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DAfWen tmg ZHAN$ Hu1 , WU Xia?, ZHON@"Whng F, DU,AN gdll lan’, DONG Ji- hong- ;lANG Pei- Eﬂl , FAN Hong- mmg o ;
A
16, China; 2. lCeoph)slcal Prospecting and Surve\m%._;eam of

(L. bchool of Enfhument] and Spatial Informatics, China U_rhwaTsny of: Mnhmg and Technology, Xuzhfu 221
Sﬁandong Bur/cdu of Coal G.eeloglca Jinan 250104, CHma 1‘3 Besedldh gql’l,ter for Eco Environmental Suence,s,“ Chmese Academy of Sciences, Beijing 100085, China)™ '

L'mine area near the Yellow River in @handong the geo-accumulation index method and

Ab_pﬂ'l ct: Fo explore the pollutmmelwra(’temnm and sourge of %011 hpaw metal ,Ln" a

1mpr0wd Nemeérow, goﬂuuon indéx method were used to evaluate the poHutlon eteristics of soil heavy metal. The absolute principal component-multiple linear regression model
(APCS- MLRB was used to-uantitatively analyze the source of soil heavy metal, and the spatial distribution of Hg and Cd were analyzed using the Kriging spatial difference method in
AreGIS. .Thf‘ result accuracy of the APCS-MLR model was further verified. The results showed that: The measured contents of soil heavy metal Cu, Zn, Pb, Cr, Cd, Ni, As, and
Hg all exceeded the normal site, among which, Hg and Cd exceeded the background values of soil elements in Shandong. The coefficient of variation (CV) of Hg was higher than
0.500, indicating significant spatial heterogeneity. Moreover, the correlation between Hg and other heavy metals was generally low, and the possibility of the same pollution source
was small. The results of the geo-accumulation index and improved Nemerow pollution index showed that the overall soil heavy metal pollution was at a moderate level, among which
the Hg pollution level was the highest, and its maximum value was at a slanted-heavy pollution level; Cu, Cd, and As in soil caused local pollution, which were at a slanted-light
pollution level. Soil heavy metal pollution was closely related to mining activities, rehabilitation, and engineering construction in the coal mine area. The two major pollution sources
of soil heavy metal in the research area were the compound source of the parent material and industrial and mining transportation sources (known source 1) and the compound source
of atmospheric sedimentation and coal production (known source 2), the contribution rates of which were 76. 705% and 16. 171%, respectively. The results of the APCS-MLR model
were shown to be reliable by analyzing the content distribution of Hg and Cd using the Kriging space difference mode. This research can provide scientific basis for the precise control
and improvement of soil heavy metal pollution, ensuring the safety of food and agricultural products and improving the quality of the ecological environment in the coal mine area in the
Shandong section of the Yellow River Basin.

Key words: soil heavy metal; pollution characteristics ; ahsolute principal component score-multiple linear regression receptor model (APCS-MLR) ; source analysis; Kriging space
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Table 1  Descriptive statistics of physicochemical indexes in the research area
it &t pHH Cu Zn Ph Cr cd Ni As Hg
KAl /mg-kg! 8.890 25.810 76.146 24.306 42.113 0.185 32.571 15.014 0.131
e /ME /g kg™ 8.420 12.650 48.638 11.493 28.935 0.085 18.000 8.747 0.012
Wiz S /mg kg™ 8.670 20.132 66.059 18.376 36.186 0.141 26.387 12.534 0.039
brifE 22 /mg- kg 0.147 3.662 7.254 3.560 4.048 0.025 3.944 1.911 0.034
G 0.017 0.182 0.110 0.194 0.112 0.179 0.149 0.152 0.853
R /mg- kg™ 8.890 30.368 75.608 33.666 45.523 0.227 33.067 17.602 0.424
Fe/ME /mg kg™ 7.763 11.886 45.202 12.709 31.064 0.090 18.306 8.498 0.014
HE ] FHE/me k! 8.450 17.007 55.143 16.570 34.427 0.139 22.543 10.917 0.092
brifE 22 /mg- kg™ 0.326 4.673 7.758 5.642 4.108 0.046 3.802 2.293 0.117
LT 0.039 0.275 0.141 0.341 0.119 0.330 0.169 0.210 1.265
fe KB /mg kg™ 9.500 18.238 55.323 21.069 38.497 0.164 23.427 10.598 0.241
Fe/ME /mg kg™ 7.967 9.097 35.156 11.484 24.213 0.104 14.056 6.012 0.019
M Q  FEHME/mg-kg! 8.692 13.741 45.155 15.669 31.737 0.131 19.332 8.444 0.062
FrifE 2 /mg - kg™ 0.373 2.789 5.801 2.786 4.148 0.019 2.919 1.394 0.062
5 R 0.043 0.203 0.128 0.178 0.131 0.147 0.151 0.165 0.997
S + U R Al /mg kg™ 7.700 24.000 63.500 25.800 66.000 0.084 25.800 9.300 0.019
EH Y img- kg™ 8.732 12.500 44.083 14.312 31.301 0.073 18.942 8.071 0.018
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Table 2 Correlation coefficients of soil heavy metal in the research area
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Fig. 2 Boxplot of the geo-accumulation index of soil heavy metal in the research area
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Fig. 5 Spatial distribution of heavy metal in soils of the research area
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