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Comparative Case Study on the Influence of Spatial Distribution of Heavy

Metalsin Regional Area
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Abstract: The spatial distribution of soil heavy metals is influenced by natural and human driving factors. Identifying and evaluating
the influence of these factors is of great significance for identifying the sources, migration and spatial distribution patterns of heavy
metals in soil. To research the effects of various driving factors on the spatial distribution of heavy metal in soil under different
backgrounds, and to find the high-impact factors under heterogeneous backgrounds, Anshun City and Huludao City, which are
respectively characterized with high background value of heavy metals and high intensity of human activity, were chosen as the study
area. The driving factors including pH, annual ground temperature, annual ground precipitation (08:00), elevation, slope, night-time
light index and GPD were taken into account. Methods including geodetector and random forests were adopted to analyze the
individual and interactive effects of driving factors on the spatial distribution of As, Cd, Cr, Hg and Pb in the typical regions. Results
showed that the mean concentration of each heavy metal in Anshun City was higher than Huludao City, but the distinction of Pb
concentration was not significant. In the average sampling density of 10 km, the influence of natural driving factors was stronger than
human factors in typical regions. Soil pH, elevation and GPD were the strongest driving factors that greatly affected the spatial
distribution of heavy metals in soil among the referred 7 factors. Meanwhile, they were relatively stable in the heterogeneous
backgrounds, and were suitable to be used as the general parameters in the multiple nonlinear regression model for calculating heavy
metal concentrations in soils in the study area. The method adopted in this study can be referred to evaluate the influence of other
factors on the spatial distribution of heavy metal concentrations in soil. Moreover, it is useful to select the independent variables in
the regression equation to predict heavy metal concentrations

Keywords: soil contamination; heavy metals; driving factor; geodetector; random forests model
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Fig.3 The box-whisker plot of five heavy metals concentration in research area

22 ESESESHRINNMIBHNBESSHT

SR FH BRI 5% 0 AT SRS IR 5200 77 70 B BEORAKEh DR 1 R S8 B die e X i 8 R Kl [ 1 Mo 3t AT
R AL, B >R FH B I 75 325 L R AR HH 8 18] ) e K22 S AT, DU B A0 285 2 W 45 SR SE A 1,
A F R IR B ASAELE AR BRI R, MR Cao SPS MRS, AR MBS B 7 00 43 R 18 45 B 5
HWER RIS I MIRERE. S TEAE R, % O R AN R B R & 0%, K = F 00
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Table 1 The threshold value of driving factors discretization

- Byl
1 2 3 4 5 6 7
Wk 787 900 1090 1200 1300 1400 1500
s 1.65 6.46 11.15 16.29 21.28 3578
2T
AT S5 5 6.0 7.0 10.0 11.0 14.0 16.0
4% pH 47 5.0 5.4 5.7 6.0 6.2 6.4
Wk 20 89.0 175.0 288.0 399.0 550.0 676.0
o s 1.02 3.06 5.83 9.70 20.13 27.88
w AT S5 5 5.0 8.0 11.0 18.0 33.0 56.0 62.0
4% pH 4.59 52 5.8 6.5 7.10 75 8.0




B & S RE SR 5 R 42 8 i B 40 B 5 SRR AT B 6 PPEREN PR 43 28 43 ) 5 N i AR 28 3k AT
5, Rk 2~7 Fiks.
2 WX E S R A RO E)

Table 2 Driving force strength of soil heavy metal concentration in typical areas

HER Yty giitE HERKE EEE WK WIRIT e W% H GDP 3% pH

o q 0.116 0.190 0.215 0.176 0.093 0.067 0.145
T
P 0.767 0.480 0.309 0.843 0.938 0.871 0.640
As
B q 0.148 0.099 0.137 0.086 0.087 0.074 0.120
B By i . .
P 0.011 0.086 0.026 0.131 0.371 0.284 0.130
q 0.179 0.227 0.235 0.039 0.294 0.179 0.185
Z T
P 0.532 0.377 0.237 0.975 0.390 0.420 0.511
cd
B q 0.125 0.116 0.114 0.086 0.067 0.086 0.333
Eﬂ}i‘ E%Fh‘ * * * * *
P 0.029 0.043 0.047 0.692 0.521 0.308 0.000
] q 0.199 0.102 0.167 0.080 0.349 0.143 0.113
Z T
. P 0.473 0.812 0.474 0.995 0.452 0.627 0.783
iy
N q 0.048 0.046 0.122 0.058 0.041 0.050 0.051
B BT
P 0.487 0.505 0.107 1.000 1.000 1.000 0.806
] q 0.155 0.174 0.277 0.223 0.109 0.172 0.098
Z T
" P 0.615 0.508 0.184 0.817 0.941 0.480 0.840
g
N q 0.070 0.062 0.060 0.070 0.017 0.016 0.038
B BT
P 0.244 0318 0.348 0.559 0.982 0.928 0.679
‘ q 0.103 0.340 0.234 0.257 0.031 0.273 0.098
Z T
- P 0.825 0.103 0.362 0.983 1.000 0.393 0.842
o q 0.034 0.039 0.036 0.097 0.160 0.027 0.060
B BT
P 0.680 0.612 0.699 0.612 0.686 0.924 0.343

vE: *FRIR P<0.05; **F/x P<0.01. TIA.
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3 SLRIH(X I w(As)IXEN 138 SR R 5
Table 3 The cross-influence strength of driving force of soil As concentration in typical areas
Wit T H FEREKE FEAR Wk WIEMTORREEC ¥WE 2 GDP hIEpH
EAEREKE 0.116
FHEAR 0.930 0.190
%7 0.894 0.659 0.215
BT BIRAT a4 0.568 0.412 0.551 0.176
Wz 0.307 0.389 0.630 0.358 0.093
H GDP 0.571 0.619 0.539 0.531 0.523 0.067
+3% pH 0.785 0.525 0.807 0.743 0.358 0.500 0.145
FEBKE 0.148
AR 0.258 0.099
5574 0.292 0.302 0.137
BT WIRAT 4R %L 0.283 0.233 0.251 0.086
Wz 0.426 0.317 0.322 0.210 0.087
5 GDP 0.256 0.170 0.340 0.225 0.281 0.074
+3% pH 0.447 0.378 0.494 0.328 0.261 0.301 0.120
®4 HMAIHL X 138 w(Cd) IR )58 SRS 3 T
Table 4 The cross-influence strength of driving force of soil Cd concentration in typical areas
Wit mH FEREKE O FEAR Wk WEMTOBREE ¥WE B GDP hIEpH
EAEPEK R 0.179
FAEAR 0.968 0.227
K 0.490 0.460 0.235
22 T IR e da 4k 0.293 0.262 0.268 0.039
W 0.490 0.977 0.488 0.326 0.294
H GDP 0.405 0.967 0.478 0.230 0.497 0.179
+3% pH 0.511 0.964 0.985 0.575 0.979 0.960 0.185
HEAEPEK R 0.125
AR 0.204 0.116
HEZ 0.289 0.264 0.114
B By i AT e da i 0.200 0.226 0.365 0.086
W 0.407 0.370 0.352 0.218 0.067
£ GDP 0.255 0.195 0.289 0.200 0.311 0.086
+3% pH 0.525 0.535 0.564 0.456 0.502 0.438 0.333
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5 SRIHX 35 w(Cr)IKEh 128 SR R 5
Table 5 The cross-influence strength of driving force of soil Cr concentration in typical areas
i TH FEREKE O FEANR Wk WIEMTORREE ¥WE 2 GDP hEpH
EAE K E 0.199
SR 0.899 0.102
%7 0.693 0.346 0.167
BT BIRAT a4 0.434 0.253 0.309 0.080
Wz 0.582 0.827 0.655 0.515 0.349
H GDP 0.577 0.895 0.568 0.299 0.533 0.143
+3% pH 0.639 0.934 0.952 0.512 0.839 0.826 0.113
FEBKE 0.048
AR 0.111 0.046
5574 0.336 0.310 0.122
BT WIRAT 4R %L 0.240 0.221 0.279 0.058
Wz 0.208 0.163 0.253 0.169 0.041
H GDP 0.245 0.289 0.361 0.372 0.303 0.050
+3% pH 0.394 0.303 0.496 0.358 0.173 0.386 0.051
F 6 JLAEIHX + 3% w(Hg) KB F158 SR ik
Table 6 The cross-influence strength of driving force of soil Hg concentration in typical areas
Wit mH FEREKE O FEAR Wik WEMTOBREE ¥WE B GDP hIEpH
EAE K E 0.155
SR 0.800 0.174
%7 0.739 0.430 0.277
BT LALIFIpl i x 0.635 0.403 0.555 0.223
W 0.458 0.563 0.594 0.393 0.109
£ GDP 0.605 0.510 0.573 0.392 0.436 0.172
13 pH 0.869 0.705 0.805 0.593 0.460 0.780 0.098
EAERE K E 0.070
AR 0.113 0.062
5574 0.261 0.217 0.060
BT WIRAT 4R %L 0.261 0.241 0.285 0.070
Wz 0.235 0.210 0.188 0.153 0.017
5 GDP 0.137 0.118 0.171 0.229 0.137 0.016
+3% pH 0.332 0.299 0.307 0.326 0.328 0.226 0.038
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Table 7 The cross-influence strength of driving force of soil Pb concentration in typical areas

i T H FEREKE FEAR Wk WIEMTORREEC ¥WE 2 GDP hIEpH
EAE K E 0.103
SR 0.924 0.340
%7 0.674 0.596 0.234
BT BIRAT a4 0.629 0.465 0.545 0.257
Wz 0.278 0.702 0.485 0.441 0.031
H GDP 0.627 0.677 0.604 0.474 0.387 0.273
+3% pH 0.899 0.876 0.659 0.598 0.601 0.711 0.098
FEBKE 0.034
AR 0.194 0.039
5574 0.396 0.237 0.036
BT WIRAT 4R %L 0.283 0.307 0.254 0.097
Wz 0.371 0.354 0.371 0.380 0.160
H GDP 0.191 0.347 0.350 0.277 0.437 0.027
+3% pH 0.347 0.477 0.457 0.366 0.464 0.275 0.060

i FRERIN 25 D55 5K 5) S o3 e 45 R (WL FR 2) o, Z280REh B R BRI &8 70 M 45 R——q eIt 8 P
AT 0.05, KApEN REERR, XATAE S RIERBE R EA . R Lu P00 T8 e il 1
A RS YRR AL, Aot TR 1 e S A G AN 10 km, A AT R P A R
2959 10 km, LG T TR Z BN NIES R, (HERSL TH2 BARTFRIERE R, &R
BT 48 SR 1 . AN T

{EFER I, HERPRIMEROR SN J7 b 46 S, i B 2 A B0 16 T LA 75 - DR 15 #4 HH A i
By, ol As-FAE KR “As- i “CAd-FAERK R “Cd-ifgk>. “Cd-FH <R, “Cd-11% pH”.
XEWMET Cr. Hg A1 Pb, HARETXT As Al Cd 78 -3 70 A A% =3 1R 500 5 A WY S MR 5. 15 22 I i
LG, BB ERKE . Wk B S E R I 2 RN, ML E SR 5% A B sl s 43 A1
XA T B8 As Cd A3 IR 4r SEARFAE T W SR A SR IR 22—

AN A 40X 5 o 498 5 4 2 1) o3 A SR Bl R 7 22 ELAR 2 B s SR b 2 IR B LSRR 7 A B 7
g Gt E RS R T, SRR 8)RoR, SEiT B, 22 3 G R o A K Eh N TS BAE
SO ), SRR R 5 R R R g 2 R 2 S B B . X SR BRI AE T IORURE T BA 22 i T
S8 4 2 8] 43 A0 B 2 52 B EAREE T IOREMR T R TN R [ SR DR 58 SR A s i
SE R,

Xof B i 5 T 7 IR BEAT A3 AT R B, 135 pHL MERONILIX GPD 2 ISR E N T = AR K, HAE
ST ATER 2 B A B X SR BRI A LR X AR AR NSRRI E SR RIRS
A BRZE S, (A8 pH. IGHRAIHLIX GPD {E X AN S [X Py 398 76 45 a8 4% 1) 43 A1 B0 1 5 ) g 9 oK R
IR G AR A T R AR AR AL
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Table 8 The strongest cross influence of 5 heavy metal driving factors in typical areas

HEm i REZEANARET  BRARTEXERS  mEEBANANET NIRRT

Z I R E- P EARR 0.930 RLIEKT 45 %-1-3% pH 0.743

8 s -4 pH 0.494 BEIFAT H 4 pH 0.328
2 I WEHR- 135 pH 0.985 B GDP-13 pH 0.960

« B T 4R 3 pH 0.564 PLIEKT 45 %-1- 3% pH 0.456
2 I TEHR- 135 pH 0.952 B GDP-13 pH 0.826

« I T 4R 3 pH 0.496 B GDP-+3 pH 0.386
2T A B K -1 38 pH 0.869 B GDP-13 pH 0.780

" Gemm R pH 0332 BT 4545 pH 0.326
Z I FEAR-FEBKE 0.924 H GDP-1-1 pH 0.711

B T EAES -1 pH 0.477 - AT e 0.380

2.3 BEHLARMHARBIIREN D 54

BEALARARASE Y v 5 R P AL AR 9 Frais. 7 PN IE FC PN S 8 o < Jo 2 1) 20 A (1 3 ZE R 72
pH. B RS BARDE . A B AR D] oxk 398 B <5 Ja 2 1] 40 A1 (R 2 M) A BRI 0.5(2 It i ¥
PO Cd A Cr (52N F . #7838 pH Xt Cd (952 /7). SR B AR A0 458 5 s 110 22 1) 0 A A
BURFEM , X 55 M PR 2% I A5 G5 10 AR R, (EARAC T BRI &%, BEHLAR A AL A N [R50 g 34
ZERBUR, BN 0.1 T, XS RENUARMAE I R T SRR B UL AT AT K. BEPLARAR
TR B L S 152 Gini A, B ZRE R T R R M BV UR P B REA, B2t
BB BB TCIE N NTE . XA e T 300 22 57 7T REIE AR T PR AE N D TR 0ok 4 38 o < Jeg 22 ) 7
ATFEI T3 PAN 25 53R X 3.

RO BENUARMARY rh 4 38 5w KB PR T

Table 9 Influence of soil heavy metal driving factors in random forest model

Al )R 14 pH FAE AR W Ik GRECYIS BT e te % £ GDP

As 0.21 0.24 0.09 0.13 0.15 0.09 0.10

cd 0.05 0.09 0.17 0.52 0.07 0.01 0.08

2 I Cr 0.16 0.10 0.04 0.43 0.15 0.03 0.08
Hg 0.18 0.28 0.07 0.23 0.13 0.03 0.08

Pb 0.10 0.35 0.03 0.35 0.13 0.02 0.01

As 0.19 0.15 0.11 0.27 0.18 0.05 0.05

cd 0.48 0.08 0.08 0.14 0.13 0.05 0.04

w7 By i Cr 0.18 0.13 0.10 0.25 0.15 0.08 0.10
Hg 0.17 0.25 0.10 0.14 0.25 0.05 0.03

Pb 0.17 0.10 0.25 0.09 0.13 0.17 0.09

24 MRTEREEMRSE
SR AT SRAGERIRE R, 20 TR AR DGR T B GPD. Bk GPD MIBRIT b HE A 4
e FEHEAT SRS 7 73 A I NI N SR 3 2208 5 9 BRI R, W DR 5 75 73 AR SE DN AS B.
TR R LI A 2B R R AR R 2 B 2 AR RN, T8 RAE R, £
FHAEIT 7 TR 5 BEATIREN S0 T, AR 35 e 2 18] o A A 3 B B2 4% 7 A5 HIRE . 1%
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B F0 P ORI ) B R A T SR AEAN R B AR RN SRVE B 15 5% N 3 Be g 5 13983 el 7 () 43 A S X B A B R
WA R R, AT Bt oo 49895 e 2 e AR R T A T R K2 AL RE 7). BB SR L T . FRAL MR . A HLbk
SGHAMPE T, S5 TS R IR AR B AR TR B — b R e IR R T B2 AR . NSNS
B IR B R i .

BARERUE F— X )38 pH & F Coe A R, aTBAE 3R (H™ kR i, —MHhIX
k958 pH 47588 R B 38 I KA F5 I 5 SR EX, 12T 70 FH 38 pH B B SRV TR it e 45 1. (A% 8 1%
W7 o 3 pH X T 3 4 2 1) 20 A 52 R B AT 2 3% pH B0 RCAMR R, 78 R /N RURE R OR A
pH 1ENHFIH T2 5 13 6 &8 o A fi i TH SR 3 S i E RS TR BN &0 . AN F B

T RUBE T R 438 4 e 2 ) 3 A BN 7T AR DRI AU b, WIS H MR RS A L. RS
COVLE faf FH th FRAR U 248 56300 i 20 R V80 L 3 B S SRR IR 0 W Al GPD. P H IR RIS S5 R X FE 1
SRR, X SEHENNE TSR3, 5BEARET AR AALL

5] -0 8 G 2 1) o0 A (1 BB R 2 BLAR FABLER SR . 755100 70 b S 2 XA AL X8, DLzt
FEHHR R S R @ A R o, LIRS RS BN o mA R, AR s, WA
I b 2 vy A 4 o) DR R R A1 R A AR
i

a) SEFT T, 2T 5 A E SRR BOFESE R, P, w(As). w(Cd)s w(Cr). w(Pb)
BERE, wHg)REE 23R

b) FERAE IR 10 ke IRREE N, 22 G0 AN 7 8 7 4198 o 4 43 A 52 3 F AR T I s2 i 5 T AR
BRI, Horr, 2 358 H G R 2 AT ST R B, B R T R B 4 A 2 % pH SRR,

c) 3% pH. WAL GPD i 2% 1358 5 4 Jg 23 A s Ry ok 3 AN, HIH g Jg7E R AN g
XA 5 FheE & @ rh i im. S FLESAT IR P AT, PRI T X -39 5 4 e A i R) o A (R AR e ) B
AR R, B, Z=0R & B A X IR E SR S E i A E R S, F A
FRESEHE— B3R m i BB A & R
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