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Abstract: Groundwater is the main or even the only source of drinking water in the eastern plain of Xinjiang. The pollution status

of inorganic components in groundwater and their negative effects on human health are still unclear. The concentrations of common
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inorganic components in 183 groundwater samples were determined, and the spatial distribution characteristics of pollutants
were revealed by GIS technology, positive matrix factorization (PMF) model was used for source apportionment, and the
health risks of potential sources were quantified by coupling Monte Carlo simulation (MCS) and PMF based on USEPA
health risk assessment model. The groundwater quality in the eastern plain of Xinjiang was mainly affected by SO,” and
Cl', and 30.60% and 17.49% of the groundwater exceeded the limit of national drinking water standard (250 mg- L"),
respectively, the high value points are concentrated in Santanghu Town of Balikun County, the southeast of Gaochang
District and the east of Shanshan County. PMF analyzed six potential sources of inorganic components in groundwater,
including leaching and evaporation concentration, aquifer lithology, agricultural activity, biogeochemical process, redox
environment and geological environment background, the contribution rates were 82.43%, 7.64%, 6.87%, 1.96%, 0.80%
and 0.30% respectively. The results of health risk assessment show that ClI" was the main inorganic pollutant harmful to
human health, and the non-carcinogenic risk of adults and children could be neglected. The contribution rate of leaching
and evaporation concentration to the non-carcinogenic risk of adults and children were more than 95.00%. Considering the
safety of drinking water, the high value area of CI should be selected as the main pollution management area.

Key words: groundwater; inorganic pollutant; spatial distribution; Monte Carlo; source resolution; health risk; eastern plain of

Xinjiang; hydrogeology;environmental geology.
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Fig.1 Geographical location and stratigraphic distribution of the eastern Xinjiang plain (a), land use types, groundwater

contour and sampling points distribution in 2020 (b), hydrogeological profile (c. modified from Chen (2014) and Bai
et al.(2015))
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Table 1 Exposure factor parameters in risk assessment model
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IR(1./d) K HCE A L.N(1.23,0.27) (1.12,0.27) (Soleimani ez al., 2022)
L(a) ¥ 5103 A6 U (0,70) U (0,10) (Leietal., 2022)
F (0.06)', NO, (1.6)',NO, (0.1)',CI (0.1)}, 1(Lei ez al., 2022)
R D[mg/(kg-d)] I

SO,” (120)" ,Fe (0.3)',NH, " (1.0)*

2000 B, 2021)
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Table 2 Descriptive statistics of inorganic components in groundwater (N=183)
. - e o ERFEE K i 4 I bR AR
L RoOME S EORME CFHE bR hEME %) Kzt R %) g (%)
pH 6.85 8.93 7.83 0.39 7.89 5.0 0.01 100.00  6.5<<pH=<<8.5 2.19
TDS 90.17 6499.88  895.90 1194.55 428.60 133.3 0.1 100.00 1 000 25.14
TH 38.67 3542.80 328.88 419.26 192.00 127.5 0.1 100.00 450 18.03
Cl 5.22 2637.50 193.06 383.63 49.60 198.7 0.1 100.00 250 17.49
SO, 3.07 2302.38 302.69 432.35 96.10 142.8 0.1 100.00 250 30.60
F <0.01 3.46 0.56 0.54 0.37 96.5 0.01 98.91 1 15.30
Fe <0.01 1.57 0.09 0.21 0.03 223.6 0.01 98.91 0.3 6.56
NO, -N <<0.2 57.48 3.94 7.11 1.57 180.4 0.2 92.35 20/10° 3.83/7.65
NH,"-N <<0.02 7.88 0.19 0.69 0.04 370.4 0.02 73.77 0.5 4.92
NO, -N <20.002 2.00 0.04 0.19 0.01 430.8 0.002 87.43 1 1.09

T pH 4b , Hi Ay 42 807 35 Ol mge L5 BRAE K [ (R /K B 4 bR i) (GB/T 14848-2017) , a FRAE e 11 € 2 3% 4k H 7Kk 10 28 # i )

(GB/T 5749-2022).
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R, DA T I R R I R A b )2 0 R AR 2
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Hi R KB SR X, B K B T SR TR (CL )
A (SO ) ST v il SR FNE 4 b sh,
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AT O L LR R R BT R X R
KR B, G D DU TR SR I &R ORI R R R K R
F R M R K AT TR AR 28 K v 4 X L H
PR R K, 78 K2 W /N L AN TN 78 ik 4 A T
e 7 F & R R & KR A 3 2 A e BT
W (B 1o) e TR IX i R-B i R A
e D P K Fk A F 1.5~2.64 mg-
L5 A T8 m ACE CERR 45 AR E A%, 2000) , 9125
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a  TDS(mg/L)
* <300
® 300~500

® 500~1000
@ 1000~2 000
@ >2000
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Fig.2 Horizontal distribution of TDS(a),TH(b),pH(c),Cl’(d),SOf(e), e(f), (g),NO, (h),NH,"(i),NO, (j) in groundwater
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Wz X i T KB T e S & KR b
BT WA O (BR R AE, 2021) . X Tk
Z I RN D H R KA, S K Z A E
W0 ik A7 AR R £ (& 1e) , B wb ik 1 HoA
B FLBR R B K e Sk, SR T8 & 4 T 56
4 [ FURE 7 AR, — o R L BRI M K P
oA EEITEABRE 5 pH HCO, ¥ L H
Kk, RMAEZHRXF SETRALEHE T
W B 5 ik BT B 45 SR (Li ez al., 2018). iR B, B
8 R N K B LS &K 2 A AR KK
I, R A 24 R S K2 A BT R R 7.64 7%
K 3 B4 58 NO, (99.19% ), #
KR R R 15 Gl A N T AN RTE . B da WoR
MONO, e BE R T R K IS BR M (20 mgeL ")
11 N 4 1 2 el N1 = N N = S SO O 7 (-8 3
1 000 mg-L 'L I, [Al B NO, 5 CI 2 & 2% 1 A
K(E3c), “HERMEREL K XLR, /05 H
Wr NO, 75 4 32 2ok # F &l i 3) (Rodvang et
al., 2004). #F — 23 3 (NO, )/( Na" ) Ff(Cl )/

(Na' ) I 26 2 % 5] 1 F 7Kk NO, K ¥ (Liu ez al.,
2021) , &l 4b W R, A2 75 YL 0 M K 3 B0
(NO, )/(Na" )F(Cl)/(Na") A b Jr 4l i 5h
Ui JC . A A NO, 5 K& i B IE A G, A O R Ak
0.52(P<<=0.01) , Ay —#F 4> NO, 2k A T 1L HE it
MR ZAn 2 7 3R IE 3h, STEk Sk 6.87%.
740 E415 A NO, (91.76% ), X P4
T K NO, ¥ f B M 2.00 mgeL ', # 2k FH K K
w2 BRAE 2 £% A F it B W0 Tl Bl X AR 24
20 km 4b , &5 A b N K (B 1b) , SEARHERR Tl
15 Y RS2 L R K NO, # bR 5 &L Fe e B2 I
TR BRI R Fe X H AR AL m AR K, WA K7
(B F50H 5, 2007). je b, B bR A0 F 48 + F 5
X, i ) 28 28 o B . S R ) 2 4 I
AR, &K )Z R 0 R R B S R AR
RASAAEF (A8) R #F R K NO, &4 A
I, i 44 O A2 ) i R Ak 24 4, STk Rl 1.96 %
2Fe(OH), + NO, +

H,O—NO, + 2Fe(OH), , (7)
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Table 3 Statistics of non-carcinogenic health risk parameters based on Monte Carlo simulation
M 1 Y{E (P %) B il 22 9526 AR X )
F ON JLE A L A JL#
HQ Cr 7.78E-06(6.39E-07) 1.69E-04(1.48E-05)  1.88E-04 5.32E-03  (4.09E-06,1.15E-05)  (6.47E-05,2.73E-04)
SO,” 1.56E-08(1.06E-09) 1.49E-07(2.20E-08)  9.85E-07 1.63E-06 (-3.72E-09,3.49E-08) (1.17E-07,1.81E-07)
Fe 1.44E-09(9.83E-11)  2.77E-08(2.13E-09)  4.90E-08 6.17E-07  (4.80E-10,2.40E-09)  (1.56E-08,3.98E-08)
NH," 9.36E-10(4.90E-11) 1.37E-08(1.05E-09)  4.02E-08 2.71E-07 (1.48E-10,1.72E-09)  (8.43E-09,1.09E-08)
NO, 7.86E-08(3.99E-09)  7.39E-07(8.49E-08)  3.85E-06 1.45E-05 (3.28E-09,1.54E-07)  (4.56E-07,1.02E-06)
NO, 2.70E-10(1.54E-11) 1.12E-07(5.47E-09)  5.28E-09 3.33E-06 (1.66E-10,3.73E-10)  (4.66E-08,1.77E-07)
F 2.83E-08(4.80E-09)  5.79E-07(1.02E-07)  5.09E-07 9.55E-06  (1.83E-08,3.82E-08)  (3.92E-07,7.66E-07)
HI BHQ 7.91E-06(6.49E-07) 1.71E-04(1.50E-05) 1.93E-04 5.35E-03  (4.11E-06,1.17E-05)  (6.57E-05,2.75E-04)
st 332 BURMEAAT GRS TR U R ik A

NO, . (8)

2

AR
R F 5 #4148 o8 NH, (94.65% ). F [H 1
B — S Ml X, bR K AR 3 Ok T R M AR R AR
A, NH, FZ R T A P 1k (Han es al.,
2023 ) . 1 1l AR 5, B A B NH, R A
fii A AE L, (145 NH, " 8 bR OF A B W 78 T Ui 48 1
RCIX, MR K AR i GE 2, K 2 UKL AR A U A
ST AL, OO A BR BE R A A0 VR Az 20 a0
A R SR B NH, B9 B 83X Al e 2 5 B B b
B B R K NH, OB ¢ 0y 32 2R A
Rt fir 44 R A0 I R R 8 BTk ALk 0.80%%.
KT 6 19 3% faf 220 Fe(95.59% ). JAlH1 1l X 7%
M ETEACE M BEAET T K & A Fe, i b
K W AE AT E R R EE T AR Fe # A Ak BL
M XEE Fe b &9, %t T 4 47 J5, A X5 & 7 1y
i A AR Fe ' 4 T (o /b S48, 2021).
W, il 44k b T BR BE A R, DR R B/l 0.30%.
3.3 EEKRETEMG
331 BEERXEITM  CRHSR RY L7 %k IF
JE 5% X TE LTS G ok i N R L ZE A IR B0 X
B VAL R 3 Rl A W] i R 25 R 3k 3 TR
T K R L R T 34 HIE /N T USEPA
B8 S A 1, 3 B J0 W 76 AE B0 KR AR 9 A R
s A& (I 5) Al Lt s N B 3 Ry
FRAE 8o KURS . e b, B A CHLTS B 9 mY oF 3
HQ {H 78 JL Z F1 B /8 T 1, 3 W] 3 28 e L
5 G W %E AR fE R LT S R R AR B KR L EE
AT ey S, CU gl sk o R B0 XU
MEZEHD Cl EAKRBIIEFh &SRR, 2
N DLATF I &R B K HE A & CLHL T K
] &8 A KB 45 ( Veizis and Cotton, 2007 ) .

AR g 2 R0 f B AU 0 52 i AR R, RT Oky KU 4 BE
ARG (Al ez al., 2022) . 5% Wi 72 5 B K, 38
%A% i S R AR AR A B R e 2 AU 7 A S )
P 6 43 5 22 il T S AL 2 SR B0 XS R S
B RO L 25 SR R o B XU A2
Py B2 (C) R/NBYFZ i, o NO, - X =JE 208 XU 5t
kB B oK xF LA L, NO, \NH," .Fe . Cl \NO, .
SO A F iy 8 B 43 5l R 79.90% . 78.70% .
71.20% .68.90% .68.00% .62.80% F148.50% ; X} F
JL 8RO 2 o 79.50% . 77.70% . 70.70% .
67.80% . 65.90% . 61.30% #1 49.50%.
N A Ay (L) 5 fd 3 KU 2 M ¢
file JE JAL RS Bt 300 7 A A AE I RE I L R R A
AL A K i (IR) B3 IF gtk 1k &
(BW ) H A7 B S M (5 26 P38 19 5% i AR /) .
333 EEIELMEREREIESR R E S m
BE XU BF #r 77 B (PME-HRA) |, %F #F 58 X A [A]
ok R A R R B E AT E i A AT (I 7) L BF X
WU -REWBEN(H T 1) — H BN 2R
N FUL 3 AE S0 KRS 19 32 22 [ AR kR U, 4 A
95.53% 1 96.04 % . H K > P xb A A £ e XU RS A
WORF W, XA i E B ClI Mo g a5k W
B, BB CL MR 7K s (8 XA B2y e g FIX
BT R, R K R KRS R 2
IR ME — ] REAE AR H A s e L S bR R BUE
AU 7K S T RE 2 0T AR SO 45 05 Y ) 6 N
{95 R V= 12 ) 15 O N A= o o A i 8
(9 AE B e e XU K A R BE— 2B TR AR ST
PR f5le = 00 it R JXUIG: DF- A T 5 48 B 0 BB
BE AR T ML TG G 15 AT A S0 fa R AR PE A, 5
XN B 45 S (1% B S M RN AT R L JE SR T R 3K



TR PR B SR AR T R DX M K TE ALY e 2 () A U A BT S e R XS T A 4017

511
100 100
#{H7.78X10° H{E1.56X10"
80 [ g0k
S 6ol ¥IfE1.69% 10" 60k ¥I{E1.79X107
B
=
G 40f 40
acr b so,
L 20 "
= A A
— L& — L
0 n ¥ " L L 0 L L L L
10° 107 10° i1 10" " 10" 10
100
¥1189.36X10"°
80
o ¥I{t2.77X 10" 26l H{E1.37X10°
B
=
B 40
C Fe d NH,'
A 20T — A
— JL#& — L
al ul L L 0 i n L L . n
107 10 10" 10" 10" 10" 10° 10"
100 100
#1167.86X 10" ) 82.70X 1070
80 80 F
~ A4l 4 ;
S eof ¥IM{E7.39X10 g 112X 10°
o
B 40T 40t
€ NO;y f NO,
201 L
— KA 20 — A
— L& — L
0 n . . . . 0 _ P o 5 "
10" 107 10 107 107 g™ i 10" 10" 10° 10°
100
¥I{E2.83%X10™
80 [
g | ¥I85.79X 10 W71 10°
x
B 40f
gF h Hr
20 .
— WA — WA
— L& —IJLE
0 . _/ n . . i i i e P A
107" 10" 10° 10" 10 "‘ 10° 10"
HQO MHO

K5 KGR R B 40 A, 145 Cl(2) SO, (b) .Fe(c) NH, (d). NO, (e) NO, () .F (g), f& 15 % HI(h)
Fig.5 Probability distribution of hazard quotient (HQ), including Cl (a), SO, (b), Fe(c), NH, (d), NO, (e), NO, (f), F (g),

hazard index HI(h)



4018 HiEkF#  htp://www.earth-science.net 549 5
a b
Bw -0.01 BW -0.30
F T
L Y6 L =
| —
IR 2.01 IR 2.43
(] 68.29 C 67.48
-40 -20 0 20 40 60 80 -40 -20 0 20 40 60 80
H 5 (%) H 4 (%)
FL6 A (a)Fn L2 (b) IR 7K 5% 8 A A2 T it R XU 2 BB
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