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Abstract: The spatial characteristics analysis, for human health risk on heavy metals in cultivated soils, has
positive significance to prevent and control the soil pollution, protect the human health, provide the basis for risk
management, and so on. In this paper, the methodological system, including USEPA health risk assessment model,
differentiation and factor detector within geographical detector and optimized initial model of rank-size theory,
was constructed in the view of geography. Taking a city as the research object in Jiangsu province, we obtained the
spatial differentiation and relative risk level of human health risk of Cr, Pb, Cr, and Hg in cultivated land by using
the constructed methodological system and the soft of SPSS and ArcGis. The average concentrations of heavy
metals (mg kg™?) in the research area were Cr (65.207), Pb (25.486), Hg (0.238), and Cd (0.045), which were lower
than the risk control standard for soil contamination of agricultural land in China. The children’s non-cancer risk
of Cd and Hg and the cancer risk of children and adult about Cr were 2.914385, 1.337503, 4.312679>105, and
8.137130x10 respectively, all of that exceeded the maximum acceptable limit in the research. Meanwhile, the
spatial differentiation(q) of heavy metals health risk were among 0.005523 and 0.204238, which indicated the high
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health risk of heavy metals should be paid attention to. The health risk ranking(R) of the children’s non-cancer risk
of Cd and Hg and the cancer risk of Cr in Subregion 1, subregion 2, subregion 3, and subregion 4 were
approaching or exceeding 1, which were higher than the subregion 5, subregion 6, and subregion 7, whose R were
lower than 0.1. And the R indicated than the high health risk is concentrated in the research region. This research
has positive significance to measure health risk of cultivated soil heavy metals at different scale and to make
control strategies with local conditions.

Key words: cultivated land; soil heavy metals; human health risk; geographical detector; rank-size theory
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weight) WA=, kg: AT(averaging time) F-35 & &} a], d.

ADD = C; x (1

FESE KR A -

HI = X7, HQ; = 2o (2
Hoje RS PEA »

RI =Y, Rl; =X, SF; x ADD (3)
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Table 1 Descriptive statistics of heavy metals in cultivated soil
WEER

Cr Pb Cd Hg
kgt

e KAt /mg kgt 152.000 88.000 2.650 0.442
fx/MiE/mg kgt 14.400 7.670 0.070 0.010
SF¥E/mg kgt 65.207 25.486 0.238 0.045
47 %/mg kgt 61.850 24.200 0.200 0.037
FrifEZImg kgt 16.851 8.774 0.184 0.034
(s 3.206 2.345 5.817 5.952
93 27.040 11.653 53.417 52.412
AR R 0.258 0.344 0.773 0.756

I B AR AU i 1 (L /mg kg™t 150 70 0.3 0.5

2.2 RENE SRS

WA HT AR B AR A A X (Q) ~ (), WIS T L X Hirh -4 Cr. Pb. Hg & Cd
PR NFLE R fEE RS (HD  AE8Us R ESE (HQ) LLECrAICd M EUE MAA R, A
T3 {8 53 B A b 1 458 4 J8 CrAl Ph Y S50 XU, 4 B0 XU E R 15 R I max 1R FEAELAE S 73 B 6
Bl EHE IR R F SPSSHR A HA il 36 70 M T L SR it- 20 At 71X 1 BRE AU VT A 285 51 (R 2)

M b - 4% H 4 JE Cd., Cr. PbFIHg ) sl A JEEUE KU HQI¥ ¥4 43 71l 790.000397. 0.325711
0.148615£10.002241, = {4&HEF HQa Cr > HQa Pb > HQa Hg > HQa Cd, Cd. Cr. PbAfllHg
FSCN HE B0 XU 19 77 22 F1195.0% 1 43 67 1 R 73 1) /N T-0.001410.5, f& 3 FREHIFI51{E A
0.476964, H.J77/N10.02/%95.0% F 7> AL 50 LIR/ANT1, SREHB 7T X 358 5 4 8 11 1l
N AR B RS 5 b F T 252 3 g BT, o ) LE R B0E X &, Cdy Cry PhAIHGHIHQ
M A R fG AR EHI 4 43 7] 90.003581 . 2.914385., 1.337503. 0.0201744114.275643, 1T
HI/ME M1.526100, FBAMF 7T IX B h 139 5 4 Jm A7 5 ) L 2 JE 80 XU P8, A CdRIHg Y
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HQH K EE 43 71 750.039750410.198900, /11, KX LE A= EMERFEEE, PbFICr
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~590.000057- 0.000635410.000120. 0.000108, 547855 %} 3 Cd s KU VP4 45 52 34{E0.679
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B 7377 94.312679F18.137130, 47588 1t 5 K AT 4552 RS Fi8 B R Imax RO 12 J L 28 3500 RS 1) 3¢
AME A4 E 53 51 050.958904 . 1.809253. 9.1628614117.288418, H. I /5 7% 43 1 °40.977953F11
1.816714, 2 WIHIF 7T IX Crit 2o MUK im0,

X LG A 9 DX R b 3R B S RN L LB B0 AU DA B B0 KRS 1 3AE . e KA AN
/MBS T DU IR T AR R AR T 5, ) LEE (R XA 85 1y, A )2 3 LI 4
JEfaT . SiA UMERFIRT LUE H, BORAS [R) X ek 11 2 4 ik R XUB B 40 22 ok, @ )L
B RS TR BOR T BN BB, 125 RAEAM L h it — PRI, X EER T LEEE
fi fr) - 398 B R R RN T TR K PRI Y Y T AR A IR 2 i g (L3742,
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Table 2 Analysis of health risk assessment on heavy metals in cultivated soil

mE N Tl | b | mME | ok K i gggﬁgi
HQa_Cd 0.004300 0.000397 0.000333 0.000117 0.004417 0.000283 0 0.000833
HQa_Cr 0.847500 0.325711 0.309000 0.072000 0.919500 0.304000 0.007076 0.490500
HQa_Pb 0.468592 0.148615 0.141167 0.044742 0.513333 0.120167 0.002625 0.242083
HQa_Hg 0.021600 0.002241 0.001850 0.000500 0.022100 0.001500 0.000003 0.05000

Hla 0.769395 0.476964 0.450825 0.169567 0.938961 0.3005172 0.013746 0.710283
HQc_Cd 0.038700 0.003581 0.003000 0.001050 0.039750 0.002550 0.000008 0.007500
HQc_Cr 6.192000 2.914385 2.781000 0.648000 6.840000 2.736000 0.423374 4.360500
HQc_Pb 4.217325 1.337503 1.270500 0.402675 4.620000 1.081500 0.212546 2.178750
HQc_Hg 0.194400 0.020174 0.016650 0.004500 0.198900 0.013500 0.000235 0.04500

Hlc 7.033800 4.275643 4.057425 1.526100 8.559900 2.7046502 0.956392 6.366450
Rla_Cr 9.162861 4.312679 4.115297 0.958904 10.121766 4.048706 0.927096 6.452626
Rla_Cd 0.000618 0.000057 0.000048 0.000017 0.000635 0.000041 0 0.000120
Rlc_Cr 17.288418 8.137130 7.764711 1.809253 19.097671 7.639068 3.300449 12.17476
Rlc_Cd 0.001167 0.000108 0.000090 0.000032 0.001199 0.000077 0.000000 0.000226

1) HQa. HQc. RIla fil Rlc 73 AR B A AETE R . )L AEB0E KU N B0 AU AR LR BRI s 2) RORAFAE 2 N AEL
2.3 ETHIERNEBNHETIEESEREXNKES ST

04 BRE AR VTG (0 35 At b, AT 788k — 25 F M R PRI 2% o 10 2 S S IR PR 2%, BEA
K@) ~ (5), AT FLIX AN [ B b - 398 B 4 o (1% {9 JRUIG: 1) B 4k % [R] 43 S RFAE(3R3) - RIS,
skt A3 BT AN [ et XSG, 25 8] o0 SRR, 7 25 18043 SRR A SRS 20 A7 T 47 5 4 A i S X
Krqfe o BF 50 X 3k P9 A (A BF Hb - 38 5 & fg R XK 1 2 18] 4 5 R q 1 YE LN
0.005523 ~ 0.204238, A 7] F 4 Ja fidk K AU 4 25 18] 9 S B 22 SR AR, 3R IR T 38 [l 9 A () 288
T () b - 498 i ) £ X 2 22 e oK o)

AN TR A - 398 5 4 8 A N\ AE o KUK IR g B HE/F yHQa_ Cr >HQa_Hg > HQa_Pb >
HQa_Cd, 4y 5% i K 3 # 4 J8 JE 80 XU Crifg B °90.013979,  faEFe HHIM 4 7 g
{E90.013872, b He— 8 4 1) AR S0 RS 7 S FE AR i, X 52 i T E 6 s AR S0 U
ZEENL. CrAlCd it e N B XU (1 g 43 1) 90.20423810.005523,  HH1 Cr ) e N B A
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W6 4 73 S B2 A BT A B — B < Ja RN AR R XU v i KD, 3R B AT B B ) s [ 73 S AL, HL
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W6 10 2 18] 3 SRR P ORI A XA B ) 7 A R 2 57, TR B okiE:s L e 1R
73 5 B Qi ~0.147126, KR T8 —E e R JLEAFBUS K gt 2R 5 MANEFHR
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(X Crir) ) LB e B0 XU X SRR B0 XU X 38 i 7 (] 22 AR, 7 1 — 2 45 & 1 X IR O b
b < A XL 2 1) 3 AT R 1) R XIS A 42 SRS
AR bt - 38 7 < VPO 4 SR S BRI % 0 M SR, I A XA P ) L B A B X
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Table 3 Analysis of the spatial differentiation characteristics on human health risk of heavy metals in cultivated

soil based on geographical detector

TiH HQa_Cd HQa_Cr HQa_Pb HQa_Hg Hla HQc_Cd HQc_Cr
o 9.480671x10®  7.066856%10 2.621855%10% 2.900741x10® 1.372807x1072 7.677073x10® 0.422822
012 1.061307=107 9.643954 %10 2.772261%10°% 4.601141x106 1.723219%107? 2.116760%10¢ 0.174161
0% 2.217984x107  4.961458x%10 4.451691x10° 7.667234>107 1.290947x107 9.534556>10° 0.686803
05 1.213386x107  4.125805%10°° 2.510055%10% 1.255743%10 1.019727x107? 6.443042%10° 0.241279
042 2.540634x108  5.148580<10°  1.072682x<10°  3.597466>10°  8.959984x10° 1.175562>10"5 0.605426
05? 2.897662x10°  5.220104%10°° 15370891073 3.448669%10° 1.101434x107? 6.096239%10¢ 0.221163
06° 8.789345x108  4.546040<10°  2.784529x<10°  3.527238x10°  1.178531x10? 1.183803=10 0.204608
o7 3.901456>10%  1.495052x103 2.44350%10°3 1.930725%106  2.155115x102  3.919456x10° 0.52699
SSW/SST 0.994477 0.986021 0.989008 0.987982 0.986128 0.989906 0.872262
q 0.005523 0.013979 0.010992 0.012018 0.013872 0.010094 0.127738
I HQc_Pb HQc_Hg Hic Rla_Cr Rla_Cd Rlc_Cr Rlc_Cd
o 0.212268 2.348432x10* 0.955143188 1.253463 1.961426x10°° 3.296141 6.980585%10"°
01? 0.090154 4.543015x10* 0.401689651 1.710569 2.195704%10° 1.261911 2.606779%10°
0% 0.496225 1.102214>10* 1.723406464 0.880024 4.588717x10"° 6.211921 7.553254%10°
o3? 0.132082 1.669830=10 0.564233291 0.731803 2.510337%10°° 1.749877 6.645486>10°
04? 0.229547 1.422463x10* 1.217874102 0.913215 5.256238%10-1° 4.175817 2.734468%1010
05? 0.081074 1.099767>10* 0.414494157 0.925901 5.994882x10° 1.286801 4.709182x10°
o¢? 0.107947 2.753731x10* 0.41525811 0.806341 1.818399x107° 1.450304 4.257552%10°
o7 0.226942 2.054287>10* 1.126269395 2.651806 8.071599%1010 4.387129 2.856992%10°°
SSW/SST 0.898416 0.994955 0.85287392 0.795762 0.994477 0.865137 0.979038
q 0.101584 0.005045 0.14712608 0.204238 0.005523 0.134863 0.020962
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AKPRAE (R4) o RIEATEERATLAE: X)) LE ARSI XS AR RS FE T =, CrAl
Pbft) )L 2 JF 30 XU RAE 76 FEl 43 7110.005689 ~ 1.141533#10.005634 ~ 1.168159, H:AE 1 [X 152,
F XIS 7 X 4 348t 1, 7R X153 90.929077410.885193, A (HEIA T1, &
FIXIE5. FIXI6 LT X 7HIRMEIMET0.1, RKEAMFFLX Cr. Pb)LE IEH0E KK B A B
(I TEAFAE 2240, Crfy e N B ) L 3500 JXURG: PR R AR 14 181 7 43731 91027647 /111.133916, L5
FEHFAE 5 CrPb ) L 38 JE B0 KRS AH AL -

R4 ETFFERSER T ES S RBIRRRR KD

Table 4 Human health risk level of heavy metals in cultivated soil based on optimized rank-scale theory model

TiH HQc_Cr HQc_Pb Rla_Cr Rlc_Cr
Ry 0.929077 0.885193 0.967275 0.923020
R 1.078121 1.168159 0.994792 1.092789
R3 1.013324 1.021933 0.96865 1.015423
R4 1.141533 1.155594 1.033824 1.139630
Rs 0.020144 0.019356 0.020499 0.019898
Re 0.005698 0.005634 0.006177 0.005714
R7 0.010009 0.009908 0.010747 0.010039

A A2k SR I A A B BRI o L Se ORI IX L 2 AR Y X BB AR
PEX AT 43 IX B 13, AR TR 91X 458 o 4 fi R XU K P42 8 <0.5. 0.5~ 1RI>1%11 4y
NG A IZIANEEL,  FIH ArcGisE AR FE 45 REAT P 20 (B12) . #i 4 B0 op i
S5 R AT LUt CrAiPh )L AR B XU A Cr B AR L2 S50 XIS B4 8 A% S5 5 428 2 DRI AL A 6
B, AT DARAE B HEAT 0 98 RIS R AT LA, RIE KT 1A X E B Az i i
PEAE DI AT AR X 4, AR R 7 X3 T X3 b 7 IX 42, e AR XS 7 X RIS, M
VRN ME R X RURVE, A RO L3 R e R KUK 1 IX A 22 4 M X A
Lep X35, 7 XA T XK TAE A S R X, ORbe bt -+ 458 5 < i e B XU AN 1

B2 FEFXIEAHTIES & EREXKEKFES T
Fig. 2 Health risk level of heavy metals in cultivated soil of different subregions
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