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Abstract Water quality of source water is an important factor, which affects the social stability and
economic development. In order to comprehensive analyze and evaluate the distribution

characteristics and health risk to humans of heavy metals in surface water and groundwater in typical
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areas of Xinjiang, seven typical heavy metals (As, Cd, Cr, Cu, Ni, Pb and Zn) were selected from
eight typical catchment surface water (404 groups of water environment samples) and seven typical
catchment groundwater (552 groups of water environment samples) in the research, and used
Multivariate statistical analysis, health risk assessment and uncertainty analysis to reveal the
distribution and health risk of heavy metals in surface water and groundwater in typical areas of
Xinjiang. The results revealed that: The average concentrations of heavy metals in surface water and
groundwater of various research areas in Xinjiang were coincidenced the current drinking water
hygienic standard. The content distribution of heavy metals in surface water show unobvious regional
characteristics, but it mainly manifested as As and Cd were enrichmented in Tarim Basin in
groundwater; The health risk assessment showed that the health risks were mainly from ingestion
routes, and the health risks to children was higher than that to adults. The non-carcinogenic health
risk(HI) was mainly caused by As, and were specific reflected in the Bosten Lake basin of surface
water and the Kuitun Reclamation area. the Yerqiang River basin of groundwater. the non-
carcinogenic health risk of heavy metals in surface water were in order: As > Cr > Cd > Ni>Pb > Cu >
Zn; in groundwater were in order: As > Cd > Cr > Pb > Ni > Cu > Zn; Carcinogenic health risk
assessment results show that As and Cr were the main heavy metal element affecting human health in
water sources in Xinjiang, especially in groundwater. Therefore, the local government should
strengthen the supervision and control of As and Cr in water during the selection of drinking water
sources.

Keywords surface water, groundwater, heavy metals, health risk assessment.
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Fig.1 Schematic diagram of surface water and ground water Sampling watershed in the study area
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BL3E 2 AR B0 KUK (P, Cu. Ni Fl Zn) FEUE XU (Cr. As Fl CA) R PEA 7 #1717

MG US EPA(2012) U HE77 B E IE 24 505 B LA (ADDjygeqion) T BZ KA B (ADDjgermgr) H-F- 44
H & (ADD):
_ Cy XIRXEFXED

ADDingestinn - BW x AT v
CyXSAXPCXETXEDx 107
ADDdermal = . a B“TX A’;< : (2)

Horfr, ADDjygestion 1 ADD germa 7390 2 48 A AR JRAE HAF- 2450 5 (pg-(kgd) ™) s BW P 2y {4
(kg) (B AFILEE 4> AL 70, 15 kg); AT AR FEER] () ORAFILE R 25550 d); Cy K E
RN EE (ug L) IR AFER(L-d ) (R AFILE S HIH 2, 0.64 L-d"); EF #Rn&JE TR N2
AR (da™) R AFIILE R 350 d-a™'); ED 2 #5280 [A] (a) A FIILEE 5518 30, 6a); SA A
T 700 B BT AR (em?®) G FIL SR 5124 18000, 6600 cm?); PC /s /KR4 J@ JC R AE ik 0B 3%
B (em-h™), ZH0RME WL 1; ET R ZEE A (h-d ™) O AFILE S50 0.58, 1hd ™).
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Table 1 Permeability constant and reference dose of heavy metals on skin in water

R

Metals As cd Cr Cu Pb Ni Zn
BiEHHPC/(cm-h™) 1107 1x107  2x10°  1x10°  1x10*  2x10*  6x107*
RID; e . ) .
SR g (kg d) ) ingestion 0.3 0.5 3 40 1.4 20 300
RD germal 0.285 0.025 0.075 12 0.42 0.8 60

131 ZR MRS f R XU -
B0 IS P R G I T (HQ) HEAT AL, HQ & Mg AR i AR §2 1 5 2 %5l i (RMD) AY LR,
FEEIRR(HD 2P A #1458 8% 7 2 M, R By 846 i T 19 AR B0 XU HQ A HI ATk an R

HQ= 22 3
HI = Z(HQingestion + HQdermal) (4)

Horb RID 25 4 8 A B8 A BE 1 S 75 51 it R R BRI B 2 2% ) i (g (kged) ™), ZEOBUE L 1. HI <
1B, ANELEA ES00; 24 HI> 1 B, 7] e WHat e = A A 2 5400
1.3.2 ZKAAR 500 e B XU P A 78 5 vk
CR = ADD x SF (5

A, CRJE AR 2 88 T3 B0 AE 19 70 R A ME R 5 SF o A 58 v i5 Y Wy 808 98 B R 2 5% 7l it
(pg (kg-d)™) (WL3& 2). rfrAe AR L PR EE LR AP 4R 47 19 W] 2326 [l CR < 1.0x107°, 22 E AR Rk 17
1) AT 42 52 B8 PT 25 26 1 350 XU S R 7 1070 — 107 22 [H).
14 SERFRISE I

R FH SRR I8 1 HEA TR A AN 28 AT B 45 S B0 REUIER 3 43T, R D 24 X (1 7 R )Xo JR L
g5 R R, FLABURRE O IE A, W3R 5 IRURS: &5 SR 1E AH 56 120, SRR 1R 1 1 AR 0 A8 1 1) 40 A pREK,
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KN F Excel i Oracle Crystal Ball #0435 17 5040 Ab B, I H 0 B 45 SR LR 0 A, BRIz 1T %
AR B B R 100000, EAF AKE0fE A 95%, =K RS PEA (3T URE. AHOCSECE X, /A 28Rk 3.
T2 KIRPESEE S B A MR A B BRI R

Table 2 Carcinogenic intensity coefficient through direct ingestion and skin penetration of heavy metals in water

&R
%jai As cd Cr
SF/(ng:(kg-d)™") SFingeton 13 61 05
SF germal 3.66 038 0.5

53 TR REEATE S B0 S0

Table 3 Distribution types of uncertain parameters based on Monte Carlo method

B Cy IR EF ED BW AT
Parameters

e R E BER TR TR ) P AR R R B[]
Wiyl Gamma/4)fii RS =t X BOEA 53 A MFHOEA A =M
E =BT [27] [27] [28] [29] [27] [28]

2 5 54718 (Results and discussion)

2.1 HEROKE 4 T R 25 (8] 0 A R

Broms EEM R KD ESBIS RS LE 4 NE 400, K ROKERESEN SRSk
FE] SE A IAT | 5% [ 9% PG VY EL T 45 S S A R A i i, i = T I BUE KO (Cd. P BRAM ), (A3
T8 T F [ (b K FRBE I AR v ) (GB 3838-2002) 1 283 /K (TR IERLIMBRAN) . MK i B, bR
IS 51 b As, TE/REE R R P A, HiAth 4% b 3 /K 5 42 8 A9 38 5 AR A B B CAE TR AR K .
A bR ifE ) (GB 5749-2022) . WHO H1 US EPA 23R AR Kot ELRT S, TS 51 As B9 F-38 4 &=
21,13 pg L ARG RO Po (735 50 45 ng LY, 43l 2 3R RO KA R E (A Y 2.1 £ A
4.5 4% Forp R SR 4% B 4w 1 i 3B A2 A PR 5% I (CAn Tl 15 7K B 32 38 32 i ) B4 ), T
TR0 I A At AR U] = YR AR 03, A, S gk kL DR AR F AR R AR,
Z K PSR TE JRI W 2 12 S D DA, i 3 7K U5 A5 T 4 T 114 o e AR 3 B A 1) P /K s s T K (R 3
FLATERAM).

WNES TR0 A S, 4% T4 8 00 V- 24 2 B e 45 T Bk 1A v o 26 B4 I S 1) el 2 S e B
b R K H A S 1 i A2 A A A SR PR A R RS g 0 sz R Tl AR L WA TR L 2SI
KA lr Az 7= v s ey HE R B 52 ), R EE R R Cd. Cr A1 Pb 9 3 & B I8 i 1 A it sk B0 iz A
SRAT (8 (i B S b T R B ) B2 0, As 7E 3000 T8 w0 2 e W 2 v T HAth i B

F 4 PRI X FROKE SR SRS

Table 4 The concentration statistics of heavy metals for surface water in typical areas of Xinjiang
HemTR S/ (pg L)

i{ﬁZ Contents of heavy metals 57 3k
Regions As cd Cr Cu Ni Pb 7n References
Min 3.55 0.04 3.19 5.48 2431 0.02 2.10
TSR )
M 39.18 0.29 12.56 32.45 64.22 0.19 24.59
(N=34) o (301
Avg 21.13 0.12 4.97 17.03 33.54 0.09 11.16
Min — 0.024 0.27 0.56 6.48 0.029 1.56
T Ty
M — 0.081 1.37 1.47 11.96 0.23 10.96
(N=10) " [31]
Avg — 0.048 0.59 0.77 8.48 0.057 5.20
Min 1.70 0.07 2.70 1.20 — 0.80 7.00
l%i%\{f[;})(@ Max 3.50 0.12 6.20 1.70 — 1.40 13.00 [32]

Avg 2.20 0.10 430 1.50 — 1.10 9.00




11 4 N W45 S im0 i X 2 7K 55 b R K H 4 I8 40 A R B Ad B JXURS: R4 3721

ik 4
TAIm LR o/ (g L) P
i ,Z Contents of heavy metals S5 3k
Regions As cd Cr Cu Ni Pb 7n References
Min 0.71 — 0.46 0.27 5.38 — 0.085
KRR Max 22.67 0.28 4.34 11.41 91.88 0.061 4.90 [33]
(N=25)
Avg 5.37 0.062 1.17 2.11 24.48 0.007 1.33
Min — — — — — — 8.70
o sy
@(’J]:i”;”;q Max 8.70 14.0 150.00 7.90 — 81.00 47.00 [34]
Avg 4.20 7.50 59.00 3.90 — 45.00 28.00
Min 0.52 0.013 0.78 — 0.72 0.007 0.39
H = ) s Bl 2
S FERUSCTIE /N
M 5.73 0.13 2.13 — 1.73 0.466 449.05
(N=180) ax [35]
Avg 1.58 0.034 1.44 — 0.95 0.072 56.23
Min 0.40 0.01 0.07 0.14 0.11 0.02 0.12
7S ¥
i?}%;i‘? Max 14.24 0.17 2.36 11.44 44.80 2.18 43.52 [36]
Avg 3.07 0.02 0.43 1.22 1.79 0.45 7.11
Min — — 0.40 0.20 — 0.00 —
£
SEATHRAK Max — 0.30 31.70 51.60 — 49.00 — [37]
(N=73)
Avg — 0.10 4.80 7.20 — 2.70 —
Mississippi River, USA Avg 11 — — — — — 15 [38]
Seine River, France Avg 0.075 0.031 — 2.23 — 0.354 — [39]
Nile River Avg 2.4 0.8 33 8 33 22 13 [40]
Tigris River Avg 0.63 0.044 25.41 17.1 24.52 2.82 12.01 [41]
Ganga River, India Avg — 5 — 600 140 120 —
[42]
World average Avg 0.62 0.08 0.7 1.48 0.8 0.079 0.6
KPR B AR IS
(GB 3838—2002) 50 1 10 10 — 10 50 [43]
AT ERAIK A ARE(GB . . . X "
5749 2022) 0 5 50 000 — 0 000 [44]
WHO, 2011 10 3 50 2000 70 10 — [45]
US EPA, 2012 10 5 100 1300 — — — [15]

. e fRFERKE . Note: The—"represents not detected in the table.

2.2 HUROKE SR ICE S RIS RHIE

A R TR P ES BT &g WL 5. i S nT AL A T OKIRE £ 8 1T 5
TE ARG T T 55 s SR 43 SHL A5 37 Al s K YR (A 28 R 7 2L R D R S5 3 ), HLBEAR AT A 3R (Ol R K R R
FrifE ) (GB/T 14848-2017) M 23t K bRifE (B R IX As BRAM) s WIKOK L 2K F, FrEh B IX A As(F
W& 210.2 pg L) FUE BUORHL Y CACFI & 5 20 pg L) Fb, Brds £ i el /K ih Br 2 42 1
4 8 BRS8N (R IR ROH K LA AR ) (GB 5749—2022) . WHO 1 US EPA 15 B4 i FR 1.
EER T b 7K IR 9 2 0] S5 1, o4 0 9 7 34 0T N R AR SR AN I Bt K Bk B O, anit /R
JE VAT P IR T K R As 8 2 i B AR AR TR RO K AR v, (H AR KB IR 136 pg L' (2 3L (Y
14 4% )5 Ak, Zeoh B DCHE R 7K As & 2t WY b i 1 LA g o, R 32 5 DR R KA R IR 2 AR K ( H >
200 m), FLIZHIX T 7K ELAG B A SR | bR A% I T R % 12 A T A ) K S b i 4 A0 550,

2B SR MR K R RE R, R K RS Y — R EE R AL (A ANBAR R, B EAR
F b rP v B AR 5, Cd i B e v T A R R, R KB R 1340 pge L, 29 AR K B (1Y
268 fi5. Fan™ (B8N R & 4 5 A I - B R il . XA AR R AS 56 B 9K TR 38 2 s U0 LR b b
K Cd AR FE P, LR, AV R A Ik 8 A R R R K Cd & AR R IR L 32 208 1 1
T KA B ARG JF A 4 K SCHB BT PR B 9 52 i, 85 KR B b R OK &R S 2w K 1— 3 5K
T PR, AR b D7 AR FH AR 8 8 G A rpr, 1 RSl G 18 HH b T A1 R AR 7K T
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Table 5 The concentration statistics of heavy metals for groundwater in typical areas of Xinjiang
EEETESE/ (ngL)

HbIX Regions Contents of heavy metals S5 30k
As cd Cr Cu Ni Pb 7n  References
Min — — — — — — —
A X
M 3400  16.00 — — 13200 —  684.00
(N=68) ax [48]
Avg 7.00 3.00 — — 62.00 — 35.00
Min — 2.00 5.00 9.00 — — 5.00
T [ Y 975 Jil
A alals Max — 11.00 42,00 108.00 109.00  —  454.00 [49]
(N=67)
Avg — 700 12.00  27.00  22.00 — 65.00
Min  45.00 — — — — — —
FHRX
M 381.00  3.50 3.50 2.80 — 42.50 —
(N=16) ax [50]
Avg 21020  2.10 2.00 1.50 — 28.20 —
Min — — — — — — —
It Vate walvzs
PRSI Max  136.00  4.00 5.00 — — 200 2435.00
(N=75)
Avg 9.00 1.00 2.00 — — 100 65.00
Min — — — — — — —
BEA
M 10 — 25.00 — — 3.00  613.00
(N=42) ax [51]
Avg 2.00 — 4.00 — — 1.00  18.00
Min — — — — — — —
Fe- AR Max 6.00 — 1400  2.00 — 2.00 4.00
(N=18)
Avg 1.00 — 3.00 1.00 — 1.00 1.00
Min 1.00 2.00 400  10.00 — 1.00 2.00
il e
M 91.00 1340.00 2500 670.00  — 50.00  800.00
(N=266) ax [52]
Avg 500 2000 2000  30.00 — 400  40.00
Min 0.78 0.53 0.83 0.61 0.90 0.85
Southern Italy Max 1453 6.2 — 859  263.8 75 786.2 [53]
Avg 3.56 2.14 — 3.87 3.66 1.22 12.8
Pakistan Avg — 10 — 310 90 140 610 [54]
Ropar wetland, Punjab, India Avg — 3 5 10 — 40 580 [55]
R 7K SRR E(GB/T 14848—2017) T2 10 5 50 1000 20 10 1000 [56]
AT R K A4 HE(GB 5749—2022) 10 5 50 1000 — 10 1000 [44]
WHO, 2011 10 3 50 2000 70 10 — [45]
US EPA, 2012 10 5 100 1300 — — — [15]
e Frpe— AL Note:The“—represents not detected in the table.

2.3 KRR SO il AR T
2.3.1 BRSO AU TR

HR A5 3 [ FR LR (US EPA) 7 1) At SR JXUBS: PE AN A2 A0 2850, 1155 s B i 45 2K b 8 42 8 43 3l
T 3 BB A IR AR IR B IR AR X BRI L2 2 5 () AR SO (R AU, W3 6. B AT, Hra A E 2
FeK i i EE A 5 | Ak ) AR SO KU R B A A & A BB 2 N (HIT < 1), Ui B b 3RoK 8 4 Ja 5 )
AR TG k3 1) fa B s i (E R, T I W v AsCRROFI L ZE () HI 435314 1.94 F1 2.88) Rl /R 55 i i) v
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