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Pollution and Potential Ecology Risk Evaluation of Heavy Metals in River
Water, Top Sediments on Bed and Soils Along Banks of Bortala River,

Northwest China

ZHANG Zhao-yong'*, Jilili Abuduwaili'*, JJANG Feng-qing'

(1. State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese Academy of Sciences,
Urumgqi 830011, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: This paper focuses on the sources, pollution status and potential ecology risks of heavy metals (Cr, Cu, Hg, As, Cd, Pb,
and Zn) in the surface water, top sediment of river bed and soil along banks of Bortala River, which locates in the oasis region of
Xinjiang, northwest China. Results showed that; (D As a whole, contents of 7 tested heavy metals of Bortala River were low, while the
maximum values of Hg, Cd, Pb, and Cr in the river water were significantly higher than those of Secondary Category of the Surface
Water Quality Standards of People’s Republic of China ( GB 3838-2002) and Drinking Water Guideline from WHO. Analysis showed
that the heavy metals contents of top sediment on river bed and soils along river banks were significantly higher than those of the river
water. (@ Correlation analysis and enrichment factor (EF) calculation showed that in the river water, top sediment on river bed and
soils along river banks, Hg, Cd, Pb, and Cr mainly originated from industrial emissions, urban and rural anthropogenic activities,
transportation and agricultural production activities; While Cu, Zn, and As mainly originated from natural geological background and
soil parent materials. (3) Pollution assessment showed that in three matrices, the single factor pollution index(P,) and the integrated
pollution index (P,) of 7 heavy metals were all lower than 1, and they all belonged to safe and clean levels. (@ Potential ecology risk
evaluation showed that as a whole the single factor potential ecological risk (E.) and the integrated potential ecology risks (RI) of 7
heavy metals were relatively low, and would not cause threats to the health of water and soil environment of river basin, while the
potential ecology risks of Cd, Hg, Pb, and Cr were significantly higher than those of other heavy metals.

Key words: heavy metals; pollution assessment; potential ecology risk ; river water; top sediment on river bed; soils along river banks;

oasis in arid region; Bortala River
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Fig. 1 Map showing the research area
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Table 1

Pollution assessment and ecology risk evaluation methods of heavy metals
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Table 2 Distribution characters of heavy metal contents in river water, sediment of river bed and soils along river banks of Boertala River

‘f'jg‘{f”’k ‘jE/Jg{f‘”k jg:il/ * */Tf’jf”k BR e WHCER CLRCSUT KR WHO R
TICEE LR bRR EURE EURE 0 Joo oo TORICTTREET LSRR Ok
/mg-kg ! /mg-kg ! /mg-kg ' /mg-kg ! i /mg*kg /mg-kg” /mg-L /me-L
Pb 0. 081 ND 0.045 17.26  58.56 32.15 25.24 — — <0.01 <0.01
cd 0.014 ND 0.007 5 9.02  38.27 12.71 18.34 — — <0.005  <0.003
Hg 0.001 3 ND 0.000 77 4.13  48.75 24.71 18.77 — — <0.00005 <0.006
K As 0. 0087 ND 0. 0042 5.67  21.24 17.28 12.34 — — <0.05 <0.01
(n=21) Cu 0. 0079 ND 0. 0039 12.77  17.65 16.81 11.26 — — <1.0 <2
Zn 0. 047 0. 0087 0.028 22.61  23.5119.28 15.28 — — <1.0 <0.05
Cr 0.15 ND 0.059 19.85  44.71 21.57 16.61 — — <0.05 <0.05
Al 1. 12 ND 0.06 — - - = — — — —
Pbh 21.25 0.021 15.23 20.19  77.58 44.19 28.74  11.2 350 —
cd 0.57 0.016 0.25 6.32  28.25 16.61 13.28 0.16 0.6 — —
Hg 0.36 0. 002 0. 067 5.81  69.81 37.24 19.63 0. 055 1.0 — —
RIZIKN  As 8. 94 0.016 4.36 11.62 17.61 22.57 15.65 10.78 — — —
(n=21) Cu 25.28 0.014 16.58 16. 81 14.27 23.16 14.61 29 100 — —
Zn 42.75 0.012 22.58 29.27  20.83 18.69 10. 27  60.7 300 — —
Cr 69. 57 0. 024 53.74 18.14  42.51 23.17 17.25 47.4 250 — —
Al 18.56 1.22 12.39 — - - = — — — —
Pb 26.75 0. 036 19.57 7.51  83.17 68.54 39.27  11.2 350 — —
cd 0.77 0.022 0. 47 4.46  32.18 32.27 17.63 0.16 0.6 — —
Hg 0. 41 0.003 0.076 2.08  99.58 59.61 40.5I 0. 055 1.0 — —
WeiE g As 9.54 0.019 5.37 7.74  26.81 28.19 19.44  10.78 — — —
(n=21) Cu 28.71 0.025 19.55 10.01  32.54 27.36 20.65 29 100 — —
Zn 48.72 0.016 26. 52 21.27  36.19 19.71 11.87  60.7 300 — —
Cr 78.56 0.036 56.79 11.26  55.65 36.17 22.29  47.4 250 — —
Al 58.77 11.24 23.8 — S — — — — —

1)ND 7 R A i

2.2 H AR IO

AT R T (B 2) R BRIk . &2
JIEE AT+ 4 4 rp i 4 )& Hg-Pb, Hg-Cd, Hg-Cr,
Pb-Cd . Pb-Cr fil Zn-Cu, Zn-As, Cu-As Z[a] [ #H &
P, Hopyf K o Hg-Pb | Hg-Cd, Hg-Cr, Pb-
Cd A1 Pb-Cr 1Y #H ¢ & ¥4 43 9 i 0.537., 0.817,
0.569. 0.671 F1 0.762 ¥k 5| & 2 K F (P <
0.01) ,Zn-Cu. Zn-As FI Cu-As 2 [A] ) FH 3¢ 2 5007
7 0.4130.388 F10. 534, ¥k 3] B EHEKF (P <
0.05); £JZ K Hg-Pb, Hg-Cd, Hg-Cr, Pb-Cd
F1 Pb-Cr (4 3¢ R %053 1 24 0. 682, 0. 828, 0. 581,
0.694 F10. 811 ¥J35 ## & 2 K F (P <0.01),Zn-
Cu. Zn-As Fll Cu-As Z [H] () AH & R 05 51 R 0. 469
0.401 F10.516, 335 5] B 2K P (P <0.05) ; ¥
f# b Hg-Pb, Hg-Cd, Hg-Cr 1 Pb-Cr B 4#H % &
BB R 0,641, 0.658, 0.721 1 0.586, H byt 2%
HKFE(P <0.01),Zn-Cu, Zn-As Fl Cu-As 2 [a] (1 4
K BB R 0.499 . 0.429 F1 0. 468, A I 2 P /K
F(P<0.05). HublEmE, 78 3 o Birp E 4 )8 He .

Ph, Cd, Cr 5 Zn, Cu, As ZHIHFRLZERAN
TG EE I AR GG &, R I 8 4 )8 n] BE 2>
BIFFAEA TR SR IR T SO G 35w 4R R A — 2L 4

2.3 EHERLOH (EF)

PLAL 2 ot R 43 0 3t 580 2Rk B R ] def K
RIZNEIUA R i 7 LI R SR SRR (L 1,
#2). THEATRERYI (R 3) W/REE R K 7 Fif
4 A A R RO B E RN AR I Cd >
Hg>Pb>Cr>Cu>7Zn>As; 7 FESENEENT
ATELr R 3 2555 1 2650 Cu, Zn AT As, & 5 R0
T 1, AU a4 R K Cu, Zn, As i
TR A TR ARH T 5 5 KN G, HER
Hoh 0,98 F23r 1, e iloE 4 R WK P Cr 1%
A2 A SR ML BT LA K N R 35 G ) HE T L RS2 w5 5
=&y Cd, Hg #1 Pb, Ho& 4R R A KT 10, LA Cd
RO, AR IR RE 5 R AR RO B 23. 54
555 R OCHIT T OR M SRR B AR B0 43 M, 78 1 R 3 r
LR N R B s R i S - e A B S| R EU RN A
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i

B 0%

e
=

P 3% R A2 3 32 15 Y W HE T B S
WURBS R R 2R 7 FE SR A RBCE
BB A /NIFEAK R Pb > Hg > Cd > Cr > Cu > As >
Zn; WLIIR A3 3 K (K 3) 5 1 25 Cu, As,
Zn, BERFHALT 1, RW N F 2R T 5 H 4R
HTE S B KN Cr, SERBCN0.94, #0801,
FWINEAZ U BB AR Hb BT R ER RN PR R R e Je] 5
Wi ; 45 =%k Cd, Hg 1 Ph, B & REI KT 10, %
W N 32 2 32 Gt B 3 Tl A 7 L 3T A 3 RN AS GE
A5 K T 4 SR S Y W HE R S 0
MURERE R LD 7T M E SR E SR

SEBE /MR F R R Hg > Cd > Pb > Cr > Cu > Zn
>As; TR ESBNEELERETLI N2 2581 2%
JpCu, Zn, As, RN T 1, AR E T
T RIE R R P E 4R Cu, Zn 1 As 55
DI I S S e R AR/ NN = A i3
KMz, %228 K Pb, Cd, Cr fil Hg 7ET A FE A 4
FeE & )8 & & R BH T E k55l 19.63,
22.29 17.65 F128.71; 454 CW 58 04T , B IAFE
TR SRR S 3 4 Bh e 4 s 32 B A2 i
AR A 7= L IR AR T T e HE T LA B BE 3 32 i S
S TR

(a) FI7K

(b) RZ KT

Cr (o) W5 Zn Pb Cu Hg As Cd Cr
Cd

** RARAE0.0KP ERBE
As * FORLE0.05KF L3
Hg
Pb
Zn

Zn Pb Cu Hg As Cd Cr
E2 ESEMNBEXXRER

Fig. 2 Correlation matrix of heavy metals

£33 FRAMNRHFELEENEERY

Table 3 Enrichment factors of heavy metals in different matrices

I

AR E(EF)

Pb Zn Hg Cr Cd Cu As
w7k 18. 69 0.35 22.51 0.98 23.54 0.41 0.28
REZIKT 36.85 0.28 33. 64 0.94 28.51 0.43 0.31
] 3 19. 63 0.41 28.71 17. 65 22.29 0.58 0.36

2.4 EEEIGEWEH

e B30 M B Al b A T R (Ot 3 0K 3R 05
Ji AR iE) (GB 3838-2002) i1 11 267K Jo b v A b
IR BRI K b T A TS IR (1A
F2). WHMER (R 4)RW, MRS R K T
ol EEL <5 J ) B TR 35 e 48 BOE (P,) FI28 5 75 e
BAE(P,) B/ U )8 T8 255 9, 3 i KCF R B
15 QRO 3 5 R BTN 45 2R — B BE R /D

A HRIERDA K 7 FhE 4 R i B R T g K
SESE I AE R /MR K M :Hg > Pb > Cr > Cd > Zn >
Cu>As, Hrp#H 48 Pb, Cd. Cr Al Hg MY 5K 575
I8 BE T HA 4 R |, 3R WA 7R BT e AU

DLW 5 0 3 5 SR b B Jm (8 R BRAE PP A 1R
PR R R R R A E TS YR (1L %
2. 3% 4) PO AR (3R 5) R, R BE S R 2 K
Yo 7 e 4 Jm 1Y PP S QAR BUE (P,) FIZE &5
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PIRBUE(P,) B/ 1 R TR AEREE KT N
B K/INE A FE S 7 B 4 e i B IR - e 4R
B S B A /NI AR R R : Hg > Pb > Cr > Cd > Zn
>Cu > As, Hd Pb, Cd, Cr il Hg 19885 175 L 5 %L
(B 58 T A F 4 AR AR TS e AU

DL 5 4 HE TS (b A R (o FR A PR A TR
PR R T E AR AT ek (R 1L R

2. K 4) IFMEE R BRI (R S) R REE R T 7
Ji A FE i e 7 G R 09 S T T G s BUE AN
AT AR BUE /N 1, RIIRZ 5 INEUE K/
F LA RS T B E SR 0 g 48 BOT S E RN
M FAK K M :Cd > Hg > Pb > Cr > Cu >Zn > As, H.p
Pb, Cd, Cr Al Hg Ry BRR 75 YL 48 508 18 2 & 3
b 8 4 R, R AR BRI

*4 BEFHEEAEHREETHEBRITNRE

Table 4  Standards for single factor pollution index and synthetic pollution index

EASESEE S oF o 5 YR 15 YK SRR P, 15 YR 15 YLK
b <1 LA I P.<0.7 A NERE

1<P;<2 Bk i) T T 0.7<P. <1 o Lk i) T TR

2<P;s3 RS Y 235 Y <P, <2 LESEEC SR
P;>3 ElREE Z G Y 2<P <4 EREE S X EIE Y

*5 BREFSRBEEMEESRBEEN
Table 5  Single factor index and synthetic pollution index of heavy metals

o STH 7 75 g TR P, G AT
Ph Zn Hg Cr cd Cu As " P,

f K 0.23 0.12 0.29 0.19 0.15 0.08 0. 04 0. 65

KIZIE 0.28 0.14 0.35 0.31 0.27 0.12 0.06 0.78

] e - 0.34 0.16 0.44 0.32 0.45 0.17 0. 08 0.97

2.5 4 JE A A KR PEAG

FERVE B i5 Y . WM R SERE B, SR A
Hankson ¥ AE A4 75 X & g Y Xt 1 R ¥ H i R ZE R
e KAy ek 7 B R 4 8 0 7R A S e E T
fli (R 1. F6), M SR (& 3) KW, IR Hin
KEZIRR IR LT T HESBNSA LS
SRS 6 BUE (RD) ¥/ T 40, J& T 1R AR 28 XU i
FEL (22 6) 5 MBAASTE 40 J 10 2 S XU RS (ED) SRR
(P& 3) , 1R 38 Rl 3% 2 IS 8 S i 2 £ 4 b Cd,
Hg. Pb, Zn, Cu, As, Cr ¥ E! F¥{HB/NT 0.5,
FEU 2 P R TR 4 0 TR A S U BN A B
INVR L T

#6 ESENOBEESRENTRKTIRE
Table 6 Potential ecological risk coefficient (E') and

risk index (RI) of heavy metals

WIS R T WA WS
JRUBS: 7 K Az 25 AU TRV 45 %X 16 R
E' <40 1% RI <150 1%
40<E' <80 h 150 <RI <300 o
80<E' <160 =] 300 < RI < 600 =
160<E' <320 iy 600 <RI Eis
320<E! Jia § / /

M IR BRI 2 2 IR 6 K i 1 e vh B G
JE DL ER R T g AR AR SRR STk Ok A (
4) R BRI R R L R b E A JE Cd,

Hg . Pb Al Cr A 78 £ AR 25 RUBS: 417 200 6 XU 1) o7 ik
RO A 25.7% . 15.8% . 22.4% . 21.8% M
36.7% . 23.2% . 25.1% . 19.3% ; 1ij 2 R4y i ip A
b 7 45 R 18 0 A AR A XU X 7 b 4 R RV A AR
AR 1 S BT R R A 14. 3% A1 15. 0% , R W R
B PR 22 2 R U8 R i I e 48 v B A AR S KU 32
Fh Cd, Hg, Pb #l Cr 515E , X W 5 75 4L W Hi /9 25
R

FHOCHIT T e 1, T 5] R 30l DX 9 9 3 38 3t 4%
o AR AR K URR ) B0  JR T e AR AL T Mk AR
PEAVETL TR R . BB AL EPRe . BTl L IR
W R A AR e T R TS Y W i
. ke A ok R Y B R LI v 1
e T 3 A1 B et Bl i B 5 R X R A S R T
= U I D M 2 )R VS U G S ¥ G RN TR A A A
DR AR BBTE 5 S5 40 4 7n T X B R TR B L
T 30 3 4t Ak 3] P AE P BT, T DA ol O
Tolk K AR XS e, (0RO WOR Rl A L 1R GE
BB LR Z B 0 20t 28 He il o2 52
PRI —. BEHh, AR R, Zr U 22 5F B0 U K
JE VA Bz AL BT 43 1l F 1 AR BE DX Y 382 57 o A K
e 3t 1 X IS s ol A N B TR R B
ERSPIN S AN ' NP L A (S S L P S
7ol 4 SR T Qe RO T SR B R Hg, P
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Fig. 3 Potential ecological risk coefficients (E}) and potential ecology risk index (RI) of heavy metals
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Fig. 4 Contribution ratios of different heavy metals

to potential ecological risk indices
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(1) it o3 Hr 2 WY, (7R B R g K vh 7 b
& JE I E AR X K, 12 Hg, Cd, Pb 1 Cr B9 f%
(LR T K i I 2R AR i AT WHO 51 i K fit e
R UCPRE 5 T IR B 0T 3 2 i e AT 7 3 v
J& & R T K.

(2) ARG 0 B A1 4 2R RT3 3R T, W JR 35 40
AR RIZEJE L 7 LR H 4J® He, Cd, Pb
I Cr 2Z i) B A B i A G , 2 232 i 17 Tk R

7R SR AR S | S s i R A AR R S G R

AURZR s G )R Cu, Zn, As Z[A] H AT B30 9 A O

P, 32 B A2 U AR MR S A R TR A R
(3) SR IFHr R W, HUREERLmT K | RIZIR e

R L e 7 B B Jm A I T IS g 4R OE

(P)MEZEEGYARBAE(P,) /0 1 )8 TR 259,

WK B Cd| Hg, Pb 75 G4 B X B

(4) W AE AR 25 U DAl S T, 6 IR 7 192K 85 ir

TR JZ EI8 S iy 2 L e 7 Fh e G 9 5 I i A

ARSI CE,) FZE A v A2 745 KU (RT) 4418, &
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