4~0H10A]])
T35 HhAMA

20154 39 27 A/ 20159 49

H o gr|BolA el HehARAZAL Wl
7} 51%, 35% Z7Fskdeh o17)1M & &10373_:,:_‘5.
TolME 5 AR Y A s E
L3k, 2 -84 W7HE S8 =4 2 _éo}(mxﬂ)
Z(entrance surface dose; ESD)F A7]e] FAlw
(PCXMC 2.0.1)& o]&3te] FaAZFS A=l
incidence; LAR)S B|W&le] 1 714AEL (Hddo=w
7+ 0.55 USv (74.06%), 7+ 1.43 uSv (95.15%), 2=
28)S AT 1.23 usv (89.73%), 34

*
X
o
i

279 1=} 4 / 20153 5¢¥ 2

i
22 SA3IITE. =3 2EHAER A]gaﬂow 7)u =2 e
olika o] Aol <L S = (lifetime  attributable risk of cancer
Brkstdet, W72 Akga u), JAlEEA
0.35 Usv (78.42%) %

0.5 USv (92.31%), A& 3.85 uSv (59.39%),

R ARET L RE
717 A 2 %7t

o 23 =3 / 201549 6¥Y 49 €

U\

2 El%ﬁ“%—% 1.4 mSvE 2007'd thy]

) 27.50%% dERTh meba] 2 o
2w5to] lqi)ﬂah— a3 A7l A 7T7E )
Agstel 71T AHE A, ol YAtEEa

ofy
)
P
mk
rlo
rE

l

(Fra=g)e v
Tt 86.36% FFAE AL, AT

4 2,02 usv (73.53%) &3

5.68 uSv (54.01%) 2 Bt 72.30%% HaFo] A 7]7e] #-84E e 4 AT, 3, FEAFS 28 A

8.33 UGy °lA 28 F 7.35 uGy= 11.76%

& % gleh, AR EARE g A s
olelg A7 7E

E4lof

1L A&

v WRARA Hho] &4 A 2] 8] (National Council on Ra-
diation Protection and Measurements; NCRP) X 11x]o]|
_o/];‘g].uil 1980L:]]:H u]g— =1 ¢ o5} Hl= Hg—/\}_}‘\j _ﬁ_g_/}j
F2 3.6 msvollor, I F °F 15%%] 0.53 mSv7t 9
SR o8k HOIQTHNCRP 2009), dFARF HZ

2006301 FaAFE0] 6.2 mSvE F7FsleH, O &
of Awkel 3.0 mSv7b g ¥Ee] 7|¢18kIrHL, 2.

United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCAER) 2008 XH.iixjof w=H
1988d2] A AA] kg 5T AARSIG= 17.49]
3lolA 20084 36.69] =2 <F 2nu) O]*‘F S7Fsl e,
Sle] ASolw o7 WA AFSIEE 20079 19 6
ARk 21, 2008 19] 8HWE 7, 2009Lﬂ 19 97wt A,
20109 204 149 A, 20119 29] 239 o 1 e
b A3} Zkekn glen, $ehde =l o7k

olo

Aol A=} : 9184 hslim@cnu,ac kr
g Al ST B3R 266

http://dx.doi.org/10.14407/jrp.2015.40.2.118

748 AL, LAR Frloal= 74
0.14%(95.12%), o} 0.77"8(95.16%), 2= & Fo} 0.14%H(11.70%), o} 0, 25ﬂﬂ(11 70%)¢] 74

T DL S8 & Fask Hrlel ARt 71Est 1%011
Ao 2 AM83lo] ALARA 7gol] dZtet ZHA FHZHsE mR3of & Aot

Entrance surface dose (ESD), Lifetime attributable risk (LAR), PCXMC 2.0.1 EfARM

A oke 104 /\o]_ ol Wk ol
2FEE)E 29
283k 79l

K

Loi7| 7, BEUAMAAL 20} EAlM

0!

kg WA g Zee 20071 0,93 mSvellA], 2008
1.06 mSv, 20091 1.17 mSv, 20108 1.28 mSv, 2011d

1.4 mSv& 53zt oF 51% 718k Ao g Yehta %1\1—4_

[3,4], &3k 20119 7)& AA kg 2R A A
ollx dukEdo] ApAsl= HIE- 78%°l o] 2 RAL(2] N*

ojopEelds] BHuxtE. CT @2 WAk 9ZEF 7=,

A AF AL 2014), AA PA HxF E5
173,000,5007, &5 WRALA AHAF 34 47,725,9527[5]
Z 2oH6A ~ 104)E 63541571 AFAIFITHE]

F2 oAb AR XA R olF2 A1 de] 9
ol Zlgkol] AlgEE AARA BT AE7} He

HAAtol7|= b6 o2 AR w8 JALEEAE
(entrance surface dose; ESD)o] =& & olyx|vH4]

49 NS AP W folPud FHS

R},

Sdgh AWl A=A guigte F7] A 5o A4t
of =3 o] dukelo] 1def] 13]oA] 23] A=
= I 75y ES W "o ARe] ols S
A FL AogEZ, AP 1A FmadE, 35 X
A ArteA ] HztaiEe] S 2008),

2o FF AP e ZF Aol o] HAGH

JOURNAL OF RADIATION PROTECTION AND RESEARCH, VOL.40 NO.2 JUNE 2015 118



ol@3 o) 291 : 2o} F3 AP FAR A ol7lT AE % 7}

2 @157 Slete] Agshs Ao Yurdel the
AR ALl Hls) e Sel B9 MRS ehla 9)
o S Zoks BEE AE AL B lo] W)
Aol © Wzkse, Aolel ulakel e Aolzt ol %
1715 73 o wAe] ek el o ¥1, F5
o 44, 4e] | olF oy, WY, ABAN Fo
ofe] kel WARel & ¥%d 7187} el 4l7lel =
27 g W AYEL faAG BIE e 9194
o] 27K 5 glol AAtel Asieh Bv|e] A3}

7} B9 243 a7 HoH3lL

Zob Hekg AN FAARE 1 54 A, AR &
Ao weh 2A zAloke] A77F 247] than, s
A= F9ollvt HAM S A S Qlar, AAF Al o
7] ofEg Zolghs A wiiEel WA 2AEE HH
3} AI717] ol olefet o]f= FH WARIE Al 3l
B GG ZALEE A olele] BES FHAslslE
wHg HF2HoR sjof & Aot} Me=i7lel u}
HFR AW ool A 37l(image re-
ceptor) XA 2] akebd e 663 + 3.4 mR/h & =3
ol = gla, WA Zod thdo] Aol
A, #AG yro] AR & Ak o
=]
]

2
H
2= o
)
o

Z7|17-5 Z8ste] A52 e WA o
of v dart Stk ol wel FF WARIEGol|A
¥Zy+= 2ES International Commission on Radio-
logical Protection (ICRP) publication 103 o] ZZ|7}5
Alslel fdzete] e, Fol7w, A%, A3,
A 58 F v FFFHoz WA WolE & dav)
s & F U B AFexe e s
Ho7|Feks 2 Add 1aS Al o] &
FF2 st FF AR AAL Al s Rl RS v
A Fo WAl 1 9lo] AVES] FEHE WAY F e
717 JREEEaL, AXE T e e Bt 13
A3 A ol f-84S Hrkstarat gt

_1

2. A= 3y

2.1 o717 A=

B ArelME e FATE A, dad
{=8 Adste] AP £ sl F4% Fol7lTE A
Faloict. Wol7l e ARgAte el EdlE wet A8
b= Al 535 Aust AdeHos Hreg wold 4
e A2 A=ANRZ TAEEW, ®o] 165 cm, o
48.5 cm, 9I%FS 0.5 mmPb o]t} Ax REo o
ojate] el whel fixzd P R Awdde] shks
& A=S A AThFig. 1).

~

)
=
=

Lo g

oF

O O

22 99 R PAE 24 A

ol Al e obEe] Tlsk AL Aol
2} zpolzt =7] wizol] wi-g- o] Hrh4l. webA 104
ZF A7 IAE BAVEY] Y5l CIRSAF] Pediatric

.

Fig. 1. Head and neck protector,

Fig. 3. Standard system for X-ray,

Ten Year Old Phantom, Model 706-D(height : 140 cm,
weight : 32 kg, thorax dimension : 17 cm X 20 cm)&
AL-8-3F ATt

Sl AMEE F 27 AFofEeHH il
A BREE Z2oH(10A]) el o Sk A
7)1 vhg SJgk AFBIel Z1AlE 9 A el m
=2 A3 2718 Fuste] SID 180 cm, ALY 96
kVp, BH-F-AIZE 3 1.6 mAs(ZARARE 1,92 ms), ZA}
oF 36 cm X 36 cm®] 21-& ARSI ST, FH= 0.1
Cu + 1 Al, 8:1 Z22]=9] Philips Medical System DR %
217} AHEH A

23 frejd@dA 2 AFa=S34A

fredEA GD-352Me AEdUA] 150 keVolate]
AolUAE BAsE7] Sl sn AEe] ZelE s A
o3 XehgApd okl AFHrte] o]&Ei o
(Fig. 2), wAQdzfo] whe} WA S B3 AL 2F
shof ARgSllTh AFSAR=S flste] Il A%
2], pre-heating FA|E AR, ZAPE B ]
AFAle AEePgsts lall pre-heating F[ollA 7
0, 30%7t pre-heatingg AA|EaL, AEEAHAE7)
(FGD-1000, ASAHI Techno Glass Corporation)& A&
sho] Agaks sttt AFESAA571e] wAd=
=A% F3}7]7-(International ~ Standard ~ Organization;
ISO)ollA] 7]F Xraye] AHE FA|FHoR ATV
flete] 1804037-1014 AAIGE 71 Xeray 14 G

119 JOURNAL OF RADIATION PROTECTION AND RESEARCH, VOL.40 NO.2 JUNE 2015



Fig. 5. Comparision of unshielding and shielding radiographic

image.
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Fig. 6. Image of PCXMC 2.0.1.
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Table 1. Results of ESD Measurement,
Unshielding Shielding Reduced dose Reduction ratio
(1Gy) (uGy) (uGy) (%)
Nasal cavity 2.12 0.55 1.57 74.06
Thyroid 29.50 1.43 28.07 95.15
Oesophagus 29.43 6.35 23.08 78.42
Average 20.35 2,78 17.57 80.30
Table 2, Results of Depth Dose Measurement,
Unshielding Shielding Reduced dose Reduction ratio
(«Gy) (4Gy) (uGy) (%)
Upper spine 11.98 1.23 10.75 89.73
Salivary glands 6.50 0.50 6.00 92.31
Oesophagus 9.48 3.85 5.63 59.39
Thyroid 7.63 2.02 5.01 73.53
Middle spine 12.35 5.68 6.67 54.01
Average 9.59 2.06 6.93 72.30
Table 3. PCXMC 2.0.1 Calculation and Protection Gear Wearing Results,
Unshielding Shielding
Organ: Absorbed Effective Absorbed Effective
’ dose(uGy) dose(usv) dose(¢Gy) dose(usSv)
Salivary glands 10.9640 0.1096 0.4960 0.0050
Thyroid 10.7990 0.4320 2.0170 0.0807
Oesophagus 14,9970 0.5999 3.8500 0.1540
Upper spine 47.9730 0.0320 1.2250 0.0008
Middle spine 67.8340 0.0452 5.6830 0.0038
Others 390.4700 7.1100 390.4700 7.1100
Total 543.0370 8.3287 403.7410 7.3542
Table 4. Comparision of Unshielding and Shielding.
Cancer site Thyroid All solid Leukemia All cancer
Males LAR 50 1325 120 1445
Unshielding 0.1475 1.1036 0.0994 1.2035
Shielding 0.0072 0.9744 0.0883 1.0627
Reduced LAR 0.1403 0.1292 0.0111 0.1408
Females LAR 275 2525 86 2611
Unshielding 0.8113 2.1030 0.0716 2.1746
Shielding 0.0393 1.8569 0.0633 1.9202
Reduced LAR 0.772 0.2461 0.0084 0.2544
NOTE: Number of cases per 1,000,000 persons exposed to a single dose of 0.1 Gy.
3 Az} 9 =9 &F 60.67 uGy (4.01%7F 2 & F U
(Table 2). #rol7]7-9] 2§ F ESD= HTt 86.36%, 4
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The Evaluation and Development of Head and Neck Radiation Protective Device
for Chest Radiography in 10 Years Children

Jun Ho Lee", Hyun Soo Lim", and Seung Yeol Lee”
“Department of Biomedical Engineering, College of Medical, Chungnam National Univercity
*Ministry of Food and Drug Safety

Abstract - The frequency of diagnostic radiation examinations in medical institutions has recently increased to 220 million cases
in 2011, and the annual exposure dose per capita was 1.4 mSv, 51% and 35% respectively, compared to those in 2007, The
number of chest radiography was found to be 27.59% of them, the highest frequency of normal radiography. In this study,
we developed a shielding device to minimize radiation exposure by shielding areas of the body which are unnecessary for
image interpretation, during the chest radiography. And in order to verify its usefulness, we also measured the difference
in entrance surface dose (ESD) and the absorbed dose, before and after using the device, by using an international standard
pediatric (10 years) phantom and a glass dosimeter. In addition, we calculated the effective dose by using a Monte Carlo
simulation-based program (PCXMC 2.0.1) and evaluated the reduction ratio indirectly by comparing lifetime attributable risk
of cancer incidence (LAR). When using the protective device, the ESD decreased by 86.306% on average, nasal cavity 0.55
#Sv (74.06%), thyroid 1,43 #Sv (95.15%), oesophagus 6.35 #Sv (78.42%) respectively, and the depth dose decreased by
72.30% on average, the cervical spine(upper spine) 1.23 #Sv (89.73%), salivary gland 0.5 #Sv (92.31%), oesophagus 3.85 #Sv
(59.39%), thyroid 2.02 uSv (73.53%), thoracic vertebrae(middle spine) 5.68 pSv (54.01%) respectively, so that we could verify
the usefulness of the shielding mechanism, In addition, the effective dose decreased by 11.76% from 8.33 #Gy to 7.35 #Gy,
before and after wearing the device, and in LAR assessment, we found that thyroid cancer decreased to male 0.14 people
(95.12%) and female 0.77 people (95.16%) per one million 10-year old children, and general cancers decreased to male 0.14
people (11.70%) and female 0.25 people (11.70%). Although diagnostic radiation examinations are necessary for healthcare
such as the treatment of diseases, based on the ALARA concept, we should strive to optimize medical radiation by using
this shielding device actively in the areas of the body unnecessary for the diagnosis.

Keywords : Entrance surface dose (ESD), Lifetime attributable risk (LAR), PCXMC 2.0.1 Shielding device, Chest radiography
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