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Table 1 Content Questionnaire
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w24 2
e Slolslah MARBARRRA 2REAY 2R 4
o] Gz WAMIFARRA £itsto] 252 PARIAL o
A Ygow LYt

E Aol A =3H AFF = SPSS ver.17.0 A X
2 AgaIon], ATe] b S i 2y
o 5lgick, AP T Blje WALLEASE o o)
OS] HEMY BHe SRolEE
(independent two samples ¢—test) 22 3}T}

Ao T2 A4, Q14 W Sielst WAIEA S}
QAL A ol W 4, <4, e o)y slojst
AAEARAS] S EAR BAS A A one

way ANOVA)© & 3}t

ox 19 flo %

Aol T SAJa WAMEAAS] T A4, )
X, ) 2.9 HA, 914 A fo] W o)y Hlejst
RPHEAALS] T2 AT 24, Q1A e 2] AL 1)
0] AR X (pearson correlation analysis) &2 3T

Slofst MALMEAAFS] B olo} palE U
A4 B4 9 A4, 94, W) 2oloR BAsm, oy 9
o)t AR APS) T EAFE olol TelE Qb =

Survey ltems

Detailed Contents

General characteristic

Radiation exposure

Pregnancy experience

Related to radiation Female
exposure Pregnancy inexperience
Male
Knowledge
Radiation safety Recognition
control
Behavior

Gender, Age, Workplace, Marriage status, Pregnancy experience,
Employment period of Nuclear Medicine department, Workplace of
Nuclear Medicine department

On-duty hours, Number of examination cases, NM-related license

Radiation exposure in the last 5 years
(Legal radiation exposure standard)

Pregnancy period, Workplace rotation, Radiation exposure for
pregnancy period, Cooperation of coworker

Childbirth plan, Radiation control plan, Cooperation of coworker

Legal knowledge, Theoretical knowledge about radiation limit
Recognition of dangerous grade of effect radiation influences on body

Radiation control, Control of individual radiation exposure and radiation

protection
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Table 2 General Characteristic of nuclear medicine workers

Female(r=42) Male(r=64)
Characteristic Classification The number of Percentage  The number  Percentage

people (%) of people (%)
20 ~ 29 21 50.0 6 9.4
Age 30 ~ 39 19 45.2 45 70.3
More than 40 2 4.8 13 20.3
General hospital 32 76.2 50 78.1
The size of hospital Semi-general hospital 10 23.8 10 15.6
Clinic - - 4 6.3
Single 22 52.4 17 26.6

Marriage status
Married 20 47.6 47 73.4
Up to Syears 16 38.1 7 10.9

The period of nuclear medicine _ _
6 ~ 10years 21 50.0 36 56.3
workplace

More than 1lyears 5 11.9 21 32.8
Up to 8 hours 35 83.3 49 76.6

On-duty hours
More than 8 hours 7 16.7 15 234
A general license for radioisotope Possession 19 45.2 45 70.3
handling Nonpossession 23 54.8 19 29.7

g 8 A4, Q1] e 291 B4 thEEl A (multiple

regression analysis) &2 3}iTh
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D g Sy
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AR 19 8A17F o]ste] 257} 497(76,6%) 0.5 84]

7 23} 2RARc geron], PAEIULATA Lt
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Table 3 General Characteristic of female nuclear medicine workers

Pregnancy inexperience Pregnancy experience

Characteristic Classification
The number of Percentage The number  Percentage
people (%) of people (%)
20 ~ 29 19 57.6 2 22.2
Age 30 ~ 39 12 36.4 7 77.8
More than 40 2 6.1 0 0
General hospital 26 78.8 6 66.7
The size of hospital Semi-general hospital 7 21.2 3 33.3
Clinic 0 0 0 0
Single 22 66.7 0 0
Marriage status
Married 11 333 9 100
Up to 5 years 16 48.5 0 0
The period of nuclear medicine 6 ~ 10 years 16 485 5 55.6
workplace
More than 11 years 1 3.0 4 4.4
Up to 8 hours 28 84.8 7 77.8
On-duty hours
More than 8 hours 5 15.2 2 222
A general license for radioisotope Possession 13 39.4 6 00.7
handling Nonpossession 20 60.6 3 333

o] Qs WAMEARIE X7} 67(66.7%) 2 H]2A R

ot EtH(Table 3).
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Fig. 1 Radiation exposure of nuclear medicine workers based on age
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Table 4 Exposure dose of nuclear medicine workers according to knowledge, recognition and behavior based on gender

Female(r=42) Male(r=64)
Characteristic Classification fter”
(score) Exposure dose Pyalue Exposure dose Pyalue
(mSv) (mSv)
3 3.80 = 2,80 6.06 £ 3,11
Knowledge of dose
o 2 6.52 = 0.19 0.183 439 = 3.87 0.260
limit
1 -
Knowledge
limit for pregnant 2 6.19 + 2.64 0.229 6.20 £ 2,48 0.983
woman 1 4,29 £ 2.89 5.96 £ 3.74
General license for 2 3.84 224 5.24 £ 1.87 }
. . 0.849 + 0.052t
radioistope handling 1 400 + 323 7.57 £ 475
3 4,04 = 3,04 6.22 £ 3.46
Recogniti f d
ecogmll.on‘to os¢ 2 442 + 242 0.674 6.20 + 2.52 0.744
imi
1 3.47 £ 294 5.59 + 3.56
Recognition of dose 3 3.70 £ 230 6.16 + 4.19
limit for pregnant 2 4,40 = 3,15 0.793 591 £ 2,40 0.925
woman 1 3.77 £ 3.01 5.78 £ 2.89
3 270 + 183 0.15 £ 3,50
R iti f
ccogntion © 2 532 + 3,48 0,024 5.82 + 2,96 0.717
Radiation defence
1 454 + 2,69 4.82 = 1,01
Recognition
3 412 = 2,68 5.29 £ 2.26
R iti f usi
ecogr.n on O. Hsing 2 3.65 £ 291 0.880 6.28 £ 3.87 0.153
Syringe shield
1 376 £ 3.82 7.40 = 3,97
3 4,01 £ 267 5.45 + 3,27
R iti f usi
ccogiion of tsing 2 6.23 + 1.2 0.164 783 + 475 0.350
lead glass
1 3,28 = 2,46 6.26 = 2.89
Recognition of 3 5.20 + 2,40 5.65 £ 293
separating patient 2 5.86 £ 3.28 0.046 2.64 + 2.09 0.599
waiting room 1 3,15 + 2,40 5.5 £ 2.93
3 3.41 £ 254 6.21 £ 3.31
Supervising o
) . ) 2 5.50 £ 3.10 0.091 454 £ 2,04 0.307
radioactive material
1 3.17 £ 2,57 5.05
3 3.07 £ 272 5.52 & 2,54
Using defence 2 3,01 + 1,89 0.027 5.49 £ 3.30 0.429
1 5.38 + 3.04 6.56 + 332
3 3.70 £ 2.69 5.57 £ 2.66
Reduction radiation
Behavior 2 0.93 £ 2.838 0.052 6.08 £ 1,50 0.001
exposure
1 - 12,20 £ 7.52
Effort for 3 398 £273 5.59 £ 2.60
maintaining proper 2 3.70 + 3.26 0.798 5.58 £ 2,51 {0.001
distance 1 R 16.52 £ 0.83
3 343273 5.60 + 2,62
Effort for proper
o 2 491 * 231 0.041 7.13 £ 453 0.285
shielding
1 9.53 7.11 £5.16
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Female(r=42) Male(r=64)
Characteristic Classification ll
(score) Exposure dose Pyalle Exposure dose Pyalue
(mSv) (mSv)
3 3.59 + 2,76 5.90 £ 3.34
Effort for proper
) 2 4,44 = 298 0.355 6.13 = 2.80 0.950
housing
1 5.82 £ 239 5.44 £ 0.54
3 279 £ 226 497 £ 171
Lead a
cac apron 2 - 0,048 732 + 2.80 0.137
(Distribution)
1 4,56 £ 2,90 6.19 £ 383
3 224 £ 1,01 374 = 1,15
Thyroid coll
Yo o 2 3.60 + 2,05 0.149 653 + 3.49 0.054
(Distribution)
1 4,40 = 3,03 6.28 £ 3.24
3 2,96 + 2.42 5.68 + 312
protective glove
e 2 1.96 + 0,44 0.322 5.00 + 2.82 0.697
(Distribution)
1 421 £ 2.89 6.16 + 3.12
3 - 3.45 £ 1.45
Lead glasses
e 2 3.49 + 2.60 0.743 436 + 1.86 0.075
(Distribution)
1 398 £ 2,85 6.29 = 3.23
3 2.26 + 2.07 495 £ 1.83
Lead apron
- 2 4,81 + 2,55 0.012 7.40 * 4.47 0.122
(Injection)
1 489 293 6.00 £ 3,16
3 1.84 £ 1.35 3,92 £ 1.32
Thyroid collar
N 2 3.36 = 2.37 0.101 7.30 £ 2,22 0.055
(Injection)
1 443 £ 2091 6,13 = 3,14
3 5.28 = 5,35 6.54 £ 375
Protective glove 2 3.41 £ 217 0.726 5.10 = 1.69 0.673
Behavior (Injection) 41 T2 720 5.10 + 1. 6
1 394 + 283 5.86 + 3.16
3 0.31 2.64
Lead glasses
7 2 3.70 + 4.26 0.418 8.04 + 2,06 0.381
(Injection)
1 4,06 = 2,59 5.91 £ 3,18
3 1.64 £ 1,01 448 £ 1,40
Lead a
cac apron 2 7.43 + 2.82 0.008 400 £ 4.93 0.070
(Contact)
1 428 £ 275 6.47 + 3.39
3 - 385 = 1.66
Thyroid coll
YIoIE conar 2 2.95 0.727 5.43 + 0.59 0.148
(Contact)
1 395 £283 6.29 £ 343
3 4,29 + 2.89 471 £ 1.24
Protecti 1
rotective gove 2 6.65 0.613 3.34 + 2,50 0.097
(Contact)
1 3,84 £ 283 6.32 + 3.30
3 - 6.08 £ 3.16
Lead glasses _
2 - 1.95 0.222
(Contact)
1 5.14 £ 331 3.35 £ 1,01
3 3.61 £ 3.00 5.77 £ 3.53
Lead apron
. 2 3.80 £ 241 0.854 453 £ 234 0.299
(Disposal)
1 416 = 2.88 6.35 £ 313
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Female(r=42) Male(r=64)
Characteristc ~ Classification e’
(score) Exposure dose Pyalue Exposure dose Pyalue
(mSv) (msv)
3 2,84 + 0,88 6.17 + 453
Thyroid collar
. 2 3.03 £ 252 0.606 6.41 + 3.87 0.833
(Disposal)
1 413 £ 293 5.78 £ 2.79
3 2,35 £ 2.80 5.77 + 3.60
Protective glove _
] 2 4,50 = 2.86 0.477 5.49 + 3,11 0.824
(Disposal)
1 4,04 = 281 6.13 £ 3.00
3 - 3,35 £ 1,01
Lead glas
cact grasses 2 ; 1.40 £ 0,78 0.054
(Disposal)
1 5.14 £ 3,31 6.17 £ 3.12

* 3t Very positive, 2: Positive, 1: Negative, ' Independent two-samples ~test

2) 94l AP R W2 oy Ay} PAUFARY
WEAGT A4, 4], e 8l

AL B fof wh2 ol Fojel AtFALS] %
o 014] e Qolog HAs Aul <Al A

o] gz WAMEARR oA &l 214 Aol i

At - 0.238, | EAlka) e 40 AL - 0,511

2 T oA o AT lgler, A4 et =

% T ZAeo] Flasl AR We W4Tl w24 HE
5

[‘l[‘ o

o

7) St vbd mEAMER) 012 Al 02412
Fo] ABTA7} Qo] A4 WETE £S5 HEAGo] F
7hsteact.

QAL AFol s WA FAR oA B ZAl=Fat Q14] A
0] AP - 0,540, T}BA=T} e H4=0) Akt
A=~ 0.64302 5 oA 39 *MJMVP e,
AA Ha7t & vEAlTo] skl AE Mt
EoE vEAFo] HAsktH(Table 7).

3) Ado] wE 3ols}t WAL EAR ] wZEAY HE

HoJst WA FARALS] T ZATS olef dHE vk
574 9 R4, Q1A e aclof tigk 24 AutelA A,
5 B A, A E T A GRbEs] A o
FgE) aQlo] wAME AT AeollA 9wl qlich
HE G AP SARAE T of A AR EARARS] 1)

d2Fo] 3.272 mSv WQITHA0.001), 5 WY Fr
el Ee) B ol ke SARAE T &8 oA

Fohz FARA7E 1.541 mSv S9keh(P=0,008). A
22FAF QurEEE 223 WA EAR R b

2R3 WAPAEARLY] 3 E o] 2,003 mSv =hTh
(P=0.001), E3F Y| 47} 1394 ol A s o] ZAR
0,118 mSv7} 7438 TH P=0,003)(Table 8),

1) A A Sl T oy Bolsh AR}

Oq o S Rl o=
ulbd B4 9 7|4 "J/ll, el ﬁ?loﬂ ot A Aol A
A4t e alo] wAMaE AT AejolA <ju] )
=

A A] 7t 184 EolA2 gl Z AL 1 58] mSv 2+
A31a1(P=0,022), H) A7} 184 o4 uEA
Fo] 0,332 mSv TASFATHAX0,001)(Table 9).

x
=

-

=
=

WS ST U
52 ofulsiul, olgIelo] FARSH: WAMIAL S, A}
o)k}, A9, AoIstal O] A, (A
H‘EILE-Z 4 7]ef Ago] sgtE o] Qlrk 2013d =] &
UE H % TAA 55 65,9320 o] Fof|A] WA
A, AT, SR SR Wlgo] 76, 8% Lhekic,
HIAMAARS] G- a A5 20,438.76 man'mSvE 2013
HE 9] A8 3 A1%H(31,086.97 man'mSv)S5o] 7 =&
BIR(65. 798 AT, ol HAHIARZO] MAMIEAL
A} 3 WARHO] 713 gol wEEIReS ojujich, WA
AREQ] == 201249 20,523 o)A 2013 21,636 o=

o
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Table 5 Exposure dose of female nuclear medicine workers according to knowledge, recognition and behavior based on

pregnancy experience

Pregnancy inexperience(r=33)

Pregnancy experience(r=9)

Characteristic Classification e Exposure Exposure dose
U ul
(score) Pvalue Po Pvalue
dose(mSv) (mSv)
Kiowledee of dos 3 3.95 £ 3.01 3.93 £ 279
owledge of dose 2 652 + 0,19 0.244 - -
limit
1 - -
Knowledge of dose 3 3.74 + 296 336 + 2.10
Knowledge
limit for pregnant 2 7.36 £ 1.47 0.135 2,67 0.764
woman 1 429 + 2.89 -
General license for 2 3.88 £ 2,42 3.77 £ 2,01
o ) 0.726 + 0.333 1
radioistope handling 1 4.26 £ 3.35 2.32 + 1.86
2 . ‘ 3 453 + 372 315 £ 0.85
ecog“”f;‘;to o5 2 473 + 2,03 0.556 3.49 + 3.75 0.979
1 3.48 = 3.05 3.30
Recognition of dose 3 3.81 + 2,64 3.34 = 0.42
limit for pregnant 2 5.50 = 3.22 0.318 221 = 1.60 0.196
woman 1 3.56 £ 3.03 5.35 + 3.18
. ; 3 275 291 2,59 £ 1.40
Recognition o 2 5.32 + 3.48 0,088 - 0.149
Radiation defence
1 449 + 291 4,66 + 254
Recognition
- ‘s 3 4.63 £ 284 2,59 £ 1.35
Recogr?uuon o‘ using ) 331 + 291 0.507 560 + 2.69 0.145
Syringe shield
1 412 £ 4,59 2.67
; 3 4.29 + 2.67 313 £ 275
R . .
ecognition of using 5 233 + 442 0,086 i 0.941
lead glass
1 321 £ 271 3.65 £ 0.50
Recognition of 3 6.03 = 3,10 271 £ 0.74
separating patient 2 5.86 £ 3,28 0,018 - 0.572
waiting room 1 3,03 + 244 3.57 £ 2.40
Smeris 3 3.60 + 2,84 2.67  1.30
JHPeEIS 2 572 + 3.18 0.071 3.30 0.033
radioactive material
1 2.06 £ 0.81 7.59
3 324 + 315 2,55 £ 0.62
Using defence 2 316 £ 1.84 0.062 215 £ 272 0.350
1 5.71 £ 3.30 4,41 = 215
d d 3 3.94 = 2.87 260 £ 124
R o
eduction radiation 5 0.42 0.070 569 + 2.6 0,040
exposure
1 i _
Behavior
Effort for 3 420 + 2,96 2,99 £0.72
maintaining proper 2 3.00 = 3.43 0.085 3.87 £ 3.08 0.568
distance 1 - -
fort § 3 3.68 £ 3.01 2,60 = 1,24
Effort for proper 2 472+ 2.37 0.126 5.69 + 2.69 0.040
shielding
1 9.53 -
fort £ 3 3.86 £ 3.05 2.69 £ 1.31
Effort for proper 2 4,44 + 208 0.602 ; 0,094
housing
1 6.76 5.35 £ 3.18
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Pregnancy inexperience(/=33)

Pregnancy experience(/=9)

[tem™
Characteristic Classification osure Exposure dose
(score) B Pvalue o Pvalue
dose(mSv) (mSv)
Lead 3 2.85 = 254 2,55 £ 0.62
cAc apron 2 - 0.067 - 0.467
(Distribution)
1 4.82 = 3.04 365 £ 237
3 3,74 £ 2,96 2.27 £0.56
Thyroid collar _
o 2 351 + 2.89 0.213 3.78 0.764
(Distribution)
1 4,60 = 3,17 354 = 2.38
) ) 3 3.06 £ 295 2.67
't
protective glove 2 1.96 + 0,44 0.327 - 0.764
(Distribution)
1 4.46 = 3.08 336 = 2.10
L ,d accac 3 B -
cad glasses 2 3.49 * 2,60 0.664 ] )
(Distribution)
1 419 + 3.06 3.93 £ 279
Lead 3 2,18 + 2,31 2,55 £ 0.62
e apron 2 599 2,02 0,011 3.63 + 2.65 0.782
(Injection)
1 4,96 £ 3,01 3.78
e ol 3 1.83 + 1,51 1.88
yrolc cotar 2 417 + 2.5 0.178 215 £ 2.72 0.478
(Injection)
1 455 £ 313 390 = 1.85
P ) ) 3 5.28 £ 5,35 -
't
rotec. Ne. gove 2 352 + 279 0.804 3,20 £ 0,14 0.950
(Injection)
1 411 £ 2,97 331 £ 228
Behavior
Lead 3 429 + 2067 -
cad glasses 2 3.70 = 4.26 0.408 ; )
(Injection)
1 0.31 3.93 £ 279
Lead 3 1,22 £ 0,76 2.88 £ 0.31
cac apron 2 7.43 + 2,82 0.009 - 0.768
(Contact)
1 4,53 + 2,87 3,40 £ 2.27
3 - -
Thyroid collar _
2 - - 2.95 0.870
(Contact)
1 388 + 2.78 3,33 £ 211
p I 3 429 + 2.89
wt'
rotective glove 2 665 0695 B B
(Contact)
1 401 = 3.05 3.93 £ 279
Lead 3 4.16 + 3,11 159 + 1.25
cac apron 2 330 = 2,51 0.853 466 = 2.54 0.151
(Disposal)
1 425 + 311 3.60 £ 0.58
Thvroid coll 3 3,32 £ 0.41 1.88
yrole ot 2 3.05 + 2,52 0.684 - 0,488
(Disposal)
1 432 * 315 346 + 2.04
3 3.06 £ 295 0,22
Protective glove
. 2 3.73 £ 2.62 0.779 7.59 0,001
(Disposal)
1 4,29 = 311 311 £ 0,73

* 3t Very positive, 2: Positive, 1: Negative, = Independent two-samples ~test

1,113%9(5.4%) Z7}519.01), 2013 Aekg-a418K20,438.76
man'mSv)2 201289 20,762.67 man'mSv HT} 1.6% R
Basgon], ANYFUBHFE 101 mSvoll] 094 mSy o] B FAHERT} 7MY et
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Table 6 Exposure dose of nuclear medicine workers according to knowledge, recognition and behavior based on gender

o Female(r=42) Male(r=64)
Characteristic
r Pvalue r Pvalue
Knowledge - 0.221 0.042 0.028 0.824
Recognition 0.106 0.504 - 0.066 0.604
Behavior - 0,512 0,001 0.248 0.048

Table 7 Exposure dose of female nuclear medicine workers according to knowledge, recognition and behavior based on
pregnancy experience

o Pregnancy inexperience(r=33) Pregnancy experience(/=9)
Characteristic
r Pvalue r Pvalue
Knowledge - 0.238 0.031 0.117 0.764
Recognition 0.241 0.020 - 0,540 0.004
Behavior - 0,511 0.002 - 0.643 0.001

Table 8 Exposure dose of nuclear medicine workers according to general characteristic, knowledge, recognition and behavior
based on gender

Classification B B Pvalue

Gender - 3.272 - 0.507 <0.001

Age - 0.523 - 0,103 0.451

The size of hospital - 1541 - 0.254 0.008

Marriages 0.012 0.002 0.986

The period of nuclear medicine workplace - 0.617 - 0,133 0.297
On-duty hours 0.568 0.073 0.412

A general license for Radioisotope handling 2,003 - 0.311 0.001
Knowledge - 0.005 - 0.001 0.988

Recognition 0.107 0.088 0.319

Behavior - 0.118 - 0.276 0.003

R = 0.297

Table 9 Exposure dose of female nuclear medicine workers according to general characteristic, knowledge, recognition and
behavior based on pregnancy experience

Classification B B Pvalue

Pregnancy experience - 0.712 - 0.106 0.615

Age 1.039 0.220 0.359

The size of hospital - 0.482 0.074 0.629

Marriage status 1.286 0.232 0.269

The period of nuclear medicine workplace - 0.482 0.110 0.690
On-duty hours 0.638 0.086 0.564

A general license for Radioisotope handling 0.041 0.007 0.960
Knowledge - 1,581 0.349 0.022

Recognition 0.037 0.036 0.804

Behavior - 0.332 0.598 <0.001

R = 0.292
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*Abstract

Radiation Exposure Analysis of Female Nuclear Medicine Radiation Workers

Juyoung Lee"-Hoon-Hee Park?

Y Department of Biomedical Engineering Graduate School, Chungbuk National University
? Department of Radiological Technologist, Shingu College

In this study, radiation workers who work in nuclear medicine department were analyzed to find the
cause of differences of radiation exposure from General Characteristic, Knowledge, Recognition and
Conduct, especially females working on nuclear medicine radiation, in order to pave the way for positive
defense against radiation exposure,

The subjects were 106 radiation workers who were divided into two groups of sixty-four males and for-
ty-two females answered questions about their General Characteristic, Knowledge, Recognition, Conduct,
and radiation exposure dose which was measured by TLD (Thermo Luminescence Dosimeter),

The results of the analysis revealed that as the higher score of knowledge and conduct was shown, the
radiation exposure decreased in female groups, and as the higher score of conduct was shown, the radia-
tion exposure decreased in male groups,

In the correlation analysis of female groups, the non-experienced in pregnancy showed decreasing
amount of radiation exposure as the score of knowledge and conduct was higher and the experienced in
pregnancy showed decreasing amount of radiation exposure as the score of recognition and conduct was
higher.,

In the regression analysis on related factors of radiation exposure dose of nuclear medicine radiation
workers, the gender caused the meaningful result and the amount of radiation exposure of female groups
compared to male groups,

In the regression analysis on related factors of radiation exposure dose of female groups, the factor of
conduct showed a meaningful result and the amount of radiation exposure of the experienced in preg-
nancy was lower compared to the non-experienced,

The conclusion of this study revealed that radiation exposure of female groups was lower than that of
male groups. Therefore, male groups need to more actively defend themselves against radiation exposure,
Among the female groups, the experienced in pregnancy who have an active defense tendency showed a
lower radiation exposure, Thus, those who have never been pregnant need to have a more active de-
fensive conduct for the future possibility of pregnancy.

Key Words : nuclear medicine, radiation worker, radiation exposure dose, radiation exposure factor
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