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Fig.1 Location and sampling distribution of the study area
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Tab.1 Statistical results of heavy metal content in soil of the study area

=1 -6 v I
. &H/10 " AN
EizL7 YN FeRT b2 AR RZB % Pt £ [£35° Py _s 5 (g 015)
pH {i 2.37 6.85 0.71 15.51 0.70 1.02 0.080 -
Cu 1.06 350.94 53.68 178. 84 5.16 27.28 0.086 20.30
Pb 5.63 459.53 98.78 98.04 2.25 4.72 0.070 32.30
Zn 11.96 355.36 51.03 61.97 3.22 13.26 0.074 69.40
Cr 0.31 271.72 58.11 114.89 1.98 4.08 0.068 45.90
As 0.01 564.27 41.80 325.40 9.51 106.79 0.068 14.90

VE: pH (HJEREA; - RO

AR5 ZRBONT A W R A 0 A Y IR
BN AR S R EE , RFEFE AR /NEI KN pH (E
<Zn<Pb <Cr<Cu<As, pH{H.Pb fl Zn & &Y
AR SRR VE N 10% ~100% |, J& T 4548
P£; Cu Cr Ml As F MR RZEKT 100% , 25848

S RN TR S 1L -3 Cu (Cr AT As &
IIARIN2E AR, B RIRERE 5 M\ D B2 FIIEE FE R
MR R B FR A ] BEE R, A L
SE SRS EHEIA 2 5 FEIE T Kolmogor-

ov — Smirnov 1IEZAMERE , Hrp pH B EIESS ,
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KT 100 x 108 Fi A 4 25 8, Pb e KT
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107 B P A 4 88 8, Cr & i K F 100 x
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SR M R R R E SR SR
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Tab.2 Average content of heavy metals in soil of different mineral categories and ore types

, /1070
e v pH fi Cu Ph Zn Cr As
4 4.46 350. 94 36.93 147.40 62.74 163.24
i 4.55 49.66 38.75 98.78 203.11 43.73
P %H 5.64 17.10 138.41 91.38 19.20 8.91
7S 5.19 29.86 459.53 271.99 53.68 16.83
! 5.66 156. 14 98.42 129.72 68.81 50.15
) 6.15 184.10 42.41 202.73 70.89 564.27
Hihs:my WA 6.85 40.11 29.66 53.95 116. 87 11.24
WA &)En i+ 4.57 20.83 109.27 80.09 44.40 6.39
[0 S 4.37 31.97 34.02 63.81 89.94 19.06
-]t 4.70 8.63 81.59 97.40 6.90 1.37
aRE 3.59 27.34 36. 16 34.02 78.32 10. 34
M R R T U 3.90 37.46 41.10 75.03 82.40 48.94
ik 4.11 25.72 35.48 71.59 55.66 10.71
i 4.70 24.17 26.26 68.10 95.50 36.38
3.2 ZEBHEES Moran’s T F850E AT 8 5 46 5611 JERE IR Z Y
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Tab.3 Global Moran’s I analysis results of heavy

metal content in soil of the study area

FabR Moran’s I $5%% VA P
pH 1H 0.23 4.94 0. 000
Cu & 0.27 5.93 0. 000
Pb i 0.62 13.41 0. 000
Zn EE 0.13 2.86 0.004
Cr &t 0.15 3.18 0.001
As g 0.39 9.08 0.000
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Fig.3 -1 Spatial distribution of heavy metal content in soil of the study area
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Fig.3 -2 Spatial distribution of heavy metal content in soil of the study area
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Tab.4 Results of KMO and Bartlett tests

4 g

KNO (i B AR A 06
HRAEBF I X T I A A LA A (181 3) L L i
AT LA H G DX B 53 A 4 B i o P 3 3 ok &P B
S, T B A X L 4 %5 TEESBEBEXEREENE

J& Z AL OC R | ia ] B ik AR U

SRIBUR R T 28 W HEAT e 58 WUORHRIF 51X 4 3

FE 6 T 4% (19 T4 B, 73 3] KMO ( Kaiser — Bfs pHE Cu®B PAE Znd
Meyer — Olkin) fEHTELRFRIBE A IO 25 S (5 4)  + 0
4R A AT RBUENE (F25) RS ITE
(B B )7 2 BTk (% 6)  RAP IR AT A HE

(%%7)0

KMO fEe A gageit & E—Bh 0 ~1,1%46 A

Tab.5 Correlation coefficient matrix of heavy metal

content in soil

e

Cr & As &

il
il

pHE 1

Cu it 0.273% % 1

Pb &t 0.100% ¢ 0.041
it 0,107 0.330*

Cr & 0.111°* 0.140*
3

SHEO0.112** 0.270*

1
=008 1
*-0.119770.127 " 1
*-0.045 0.1347" 0.1427" 1

PR T A A N 7 R WS S AT BRI, AR . st 0.01 e

(RUR) MR,
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Tab.6 Eigenvalues and variance contribution rates of

principal component analysis

E%y FEARE T ZTURE/ % BBUT TR/ %
1 1.706 28.427 28.427
2 1.222 20.370 48.797
3 0.893 14.880 63.677
4 0. 847 14.124 77.801
5 0.730 12.172 89.973
6 0.602 10. 027 100. 000

RT MO R AR

Tab.7 Component rotation load matrix

. A PR o £ A
B ES E e %
pH {f 0.520 0.536
Cu it 0.781 0.076
Pb i 0.012 0.680
In 0.652 -0.063
Cr i 0.311 -0.643
As i 0.549 -0.223
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Spatial distribution characteristics and source of heavy metals in
abandoned mine soils in Ganzhou City

LI Zhou, ZHANG Songtang, LAI Qinglin, WANG Hu, WEN Xiujuan, XIAO Zhijian
(No. T Geological Brigade of Jiangxi Provincial Geological Bureau, Ganzhou Jiangxi 341000, China)

Abstract: The surface soil and vegetation in the southern Jiangxi Province have been severely damaged due to un-
regulated mining and extensive management practices in abandoned mines. This issue has resulted in accumula-
tion of tailings, soil erosion, and soil acidification, which ultimately leading to regional environmental pollution.
In order to gain a comprehensive understanding of the pollution problems in the abandoned mines of the southern
Jiangxi Province, the authors in this paper took the abandoned mines in Ganzhou City as the research subject to
explore the spatial distribution characteristics and sources of heavy metals in the mine soil. The content of heavy
metal elements in surface soil samples (0 ~20 ¢m) was measured and the combined approach integrating multiva-
riate statistical analysis, geostatistics, and GIS technology was employed to analyze the spatial distribution patterns
of the heavy metals. Besides, the principal component analysis method was used to identify the factors contribu-
ting to heavy metal contamination in the mine soil. The research findings are as follows. (D The heavy metal con-
tent in the abandaned mine soils is relatively high, with the average value exceeding the background level of Jian-
gxi Province. Specifically, the average heavy metal content in the soil of metal mines is generally higher, while
that content of building material and brick — tile clay mines is generally lower. The spatial autocorrelation Moran’s
I of heavy metals in the mine soil is consistently greater than O, indicating a certain positive spatial correlation dis-
tribution within Ganzhou City. @) The overall spatial distribution pattern of heavy metals in the mine soil exhibits
a decreasing trend from west to east. The spatial distribution of heavy metals in the soil, as predicted by ordinary
kriging interpolation, is generally consistent with the results of the local spatial Moran’s I distribution. (3 Through

principal component analysis of pollutant sources in the abandoned mine soils, the variance contribution rates of
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the two principal components are 28.427% and 20.370% , respectively. The correlation coefficient between Cu
and Zn content is 0.330, suggesting a possible common origin or combined pollution relationship. Cu, Zn, and
As are the main components of soil pollutants in the mining area. Moreover, the adsorption and migration of Pb in
the mining area soil are positively correlated with the soil pH value. The results of this research could provide val-
uable theoretical references for soil pollution prevention and control as well as ecological environment protection in
Ganzhou City.

Keywords: abandoned mines; heavy metals in soil; variation function; spatial distribution characteristics; com-

bined pollution
(REHE: BEH)



