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Ecological risk assessment and source analysis of heavy—metal pollution in farmland soils surrounding the coal
mine of East Junggar Basin, China

LI Qiao', WANG Shu—fen?, CAO You-zhi', WANG Wei”", HONG Cheng-lin'

(1.School of Chemistry and Chemical Engineering/Key Laboratory for Green Process of Chemical Engineering of Xinjiang Bingtuan, Shihezi
University, Shihezi 832003, China; 2.College of Science, Shihezi University, Shihezi 832003, China )

Abstract : Assessment of the ecological risk and analysis of the sources of heavy metals can provide scientific basis for controlling and man—
aging soil pollution. 163 soil samples were collected from the farmland surrounding the coal mine of East Junggar Basin, and the ecological
risks of heavy metals were evaluated via the index of enrichment factor (EF) and the potential ecological risk index (RI). Meanwhile, the
sources of heavy metals were analyzed by using multivariate statistical analysis and geostatistical analysis. The EF results showed that Cd
was slightly enriched, Cu and Hg were significantly enriched, and the other heavy metals studied were not enriched. The R/ results showed
that Cd and Hg had very high ecological risk, the other heavy metals studied did not have ecological risk, and the study area had extremely
high ecological pollution. Principal Component Analysis(PCA ) and Cluster Analysis(CA) showed that Cr, Cu, Ni, and Zn were the first
components and came from the natural background; Cd was the second component; and Hg was the third component, which came from agri—
culture, industry, and tourism. The weights of different heavy metals were calculated by using entropy method, and the first component was
unified as a new variable quantity. The three dimensional spatial distribution of different components revealed that the first kind of heavy
metals mainly came from the natural contents of soils, the second kind of heavy metals mainly came from industrial pollution, and the third
kind of heavy metals mainly came from agricultural activities.

Keywords: entropy method; heavy metals; risk assessment; geostatistical analysis; multivariate statistical analysis
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Figure 1 Location of sample sites in studied area
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Table 1 Descriptive statistics for heavy metals in soils of the studied area

WHiH Cd Cr Cu Ni Zn Hg v
B/ Mt /mg - kg™ 0.18 32.28 15.99 14.93 36.87 0.007 45.54
W RAE/mg kg™ 2.66 73.23 72.95 32.06 87.90 0.466 123.67
H{ii/mg - kg™ 1.09 48.83 36.97 24.18 62.48 0.122 71.33
FrifE2E/mg kg™ 0.77 7.87 14.67 3.34 9.33 0.086 14.67
5 5 Z % 70.62 16.11 39.68 13.83 14.93 70.49 20.56
Hrsie e 5o EH/mg kg 0.12 49.3 26.7 26.6 68.8 0.017 74.9
3R bR /me kg (pH>7.5) 0.6 250 100 600 300 1.0 —
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Table 2 The concentration of heavy metals in soils of different area(mg-kg™)

HIX cd Cr Cu Ni Zn Hg EZ DN
HEZR 1.09 48.83 36.97 24.18 62.48 0.122 AW
I 2.93 57.29 56.38 70.22 178.68 — Bu 2!
AT 1.17 54.28 94.54 43.28 53.53 — Wei 220
g3 0.6 78.8 — 334 — 0.3 Cai 452
KA 1.41 60.7 105 25.8 159 0.09 Du 252
|88 0.20 58.15 26.78 21.22 78.03 0.83 Zou 20
g 0.186 66.1 323 30.9 87.7 0.14 Bai 281

Hg M3 & m R TH RS S EN S RA —E MR
I, RESLE Cd.Cu F1 Heg 975 YL ] RERIE T AN
K&K, HE4JE Cd Ml Hg il 5832 2 A0 K &K 152
L3N
22 TEERERETNM

g 3, ®4 )8 Cd.Cr.Cu Ni.Zn 1 Hg FE &
EZ Bk 8.42.0.97.1.39.0.88.0.88 #1691, =
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Hg A0 F B35 8 PR . ULBIME AR B R & H
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BTG YR EIR A, B T 2R B4 JE Rl gL
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H 4@ Cd.Cr.Cu.Ni.Zn Fl Hg BT AE A A R
Wk 4, Cr . Cu Ni Fl Zn FEZEARATIEAEXURS , He 1 Cd
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Table 3 EF of heavy metals in soils of studied area

FETEB B RV KR . He A 1.3% 40 TR XU IR
25,3.9%M4b0 T iS5 KU R ZS L 14.28 %4 T4 155 KUK R
A5,53.9% 4k F 13 KURIR 2, 26.62% Kb F 1% i XU TR
Ao Hg KBS 5040 HLAe T, T RE S B L g
B, 25 5 A e R 1w - 1 2 A& AR 1) DU R
. Cd A 16.23%40 T oS FR BE 1 A AR, 35.72%
Sb T 58 v 1 A SRR, 48,059 41h T4 125 19 A 25 XU
RSk, HEAJE Cd B4 SRR, He AR AU
MR, HoAth B 4x J@ AR A A AE AR S KRS . F R IXA
20.13% M FE S LA B m MR A A B K,
79.87 % WRE S LA TR R L5 G TR LE XU, B (A VB A
AR
24 TIEBBEREFRIBES
241 HHEEEIRTGRICE N FERS

iz FH| SPSS 19.0 #1414 IR 7 A i) 32 B 4343
M i , AR E 4 TR A AR RIS 8 1 o0 o B
e 2, E4JE Cu.Cr.Zn 1 Ni W5 — Ty, £
J& Cd N2 —F RS, AR He AEE —F M0 H—

ii{}i ;:2 0.C9r7 1§3u9 01.\1818 oésns :951 FWI R T S4%HfEE, 5= T iR T
AR 3118 245 4.16 1.78 1.94  28.69 22.83% MM R A0 S E SRR T 15.61%MfFE, —
FoME 106 041 040 038 037 033 A FERS DILERE T 92.55% 1915 5
P2 624 036 081 028 030  5.06 242 +IEESEIEICERIS
* 4 MRXTBEESEBEESKEIEE
Table 4 Potential ecological risk indexes of heavy metals in soils of the studied area
- B BEL S /%

gE| FAE RRIE R/ME " s o . o

Cd 2722 665.0 45.0 0 16.23 35.72 0 48.05

Cr 1.98 297 1.31 100 0 0 0 0

Cu 6.92 13.66 2.99 100 0 0 0 0

Ni 4.55 6.03 2.81 100 0 0 0 0

Zn 0.91 1.28 0.54 100 0 0 0 0

Hg 287.29 1095.48 16.12 1.30 3.90 14.28 53.90 26.62

RI 573.89 1257.96 188.23 0 0 20.13 79.87 —
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Figure 2 Principal component loading plot of the heavy metals
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Figure 3 Clustering analyses of heavy metals
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Table 5 The concentration of heavy metals on different clusters

gl Cd Cr Cu Ni Zn Hg
1 191 4450 2487 2425  63.02 011
2 174 4629 2059  21.89 5380 0.1
3 038 5239 4923 2470 6429 0.3

25 tIEEEGRTESH
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Table 6 The weight of different heavy metals in the first component

HER Cr Cu Ni 7n
G e 0.115 0.699 0.087 0.099
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Figure 4 Spatial distributions of different components
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