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Spatial heterogeneity and risk assessment of heavy metals in the soils of inhabited
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Abstract: It is of great significance to identify the background characteristics of soil environment in the island,
especially the spatial heterogeneity of heavy metals in the soils and its potential impact on the adjacent sea
areas, which is a prerequisite for the assessment of the island's ecological carrying capacity and vulnerability. In
this study, Tianheng Island, an inhabited island of Shandong province, was chosen as a research object.

Concentrations of five heavy metals, Cu, Ni, Cr, Pb, and Zn in the soils sampled from the island were analyzed,
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and the spatial heterogeneity characteristics of the five heavy metal contents were studied by using the inverse
distance weighting method. Two topographical elements, slope gradient and aspect, were used to study their
influence on the spatial distribution of the heavy metal contents by using geographic detectors. The potential
risk sources of precipitation runoff pollution to adjacent sea areas were predicted through catchment area
analysis. The result shows that the heavy metal contents on Tianheng Island did not exceed the background
value of Shandong Province, in line with the Chinese cultivated land standard, except Zn slightly polluted.
Based on the correlation analysis, there is no significant correlation between land use and heavy metal content,
but there is a significant correlation between different vegetation distribution and heavy metal content (»p<0.01).
The results of geographical detector analysis showed that slope and aspect had little effect on the spatial
distribution of heavy metals, and their combined effect had a nonlinear enhancement contribution to the spatial
distribution of the heavy metals. Based on the analysis of the catchment area, there are many water outlets
flowing into the ocean, and some catchment areas contain more heavy metals. Heavy metals on the island might
cause marine pollution risks through stormy runoff, which might affect the marine aquaculture industry. It is
suggested that, to the point precisely, the outlet can be combined with the hydrodynamic force for the precise
governance. The research results are of important theoretical significance for improving our understanding the
spatial distribution characteristics of background contents of heavy metals in the soils of inhabited islands, and

for a new round of development and construction of Tianheng Island based on land and sea oriented overall

planning.
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Fig. 1 Location,land use and vegetation types at sampling points of Tianheng Island
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Bzt Cu Ni Cr Pb Zn
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Tab.3 The correlation coefficients of five heavy metals and pH
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Fig. 3 Distribution of the heavy metals in soils of Tianheng Island
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Tab.5 The correlation coefficients of land use and soil heavy

metals
B Cu Ni Cr Pb Zn
FeAMH 0030 0030 0030 -0.079  0.067
KAEHEHM 0018 0067 0115  —0.079  0.067
TKGE -0.382 —0.297 —0.042 0.006 —0.297
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Tab.6 The correlation coefficients of different vegetation types and

soil heavy metals

it Cu Ni Cr Pb Zn

mps 09907 -0.990" -0.990" 09917  —0.990"
WA -09937 09927 09927 09947  0.992”
W 09917 09917 09927 09917 0998
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Fig. 4 Slope gradient and slope aspect of Tianheng Island
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Tab.7 The correlation coefficient of topographic elements and soil

heavy metals

7 Cu Ni Cr Pb Zn
WEE 0105 -0.097 0024 -0012  0.077
e 01000 —0.1197  —0.139" 0006  —0.077

TR * Hp < 0.05 B3, #* hp <0.01 B
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Tab.8 Factor analysis of topographic elements and soil heavy

metals
SER Cu Ni Cr Pb Zn
Wi 0.023 0006  0.005  0.009  0.013
Beim) 0.005  0.002  0.004 0002  0.008
BEEENBER 0.0417 00260 0027 0.044 0053
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Fig. 5 Distribution of land catchment area in Tianheng
Island

A AKX 4 8 3 E i ah R (3R 9),
557K IX Ni, Cr. Zn W3 & &, Cu T8
SRR ZNH XA T 9 5ILKIX, PbFH & &
REZHHIX AT 6 SILKX ., L HEE, 95
K XA TE S A TR i B8 U8 0 — R IF &, 5 K
X NAEFER Z Al FH Hb, Ak A 7= 31 i RE i

*9 FBILKXESEFINEE (mg/ky)

Tab.9 Average contents of heavy metals in each catchment area

(mg/kg)

KX Cu Ni Cr Pb Zn
1 29.5 32.5 62.3 224 126.3
2 30.5 31.6 612 24.8 127.2
3 26.9 33.1 62.0 229 130.0
4 32.1 403 75.3 25.8 133.4
5 30.9 437 81.5 28.1 140.6
6 26.2 36.0 65.9 314 131.7
7 23.1 326 60.7 26.8 126.9
8 262 36.4 68.2 249 127.1
9 37.0 334 67.1 234 131.5
10 27.9 343 63.0 249 137.1
11 315 409 76.0 26.0 140.0
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