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Assessment and Spatial Characterlstlcs Analysis of Human Health Risk of Heavy

Metals in Cultlvated Soil |/ f & '/ Cly & i

JI Chao! HOU Da well *, LI Fa-zhi' BAO Cua-ng sjiing’ , DENG Ai- pln ! SHEN Hong-jun’** Sle -Hual i

(1. College of Public Admlmstranon Nan]lng Agncultur}l Unlversny, Nanjing 21009: Chlna 2. College of Urban and Envuronrg.ent
Yunnan Umversny of Finance and Economics, [Kunming 650221, "China; 3. Jiangsu Environmental Monitoring, Nanjing 210036,
Chmc'lIl 4 Jiangsu Key Laboratory of Environmeft arfl Hed.lth,.l\lan}mg 210036, China)

Abstract : Spatlal characteristics analysis of the human health rmk posed by heavy metals in cultivated soils is of great significance,
with the potennal to prevent and control soil pollution, protect human health, provide a basis for risk management, etc. In this paper,
a methodological system, including a USEPA health risk assessment model, differentiation and factor detector within a geographical
detector, and optimized initial model of rank-size theory, was constructed from a geographical perspective. Taking a city in Jiangsu
province as the research object, we obtained the spatial differentiation and relative level of human health risk of Cr, Pb, Hg, and Cd in
cultivated land by using the methodological system constructed and SPSS and ArcGIS software. The average concentrations of heavy
metals (mg-kg™") in the research area were Cr (65.207 mg-kg™'), Pb (25.486 mg-kg™'), Cd (0.238 mg-kg™'), and Hg
(0.045 mg-kg ™), which were lower than the risk control standards for soil contamination of agricultural land in China. The children’s
non-cancer risk of Cr and Pb and the cancer risk to children and adults of Cr were 2.914 385, 1.337 503, 4.312679 x 10, and
8. 137130 x 107, respectively, all of which exceeded the maximum acceptable limit in the research. Meanwhile, the spatial
differentiation (¢) of heavy metal health risk was between 0. 005 523 and 0. 204 238, which indicated that the high health risk posed
by heavy metals should be paid attention to. The health risk rankings (R) of the children’s non-cancer risk of Cr and Pb and the cancer
risk of Cr in subregions 1, 2, 3, and 4 approached or exceeded 1, and were higher than in subregions 5, 6, and 7, for which R was
lower than 0. 1. The R values indicated than the high health risk is concentrated in the research region. This research has great
significance in measuring the health risk of heavy metals in cultivated soil at different scales, and in forming control strategies with local
conditions.

Key words: cultivated land; soil heavy metals; human health risk; geographical detector; rank-size theory
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Table 1  Descriptive statistics of heavy metals in cultivated soil
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Table 2 Analysis of health risk assessment of heavy metals in cultivated soil
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Table 3 Analysis of the spatial differentiation characteristics of human health risk of heavy metals in cultivated soil based on the geographical detector
iH HQa_Cd HQa_Cr HQa_Pb HQa_Hg Hla HQc_Cd HQc_Cr
o 9.480671 x107% 7.066 856 x 103 2.621 855 x10 7% 2.900741 x10~° 1.372807 x10~2 7.677073 x10~° 0. 422 822
o2 1.061307 x1077 9.643954 x107° 2.772261 x 103 4.601 141 x10® 1.723219 x10~2 2.116 760 x 10 =6 0. 174 161
0,7 2.217984 %1077 4.961458 x10 % 4.451691 x 103 7.667 234 x10~7 1.290947 x 102 9. 534556 x 10 6 0. 686 803
oy 1.213386 x10°7 4.125805x10 % 2.510055 x 10 1.255743 x10°% 1.019727 x10°2 6.443 042 x 10 6 0.241279
o, 2540634 x10°% 5.148580 x 10> 1.072682 1073 3.597466 x 1075 8.959984 x10~* 1.175562 x 10 ° 0. 605 426
o7 2.897662x10°% 5.220104 x10 % 1.537089 x 10~ 3.448 669 x 106 1.101434 x10°2 6.096 239 x 10 ¢ 0.221 163
67 8.789345x10°% 4.546 040 x 10> 2.784529 x 103 3.527238 x10°6 1.178531 x10~2 1.183 803 x10 ° 0. 204 608
o7 3.901456 x107% 1.495052x107% 2.44350x107° 1.930725 x10°% 2.155115 x10°2 3.919456 x 10 6 0.526 99
SSW/SST 0. 994 477 0. 986 021 0. 989 008 0.987 982 0. 986 128 0. 989 906 0. 872 262
q 0. 005 523 0.013 979 0.010 992 0.012018 0.013 872 0.010 094 0. 127738
i H HQc_Pb HQc_Hg Hle Rla_Cr Rla_Cd Rle_Cr Rlec_Cd
o 0.212 268 2.348432 x10°*  0.955143 188 1.253 463 1.961 426 x 10 ~° 3.296 141 6. 980585 x 10 ~°
o’ 0. 090 154 4.543015 x10~*  0.401 689 651 1.710 569 2.195704 x10~° 1.261911 2.606 779 x 10 ~°
a,’ 0. 496 225 1.102214 x10~*  1.723 406 464 0. 880 024 4.588717 x10~° 6.211921 7.553254 x107°
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os? 0.081 074 1.099 767 x 10 ~*  0.414 494 157 0. 925901 5.994882x10°1° " 1.286801 4.'709_,1,3:2' X109
o’ 0. 107 947 2.753731 x10~*  0.415258-H 0. 806 341 1.818399 x 107 1. 450 304 4 257,552 x107°
o’ 0.226 942 2.054287 x107*  1.126 269 395 2. 651 806 8.071,599 x 1010, '4.387 129 2. 856 9925¢10 ~°
SSW/SST  0.898 416 0. 994 955 0.852 873 92 0.795 762 0. 994 477 | 0.865 137 0979 988
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Table 4 Human health risk'level of heavy metals in” cultivated soil5

balsedjﬂ:n the optin.]ﬂi.zed rank-scale theory model

i HQc._Cr HQc_Pb Rla_Cr Rici€r
R, 0.929 077 0.885193 0. 967 275 0.923 020
R, 1.078 121 1.168 15..9 0.994 792 1.092 789
Ry 1.013 324 1.021933 0. 968 65 1.015423
R, 1.141533 1. 155594 1.033 824 1. 139 630
Ry 0. 020 144 0.019 356 0. 020 499 0.019 898
Rg 0. 005 698 0. 005 634 0. 006 177 0.005 714
R, 0.010009  0.009 908 0.010 747 0.010 039
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