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%}(0.13£0.04) Bq/L, F=46.364, P<0.01), FEAHH" 5 km Ab AR FIZKAE b s o FILEL B BC K
YA . 176 AR FZKEE S B, o KA M (0.1120.06) Bg/L, 0.5% MEKFKE
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[ Abstract] Objective To investigate radioactive levels in drinking water around a uranium
mine and control areas (Chabuchar County and Urumgqi City) and conduct health risk assessment.
Methods A total of 176 drinking water samples were randomly collected from the vicinity of a
uranium mine (51 samples) and the control area (73 samples from Chabuchar County and 52 samples
from Urumgqi City) from 2020 to 2022. The radioactive levels of total a and total B and the
concentrations of radionuclides **U, ***Th, *Ra ,"K were determined. The total radioactive levels of
drinking water from different areas (around the uranium mine, Chabuchar County, and Urumgqi City),
different water sources (surface water, surface water+groundwater, groundwater) and different
distances from the uranium mine (5, 10, 15, 20, 25 km) were compared. Methods recommended by the
United States Environmental Protection Agency (USEPA), the International Commission on
Radiological Protection, and the World Health Organization were used to estimate the annual effective
dose of adults exposed to drinking water in the vicinity of the uranium mine and control areas.
Carcinogenic risk factors proposed by the USEPA were used to assess the lifelong carcinogenic risk of
residents. Total radioactive levels were compared among drinking water samples from different
regions, water sources, and distances from uranium mines through one-way ANOVA. Results that had
statistically significant differences were further subjected to least significant difference test for multiple
comparisons. Results  The difference of total o and total P radioactive levels in drinking water
samples from different regions were statistically significant ((0.13+£0.04) Bq/L vs. (0.12+0.08) Bq/L vs.
(0.08+0.03) Bg/L, F=9.854, P<0.01), ((0.17+0.06) Bg/L vs. (0.13+0.10) Bg/L vs. (0.10+0.03) Bq/L,
F=10.522, P<0.01). There were no significant difference in total a and total B radioactive levels in
drinking water samples from different water sources (F=2.849, 1.352; both P>0.05). The differences of
total a and total B radioactive levels in drinking water samples with different distances from uranium
deposits were statistically significant ((0.16+0.02) Bq/L vs. (0.07+0.02) Bq/L vs. (0.11+0.02) Bg/L vs.
(0.15+0.03) Bg/L vs. (0.14+0.03) Bq/L, F=21.720, P<0.01), ((0.24+0.04) Bq/L vs. (0.09+0.01) Bg/L
vs. (0.19£0.01) Bq/L vs. (0.17+0.03) Bq/L vs. (0.13+0.04) Bq/L, F=46.364, P<0.01). The average
values of total a and total  radioactive levels in drinking water samples 5 km away from the uranium
deposit are the highest. The average values of total o radioactive level in 176 drinking water samples
was (0.11+0.06) Bq/L, and 0.5% of drinking water exceeded the national standard limit (0.5 Bq/L). The
average annual effective dose caused by drinking water is estimated to be (0.040+0.003) mSv/years
according to the total o radioactive level in drinking water samples. According to the concentrations
of radionuclides **U, *’Th, **Ra, “K in drinking water samples, the average annual effective dose
caused by drinking water were estimated to be (0.030+0.004), (0.018+0.003), (0.084+0.04), (0.005+
0.003) mSv/years. The lifelong carcinogenic risk among residents caused by drinking this water ranged
from 1.75x10°" to 4.35x10"". Conclusions The radioactive level of drinking water around a
uranium mine and the control area (Chabuchar County and Urumgqi City) is low, and the annual
effective dose and lifelong carcinogenic risk caused by drinking water in this area are low, which will
not cause observable adverse health effects, the health risk to the surrounding residents is low.

[ Key words ] Drinking water; Radioisotopes; gross o and gross p; Annual effective dose;
Health risk assessment
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A TEA AR BE L Xts F675. XA XL . A
R . BEAI AN [R] B 2 9 TR FH K H B 7K
TR R T 2007, AW R 2 A g
B, 25 R /N 3 22 50k (LSD) 47
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Table 1 Total o and total  radioactivity levels in drinking water samples from different regions

X1 95% CI

it H X 35k BEAE () xs(Bg/L) R F/MEB/L)  FRE(Bg/L) BRI ERE(%)

il 51 0.13£0.04*  0.12  0.14 0.05 0.19 0 0

JORp—— A EIRE 73 0.12£0.08 0.10  0.14 0.01 0.57 1 1.37
LR 52 0.08+0.03  0.07  0.09 0.04 0.14 0 0

At 176 0.11£0.06  0.10  0.12 0.01 0.57 1 0.50
Al Fl 51 0.17£0.06  0.15  0.18 0.06 0.27 0 0
o ZRATAT IR B 73 0.13+0.10°  0.11  0.15 0.01 0.55 0 0
BE ARSI 52 0.10£0.03*  0.09 0.1 0.07 0.20 0 0
At 176 0.14+0.08  0.12  0.14 0.01 0.55 0 0

W R o UMK, P JR 5GBS, ERWASIEE X (=4.057, 3.703, ¥ P<0.01); 7EGQ B KT, * Fow
Sk R R, ZRESITEE L (22788, 4.573, ¥ P<0.01) . ARFHARES H o HUHEK E20.5 Ba/L ks ; B iU

KF=1Ba/L JibR. CIAETFXIE

F 2 ARFEZKIERIER KBRS PR o FUE B HKE
Table 2 Total o and total p radioactivity levels in drinking water samples from different water sources
N . XY 95% B A5 X ] Y
Tt H FRIEZEAY FESEL (1) %+s(Bg/L) H/IMA(Bg/L) I RAE(Bg/L)
TR BR

K 9 0.1140.04 0.10 0.11 0.04 0.25

o KA TR 10 0.08+0.02 0.06 0.09 0.06 0.12
Sl A

MR K 70 0.12+0.08 0.10 0.14 0.01 0.57

a1t 176 0.110.06 0.10 0.12 0.01 0.57

HiZRK 96 0.14+0.07 0.12 0.15 0.06 0.49

BT iR K+ T K 10 0.11£0.05 0.08 0.14 0.08 0.20
SSABIBLHT T

Rk 70 0.12£0.09 0.10 0.14 0.01 0.55

At 176 0.14+0.08 0.12 0.14 0.01 0.55
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o LG BT MK FZ R B RS ITFE XL (F=
2.849, 1.352, ¥ P>0.05). /A [A]ZK U5 Sk U 4 1k
IREES T, B o O AT AR EUIRAR Y O R
IRSHBFE K SHLFE K+ T 7K o B ST MK A
FIMRAR K R K >3 7K > ek +H T K
2.3 WA R R B A AOR KRR o R o R
B AR
SE Bl AT AN ] B R R K PR o FILEL B
PR ULER 3. BEAHET AN [FIRE S A R R K b A o i
S B KT 25 S A S it L (F=21.720,
46.364, ¥J P<0.01), FEHHA" 5 km &b 0K K h
Ao FLE B EAKE YE B . R AN [R]

R B AR HIZK R o ORI/ IMERIR A
5 km 4b>20 km 4k >25 km £b>15 km 4b>10 km 4k ;
S BT AR B/ MRIR S - 5 km 4b>15 km
fb>20 km Ab>25 km 4b>10 km 4k,
2.4 S YOKIRFR TP R g XU
ISR A% R R A B AR R
3 FRIBARXT NAART AR R i, IR K 322
28 LVORIBNT N TR R . 57 DR KA
TERCST R R T G, X N RAEAAAEAE— 2 IR
BSro AT A X R K HR R PR R U PP Th,
ZRa MK WA SR ITAL IR 2k K B 8UE R Y
LG, 4 AT, ARHAS A XA A

R 3 AR R AR RS o FLEL B ISR

Table 3 Total o and total B radioactivity levels in drinking water samples at different distances from uranium deposits

XI195% & {5 X 1]
i H BREAhE PR (km) FE AL () F+s(Bg/L) i/ ME (Bg/L) K AE (Bg/L)
TR ol
5 11 0.16+0.02 0.15 0.17 0.13 0.19
10 10 0.07+0.02 0.06 0.09 0.05 0.10
[ 15 10 0.11+0.02 0.10 0.13 0.08 0.14
20 10 0.15+0.03 0.12 0.17 0.09 0.19
25 10 0.14+0.03 0.12 0.16 0.09 0.17
At 51 0.13+0.04 0.12 0.14 0.05 0.19
5 11 0.24+0.04 0.21 0.26 0.15 0.27
10 10 0.09+0.01 0.08 0.10 0.06 0.11
EBHAEAT 15 10 0.19+0.01 0.18 0.21 0.17 0.21
20 10 0.17+0.03 0.15 0.19 0.13 0.20
25 10 0.13+0.04 0.11 0.16 0.09 0.20
it 51 0.17+0.06 0.15 0.18 0.06 0.27
F 4 AR KB R KA R A AT A 00 e R B B0 KUK
Table 4 Annual effective dose and lifetime cancer risk caused by radioactive isotopes in drinking water from different regions
Bzt =y 22Th 2Ra “K SNl E
B KU 4t ] (/Sv) @ 45x10° 2.3x10™ 2.8x107 6.2x10°° 3.58x10™
FIE R RE (mSv/Bg) " 1.73x10°° 2.73x10™ 1.04x10°° 6.68x107"° -
ARG (mSv/AFR)
At /R B 0.029:£0.003 0.017+0.003 0.081:£0.020 0.0070.003 0.044+0.007
B 8 0.034+0.002 0.0200.003 0.106:£0.010 0.0030.002 0.046:£0.006
LR 0.029:0.003 0.017+0.002 0.065+0.040 0.005+0.003 0.029+0.005
Fs 0.030:£0.004 0.018+0.003 0.084:£0.040 0.005£0.003 0.040+0.003
L5
oY TR w2 2.50x10™" 227x107" 4.20x10™" 2.23%x107" -
litEEY] 2.93x107" 2.68x10"” 5.52x10™" 1.04x10°" -
LR 2.49x1072 2.26x107"2 3.64x107" 1.77x10™"° -
Fs 2.62x10™" 2.39x107? 4.35x10™" 1.75x10™" -

i R TEE



120 PRI R B 2 2024 4F 2 A% 48 55 2 1 Int J Radiat Med Nucl Med, February 2024, Vol.48, No.2

K, HCHPERZ R PU R Th BT 5 3000 4 R0
0 DA BIER 4 DX IR Bl 20> A A K EL R
ARFFT; O R Ra BT AR A R0 i
FIC Y DB Bl A >58¢ A A R > 5 B ORSE
s R PEAZ R K FT S AR A G M s B AY
DX IR AT 2 /R B> B AR>Sl i

R

IR EA ) 176 43R FZKRE i B o O PEK
SEHPEE A (0.110.06) Bg/L, 5T 2002—2004 4F
B ERFFT IR o UK (0.05 Bg/L)!,
T 1995—2019 4F 2% M T3 AR 3 K FH /K A KA & o
TSRS [(0.0414£0.032) Bq/L] F1327K BB o ik
K 1(0.0542£0.040) Bg/L1™, T 2021 4R
PHAZHL3 30 km Y1 B AR FH K Rt K B o 3SR
IR 1(0.03420.023) Bq/L] FIF/KIIEL o BLEHEAKSF
[(0.054+0.074) Bq/L]"". BLRIELA R 176 MR HK
(RLEL B T PE AT B 325{H 4 [(0.14+0.08) Bg/L],
1T 2002—2004 4F & RS K U B G
PEKF(0.06 B/L) M, 5T 19952019 4F 2% JH 1l
A TR R KA AR, B TS 7K F-(0.086 Bg/L) M,
T 2021 4F3 BHAZ fL 3l 30 km 75 Fl AR K PR3
KIS B 7K [(0.18+0.036) Bg/L1™.,
KR o BT EEORIE T R SR A . 4 F17 Ra,
S B FEORE TR A RK . AR
ZE RN, A TA] PR K bR S PR A R U
P>Th F1™Ra AT BN AFE A %GR 1 o e 1 DX 382 S 4
R L, 3k il Bt ) R AR K B A o O 1 K
F EZORIE T H B A R U, P Th F17°Ra, 1
RSP A 2R ORI R A A R SR AT DX 3 A
W JE L, A R AR K A B K BRI
J52 B TR0 S A R K AN R L S 1 BT R 1 —
Ire AW R WA, KK E o FALE BB
PEIKSE BRI X I8 A 75 T 2002—
2004 4 B R FET AL M TR . AR RH A 2
T T BEAE B85 (2002—2004 4F 1% K 55 T 5 )
SR PR — 7 TR, R IUAE A AN 2002—2004 4 Y [
WA BB P O A EAR I i a8, R
WY RAEAT T, R R AR IS S BT HNO;,
AP 9D T AT 2R O ) X5 R 7K A TS 1
B S5—J5ih, ARSI KGR 2 R P 4y
AL, M T KRR GTIR, T S8 AR S Ak

MHENEE, EEERERRL, Bl & RSF T E
SETE/DW, Fn AR, SESEARFIIK
TR B R R, JECHImgiH4ELE) (2011—
2018 4F) 1304, 2011—2017 4E #9844 E/R B3R
XK BEdEr, MoK 1063.00 /2 m* T RER
963.96 /2. m’, Hi T K &2 M 6243012 m’' T B &
586.98 /2. m®, HrIEIK /KK e BRIk, H
B — R, 5EMT2ER, TS A
] () L S SRA OC . TE—2 IR, dkaly KM
AERE S RRE S O RN (45 &5 IR A S B 43
M), FEELEM IS A, Ty B EE 22 R0
ZH .
ANFEKIFESIRA IR AR, A K IR IR
FHZKAY L o TR K AOFEAE [(0.114£0.04) Bg/L],
=T 2011—2017 4FAb 5T HbF K R o UK
[ ~F-ME [(0.080+0.078) Bq/L]"; &% B a4
JK V147 24948 [(0.14+0.07) Bg/L], X T 2011—
2017 A b 5 T Hb R OK S B PR AKCE 17 ¥ 1E
[(0.23+0.30) Bq/L]"", LAIHL R /K Ak IR B9 ER K,
HA o il S oK 1 °F 2318 [(0.12+0.08) Bg/L],
=T 2018—2019 4EAb 5T £ BHL T IR HIZK B o i
SHEKSE [0.05000.052) Bg/L]'™, T 2018 4R
U R KR, o KA EE(0.081 Bg/L)!M,
1o T L 2R A TS T T 0 b DX R KA o RO K
SER(E(0.079 Bq/L) ™, HEL B U R K- 1 35 (8
[(0.12+0.09) Bq/L], T 2018—2019 4FJb 5Tl &
B L B UK [0.048(0.038) Bg/L]'™,
KT 2018 ARG 5T HE N /KB B UK S (34 (5
(0.268 Bq/L)"™, 15 T LU AR A8 T 10 43 His DX i T 7K
S B A EIME (0.11 Bq/L)M™, SHbF/KH
b, MR KT S5MASSE D, XA S5
HRRCRE R, K R R PR B Az R s S R
M b KRN SRR B KAPEK . KA B4
9 WPERABANS . MIRARRANG S . W ebA S
Hedt, MR AR . THFERBUN AR, (REEAWTE
RN SR A EZUKIEHK, B
5 214 oA ART A N TRT AL R KA A TSP 44T o
FEANE™ 5~25 km 5 Bl ASREER 51 43K FHZKOK
FE, R o FLEL BB K OF 247 T 51 RS
P, BEARMT S km Ab o FIE BRI K SF B
[(0.16+£0.02) Bg/L. (0.24+0.04) Bq/L], AHF5T 4%
RN, REGHEI T 2R T ahe, R



[ PR R 2R 2R 2024 4F 2 ASE 48 B5E 2 1)

Int J Radiat Med Nucl Med, February 2024, Vol.48, No.2 121

Fil 5 km PYAGIR FHZK B O Mt i, (HIE R R
BRI P, HLE BRI K S e e 41 o

AW FE LI ARE S o S KA Bk
FHIZ K K T BUEA RO F HEA 0.040 mSv/AE,
PAAS SR A B A AR HTZ K K BT8O A 355
¥IEH 0.005~0.084 mSv/AF, TR FHIZ AR K Heisc b
PEREZU. **Th. *Ra FTEUAFA SGA &= H8E 2 51
37 0.030, 0.018. 0.084 mSv/4E, Y T 1L I
TS X KA U . *PTh FIP*Ra
FrEAEARGA & (0.001 3, 0.013. 0.016 mSv/4F)™,
{HIAE T WHO B AFESEHI(E (0.1 mSv/A4R),
2 HE WHO #RIEIREE T RIR AL R 5 R i A BE
A2 HRAS NGRS T 45 AR S5 | & T KU i)
BNy AR R A% 2R A B A 32 R
TE 0.1 mSv/AFER, ANExak pgnl L 1 i A KA FESL
R R I R R A AR KOS 2 1 R B T
TR A BAERREAN . [RIAT R E 2 i K 4%
TS A 2R BT BUE R4 B BUR RN 1.75%10 P~
435x<107", AT Prim 5 B 4 22 01 SR I
FCAT 32 R 7K (5.0% 107722, S (] ) 5% B 455 13
PR d T $2 52 AU K-k 1.0x 10707,

ZE b, ST LA IR X (A A R R
ARFFT) B IR P A A AR, AR X 3
R FAZK TS ST A B S0 RS A, A2
T S PRI 2] () AS R AGERERIN, , ] L R T s ol
(AR XRS5

FlEEse AR A IO R

EETBAER VMBS RS E, FEERAE . R
ARRRL W, BAREARE, ZEit. T, BSURHERE RBNG K
TSRS BREF R A G 0 s e M AR AR . ATAR B
LRSS 1€ T g O N 0 it e € O P S 0 2
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