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GIS-based human health risk assessment of groundwater contamination in the Jinghuiqu irrigation district of
China

XU Bin'? ZHANG Yan®

(1.School of Environmental Science and Engineering, Chang’an University, Xi'an 710054, China; 2.Key Laboratory of Subsurface Hydrology

and Ecological Effects in Arid Region, Ministry of Education, Chang’an University, Xi’an 710054, China; 3. School of Earth Science and Re—

sources, Chang'an University, Xi'an 710054, China )

Abstract ; This study was carried out to assess the potential hazards of groundwater contamination in the Jinghuiqu irrigation district of China

and discuss the role of GIS in human health risk assessment. Samples of groundwater were collected, and their physical and chemical char—

acteristics were analyzed via laboratory testing. Their contamination was evaluated using the single factor index method. Considering the age,

sex, and exposure pathways of residents, health risks were estimated using the models recommended by the United States Environmental

Protection Agency. The statistical and spatial distribution characteristics of health risk of different populations were analyzed and visualized

using GIS. The results showed that the concentrations of As, Cr( VI ), and NO;-N in the groundwater of the study area exceeded their limits.

The carcinogenic risk of As was higher for male adults than for female adults, at 3.73x10™ and 3.26x107, respectively, and significantly ex—

ceeded the limit of 1.00x10™. The long—term exposure to As led to the exceeded risk of getting cancer. The noncarcinogenic hazard indices
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of As, Cr( VI ), and NO;-N decreased in the order of Cr( VI ) > NO;-N > As,and the noncarcinogenic hazard indices of Cr( VI) for effects
to children reached 8.693 7, significantly exceeding the limit of 1. The carcinogenic risk caused by As covers 45.82% of the total study area.
The area ratios of the noncarcinogenic risk caused by As, Cr( VI ), and NO; =N were 69.19%, 69.06%, and 66.55%. Thus, the area of total

noncarcinogenic risk covered most of the study area, indicating that problems with water safety are outstanding. The study proved that GIS

was applicable and useful in the acquisition of risk spatial distribution, information visualization, and statistical analysis of exposure risk for

human health risk assessment.

Keywords: groundwater; contamination; human health; risk assessment; Jinghuiqu irrigation district; GIS
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Figure 1 Map of the study area and the sampling sites
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Table 1 Parameters of daily dose calculation models

24 P X it H JLEERUE BAEBMERUE AL HERUE E =P UGN
IR R L-d? 2211 0.85 1.67 1.33 [22]
BW SR A kg ZO/% 5 15 66.20 57.30 [18,23]
EF AEREERNIR d-a” 20 365 365 365 [18]

G 200 200 200 [18,24]
ED FREFAEIR a 2% 6 30 30 [18]
AT -S| d B 74.68x365 72.84x365 76.74x365 [21]
E[¢ 6x365 30%365 30%365 [18]
SA Fe k1A cm? %5 8650 16 940 15 280 [24]
EV H 55 S e | B 1 1 1 [18]
K, F7 kB 2B em-h! As 0.001 0.001 0.001 [18-20]
Cr( VD) 0.002 0.002 0.002 [18-20]
NO;-N 0.001 0.001 0.001 [18-20]
Loen i JHRAE A g [ h 2 0.33 0.25 0.25 [18]
B, % Ce(VD), EPREESEAFFEHLIG TARC Risk=3Risk; (9)

U.S.EPA #f 5& oW Z 0P R A2 1) — R EUE ), 3 Cr
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T, DL NIRRT —E a5
Yy R A R E SRR 2152,
R2 SEMBEFHESY
Table 2 Toxicological characteristics parameters of contaminants
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Cr(VI) — 3.0x107 7.5x10°
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Table 3 Result of contamination assessment
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NO;-N 0.198 8 8.274 0 29713 10 99.40

SN At R XSS oo L DX B A v Tl R L B = i
SRR, ZEGER 4 MGETHEEE A, AR XN B
R SR REE 0 XU AP B s T L AE Bk
AR XU 2 1 AR Lo Pk B ik 3.73x107, 1 H T 42
AR o DAXUSS: A1 A A7 BE 43 #r , % B0 X
B R 1107 (1 KB A ol 2 B A SRRV AR X
P X FE XA 70 2R G011, 45 0 B AR 55 M ARk
A A v B 0 0 AE DX B LE I SR 45.82% Fn
39.82% , JLTE U IR DX IR TR AR LA 0.99%

XFT As Bris R AESoE e, AR e i
(4 DR W 2 1 A 2, A {430 1.887 1 Al
1.737 4, L 1 049 JRURS: BA i F N, 3 NCHQ -
¥IEN 1.209 3, fe i {E WA F] 4.220 00 AR FRAIE £
FEAHT X FAEBURAEH AR T 1 M XESAE 2
8 N AR AE DI, e A5 SR B L ORI e IX
W R BN 69.19%,  BCAF T3 VA BAE o 1k 2 e v
TE DX IR R 3 h 2.05% 1 1.88%

TERFRIEAR T, As FUBUE KK E B EPELR
NRFERE, PR BEERTREE 2 MR,k
g AU T AR TP e 2 N R ERa S, HBUEA N & 2
T FRIAEI) 200 £,

Cr( VD) B A4 feke B JRUBS: 2 8] 43 A R AE AN &l 3 Jir
N o AR XS (X A v = R B R
HMHE 2R G R 4 MGITHEER T, 5 As A {gRE XS
FL, X T Cr( VD) i il iy B 0 e 5 AE B 1k
T I P XUISS: s 3 1 BRUAF 2ok, e {3301 h 3.540 2
H13.375 9, L 1 I 9 JXURS: B 42 75 F B, 3 NCHQ
SEHEHR 1.576 0, fe B NA ] 8.693 7, TEREEIRTE
Jr il Cr( VI 4 e ZR R ik 42 5 4 1 B GR s Aaa ke iy Ak
RS LB 208 1/2.5 280 EE T As A NO5-N,
XU 5 A S e AR EE , Co( VD38 i Bz B AR
WS P 7R et R, L i R R IR LA B A 114 fidt e ] A
NI . WA RAE A 50 HT , LB R R T 7E
X ek i AR L) 69.06% , T BCAE U3 M A4 Lo i
s (VR E X AR 0 0 12.74%F0 12.14%

& 4 MTKTRME O RS E 5 RN T @R

Table 4 Average health risk caused by groundwater contaminants via oral and dermal pathways

o KU JRSEE A
B As As Cr(VD) NO;-N
2K Y| e 2K 40 g 7 %0 e 7 40 Ene
BAEFRM:  5.03x107 10.64x10° 1.07x10*  0.0026 05383 05409 01762 04657 06419 00026 05510 05536
BAELCPE 4.97x107 9.29x10° 0.93x10*  0.0027 04951 04978 0.1836 04285 06121 00028 05070 0.509 8
L 2.95x107 4.66x107° 4.69x10° 1.53x10° 1.2093 1.2093 05297 1.0463 15760 00078 12380 1.2458
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Figure 2 Spatial distribution of human health risks from As
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Figure 3 Spatial distribution of human health risks from Cr( VI)
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Figure 4 Spatial distribution of human health risks from NO;-N
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