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Source apportionment of heavy metals in reclaimed soil of iron mine wasteland

LIU Hui-lin', GE Chang', SHEN Qiang', HUANG Yuan—fang’, ZHANG Shi-wen'"

(1.College of Earth and Environmental Sciences, Anhui University of Science and Technology, Huainan 230001, China, China; 2. College
of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract: This study assesses the characteristics and main sources of heavy metals in soil reclaimed from iron mine wasteland. The pollution
sources of heavy metals(As, Cd, Cr, Cu, Hg, and Zn), the percentage of contribution of every source for every element, and the spatial distri-
bution characteristics in reclaimed soil were analyzed by combined multivariate statistical analysis and geostatistics. The results showed that
the variation coefficient of the above—mentioned six heavy metals in the study area ranged from 31%~67%. In contrast to the local back-
ground value, except for Cr, all the elements were enriched, and the accumulation of As and Cu was obvious. There were three main sources
of heavy metals in the reclaimed soil as per the correlation analysis, principal component analysis, and cluster analysis. PC1(As, Hg, Cu)
was derived from mine exploitation. PC2(Cd, Zn) was derived from agricultural and transportation activities, and PC3 was derived from the
soil parent material. The PCA/APCS receptor model and geostatistical analyses indicated that the heavy metals in the soils were derived from
three sources. The contribution rate of source 1 to As, Hg, and Cu was 67.10%, 46.30%, and 89.82% respectively. The contribution rate of
source 2 to Cd and Zn was 86.05% and 62.26% respectively, while the contribution rate of source 3 to Cr was 90.56%. The spatial distribu-
tion patterns of Cu, Cd, and Cr were consistent with the spatial distribution pattern of the maximum source contribution.
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Figure 1 Map of location and sampling points of the study area
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Table 1 Characteristics of statistics of heavy metal concentrations in topsoil
em | OME BRI mE B Rk B Bk LA i
Heavy metals MlnlmuT/ Maxlmuﬂq/ Range{‘ Averagf:l/ SD/ } EX4 Threshold'—exceedmg Backgroundjalue/ Threshold xjilue/

mg-kg mg-kg mg-kg mg-kg mg-kg CV/% ratio/% mg-kg mg-kg

As 2.64 35.30 32.66 14.68 7.95 54.16 63.16 12.30 40.00

Cd 0.11 0.44 0.33 0.21 0.10 47.62 47.37 0.17 0.30
Cr 26.70 81.80 55.10 51.28 16.76 32.68 0.00 86.00 150.00

Cu 11.20 201.00 189.80 75.44 50.28 66.65 78.95 30.70 50.00

Hg 0.03 0.14 0.11 0.08 0.03 37.50 47.37 0.08 0.30
Zn 43.00 118.00 75.00 73.63 22.72 30.86 26.32 83.60 200.00

VE EAR TR LA 3 S E bR, BIE SR LR B AR ) (GB 15618—1995) i —ZihRifk .

Note: The rate of exceeding standard is calculated according to the background value of Hubei Province. Threshold value is the second level of the

Standards for Soil Environmental Quality(GB 15618—1995).
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Table 2 Correlations matrix for the heavy metals in soils

Elﬁis ¢d G Cu Hg Zn pH SOM
As 100
cd 006  1.00
G 023 -052% 1.00
Cu  0.69% 023 -0.01 1.00
Hg 0829 0090 030 055% 1.00
Zn 053% 067 -0.14 053 0.66% 1.00
pH  —001 057% -008 0.2 027 046* 1.00
SOM  -041 062 -038 -035 -0.36 021 021 1.00

TE % 72 0.05 K FR AN 720.01 AP FREAR
Notes: * shows significantly different at P=0.05;
significantly different at P=0.01.

#*  shows
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Table 3 Total variance explained content and component matrix and rotated component matrix for heavy metal contents

K3 T EESERRSELMEMRS EREM S EREMIERE N 5 R

o - WL FFAEAE Initial eigenvalue - AR Component matrix i % B 434 4 Rotated component matrix
Components ¥ Zrl ﬁvf:jgfe%t Cumfj?ve 1, Elements  pCI PC2 PC3 PCl PC2 PC3
1 3.034 50.564 50.564 As 0.863 0331 -0.160  0.884 0.166 0.268
2 1752 29.206 79.771 cd 0420  -0.823 0250 0.021 0.860 -0.419
3 0.596 9.937 89.707 Cr 0.056 0860 0380 0.080 -0.246 0.906
4 0.349 5.812 95.519 Cu 0.798 0035  -0493 0916 0.104 -0.177
5 0177 2.953 98.473 He 0.868 0.321 0.170 0.725 0.376 0.468
6 0.092 1.527 100.000 Zn 0848 0349 0303 0.474 0.841 0.035
0 5 10 15 20 25 J5 T BETAE H AR
' LB T Ward B A0 45 BFIE I P 6 TR 4 5
e 5J Sy 3 Fh EFAF, F0 1k As Hg Cu, 25 2 2 Cd
M Zn, 25503 1 Cr, X 5 FRA g R —8 5%
Cu 4 2AHSCHE AT S A B UE . R I R R e
SRS YLIR 1 WML TE SR, U8 2 o0 28 18 Al 15 3
tr 3 P05 35k A T A BE BT H AR
o 24 ERIBEESERTMAN
FE T AR ARy T 3 FIUR R 4 X FE AT
Zn 6 IE a7 2 on R [l 5 R T A A IR A 4 X T ik

B2 AWVard BESMTEEEETRNIERE
Figure 2 Dendrogram of the cluster analysis of soil heavy metal

elements using the Ward method
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Table 4 The relative contribution of the source of heavy metal

elements in soil

JLE  PCl/ PC2/  PC3/ i AHXT 22 )
Elements % % % Others/%  Relative error/%

As 67.10 12.57 20.27 0.06 0.09 0.88
Cd 2.10 86.05 — 11.85 0.01 0.92
Cr 8.02 — 90.56 1.42 0.19 0.89
Cu 89.82  10.18 — — 0.02 0.88
Hg 46.30 24.07 29.63 — 0.05 0.89
Zn 3511 6226 2.63 — 0.09 0.93
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Figure 3 Spatial distribution of heavy metals in soil and spatial distribution pattern of the contribution of

the corresponding maximum emission sources
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