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Source identification and pollution assessment of heavy metals in farmland soils around a pyrite mining area
in Jiang'an County, Sichuan Province, China

LI Zhi—tao"*, WANG Xia—hui', HE Jun', JI Guo—hua', HE Jun', ZHU Wen—hui'

(1. Chinese Academy for Environmental Planning, Beijing 100012, China; 2. School of Environmental Science and Engineering, Tianjin
University, Tianjin 300072, China)

Abstract: To investigate the comprehensive influence of a pyrite mine on farmland soils in Jiang"an county, Sichuan Province, 207 surface
soil samples and 10 background samples were collected to determine pH values and heavy metal concentrations. A multivariate analysis
was applied to identify the potential sources of heavy metals. Pollution index assessment and potential ecological risk were also analyzed.
The following results were obtained : background heavy metal content in the studied farmland soils was higher than the background values
nationwide and Sichuan Province owing to the influence of the mining area, indicating the enrichment of heavy metals in the soil to different
degrees; multivariate analysis results showed similar sources for Cr, Ni, Cu, and Cd, which was related to the industrial activity of the pyrite
mining area; Hg and As were mainly affected by the parent soil materials; and Zn might originate from two sources; Cd seriously polluted
the studied farmland soils with an average content of 1.55 mg+ kg™ and the percentage of exceeding standard accounted for 99.03%, fol-
lowed by Cu(37.20%); the study area was at a moderate pollution level as a whole; and the potential ecological risk assessment was signifi-
cantly influenced by the background reference values; when the background content of heavy metals in the studied area was selected as the
reference value, 79.71% of the samples were at the mild potential ecological risk level, which was mainly attributed to Cd and Hg. There-
fore, the industrial activity of the pyrite mining area led to severe Cd pollution in the surrounding farmland soil and the present study
showed the potential to provide a scientific basis for the prevention of subsequent pollution.
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Figure 1 Distribution of soil sampling sites in the study area
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Table 1 Grading standards of potential ecological risk

of heavy metals

LI Single item 254 Synthesis

£ AR fEFFR Rl B fEEFR
Ecological risk level Ecological risk level
<40 A SRS <150 R A S AU
40~80 AR S AU 150~300 G EE 24 PN AN 54
80~160 A AR A IR 300~600 TR A A U
160~320 A A R =600 W v A 25 RV
2320 e 1o A A RS

R2 BETEEMPHEMEEESE (ng k")
Table 2 pH value and heavy metal concentrations(mg-kg™")

in background soil

i H pH Cd Hg As  Pb Cc Cu Ni Zn

BRI 772 0.60 0.162 19.9 485 240 157 106 186
B/ME 457 017 0102 100 196 73 21 25 94
R 599 041 0125 156 31.8 135 87 67 147
MM 6.05 038 0.126 149 324 143 85 64 140
bRz 128 0.14 0018 34 99 68 52 31 28

-
%,%Llaig% — 0.097 0.065 112 26 61
5

1148 145
m%ﬁlﬁii@% — 0.079 0.061 104 309 79 31.1 32.6 86.5
5

226 269 742
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W IR Cd Cu oL R 0 TR A S S BUX 2
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XTI IX 207 A4~ 3R )2 5 i pHE AN EE 42 )@
AT TR RG4S WL 3, A -3 pH(E
75 Ak 1 Fi Hy 3.74~8.38, S35 {E K 6.68, Ho 1 78.5% #
di L0 - pH (B 7E 5.5~8.38 Z [A] , i S 4 1E H
Ak, WNEERSREKRAE,Cd Hg. As .Pb.Cr.Cu Ni,
Zn 1S 23 )8 1.55.0.261,12.2.46.2, 115,74,
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Table 3 Statistical analysis of pH value and heavy metal

concentrations (mg-kg™) in soils

WH pH € Hg As Pb  Cr Cu Ni Zn
R 838 9.65 0.831 443 2944 186 226 135 609
B/ME 374 036 0011 4.6 251 34 21 24 54
FOE 6.89 1.31 0235 11.6 423 114 75 58 108
M 6.68 1.55 0261 122 462 115 74 59 113
WfEZ 111 111 0110 49 244 25 26 17 42

AR 16.65 71.57 42.07 40.12 52.76 21.31 3591 29.09 37.62
/%
%

7 FL R K, A PC1 B 25 5 T o X 3+ 38 i 4
G3Aiio PC1 Y 250 #ifai f24% Cd . Cr . Cu Ni il Zn,
435124 0.619.0.796 .0.731.,0.915 £10.501, #£ [/ — F
A3 b HLAT 558 R B AT 1 T 2 AT REAE A [ Y, 49
TR RIE EEA MR (AREE) 5 ARG
S5 An] il g SO XYL BB - R Cd S R
F B 5E K, T8 % - 3 i BE 5 v CA AR T
S, R BRI AR Cd s YL lE . TR
DXy s TR A, DA T v B A BICIR S A AE 1Y Cd 7R
Je AT VE T S kA s 5 7E R
FERRLFE HAE A 1 Cd B9 B B0 R 3 L
M 1 Cd 280 e Ak b 38U HE R M R K, 18 5
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RAFIE R3] X NATHE TG Bk S R i
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Table 5 Factor loadings of principal component analysis for

heavy metals in soils

WG N T i T s [N 387

Elicrfnt Component matrix Rotated component matrix
PC1 PC2 PC3 PC1 PC2 PC3
Cd 0.622 -0.164 -0011 0.619 -0.162 0.063
Hg 0.055 0.768 -0.096 0.007 0709 0.314
As -0.061 0750 -0.464 -0.018 0.883  -0.030
Pb 0.125  0.607 0.673 -0.090 0.181  0.892
Cr 0.754  0.095 -0321 0796 0213 -0.035
Cu 0763 -0317 0.157 0731 -0384 0.162
Ni 0.886  0.040 -0262 0915 0.130  0.019
Zn 0.637 0258 0399 0501 -0.003 0.617
FRAEME 2749 1725 1.033 2648 1552 1.307
BREUrE 344 55.9 68.8 33.1 52.5 68.8

R4 TEESETRBXMEIN

Table 4 Correlation analysis for the heavy metals in soils

JGLZE Element Cd Hg As Cr Cu Ni Zn

Cd 1 -0.059 -0.111 0.217%%* 0.309%* 0.549%* 0.316%*
Hg 1 0.380%* 0.319%%* 0.112 -0.108 0.075 0.077
As 1 0.088 -0.356%* 0.092 0.074
Pb 0.022 0.013 -0.001 0.315%*
Cr 1 0.522%%* 0.665%* 0.303%#*
Cu 1 0.571%#%* 0.355%*
Ni 1 0.429%*
Zn 1

T UGS, % FIORTE P<0.01 K- I3, *FRIRAE P<0.05 K- F ik 2

Notes: Two—tailed test and the symbols of ** and * indicate significant differences at P<0.01 and P<0.05 levels, respectively.
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Figure 2 Cluster analysis of heavy metal dendrogram in soils

®o BEFSREHNER

Table 6 Result of single factor pollution index

JLZ I R MR Ak 15 Y5 HL Pollution index BT 2/%
Element Sample number Excessive point P<1.0 1<P,<2 2<P,<3 P.>3 Excessive proportion

Cd 207 205 2 17 69 119 99.03
Hg 207 0 207 0 0 0 0

As 207 2 205 2 0 0 0.97
Pb 207 3 204 1 2 0 1.45
Cr 207 4 203 4 0 0 1.93
Cu 207 71 130 69 8 0 37.20
Ni 207 16 191 15 1 0 7.73
Zn 207 1 206 0 0 1 0.48
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Figure 3 Spatial distribution of Cd pollution index(a) and comprehensive pollution index of heavy metals(b) in the study area
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Table 7 Result of Nemerow comprehensive pollution index

. N P, PEWEE Y ) Classification proportion/%
RFEXI AR o — Ny R
Sampling Sample S A 2k BTG Y hEEE Y HEFS Y
reoi ) P,<0.7 0.7<P,<1.0 1.0<P,<2.0 2.0<P,<30 P>3 Warning Slight Moderate Heavy
glon amount Clean
limit pollution pollution pollution
FAE1 62 0 0 19 25 18 0 0 30.65 40.32 29.03
FHE2 51 0 0 9 21 21 0 0 17.64 41.18 41.18
3 46 0 0 13 18 15 0 0 28.26 39.13 32.61
R4 23 0 1 9 6 7 0 435 39.13 26.09 30.43
RS 25 2 1 7 9 6 8.00 4.00 28.00 36.00 24.00
&it 207 2 2 57 79 67 0.97 0.97 27.54 38.16 32.37
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Table 8 Percentages of sites at different potential ecological risk levels in the total sample sites (%)

IR AR S

S AR SF

T WiH Ecological risk level of single—factor pollution General level of potential ecological risk
Background Item % A B ] e fix T ] e
Low Medium  Considerable high High Serious Low Moderate High Serious
PUPIIES) Cd 0 0 0.48 12.08 87.44 0 0.48 29.95 69.57
Hg 0.48 0.97 52.66 4251 3.38
BF5E X 5 Cd 1.93 27.54 57.00 11.11 2.42 7.25 79.71 11.59 1.45
Hg 2.42 53.62 41.06 2.90 0
filst . AN Cu B ALBIBR AR (37.20%)  DURT L
2 :
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