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Abstract: The potential health risk caused by transporting of radioactive material is increasing with the fast devel-
opment of nuclear energy and nuclear technology. In present paper, the contamination of cesium-137, cobalt-60 and
strontium-90 to the Yellow River of Lanzhou region was considered and the dispersion of these radionuclides were
modeled. Furthermore, the potential health risk brought out by the radionuclide dispersion to drinking water were
discussed. Based on the existing domestic activity of the radionuclide sources and the data obtained from the inter-
national radioactive accidents, the activity levels and flow rates of cesium-137 was presented with consideration of
the effect brought out by the sediment. The potential health risk of cesium-137 at two different drinking water
sources, which were 64 km and 114 km from the accident position in the river downstream, were calculated, re-
spectively. The mortality risk and morbid risk coefficients of cesium-137 were obtained and used to evaluate its

health risk induced by ingestion of tap water. At the same time, the potential health rick of cobalt-60 and strontium-
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90 were also assessed by using the minimum average flow rate of the Yellow River during the nearest past 30

years. All the results showed that the dispersion of cesium-137, cobalt-60 and strontium-90 in the Yellow River

varied with the radioactivity of the nuclides, the flow rate of the river and suspended sediment in the river, and in-

gestion of tap water contaminated by these radionuclides will cause mortality and morbid risk. Hence, it is very im-

portant to react promptly to the river drinking water contamination caused by radionuclides so as to reduce their

health risk to human beings.

Keywords: radioactive contamination; drinking water; health risk; accident
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Table 1 Variation of radioactive activity concentration
of drinking water source (reserve) intake of Baiyin
power company along with flow rate and suspended

sediment concentration

P& WA (T Ve JiE T
it /(kg-m™) Fisf [ /d V5 YL /d
Ay J(m? s Suspended Time of Duration of
Month Flow rate sediment maximum radioactive
J(m® s concentration  concentration pollution
/(kg+-m™) /d /d
3 422 0418 0.62 1.92
6 1268 261 0.52 1.77
7 1 881 521 048 1.53
8 1 846 8.68 048 143
9 2 076 330 047 1.71
F2 FIRRFTRAKIEMEUK O SHE

EERERREREVEETUER
Table 2 Variation of radioactive activity concentration
of drinking water source intake of Wujiawan drinking
water source in Jingyuan County along with flow

rate and suspended sediment concentration

AU s WP e B R
o s g Mkgem™) A ) /d 15 Jepf e /d
T /(m ) .
Hby Suspended Time of Duration of
Flow rate ) ) o
Month sediment maximum radioactive
J(m? s . R .
concentration  concentration pollution
/(kg-m™) /d /d
3 422 0418 1.17 243
6 1268 261 101 2.16
7 1 881 521 096 1.85
8 1 846 8.68 095 1.74
9 2 076 330 047 2.07
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Table 3  Variation of radioactive activity concentration
of drinking water source (reserve) intake of

Baiyin power company along with radioactivity

WA BV 3 S
i I} [fl /d TG Yt /d
1% J¥/TBq
At B o Time of Duration of
Radioactivity
Month Radionuclide maximum radioactive
/TBq
concentration pollution
/d /d
#-137
500 0.62 236
Cesium-137
#-137
50 0.62 192
Cesium-137
#i-137
0.5 0.62 1.09
Cesium-137

F4 HRERFKITRAKIREEK O ETE
EEREREREETLERL
Table 4 Variation of radioactive activity concentration
of drinking water source intake of Wujiawan drinking

water source in Jingyuan County along with radioactivity

A R J3E U
. I} [l /d TG Yt /d
15 1% /TBq ; )
A 175 o Time of Duration of
Radioactivity
Month  Radionuclide maximum radioactive
/TBq
concentration pollution
/d /d
#-137
500 1.17 2.88
Cesium-137
#-137
3 ] 50 1.17 243
Cesium-137
#i-137
3 0.5 1.17 132
Cesium-137
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L 50TBq #f5-137 BRI, AR 80 1A w1k
FHZK U Hb J B ST 453 T3 S5 1 At R XL 3 D 3%
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42x107, 38 1 Pk FH 7K 8 A B0 R0R EER 0.0001 ~
0.006 mSv ; 5 17C F FZ T8 R 7K i b J R A F 45y 7k
SR ft B XU DR DL 7, P A B 4-137 BT
FER 7.07 ~ 439 Bq, SET- KUK A 4.0x107 ~2.48 x
107, B XU 4 5.81x107 ~3.61x107 38 14k FH 7K
A BCA RGHE} 0.0001 ~0.0057 mSv,
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Table 5 Variation of radioactive activity concentration
of drinking water source (reserve) intake of

Baiyin power company along with radionuclides

WA i B2 TSP
; i 1) /d T YT /d
i /TBq -
At & o Time of Duration of
Radioactivity
Month  Radionuclide maximum radioactive
/TBq
concentration pollution
/d /d
#k-60
50 0.62 1.71
Cobalt-60
fi-137
50 0.62 192
Cesium-137
£4-90
. 50 0.62 192
Strontium-90

F6 BRWIHANARAKEN(FH)ERERREITER
Table 6 The human health risk assessment of drinking
water source (reserve) intake of Baiyin

power company

BABE
BAK i
; WG HE/mSv
1% 8 /Bq R, . )
A BT R FEU IRURS: Committed
Total activity . L .
Month . ) Mortality risk ~ Morbid risk  effective dose
for ingestion . .
for ingestion
/Bq
/mSv
3 516 29%x107 42x107 0.006
6 40.14 22x10°% 33x10°8 0.0005
7 12.23 69%107 10x10%¢ 0.0001
8 9.04 5.1x10% 74x107 0.0001
9 2149 12x10%® 18x10%¢ 0.00027

*®7 BIRRFKTRAKIEMEREERERXEIEMR
Table 7 The human health risk assessment of
drinking water source intake of Wujiawan drinking

water source in Jingyuan County
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ﬁ /\ ‘Ell‘ 2 =)
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1 B£/Bq R .
Ay . FET XU S XU Committed
Total activity
Month . . Mortality risk ~ Morbid risk  effective dose
for ingestion ) .
for ingestion
/Bq
/mSv
3 439 248x107 361x107 0.0057
6 3217 182x10° 2.64x10°% 0.0004
7 9.59 543x107 7.88x%107 0.0001
8 707 40%x10° 581x107 0.00009
9 16.834 9.53x10% 138x10°® 0.00021
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Wk H K B A BUA B &4 B 0. 004
mSv.0.006 mSv.0.0144 mSv,

3 112 (Discussion)
3.1 B AT sk B DGR AE Y S
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HEY"(GB18871) I 5% E ik A 7Kl H1 4T 8l 7K °F- )i
BRI Y B 22 T (4e-137 3 A5 3h K4 1000
Bq-kg™"), iX — 7K 1) 3 AN BR i S 1 4 o i
R Y 25 —4E N AR s K-, 500 TBq 11
137 BERCECH R T 2l 32 AR H K U8 b s 3 P
% B B AR ] 248 0.93 d, i B 5% VB I
TR TSR P 37 B v B RIS [ 2928 1.1 d, HAth A
WA ik A 8 il AT 8hokF

KR R FH 7K A SBT3 S P 1 vk B A v TR
FHHE A T A 41 21 (WHO) Uk H 7K 7K 5 o D) 265 g



286 s #F

ooz 4R F14 &

F) R A AR S — A N R AR K 2L 0.1 mSy 19
FARGA & 5 038 AR T 2ab s, AT
A2 AU LA -60 48 57K F-h 100 Bq- L 4-137 45
KA 10 Bq-L™ 48-90 $5F/KF4 10 Bq-L™',

IS PR TR A 2R A R A T R A R
(ARG B TS PR A% 28 A B A i BRAE ) I (WS/T
613—2018)H Y FRAE, X 45-137 & 7.7%10* Bq, A<
WABRAE 500 TBq 4i-137 BEACF B FAR T 8h 1 2
FHZK UG J BB A Ha-137 RIEFEEZ R 5 168
Bq, ¥t H 5 FIE O K R e R A 46-137
TGEEZ9h 4 395 Bq, B T AR AR HEBR (. A< 3C
HBEE TR SR R A R SR 2T 1
mSv AR R K,
3.2 VAT ZOK AR TR BRI 3

TR 5 18 5 BT 0L 4 1 R AR
20T R S R Z DU AR BAE D, 4
MIRSE o TR BT AE K 4 I mT B8 4 i e Jor i
BRI CAR AT JES , T HL— BR8] )5 o] 8 i T /K R A
FH PR ETE . ASSCRR 2088 T IR Z DT A
M, moh AT, 55— O T Sy B4 HIK (i
KT P Az 3 A B R R s e

AU R K SCSEEE T 30 4R RIAN[H]
AT KB i AT PPN A5 R Oy, 7E 58
BRef e SRPEA B T AR 4 o B Y 7K SR A i A T
%,

AXWIHBEERLGREZERMNZRASYD
NUREG/CR-7231 #fz45 il it 22 G0l 59 M A% 28 0
TN IR o DLF 1996 45 H F ik A s B i) ke S
A Z M iy A\ B 7 I 2 T B e i e e ik e
LA B A — B0, AR SCRY AR R RN 8 1k AT LA
FHT TR V) it 2 6 325 o A S T e T £ e XL
RN E B fr=N

R AT G0 IS 1 A% 28 K AR R OB AR ORIk
PR S R & EREER R
B B RO R R CR I B AR A G, U
T YRR XU 55 2% %) RUBS: 3R 550 48 A A TS S 2 T
JEA K 75 R I UD S U HEAZ R B AH LA I
55403 FEK F1VE FHAR L, BOK 005 S it B e B I
TSR P A B S 0 A8 /) | TRCS P 1 e R S I [ AR
3.3 AR ERTS

FRAE SCHR[1S], 43 B 2R 505 BT Ok vk il
K B BRACRRE 2 K A G, [ N BRAE I8
WA B e VDA FR A% R 1 43 L R B0 S B o

B R RN R BE T IAEA 19 19 5% 4
et , 5B SR AR 22 AR S A
HOANBfE BE ) E 2RI, O3 Ah T A LT IR i
IR LS AL — 2 R,

Biff: B mER AR AN R PO ELABRRAEARAL
BARLAR 2 T g 35, Bk RN A TAT R IR LB & SR
B E B AR S T T a8,

£ Z 3Lk ( References) :

(1] 2[R, 80505, sk R, 45 Bt B2 0 i 5
HCRYITRD]. FRATRIIPE R, 2015(6): 40-43
Li G Q, Cao F F, Zhang J G, et al. A preliminary study on
road transportation accident rate for radionuclide materials
[J]. Radiation Protection Bulletin, 2015(6): 40-43 (in Chi-
nese)

(2] UHEHBH, B 50, RIS, TP Ak iz i = i i A
HOIHT[I]. A G IEE AR, 2011, 11(4): 242-244
Xie C Y, Luo J R, Guo L L. Probabilistic analysis of radi-
oactive materials release arising from transportation acci-
dent [J]. Journal of Safety and Environment, 2011, 11(4):
242-244 (in Chinese)

[3] Monte L, Boyer P, Brittain J E, et al. Review and assess-
ment of models for predicting the migration of radionu-
clides through rivers [J]. Journal of Environmental Radio-
activity, 2005, 79(3): 273-296

[4] Onishi Y, Serne R J, Arnold E M, et al. Critical review:
Radionuclide transport, sediment transport, and water
quality mathematical modeling; and radionuclide adsorp-
tion/desorption mechanisms [R]. Washington DC: US Nu-
clear Regulatory Commission, 1981

[5] US Nuclear Regulatory Commission. Estimating aquatic
dispersion of effluents from accidental and routine reactor
releases for the purpose of implementing appendix I [R].
Washington DC: US Nuclear Regulatory Commission,
1976

[6] Jeong H J, Hwang W T, Kim E H, et al. Radiological risk
assessment for an urban area: Focusing on a drinking wa-
ter contamination [J]. Annals of Nuclear Energy, 2009, 36
9): 1313-1318

[7]1 International Atomic Energy Agency (IAEA). Generic
Models for Use in Assessing the Impact of Discharges of
Radioactive Substances to the Environment [R]. Vienna:
IAEA, 2001

[81 HESCE, REIEL KFREE - B Bl [M]. 330 iRBUR
£ RRAL, 2000: 29-30
Luo W S, Song X Y. Analysis and Prediction of Water



42

2N QAR TR AR K AR B R ) 287

[9]

[10]

(1]

Environment [M]. Wuhan: Wuhan University Press, 2000:
29-30 (in Chinese)

g, 22 MHB XK L], PEAEIE A2 4 AR
BRI, 1984(1): 40-60

Ma R J. Hydrology in Lanzhou area [J]. Journal of North-
west Normal University: Natural Science, 1984(1): 40-60
(in Chinese)

Eckerman K F, Leggett R W, Nelson C B, et al. Cancer
risk coefficients for environmental exposure to radionu-
clides. An uncertainty analysis for risk coefficients repor-
ted in Federal Guidance Report No. 13 [R]. Washington
DC: US Environmental Protection Agency, 1999

AR N R S ] o i A 6 K 2 B )R GB188T1—
2002 H, B R G B4 A IR 4 A SR AR KR ES). dE Rt
Fie N R i R S K B R, 2002

General Administration of Quality Supervision, Inspection
and Quarantine of the People' s Republic of China.
GB1887-2002 Basic Standards for Protection against Ioni-
zing Radiation and for the Safety of Radiation Sources
[S]. Beijing: General Administration of Quality Supervi-
sion, Inspection and Quarantine of the People' s Republic
of China, 2002 (in Chinese)

(2]

[13]

[14]

[15]

Word Health Organization (WHO). Guidelines for drink-
ing-water quality [R]. Geneva: WHO, 2017
AR N R [ 5K T A (i R R B 2%, WSIT 613—
2018 2 ARAL B B O VAL B AR SRR BRAEL[S]. db 5t
HhA N B A ] [ 58 T A (iR B 2%, 2018

National Health Commission of the People’ s Republic of
China. WS/T 613-2018 Annual limits on intake of radio-
nuclides for members of the public [S]. Beijing: National
Health Commission of the People’ s Republic of China,
2018 (in Chinese)

Yabusaki S B, Napier B A, Perkins W A, et al. NUREG/
CR-7231 Modeling of Radionuclide Transport in Fresh-
water Systems Associated with Nuclear Power Plants [R].
Washington DC: US Nuclear Regulatory Commission,
2017

Yoshimura K, Onda Y, Sakaguchi A, et al. An extensive
study of the concentrations of particulate/dissolved radio-
caesium derived from the Fukushima Dai-ichi Nuclear
Power Plant accident in various river systems and their
relationship with catchment inventory [J]. Journal of Envi-
ronmental Radioactivity, 2015, 139(4): 370-378 L 2



