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Abstract ; Human actifities often increase the content of heavy metalsiin surfacé qoﬂs-"‘fhu% affecting the precise quantification and evaluanon of heavy metals in regional soils.
In ordér 1o systematically study the spatial distribution characteristics and eontnf)ullon rate of heavy metal pollution sources in typical farmland soil around stone coal mines in
weslem Zhejiang Province, fleavy metals such as Cd, Hg, As, Cu, Zn, and Ni in topsoil samples of arable land and agricultural products were collected and analyzed, with
an emphasis on the geochemical characteristics of each element and ecological risk assessment of agricultural products. Correlation analysis, principal component analysis
(PCA), and the absolute principal component score-multiple linear regression receptor model (APCS-MLR) were used to discuss the source and source contribution rate of
soil heavy metal pollution in this area. Meanwhile, the spatial distribution characteristics of the contribution rate of Cd and As pollution sources of the soil in the study area
were also expounded in detail by the geostatistical analysis method. The results showed that the contents of six heavy metal elements including Cd, Hg, As, Cu, Zn, and Ni
in the study area all exceeded the risk screening value. Among them, two elements exceeded the risk control value, Cd and As, and the point-exceeding rates were 36. 11%
and 0. 69%), respectively. The Cd in agricultural products was also seriously exceeded. According to the analysis, there were two main sources of heavy metal pollution in the
soil in the study area. Source one (Cd, Cu, Zn, and Ni) was coming from mining activities and natural sources, and the contribution rates to Cd, Cu, Zn, and Ni were
78.53%, 84.41%, 87%, and 89. 13%. Source two (Hg and As) was mainly an industrial source, and the contribution rates to As and Hg were 82.41% and 83.22%,
respectively. Cd was the heavy metal with the greatest pollution risk in the study area, and measures should be taken to reduce the pollution risk. There was an abandoned
stone coal mine rich in elements such as Cd, Cu, Zn, and Ni. Located in the northeastern part of the study area under the action of atmospheric deposition, the confluence of
mine wastewater into irrigation water and farmland sediment was one of the important factors for forming the source of farmland pollution. The settled fly ash was the main
pollution source of As and Hg, which was also closely related to agricultural production. The above research can provide technical support for the precise implementation of
ecological and environmental management policies.

Key words: heavy metal; source identification; APCS-MLR receptor model; geostatistics
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Table 2 Statistical analysis of heavy metal content in agricultural products in the study area

R AR FHIEE Cd Cr Ni Cu n As Ph Hg
Bk 0.144 ~2.861 0.100 ~0.314 1.131~3.726 2.313 ~4.536 22.301 ~26.891 0.086 ~0.104 0.084 ~0. 112 0.001 8 ~0. 002 0
B TF-HH + YRR 1.090 £0.886 0.212 +0.062 2.682 +0.791 3.558 £0.655 24.638 £1.326 0.097 £0.005 0.097 £0.008 0.0019 +0. 000 1
AR5 Z R % 140. 859 50.758 51.059 31.910 9.319 9.819 14.229 5.973
N FREE 0.2 1.0 — — — — 0.2 0.02
B 0.007 ~0.505 0.058 ~0.572 0.116 ~1.724 0.264 ~1.593 0.473 ~9.678 0.004 ~0.045 0.002 ~0. 114 0.001 3 ~0. 005 3
it FH + FEARR 0.097 £0.031 0.219 £0.030 0.578 +0.086 0.752 0. 111 3.149 £0.566 0.018 £0.003 0.036 +0.007 0.003 £0. 0002
AR5 Z B % 142. 185 60. 466 66. 471 66. 032 80.410 68. 608 88.361 37. 095
TR 0.05 — — — — - 0. 100 —
rai 0.001 ~0.098 0.013 ~0.067 0.065~3.999 0.138 ~0.719 1.927 ~3.889 0.013 ~0.033 0.000 ~0.019 0.0007 ~0. 0022
0 SFH + BEARR 0.023 £0.013 0.032 £0.007 0.760 £0.543 0.377 £0.086 2.622%0.273 0.025 £0.003 0.003 £0.003 0.001 1 0. 0002
AR5 RE % 150. 582 60. 944 189. 501 60. 323 27.533 28.290 264. 575 46.319
TR 0.05 0.5 — — — 0.5 0.1 0.01
1) As 1 Hg S S ALEGR & i PEM AR WL SCHR (34 ] “— TR A MK ; BRAES 28000, HAFRiE(E 27 3 mg kg ™!

..-"-‘.
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Fig. 2 Relationships between root soil and cadmium content of agricultural products
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Fig. 3 Spatial distribution of soil heavy metal contents in the study area
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Table 5  Linear regression model coefficient

. RIICRE PR LR B S -
B bR 2 Beta
it 0.341 0. 426 0. 801 0.425
cd S1 2.962 0.244 0.713 12. 148 0. 000 0.514
52 -0.328 0.244 -0.079 ~1.345 0. 181
Hik —4.877 1.361 -3.582 0. 000
As st 1.754 0.779 0. 062 2.250 0.026 0.892
2 26. 565 0.779 0.942 34.080 0. 000
W 0.045 0.011 4.277 0. 000
He st -0.003 0. 006 -0.012 -0.442 0. 660 0. 894
2 0.207 0. 006 0.945 34,421 0. 000
o ~7.065 3.563 ~1.983 0.049
Cu st 81.017 2.040 0.956 39.710 0. 000 0.918
2 5.389 2.040 0. 064 2. 641 0. 009
o 5.929 7.136 0. 831 0. 407
Zn st 183. 428 4.086 0.963 44.897 0. 000 0.935
2 16. 056 4.086 0. 084 3.930 0. 000
W 2.579 2.614 0.986 -~ 0.326 g™ o o
Ni s1 64. 063 1. 497 0. 962 42,798 | 0.000 “_;;rﬁ’fa’zd-‘
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