al vlzolgztel g dgF AEgor
siglek. Bt} FEe) wiEe] v B AsiNE Y7
HEg 3 Aoz sho] Al g 1028%)Z Hlasig)
o BAMM e R WA Axd, vk, shidz EAdEn
theo 2 7wt ol 2 shEdE AREAS ik 9F
xS 715 Y] TS AT BAsen, 3t
A AFL EE FAU ARl diside AR ol
ugteh oAl 7 ARle A, AFUEA, FARA, 2E
A, ehz EAsAch ddol] wkE EAoA Ajele) o]
199333} 197d9] F2HI 199548 JIFog slglch o
o SiFe) el ohiAE stk BiEe) dog P v
3 AALHE A7) Btk AdlA EAMRIZE SPSS =
2Ny test®} ANOVA-testZ o] 810 pvalued 42|
4g APt

ofN P

fo n

2

Ok

CHBH AL S8BT 2000;18(2):157~166

F

2

BAFAA] LA 4 HEhEdellA 1993 19 195H
19979 1249 319744 A A A FARE &
FEo] vig 2 o 3/Ynich Aoz A WAL
HEHE zAsle] 715 BaiE £ 458%F 19t g
11198 ALYt 347900 sl 2 7158 FHeE AT
FAEL ofF @Ae 25080l n A= 97Helrh
WHw g 19959 7]E o3 304 ulto] 1739, 31~404)7}
1447, 41~50A7} 259, 514 o]4to] 5olict FFHE =
A7} 88%, MAAA 1931, Zk3A 339, Jlet 337 e]lct
TFehe BAMEE Ak} 2209, sojgty 329,
A &AL 33, J)Ek 53eldeh. 2 AL FollA
HAA 2] 24k WAL 51E Hd) FEX(CRP A1)
) A7 50 mSv o} 4hg vk B9 & AR glglen g4
BollA 549 Hdl HZ4%FY 05 mSv o] & W 4t
B 2] FARE ¢ddch 19959 129 3197 E HEUA
Agsto] wiY Alzsigion 196 1Y 194 E& TLD
Agsigon Yl A A==k HENAE A
£39¢ wiel TLDE ASPe uwie] FAFAFE AT
A3l MYeict A=h Aem FAsted FAwg S ol
W 39 319, 649 31%, 949 319, 124 31 7154 Ze 7
17102 3l 7t 9)F Q9] uixg FAslen F 4803
Zolgie}. 713k BFollA] sPHd 799, vyl 861, thi
1 76%, 2hglel 106709k FEMAE ol 4% 1995
o]A-2 mRem E FZ AP TLDE AH83F 1996
AXE] mSv @98 ALsisich GHE LXN7I] A 1
mSvi 100 mRemo| =& 2F mSv ZHZ slich vhAAl o]
ofef wAA AQYEARQ] Gulgle] Wokk =& ICRP A
39 AFEQ 1 mSvoldg v A9 A oA 347
Z 125%G6%)olgiet. vl 713k s|FAFR EAellA A
27kl ZpolE A9] Y cHFg. 1).

WAL A AR Aol whE 31Fe] HEellA 304
oste] oA oA PR A7k HF 2.30£243 mSv, oIF}
£ 1201065 mSvZ vhE ARETET FA ehdoe<
0.01). AR F Yin ol YA 1671174, oJA= 113+
0612 @A} ojatich g ko] IFE Wkehp<00D)
(Table 1).
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Fig. 1. Radiation exposure status according to different hospi-
tals in Pusan Korea from Jan. 1, 1993 to Dec. 31, 1997.

Table 1. The Present Condition of Yearly Average Radiation
Exposure According to the Age and Sex of the Radiation
Workers in Hospital (Unit : mSv)

AGE SEX Male Female Total
~30 2.30+2.43 1.20£0.65 1.87£1.01

31~40 1.27+0.72 0971045 1.22+0.69

41~ 097+0.44 0.97+0.33 0.97+043

Total 167+1.74 1.13£0.61

p<0.01

£ 287 volsk B Aol B vehort 1 olge]

S FFelA eyt AE5E FE9 HEE A Uehgt
(p<0.01) (Fig. 2).

ZZol| w2 uellA A F gEFo] A= 175%2.17
mSv, HHAAAL 1.60+1.39 mSv, 7+3A} 093+0.35 mSv, 7|Et
+ 1002038 mSvE ojAte}l WAL o} A Fe] FAR
Ho} g2 3)E5 ol (p<0.05)(Fig. 3).

A2 Afolle A7t 29ela, ARAYMET} 114
ol HAYES dAHF u|ZFo] 2474387 mSvE A
9 096+039 mSvir}l A Uehtom(p<00l), E3] 3
AYE 1¥dX7} 3.86+542 mSvE B 9]E-g wky gigich
(p<0.05)(Table 2).

HAW Ao e A, A gkt et
78R Rl JElgels A9 ARAA, el 43
e ENUE W A4 B Y W FPAYY Ak
ol olddl Eg=Et TAAE F2 sl X g

Percent incidence (%)
90

80

70

]

60 | Subtotal

50 ]

40 |

30 .

20 |

0.91(mSv)~

0.31-05 0.51~0.7 0.71-0.9

Fig. 2. Radiation exposure status according to ages of hospi-
tal radiation workers who received over 03ImSv in 3
months in pusan korea from Jan. 1, 1993 to Dec. 31, 1997.

Exposure range (mSv)

Technologist nurse other

Doctor

Fig. 3. Radiation exposure status according to occupations of
hospital radiation workers in Pusan Korea from Jan. 1, 1993
to Dec. 31, 1997 (mean dose/year).

Table 2. The Present Condition of Yearly Average Radiation
Exposure of the Doctors Who Work in Radiation Area in
Hospital (Unit : mSv )

Specialists(n=42) 0.96+0.39 p<0.01
Residents(n=114) 247+387
R 1 (n=45) 3.86£5.42 p<0.05
R2(n=33) 1.91:+2.29
R3(n=22) 1.16+0.54
R4 (n=14) 1.38+2.45

p<0.01, n=The number of workers
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Azt A gE dFF 1171082 mSvE Ao

2 o s} JJroM g Fgehe FellMy  FF
zpo] ¥)Ze AHF o99+051 mSvE opFE Hglch 17
1} kAol e] dEF F)ZFS 1.65+1.54 mSvE
T2 AAsn e ¥ Eghon dodaE
AFF I)Z o] 1791142 mSvE ElFol] ulsl AujHoz
EA Uehygrh(p<005) (Table 3).

WAAT Holld 7t Bl i E AT HF Az
AFE W=2odA 118117 mSv, dIFeIA 1171035
mSv, &3] 087+0.10 mSv, A7|EHedAl 1154029
mSv, tha&edA 3741174 mSv, $ATEGA 1751134
mSv, 2|3 YukedAle] 1024042 mSvE JEhorn] E

3 oAl 2 AFE<oonE wx glon a9 F
A& Fluoroscopy) & L3t FdAollN He ATAHE

Ul icHFig. 4).

ojgtal ollAe] zH stEd bl ZedAlztole] X}
ol glglen &3 FYUAE FA G ZZ}/:_:qu_ e
AN ARF 3691181 mSvE B3] B FFEL Wi}

Table 3. The Present Condition of Yearly Average Radiation
Exposure According to the Department that Treat Radiation in
Hospital {Unit : mSv)

ol

CHEAHI B 28ESIXI 2000;18(2):157 ~ 166

i

(p<0.01) (Table 4).

2 5Aseh 7Zh R dET FEFE vlasle] B
ok 22U 1993 5E] 1974714 Bt Al 2559
o veRbA gokiFg. 5).

Fig. 5014 1996\ d el 17 #]Fko] <7k =] e}
T 9Jgiek ey BAE A2 ik 1993 RE 1997
W7z WY wtAARe] SAREY #Ee) e YRS
ZA Holkth Az AE e VFoE HF g v e
E BAE™ 1 mSvolst 7.0%, 1.01~2.00 mSv7} 510%,
2.01~400 mSv7} 35.6%, 401 mSvo]Ate] 64%E ui-Ho|
1.01~4.00 mSv AolollA] LteEbgch w]E o] oko] ICRP @
33FQ1 50 mSvEThE ol Aok EAkE w[ubAA AQIE
ARl duiel Wk B Fo #EE v Qe AL B
Hajeh WA A & FARE A7 10 mSv o] e
WAL HEE Wbl o]FEe] Y ZFARAVE Avist
Hol b RS zEjsieb A3 A HE ez h
B kst s vk & 4 gle Aok

aglsle] 1AZE 10 mSv o] HF Wk 25 AIFEA]

Table 4. The Present Condition of Yearly Average Radiation
Exposure According to Each Department in Nuclear Medicine
(Unit : mSv)

Department Average/Y Department Average/Y
Diagnostic Radiology (n=229) 1.65+1.54 Scan Room (n=12) 1124031
Radiation Oncology (n=33) 117082 Room of Management and Injection (n=14) 3.69+1.81
Nuclear Medicine (n=32) 1.79+142 Usher's desk (n=4) 0.86x0.12
Others (n=>53) 0.99+0.51

p<0.01, n=The number of workers
p<0.05, n=The number of workers
Exposure range (mSv) 25 oXx
4 =
Other
3.5 2
3
25
2
1.5
19 —]
0.5 .
o 0 - -
CT  Angio Utra MR BA UGl  General 9y 94y 95y 96y ory

enema

Fig. 4. Radiation exposure status according to parts in dia-
gnostic radiology in hospitals in Pusan Korea from Jan. 1,
1993 to Dec. 31, 1997(mean dose/year).

Fig. 5. Radiation exposure status according to years in hospi-
tals in Pusan Korea from Jan. 1, 1993 to Dec. 31, 1997 (mean
dose/year). Abbrevations: DR, diagnostic radiology; RO, radia-
tion oncology; NM, nuclear medicine
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Table 5. The Details of the Radiation Workers Who Have Received Yearly Radiation Exposure Over 10 mSv

mSv Dep. Sex/Age Occupation mSv Dep. Sex/Age Occupation
1015 DR M/29 R1 10.06 DR M/31 Radiologist'
2022 . DR M/29 R1 1412 DR M/26 R1
14.06 RO M/33 Radiologis’cJr 4912 DR M/32 -Radiologist’
12.09 DR M/28 R1 1615 DR M/29 - R1
15.36 DR M/30 R1 1315 DR M/28 Radiologist!
23.07 DR M/30 R1 2119 DR M/32 Radiologist'
17.83 DR M/27 R1 14.57 RO M/32 Radiologist!
10.84 DR M/31 R2 10.94 DR M/27 R1

M:Male, R1, R2:1st and 2nd Resident, *Barium enema room, "Low dose therapy room

se] Hgieh 47 W B 10 mSv o] MFA}
165ol9om) APt 149, X BPA 290l 4
7 109, WARAZ 67elglet. AL BF 26410014
34 Aolglek. 1A 1098 BF7h ARhgART ARRE
24 197 24%0)2 UeiA] 992 13hgickTable 5).

i #

SR 19139 Ae XA AH7E EQ9 olal
AR o8-S 7 Zrlle] AFE YA Ak 9 W
A Soll ol 5 g AER o457} Fokslel Yk
obe® e EAxZol WAL T Ulold Yg sz
on] 4% ARNHYUL AR o)F Beleln Yotk B o
TFoll A A ) 470 oishdolla] AR AAEAR
2 EEso] Begn g WY FYe 7FRE Bl
A dvh} BEE wm o], 5T Ho| B i}
Y AR 7gel] o2 FolRm, x| sl 2EZ
AN BES oo HE Rolalw FETRE Y 4 9
Eoube QT Botor], AN £usH TR £
ZAA7] & A HEY galol] ule) ohal s 7
Ag WASIA B ATE NG way o
= A AEAASS v Al E2A4%9 o
E B Be o HEL wm gk TA A4 ol
UIACRP)IA Aieke Aedele] o7k o) A4 1
mSvETH BS ko) HES BE Ay} WHE 1259w
6% Egich FAl U ol AUelA Aaeke WA
A AQYZAATo] Wl HAhe 8 o3 we A
oL gigch T WA 24N Jeid A3 $xe] I
Zg 2UQlo] FIETIINEG ALl et 1R
o 2 Aghe Aurare] WA SES w9 Aoldh
Fig 1014 JERIE 47 W) vlZold 3% v Axo

F

o
POy

L 41
O
st

fo o

29 glo] HAW B4 AYEANE AReke] WAL 5
Zg w3 Quis AL oujdich AFAA 249 ¥y o
Fol W9l MRS 9 BF BN I Tk 2294248
mRem AE HF"z opvl o] wa B odTel npriAz
WY A Ae] 2ASS YukolEch B okel whAA
FEL Wi gk Ag ouldkch Table 1014 ehd &
AL vpolol]l WE HFA 304 olete) AN 2 o]
o] @9 AeHT EA Ueht A FF AYe| Fo
B2 Qg A7 u&de gud FE g A Y4
3 ASUSE MAH TEo] B ol TEalA o=
ASE Qg Aol ma A 2] BARE U 3
A A AP g 2B 285 A g3 Azshs
A97 Bk AL 9 45 Yk o] AL o]Fo] B
& AEAE 53 PAAAS 2RAYE 9% 24
A 1~43 T3 7 HAlollA] Y = 28.8+£26.7 mRemo 2
I ol H 75‘%1;(]—3] A% 215+21.1 mRem Yt} -‘5:7!] 1}
Wb & A% SARE® B TS o] v )
T} 2% Agd) WE varl © AP Aoz 47w
QAT AA 7+ 2EA] TF AU AN B F
7t UYL oA AEE zAYEE AEE BE AExA
2 AAslodok stmg AA 2Hslrl7)t olEl g Aoz A%
sgle. 2En HTole A S vPE A9 Heug 2
Zale] Awa 2R HHvie] AnuALt vaHE Aoz s}
ek A 9EF 2 A BAAAS] 7
349} 7IEke] A Bk B4 UehgckFig. 3). o A9 3
A BAE YA Qe YA A ozt FYA B
o2 Q3 7] WAM HEL AEelmAerE K3t 7
AE HBIFHoz slojof s olo] =A Uehdtkn &
% daom Aoz HAA A A MY 2%
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£ 9A ¢k 2hAlellA ulg ZA Rl 2A8HE )
5 & Aeoltt o] Ciraulor} Bt S-FAlelol] TFsl=
o7t HARE, HF 9 7349 17 A et =
ApoliAl Z+zF 340+50 mRem, 160£112 mRem, 20+ 14 mRem
o2 9AEe] HZE Yol wreria & A L1z
3 A AT AF ) dAUET} ¢ wo] ub
o T AS B A9 dXsedl B3] Adxe dlA
UEZ B &% vha 9IglckTable 2). WAAAES] 3
o] A vehts 2L A AP ubE Azt o)
Tolgta g g Aojrh ol oz wkAAASH Yzl b
ALAL Aololl= #1E2] H Xl Xpol7} glo) 72 ofzjol
TE3ASE 71eF BA9 e IAEAES JdA Jeht
I QhE o] olfF ¢Fel £3 ek shAlck HAW A
+ FE Adsle BAe 9A AbAds), X gHabda
3}, Wl dtato|ciTable 3). #2ETollA ol zhE ) HHAA
gZo] FA vepyeh dojtatolA st WAL A
(sources)o] A A oA e EFstn WA HEFS
AA go] wta Qe B3] UL E 3bAllAl Feleh=
FAolA 7h e IEg e Ao EFHof gt e
2 9949 HFHAANA HEE AL S Qs iy
o] Tl% <dF=Elojok & Fojch(Table 4). =3t A zke| ol
A} sto] FAlE 7ol JEAE READ agy 9%
9] k2 AglY] ozl nlgtl s S ALy ol
gl Ak oAz} sleetE A AYdl A3stA =
W k] #EE A F Aok ez slgehd A4
o g2Re A=E Helshe Aol T3tk X 3iAAdnelA
Agsle AUALL 71 aolui el s BFsla %2}
9] #Fo] 23i7 YAl Jehta 9otz X zwAdAst
NAE AA| f7he] FES wa gigdck o]AL melAYd
ol daliAe =4S Polsla WolAlde] 3] slojglA|
ok A g A X BAE AeAt 8 2E fojxp) 3
A A =25 A7 B Aoz Hol gldth g
uh o] 3t ofF $jyet 7otk Millere] Wil olshH
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—— Abstract

The Analvsis of Radiation Exposure of Hospital Radiation Workers

Tae Sik Jeong, M.D.", Byung Chul Shin, M.D.", Chang Woo Moon, M.D."
Yeong Duk Cho, M.D.T, Yong Hwan Lee, M.D.T and Ha Yong Yum, M.D.

*Department of Radiation Oncology, 'Diagnostic Radiology, TPreventive Medicine,
Kosin Medical College and Medical Center, Pusan, Korea

Purpose : This_investigation was performed in order to improve the health care of radiation workers, to
predict a risk, t0 minimize the radiation exposure hazard to them and for them to realize radiation
exposure danger when they work in radiation area in hospital.

Methods and Materials : The documentations checked regularly for personal radiation exposure in four
university hospitals in Pusan city in Korea between January 1, 1993 and December 31, 1997 were analyz-
ed. There were 458 persons in this documented but 111 persons who worked less then one year were
excluded and only 347 persons were included in this study.

Results : The average of yearly radiation exposure of 347 persons was 1.52%£1.35 mSv. Though it was
less than 50mSv, the limitaion of radiation in law but 125 (36%) people received higher radiation exposure
than non-radiation workers. Radiation workers under 30 year old have received radiation exposure of
mean 1.87%£1.01 mSv/year, mean 1.2220.63 mSv between 31 and 40 year old and mean 0.97*0.43
mSv/fyear over 41year old (p<0.001). Men received mean 1.67%+1.54 mSv/year were higher than women
who received mean 1,13%+0.61 mSv/year (p<0.01). Radiation exposure in the department of nuclear medi-
cine department in spite of low energy sources is higher than other departments that use radiations in
hospital (p<0.05). And the workers who received mean 3.69+1.81 mSvlyear in parts of management of
radiation sources and injection of sources to patient receive high radiation exposure in nuclear medicine
depariment (p<0.01). In department of diagnostic radioclogy high radiation exposure is in barium enema
rooms where workers received mean 3.74%1.74 mSv/year and other parts where they all use fluoroscopy
such as angiography room of mean 1.17%0.35 mSv/year and upper gastrointestinal room of mean 1.74*
1.34 mSvfyear represented higher radiation exposure than average radiation exposure in diagnostic
radiology (p<0.01). Doctors and radiation technologists received higher radiation exposure of each mean
1.75+1.17 mSv/year and mean 1.60%+1.39 mSv/year than other people who work in radiation area in
hospital (p<0.05). Especially young doctors and technologists have the high opportunity to receive higher
radiation exposure.

Conclusion : The training and education of radiation workers for radiation exposure risks are important and
it is necessary to rotate worker in short period -in high risk area. The hospital management has to
concern health of radiation workers more and to put an effort to reduce radiation exposure as low as
possible in radiation areas in hospital.

Key Words : Radiation exposure, Radiation worker in hospital
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