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Sources, Pollution Statue and Potential Ecological Risk of Heavy Metals in

Surface Sediments of Aibi Lake, Northwest China

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

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

Abstract ; In this paper, the surface sediment samples were harvested from Aibi Lake, and total contents of 8 heavy metals (Cu, Pb,
Zn, As, Hg, Cr, Ni and Cd) were determined. Then the sources, pollution statue, and potential ecological risk were analyzed by
using multiple analysis methods. The results show that: (DThe order of the skewness for these 8 heavy metals is: Hg > Cd > Pb >Zn >
As > Cu > Cr > Ni. @Multivariate statistical analysis shows that 8 heavy metals can be classified to 2 principle components, among
which PC1 (Cd, Pb, Hg and Zn) is man-made source factor and mainly came from all kinds of waste of agriculture; PC2 ( Cu, Ni, Cr
and As) is natural source and was mainly controlled by the background of the natural geography of this area. 3Accumulation of index
evaluation results show that the order of pollution degree values of 8 heavy metals in surface sediments of Aibi Lake is: Cd > Hg >Pb >
Zn > As >Cu>Ni>Cr. In all samples, heavy metals Hg, Cd and Pb all belong to low and partial moderate pollution statue, while Zn,
As, Cr, Ni and Cu belong to no pollution statue in majority samples. (@ Potential ecological risk assessment results show that the
potential ecological risk of heavy metals in surface sediments of Aibi Lake mainly caused by Cd, Hg and Pb, and they accounting for
42.6% , 28.6% and 24. 0% of the total amount, respectively, among which Cd is the main ecological risk factor, followed by Hg and
Pb. In all samples, the potential ecological risk index values (RI) of 8 heavy metals are all lower than 150, and they are all at low
ecological risk levels. However, this research also shows that there have high content of Cd and Pb in the sediment. Therefore, we
should make long-term monitoring of the lake environment.

Key words: Aibi Lake; surface sediments; heavy metals; pollution assessment; potential ecological risk evaluation
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Fig. 1 Location of research area
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KRG M A JE va L ¥E .
., 2, 5 R4 WBREERMmME. RHZT8
VAWLRES LRI AL /RN Ee U E S WA TR U B o e
Spss 19. 0 FRF S8 R FH A M 3R B HE B0k o0 At
UUR) 5 4 J8 ()75 YR Ol SR I S AR IS AR AR 25
DRS04 T 4 PV AR A A e MG A ad

HI1E Matlab 7. 0 %4 b2 BE.
1.3.2 b B HE

Hu AR BAEEOE R — PR DR T A S s
FREE ()8 A8 b, 1% 7 15 RE S DU S i A0 5 o 43
FEVURU b i RS AN

., = log,[ C./1.5B,] (1)

K, € RUTRYThE &R A SENE ; B, NE AR
HIRALZ A 1.5 B ERE SIS ST RES ERY
HE AR s 25 AW LR L E S m
FHEAE NS A, As, Cd, Cr, Cu, Hg, Ni, Pb Hl Zn
)+ HET S AE 0 %k 112, 0.12, 49.3, 26.7,
0.017,26.6. 19.4 F168. 8 mg-kg ' .

F1 ESENBREESH L, SRS

Table 1  The I, sco and contamination grades of heavy metals
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e <0 0~1 1~2 2-3 3~4 4-~5 >5
RE 0 1 2 3 4 5 6
5 YL i Uzl s i v e IR E HE JUHE
1.3.3 DU RE A S R Te 5k A R h &4 R TS e A S RS 85K E

TETEAE S XURS: 48 B3O8 2 5 2% 3 Hakanson T
1980 AE& Y 1Y — Fh P TUAR W) v i 4 i A 28 XU
(i O ik Rl 2 R T TR T 4 R A
TSP FRSE | TR KRR 42 )8 15 G i B
PESE 4 DR R R w I N A5 )i IR I
B B 4 (TR A S KUBR 22 L VA 2 KUK
FEBC(R) BTHRTTIEUNT

M M M i
RI=>E = >TxC =>Tx% (2)
1 1 1 cn

SRR SIS R RIS YA T o TR
Yirh G )E | S S o WEEE | WS IE;
SRAE T LR, AT LB 4 A s E AR
ZIE; T BRI W R 5L, 7T LAZR & It
HEEIRNEE BTG G BURFERE. &% 3C
#k[22],% 4 )8 Pb, Ni, Cd, Hg, As, Cu, Zn Fl Cr
MR R BT 5.5.5.40, 10,5, 5 Fi2.
TURRAY) v i 4 T (R 08 A A 28 U DAf SR T N

2,22,23J

*2 EEREMESKEITNNBERERESLIS

Table 2 Grades of potential ecological risk coefficient (b;) and risk index (RI) of heavy metals

AT G R A A A

ZAERIBIBAEES

PR RH () 1 PR PR (R 4519 e AR

Ei <40 A% RI<150 B

40<E' <80 rh 150 <RI <300 i

80<E’ <160 & 300 <RI <600 g

160<E' <320 L3N RI=600 L
Ei=320 il / /

8 bR 4 Jm T R Y- B (E X R B oK 4 o
2 FERG55

2.1 Ui E S R A T G RRE
FRVEGTH AR R (£ 3) , L HHIRZ T
Y E 4R As, Cd, Cr, Cu, Hg, Ni, Pb fil Zn fiy
SERE S A 15,57 . 0.17 . 51.49 . 39.89, 0. 033,
28.27 . 39.57 Fl 114.59 mg-kg ™" ; 43 Hr < B Fr il )

AR UE R BRAE (pH > 7.5, il g Ak FH BR ) 12,
(B S (A A e K 38 T o e (>
HrpE 48 Cd, Hg f1 Cr (i KRB E K+
B Rpn . Horh 3R 20T h E 4
J& Cd 1 Hg 093418 5 51 8 0. 17 mg-kg ™" Al
0.033 mg-kg ™', H4 A S(EM 1. 42 f5F1 1. 94
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5, 1 Uk B A 30 S b A 7 B H Al N 23 B 1Y) B2
s 5 R, SR Z VTR Y T E 4R 1 RAE
PAHIA . R SRR g
FEULA Y b B 4 J8 Cu, Ni, As, Cr fil Zn

31.79% ) ¥ R 545 5 (15% < CV <36% ) , 1M
Cd. Hg 1 Pb(101.51% . 95.49% #1 85. 84% ) ¥
JETREEAS(CV>36%). MImERE, KL
RZUORY 8 FhvE 4 J& J0 2 19 K /INIF AR hy

(28.65% ., 24.81% ., 21.28% . 32.42% Hi Hg >Cd >Pb >Zn > As > Cu > Cr > Ni.
®3 EsEMHSRERT
Table 3 Descriptive statistics of heavy metals
. Bt} ¥ e AR RE S HH R _Ghrif
LR /m{gL:l[:ﬂ%g]’l /mglj-fffl )FT/(EOE lj/f%%%[ ﬁ/ﬁ/;? Ve fie /ni:?kgfl E{l/%jngf;f]; "
Zn 88.27 ~217.27 114.59 31.79 72.87 22.51 22.5 19.4 68.8 300
Pb 16.29 ~175.81 39.57 5.18 85.84 28.28 25.4 22.4 19.4 350
Cu 32.29 ~95.84 39.89 3.54 28.65 15.27 19.6 15.4 26.7 100
Hg 0.01 ~1.94 0.033 2.27 95.49 24.41 43.8 37.3 0.017 1.0
Ni 11.81 ~58.18 28.27 4.28 24.81 18.27 22.2 14.6 26.6 60
As 6.84 ~18.58 15.57 1.89 21.28 27.18 13.7 17.1 11.2 25
Cd 0.01 ~0.72 0.17 0.46 101.51 15.64 33.4 29.6 0.12 0.6
Cr 45.41 ~262.81 51.49 2.95 32.42 14.19 20.2 14.7 49.3 250
2.2 DIBWE SR Z o8t o P EIG; EERAHS Zn-He, Zn-Cu, Zn-Cd £

2.2.1 MW

AT R (% 4) ,8 FhE 48 2 1] 1 AH ¢
KRB AR Hoh #4238 Hg-Zn-Pb 22 (8] YA M4
3. E4JR4A Pb-Hg, Pb-Zn, Pb-Cd 7E P <0.01
I A 2R B0 9 0,698, 0. 782 F110.771, K

P <0.05 AKF EAHCR BN 0.759 ., 0.891, 0.598,
FEM G, E4aEA A Ni-As 1 Ni-Cr 76 P <
0.01 KF EASCRE B R 0. 684, 0.797 ; HAJE
ZH4 As-Cu Hl As-Cr £E P <0. 05 /K FAHERECH
0.557, 0. 619, A I 3 IE K.

®4 ESEMEXXRER

Table 4  Correlation matrix of heavy metals

Zn Pb Cu Hg Ni As Cd Cr
Zn 1. 000
Pb 0.782 1. 000
Cu 0.891" 0. 272 1. 000
Hg 0.759 " 0. 698 ** -0.272 1. 000
Ni -0.327 -0. 147 0.354 -0.213 1. 000
As -0.411 -0.242 0.557" -0. 145 0. 684 ™ 1. 000
Cd 0.598 " 0.771 " -0.541 -0.414 -0.144 -0.114 1. 000
Cr -0.122 -0.348 0.124 0.213 0.797 ** 0.619" 0.217 1. 000

1) * B P<0.05 B3&; = = A P<0.0l BF

2.2.2  FERI RIS

FE I3 53 B ) BR 5 v i 4 e R R AR RO
PEES D BRI R (£ S) S HELE
JCRAT LR 2 A F By, a0l iR B Y
57.65% F129.38% , BRIt 5Tk ik 5 87. 04% , 7]
DLfRRE 8 FICZoRIEML IR MEE. 5 1 K
431 Cd, Pb, Hg il Zn HATBR i , iX L0 Y
SERE Y = TR LY S A R R OT R Z R A AR G
P A | S5 A RSB T, 4 FhE &8 & R
e AR R T2 50 T R A SR T R | A B A TR
L SR S SR A A1 T L R SR IR T R

BUATE AR A 77 AR | AR 25 A & BT,
T A T G HE G A A A DU T
VE, M FEEZ NG GRS 75 2 TR
gy b Cu Ni Cr Fl As HOA BRI 3AT 4 FliOCE S
AR ORE S R B A T3 A JE R X 1 X
RAMY A= P Bl D 5 | K B SR A T S e WY
HEBOA B . G5 A MG SCHR A 1202 R
s A G S R R EOR R T A AR T R
B R TR L I AT AR M A
REOEEH. T UCRImE, As 72565 1 F0%6 2 o 11
HATAR S AT, A2 N 95 e 1 98 3 5 TR 3R 19
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Table 5 Factors matrix of heavy metals Zn —
. F R F
JLE Py L
1 2 b
As 0.518 0.772
cd 0.838 0.042 cd
Cr 0. 165 0. 824
Hg —
Cu 0. 267 0. 697
Hg 0. 756 0. 087 Ni
Ni 0.215 0. 757
Pb 0.758 0. 365 As
Zn 0. 695 0.235
DTk % 57.65 29.38 Cu
ZRTEE/ % 47.45 87.04
Cr
e [F]4H). E2 ELERXIWER

RIS Hr s S (B 2) F1 3 B bt 45 S AR Xt
N, i — 25 W IE 32 B A A AT A AR 5 — 25 (Cd,
Pb, Hg, Zn) EZRIEF AN ; 525 (Cu, Ni,
Cr, As) FERIE T H AR MY 5t
2.3 ELEEIGYRTEN

BRI RS20 LA (1) | % (6) ].
TEFTA KA S0 B4R Cd, Hg F1Pb 19 1, fHIK
T 0, WREARh RS Yy E4JE Cd, Hg, Pb Y
L AT 0 ~3 Z 6], Cd A 72. 1% HRFE A
RIS 16. 7% WRAE o BS54 11, 2%
SRR EETS Y T YRR IR Heg A 76. 1% 1
KRE S MR E TS Y 15, 6% HIRAE S AR h V5 YL,
8. 3% MIRFE S T TS Y s Ph £577. 4% WO RAE A,
FAREETS G4 18. 2% (R AL s N rh V5 3% 4. 4%

Fig. 2 Clustering tree of heavy metals
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Table 6  Pollution assessment of heavy metals in surface sediments of Aibi Lake
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Fig. 3 Contribution ratios of different heavy metals to potential

ecological risk indices in surface sediments of Aibi Lake
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Table 7 Potential ecological risk assessment of heavy metals in surface sediments of Aibi Lake
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