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SRV PRI, S Bh 4%t T4 M/ 2 TC L 1 [T A 2 AR K8 ( APCS-MLR) 588 AHZS SR e, Xt HE T 45 R 25 [A] 40 A6 K
HIRHEAT 8. G5HRM, Pb, Ni, Zn, Mn, Cu, Cr fl Cd & 43120 34.78 | 52.376, 83.692, 641. 114, 38.130, 87.257 Al
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Spatial Distribution Characteristics and Source Apportionment of Soil Heavy

Metals in Chinese Wolfberry Land Based on GIS and the Receptor Model
BAI Yi-ru'?, ZHANG Xing'?, ZHAO Yun-peng'>, WANG You-qi'”*, ZHONG Yan-xia'

(1. College of Resources and Environment, Ningxia University, Yinchuan 750021, China; 2. Arid Area Characteristic Resources and
Environmental Governance Department of Education International Cooperation Joint Laboratory, Yinchuan 750021, China)

Abstract: A total of 119 surface soil samples (depth of 0-20 ¢cm) were collected from a Chinese wolfberry demonstration garden in
Zhongning of Ningxia, and samples were analyzed for seven heavy metals (Pb, Ni, Zn, Mn, Cu, Cr, and Cd). The single factor
index, comprehensive index, and potential ecological risk were used to assess the soil heavy metal contamination with the soil
background values of Ningxia as the evaluation standards. The absolute principal component scores and multivariate linear regression
(APCS-MLR) model as well as geostatistic analysis were combined to identify and apportion the pollution sources of soil heavy metals.
The results showed that the average concentrations of Pb, Ni, Zn, Mn, Cu, Cr, and Cd in soils were 34. 78, 52.376, 83.692,
641. 114, 38.130, 87.257, and 0. 149 mg-kg ™", respectively. The mean concentrations of heavy metals were higher than the local
soil background values but lower than the risk screening values for soil contamination of agricultural land. The comprehensive index
results showed that the pollution degree of soil heavy metals was at the slightly polluted level in 81.51% of the samples, at the
moderately polluted level in 16. 81% of the samples, and at the unpolluted level in 1. 68% of the samples. The comprehensive index
values for potential ecological hazards were less than 60 in 13.45% of the samples, and these values were associated with a slight
potential for ecological risks. The comprehensive index values for potential ecological hazards were less than 120 and more than 60 in
86.55% of the samples, and these values were associated with a moderate potential for ecological risks. The four main pollution
sources of soil heavy metals in the study area included natural sources, industrial activity, traffic, and agricultural activity. Natural
sources were the main source of Ni and Cr with average contribution rates of 55.49% and 64. 66% , respectively. Industrial activity
was the main source of Pb and Mn with average contribution rates of 46. 93% and 42. 53% , respectively. Traffic was the main source
of Zn and Cu with average contribution rates of 43.51% and 53.71% , respectively. Agricultural activity was the main source of Cd
with an average contribution rate of 76.79% . The study results indicated that soil heavy metals have tended to concentrate in the
Chinese wolfberry demonstration garden, and the sources of heavy metals were complex and obviously influenced by human activities.
Controls should be strengthened for sources that contribute to soil heavy metals to ensure the sustainable utilization of soil resources in
the Chinese wolfberry land.

Key words : Ningxia; heavy metal; source apportionment; APCS model; Chinese wolfberry
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Table 1  Descriptive statistical characteristics for seven heavy metals in the study area
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Pb 16. 82 53.21 34.78 6.98 0.20 0. 889 20.6 170 50
Ni 28. 794 72. 673 52.376 9.191  0.18 0.756 36.6 190 —
Zn 24.914 123. 380 83.692  20.483  0.24 0 58.8 300 —
Mn 435,215 791.310 641.114  65.920  0.10 0. 888 524 — —
Cu 19. 605 74.759 38. 130 10.895  0.29 0.013 22.1 100 60
Cr 40.592 125.219 87.257 17.151  0.20 0. 944 60.6 250 120
cd 0. 081 0. 169 0. 149 0.014  0.09 0 0.11 0.6 0.4
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Table 2 Percentages of sites at different pollution levels and potential ecological risks for seven heavy metals
EE Vg ARG RGO R R LB % AL A [ A 28 AR S5 R i L 81/ %
- ST kER BE i T 18 B i i 3
Pb P, 1.68 80.67 17.65 0 E, 100 0 0 0
Ni P; 1.68 98.32 0 0 E, 100 0 0 0
Zn P, 16.81 82.35 0.84 0 E, 100 0 0 0
Mn P, 4.20 95.80 0 0 E, 100 0 0 0
Cu P, 0.84 72.27 25.21 1.68 E, 100 0 0 0
Cr P; 6.72 90.76 2.52 0 E, 100 0 0 0
Cd P; 1.68 98.32 0 0 E, 1.68 98.32 0 0
P, 1.68 81.51 16. 81 0 RI 13.45 86.55 0 0
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Fig. 2 Dendrogram results of the hierarchical cluster analysis

for seven heavy metals in the study area
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Table 3 Rotated component matrix for data on soil heavy metals in the study area

— % I 5
JLE ! 5 3 2 Ag g LA
Pb 0. 090 0. 829 -0.227 -0.148 0.768

Ni 0.789 0.371 -0.088 0. 047 0.771

Zn -0.347 0. 361 0.774 -0.034 0. 851
Mn 0.382 0.769 0.252 -0.021 0. 801

Cu 0. 040 -0.290 0. 864 0. 129 0. 849

Cr 0. 887 0. 048 -0.098 -0.082 0. 806
cd -0.036 -0.110 0. 073 0. 986 0. 992
FEAE(E 2.370 1.515 1. 169 0.783

R BT 2/ % 24. 099 23. 494 21. 198 14. 598
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Fig. 3 Source contribution ratios of soil heavy

metals from study area
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Fig. 4 Spatial distribution of soil heavy metals in the study area
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Fig. 5 Spatial distribution of source contribution for soil heavy metals in the study area
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