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Characteristics of Heavy Metal Enrichment in Soil of Urban and
Rural Environmental Gradient Zone in Haikou, Hainan, China
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Abstract: In order to investigate the enrichment characteristics of heavy metals in soil of different urban-rural environmental
gradient zones in Haikou, agricultural surface soil samples were collected from four different urban-rural environmental gra-
dient zones in Haikou, including the urban center, urban-rural transitional zone, rural area, and natural area. The concentration
of eight heavy metals were measured, including Cd, Hg, As, Pb, Cr, Cu, Ni, Zn. The enrichment characteristics of heavy met-
als in soil of Haikou were analyzed through the vertical distribution and migration characteristics of heavy metals, the correla-
tion between heavy metals and physicochemical indicators, and the enrichment coefficient of heavy metals. The results
showed that the average contentration of Cd, Pb, and Zn in surface soil was higher than that in deep soil, and heavy metals had
varying degrees of cumulative effects. There was a significant positive correlation between soil pH and Cd content, and soil
pH had a significant impact on the degree of Cd heavy metal enrichment. Soil organic matter (SOM) was positively correlated
with the content of Hg, Cr, Cu, Zn, and Ni. The correlation between layer A and layer B was stronger than that of layer C.
Surface soil SOM had a significant impact on heavy metal enrichment. The proportion of sites with heavy metal enrichment
coefficients greater than 1.2 ranged from high to low was Cd (70.0%), Hg (41.7%), As (36.7%), Pb (28.3%), Zn (21.7%), Cu
(18.3%), Ni (18.3%), and Cr (15.0%). The enrichment degree of heavy metals in agricultural land soil in Haikou showed a
certain distance gradient variation feature, with the increase of distance from the urban center, the enrichment degree of eight
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soil heavy metals showed a gradually decreasing trend. Only Cd showed enrichment in the natural area, and no enrichment
points were found for the other 7 heavy metals. The enrichment coefficients of Cd, Hg, and As soil heavy metals involved a
wide range. The points with enrichment coefficients greater than 8 for Cd in urban central areas far exceeded that in ur-
ban-rural and rural areas. The points with enrichment coefficients greater than 2 for Hg were only located in urban central
areas and urban-rural transitional areas. The proportion of points with Cd enrichment coefficients greater than 1.2 far ex-
ceeded the other seven heavy metal projects. The coverage of Cd enrichment in urban and rural environmental gradients was
the highest, and the regional enrichment characteristics were obvious. In addition, the enrichment coefficient of 30% Cd

points was greater than 4, indicating a strong soil Cd enrichment degree, which should be paid attention to.
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Fig. 1 Distribution map of soil sampling sites
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Statistical characteristics of soil physicochemical indicators in different soil layers of Haikou soil profile

)2 Surface/(mgkg™")

FF 2 Middle level/(mg-kg™")

Ji£/Z Bottom/(mg'kg ")
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Index Mini- Maxi- Aver- Standard CV/% Mini- Maxi- Aver- Standard CV/% Mini- Maxi- Aver- Stan@ard CV/%
mum  mum age . mum age . mum age devia-
deviation deviation .
value value value value value value value value value tion
pH 4.2 7 5.2 0.6 12 4.4 7.3 5.4 0.8 15 4 7.5 5.5 0.9 17.2
SOM 2.9 64 23 12 51 1.4 47 15 9.3 64 0.1 40 11 8.4 75.6
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Tab. 2 Statistical characteristics of soil heavy metal content in different soil layers of Haikou soil profile
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. o I B 1 (L
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Index Mini- Maxi- Aver- dard- CV/% Mini- Maxi- Aver- dard- CV/% Mini- Maxi- Aver- Standard CV/% scrleenin%
mum mum age . mum mum  age . mum mum  age L values o
devia- devia- deviation il _
value value value . value value value . value value value soil con
tion tion tamination
Cd 0.01 0.48 0.07 0.07 110 0.01 0.14 0.04 0.03 83 0.01 0.25 0.04 0.05 131 0.3
Hg 0.01 0.19 0.07 0.04 52 0.01 0.41 0.07 0.05 84 0.01 0.13 0.06 0.03 50 0.5
As 0.04 21.20 3.82 3.93 103 0.01 22.60 3.70 3.90 106 0.04 24.90 3.85 443 115 20.0
Pb 9.90 8290 26.40 12.60 47 1140 5530 2440 8.21 34 9.70  69.40 24.80 10.50 42 70.0
Cr 17.10 587.00 258.60 151.80 59 22.20 590.00 253.00 150.00 59 20.90 930.00 260.00 159.00 61 150.0
Cu 4.00 151.00 64.40 37.90 59 4.10 144.00 62.50 38.10 61 4.00 141.00 66.60 40.90 61 50.0
Zn 13.40 544.00 120.70 73.50 61 23.40 191.00 110.00 45.40 41 25.40 208.00 111.00 45.10 41 200.0
Ni 2.90 343.00 141.80 94.20 66 7.20 345.00 143.00 94.90 66 6.70 380.00 154.00 103.00 67 60.0
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Fig. 2 Vertical migration and distribution characteristics of heavy metals in soil profiles of Haikou
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Fig. 4 Soil heavy metal enrichment coefficients at various sampling points in Haikou
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Fig. 6 Spatial distribution of soil heavy metal enrichment coefficients in Haikou
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