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Evaluation of radiation protection effect of two Kkinds of layouts of afterloading irradiation

treatment room

DU Wen, MA Xiaochun, CAI Hongyi, GUO Yixiao
Department of Radiotherapy, Gansu Provincial Hospital, Lanzhou 730000, China

Abstract: Objective To calculate the theoretical and experiment value of weekly effective dose at each monitoring site
(cable hole, console, lead gate, waiting room) in different layouts of afterloading irradiation treatment room, and provide
data support for improving the radiation protection for occupation personnel. Methods Based on the inverse square law and
exponential law of the attenuation of X-ray intensity, the calculation formula of weekly effective dose at each monitoring
site was derived, and the weekly effective dose at each monitoring site with the radioactive source at different locations was
calculated. When the activity of the radioactive source which was placed at different locations reaches the maximum,
MEDCOM Inspector Alert Handheld Surface Contamination Meter was used to measure the air kerma rate at each
monitoring site. Finally, the weekly effective dose at each monitoring site was obtained by calculating weekly workload.
Results After considering the distance, the theoretical value of weekly effective dose at each monitoring site (cable hole,
console, lead gate, waiting room) was reduced from 13.00, 30.90, 0.012 10, 1.200 uSv to 2.08, 2.29, 0.004 75, 0.564 uSv,
respectively. The experiment value was decreased from 4.32, 25.60, 2.01, 1.96 uSv to 2.16, 2.96, 1.55, 1.41 uSv,
respectively. Conclusion The layout of afterloading irradiation treatment room with the consideration of the distance
significantly reduces the weekly effective dose of the occupation personnel.
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Tab.1 Distance between radioactive source and monitoring sites with radioactive source in different locations (m)

Distance between radioactive source and monitoring sites

Radioactive source in different locations

a b © d
1 6.78 6.54 8.08 13.19
2 7.33 6.58 7.36 12.69
3 5.74 5.34 7.15 12.10
4 6.28 5.39 6.32 11.56
5 4.65 4.15 6.3 11.05
6 5.31 421 5.35 10.44
7 3.62 2.96 5.59 10.02
8 4.45 3.05 4.50 9.360
9 2.75 1.78 5.07 9.040
10 3.77 1.94 3.82 8.290

1% BEh 8.9 Ci B B AN i KRB ]S4 11 min,
BEH—IBYTFINE] A 11 min 559497118, #3025
WU TR O Q) B
A0 PP E, BETIEIAT . HIMEDCOM S 1)(
A3 B LA WA (a b oo D I LSRR, LI
FIRIT 1090, B AR IAYFITEL A 11 min, FJI
1’E5d AW S (a b o ) B 2 S LR BIRE ,

RS T ARG,
2 &£ R

Hl A NG E 2545 il o5 JF S 2 i B A
HGA RSS2, £ 2R, Ui SHE

BEPER G (B 1P @ ), 2% B A 2800
WAE ORISR A (B 1 @) IR .

<2 FIN 2 BB EMIEIRE (nSv/week)

Tab.2 Theoretical value of weekly effective dose at each monitoring site (nSv/week)

Theoretical value of weekly effective dose at different monitoring sites

Radioactive source in different locations

a b ® d
1 2.08 2.29 0.004 75 0.564
2 1.83 2.26 0.005 72 0.609
3 2.98 3.44 0.006 07 0.670
4 2.49 3.38 0.007 76 0.734
5 4.53 5.69 0.007 81 0.803
6 3.48 5.53 0.010 80 0.900
7 7.48 11.20 0.009 92 0.977
8 4.95 10.50 0.015 30 1.120
9 13.00 30.90 0.012 10 1.200
10 6.90 26.10 0.021 30 1.430
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T3 UM S H B ARG E R SEIEE (uSv/iweek)

Tab.3 Experimental value of weekly effective dose at each monitoring site (nSv/week)

Experimental value of weekly effective dose at different monitoring sites

Radioactive source in different locations

a b © d
1 2.16 2.96 1.55 1.41
2 1.83 2.87 1.59 1.48
3 2.95 5.58 1.66 1.55
4 2.63 5.51 1.79 1.68
5 3.24 7.99 1.84 1.74
6 3.06 7.68 1.97 1.82
7 3.97 13.30 1.94 1.87
8 3.67 11.20 2.06 1.94
9 4.32 25.60 2.01 1.96
10 3.82 18.20 225 2.05

None of the above detected values deducts the background value,(1.09-1.20) uSv/week

Mg 5 s AR, B IRE S N R E A
AR IR A B 1 J5 A 25 oo ) A IR, R
N BLERBF B AE fE B 0 b RO R R BN
4.1x107Sv™ , fif 35t 1% 20 NE [ bR R BE R R B
0.1x 107y "™, & BRI B 4, AR B A 51—
BRI EF R RANE Y, RIS G, B h%
HUMEE ST FE i 5 i 7 (1R Y @) ) B8 3l 31 25 4%
il 5 0 b 75 B (L Ly QO ), ] DA R A D3 58 55
B3 SR RN ME I AT SRR 119 1.0/8.6

33t g

PR 5 SRR S A 22 5, 2 O BE T I I
B I P RUUR T LA [ E R L ey @
@ @ oo+, A0 AL ; [T WS T 28 RS TR
WSk I P R A AR X S 8 ) S U, 0 A 7 I U %
BEXS S 28, IF KB RS2, A5 U 4
SOMA TS PR Y I PR A — o ) BRAR AR [
I, I RE HLPs Y 2 S G TR Bl b
A4 BT LS 2 A7 3y T, T L 0 5 e v i
SRR AEAS I B AL Z RS 2 i AT A O [ E
HEITH O . Q@ - 00 FALE, LS
)i 55 1 ISR AR 2 o Bl T DAL A9 BRI (BN
SIS A 22K, 2 KO B TR AT A R B 4 1T
B R ISR 2R A I, T S S v BV 7 47T R B R
FHAn 2 Vi w5 — AR B TR e AN T S 2Rt U
5T AR S B DR A G ARG o p Y
PIHE A 0.2 mSv/week =200 uSv/week ', 2 R HH

YRR AL T AR B, HoR A N RS B 5 26
TR ] LA M) A S A 280 e B HE I T Ik
fH. EPBRBE B2 5123 (ICRP) X E Pr)E - BEALIA
(TAEA ) B JPOIl 5 ) 48 A3 500 5 FRAEL 5 y INAF
A RO AN KT 20 mSv | BV A RG] AN
1t 385 pSv, 3R], HUFHRAL TA[FIAL &I, Hk
AN RBEBE 5255 B A W I s ) A 80G0) Bt AR
T o ) FRARR 42 AN 0 22 U B — b T
RS B A= AN B T AR S A P MR 2
A 3B A A AR I R e 1 1S DR T 4 R A B AL PR AL
B A RGR BRI HOR AT AR Z YRR i
fa ks 52 A 4 SR R R S A 2 7 PR
(DA A 1 S b AR TR AR RGR) A ik
R FRME, 7E5 18 T &P At SR K il By
' 1) ALARA (As Low As Reasonably Achievable
Low ) J DU 4 MR N 5% il 32 1) 351) o S ] fig 52 31 i) i
S, S REAR B W] A B B R AT BRAR A K. K
F A2 AR o 4 S R TR AR N B, SR AR B il 5
YA o2 — WU T ARIESE R AN A A
(8 Bl 47 A | 5 B AT Jay S 2 AL B A ] A B N B 6
JEL A 385 KRBT S DT A R AR A 3 1)
SR B Tl A ATLAAE 2500 P M 5, A, AT R AP X i ik Ml
N B3 d A B 1 3R e 45407

(5% ik)

(1] #otk, St EIRER XFLG SR S AAHA[T]. + Bias
T, 2013, 22(3): 303-304.
JIANG H C, HAN D D. Hospital medical X ray protection should be



- 536 -

Hh [ R A B A RS %i35%

[2]

[3]

(4]

(5]

(6]

(7]

[8]

[9]

people-oriented| J |. Chinese Journal of Radiological Health, 2013, 22
(3): 303-304.

HHEAR, SR, FhocR, 6 Hb T AL BIRSLR A5 ¥ A
ML) P B E ST %4, 2015, 30(6): 111-113.

YANG Z S, HU J, LI J R, et al. QC evaluation of the radiation
prevention in the breach-loading therapy machine room and its
environment| J |. China Medical Devices, 2015, 30(6): 111-113.
A, & &, T0ET), F. SRR R Y AT [T ].
4 Er 47, 2013, 33(3): 185-188.

DENG J, CAO L, WANG X K, et al. Study on optimization of
radiation field for high dose rate afterloading radiotherapy [J].
Radiation Protection, 2013, 33(3): 185-188.

BTE, R R, LR, F. FRAMETMEFE(M] T LRE
AR P B YA B AR RS B, 1998: 290.

FENG N Y, XIE H C, SHI R, et al. Practical radiation therapy physics
[M]. Beijing: Beijing Medical University, Peking Union Medical
College Press, 1998: 290.

PR, R, AR B ASRHEFE(M]. T RTF iR
4, 1999: 651.

HU Y M, ZHANG H Z, DAI J R. Radiation oncology physics[ M |.
Beijing: Atomic Energy Press, 1999: 651.

PODGORSAK E B, SEUNTJENS J P, STRYDOM W, et al. Radiation
oncology physics: a handbook for teachers and students| M ]. Vienna:
IAEA, 2005: 598.

PAWLICKI T, SCANDERBEG D J, STARKSCHALL G. Hendee's
radiation therapy physics [M]. 4th Edition. Hoboken: Wiley-
Blackwell, 2016: 258.
PREAREFABRREZARTUNATERS. BEYREIER S
97 B A B3P AR GBZ 121-2002( S]. 46w AR T4 Bk, 2002.
National Healthy and Family Planning Commission of the People's
Republic of China. Radiological protection standards for gamma-ray
afterloading brachytherapy: GBZ 121-2002 [S]. Beijing: People's
Medical Publishing House, 2002.
PHEARERABRZAfFRAFTERS . BAG TG0
SFRATE 5 3 3o y SHEIRASTE T ALE: BZ/T 201.3-2014[S].
de: P B AR AR, 2014,

National Health and Family Planning Commission of the People's
Republic of China. Radiation shielding specification for radiotherapy
room third part: gamma ray source radiotherapy room: BZ/T 201.3-
2014[S]. Beijing: China Standard Press, 2014.

[10] PAEARK A E AR, EXR B BRI E RGN

[11

e

§ 2305 AAE T E: GBZ/T 220.2-2009( S 1. Ab7r: W E AR
JRAE, 2009.

Ministry of Health of the People's Republic of China. Code for
evaluation of radiation protection against occupational disease hazards
in construction projects-part 2: a radiotherapy device: GBZ/T 220.2-
2009[ S ]. Beijing: China Standard Press, 2009.

TR R ERIAE S L. BNy 445 KILIE 567 584 R:
JIG 773-2013[S 1. Abw: W El AR i pAL, 2013,

General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China. Medical y-ray
afterloading for brachytherapy: JJIG 773-2013 [S]. Beijing: China

Standard Press, 2013.

[12] International Commission on Radiological Protection. ICRP
Publication 103. 2007 recommendations of the International
Commission on Radiological Protection [R]. Oxford: Pergamon
Press, 2008: 55, 94.

[ 13] International Atomic Energy Agency. Radiation protection and safety
of radiation sources: international basic safety standards[S]. Vienna:
TAEA, 2014.

[14] BE A2 B ERBEE L. BN 5 RRE A A KR
/E: GB 18871-2002[ S]. 4t ¥ B 474 $ ig4t, 2003.

General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China. Basic standards for
protection against ionizing radiation and for the safety of radiation
sources: GB 18871-2002( S]. Beijing: China Standards Press, 2003.

[15] MRk . B2 REACAT TARA R A R ey A 2 FAA LT ). F B a4t

I, 2007, 16(4): 512.

CHEN J Y. Correctly understand the dose limits of radiation workers

and the public[J]. Chinese Journal of Radiological Health, 2007, 16

(): 512.

X5 IR RIS A B RAL 09 22 Ao o A [T]. 7 B Lk [ 2

&, 2009, 22(5): 387-389.

LIU C A. Understanding and application of personal dose limits for

—
—_
N

[

occupational exposure|J]. Chinese Journal of Industrial Medicine,
2009, 22(5): 387-389.

[17] § R K, FREAE, R4, F  AKAZ X XA FEABEIN A do2n RO 0
HEE[I]. ed T E S % &, 2004, 30(1): 77.
ZENG Q M, CHEN G X, CHEN C, et al. Peripheral blood cell count
among low-dosage X-ray exposed population [J]. South China Journal
of Preventive Medicine, 2004, 30(1): 77.

(18] E 3%, Br7-F, 4H 4, . A4 25 TAEA R ISR K LA
FI]. PR EF LS L&, 2015, 35(8): 616-618.
WANG Y, SHAO Y P, FU Y H, et al. Investigation of ocular lens
opacity among radiation workers in five provinces [J]. Chinese
Journal of Radiological Medicine and Protection, 2015, 35(8): 616-
618.

[19] #E A . H A AH TAEA R IR0 E S5 547[J]. Tk 2
A 5 B2k g%, 2017, 43(1): 40-42.
XIONG C Y. The investigation and analysis of eye lens among
radiation workers in Qinghai province [J]. Industrial Health and
Occupational Diseases, 2017, 43(1): 40-42.

[21] A apms, 3108 &, %) 22 4&, . 4 B A TAEA R 2015 F 3Rk 42
B Wl 25 R [I]. P BERALE 5, 2017, 44(4): 473-477.
ZHAO X P, LIU X H, LIU J X, et al. Analysis on occupational
health surveillance results of national radiation workers in 2015
[J]. China Occupational Medicine, 2017, 44(4): 473-477.

[21] Zm A&, A& A, AT m, 5 AGH ZHE KR ESAFAE R R
[J]. P EAET A 2018, 31(1): 130-133.
WANG L D, NA X J, FU L L, et al. Influence of low-dose and long-
term radiation exposure on population health[J]. Chinese Journal of
Public Health, 2018, 31(1):130-133.

(%8 IF AT AL)



