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Pollutlon Characteristics andJ Sources of /Heavy Metals in Soil of a Typical Pyrlte

Concentrated Mining Area in Anhul Pr()ymce

JIA Han] 2j3 LIU ]un-xmg , WANG Xlao-guang ,JU Lin-xue" , HE Xin® , ZHOU Jian-wei4, ZHANG Yi!

(1. Geology Institute of China Chemical Geology and Mine Bureau, Beijing 100101, China; 2. Institute of Geological Survey, China University of Geosciences, Wuhan
430074, China; 3. Natural Resources and Land Control Center, The Xinjiang Production and Construction Corps, Urumgqi 830000, China; 4. School of Environmental
Studies, China University of Geosciences, Wuhan 430074, China)

Abstract: To identify the characteristics and sources of heavy metal pollution in the surrounding soil of a typical pyrite concentrated mining area in Anhui Province, the pH
value and the concentrations of Zn, Cu, Cd, Pb, Cr, Ni, Hg, and As in 42 surface soil samples and 16 soil samples from two vertical sections in the study area were collected
and measured. The distribution characteristics, pollution assessment, and source analysis of heavy metal elements were conducted using the ArcGis inverse distance weight
interpolation method, Nemero comprehensive index method, principal component analysis method, and absolute factor score-multiple linear regression ( APCS-MILR) receptor
model. The results showed that the average concentration of the eight heavy metals was 1. 03-13. 14 times the background value in the Tongling area. The local enrichment of
In, Cu, Cd, Ph, Hg, and As was obvious, and the spatial distribution was basically consistent with the location of man-made mining activities. The single-factor pollution
index evaluation showed that Zn, Cu, Cd, Pb, and As had different degrees of pollution risk, and the pollution degree of Cd and Cu was the most serious, accounting for
47.62% and 42.86% of moderate pollution, respectively. The Nemerow comprehensive pollution index evaluation showed that 61.90% of the soil samples in the study area
were moderately polluted. The ground accumulation index evaluation showed that the pollution degree of Zn, Cu, Cd, Pb, Hg, and As in the study area was mainly from light
pollution to strong pollution. In the vertical soil profile variation, heavy metals were easily enriched in the surface layer of the soil but migrated slowly to the deep layer, with
concentrations mainly above 1 m. The results of source analysis showed that the high geological background and mining contribution rates of Zn, Ph, and As were 37. 82%,
43.49%, and 46. 63%, respectively. The natural contribution rates of weathering of parent material were 34. 02%, 40. 88%, and 38. 52%, respectively. The sources of Cr
and Ni were mainly natural sources of weathering of the parent material , with contribution rates of 91.95% and 73. 68%, respectively. Geological high background and mining
activities contributed 41.91% of the Cu sources, and atmospheric sedimentation and agricultural comprehensive sources contributed 41. 30% . There were many sources of Hg.
The natural source of weathering of soil parent material contributed 35.60%, geological high background and mining activities contributed 29. 87%, and unknown sources
contributed 34. 05% . The main source of Cd was atmospheric sedimentation and agricultural comprehensive sources, contributing 81. 81%.

Key words: typical pyrite concentrated mining area; heavy metals in soil ; distribution characteristics; APCS-MLR receptor model; source analysis
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mg-kg ™', 2 B2 b lfé.-‘f SHEPY B 103213, 147
5, A4 3 27600 . 148.00, 1.047-126. 50 ,
74.55 . 25,02 .0. 09 Fil 42, 75 mg-kg ", &5 55 Ho
X5 5AE Y 0.99 ~3.24 f%. Zn, Cu, Cd, Pb, Hg
I As B 4 i J0 28 1 45 (BRI AR 1 24 1 T i g s 1XC
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Table 3 Statistics of heavy metal content in the surface layer of the study area

i H pH(TCE) Zn Cu Cd Pb Cr Ni Hg As
KA/ mg-kg ™! 8.53 3924.00 2 683.00 41.30 1820.00  223.00 46. 60 0.33 861. 00
% /ME/mg kg ™! 3.47 78.30 33.40 0.10 28.30 30. 80 9.24 0.02 10. 20
S/ mg-kg ™! 6.50 706. 28 370. 30 4.34 340. 09 80. 48 25.87 0.11 143. 14
i/ mg-kg ™! 6.64 276. 00 148. 00 1.04 126. 50 74.55 25.02 0.09 42.75
FrifE2/mg-kg ™! 1.25 906. 25 526. 03 7.41 443.78 33.62 7.73 0.08 193.95
AT RE % 19 128 142 171 130 42 30 74 135

i £ -0.35 2.09 2.73 3.50 2.09 1.94 0.39 1.44 2.07
g i -0.38 4.27 8.71 14. 81 3.79 6.56 1.09 1.21 4.13
il 2 b X 75 5/ mg - kg ™! 113 47.7 0.33 39 73.5 25.2 0.0510 24.3
VLRI =6/ mg-kg ™! 53.2 24.9 0. 104 25.9 69. 4 25 0. 041 9.4
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Fig. 2 Spatial distribution of heavy metals in surface soil
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Fig. 3 Vertical distribution characteristics of heavy metals in QJ 01
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2.5 LHGEUORIMET 5 1)
2.5.1 MOEHESH ¢ fo— TP

ok M 8 b LA I TC 2 AT M Rk S T
HRAEA G R B Nfe ) i 7 4 i T 2k U5 ] 05
P AR Bk FE B [l U AT RO R 2
BLFEAE Z A AR AR . 36 4 Th Al B i Zn,
Cu, Pb, Hg Fll As iX 5 FPOCZE IR Z [A]7E 0. 01 7KF-
R EA O, M R 0.795 ~ 0. 875, I Al fig A
HAHFB I ; Cr F Ni 76 0. 01 7K F I b 240 6,
IR RECH 0. 772, LB X W Fh T 2R A & HH R
Cd 5 Cu Fl Zn 7£ 0. 01 /KF [ B Z A, MR
43904 0. 601 F10. 395, %W Cd 5 Cu F1 Zn P HEE
A5 TR AR (B U5
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Table 4  Correlation analysis of heavy metals in soil

Zn Cu Cd Pb Cr Ni Hg As
Zn 1
Cu 0.815™ 1
Cd 0.395* 0.601 ™ 1
Pb 0.875* 0.718 ™ 0. 264 1
Cr 0. 141 -0.008 -0.122 0.234 1
Ni 0.369 * 0.239 0.201 0.320" 0.772* 1
Hg 0.803 ™ 0.615* 0. 205 0.913 ™ 0.267 0.321" 1
As 0.795 " 0.743 ™ 0.256 0.868 ** 0.197 0.306 " 0.761 " 1

1) * /R P<0.05, =+ &K P<0.01

2.5.2  FERWO T G R KR

FIFH SPSS 22 X Ji iy Koo 4 14047 v A Ab B, X6
FRAEAL S5 OB E 1T KMO K 56 F1 Bartlett BR B K

¥ KMO Giit AR 0. 753 (KT 0.5) , B4 F 45k
TEREIR B2 A 0. 00 (/T 0. 05) , & IAEEIE A 15
FHG AT AR B R EE R T 1 FIRT m
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Table 5 Result of principal component analysis

5H TR I 1% 28 X7 28 far R 5K

PCl PC2 PC3
Zn 0.881 0.13 0.307
Cu 0.731 -0.011 0.582
cd 0.15 0. 009 0. 958
Pb 0.958 0. 147 0. 095
Cr 0.113 0.938 -0.178
Ni 0. 182 0. 920 0. 209
He 0.912 0.179 0013
As 0. 900 0.122 0,132
I 4.564 1. 645 0.996
H TR % 57.050 20. 560/ 12,448
SRR % 57050 77.609 | 90. 057

— 3 I &
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