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Fig.1 The sampling point distribution in the study area
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Table 1 Test method of heavy metal evaluation index factors for groundwater samples

JLE brife DiRES
i GB/T 5750.6-2006 AR IR KRR 56 05 12 &R PEA5 (6.1) &AL 961k
i GBIT 5750.6-2006 AEIS IR IKARAER 30 7 1 4 JmAadn (7.0) & 961k
B GBIT 5750.6-2006 ARV R KRR 30 75 1 4 JE ARAR (19.1) bR T2tk
i GBIT 5750.6-2006 AR K AR R348 $a 45 (14.1) JC K@ R F IR s 6L ik
# GB/T 5750.6-2006 A TR K BRI 30 )5 75 42 TR A8 b (13.1) JE JCMAJE W o3 6o e vk
5 GB/T 5750.6-2006 AEIS IR TIKARER 30 77 1 42 JmTahn (4.2) KA JEF oot ik
a HJ 602-2011 KB BRI A S R IR 3 vk

ADD... = CWeIR-EF-ED (1) 2 [EERKEITNRESHEERRIE
intake BW-AT Table 2 Selection and Source of exposure parameter

7 : ADD, i, R HAAL KT H 3 28 85 77 1, mg/
(kg-d); CW Syt T 7K H HARTS YL B vk i, mo/
L; IRy B AR LMY H 0K &, Lid; EF b 2% 55 4
R, d/a; ED RERFFLLIH] , a; BW N Ji REAY-F- 24K
kg s AT P4 2 8 1 [i] , 0B

(2) B Bkl Ae

J JHR 7 iR v A AR TR RAEA UM T K e
I, 1R 7K 5 A B IR (42 i, ADD e 19 28 K2 R I
W B A H 2R R ) TR AT

CW-SA+PC-ET+EF+ED-CF
dml = BW-AT

TCHT : ADD gy N B2 TR 55 8 iR A2 Y BRI H 3
AR5, mg/(kg - d); SA N J Mk sl 4 M A - 4
Bk, om?; PC o A2y o Bz JIK 2 i85 2R %, om/
h; ET A P34k U ], hid s CF Sy S 540 R 1,
L/icm?,

WFFE XA 2R 58 S EC U L3R 2,

2. 3.2 fb. 5 4 8y R AT R AE
(DAEZ =) 57 ) f B XU PEAN 558
ADD

-6
&-ﬁﬁmm (3)

Ao RO HE AR o fh 1 T 1A T fa B
IO T 325 B S ARPE T 28 B 1565 B2 5 RFD S Al Ak
BRI e R TR H 2% 5 &, mgl (kg -
d) ; ADD AR EE iR 42 T AR L 2= BUm ) 1Y S
R E H 787, mg/(kg-d)..

ADD (2)

in health risk assessment

2 55 PRl i ki pEiE Sl
5 Y v i cwW / mg/L S
H oK TR / L/d SR A
INLN AT A SA / cm? i
R 1 CF 0.001 L/cm? US EPA
J kB3 R PC / cm/h US EPA
TR FRATR EF 365 d/a fie
TR RS A] ED 70 a US EPA
SR A] ET 0.2 h/d US EPA
ENE S BW / kg Sk
S YA ik i) AT 25550 d/a US EPA

TE AR AT DI BRI T A B R B2 245 365 d/a.

(2) B b2 o i ft B JRUBS: A AR
R,=q( A\ )xADD (4)

Ao R, R A S0 Tb 2 ) AT 5 A B ALV
B ERLBET - 2 B AU FE 5 O ) R B R s 9 I
(USRI 240, (mg/(kg-d))*; ADD KRR iR
B BUEY R AR H YRR IR &, mg/
(kg-d),

HR A [ PRI AT LA (LARC) AT L T3 A= 4H 47
(WHO) 4= P 20 B S0 14 1T S 3 G ol 119
NRRG, VLA LBRH(USEPA, 1986) , A 451>
Rhr 4B T g OO H L 3,

(3) 1T 7K BB AU, B TP A 7Y

W DX MR K E KA i K SO B 2, e —
AR R GE, Hb N K& 4 R W B,
AR b 7K AN [R5 Gy X N i R A il A
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Table 3 Health risk evaluation index of main chemical

Wit RS BOERRN T SuEak

TS G e SR ST S O

£ (Mn) 1.84E-03 4.60E-02 / / D
#l(Ba) 1.40E-02 2.00E-01 / / D
fii(As) 3.00E-04 3.00E-04 1.50E+00 3.66E+00 A
4(Co) 1.60E-02 2.00E-02 / /

44(Mo) 1.90E-03 5.00E-03 / / D
fifi(Se)  2.2E-03  5.00E-03 / / D
#6(Sb)  8.00E-06 4.00E-04 / / D

(¢ as N A RN W e TS DO N LR i 391
418 55 T L2 W 2548 B TR 1 22 18] R RH ELR2 ) BT LA
i BRI (L ROF ISR b A2 o e B DXL
AR A R 2T, DATIT AT LA A 3T 7K A RRE X
5 PP AR T B DA A B0 T o )t DXL A
B ) A XU A R A o

R:ZZR (5)

K i RIS ;] M5 Y2,
2.4 {2 R KU P9 FR

AT o AR R R B fih 3 b B i ik
7, FEORA I KBS 4 A B (475 Y
Witk AN NAAR  DUTTTRE A A4 i 5 7 A= 15 35 A TEAN B
fa R KBS AN U4 ARSI BIFSE N 25 R 2R AN
A ) B R A RN B kA ik 2 Pl R BRI A, T K
Y v 90 DN .95 5 190 0 0 [k o

ARYRATBIFTE DX B AR P-4 S TR AT F2 2K
P USEPA A A1 IS S IR 8 4 il 2, - 5%
H M E R RS
24 1 EXEBESH

RARB SR F LRSS UL, R4,
2.4.2 KR BB S

B k2R F A F- B R AR TE R FH L T /KPR i, A
A B Jok 5 b 7K B A, B B AR ) 2 1T 2 k5 T K
A A st 1] 5 TRIRRCR B K2R B S 2 [ 2R
NARFE RN FZEARYE SO QA TR

B4 : SA=0.0057H+0.0121W+0.0882 (6)

2P :SA=0.0073H+0.0127W-0.2106 (7)

x4 FREAHEEMHE
Table 4 Height, weight per capital in the study area

P kg Briilem
11 ¥{d Fienic] ¥i{E
5 45.75-94.53 65.23 150.43-194.53 167.93
By 35.24-78.78 57.82 145.28-173.50 160.69

AP SA g R AR AR (cm?) s H o i (em) 5
W A (kg) @,
WA SCE IR AR, RATEAR BB SR A
PR TR, A BIWESE X Y B R 2 B2 T AR, W3R 5.
x5 MAEARMAGREERER

Table 5 The exposed body surface area of
people in the study area

P51 SA/cm?
5 18 346.84
I 16 967.51

BRRE 25 22 (PC) 4 X R B id N i S0
AR5 ZR, SR B SR M 5 e K RIS e as Y
e Wy B Wi A T B S, RSO E W BTE
75 BRI RE ST 3 BRSO 2R L (ABS) F Tl B IR
WAL =Y R, 5 B IR S B R A R fl
YIFRAIESE, fi USEPA S % T H A&
BT A7 5 B9 2 B0, AR R WE ST 16 £ 46 (Co) L il
(Mn) . $H(Mo) fili(Se) Bl (Ba) FIEk (Sh) 5 H & B A
AR FEFEBFE AR A 1, HAR G B K5 38 22 B LA
R R ¥ 2800, WLk 6.

®6 FEIEREFHIRKESERY
Table 6 Skin permeability coefficient of
different indicators

LUIE W Bk 250 (cmih) B i R
£ (Mn) 0.001 0.001
Hl(Ba) 0.001 0.001
fifi (As) 0.001 0.03
##H(Co) 0.000 4 0.001
#1(Mo) 0.001 0.001
il (Se) 0.001 0.001
#(Sb) 0.001 0.001

2.4 3 ARESHK

NMRAE R IR AR T 28 3 ZN AR, DA B[]
R, W3 2 FRD S AR B R B K B B
PR HZK K 8 8 KR B SR ROK 238 koK &t
AR AR B8 SR RO B &K i
T 3 0T A DCIRAEL AR A ] AT ROK B8 AR
T80T, S 5 HAD DX IBCE % He , SRASIE ST X
ARG, KT,

3 451550 Hr
s WHO F1 LARC 4t 02 R 48, b=

Jor AL A SR Y AR BUB LA A 1Y, 36T
A, TN TR X LE 7 AR BT AT 702 (R 8)P, 2
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Table 7 Residents drinking water every day in
the study area

oK 5 %
BEEYOK (L) 1.22 1.12
[k K E (L/d) 1.28 1.19
SOk (L) 2.50 231

x8 WEMRBUEESA

Table 8 Chemical carcinogen grouping

2 Fom
AZ NZEBUEY)
B1 A BR Y AN BUE IR
B AT RERY N KB , )
B2 TN
C% REA Y
D2 ARERI S I BUE Y
EZ% JREE A ) [

T B (As) (AR EUm LA %G (Co) (B1(Ba) .
% (Mn) 4 (Mo) FIfifi (Se) , AT REEUE ¥ T4 (Sb) Ky
USRI PN AR BRI T

R A5 ft BRE XU DA A S, AR AT [X 26 3B R 7K
IS W0 A5 P BURE s KA A b 4 R 1)
R , 2835 7135 204k 2# 80 LA AR 208957
S XF 55 PR R L e s B B RURS AR, DL R (&
9~11),

F5E X H T K AN ) 5 4 T e 206 5 Mt
WAL RN . AR (Mn) il (As) 41L(Ba) Vi
(Co) .5 (Mo) %6 (Sh) i (Se) XF 55 P 3k miE o
XU AL 1) e R AEL 43 53] J2 1.04E-07 .8.70E-05.,1.29E -
08.1.15E-09.7.69E-08.4.36E-03.,3.61E-07, fit/)MH
4% ) J& 8.64E - 09, 3.84E - 06, 1.76E - 09, 1.92E - 10,
7.69E-09.8.64E-07.1.54E-08, V- Yt 43 %Il Ky 1.74E-
08.3.83E-05.,5.55E-09.3.69E-10,1.93E-08 . 3.42E -

R WEHEYARIFHEY B SRR E

Table 9 Chemical carcinogens and non carcinogenic risk to the health of men

B B¢ Hi
Mn Sh Ba Se Co As Mo As
13XKS-01 3.89E-08 3.60E-06 3.13E-09 1.54E-08 3.83E-10 6.78E-05 3.85E-08  3.06E-02
13XKS-02 8.64E-09 1.14E-06 1.96E-09 1.54E-08 7.68E-10 6.40E-05 462E-08  2.88E-02
13XKS-03 8.64E-09 1.34E-05 3.33E-09 8.46E-08 1.92E-10 5.63E-05 4.62E-08  2.54E-02
13XKS-04 8.64E-09 2.06E-05 4.31E-09 2.46E-08 3.83E-10 6.40E-06 1.54E-08  2.88E-03
13XKS-05 1.30E-08 9.98E-06 3.13E-09 1.54E-08 1.92E-10 6.65E-05 1.54E-08  3.00E-02
13XKS-06 8.64E-09 8.64E-07 2.54E-09 1.54E-08 1.92E-10 7.04E-05 7.69E-09  3.17E-02
13XKS-07 2.93E-08 2.67E-05 2.54E-09 1.54E-08 3.83E-10 5.89E-05 7.69E-09  2.65E-02
13XKS-08 8.64E-09 3.30E-06 3.52E-09 2.23E-08 1.15E-09 5.36E-05 7.69E-09  2.42E-02
13XKS-09 1.99E-08 5.45E-05 7.05E-09 1.46E-07 1.92E-10 8.19E-05 2.31E-08  3.69E-02
13XKS-10 8.64E-09 2.06E-06 4.10E-09 1.54E-08 9.59E-10 3.59E-05 1.62E-08  1.62E-02
13XKS-11 8.64E-09 7.05E-04 5.87E-09 3.61E-07 3.83E-10 2.04E-05 7.69E-08  9.23E-03
13XKS-12 8.64E-09 1.58E-03 8.80E-09 1.62E-07 1.92E-10 7.80E-05 4.62E-08  3.52E-02
13XKS-13 8.64E-09 4.36E-03 1.05E-08 4.07E-08 1.92E-10 8.70E-05 2.31E-08  3.92E-02
13XKS-14 8.64E-09 7.37E-04 1.24E-08 5.31E-08 7.68E-10 4.61E-05 7.69E-09  2.08E-02
13XKS-15 8.64E-09 1.06E-03 1.29E-08 1.07E-07 9.59E-10 7.16E-05 2.31E-08  3.23E-02
13XKS-16 1.81E-08 1.26E-04 6.85E-09 1.30E-07 3.83E-10 2.56E-05 2.31E-08  1.15E-02
13XKS-17 8.99E-09 1.23E-05 3.72E-09 1.54E-08 1.92E-10 2.04E-05 7.69E-09  9.23E-03
13XKS-18 8.64E-09 6.07E-06 5.08E-09 1.54E-08 1.92E-10 1.24E-05 7.69E-09  5.60E-03
13XKS-19 8.64E-09 8.23E-06 3.91E-09 1.54E-08 1.92E-10 8.19E-06 7.69E-09  3.69E-03
13XKS-20 8.64E-09 2.67E-05 1.04E-08 1.54E-08 1.92E-10 5.50E-06 7.69E-09 2.48E-03
13XKS-21 8.64E-09 1.02E-04 8.80E-09 3.15E-08 1.92E-10 7.16E-06 7.69E-09 3.23E-03
13XKS-22 1.04E-07 1.34E-05 6.66E-09 1.54E-08 1.92E-10 4.99E-06 7.69E-09 2.25E-03
13XKS-23 8.64E-09 6.07E-06 3.33E-09 1.54E-08 1.92E-10 3.84E-06 7.69E-09 1.74E-03
13XKS-24 8.64E-09 5.66E-06 4.70E-09 1.54E-08 1.92E-10 4.99E-06 7.69E-09 2.25E-03
13XKS-25 1.81E-08 4.73E-06 2.93E-09 1.54E-08 1.92E-10 2.04E-05 7.69E-09 9.23E-03
13XKS-26 5.44E-08 2.47E-06 1.76E-09 1.54E-08 1.92E-10 1.66E-05 7.69E-09 7.50E-03
SN 1.04E-07 4.36E-03 1.29E-08 3.61E-07 1.15E-09 8.70E-05 7.69E-08 3.92E-02
/M 8.64E-09 8.64E-07 1.76E-09 1.54E-08 1.92E-10 3.84E-06 7.69E-09 1.74E-03
FHIE 1.74E-08 3.42E-04 5.55E-09 5.36E-08 3.69E-10 3.83E-05 1.93E-08 1.73E-02

T B AR T Ve B 2 7T LA B S50 KU, , TR AL Sy i ek 5 R 2% B T 32 52 JRUSS: 7K ST (L A e B XL (L
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Table 10 Chemical carcinogens and non carcinogenic risk to the health of women

TORE e[ s
Mn As Ba Mo Sh Se As
13XKS-01 4.05E-08 7.07E-05 3.27E-09 2.93E-07 4.02E-08 3.76E-06 1.61E-08 3.19E-02
13XKS-02 9.01E-09 6.67E-05 2.04E-09 5.88E-07 4.81E-08 1.18E-06 1.61E-08 3.01E-02
13XKS-03 9.01E-09 5.87E-05 3.47E-09 1.47E-07 4.81E-08 1.40E-05 8.82E-08 2.65E-02
13XKS-04 9.01E-09 6.67E-06 4.48E-09 2.93E-07 1.61E-08 2.15E-05 2.57E-08 3.01E-03
13XKS-05 1.35E-08 6.93E-05 3.27E-09 1.47E-07 1.61E-08 1.04E-05 1.61E-08 3.13E-02
13XKS-06 9.01E-09 7.33E-05 2.65E-09 1.47E-07 8.02E-09 9.01E-07 1.61E-08 3.31E-02
13XKS-07 3.06E-08 6.14E-05 2.65E-09 2.93E-07 8.02E-09 2.79E-05 1.61E-08 2.77E-02
13XKS-08 9.01E-09 5.59E-05 3.68E-09 8.81E-07 8.02E-09 3.44E-06 2.33E-08 2.52E-02
13XKS-09 2.07E-08 8.53E-05 7.34E-09 1.47E-07 2.41E-08 5.68E-05 1.53E-07 3.85E-02
13XKS-10 9.01E-09 3.74E-05 4.28E-09 7.35E-07 1.69E-08 2.15E-06 1.61E-08 1.69E-02
13XKS-11 9.01E-09 2.13E-05 6.12E-09 2.93E-07 8.02E-08 7.35E-04 3.77E-07 9.62E-03
13XKS-12 9.01E-09 8.13E-05 9.18E-09 1.47E-07 4.81E-08 1.65E-03 1.69E-07 3.67E-02
13XKS-13 9.01E-09 9.07E-05 1.10E-08 1.47E-07 2.41E-08 4.54E-03 4.24E-08 4.09E-02
13XKS-14 9.01E-09 4.80E-05 1.29E-08 5.88E-07 8.02E-09 7.69E-04 5.53E-08 2.17E-02
13XKS-15 9.01E-09 7.47E-05 1.35E-08 7.35E-07 2.41E-08 1.11E-03 1.12E-07 3.37E-02
13XKS-16 1.89E-08 2.66E-05 7.14E-09 2.93E-07 2.41E-08 1.31E-04 1.36E-07 1.20E-02
13XKS-17 9.36E-09 2.13E-05 3.88E-09 1.47E-07 8.02E-09 1.29E-05 1.61E-08 9.62E-03
13XKS-18 9.01E-09 1.29E-05 5.30E-09 1.47E-07 8.02E-09 6.32E-06 1.61E-08 5.83E-03
13XKS-19 9.01E-09 8.53E-06 4.08E-09 1.47E-07 8.02E-09 8.58E-06 1.61E-08 3.85E-03
13XKS-20 9.01E-09 5.74E-06 1.08E-08 1.47E-07 8.02E-09 2.79E-05 1.61E-08 2.59E-03
13XKS-21 9.01E-09 7.47E-06 9.18E-09 1.47E-07 8.02E-09 1.06E-04 3.29E-08 3.37E-03
13XKS-22 1.08E-07 5.20E-06 6.93E-09 1.47E-07 8.02E-09 1.40E-05 1.61E-08 2.35E-03
13XKS-23 9.01E-09 4.01E-06 3.47E-09 1.47E-07 8.02E-09 6.32E-06 1.61E-08 1.81E-03
13XKS-24 9.01E-09 5.20E-06 4.89E-09 1.47E-07 8.02E-09 5.89E-06 1.61E-08 2.35E-03
13XKS-25 1.89E-08 2.13E-05 3.06E-09 1.47E-07 8.02E-09 4.93E-06 1.61E-08 9.62E-03
13XKS-26 5.67E-08 1.73E-05 1.84E-09 1.47E-07 8.02E-09 2.58E-06 1.61E-08 7.82E-03
YN -] 1.08E-07 9.07E-05 1.35E-08 8.81E-07 8.02E-08 4.54E-03 3.77E-07 4.09E-02
F/IMA 9.01E-09 4.01E-06 1.84E-09 1.47E-07 8.02E-09 9.01E-07 1.61E-08 1.81E-03
(A 1.81E-08 3.99E-05 5.78E-09 2.83E-07 2.01E-08 3.57E-04 5.60E-08 1.80E-02

T - BB R T — 5 R B RT LA A 50088 XS 5 TR AL Jhy i aod fie Q2 B T e 32 IRURS: 7K - (L i B XU

04.5.36E-08(#9) . 5T X Hi (Sb) ot R X A\ it
4 A 500 3 XURS (B B K L 4t (Co) Je R AR 80U
BB F /N o T (AS) TTFR N 55 P 5% ) ok, FL3K
et DRSS (L e KL L e/ ML S4B 43 501 R 3.92E-02
1.74E-03 F11.73E-02,, Hor i/ IMELINZE R TR E0m A
SREGER PN

£ (Mn) Al (As) B (Ba) .4 (Co) .40 (Mo) .5
(Sb) FrIfif (Se ) Xof 2z P 1 B A S0 AR {1 5 KB 43
]2 1.08E-07.9.07E-05 . 1.35E-08 . 8.81E-07 . 8.02E-
08.4.54E-03,3.77E-07, 15 /M E 43 51 J& 9.01E-09,
4.01E-06.1.84E-09.1.47E-07.8.02E-09.9.01E-07 .
1.61E-08, F-#{H 43 %~ 1.81E-08.3.99E-05.5.78E -
09.2.83E-07.2.01E-08.3.57E-04 .5.60E-08( % 10) .
B (Sb) 70 26 2o 1 B 1) A B0 KBS i fie K, ol
(Ba) o2 MAESUE KUK (E /o il (As) TE XS Lok
T ) B0 AR B B RAE  fre/IME SERAE S 51
4.09E-02.1.81E-03.1.80E-02, it A T-4H 1 (19 I E F i

JAUBGHAEL

R H b 7K s R P J R L A 5 i o XU A
(B S KA e/ MEFIF- 3448, FI ] Surfer £ il
BYERL AR R SME S EL A A B O, WK 2,

SEILRB ARG T 1 7 RPN PR3
T TR e e XU S A AR A AL, IR e KM
S ALT 13XKS-13HUFE sk, Rie™ 1L 2 By R i e 22
S ERdL . FA R X B 1L B Ak
P14 R XSS TR 1 o

R ] s A S B 47 25 51 25 (ICRP) 2 I AR B0
Yy B T d R 2 5 mT a2 AU 7K S 4 3l R
7E-5H13.5E-317 ] FIit (As) % 53 P A 2 Pt i
A B0 fH FE AU (53531 5.6 1 45, B (Sh) I S 74~
R BB (Sh) X6 53 PR RN L P 7 A 1) S5 £k R DR
B2 43 1M 3.42E-04  3.57E-04, HEUE #R# 3 T
AT A7 30 B, At A B0 ) 5T AT 3 R S 3 i XU 1
FERTHEZ VIR 2 N o Bom s (As) Xt B YRR 4
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Table 11 Each index factor for the total health risks by men and women
HURE A P yi o ﬁ.u :
e B IEsuE B pa

13XKS-01 7.15E-05 3.06E-02 3.07E-02 7.49E-05 3.19E-02 3.20E-02
13XKS-02 6.52E-05 2.88E-02 2.89E-02 6.85E-05 3.01E-02 3.02E-02
13XKS-03 6.98E-05 2.54E-02 2.55E-02 7.30E-05 2.65E-02 2.66E-02
13XKS-04 2.71E-05 2.88E-03 2.91E-03 2.85E-05 3.01E-03 3.04E-03
13XKS-05 7.65E-05 3.00E-02 3.01E-02 7.99E-05 3.13E-02 3.14E-02
13XKS-06 7.13E-05 3.17E-02 3.18E-02 7.44E-05 3.31E-02 3.32E-02
13XKS-07 8.57E-05 2.65E-02 2.66E-02 8.97E-05 2.77E-02 2.78E-02
13XKS-08 5.69E-05 2.42E-02 2.43E-02 6.03E-05 2.52E-02 2.53E-02
13XKS-09 1.37E-04 3.69E-02 3.70E-02 1.42E-04 3.85E-02 3.86E-02
13XKS-10 3.80E-05 1.62E-02 1.62E-02 4.03E-05 1.69E-02 1.69E-02
13XKS-11 7.26E-04 9.23E-03 9.96E-03 7.57E-04 9.62E-03 1.04E-02
13XKS-12 1.66E-03 3.52E-02 3.69E-02 1.73E-03 3.67E-02 3.84E-02
13XKS-13 4.45E-03 3.92E-02 4.36E-02 4.63E-03 4.09E-02 4.55E-02
13XKS-14 7.83E-04 2.08E-02 2.16E-02 8.18E-04 2.17E-02 2.25E-02
13XKS-15 1.13E-03 3.23E-02 3.34E-02 1.19E-03 3.37E-02 3.49E-02
13XKS-16 1.52E-04 1.15E-02 1.17E-02 1.58E-04 1.20E-02 1.22E-02
13XKS-17 3.27E-05 9.23E-03 9.26E-03 3.44E-05 9.62E-03 9.65E-03
13XKS-18 1.85E-05 5.60E-03 5.62E-03 1.94E-05 5.83E-03 5.85E-03
13XKS-19 1.65E-05 3.69E-03 3.71E-03 1.73E-05 3.85E-03 3.87E-03
13XKS-20 3.22E-05 2.48E-03 2.51E-03 3.38E-05 2.59E-03 2.62E-03
13XKS-21 1.09E-04 3.23E-03 3.34E-03 1.14E-04 3.37E-03 3.48E-03
13XKS-22 1.85E-05 2.25E-03 2.27E-03 1.95E-05 2.35E-03 2.37E-03
13XKS-23 9.95E-06 1.74E-03 1.75E-03 1.05E-05 1.81E-03 1.82E-03
13XKS-24 1.07E-05 2.25E-03 2.26E-03 1.13E-05 2.35E-03 2.36E-03
13XKS-25 2.52E-05 9.23E-03 9.26E-03 2.64E-05 9.62E-03 9.65E-03
13XKS-26 1.91E-05 7.50E-03 7.52E-03 2.01E-05 7.82E-03 7.84E-03

SN 4.45E-03 3.92E-02 4.36E-02 4.63E-03 4.09E-02 4.55E-02

e/ IME 9.95E-06 1.74E-03 1.75E-03 1.05E-05 1.81E-03 1.82E-03

SEIME 3.80E-04 1.73E-02 1.76E-02 3.97E-04 1.80E-02 1.84E-02

T - B R T e B2 T DA 3 S A 500 RS 5 RELALE oy o i e 26 5 T 452 XURS: 7K PP R U
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LR B RS S0 S ARV RN 373 B A A3
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1715 ELA CAS )it B F) 50088 IXUBS: Fp 55 1R R L A e 32
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ITRT LA 3], IAUBS (R g 1) DX a3 AR R A e 5 IX
AL X, 3% S AL BT RAEA TR AA
[F] Rl LA R K B3 1) S AR AR KA AR
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PERTTR RS , B S AL BT A Tt

AR FE R USEPA il F PPN RS 4 5
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VLA laiRe SN GRS ISP RS PI DN
PREEH , SO X AR SBAFAE2E 57 o AR SCHEFE
THORHA BR , 2B R A —RE IR 22 , T H AL
ASCA IR 7K B8 B2 AT IAUBS DAl ke = S DL 2
Py CEL i) B XU A , k= A5 BIL A5 HLAB AL~ 1

http://hbdz.org.cn



B E - 84

3

BIEPRAT - ] SR DXl R 7K S A R AU A 65

B2 ARXS M (ZE) i

F4) SR AL, A1 T AS B 7 4 T e 2 WL 5% X ) B
RS PEAG (A, ST b, A 23k E e I R i B2 3R
B 22 S A8 XCAERMIF I, i Wi 55 1, A 2ot dk
Jr T & R BEMROK IR 85 B BB A A L L I
TCHL 5 w5 B %) it DX 12847 4 T VAT, DA i Sk 9
APPAGHREA ™ A R E R AR
54518

(1) 38 T PR BRI 38 R LA ™ [X M T 7K
4 JR 15 YL P T As T Sb e AR 7 A B R XU
(B Ko o As 7= A i B0 IRUBS v JAURS: (i 8 2o ]
BrAR SR 11125 51 2 (ICRP)HEAF B KK B ] 45232 X
K 7K - 3.5E-3 A R K Wi by, R R i AR A TR K
WART, FAEFI M4 A 20 S KRR A R B ks AR
i, BRI LA O KAR A o ARK s B A XU
BU B2 Jok 22 8 i ) KUK

(2) ) F 22 [ [ PR 5% 47 =) (USEPA) i Afi 1)
i B XU AR AR, 1 X T R B B LB X B 3
IR TP A P 7 A A R AR AT T 94 . B
F14) EAE BF DRI S (L 1) 5 M A B e/ IMIE 3531 by 4.36E-
2. 1.75E-03, Zr 14 Aoy ft i IRUIS: s 1) e R {1 R e /IMEL
5314 1.69.6.37E-03, &1 R W 1 R 4015 A2 44

BERRKEZESHE
Fig.2 Men (left) and female (right) distribution of total cost of the health risk in the study area
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The application of remote sensing technology
in the monitoring of mining: a case study of Shanxi province

LIU Xiaoxue, CHEN Donglei, HUANG Xuhong, ZHANG Yun, YANG Junguan

( Tianjin Center, China Geological Survey( North China Center for Geoscience Innovation), Tianjin 300170, China)

Abstract: Shanxi Province is rich in mineral resources, and its dominant minerals are coal mines, bauxite mines
and iron mines. With the development of social economy, the demand for mineral resources is increasing, and the
development speed of mineral resources is also accelerating. At the same time, mine development has caused
great damage to the ecological environment, and the contradiction between mining development and
environmental protection has gradually intensified. Using remote sensing images combined with ArGIS to
monitor mining and utilization can not only provide reliable data for relevant law enforcement departments, but
also be of great significance for standardizing regional mine development order and protecting ecological
environment. Combining with the interpretation of remote sensing data of mining in Shanxi Province, this paper
establishes mine interpretation signs, and puts forward the existing problems in mining, which provides reference
for related mine administration and management.

Key words: remote sensing; mining; remote sensing monitoring; Shanxi province

Health risk assessment in the groundwater of a certain mine in Hunan

MAO Kuanzhen?, LI Haiming®, MING Qiang’, LIU Huan', ZHAO Hang’,
LU Baisong', HAO Wenjie**

(1.Qingdao Geologic and Mineral Geotechnical Engineering Co., Ltd, Qingdao 266101, China; 2.Qingdao Geo-Engineering Surveying
Institute(Qingdao Geological Exploration Development Bureau) Qingdao 266101, China, 3.Center For Hydrogeology and
Environmental Geology Survey, CGS, Baoding 071051, China, 4. Technology Innovation Center for Geological Environment
Monitoring, MNR, Baoding 071051, China; 5.China Beifang Water Investigation and Research Institute Co., Ltd. Tianjin 300222, China)

Abstract: The text describes an analysis conducted on hydrogeochemical survey data in a typical mining area in
Hunan Province, China. By utilizing the Health Risk Assessment (HRA) mechanism, the study evaluated the
health risks for males and females associated with different exposure pathways. The main assessment indicators
included the carcinogenic substance arsenic (As), as well as non-carcinogenic chemically toxic substances cobalt
(Co), manganese (Mn), molybdenum (Mo), selenium (Se), and barium (Ba), with antimony (Sb) identified as a
potential carcinogenic substance. The research findings indicated that heavy metal content in the groundwater of
the mining area poses certain health risks to the human body. Notably, the health risks for females were found to
be greater than those for males. The maximum and minimum values of health risk for females were 1.69 and
6.37E-03, respectively, while for males, they were 4.36E-2 and 1.75E-03, respectively. Among the studied
elements, antimony (Sh) posed the highest non-carcinogenic health risk to humans, while cobalt (Co) posed the
lowest. The average carcinogenic risk for both males and females caused by arsenic (As) was 1.73E-02 and
1.80E-02, respectively, exceeding the acceptable range by 10 times. Moreover, only six water samples for both
males and females were within the maximum acceptable lifetime risk level. In conclusion, the hydrogeochemical
indicators in the research area pose a significantly high health risk to humans, with antimony and arsenic being
the most severe pollutants.

Key words: underground water; health risk; carcinogenic substance; non carcinogens
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