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Terrestrial gamma radiation level around Shidaowan nuclear power plant,

China and influencing factors
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ation, Shandong Center for Disease Control and Prevention, Jinan 250014 China

Abstract: Objective To monitor the cumulative terrestrial y radiation dose around Shidaowan nuclear power plant,
Shandong, China before operation, to analyze the dose levels and influencing factors, and to estimate the annual effective
dose to local residents. Methods  Fifty-six monitoring sites were selected within 30 km around the nuclear power plant.
The environmental y radiation dose was measured by the thermoluminescence dosimeter monitoring method. The y radiation
dose levels were investigated for 369 days in four monitoring periods (January 16 to April 14, April 15 to July 20, July 21 to
October 21, 2021, and October 22, 2021 to January 20, 2022 for periods I to IV, respectively). Relations between vy radiation
and monitoring time, altitude, distance from the nuclear power plant were analyzed, and the annual effective dose of terrestri-
al y radiation to residents was estimated to reflect the background terrestrial y radiation level in the area. Results The aver-
age values of terrestrial y radiation dose rate in the four monitoring periods in the area were (76.196 + 3.366), (81.773 +
6.144), (93.554 +7.449), and (97.604 £ 9.396) nGy/h, respectively, and the terrestrial y radiation dose rate in the whole year was
(87.282 £ 6.589) nGy/h. The effective dose to residents was 0.428 mSv. The terrestrial y radiation level was high from July
2021 to January 2022. There was no significant difference in the y radiation dose rate at the monitoring sites with different
distance from the nuclear power plant. No impact upon the terrestrial y radiation dose by the altitude was observed in this
study. Conclusion  The terrestrial y radiation level around Shidaowan nuclear power plant in 2021 was at the background
level.
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Table 1 Summary of 16 radiation monitoring sites within 30 km around Shidaowan nuclear power plant
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Table 2 Terrestrial y radiation dose rates during four periods at 16 monitoring sites around
Shidaowan nuclear power plant (nGy/h, X+ 5)
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Figure 1 Variation characteristics of terrestrial y radiation dose
rates during different monitoring periods
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rates in different distance from the nuclear power plant
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Figure 3 Variation characteristics of terrestrial y radiation dose
rates in different altitudes

34 it

AR WF 5038 T A FH RO R B A X L AR A B
VA A% R TS AT T PR M R A S R AT T M, M
KM 369 d(2021 4E 1 H 16 H—2022 4 1 F 20 HD),
WA 3 A, 384 W SRBENLIEPEEE A 5S
A% HL3 30 km - 4250 A Y 16 AN M R, AT R
JEHE OB, A2 RN, e AR B X
$, oy AR SRR B FR AR /KT (87.282 + 6.589) nGy/h,
S AR R AR RGRI RN 0.428 mSv. 45 B2 H
A 5 A Ll e A AR O G R A R B R AT 1
Ry BRI AT B M PP, 12 J B R R B e
KPR, Ay Ji5 8 P e XU VT ik DA RS T 976 2
TWAET AR 13— FAEARA KR .

AW AL R B o 2021 4E 7 A 21 H & 2022 4F
1 H 20 H A E #2256 5 K-8, A SRR IE 75
AT e 2 X M Ry HE S KT BRI . G H R R ]
KATE ST WEHRRPE T PR 26 M3 y S it /K~ 2
FE R 5y A R BH IS B A0 KR L BE SR 2 RS R
y 5 7K, BT A T A 2tk 00 B 1] g A B B4 3 20
00K At — BB 7E . 76 16 AW rh, MR
TRTE AR P 70 2 3R A, YA R R 177 B e %
i, (H MBS B R 0 B, B3 2 AN B s AN IR
SRR IR e B RIS, SRR TE AR KT W 7 T, 3



RS T

2023 4E 2 A3 32 %55 1 ] Chin J Radiol Health, Feb. 2023, Vol. 32, No. 1 ©19 -

I — 30 G K M I B TR) 7 R B A 0 AR R AR A R =
I o FEARMF T, HEAA e TR S K S A R
FLAD IR B AR DR 280 1% sk (9 b 3%y 8 S /K 1R R
EFRIRNEDS o 73— J7 1, 772 v Bk T PR b i —
SE 11 P, H T o3 2 [ 1 T A D MR 5y 4 SR
Uk 58 1 T R B M 3Ry R S A R R
Rl 2 — o Bl 4n 9 48 I 2 1 i L 398 T e B A B v 11
y KT, fE A R e B RS e T
H e A AT, T A AR T XS y B KRR S
H AR o A %, BTt — Bt ot

T 5 [ Py A% F s R A BR8E ( H ER y AR G
ISP AT LEH, A IR 9 45 SRAR T R0 15 4% v
2020 A0 BHYL A% F 36 A1 2014—2017 421, H S
Mk 2017—2019 4E1 4815 % kg A7 At i
B VT L 3E 2013 4E U8 A0 = 7% FL 3 2011—2013
ARV R Y MR K, T 2R L R L 1992—2012
EEO0 R [ W 1y A K

TEARWFFUH, B3 2 b SO B A AR SRR R
RESR AR B N AL, J5 S20F 50 T 38 2448 o s 0 o5 ) 4%
BURS 2 H AARRENEE . B FREARN
BRI, AT 58 A H PO M3 y BRI R . 5 ob
A HI 61—2021 HEF Y y 4@ 5 R85 Bl 772 (GB/T
14583), X} T KRBV Wit B2 28 /b el s W 2 4F, & —
HERRE G B e AR AT B AR IR AN TS 1 IR, BRI
2/ 3AH, ARGE UG A oA EE R ABK S B
WL AR B AN, IR N IS . R OR AT
FHOCAIF T2 I 3R 20025 FE A% R 3 ) 2 5 LAt Bl R
W it B A N D B AT BRG] S R AR R B 15 T
o ZR b, AW AL T A0 S VA vl A 3 X 3
(SR y B35 KT I R AR 5, iR N AT 12 X
WIGER A AT IR F I AR T 5% .

FERE  AHEITHE A AR L LT sk s ARSI TR,
YT SCEEAW RAEATH 28 ph %

EBTIRRARR  FF R 5T i vk ST B . SEIR Hdhs 20 i A
PRI SRBL TSR B S Sl AR SRS IR0 K
T8 47 3 SR AR A L TR A S R s MR BT
SR RRHAE % SRR A AT A ARSI T STk

B BITSCE . AR

S 30k

[1] YinJ, Hu N, Yi L, et al. Identification of ferroptosis biomarker in

AHH-1 lymphocytes associated with low dose radiation[J]. Health

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Phys, 2021, 120 (5) : 541-551. DOI: 10.1097/HP.0000000000
001385.

Torres SB, Petrik A, Szabo KZ, et al. Spatial relationship between
the field-measured ambient gamma dose equivalent rate and
geological conditions in a granitic area, Velence Hills, Hungary: an
application of digital spatial analysis methods[J]. J Environ
Radioact, 2018, 192: 267-278. DOI: 10.1016/j.jenvrad.2018.07.001.
Folly CL, Konstantinoudis G, Mazzei-Abba A, et al. Bayesian
spatial modelling of terrestrial radiation in Switzerland[J]. J
Environ Radioact, 2021, 233: 106571. DOI: 10.1016/j.jenvrad.
2021.106571.

R, . A6 T X AR S AT I S PR D] %2
4 55 S, 2006, 6 (6) : 74-77. DOI: 10.3969/j.issn.1009-
6094.2006.06.020.

Xie TC, Xie ZG. Monitoring and assessment of environmental y
radiation in the principal areas of Beijing[J]. J Saf Environ, 2006,
6 (6) : 74-77. DOL: 10.3969/j.issn.1009-6094.2006.06.020.
ZEARE, B R 2013—20204 U )11 48 s Ry i@ S K -F L T BUS
B 2y 0D, TRl I o A ik 355 2022, 38 (6) - 810-813
818. DOLI: 10.3969/].issn.1006-4028.2022.6.yfyxqbzz202206014.
Li LY, He LG. Analysis on the surface gamma radiation levels and
residents exposure dose in Sichuan Province from 2013 to 2020[J].
J Prev Med Inf, 2022, 38 (6) : 810-813, 818. DOI: 10.3969/j.issn.
1006-4028.2022.6.yfyxqbzz202206014.

XI5, S H 5, REy, &5, U T MRy S R K 4 D]
Ol 55 {8 B, 2020, 36 (21) :2970-2973. DOIL: 10.13329/j.cnki.
zyyjk.2020.0811.

Liu L, Wu TY, Su Q, et al. Analysis on surface gamma radiation
dose rate level in Luzhou City[J]. Occup Health, 2020, 36 (21 ) :
2970-2973. DOI: 10.13329/j.cnki.zyyjk.2020.0811.

Harris C, Kreeger D, Patrick R, et al. Twenty-five years of
environmental radionuclide concentrations near a nuclear power
plant[J]. Health Phys, 2015, 108 (5) : 503-513. DOIL: 10.1097/
HP.0000000000000266.

L R R P R e =R Bl N N s TR e
B 5B 4, 2014, 34 (1) : 38-40,64. DOIL: 10.3969/j.issn.
1000-8187.2014.01.008.

Guo YL. Comparison of tritium concentration in rainwater and
atmosphere around TNPS before and after commercial service[J].
Radiat Prot, 2014, 34 (1) : 38-40,64. DOI: 10.3969/j.issn.1000-
8187.2014.01.008.

HEM, M, BEK, B 2007—201 59 FH VS A% F 3k A B
DS iR A9 20 (90, +f [ RS 2021, 30 (2) : 124-130.
DOL: 10.11735/j.issn.1004-0242.2021.02.A004.

Dong JM, Li WW, Qin XC, et al. Cancer incidence in 0 ~ 30 km
area around Tianwan nuclear power plant, 2007-2015[J]. China
Cancer, 2021, 30 (2) : 124-130. DOI: 10.11735/j.issn.1004-0242.
2021.02.A004.

e RN [ A2 A PRBE . HI 61—202 1% S B85 W i+ AR
fu[s]. dbxt, 2021


https://doi.org/10.1097/HP.0000000000%3Clinebreak_en/%3E001385
https://doi.org/10.1097/HP.0000000000%3Clinebreak_en/%3E001385
https://doi.org/10.1097/HP.0000000000%3Clinebreak_en/%3E001385
https://doi.org/10.1097/HP.0000000000%3Clinebreak_en/%3E001385
https://doi.org/10.1016/j.jenvrad.2018.07.001
https://doi.org/10.1016/j.jenvrad.2018.07.001
https://doi.org/10.1016/j.jenvrad.2018.07.001
https://doi.org/10.1016/j.jenvrad.2021.106571
https://doi.org/10.1016/j.jenvrad.2021.106571
https://doi.org/10.1016/j.jenvrad.2021.106571
https://doi.org/10.1016/j.jenvrad.2021.106571
https://doi.org/10.3969/j.issn.1009-6094.2006.06.020
https://doi.org/10.3969/j.issn.1009-6094.2006.06.020
https://doi.org/10.3969/j.issn.1009-6094.2006.06.020
https://doi.org/10.3969/j.issn.1009-6094.2006.06.020
https://doi.org/10.3969/j.issn.1009-6094.2006.06.020
https://doi.org/10.3969/j.issn.1009-6094.2006.06.020
https://doi.org/10.3969/j.issn.1006-4028.2022.6.yfyxqbzz202206014
https://doi.org/10.3969/j.issn.1006-4028.2022.6.yfyxqbzz202206014
https://doi.org/10.3969/j.issn.1006-4028.2022.6.yfyxqbzz202206014
https://doi.org/10.3969/j.issn.1006-4028.2022.6.yfyxqbzz202206014
https://doi.org/10.3969/j.issn.1006-4028.2022.6.yfyxqbzz202206014
https://doi.org/10.13329/j.cnki.zyyjk.2020.0811
https://doi.org/10.13329/j.cnki.zyyjk.2020.0811
https://doi.org/10.13329/j.cnki.zyyjk.2020.0811
https://doi.org/10.13329/j.cnki.zyyjk.2020.0811
https://doi.org/10.13329/j.cnki.zyyjk.2020.0811
https://doi.org/10.1097/HP.0000000000000266
https://doi.org/10.1097/HP.0000000000000266
https://doi.org/10.1097/HP.0000000000000266
https://doi.org/10.3969/j.issn.1000-8187.2014.01.008
https://doi.org/10.3969/j.issn.1000-8187.2014.01.008
https://doi.org/10.3969/j.issn.1000-8187.2014.01.008
https://doi.org/10.3969/j.issn.1000-8187.2014.01.008
https://doi.org/10.3969/j.issn.1000-8187.2014.01.008
https://doi.org/10.3969/j.issn.1000-8187.2014.01.008
https://doi.org/10.11735/j.issn.1004-0242.2021.02.A004
https://doi.org/10.11735/j.issn.1004-0242.2021.02.A004
https://doi.org/10.11735/j.issn.1004-0242.2021.02.A004
https://doi.org/10.11735/j.issn.1004-0242.2021.02.A004
https://doi.org/10.11735/j.issn.1004-0242.2021.02.A004
https://doi.org/10.11735/j.issn.1004-0242.2021.02.A004

.20.

S

2023 4

2D 32

1 #] Chin J Radiol Health, Feb. 2023, Vol. 32, No. 1

[11]

[12]

[13]

[14]

[15]

[16]

Ministry of Ecology and Environment of the People's Republic of

China. HJ 61 —2021Technical specification for radiation
environmental monitoring [S]. Beijing, 2021.

Feng WL, Zhang YF, Li YL, et al. Spatial distribution, risk
assessment and influence factors of terrestrial gamma radiation
dose in China[J]. J Environ Radioact, 2020, 222: 106325. DOI: 10.
1016/j.jenvrad.2020.106325.

The United Nations Scientific Committee on the Effects of Atomic
Radiation. UNSCEAR 2000 Sources and effects of ionizing
radiation[R]. United Nations: UNSCEAR, 2000.

W, EGE, HERANI, 2. 1T PR ETAR A /KT I A RGRE e
EARGIREES D). b ERES T4, 2021, 30 (4) :457-462.
DOI: 10.13491/j.issn.1004-714X.2021.04.014.

Yang L, Wang LJ, Shao MG, et al. Quality control measures of
thermoluminescent dosimetry system used in environmental
radiation monitoring[J]. Chin J Radiol Health, 2021, 30 (4) :
457-462. DOI: 10.13491/j.issn.1004-714X.2021.04.014.

TR ER, PRI, FLALAE, 55, AEOUA R TR R ER S
Hh LA [O0. o [ 5 T AR, 2022, 31 (3) £296-300,310. DOT:
10.13491/j.issn.1004-714X.2022.03.007.

Zhang WZ, Lin SQ, Kong DJ, et al. Application of
thermoluminescence dosimeter in environmental monitoring of
nuclear power plant[J]. Chin J Radiol Health, 2022, 31 (3) : 296-
300,310. DOI: 10.13491/j.issn.1004-714X.2022.03.007.

ket 1R, MR . 2014—20174E ) 4 44 BH Y1 #% Ha 3 41 [l
R S R B R 5 R L) R 48 R 2018,
38 (2) :41-43. DOL: 10.3969/j.issn.1004-6356.2018.02.009.
Zhang H, Xu RL, Lin WW. Continuous monitoring of y air
absorbed dose rateat Yangjiang NPP, Guangdong Province, from
2014 to 2017[J]. Radiat Prot Bull, 2018, 38 (2) : 41-43. DOL: 10.
3969/j.issn.1004-6356.2018.02.009.

B, TCFE, TEE. 2017—2019 H A% 36 41 i i 750 &
oM. BEHEEAR AT, 2020, (28) : 46-47. DOL: 10.3969/j.
issn.1673-1328.2020.28.022.

Cao PT, Wang WJ, Wang ZY. 2017 —2019 Tianwan Nuclear

[17]

[18]

[19]

[20]

Power Plant peripheral instantaneous dose rate analysis[J]. Sci

Technol Innovation, 2020, (28) : 46-47. DOIL: 10.3969/j.issn.
1673-1328.2020.28.022.
XIFEEE, GRBEPH, 52 5080, 56, 4R IE % M I8 AT 10 IR By 4 /K P

Fe sy BRI AL S [0). b 4R 5T T2, 2015, 24 (5) £ 520-
521. DOLI: 10.13491/j.cnki.issn.1004-714X.2015.05.029.

Liu XQ, Zhang XY, Wu JY, et al. Gamma radiation levels in
terrestrial environment and resultant population dose before
operation of Fuqing nuclear power plant[J]. Chin J Radiol Health,
2015, 24 (5) : 520-521. DOI: 10.13491/j.cnki.issn.1004-714X.
2015.05.029.

MREBR, 1M, e X, &5 iR B T A% v ol ) [ P 358 M Ry
SR ERARHE D). E R, 2014, 14 (10) -
1191. DOL: 10.13604/j.cnki.46-1064/r.2014.10.058.

1189-

Chen YS, Wang CJ, Wang LY, et al. Survey of environmental

terrestrial gamma-radiation baseline levels around Hainan
Changjiang nuclear power station[J]. China Trop Med, 2014,
14 (10) : 1189-1191. DOL:
058.

FLIEE, B, WK, 55 AL AR DX skt Ry S I 7 5
FACFAE (1], B8 SHRAL PR %, 2014, 31 (3) :217-219. DOL:

10.13213/j.cnki.jeom.2014.0052.

10.13604/j.cnki.46-1064/r.2014.10.

Ying ZJ, Zhang Q, Bian GL, et al. Gamma radiation dose in
terrestrial environment in proximity to a nuclear power plant[J]. J
Environ Occup Med, 2014, 31 (3) : 217-219. DOI: 10.13213/j.
cnki.jeom.2014.0052.

MRTEe, AR, ISR, 28 s B A BB A By S ) B 3K
Pt 00 [ (). REYRIA BT AR 4, 2014, 28 (6)
10.3969/j.issn.1006-8759.2014.06.017.

: 58-60,49. DOI:
Chen QH, Song JF, Zheng HD. Monitoring review of
environmental gamma radiation dose rate around Qinshan NPP[J].
Energy Environ Prot, 2014, 28 (6) : 58-60,49. DOI: 10.3969/j.
issn.1006-8759.2014.06.017.

(W HER:2022-08-05)


https://doi.org/10.1016/j.jenvrad.2020.106325
https://doi.org/10.1016/j.jenvrad.2020.106325
https://doi.org/10.1016/j.jenvrad.2020.106325
https://doi.org/10.13491/j.issn.1004-714X.2021.04.014
https://doi.org/10.13491/j.issn.1004-714X.2021.04.014
https://doi.org/10.13491/j.issn.1004-714X.2021.04.014
https://doi.org/10.13491/j.issn.1004-714X.2021.04.014
https://doi.org/10.13491/j.issn.1004-714X.2022.03.007
https://doi.org/10.13491/j.issn.1004-714X.2022.03.007
https://doi.org/10.13491/j.issn.1004-714X.2022.03.007
https://doi.org/10.13491/j.issn.1004-714X.2022.03.007
https://doi.org/10.3969/j.issn.1004-6356.2018.02.009
https://doi.org/10.3969/j.issn.1004-6356.2018.02.009
https://doi.org/10.3969/j.issn.1004-6356.2018.02.009
https://doi.org/10.3969/j.issn.1004-6356.2018.02.009
https://doi.org/10.3969/j.issn.1004-6356.2018.02.009
https://doi.org/10.3969/j.issn.1673-1328.2020.28.022
https://doi.org/10.3969/j.issn.1673-1328.2020.28.022
https://doi.org/10.3969/j.issn.1673-1328.2020.28.022
https://doi.org/10.3969/j.issn.1673-1328.2020.28.022
https://doi.org/10.3969/j.issn.1673-1328.2020.28.022
https://doi.org/10.3969/j.issn.1673-1328.2020.28.022
https://doi.org/10.3969/j.issn.1673-1328.2020.28.022
https://doi.org/10.13491/j.cnki.issn.1004-714X.2015.05.029
https://doi.org/10.13491/j.cnki.issn.1004-714X.2015.05.029
https://doi.org/10.13491/j.cnki.issn.1004-714X.2015.05.029
https://doi.org/10.13491/j.cnki.issn.1004-714X.2015.05.029
https://doi.org/10.13491/j.cnki.issn.1004-714X.2015.05.029
https://doi.org/10.13604/j.cnki.46-1064/r.2014.10.058
https://doi.org/10.13604/j.cnki.46-1064/r.2014.10.058
https://doi.org/10.13604/j.cnki.46-1064/r.2014.10.058
https://doi.org/10.13604/j.cnki.46-1064/r.2014.10.058
https://doi.org/10.13604/j.cnki.46-1064/r.2014.10.058
https://doi.org/10.13213/j.cnki.jeom.2014.0052
https://doi.org/10.13213/j.cnki.jeom.2014.0052
https://doi.org/10.13213/j.cnki.jeom.2014.0052
https://doi.org/10.13213/j.cnki.jeom.2014.0052
https://doi.org/10.13213/j.cnki.jeom.2014.0052
https://doi.org/10.13213/j.cnki.jeom.2014.0052
https://doi.org/10.3969/j.issn.1006-8759.2014.06.017
https://doi.org/10.3969/j.issn.1006-8759.2014.06.017
https://doi.org/10.3969/j.issn.1006-8759.2014.06.017
https://doi.org/10.3969/j.issn.1006-8759.2014.06.017
https://doi.org/10.3969/j.issn.1006-8759.2014.06.017

	1 材料与方法
	1.1 材料与设备
	1.2 布点与回收
	1.3 累积剂量的测量，剂量率和有效剂量的计算
	1.3.1 累积剂量的测量与剂量率的计算
	1.3.2 有效剂量的计算

	1.4 统计学分析
	1.5 质量控制

	2 结　果
	2.1 石岛湾核电站周边16个监测点地表γ辐射剂量的基本情况分析
	2.2 地表γ辐射水平在4个监测时期的变化特点
	2.3 地表γ辐射水平随石岛湾核电站距离的变化特点
	2.4 地表γ辐射水平随海拔高度的变化特点

	3 讨　论
	参考文献

