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ABSTRACT

Optimization of Exposure Dose Management by Introducing
Dose Constraints

Sung Kyeong Jeung
Advisor : Prof. Chung Woon-kwan, Ph.D.
Department of Nuclear Engineering,

Graduate School of Chosun University

For five years from 2015 to 2019, the cumulative personal exposure dose
of radiation workers and radiation workers across the country was measured
to analyze frequency, compare the average number of radiation workers and
radiation workers by vyear, quarter, age, gender, occupation, radiation
workers and radiation workers, and the average number of radiation workers
and radiation workers in the 50th, 60th, and 70th, and 90th, respectively.
In addition, the optimal dose constraint was set from 1.0 mSv to 6.0 mSv for
each radiation worker to present the optimal dose constraint, and found that
the maximum threshold for chi-square test statistics was found highest in
2017 for the average annual exposure dose. It was followed by 2016, 2019,
2018, and 2015. But the year—-to—year trend is not visible. In the case of
the quarterly average exposure dose, surface dose and heart dose were high
in the second and third quarters, and low in the first and fourth quarters,
but there was no quarterly trend. Comparing the annual exposure dose by
gender and the quarterly exposure dose by gender, it was found that men were
received significantly more exposed than women. Comparing the annual
exposure dose by age, the average exposure dose of radiation-related workers

over five years increased with lower age. Comparing the annual exposure dose

- viii -

Collection @ chosun



of each occupational category was analyzed by occupational category,
radiologists, nursing staff, doctors, other (research researchers,
assistants), dental hygienists, and dentists were shown in the order. When
the average exposure dose by radiation-related workers, radiation workers,
and others was analyzed in aquartiles, radiation-related workers and
radiation workers were found to be higher than others. In the analysis of
the dose constraint of nuclear medical radiation workers using chi—square
test statistics, the dose constraint at (the time of) the highest chi-square
test statistic is considered to be the optimal dose constraint,
radiation-related workers are 1.9 mSv and radiation workers are 2.7 mSv in
the case of surface dose. The heart dose is 1.9 mSv for radiation-related
workers and 2.8 mSv for radiation workers.

Therefore, analysis criteria should be objective and accurate by comparing
and analyzing differences between groups produced through bootstrap in
compar ison with the 50th, 60th, 70th, 80th, and 90th percentile presented in
this study. And it is thought that more detailed analysis of radiation
exposure is needed to be evaluated by each factor through chi-square test

statistics to present the optimal dose constraints.

Keywords : Radiation related workers, radiation workers, shallow dose, deep

dose, dose constraints
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Table 2.4 Greek Dose Constraint Proposal'®'®

Depar tment Specialty Proposed OCL( mSv per year)
Al'l workers 2.0
Nuclear Medicine Medical Doctors 1.7
Technicians 2.2

Lb. 2259l Z 1918 1H(08-11), FAQASII(09-11)0A S0E D=L
242 SOt oSl Y JAOSUNA 2R5HE QA JIEX, ABAIR
TEE0 H2ME AR 3RQIE J|FECZ HROEM U 2t OE0| 4 Iis
GRS D2I56t0 Mot MZRARIS LIEFHACHTable 2.5)619.

Table 2.5 Proposal of Dose Constraint

in Polish Nuclear Medicine''®

Number of Upper Average Dominant Prgggzed
Depar tmen . annual third annual annual
Specialty . constrain
t dose quartile dose dose i
records ( mSv) ( mSv) ( mSv) ( mSv)
Nurses 12 2.038 2.21 1.80 2.50
Nuclear — Technicia g 2.03 1,74 0.40 2 50
Medicine ns
Vedical o1 0.50 0.36 0.10 1.00
Doctors
1 2 |8 22=Ji0 ot Ofciet 22 dMLAXN st MH=sE
£ I} UCHTable 2.6)"%™9 . AQAQ A 2 nSyv/E X9 B A=
S35t OtYeHEo] A2 16013 =0 2 mSve| MSHUXE 8ot &
MOl B2 1 mSv/EE HFGIH X2 ZR JISTAR Hgs= AIAEDOQ]
oD HNoZ 3D /UASH 1O £X= 1 mSv/H, 6 mSv/EHOZ &Eolg
16-19)
- ']'] -
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Table 2.6 Current Status of Dose Constraints

by European Countries'®™®

=Py
=2J Y 3 A3 HE A2
o=
Dose
B  Yes i No A2 []eSE=3 n/a
constraint
= Dose
M2 Yes ) No FHI| 2 SIXE 20t n/a
constraint
Not Dose Hg Jlse BE
OSA explici Yes A X} B 29
< P objective 22X
tly
s No n/a No n/a 2 X 20t n/a
Dose ARO[ (L e,
JdelA  Yes ) Yes ( ) 2 XA I= Ala A
constraint MEIHETLHA)
ot Dose _
Yes ) Yes A2 PE MM OF A& &
c constraint
Dose
s4=2 . RHOIB(AM Mg
Yes constraint No [RSE=2 n/a
=3 X)
ra9
ol No n/a No n/a n/a n/a
| Dose AROI2A(EFEY) 29 & A&
Yes . Yes SE HFa IOF
L| Ot constraint AL THEZ L) =]
Dose
_ constraint / A XH(ARID| 2 .
AHQL Yes Yes N age: b 2g
reference 0l)
value
Dose
constraint 29 & Al
AQE  Yes / Yes A2 2E MM OF
dose =¥
restriction
Not Sour ce
_ 29 & A4
AXA explici related dose Yes A2 QE HNGA IIF e
tly value =
Dose JIE Olat =2 29 & Al
g2 Yes Yes A Xt
< constraint a4 =¥
Ch 0I1=9 AR, AXHLHMAS 20| AL st UproIo] MBRIX
ot OI=2 Ol X 2 8302l 10CFR 50 Appendix [0 HIAIEIH U0 2tHOIO0
Lt X, 2l Yol 22 Lol et dEFHfX] Set O|HZE-E el CFR
(Code of Federal Regulation)lt NUREG EDA SO0l MAIZIO QUCH BHAIGH &9
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The histogram of deep dose

The histogram of shallow dose
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H4Z QRSHSN 2421

x|

= 7 &kt 629,4462401 CHE QIS HSH 3
Table 3.10IC+. HEE2 AHEH 20158 133,77621, 2016 119,371, 20174
115,940, 20188 127,650, 2019& 132,70924 22 2016F 10 201782 A0
CtE WE0l dliol EXe 25 20 %2 £2 %LH0l EMHotE22 HEE JHelI=ZHE
o ZMA == 2 X0IIF Bt ZAEIIE 12791 155,799, 22| 155,60
32| 156,05621, 4271 162,004H22 25 25 %0 ZAGIEZ IO Z &2
TAlE SEIIZ0 BSH2Z XZALIX RUCH. MRS AE8S & H
19400 Ol&t0l 10,1104, 19509 CH 44,2724, 1960ECH 159,20824, 1970E[H
179,76924, 1980 [H 159,43824, 1990 CH Olot 76,6492 22 30HSEH 50CHALOI
BISO0l =UCH. 482 a0l 414129422 65.8 %, G440l 2153172422 34.2
%S XAAIotD U -0l (A0l dlol 2F 1.98 ZALEIJACH. HSE
AR AR 199,69224(31.7 %)%t SIAHDE 170,68021(27.1 %) &2l 1Het
XEXIGHD QUCH ZEAMSALRE SJAF 20 XISl AH(123,73224, 19.7 %), Xt
(56,64221, 9.0 %), 2tSAH(37,11824, 5.9 %), FAASWUHEEZ (1
%) ZLEALXH9,1132, 1.4 %), UHSXTSAH8,8352, 1.4 %)& Ol ES
AN & BASXE N A 2AHASMAZ 27 BR= 605427022
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Table 3.1 Demographic characteristics of individual exposure dose

- =2 N % =] ]
2015 133,776 21.3 %
2016 119,371 19.0 %
AANEE 2017 115,940 18.4 %
2018 127,650 20.3 %
2019 132,709 21.1 %
quarter 1 155,799 24.8 %
quarter 2 155,608 24.7 %
ENYNS--P
quarter 3 156,035 24.8 %
quarter 4 162,004 25.7 %
1940 CH Ol &f 10,110 1.6 %
1950 CH 44,272 7.0 %
Lol 1960 CH 159,208 25.3 %
1970E TH 179,769 28.6 %
1980 TH 159,438 25.3 %
1990 CH Ol ot 76,649 12.2 %
e male 414,129 65.8 %
female 215,317 34.2 %
2HS A 37,118 5.9 %
LS E2A 8,835 1.4 %
LB A S AL 9,113 1.4 %
AR AL 199,692 31.7 %
EShes) SAOS A EZL 12,614 2.0 %
O Ak 170,680 27.1 %
X1t 24 A 56,642 9.0 %
K| 1k Cf A 123,732 19.7 %
JIEt 11,020 1.8 %
LA 2t H S AR Yes 605,427 9.2 %
(BA=XR) No 24,019 3.8%
2EAHS 2 S ALAL Yes 32,675 52 %
(RXEHAY) No 596,771 94.8 %
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Table 4.1 Average annual exposure dose Unit: mSv

Shallow dose Deep dose

year N
mean sd F post-hoc| mean sd F post—hoc
2015 133,776 | 0.103  0.533 d 0.091 0477 d
2016 119,371 | 0121 0584 b 0109  0.527 b
55.11 63.47

2017 115940 | 0135  0.607 (<0.001) a 0122 0543 (<0.001) a
2018 127,650 | 0.111  0.503 c 0.100  0.447 c
2019 132,709 | 0.117  0.608 be 0106 0.538 bc
Total 629,446 | 0.117  0.568 0106 0.507

Note: Interaction effect p-value with one-way ANOVA model. Post Hoc study is
Scheffé method.

SI1E 87 MEME 28 BEX010F SHELZ KR0St LHUXI2L2H
£ s ZWOICHTable 4.2). HNELHE & HULES F=L 22012 32210t
242t 0.125 £0.640 mSv, 0.120 £ 0.592 mSv& 12| 0.110 £0.519 mSvet 42D|
0.113 +0.511 mSvOil HioH R2I0IS BAX0IE 20/ UCHF=23.19, p<0.001).
HRHEE HEAMASED HIOHH 22012 32719 B0l 0.112 £ 0.566 mSv,

.107 £0.533 mSvZ 12712 0.0198 £0.463 mSvet 4=712 0.101 £ 0.460 mSv

UCHF=25.23, p<0.001). HHMZD ASHSO ZIIE Ut XA
= 0.014 nSve 0.015 mSv2 FZXI0ls 3K 2L, EELX s/vn 2
#=Jb 25 15500001 Ol&te2 H SHECZ =20/8 X0IE 20l 2

Wt TEE H2Z BEHED

Table 4.2 Quarter |y average exposure dose Unit: mSv
N Shallow dose Deep dose
mean sd F post-hoc| mean sd F post-hoc
187] 155,799 | 0.110  0.519 b 0.098  0.463
2%7] 195608 | 0125  0.640 23.19 a 0.112  0.566 25.23 a
3871 156035 | 0120 0592 (<0.00D) a 0.107 0533 (<0.00D) a
4%7) 162,004 | 0.113 0511 b 0.101 0.460 b
Total 629,446 | 0.117  0.568 0.105 0507
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XO0IE E0l=Xl 248 ZD0ICHTable 4.3).

ANgh Agd da M4 Hdets gl gelg =+
0l 0.245 £0 .910 mSve & OUE AU

| =0, 30CH2 1980E0H 0.141 +£0.626 mSvet 40CHR! 19704 CH

CH(50CH 0.072 +0.380 mSv, 60CH 0.063 +0.389 mSv, 70CHOI&F 0.054 +0.175
mSv). ASHTE HHMSD KAGHH 20012 &% HIEMSS EZ0l 0.220
+0.819 mSvZ Jt& =QUCH. 30CH2E 400H0+ 2=2F 0.127 £0.560 mSv, 0.087
+0.447 mSvRCt. 5004 OISR H= =2l0lgt X0l= el HE0| =05 &
SE0l ES20It= 20l ACH (50CH: 0.065 +£0.333 mSv, 60CH: 0.056 +£0.343
mSv, 70CHOI&: 0.048 £0.153 mSv).

Table 4.3 Average exposure dose by age group Unit: mSv
Shallow dose Deep dose
N mean sd F post-hoc| mean sd F post-hoc
19406 10,110 | 0.054 0175 d 0.048 0.153 d
1950 44272 | 0.063  0.389 d 0.066  0.343 d
19606 159208 | 0.072 0380 1902 d 0065 0333 1213 d

19708 179,769 | 0.096 0500  (<0.001) c 0087 0447 (<0.001) c

1980 159438 | 0.141  0.626 b 0127  0.560 b
1990 76649 | 0245 0910 a 0220 0819 a
Total 629,446 | 0.117  0.568 0.105  0.507

5Ezt 48 EHR LIEME0l X0IE E0l=Xl 2248 ZDH0ICHTable 4.4). &
A oA BHMAdE2 2128 0.128 £0.610 mSv, 0.094 +£0.474 mSvOIH, & A 0Kt
yEHE=2 22 0.116 £0.545mSv, 0.084 £0.424 mSvE O{XHOl BIoH X2

H
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o, AR =2 A2 LESHCH SHESZ R20/st XH0IE 2011 Ut
(p<0.001).
Table 4.4 Average exposure dose by gender Unit: mSv
Shallow dose Deep dose
N mean sd T post=h mean sd T post-h
oC oC
WA 414,129 | 0128 0610 5114 0116 0545 w81
ojzk 215317 | 0094 0474 (000D p 0084 0424 (000D p
Total 629446 | 0.117 0568 0.105 0507

BAZt MZE BR IZHO|

mSv, 0.078 +£0.499 mSv, 0.039
mSvOIH &FHE= 212F 0.057
mSv, 0.212 £0.783 mSv, 0.072

AO0IE E20l=X
, UDIRATALXH(HS QL0 SSH =
Ab, XIDERIE AL, XIDFCIAL,
0 +0.131 mSv,
+0.131 mSv,
+0.190 mSv,
+0.410 mSv,

0.238
0.046
0.080
0.071

mSv, 0.040 +£0.151 mSv, 0.056 £0.187 mSvOICt.

S0l dioh =

, 8RHEE0l 3-108 =2

;A—

o
gt XI0IE 20110 UCHp<0.001).
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JIEtS] EHA

A5t ZDH0ICHTable 4.5).

. AR AL, Satost
2 0.198
0.499

173 mSv, 0.058 +0.482
0

0

o —
Iy
N
o
(@)
(@)
(@)
H

131

.397 mSv, 0.033 +0.106

2= AZ0A ZTAFE AL E
OF LIERS
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Table 4.5 Average exposure dose by occupational Unit: mSv

Shallow dose Deep dose
N - _
mean sd F post-ho mean sd F post-h
c oc
7t AL 37,118 | 0.060  0.198 c 0.057  0.190 b
S
i} o 8,335 0.088 0482 b 0.080 0.424 b
Ak
N 9,113 0026 0.131 e 0.025 0.133 d
WAL AL 199692 | 0238 0.876 a 0212  0.783 a
o34} o) &} 1742 1745
S 12,614 | 0077 049 (<0001 bc 0072 0410 (<0001 b
LIPNS 170,680 | 0.078  0.442 b 0.071  0.397 b
140l £
A Ji;] ! 56,642 | 0.039 0131 de 0.033  0.106 d
A FelAL 123732 | 0046 0173 de 0.040  0.151 cd
7] e} 11,020 | 0.058 0.1%4 cd 0.0%6  0.187 bc
Total 629,446 | 0.117 0568 0106 0.507

S5Elzt BPAtM ZHAISALA 20 HE & =
ZOICHTable 4.6). ZARS ZEHISAEXRE ZARS ZEAIZAFXOE OFLl AME Sl E
Hedgz 22 0.118 £0.576 mSv, 0.080 £0.290 mSvOIO4, ZEARS ZHAHIS AL
AR ZEHISAEAOE OtEl AR Sl ARdE=2 22 0.106 £0 0.081

L

[
E

d
x
of
=
bl
=)
1
HT
=
rr
>
i
Jz
ro

o
~
3
(@]
<

+0.293 mSvE AL ZEAHISAEXOF OFel AFEHOIl HIoH 2ANS ZEHISAFAS HEH
MEHEO =2 22z LEWCeH SHEC=z K20/ X0IE 20l AL
(p<0.001).
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Table 4.6 Average exposure dose by whether

radiation-related worker

Unit: mSv
Shallow dose Deep dose
N _ _
mean sd T post mean sd T post
hoc hoc
Yes 605427 | 0118 0576 18.893 0106 0514 12983
No 24019 | 0080 0290 (<0.00D 1 | o081 0203 (000D
Total 629446 | 0.117 0568 0105 0507

AL AP S AR}

Otel ArES

AL A SALAOI HIoH 2 AR

AEE

+0.314 mSv, 0.117 +0.57

Table 4.7 Average exposure dose by whether radiation-related worker
Unit: mSv
N Shallow dose Deep dose
mean sd T post-hoc | mean sd T post-hoc
Yes 3267 | 0106 0314 6.691 b 0105 0316 0.156 a
No 59771 | 0117 0578  (<0.00D) a 0106 0516 (087) a
Total 629,446 | 0.117 0.568 0.106 0.507
- 27 -
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UL 2018 HEE dHF MI=ZHE0 CHoll OIFBHIXIEAMEAS AAIE Z2H0ICH
(Table 4.8t Fig.4.1). 2016E 1 20174 2&J19 HEHMEO HR0| 22

+0.636 mSv, 0.154 £0.775 mSvOl) &FHES HZ0l 22 0.124 £0.581 mSv,
0.140 +0.689 mSvZ CHE AXO0l dlol dHELZ =UACH 32J12 ZBHLE2
20178 0.139 £0.565 mSv, 2019& 0.130 +£0.68401 =ALL, HRLE=2 2017H
0.125 £0.502 mSv, 2019& 0.117 £0.619 mSvOll =UACH. 3212 42712 HZ
LELdege 20154, 20169, 2017¥, 20189¥ Hl==otXlBt 20198 B LI=ZHE0|
32J10t 420120 =0t 420100 Hloh 32712 EZ LIFHE0l =H UL

(Fig. 4-1)2 B2 LIEZEHZY HEBIIE A2 & D22 HAW Hidh 2=
B dURCZ 2 EHE8s #22E = U0 OE LFHES Hluwotd| st
Horol 2Res 2 = U

_28_
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Table 4.8 Average exposure dose per quarter and per year Unit: mSv
Shallow dose deep dose
year qtr n F F
mean sd mean sd
1 32,846 0.094 0.469 0.083 0.423
2015 2 33,408 0.098 0.547 0.087 0.437
3 33,606 0.109 0.587 0.096 0.527
4 33916 0.109 0.520 0.097 0.465
1 31,1838 0.111 0.595 0.099 0.536
2016 2 30,035 0.136 0.636 0.124 0.581
3 29,276 0.119 0.567 0.106 0.512
4 28872 0.119 0.529 0.106 0.468
1 29,297 0.109 0.504 0.098 0.457
2017 2 28,523 0.154 0.775 23.20 0.140 0.639 25.24
3 23,959 0.139 0.565 (p<.00D) 0125 0502  (p<00D)
4 29,161 0.138 0.554 0125 0.498
1 31,078 0.116 0.470 0.104 0.339
2018 2 31,766 0.121 0.528 0.109 0.477
3 32,138 0.104 0.542 0.094 0.491
4 32,668 0.105 0.467 0.094 0.422
1 31,390 0.119 0.548 0.106 0.496
2019 2 31,876 0.121 0.700 0.107 0.585
3 32,056 0.130 0.634 0.117 0.619
4 37,387 0.100 0.439 0.091 0.449
- 29 -
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Fig. 4.1 Average exposure dose per quarter and per year
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S0l CHE SISOl HIGh A4UIRNOE =21 otXg, SBHE R IZMO|
Si2 OITO PBSIN HIZGICH 200HSl EBAZ2 20174 0.296 +1.051 mSv,

20162 0.282 +£1.011 mSv, 20158¥ 0.235 +0.984 mSv, 20184 0.227 +0.824
mSv, 201948 0.215 £0.788 mSv =22 = HHE

20174 0.266 +£0.946 mSv, 2016¥ 0.253 £0.908 mSv, 2015& 0

mSv, 2018& 0.204 +0.741 mSv, 2019& 0.193 £0.716 mSv =22 =RULt.

N
>
i1
>
v
H
I
B2
o
o
1]
=
o
_O'j
=

Table 4.9 Average exposure dose per year and by age Unit: mSv
Shallow dose deep dose
year age n F F
mean sd mean sd
409t 2517 0.038 0.123 0.034 0.108
504t 10,323 0.049 0.257 0.043 0.212
60t 36,343 0.060 0.363 0.053 0.318
2015  70dd) 39618 0.092 0.529 0.081 0.483
0] 35644 0.143 0.581 0.127 0.521
90| 9,331 0.235 0.984 0.207 0.874
409 214 0.050 0.119 0.045 0.106
504t 8916 0.061 0.224 0.04 0.178
2016 60t 31,571 0.071 0.314 0.063 0.279
704t 34,780 0.104 0575 0.094 0.520
0¥t 30,420 0.154 0.663 0.139 0.602
90 11,530 0.282 1.011 0.253 0.908
403 o 1,944 0.072 0.237 0.065 0.210
50 8334 0.082 0.714 0.074 0.639
sopy 60T 2089 0083 0.275 120304 0076 0.247 (fi‘l(‘)%‘i
704t 33,339 0.106 0.409 (p<.001) 0.096 0.369 )
0t 28,356 0.163 0.716 0.148 0.633
90t 14,018 0.296 1.051 0.266 0.946
403 o 1,79% 0.059 0.199 0.051 0.167
50 839% 0.061 0.264 0.055 0.236
2018 60t 30,696 0.070 0.357 0.063 0.279
704t 35608 0.087 0.392 0.079 0.356
0¥t 31,953 0.124 0527 0.112 0477
90t 19,202 0.227 0.824 0.204 0.741
403 o 1,700 0.058 0.185 0.052 0.164
504t 8253 0.066 0.293 0.059 0.262
2019 60t 30,699 0.080 0.540 0.071 0.488
709t 36424 0.093 0.556 0.084 0472
0¥t 33,065 0.126 0.643 0.113 0.566
90 22568 0.215 0.783 0.193 0.716
- 31 -
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Fig. 4.2 Average exposure dose per year and by age
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g4 B L0 42 B LSHE2E0 =j0. d82 4HEH
HOEMES 32 g4t 642 X010+ 20158 0.042 mSvE JHE =20 20164
0.035 mSv, 2019& 0.035 mSv, 2017& 0.030 mSv, 2018& 0.027 mSvEZ XOIE =
0l UALH. dRHHE2 20158 &0l &0l HioH 0.038 mSv =11, 2019&
0.033 mSv, 2016¥ 0.032 mSv, 2017& 0.029, 2018 0.025 mSv =22 =UL}.
g8 6de ELFHEN =2 X0ls 282 20X 401 -l

Hiol &4 EROZHS0l =UACHTable 4.10)(Fig. 4.3).

Table 4.10 Average exposure dose by gender and by age Unit: mSv
Shallow dose deep dose
year gender n F F

mean sd mean sd
2015 @A 86,959 0.117 0.587 0.104 0.529
oAx 46817 0.075 0.412 0.066 0.361
2016 @A 78,231 0.133 0.626 0.120 0.565
oAz} 41,140 0.098 0.494 0.0838 0.443

2017 @2 76,684 0.145 0.628 511.155 0.132 0.562 548.309

oz 39256 0.115 0564  (p<00D 0103 0506 (p<.001)
2018 @A 84,969 0.120 0.514 0.109 0.455
oAz 42,681 0.093 0.480 0.084 0.430
2019 @A 87,286 0.129 0.685 0.116 0.605
oz} 45423 0.094 0.420 0.083 0.379
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Fig. 4.3 Average exposure dose by age and by gender
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ol

5Ezt AEY HZ NEZHZ0| XN0IE E0l=Xl 248 ZH0ICHTable
2tSAL, 2PSERAN, LEHEABSAIRH(HS A0 ASH =HE), YAHAL, JAS
b BEZO, 2AH, XIDRAMAF, XIDFQIAL, JIEHOIAM DS =2 ZAIEAL AZo H
HEeE 2015 2016 2017 2018 20198 & 22+ 0.2183 +0.804 mSv 0.244 +0.895
mSv, 0.269 £0.991 mSv,

r

0.237 +£0.813 mSv, 0.230 £0.875 mSvOIH JtE 2
LEHMASAIACS HEHMEZ 2015 2016 2017 2018 20198 &= =2f=2F 0.033 +£0.076
mSv 0.034 £0.097 mSv, 0.024 +0.038 mSv, 0.029 +0.166 mSv, 0.021 +0.075

0.
7-1081 &2 X0IJF Uhe HE UHERCH SHES
2 K20I8 X0IE 20/ UCHP<0.001). IIE =2 LAILAL HFZo ARME
2 2015 2016 2017 2018 2019¥ & =2+2f 0.188 £0.723 mSv 0.219 0.
0.242 +£0.884 mSv, 0.212 £0.719 mSv, 0.206 £0.775 mSvOIH Jt&E &

HSAMAL HEHAMEEZ 2015 2016 2017 2018 20198 & 2r2F 0.031 £0.071 mSv
0.032 +£0.097 mSv, 0.024 +£0.038 mSv, 0.027 £0.168 mSv, 0.020 +0.075 mSv=
A8 HREME0l 6-1081 E2E2 XO0IJt Lte X222 LERCH SHELZ =

°| 0| tOIE 20110 UCHFig. 4.4).(p<0.001).

M o

m[I
0>

F

>

roh
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Table 4.11 Average exposure dose per year and by occupation Unit: mSv
vear worker Shallow dose P deep dose P
mean sd mean sd
23 AL 8037 0.051 0.189 0.048  0.183
DE AL 1930 0.083 0.569 0075 0508
A2 F AR} 279 0.033 0.076 0031 0071
WAL AL 43260 0213 0.804 0188  0.723
2015 GAostaATe 2934 0.065 0.449 0.061 0402
OJA} 35104  0.066 0.425 0059  0.379
2] 291 A AL 12629  0.026 0.098 0021  0.077
2] 3] A} 2759 0035 0.202 0029  0.166
7] e 1995 0.066 0.245 0062 0228
23 A} 7493 0.065 0.233 0061 0214
DE AL 1596 0.106 0.794 0095 0679
A2 F AR} 461 0.034 0.097 0032  0.097
WAL AL 38263 0244 0.895 0219 0812
2016 FAosradEe] 2393 0.073 0.342 0.068  0.306
OJA} 32713 0.081 0.455 0074 0405
2] 291 A AL 10696 0.040 0.146 0034 0120
2] A} 24017 0.044 0.120 0.038  0.099
7] e 1739 0.076 0.248 0073 0234
23 A} 6613 0.070 0.223 0067 0215
DE AL 1603 0.089 0.246 0.080  0.226
A2 F AR} 309 0.024 0.038 0.024 0038
WAL AR 37222 0.269 0.991 0242 0.84
2017 @EEIHAEY 2287 0.083 0.354 (172%5% 0079  0.340 %65(')%%
oA} 32573 0085 0342 P 0079 0310 P
2] 291 A AL 10635 0.051 0.134 0045  0.108
2] A} 23327 0.060 0.140 0053  0.118
7] e} 1371 0.083 0.222 0.081  0.220
23 AL 7009 0.056 0.166 0054  0.160
DZZHFAL 1734 0.067 0.179 0.061  0.160
A2} F AR} 479% 0.028 0.166 0027  0.168
WAL} 39171 0.237 0.813 0212 0719
2018 @O IAEY 2410 0.086 0.500 0.082 0487
OJA} 33928  0.072 0.331 0.066  0.300
2] 291 A AL 11164 0.037 0.116 0.032  0.090
2] A} 24016 0.044 0.151 0039 0134
7] e 3423 0.041 0.133 0.040  0.133
23 A} 7966 0.057 0.172 0054 0172
D E 2L 1972 0.09 0.368 0.088  0.340
A2 F AR} 3269 0.021 0.075 0020 0075
WAL} 41767 0.230 0.875 0206  0.775
2019  @EEIAEEY 2590 0.083 0.732 0071 0474
OJA} 36362 0.086 0.592 0.078 0533
2] 291 A AL 11518 0.042 0.153 0036  0.130
2] A} 24773 0.049 0.220 0042  0.205
7] e 2492 0.047 0.152 0.047 0151
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AL ZHHISAIAS] BEAE 0.118 £0.576 mSvIt ZEALS 2EAHIS AL Ot
AtE 0.080 £0.290 mSvOll HIoH =D, MPHSE ZALD ZAISARXH0. 106
+0.514 mSv)Jt ZAMS ZEHIZSALXIOE Ofel AFEF(0.081 £0.293 mSv)Oil HIGH =Rk
Ct. otXIgt HEEZ AHEH 2015810 201732 ZAS ZASAHA HEAEE2
2r2+ 0.108 £0.535 mSv, 0.135 £0.612 mSvOI0 ZARS ZHAHISALXIE Otel ALE
HOEMES 212 0.100 £0.406 mSv, 0.139 +£0.345 mSv 22 SHELZ =2l0|
st XHOIJF §AHLE BHUHZ At 2 HISALADE Ofdl AME Sl EZUSHE0l =%
Ch. 2016E@ 20188 20192 2 Atd 2HHIS AL HEEAME=2 242F 0.121 +£0.589
mSv, 0.116 £0.517 mSv, 0.119 £0.621 mSvOI(d, ZtARSE ZtHISAFXIOF OtEl ALE
HOEMES 228 0.108 £0.288 mSv, 0.056 +£0.262 mSv, 0.072 £0.239 mSv 22
SAHE ZAHSAIAS EZLZHE0 =%AL. 0 e o 2ASXER JIE2
T 25 A ZASAHDE JEX 22 AL ol ed EZLZHE0 =

Gt & = 8le 2XIt ECH(Table 4.12)(Fig. 4.5).

Table 4.12 Average exposure dose per year for radiation-related workers

Unit: mSv
Shallow dose deep dose
year n F F
mean sd mean sd

Y 130,944 0.103 0.535 0.091 0.479
o N 2,832 0.100 0.406 0.102 0.422
016 Y 116,476 0.121 0.589 0.109 0.531

N 2,89% 0.108 0.283 0.110 0.295
017 Y 113,572 0.135 0.612 103.57 0.122 0.547 54.43

N 2,368 0.139 0345 (00D 0142 0.353 (p<.001)
018 Y 118,526 0.116 0.517 0.104 0.459

N 9,124 0.056 0.262 0.055 0.252

Y 125,909 0.119 0.621 0.106 0.550
219 N 6,300 0.072 0.239 0.073 0.247
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Fig 4.5 Average exposure dose per year for radiation-related workers
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6.

ALS R A S AFAS
AR 0.117 £0.578 mSvot
SARE A HASAEAIE OFl AFE 0.105 +£0.516 mSv
o E AHEY 201881 20192
0.074 £0.278 mSv, 0.086 £0.245 mSvOI(H ZAtH

|0 H
H-IJO

e
2
x

2 A

.316 mSv,
LHE

o
rlo

2
rc
=
oc

sC 1@
10 0

=

m

i
1o
0%

AEXHOII B1 oK
H SHECSZE =
At AHHSALLG HHE
0.166 £0.381 mSvOIM,

+0.538 mSv, 0.120 +0.592 mSv,

ald

Ch.

2
I

HH

—/

2
x
o
nio

KEOH =
=

(N

2

a
x

0

|0

prdu

[y i

o g H

-

ghAbA

gl

A

PN
e

0

|08t X+0

aadd

2t 0.115 £0.518 mSv, 0.119 +0.625 mSv
AFXEDE OFLL AFERS)

T 20|

1L o

E 20/ UCHPp<0.001).
2 212F 0.125 £0.383 mSv, 0.137 £0.351 mSv,
ZASALAIE OFH
0.134 +£0.614

Xl

2015

DU ZAE0] =/UACH. 0 Zite & DAIE ZASALAOE DR L2 A0
Hioi &tat U= 0 =Ctn & % gl= 2HIt &ECH(Table 4.13)(Fig
4.6).
Table 4.13 Average exposure dose per year for radiation workers
Unit: mSv
Shallow dose deep dose
veat ! mean sd : mean sd :
Y 4,899 0.125 0.383 0.126 0.395
2t N 128,877 0.102 0.538 0.089 0.480
2016 Y 4817 0.137 0.351 0.137 0.348
N 114,554 0.120 0.592 0.108 0.533
o017 Y 3,805 0.166 0.381 10357 0.167 0.384 54.43
N 112,135 0.134 0.614 (p<.001) 0.121 0548  (P<.00D)
2018 Y 10,584 0.074 0.278 0.073 0.270
N 117,066 0.115 0.518 0.103 0.460
Y 8570 0.086 0.245 0.087 0.251
2019 N 124,139 0.119 0.625 0.106 0.553
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Fig 4.6 Average exposure dose per year for radiational workers
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A= BENDE 10SE 51D, 1 IR0 KM 242 X AAESIS2tD B

S D, D, . Dy2t2 K22 10% Jb D0l 20 %IF D,H0l, -, 90 %It Dy CHoll

of | 1215 SEKE 20ME =D A2 XA OI0IEC
A

A
9 22 AIE0t] AN II=4E N2 E Hluol &4UE /AXIL AAEE

rol

-loﬂl

g EHE HUEME=2 20178 0.135 £0.607 mSvE JH&E =D, 20169
117 +£0.608 mSv, 2018& 0.111 £0.503 mSv, 2015
UCH. BHHES 50, 60, 70, 80, 90 ==
2 X0IE 20/ UX @2l V=22 =c
| Y X0 & HEED UCEH. 702K 20158 2] HE
0.01 £0.00 mSvOIE2 80=<I0laf0] HHMES ATHE X0l =
Ct. 802?72 =<2 Bogi2 28 B ZHMAEN 200 2017801 &
(80=2?l==: 0.1036 +0.0004 mSv, 90= : 0.2070 £0.0016 mSv), 2015
& LUACHB0=Z R 2=:0.0417 £0.0004 mSv, 90=Z<I==:0.1460 +£0.0014 mSv).
gF 2016, 20174, 20198 = H HEMEW 2l =f=+=8 X0t He A

2
CgEg dHy JRAE2 201798, 20169, 20199, 2018E, 2015@ =22 =
+0.

(e}
o
+ N
(e}

I e I
Ju
kel

(m]

X
oW

o
_O'j

im
S

ol

2t 0.122 543 mSv, 0.109 +£0.527 mSv, 0.105 +0.538 mSv, 0.100 +0.447
mSv, 0.091 £0.477 mSvRLt. AIZ2?+=E OlEol HE 2@ 02 =4otRS W
SRHES 50, 60, 70, 80, 90 EA+E HEEZ HlWotH S0E=UHAME 2
A0IE 20110 UK LU VA2 Sct2+S 4R A&8 X0 &
HELD D JACH =A== dluwstA=S M 20178, 20164, 2019, 20184, 2015
" =22 22t 0.1900 £0.0013 mSv, 0.1621 £0.0013 mSv, 0.1620 £0.013 mSv,
0.1573 £0.0

0.
.0011 mSv, 0.1239 £0.0013 mSvZ A&l A== =24 25 A
g X0l UXl EX2 ERdE420 M2/ =4 o al =
Jtotd EEEXOL HO0l E0HEE 42 HRd2HAE0 AE2Rs 242 Bt

OF HESHOHD M= ECHTable 4.14, 4.15)(Fig. 4.8, 4.9).

>
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Table 4.14 Annual relative shal low dose Unit: mSv

mean sd mean sd mean sd mean sd mean sd

2015  0.0100 0.0000 0.0100 0.0000 0.0100 0.0000 0.0417 0.0004 0.1460 0.0014
2016  0.0100 0.0000 0.0247 0.0005 0.0452 0.0004 0.0789 0.0004 0.1797 0.0013
2017 0.0300 0.0000 0.0500 0.0000 0.0700 0.0000 0.1036 0.0004 0.2070 0.0016
2018  0.0100 0.0000 0.0200 0.0000 0.0400 0.0000 0.0724 0.0004 0.1731 0.0013
2019 0.0100 0.0000 0.0225 0.0004 0.0435 0.0004 0.0769 0.0004 0.1791 0.0013

0.20-

0.15-

gp

B 2015
B 206
B 2
M 20
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count

0.05-
- + *
! '
m50 m60

Fig. 4.8 Annual relative shallow dose
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Table 4.15 Annual relative deep dose Unit: mSv
504 9] 60+ 70+ ¢ 80+ ¢ 90+ ¢
mean sd mean sd mean sd mean sd mean sd
2015  0.0100 0.0000 0.0100 0.0000 0.0100 0.0000 0.0302 0.0003 0.1239 0.0013
2016 0.0100 0.0000 0.0200 0.0000 0.0400 0.0000 0.0710 0.0004 0.1621 0.0013
2017  0.0265 0.0005 0.0400 0.0000 0.0624 0.0004 0.0968 0.0004 0.1900 0.0013
2018  0.0100 0.0000 0.0170 0.0004 0.0342 0.0004 0.0661 0.0004 0.1573 0.0011
2019  0.0100 0.0000 0.0200 0.0000 0.0395 0.0004 0.0695 0.0004 0.1620 0.0013
0.20-
0.15-
arp
B 2015
Eo10- M 20
8 | B
B 205
B 2010
0.05- I

0.00-
m70

variable

Fig. 4.9 Annual relative depth dose

2. 2J|1€ &UA LI=ECE dlu

FIIE 87 HHMEES AIE9s 4GRS W 1801 2801 3801 480] 2=
0

.1887  +£0.0012 mSv, 0.1781 +0.001

1 mS

v, 0.1763

+0.0012 mSv& 22710t Jt&E =1 12010t JtE E2 A2 Let=t. 2J18
B dRdE2 1271 2271 3201 42701 22 0.1515 £0.0016 mSv, 0.1718
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+0.0017 mSv, 0.1603 +£0.0016 mSv, 0.1590 £0.0014 mSvE HHM W 20| 22

0 Ot =1

12710t &

Lo
o Ny —

WO UEtECH(Table 4.16, 4.17)(Fig.

4.10, 4.11).

Table 4.16 Quarterly relative shallow dose Unit: mSv
50+ ¢ 60+ 9 70 ¢ 80+ ¢ 90+ ¢
mean sd mean sd mean sd mean sd mean sd

1&7] 0.0100 0.0000 0.0200 0.0000 0.0400 0.0000 0.0713 0.0003 0.1687 0.0010
7] 0.0102 0.0003 0.0300 0.0000 0.0500 0.0000 0.0857 0.0003 0.1887 0.0012
7] 0.0100 0.0000 0.0200 0.0000 0.0402 0.0003 0.0760 0.0003 0.1781 0.0011
4%7]  0.0100 0.0000 0.0200 0.0000 0.0400 0.0000 0.0745 0.0003 0.1763 0.0012

0.15

count

0.05-

0.00

' '
m50 mée0

' !
m70 ms80
variable

Fig. 4.10 Quarterly relative shallow dose
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Table 4.17 Quarterly relative deep dose Unit: mSv

50+ ¢ 60+ 70 ¢ 80+ ¢ 90+ ¢
mean sd mean sd mean sd mean sd mean sd
1%7] 0.0100 0.0000 0.0100 0.0001 0.0300 0.0002 0.0632 0.0005 0.1515 0.0016
2571 0.0100 0.0000 0.0221 0.0006 0.0452 0.0006 0.0789 0.0005 0.1718 0.0017
3571 0.0100 0.0000 0.0183 0.0006 0.0363 0.0006 0.0685 0.0005 0.1603 0.0016
4%7]  0.0100 0.0000 0.0104 0.0005 0.0320 0.0006 0.0670 0.0005 0.1590 0.0014
0.15-
0.10-
= 1
3 2
) .
oo oo and 001 ‘ .
m50 m60 m70 m80 méO

variable

Fig. 4.11 Quarterly relative deep dose
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0 6080 7090 80 90 2=2f 0.0957 £0.0020 mSv, 0.1032 +0.0010
mSv, 0.1057 £0.0007 mSv, 0.1339 +£0.0010 mSv, 0.2282 +0.0023 mSv, 0.4596
+£0.0068 mSvEZ HEHMEN 20| ARHEE A0 =5 AFRHE0 SOt

= W22 LIEt&CH(Table 4.18, 4.19)(Fig. 4.12, 4.13).

Table 4.18 Relative shallow dose by age Unit: mSv
50+ 9 60+ 70+ ¢ 80+ ¢ 90+ ¢
mean sd mean sd mean sd mean sd mean sd

40dd 0.0100  0.0000  0.0200 0.0000 0.0379 0.0018 0.0601 0.0003 0.1049 0.0018
50dd  0.0100 0.0000 0.0200 0.0000 0.0375 0.0010 0.0608 0.0007 0.1116 0.0013
60 0.0100 0.0000 0.0200 0.0000 0.0340 0.0006 0.0600 0.0000 0.1151 0.0007
706t 0.0100  0.0000 0.0200 0.0000 0.0400 0.0000 0.0685 0.0005 0.1476 0.0013
80 0.0100 0.0000 0.0281 0.0006 0.0500 0.0000 0.0946 0.0005 0.2524 0.0026
90t 0.0200 0.0001 0.0440 0.0009 0.0796 0.0008 0.1646 0.0021 0.5108 0.0079

05-

04-

grp

B ouos
03- | EEEY
| LR
B a0
B souci
[ EIELTE

count

0.2-

00-

\ ! ! ! !
m50 m60 m70 mao m90
variable

Fig. 4.12 Relative shallow dose by age
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Table 4.19 Relative deep dose by age Unit: mSv

mean sd mean sd mean sd mean sd mean sd

40T 0.0100  0.0000 0.0124  0.0020 0.0300 0.0001 0.0531 0.0018 0.0957  0.0020
50T 0.0100 0.0000 0.0100 0.0000 0.0300 0.0000 0.0555 0.0009 0.1032  0.0010
60T 0.0100 0.0000 0.0100 0.0000 0.0300 0.0000 0.0537 0.0005 0.1057  0.0007
704 d 00100 0.0000 0.0106 0.0005 0.0300 0.0000 0.0601 0.0003 0.1339  0.0010
0¥l  0.0100 0.0000 0.0200 0.0000 0.0419 0.0005 0.0845 0.0005 02282 0.0023
90t 00184 0.0009 0.0387 0.0008 0.0705 00006 0.1472 0.0019 04596  0.0068

04-

0.3-

count

02+

0.1-

0.0-

| ) I |
m50 m60 m70 m80 m30
variable

Fig. 4.13 Relative deep dose by age
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4, 88 AN D=4 Hlw

g 0 HUMHdSES A2/ S46I8ES o 84 WA 222 0.2038 +£0.0012
mSv, 0.1390 £0.0010 mSv& YAt (IAH2CH 46 % = LIEtGCH ARHEE2 Y
A 4R 22 0.1842 £0.0012 mSv, 0.1257 +£0.0009 mSvE& HEOIME N 20| &
M YX0F HKELC 47 % =H LIEFSCHTable 4.20, 4.21)(Fig. 4.14,
4.15).
Table 4.20 Relative shallow dose by gender Unit: mSv

50+ 9 60+ ¢ 70+ 80+ ¢ 90+ ¢
mean sd mean sd mean sd mean sd mean sd
@2 0.0100 0.0000 0.0239 0.0003 0.0480 0.0003 0.0840 0.0003 0.2038 0.0012
o3z} 0.0100 0.0000 0.0200 0.0000 0.0400 0.0000 0.0666 0.0004 0.1390 0.0010

0.20-

0.15-

count

0.05-

I TR T _
. |
m50 m&0

i
m70
variable

Fig. 4.14 Relative shallow dose by gender
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Table 4.21 Relative deep dose by gender

Unit: mSv
50+ ¢ 60+ 70 ¢ 80+ ¢ 90+ ¢
mean sd mean sd mean sd mean sd mean sd

w2 0.0100 0.0000 0.0200 0.0000 0.0400 0.0000 0.0759 0.0003 0.1842 0.0012

oz 0.0100 0.0000 0.0102 0.0003 0.0300 0.0000 0.0600 0.0001 0.1257 0.0009

0.15-
010- arp
N ==
M o=
0.05-
I T TR h -
ms0 m60 ma0 ma0

'
m70
variable

count

Fig. 4.15 Relative deep dose by gender

XILSJ AL, JIEF 282F 0.1202 £0.0016 mSv, 0.1427 £0.0034 mSv, 0.0488
+0.0011 mSv, 0.5187 £0.0034 mSv, 0.0914 +0.0020 mSv, 0.1107 £0.0006 mSv
0.0831 £0.0005 mSv, 0.0944 £0.0004 mSv, 0.1023 £0.0026 mSvZ ZAHSALDE
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e =10 LPHAASALRIL JHE S UERDH. ABE E7 M4RdEE 2t
Ab, 2SESA, LOHMABSAXH(HSGI S0 SSH =), LAIEAL, F&ostn
HMZO, 2IAk, XIDtRIMAL, XIDFSIAE, DJIEF 282F 0.1147 £0.0018 mSv, 0.1310

2
+0.0030 mSv, 0.0450 +0.0025 mSv, 0.4682 +0.0012 mSv, 0.0866 +0.0031 mSv,
0.1038 =£0.0018 mSv, 0.0741 £0.0006 mSv, 0.0845 +0.0005 mSv, 0.0450
+£0.0004 mSvZ ZALHARDE Ot =10 LBHRAS AL JIEDE JHE S LEEHS
CH(Table 4.22, 4.23)(Fig. 4.16, 4.17).

Table 4.22 Relative shallow dose by occupation Unit: mSv
5041 60+ 7041 8041 9041
mean sd mean sd mean sd mean sd mean sd
3 A} 0.0100  0.0000 0.0100 0.0000 0.0235 0.0009 0.0509 0.0007 0.1202 0.0016
ﬂ%f‘% 0.0100  0.0000 0.0231 0.0019 0.0426 0.0017 0.0727 0.0016 0.1427 0.0034
Zﬁhﬁxf%} 0.0100  0.0000 0.0100 0.0000 0.0100 0.0000 0.0200 0.0001 0.0488 0.0011

WARAAE 00300 0.0000 0.0522  0.0004 0.0958 0.0004 0.897 0.0012 0.5187 0.0034

3 g2

A Fo 0.0100  0.0000 0.0100 0.0000 0.0200 0.0000 0.0409 0.0010 0.0914 0.0020
O] A} 0.0100  0.0000 0.0139 0.0005 0.0300 0.0000 0.0584 0.0004 0.1107 0.0006

A Jiﬁ E 0.0100  0.0000 0.0200 0.0001 0.0300 0.0000 0.0500 0.0000 0.0831 0.0005

X oA 00100 0.0000 0.0200 0.0000 0.0300 0.0000 0.0529 0.0005 0.0944 0.0004
7] e 0.0100  0.0000 0.0100 0.0000 0.0173 0.0016 0.0429 0.0014 0.1023 0.0026
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Fig. 4.16 Relative shal low dose by occupation
Table 4.23 Relative deep dose by occupation Unit: mSv
50+ ¢ 60+ 9 70 ¢ 80+ ¢ 90+ ¢
mean sd mean sd mean sd mean sd mean sd
F3 A} 0.0100 0.0000 0.0100 0.0000 0.0200 0.0000 0.0476 0.0008 0.1147 0.0018
= =]

ﬁ%\f_-r 0.0100 0.0000 0.0199 0.0003 0.0384 0.0015 0.0655 0.0017 0.1310 0.0030
Rk, 0.0100 0.0000 0.0100 0.0000 0.0100 0.0002 0.0396 0.0008 0.0450 0.0025
Z]' . . . . . . . . . .
WAL AL 0.0100 0.0000 0.0100 0.0000 0.0100 0.0000 0.0167 0.0016 0.4682 0.0012

KR ki

Ao 0.0200 0.0000 0.0452 0.0004 0.0851 0.0004 0.1705 0.0009 0.0866 0.0031
A} 0.0100 0.0000 0.0100 0.0000 0.0125 0.0015 0.0392 0.0010 0.1038 0.0018

[e}

A jﬂ;\ﬁ £ 0.0100 0.0000 0.0100 0.0000 0.0277 0.0004 0.0504 0.0003 0.0741 0.0006

| 2} & A} 0.0100 0.0000 0.0100 0.0000 0.0208 0.0007 0.0401 0.0003 0.0845 0.0005
71 €k 0.0100 0.0000 0.0100 0.0000 0.0248 0.0005 0.0475 0.0005 0.0450 0.0004
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Fig. 4.17 Relative deep dose by occupation
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6. YAIH SHAHASAA HF 40 LIZHE Hluw

ZALE ZHSAIL GR0 HE B LIFHES MEAF= S4H6IAS I SA
& ZAHSAEALE ZARS ZHAHIS AR OFE AMESl HEMAEE 22 0.1794

+0.0008 mSv, 0.1332 £0.0032 mSvE ZEARS ZtHISAFXIOE 2EARS 2HH S AR
Otel AFE2CH 34 % = UEHSCH RS2 SAE 2HASALARE Z2ARS 2HAH|
SALAOE Ot AFE2 2H2F 0.1615 £0.0008 mSv, 0.1323 +£0.0033 mSvE HHH
gt 20| dRHET AL ZHAS AL AL 2HHS AL Ot AbE 20

21 % = LIEFSCHTable 4.24, 4.25)(Fig. 4.18, 4.19).

Table 4.24 Relative shallow dose of radiation-related workers Unit: mSv

mean sd mean sd mean sd mean sd mean sd

Y 0.0100 0.0000 0.0210 0.0003 0.0435 0.0003 0.0782 0.0002 0.1794 0.0008
N 0.0100 0.0000 0.0100 0.0000 0.0171 0.0012 0.0491 0.0009 0.1332 0.0032

0.15-
0.10- grp
| [
P
0.05-
| .
m8o mao

. . .
m50 m60 m70
variable

count

Fig. 4.18 Relative shallow dose for radiation-related workers
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Table 4.25 Relative deep dose of radiation-related workers Unit: mSv

mean sd mean sd mean sd mean sd mean sd

0.0100 0.0000 0.0200 0.0000 0.0398 0.0002 0.0702 0.0002 0.1615 0.0008
0.0100 0.0000 0.0100 0.0000 0.0110 0.0009 0.0460 0.0010 0.1323 0.0033

count

0.15-
0.10-
) '

0.00-

mTU
variable

Fig. 4.19 Relative deep dose for radiation-related workers
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72 % =H UEHEC. 374 ¥

o

O

AXEIE SARS RS SAERDE OF:l AR 20
= HWlAME AL HESAIAIE SAME 2SS
AFXEDE OF:l AFEHOI HIoH 24U &2 UEtR U ARl S40AE AL &
SSAROL SARE HHSAXOE OFel AFE Ol HIoH

= LIEHGCH(Table 4.26,
4.27)(Fig. 4.20, 4.21).

Table 4.26 Relative shallow dose for radiation workers

Unit: mSv
50441 603 <1 7041 80441 9041
mean sd mean sd mean sd mean sd mean sd
Y 0.0100  0.0000 0.0100 0.0000 0.0300 0.0002 0.0783 0.0016 0.2697 0.0057
N

0.0100  0.0000 0.0205 0.0003 0.0428 0.0003 0.0772 0.0002 0.1747 0.0008

0.2-

count

0.1

0o NN & _ -
. .
m50 m60

!
m70
variable

' '
m8o mao

Fig. 4.20 Relative shallow dose for radiation workers
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Table 4.27 Relative deep dose of radiation workers

Unit: mSv
50441 6091 7041 8041 90441
mean sd mean sd mean sd mean sd mean sd
Y 0.0100  0.0000 0.0100 0.0000 0.0270 0.0010 0.0757 0.0009 0.2711 0.0057
N

0.0100  0.0000 0.0200  0.0000

0.0391

0.0003 0.0698 0.0002 0.1572 0.0006

02

count

0.1-

00-
] i
m50 m60 m70
variable

Fig. 4.21
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Table 4.28 Chi-Square Test Statistics by Dose Baseline

nssc cdc
RESIES o JIZ=0le | JIE0lat 2 o JI= 019 J1Z=0| At 2
mv) | AT A ) ) il B ) ) X
o N 24019 23631 388 o N | 596771 583485 13286 6.4
' Y | 605427 | 591871 13556 ' Y 32675 32017 658 '
N 24019 23753 266 N | 596771 585888 10883
1.2 67.5 34.2
Y | 605427 | 594359 11068 Y 32675 32224 451
N 24019 23846 173 N | 596771 587736 9035
1.4 9.3 65.8
Y | 605427 | 596253 9174 Y 32675 32363 312
N 24019 23902 17 N | 596771 589142 7629
1.6 116.4 91.6
Y | 605427 | 597695 7732 Y 32675 32455 220
N 24019 23928 91 N | 596771 590211 6560
1.8 111.9 9.6
Y | 605427 | 598787 6640 Y 32675 32504 171
N 24019 23948 71 N | 596771 591033 5738
2.0 108.6 14.3
Y | 605427 | 599637 5790 Y 32675 32552 123
N 24019 23960 59 N | 596771 591740 5031
2.2 9.6 106
Y | 605427 | 600352 5075 Y 32675 32572 103
N 24019 23979 40 N | 596771 592334 4437
2.4 105.3 118.5
Y | 605427 | 600958 4469 Y 32675 32603 72
N 24019 23986 33 N | 596771 592836 3935
2.6 97 14.8
Y | 605427 | 601468 3959 Y 32675 32618 57
N 24019 23996 23 N | 596771 593247 3524
2.8 97.3 121.3
Y | 605427 | 601887 3540 Y 32675 32636 39
N 24019 24001 18 N | 596771 593608 3163
3.0 91.6 17
Y | 605427 | 602252 3175 Y 32675 32645 30
- N 24019 24003 16 & 1 N | 596771 593909 2862 .y
' Y 605427 | 602557 2870 ' Y 32675 32651 24 '
N 24019 24006 13 N | 596771 594177 2594
3.4 77.9 101.8
Y | 605427 | 602825 2602 Y 32675 32654 21
N 24019 24009 10 N | 596771 594419 2352
3.6 73.7 %4
Y | 605427 | 603067 2360 Y 32675 32657 18
N 24019 24010 9 N | 596771 594645 2126
3.8 66.6 83.6
Y | 605427 | 603293 2134 Y 32675 32658 17
N 24019 24010 9 N | 596771 594827 1944
4.0 59.3 80.8
Y | 605427 | 603479 1948 Y 32675 32662 13
N 24019 24011 8 N | 596771 594981 1790
4.2 55.1 74.3
Y | 605427 | 603633 1794 Y 32675 32663 12
N 24019 24011 8 N | 596771 595132 1639
4.4 49.1 66. 1
Y | 605427 | 603784 1643 Y 32675 32663 12
N 24019 24011 8 N | 596771 595256 1515
4.6 4.3 59.5
Y | 605427 | 603908 1519 Y 32675 32663 12
N 24019 24012 7 N | 596771 595380 1391
48 41.2 54.5
Y | 605427 | 604032 1395 Y 32675 32664 11
N 24019 24012 7 N | 596771 595491 1280
5.0 36.9 48.6
Y | 605427 | 604143 1284 Y 32675 32664 1
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INNINSEEYSHES 028 LAABALNL HdBHAXIE Z246tH  (Fig.
4.22)0ICt. AN 2SO0l J0INSEISHES Mefxiel JiEol Met &
JIGIAUCHI 246t HES 200 I0IMSZESAHEO0 IHE =2 e &
MAUXE =B AFHAXNZ BH, HHHSEO B2 S 2EAH S AL = 1.9 mSv
0] ZALE HASALRt= 2.7 mSvOICH. MRS e ZEHSALRHE 1.9 mSv
0l AL HASALAt= 2.8 mSvOICH

The shallow dose of radiation worker (N=1048575)
=7 - —®— pssc
3 B cdc
° T T T T T
1 2 3 4 5 6
radiation exposure (mSv)
The deep dose of radiation worker (N=1048575)
Q1
w —&— nssc
@ = cdc
B = 28
. T T T T T T
1 2 3 4 5 6
radiation exposure (mSv)
Fig. 4.22 Optimal dose constraints Nuclear medical

Radiational Workers
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2. 018 YAIMSAIAS =& HdESH X
HE2 ) S4Z2100 2 g2 0122 &M 200 a2 0ixle 2g2
OJAI2} SHAFAAIOI D HYEE2 SA0ICH. HdE2 1970 o &AM 202 R AGH
Ct. fo E24Z = HygY, 48, N8z [NSHE0| ChElz SHAId 2AHS
ALXERE AP A A SAIAE 226t JIE01 240 et €etd = ASE 20|
StCH. 2hALS ZHAHIS A A= YOI NEO =2 gt2 20IRIBF HAIREAS AR = 80
=% &K= N0l 20ldd YECO =10 8029 O0IFFH YII NBO =282 gHAl
o ZHSAKNECH SAIE SHASALAS D=8 S$I|E01 =301 EFE6iCH. 0IH
Z® AR st KHAHE 2o 2210 E2CACHTable 4.29)(Fig. 4.23).
Table 4.29 Optimum dose constraints of radiation workers by factors
Unit: mSv
shallow dose(mCi) Deep dose(mCi)
CDC NSSC CDC NSSC
19404 10,110 - - - -
19503 44 272 3.0 14 2.6 14
19603 159,208 2.2 29 1.0 1.0
19703 179,769 15 3.2 1.9 3.2
1980+ 159,438 1.7 19 1.8 2.0
19903 76,649 1.3 14 1.5 15
w2} 414,129 16 2.7 2.9 2.8
of =} 215,317 1.7 1.7 1.8 1.8
FE AL 37,118 09 09 0.9 0.7
3 ZEHAL 8,835 1.2 1.2 3.3 1.2
2L A FALA} 9113 0.6 0.8 0.6 0.7
HEAL A AL 199,692 2.7 2.7 2.8 29
Gaojetatd e 12614 1.0 1.3 1.0 1.2
2 A} 170,680 1.1 2.7 1.1 2.8
2] 9] A AL 56,642 - - - -
2| 2} o] A 123,732 - - - -
7] e} 11,020 - - - -
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others

(*ICollection @ chosun

_64_



|.

H5& 1

S = 8 J o ou oo MM HRISAB O T oW W RS
) Ul ROE = 00 < £ e o = = 70 Rl RO o3 T HAFET B X MHR
< — < o < I = b
=& Wo R O mo_g%%m_::nﬂ UOEUOW%%E
ROUW sl 8 orr O _ 03 = ol = T M 6 o W o oL . L
X qor ou o o3 o E = A <0 m__||o = = - _ = IH Ml <k m._
SR L T o%@@ﬂmlﬂ TR T L
ot 2 4 W o H 5 = " o O N L TS
— 3 0 o Ik - — = 10 o o, = o = 2
o -9 50 - Ju 2 J) o 20 E o) Mr g W oz - o0 MM o
= R 2o o 3 S oot A = o R T Ll ¥ oo 2 on
W O o i o1 o of oF y S o8 ge WEWENOM_MO
= ™ o 8 & 0 = B = = 0B M+ m © > _ S E < U=
%_,w&&mow I___Mowmoogu.mmwmm wwe%u_ﬂou___a
o 2 b ol = 1o = ol
@Mm___:mw__rau ﬂAmowmwm_M_E_E wammm&mmo_e
= ER © O 3 = e Mos o oF Ko AR S
wwﬁ_mmewm___mn Wl B R gy 2 Ml.aa__m_w&a_:_%
— - K =~ " . _ > ™ g
TMEs 5 moWyTs8gr0 HI I
Rlol gy & 2 = s M Wi o _m 3 _ o5 XIS
m o o B Pe Twze =g 8 ®CERL oLy
0l 50 R g 9 d = < Jo - ¢ MW W ROor B 4 W 1 <k
L K mA g A e 0z g BB
b om = M s i m e _ W S moJ Wy = =R R Ok
u_Lnﬂieuuwﬂ.mu q_aatlﬁm_wmn_bm fmo._,._u.__w_.;
_ = R = D ﬁ._ > 0 0 of W0 g O 3 = g ..er - = m W %
=< MW = 3 < 3o Tl sy 30 80 “ ez @ = T 30 =
= = 3 o e <+ ol 2 = = mrOX0 30
S ®Bu DPwvgarww EBg Tamok oo
R I ol < Wz S = TR
I 5 B o= s 0B WY _ oM aJmo_aom_&
FEY s gl XTayoW 52 BORG L5 8ed
0 R o = = H &o - = N = e L .
0o ol = B Hr iy _u|_ n ._L_m 0o = 3 nJ N = o & W 2
m_img_.mﬁwm 7mogm;jm_@ T g o5 R
_ W 3 5 . 3 S W s, 00 B < S oo s L w oF
S 3830238 agV"smews n RWEMIY
Y_® g X3 - T By = 3 0 5 & < B < =
35 = 28 O & o g M o o5 2 KO OH KO BU B0~
0 = Lz S WMo 2 H K- o1 Hr od or S N = M+ 3 Wo. .
o) v W0 - ™= RC oW R0 & W =3 ofF 20 @ 2 OokORT MY <

tOd JHOIMl&S

¢}

q

S
o

d

A
=

1.0 mSVvEE 6.0 mSvItXl

_65_

Collection @ chosun



Rr
)
ol
s

ol
JIJ

9]

Kl

ol
a0

H0

R0
Al

2017¢

OF
R0

ol

n0
7l
I

<0

=

a

zl

o

=8

Hg =5
201844,

Iz
=

g2 1

A CHe HAIe A

20194,
[(2014)

20164,
mSvOl) HSR&E0l 0.13 £0.73 mSvZ HIAl

0%

HH

-

KO

2008E B 2013EMtXI2 HHMAE0l 0.13 £0.77

=
[a—

5

L
(=]

3

o
o

Ju

il

(o)a]

, 201592 H 2019EItXl 5

oo 2%

S

off =01

ol i
32 2,32010t =1,

=
S

I =H

S

Al
(=]

HAE

=8
)

a

n0
X
Hr
=

I3
=0

il
~
I

53
Ul

Bl
B
0

i0J
xr
IH

B
0

Ju

il

(o)a]

0]
X0
3
KF
il

jild

1,427 S LEetRt2eu

U
0

ol

Klo
&)

ol

JJ
=)
&n

ol

0l
bl

&
s}
ol

Hr
=

OICk.

ot = AEA WHME ot JJl ME

Ak TI=0l O

gt
=]

0l

HIAE &

St
=1

At
S

HESZ i
O A0 SAHAZ

40

A Ol

2+
=
M2 LM

i R
[

50]

S

]
L

n=2 20l

wH

ol

IH
Ju

At ZHHS

I.

10

(I

il

o)

E

o
0
X
Hr

=

il
A
&)

il
50
&)

i0J
xr
IH

il

0

OICk.

2k AtA

= Ol

AI210121

ol

HAHHIE A

20CH 30CH

zl
KT
=

I3
=0

il
~
I
il

50
&)

i0J
()

M 2

ol

0l

b

S

&01 Jts
USB 2 SAHA

Bz =

= Ct.

et =L

Iz
=

I

b

e=PSkel

b

ol CHE

=
=

Sk A
= T

O 2 [ (Table 4.11) &0l

7o)

E

o
0
zl
K
=

il
o
&)

B0
Ko

KM

i0J
xr
IH

il
K0

KM

XA =22 U

2k At

ol

g &30l bl

AFE AL CH

gt
=]

=l ol=

Eb it

ol

J
)
HH

_66_

Collection @ chosun



JJ
OF
R0
J
3l

ol
Hr

=

19)
=
K

i
oF
pill

0{0
1)

1

| LHOI RACH

F

2 He
[=]

o

el L=&e0l 3

210ICk.

H 2

9]

o)

IS

3|
CHz40l OF

=
=

HEHl S

, X

N1 )]

OICH® 1,

A<
iloll

s

& & 01 OF

ol

7S]

+0.0006 mSvE

2r At

+0.0008 mSv, 0.1323 +£0.0033 mSvZ HEHH
+0.0057 mSv, 0.1572

0.1615
+0.0008 mSvE

0.0008 mSv, 0.1332 +£0.00322 ZAtH

=M LHEFSECE.
+0.0057 mSv, 0.1747

+

72 % = LIEHSECE.

jild

it

&AL 20 UEFE2U A

0

AFXEJE OHZl AFEHOI HI

(Ck

JI=0

o

H = LIEHSECE.
2|

0l

II0IN=EESA

AEXEJE OFEL AFEON HI

2=0

g0l A

JHOI A

(Fig.4.22)0ICt.

F

cC

el

HH
KO

I.

HE0l It

o
R0
A0
[HD

PSS

JtOI A

J

o)

=8

Rr
)

un

|

3| (1CRP) il A

2|

=}
=

2.8 mSvOICk.
H = HEAMLLHA

—
[—

=
T

Z 0l A

ol&tel
1(20 mSv/H)E = ots

3
o3
H
<
i0J

!

b ZEHS AR
2015 2 & 20198 DHAl 5&

2 A

X

_67_

=)
—

S
(=]

b

S
fmetd

=2 oo H
Collection @ chosun



gt
=]

DGHA 5 DI2te

o)

OlA Lt A0l Ot =

WP J|E

A0

ol
Rl
~

N

T

&)

i0J
1o

n

Y
u

_

Rr

o)

JU
ot

<+
oll
i

ol
Hr

=
Tl

-

10

s
Ju

5
un

=

ol
Rl

9]

010

ol
lo

Ok
1

190

=2 30 &

o
=
8
ol
a0
xJ
Hr

=
zl

-

10

I

o
110

010

0J
gl

Hr

=
zl

10

gdoHEs20 o

SOt At

S AHD 2H01 Ol

A

ot

B
iy

0l
s

i0J
o
Al

ol
U
U

OF
E

ol
Rl

R0

i0J

5

i0J

9]

[
E

ul

=

_

Y

JHOI A

SHA =

o
T

oI

£ HAl

FX

RS
tOd

2
S

2 H S A

AtH

HOF ot(d,

I.

B

B
Z=de 220 O

At TI=0l CHE

gt
=]

¢}

il
T
-

_

ioJ

£ JI0o

=

F=PN|

B

[
p—a
=

=

Rr

OICk.

A<
iloll

s

Ol OI= 01 ™ OF

r

nO

L

H

_68_

Collection @ chosun



W R g XD
B o= oy RO ,
0H Ko W o0 D = W _W._..__ ) w@ 5 A
S o I Mook 3 |
1 2l + 2 )] - i) = 3 I o3
w0 Kr ol - — ol o IH = - O 3 . o o &l 0N O =+ -
] T— oF o ™A o 2« DoxY a7 S ar 8 R I
— TR = o4 = K - ] ol & . 0l on = ol X -
S = 2 NS A rlmolﬁElxr_p___.,+%
X o= a .5 = = Hr < =2 = o 3B LR OE] it
agm_gpoa mromMm__z_qlmo HoE S e 0 % O
Ny = T = o RO s < DU = T IH A Kool X 0 o =
:_o,z_m_Afgr o |1,5|m$£ = o Moy O
R R E R = 4g_m____o_=_+ﬁ+ =
aMﬁ@mm _gMA%mL@dcﬁ_ﬁ%_m;mazgaagj
g = O T = _ _ N
m_zoxoMﬁMﬂgzjzfuao.mo.c4:lﬂ¢@1maomq =
tﬂ,mouo__oggmugo_ n O gwo_M+Mﬂ%@gﬂmM
n0 En._ I L = X0 d T W ._|._ = = ~ o] 30 S - _A._o ol 30 T == L ol
il Eeegrﬂ OMomﬁ_E_x_ormM ) B 0 o K-
%wgmm_megzM%Aan%ﬂmanjJom+a£
R o < P %nm N > - oF Kk o JI[d W z U oT <0 = w W [ S O MM T @
5l B oM @M@%%Qif%&.go:go_g tmDaoumos_a
J:ﬁdﬂg;%&zo_EOT%DwmoﬁojmumaoA,A:IL
m_x&moz G ﬂao@mogm m@ﬂmrl__o@@mmsm
dz_eratar.LD:H4ﬂmm%4wJum
s KIr < 110 of X O L o G - = Rl o8 Ko
o N = o Ll = I = I o 0 = =] = o) go X P = o e =<
oy = R I < = a o 0] w0 T oan = ~ o) 30 W oy = Rr 30
ey P_E 70 — = @ Mo 0 33 W .r: o~ < o W e N
[ g0 - = d on T 53 ™ TS 0 oo b . S
R w o 2 o M o ol = 2 G om0 o ROSA
= il d o= — R 2 = e o m oW YWR = o) U
TR &T_xilxﬁaoiéxmwéﬁ_toDTLu N = o o
e - A oo rm__dl__do TS K W3 W6
LR KT sroop WO ko = o]
> =2 Rr M o= = | 3 IH S ) = WO KX =
@om,@gao:lo_en_fao m1a____mm__orqoo_@& =
= 8 m= g = s Mo z 0 o.U RO< o8 op 1 BU M0 20 _4 W <
50 D &M T [0 " Yol = o ° z % o & =0 _ n < H 8 K o 5 O o
H_Tx,rAfaqu m_ﬁﬂaoww|+M|_g@ %aom_ﬁm
R o O A B .« K o N 35 T 2 = 0l & ©
_l._l ._H_In_ U:._ — OF K n0 :An_ - o — < *pp S o a _ X = =
o = I s T K0 R moE o TR B A0 ol D ol =
@lelaor-r_ 5 3z m o= <] or Ixﬂao&4_;._f§
Jmom_ﬂomoﬁmwigmaojuieoSME@%%}HMM
110. = — T - e o T = alll _L| = =
B 3wy« .Mcmmmtz%wzO;EH_TAauAgng
o 11O - K[ 2z a _A._o K g ——— UI m m O_ il UI I _ w._ E._ -+
~ e = o TR o ROK S
= W o N T mm 33 30 o @ o of B W ® oy = o < W oE m ; =~ =
B R H0 B o m 3w ¥O g KR W L
aou___o4ru A, :IlaoAAoEm
S M o X o = ~N < - o] R
Aomaefmualgm___aﬁlwau
S e n N son2d

- 69 -

Collection @ chosun



s =z

AR AL CH

I.

o

g

FRIAF =22 LEtS=dl Ole

ol
RO

Ju
)
HH

B

s}
O
Ll

Al_u

Ok
g

o

=8

ol

s}
x
jild

IO A

LIEHSECE.

—Ilﬂ
HH
Uk
O

0
7l
I

<0

At
AtH

AN HAIS 542

=
—

4=

Ik
[=]

3

&

Iz
=

I
JtOI A

et A

—

[—

HA

0l

=l

o
T

ot |

2.8 mSvOI|Ct.
o

—
[—

A dEHSR=Z
SHAXE HMAl

Y
Ll

0l
s

oll

O
Ll

=40

ot

o
e=HIE

st

B

FOI AR TIZ0 CH

e}

_70_

Collection @ chosun



MN7& I8
1. 234, Raltet SAtd ojstol S et Atd ol sl X, 12, 97-125,1976.

2. HG Kim, SS Kang, CS Kim, CS Park. Terms Standardization between the Rules
of Diagnosis Radiation Equipment Safety Management and Atomic Energy Law :
Problems and Suggestions, J. Radiol. Sci. Technol, 29(1), 39-46, 2006.

3. 223, a8, TAM0l LeEH0U OIXl= Zeol &8 D&, xaest K
27 M4z, 113~127, 1984.

4. ZANA 2, AHE X-dEX E-a2e
5. 0lgtd. 2012 AR ALS] TI=

CHstel AAlStS=2, 1991

|'

>
B
_>|i|
1
HO
ol
=
N
o
o
D

(s

il

=

6. ICRP. The 2007 Recommendations of the Internal Commission on Radiological
Protection. ICRP Publication 103, 37, 2007.

7. JG Lee. The 2007 Recommendations of the International Commission on
Radiological Protection ICRP Publication 103, Journal of Radiation
Protection and Research, 2009.

8. YM Kim, KW Cho. A study on the implementation of dose constraints in
occupational dose according to ICRP 103 recommendations in Korea, Journal of
Radiation Protection and Research, 36(3), 127-133. 2011

9. |ICRP. Recommendation of the International Commission on Radiological
Protection, ICRP Publication 9, 1966.

10. (=, HEEBES BEEHN 28 AR, aUHAMSR=E FRRER,
1993.

1. SZd. A2XY 3 A2AZI12 DA SAEKS JHQITI L S0 28 AP
(Doctoral dissertation, HAICHSIW S2ACHSHA), 2003,

12 82, BEHO 2EMHKEZ KWt wHBRHEEREY KMABRRESRHN HR
(1). 28222, 1972,

13. 0183, "HHRESS HBHKEYU MAREG." SHEAS=E BIELXER R
X2k, 1991.

14 HJ Lee, SB Lee. Analysis of Changed Bio-Signal to Radiation Exposure of

4N

0

A

[u]

Nuclear Medicine Worker, Journal of Radiation Protection and Research,

_71_

Collection @ chosun



>
0=
ra
wW
o
(&2}
(@]
wW
i
(]
w
g
(]
[@p]
(]
o
(]
N
(@]
oo

MeXl 28, 20169 XS HMA DALY oM D=2 10 M N-STAR, 2016.
18. WK Chung, NH Yang, KR Dong, JW Choi. Proposed Dose Constraints in the
Duties of Radiation Workers at the Department of Nuclear Medicine. Radiation
Protection Dosimetry, 187(4), 535-539, 2019.

19. Park, J. C., & Pyo, S. J. Study of External Radiation Expose Dose on
Hands of Nuclear Medicine Workers. Journal of radiological science and
technology, 35(2), 141-149, 2012.

20. RL Kethren. Radioactivity in Environment, Source, Distribution and
Surveillance, Harwood Academic Publishers, London, 1994.

21. CM Lederer, UM Hollander, | Perliman, Table of Isotopes (6th ed) John
Willey, New York, 1967.

22. YJ Kim, At&E2l Aot S2lME,

23. United Nations. Scientific Committee on the Effects of Atomic Radiation,
Effects of ionizing radiation: report to the General Assembly, with
scientific annexes (Vol. 1). United Nations Publications, 2008.

24. Podgorsak, B Ervin. Radiation physics for medical physicists, Springer,
2006.

25. M Satake. Environmental toxicology. Discovery Publishing House, 1997.

26. GE Adams, DG J ameson. Time effects in molecular radiation biology,
Radiation and Environmental Biophysics 17.2, 95-113, 1980.

27. MG Stabin. Radiation protection and dosimetry: an introduction to health
physics. Springer Science & Business Media, 2007.

28. L Sanche. Beyond radical thinking. Nature, 461(7262), 358-359, 2009.

29. UNSCEAR, Scientific Committee on the Effects of Atomic Radiation.
Effects of io nizing radiation, UNSCEAR 2006 Report to the General Assembly,

with scientific annexes, 2, 2009.

_72_

Collection @ chosun



30. JF Ward. Molecular mechanisms of radiation—induced damage to nucleic
acids. In Advances in radiation biology (Vol. 5, pp. 181-239), Elsevier
1975.

31. EJ Hall, AJ Giaccia. Radiobiology for the radiologist, Lippincott
Williams & Wilkins, 2006.

32. Bonner, M William. Low-dose radiation : thresholds, bystander effects,
and adaptive responses, Proceedings of the National Academy of Sciences
100(9) 4973-4975, 20083.

33. SA Lorimore, PJ Coates, GE Scobie, G Milne, EG Wright. Inflammatory-type
responses after exposure to ionizing radiation in vivo: a mechanism for
radiation-induced bystander effects?, Oncogene, 20(48), 7085-7095, 2001.

34. R Protection. ICRP publication 103. Ann ICRP, 37(2.4), 2, 2007.

35. International Atomic Energy Agency Integrated Regulatory Review Service
Extended Follow-Up Mission To The Republic of Korea (IAEA-NS-10), 2014.

36. V Kamenopoulou, G Orikos, P Dimitriou. Dose constraints to the
individual annual doses of exposed workers in the medical sector, European
Journal of Radiology, 37 204-208, 2001.

37. H Piwowarska—Bilska, M Nowak, MH Listewnik, P Zorga, B Birkenfeld. The
practical considerations of dose constraints in diagnostic medical
depar tments using ionizing radiation. Radioprotection, 49(1), 23-25, 2014.
38. 018, =55, ISSHEBHE, A 2013,

39. =& &, SPSS desH=4, NZE0ICo, 2016.

40. Stephen Fennell. Survey on the Use of Dose Constraints and Reference

i fo
ok

=
S

ro

Levels Made in the Context of the European ALARA Network, [CRP Symposium on
the International System of Radiological Protection, 2011.

41. U. S. Nuclear Regulatory Commission, Code of Federal Regulation,
Numerical Guides of Design Objective and Limiting Conditions for Operation
to Meet the Criterion As Low as is Reasonably Achievable for Radioactive
Material in Light-Water-Cooled Nuclear Power Reactor Effluents (10 CFR 50
Appendix 1), 2012.

42. U. S. Nuclear Regulatory Commission, Code of Federal Regulations, 10 CFR

_73_

Collection @ chosun



Part 35.75) 1997.
43. DB Howe, M Beardsley, SR Bakhsh. Consolidated guidance about
materials licenses, Program-specific guidance about medical uses |icenses
(NUREG-1556, volume 9, revision 2), 2008.
44. Health and Safety Executive, The lonising Radiations Regulations 1999,
Statutory instrument 3232, IRR99 Reg 8, 1999.
45, 2rds|. ICRP 10301 HE LARE ZAHS AR 532t DRI Z M S
o M= s4Uisn e, 2014.

ct

LA L HIX| O] orM 2|0 2 REA(BH=SXNRHE M528F) M 2x

I—IIA}

o et

+>+|

_74_

Collection @ chosun



T
K
Ok

=
ior
[0
il

[0

[0
o

E
ol

&l
K]

20158 £ & 20198 MHAl 5

J

I
IH

R0

7

IH
iy

ol

s}
K0
K"
ol
0
Ll
Hr
=
ol

Rr
JF

0l

1}
X0

1o

Ho
o
il
Wl
<
g

i
<

oF
i

AIT,

Ok
H

SIS
=2 o

I3
=0

i0J

i

Rr
)
ol
s

Al

ol

ot=

=2

=8

=

I3
=0

il

~
I

Ju

=il

20184,

Sl LIEF 2L

1,4=271

32 2,32019t =11,

2f o
= =

3

&

=
T

A
(=]

f

ni

3

A E

[m;

=8
)

a

n0
e

Hr

i0J
IH

B
0

Ju

=i

(o)a]

0l
0

g
KF
il

~
I

o

i0J

IH

iof

K0

i0J

S H S ALAE,

_75_

Collection @ chosun



=8

)

i
=

Ty

ol

a

n0
zl

ol

ol
HH

KO

I.

HE0l It

o
R0
A0
[D

PS

JtOI A

2.7 mSvOILCt.

2.8 mSvOILCt.

=
[a—

(Ck

=
[a—

oL

Al_u

oF
I

Al_u

Ok
M

3
Ok
JI[d
<2

5

i0J

= AF0A KA

_

A

N

1}
x
jild

E

i

=

~

0d

KD

)
0
=0

1o

Ho
ol

il
Wl
<
g

i
<

Ok
H

Al_u

Ok
IH

st

B

AR TIZ0 CHE

tOd

110

It

Y
Ll

0l
s

ioll

O
Ll

xr
IH
i0J
all
%0

A ZEHI S AEXE,

gt
=]

Keywords :

_76_

Collection @ chosun



. IOINSHEESHEE 0IE

ro
B
Ja
[x
Off
=
12
>

1. 2A dMAX @ A2 (508 )

The shallow dose of radiation worker (N=44272)
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2. XA HdFHMAX - HE (60EH)

The shallow dose of radiation worker (N=159208)
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The shallow dose of radiation worker (N=179769)
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4, X HSFHAX - HAF (80EH)
The shallow dose of radiation worker (N=159438)
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5. XA HdYMAX - 28 (90EH)

The shallow dose of radiation worker (N=76649)
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The shallow dose of radiation worker (N=414129)
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The shallow dose of radiation worker (N=215317)
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The shallow dose of radiation worker (N=37118)
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The shallow dose of radiation worker (N=8835)
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The shallow dose of radiation worker (N=9113)
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The shallow dose of radiation worker (N=199692)
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The shallow dose of radiation worker (N=12614)
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The shallow dose of radiation worker (N=170680)
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