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Abstract It is intended to evaluate the performance of the shield after manufacturing a shield with
cheap and eco-friendly iron oxide and alumina instead of lead, which is a radiation shielding
material. After manufacturing the shield by mixing iron oxide and alumina with gypsum, the
performance is evaluated by comparing it with gypsum board and lead apron using an X-ray tube.
As a result of the experiment, the shielding performance of alumina was lower than that of the
gypsum board, and when 50% of alumina was contained, the shielding performance was similar to
that of the gypsum board. Iron oxide became similar to the shielding performance of lead apron
when it contained about 75%. A shielding material using alumina shows shielding performance
similar to that of gypsum, so it is not suitable as a substitute for lead. However, since iron oxide
exhibits similar shielding performance to lead, it can be used as an X-ray shielding material to
replace lead in the future, so further research is needed.

Key Words : Lead, Gypsum, Tube voltage, Shielding, Material

1. M2 oA UtH1,2]. &, A Adle XAE o187t
HAE Al EARoA 28T HEZ WAISHAL FARY

7R AR A G AL A2 G 494 A ] A S B Aol
o] Z7Htel et WAAS BIsto] e ATt AP A R ASET s B % AE

0 =22 WK M5t SIEHETIT LINC 3.0 ArgiH| XI0| 250 HREUS

"Corresponding Author : Min-Cheol Jeon (99jmc@hanmail.net)

Received November 19, 2022 Revised December 20, 2022
Accepted December 21, 2022 Published December 30, 2022



20 07 sge=2x M1 H2s

FHE w0l wE 7HeAol £ FAE gho] &
Al dubH oz AMEE T QUeH4]. SHAYE Hole B
AHET AT B2 & E3 7R 5]
< Ao =EEH A 9 QAR Aol FE A%
e AETA &4l o|27|17HA] TRt A7 ¥FE
mx1f6] H7] Al 549 FFoE A= I
7Fs/do] A6t (1] EZ ol-&3 A AuE2
0|99 ofz] F&o] FAX e FHE A= =2
Ao g FA7 £ 2Hgo] EHsto] HARZE o
AZE 2HE Al AQA 2 AA ol A 5= WA
Z 27} HH3,7]. 1A HAMAARY] R
A9 Aty S IERH SHHSEAE QA9
Fofigk o2 AbA A Qg =S Dart TSl
20204 scoencedirecto] 3t AT Aztof| Akshd
5= ol8% I9o] A& FARE YT YA A
FEE FASHHAE 22 FAY o HHF0E AHE
He 71 BlusiA A aTE 30% oY AT 4
Uct= 23S HATHI). o] 22 A s, £ ¢
Toll A= 7HEo] A=stal QIA|of F3ff stHA #H 7|9
Bolgt Ak n AFHUE ol-&sto] AHAE A&
4 Ase HrhstaAr gk

2. iy 2 AY

2.1 o7 oy

2 Aol AHgE AAlE EFvuet AskE S 7
7+ A% Am Ag ol&s| wyksto] FAHE] 0%,
25%, 50%, 75% 7] 100x100x10 mm’® O.2 A|Z}s}
of Agslgirt. & =FollA AStERE A& A A=
F-G, ¥Fuuz A&et AHA= A-GE UEhdth
X-A 2 s AP o XA EAEA(ET252,
Toshiba, Japan)g& AMESFFITE AFAAE RaySafe
X29] R/F Sensorg A&t A=k S} A
FZ Ao Aot EE Awko] R3]0 RQR
B AFo R 245 98 dFuwAl) F7HEEE
A&kl AR AHA19] 452 B7keH | sl
7 0.25mmPb9 EE(Lead 100%)S ARSIt

ol9] xA FEHO £HE XAs| {5 +HAE At

gahsi

Fig. 3. Al filter

Fig. 4. 0.25 mmPb Apron
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Table 1. Standards beam quality of RQR

Rgiifﬁiﬁn Tube Voltage (kV) HVL (mmaAl)
ROR3 50 178
RQR4 60 219
RQR5 70 258
RQR6 80 301
FOR7 90 3.48
RQR8 100 397

2.2.2 X-4 X Hot H

AARE Z|AH| F-G 2+ A-G, @5 (Lead0.25mmpb)
< 94 100cm, ¥EY 50, 60, 70, 80, 90, 100
kVp, 50 mAs®] XAl AUAE ARSI AiFe 5793t
Rl Aol F2= Fig5 oF Zo] st &9 5
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Fig. 5. X-ray shield performance test

3. 2t

3.1 50 kVp &Y

50 kVp 50 mAsZ #Jst A3 Hi= BHP
135.2+0.06 Gy, A-G25%= B 287.0£0.12 u
Gy, 50%= B 145.3+0.12 xGy, F-G25%= B+
56.9+0.03 £Gy, 50% B 16.0£0.06 1Gy, 75%=
B 6.7+£0.06 xGy 181 5L B4 2.7+0.00 p
Gy9 45& HoFoirh

Table 2. The dose measured by 50 kVp, 50 mAs

(unit : uGy)
Exposure(N)
Matter Average+SD
1 2 3

Gypsum 135.1 135.2 135.2 135.2+0.06
Al25% 286.9 287.1 287.1 287.0£0.12
Al50% 145.2 145.4 1454 145.3+0.12
Fe25% 56.9 56.9 57.0 56.9+0.06
Feb0% 15.9 16.0 16.0 16.0£0.06
Fe75% 6.8 6.7 6.7 6.7£0.06

Lead 2.7 2.7 2.7 2.7+0.00

3.2 60 kVp Y

60 kVp 50 mAsZ EJ3t ZAI Hiu HP
284.0+0.52 pGy, A-G25%= Bt 523.4+0.44 u
Gy, 50%= B3 301.9+0.12 uGy, F-G25%= B
14494020 uGy, 50%= BT 54.7+0.15 pGy,
75%= B+ 29.2+0.10 pGy 121 @52 B
15.04£0.10 pGy9] A%S HoFSltt.

Table 3. The dose measured by 60 kVp, 50 mAs

(unit : uGy)
Exposure(N)
Matter Average+SD
1 2 3
Gypsum 284.6 283.7 283.7 284.0:0.52
Al25% 523.9 523.1 523.2 523.4+0.44
Al50% 301.8 301.8 302.0 301.9+0.12
Fe25% 1451 144.7 144.9 144.9+0.20
Fe50% 54.5 54.8 54.7 54.7+0.15
Fe75% 29.2 29.3 29.1 29.2+0.10
Lead 14.9 15.0 15.1 15.0£0.10

33 70 kVp Y
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493.6+£0.49 pGy, A-G25%= B 822.0£1.29 p

Table. 6. The dose measured by 90 kVp, 50 mAs

Gy, 50%= B 512.4+0.40 xGy, F-G25%+= B+t (unit : uGy)
285.6+0.67 xGy, 50%%= Bt 1363+0.12 uGy, Matter Exposuret) Average+SD
# # 1 2 3
75%= Bk 88.1+£0.12 Gy 13 GEL Hit
o] Ao o Gypsum  1021.0  1026.0  1024.0 1023.7+2.52
49.8+0.06 £Gy9| Bo& HolF3lH. AI25% 14910 14900  1490.0 1490.3+0.58
Al50% 10490 10480  1047.0 1048.0+1.00
Table. 4, The dose measured by 70 kVp, 50 mAs Fe25% 693.9 693.4 694.6 694.0+0.60
(unit = uGy) Fe50% 402.1 402.1 401.9 402.0£0.12
Exposure(N) Fe75% 297.4 297.0 297.7 297.4+0.35
Matter AveragetSD
1 2 3 Lead 216.0 215.9 216.0 216.0£0.06
Gypsum 493.9 493.0 493.8 493.6£0.49
Al25% 823.4 820.9 821.6 822.0+1.29 N
KO EHH
AI50% 512.0 512.4 512.8 512.4+0.40 3.6 100 kvp 8% 23
Fe25% 2854 2863 2850 285.640.67 100 kVp 50mAsZ &GS Z3 H1E md
Fe50% 136.4 136.2 136.2 136.30.12 1397.0+0.00 ¢Gy, A-G25%= B 1940.3+4.93 4
Fe75% 88.2 88.2 88.0 88.140.12 Gy, 50%= B 1423.7+3.79 uGy, F-G25%= B
Lead 49.8 49.9 49.8 49.840.06

34 80 kVp &Y

80 kVp 50 mAsZ &I Zu My BF
736.8+0.50 ©Gy, A-G25%= Bt 1140.0+3.46 p
Gy, 50%= B4 761.3+0.75 uGy, F-G25%= Bt
4673+0.5 uGy, 50%= B 248.5+0.25 uGy,
75%= Bt 173.3£0.26 pGy 183 GE2 ot
116.3£0.2 pGylY 6 HAFY

Table. 5. The dose measured by 80 kVp, 50 mAs

(unit : uGy)
Matter Exposure() AveragetSD
1 2 3

Gypsum 736.7 736.3 737.3 736.8+0.50
Al25% 1138.0 1138.0 1144.0 1140.0£3.46
Al50% 761.3 760.6 762.1 761.3+0.75
Fe25% 466.8 467.3 467.8 467.3£0.5

Feb50% 248.7 248.2 248.5 248.5+0.25
Fe75% 1735 173.4 173.0 173.3£0.26

Lead 116.1 116.4 116.5 116.3+0.21

3.5 90 kVp M &

90 kVp 50 mAsZ &I Ay} HuEyd
1023.0+2.52 uGy, A-G25%= B 1023.7+0.58 4
Gy, 50%+= B+ 1048.0+1.00 xGy, F-G25%= B+
694.0+0.60 pGy, 50%= Bt 402.0+0.12 «Gy,
75%= Wt 297.£0.354 pGy 1831 HEZ Het
216.0£0.06 £GyY o= HA F

995.6+0.35 uGy, 50%= Bt 637.8+0.26 uGy,
75%= Bt 472.6+0.21 pGy 183 GES FHt
341.0£0.45 pGyY 45 EofF3Uch

Table. 7. The dose measured by 100 kVp, 50 mAs

(unit : uGy)
Matter Exposure() Average+SD
1 2 3

Gypsum 1397.0 1397.0 1397.0 1397.0£0.00
Al25% 1937.0 1938.0 1946.0 1940.34.93
Al50% 1428.0 1421.0 1422.0 1423.7£3.79
Fe25% 995.4 995.4 996.0 995.6+0.35
Feb0% 638.0 637.5 637.9 637.8£0.26
Fe75% 4725 472.4 472.8 472.6£0.21

Lead 341.0 340.6 3415 341.0£0.45

3.7 50~100 kVp &TQt & E*EP*

50 kVpHH 100 kVp7HA] #9e 43 32 B
HOE EEdto] Table8¥ o] YERQIch Ails=
B 678.4+474.09 pGy, A-G25%= B+ 1022.8
+617.08 uGy, 50%= B 698.8+479.57 uGy,
F-G25%= vt 440.7+355.40 uGy, 50%= B
249.2+236.36 uGy 75%= B 177.94179.20 u
Gy 191 FE-2 B4t 123.5+13241 uGyY H5=
EO%T/V\

E AT AL, F-G, A-G JHF 9t JEo] Ak
50~100 kVp7ZIA &4sto] Fig. 79k o] Yehf3L
ot 49 23 F-G, A-G & o A 420 gp

of,
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Table 8. The average dose measured by 50~100 1000.0
kVp, 50 mAs (unit H UGY) 800.0 7368 #7613
Exposure(uGy) + 6000
Matter Averages 2000 #4573
100 90 80 70 60 50 SD
+2485
6784 200.0 ’1733 1163
Gypsum 13970 10237 7368 4936 2840 1352 *
s +474.09 on
A25% 19400 14903 11400 820 534 2870 3601373-088 Gypsum  Al25%  AlSO0%  Fe25%  Fe50%  Fe75% Lead
o 698.8 90k
AB0% 14237 10480 7613 5124 3019 1463 ;997 vp
440.7 2000.0
Fe25% 9%6 6940 4673 2856 1449 569 ,3epug
249.2 15000 14903
Feb0% 637.8 4020 2485 1363 547 160 5355
177.9 1000.0 #1023.7 #1048.0
o .
Fe75% 4726 2974 1733 88.1 292 6.7 +179.20 weono
lead 3410 2160 1163 498 150 27 1239 e 4020
ea : : : : : L w134 $27E Jeo
0o
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100kvp
300.0 #2870
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100.0
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Gypsum  Al25% Al50% Fe25% Fe50% Fe75% Lead 0.0
Gypsum  Al25%  AlSO%  Fe2S%  FeS0%  Fe75%  Lead
60kvp
<000 50~100kvp Average
500.0 #5234 1200
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400.0
3000 4amo #3019 800 versa waons
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200.0
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Fig. 7 Comparison of shielding characteristics for

F-G, A-G shields 50~100 kVp



24 027E8E=EX M1 H2s

4. 1F

QFZ 7)o A 9] X-A WAYAA] AFRL AHo] ATk
gl ovjuty] gAate] =2 Fu X-Alo] ok B¢ o,
WU 5 ot AE o1 & 5] 53] WA
Arbs A B X-A g9 24 ste] 255t
710l "pArdRtE ol ool Wil 4 Qe BACITE 1
AANE A SRR E AIE Hesh] 8] F=
g2 I FAE AMSshet Ee R A0
YA A E7E HoluAH10,11] F4aL #7]
Al SE 0] EAZE EARITH12].
£ AFolMe oA A AR EE A 2]
=4 g5 fiAlste] A elal 7H4o] A-et &
Tt Aehde olgste] g AAE st
AT Hee BRI EFRAU= A A T
o] F2o% Aol ForHey 25% REHAS
o o}FAE QF Eoj7F 100% A1 AHA| Er} i
g0l BojFeH 50% SrEME w A 2 A e
A Adsol Hldt Aor YEgH oz QI 47
tus g2 dAlld & e A 242A Ak
Urhal wetE ARRREE 25% SRENS URE
100% AaLet FFolut 2w Ao 2h¥ g 5Ht 945t
™ 75% Atskdo] SRHAE e POIM A=
7 0.25mmPb2] H53} vl A 52 HolF
At 2 75%2] Atshdo] e A A dHE
© W2 A Aee HoFglen, ol WYl &
O/\i 1:—]__?1_ 7:17(]_7]. bﬂo1ﬁq-3:_ 7-]0 01— /\ O]olq.

£ AdFoHE F F 7Y Aol AR A
A, A4 W9 o‘rr7]' ChFaA] gdot *Hgd Ednt
olgst] A sieH, 4, wite ske WS
FAger Wik sHA Hol gFuuet Ashdo] 2}
sAo =A E3tEA] ekoke Zoj2tal aEH. ®
o A A E FAG oz A o] A EFnitt
FA0) 2} RS Aolth. 1y A A 9] FA <
AReHd o) o, ekt Zo] witd A& A=E
7WAdstal BREHE[13-15] $23] Ee diAlshe Xg
73 AEEE ARgol 7hssital AlmEth

o

—_

5. 28

2 dFolMe Ao AR 9

= AEdd

S oY 24 AsHET Q0] olgst] 2]
A2 ARSI A2 Fristeich A9 Ay g
Ue HEG A5l A4 got diAl7 71kl
NS QoIN ABEE R vl Ass
& K3 gicka wEslo] TSt GHRge AdEn
H S dAd o e A 225X ARl 7
Aoz A,

REFERENCES

[11 S. C. Kim. (2021). Verification of the Possibility
of Convergence Medical Radiation Shielding
Sheet Using Eggshells. Journal of the Korea
Converence Society, 12(6), 33-38.

DOI : 10.15207/JKCS.2021.12.6.033

21 J. P. McCaffrey, H. Shen, B. Downton & E.
Mainegra-Hing. (2007). Radiation attenuation by
lead and nonlead materials used in radiation
shielding garments. Medical Physics, 34(2),
530-537.

DOI : 10.1118/1.2426404

3] H M. Jang. (2019). Usefulness Eval wuation and
Fabrication of the Radiation Shield Using 3D
Printing Technology. Journal of the Korean
Society of Radiology, 13(7). 1015-1024.

DOI : 10.7742/JKSR.2019.13.7.1015

[4] S. C. Kim. (2013). Barium Compounds through
Monte Carlo  Simulations Compare the
Performance of Medical Radiation Shielding
Analysis. Journal of the Korea Society of
Radiology, 7(6), 403-408.

DOI : 10.7742/JKSR.2013.7.6.403

[51 S.J Kim. (2020). Development and Performance
Evaluation of Eco-Friendly X-Ray Shields using
BaSO4. Journal of Radiation Industry, 14(1), 13-18.
DOI : 10.23042/RADIN.2020.14.1.13

[6] Y. J. Choi. (2017). A convergence study on the
exposure levels of lead and cardiovascular
diseases in adults women using the 7th Korea
National Health and Nutrition Examination
Survey. Journal of the Korea Convergence
Society, 13(3), 113-124.

DOI : 10.15207/JKCS.2022.13.03.113

[71 Mori H. (2014) Evaluation of the effectiveness of
X-ray protective aprons in experimental and
practical fields, Radiological Physics and
Technology, 7(1). 158-166.

DOI : 10.1007/s00540-016-2140-2



MEPE UEOILIE 0183 XM XA Y 2 ds mt 25

8l

(131 J. S

S. C. Kim & M. H. Park. (2010). Development of
Radiation Shield with Environmentally-Friend ly
Materials; II: Evalustion of Barum, Tourmaline,
Silicon Polymers in the Radiation Shielding
Sheet. Journal of radiological science and
technology, 34(2), 141-147.

M. DeVanzo & R. B. Hayes. (2020). Ionizing
radiation shielding properties of metal oxide
impregnated conformal coatings, Radiation
Physics and Chemistry.

DOI : 10.1016/j.radphyschem.2020.108685.

Matsuda M, Suzuki T(2016). Evaluation of lead
aprons and their maintenance and management
at our hospital. / Anesth, 30(3). 518-21.

DOI : 10.1007/s12194-013-0246-x

E. Al-Sarraya, 1. Akkurta, K. Gunoglub, A. Evcinc
& N.C. Bezira. (2017). Radiation Shielding
Properties of Some Composite Panel. Acta
physica polonica series a, 132(3), 490-492.

DOI : 10.12693/APhysPolA.132.490

K. S. Chon. (2017) Monte Carlo Simulation for
Radiation Protection Sheets of Pb-Free, Journal
of the Korean Society of Radiology, 11(4), 189~
195.

DOI:10.7742/JKSR.2017.11.4.189.

Kim. (2018). Evaluation of Energy
Dependency for Air Kerma Area Product by RQR
Beam Quality and Indirect Calibration. Journal of
the Korean Society of Radiology, 12(6), 769-776.
DOI : 10.7742/JKSR.2018.12.6.769

1. Akkurt. (2006). Radiation shielding of concretes
containing different aggregates. Cem. Concr.
Compos. 28, 153-157.

DOI : 10.1016/j.cemconcomp.2005.09.006

S. C. Kim. (2021). Construction of a Medical
Radiation-Shielding Environment by Analyzing
the Weaving Characteristics and Shielding
Performance of Shielding Fibers Using
X-ray-Impermeable Materials. Applied Science,
11(4), 1705.

DOI : 10.3390/app11041705

Q¥5|4(Hui-Su Yang) [SHSIH]

- 20219 3¢¥ ~ @A AR
St BPARAT} ZfE)

- TAIEOF | AR g S, @8 X
Q, WAL Zgst

- E-Mail : yhskmol644@naver.com

oN
Rl

2HJi-Hwan Kim) [5HE5|2]

20199 3¥ ~ @A : AR
e AR

AR A LA AP
s, WA BAEE

- E-Mail : jihwan118@naver.com

ra
ra

H(Min-Cheol Jeon) Ml

20104 39 ~ 2012¥ 8¢ : &4
st 955t HAr

20134 39 ~ 2017¢ 2¥ : &9
st o5t At

20064 19 ~ 2017¢ 2¥ : &9
sty B FAskt

- 20179 3€ ~ @A : HEA
sty AT

- TAEOF ¢ AACTHAE, WAPAZYS), Al

- E-Mail : 99jmc@hanmail.net




