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W OE AR T —FhIET 8L (Genetic algorithm, GA)FI BP #14: /4% (Back propagation neural network, BPNN)f{J&E G5
R——GABP #R!, DL i i3 X R o psE X, B T 3% pH Al 7 B4R CER(Cd. Pb. Cr. Cu. Ni. Hg.
As) S EES 815040, IS5 BPNN Al LI B AL s (Inverse distance weighting, IDW)BEAT T HLdg, BFITES R RN . R0 IG5,
ﬁﬁhﬁl:j:if% pH FE 48 & it WM ZS M5 5 GABP B G R R HE REDS A TR 4 BPNN X REAE I AKIS, [RIR 456
T HUER BRI AR, RSN AS R R GABP BRI R . RMSE., MAE 4345 IDW Al BPNN 4 3.03 1% 2.56 1%, 2.93
£, 239 1%, 0.85f%. 0.61 f%, 0.79 1%, 0.62 %, TG . BERUFRIL TG40 25 (MG E 7 145 SR bl g b 9 S (B R e kA
(EHARIE, Sy 3T 4R & i as (A2 A TO R A T —Fha ik,
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Prediction of Spatial Distribution of Soil Heavy Metal Contents in Mining Areas Based on

Genetic Algorithm and BP Neural Network

ZHAO Ping', RUAN Xudong', LIU Yafeng”", ZHAO Siyi', SUN Yu', CHANG Jie', ZHOU Jun'

(1 School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China; 2 School of
Resources and Environment, Anqing Normal University, Anqing, Anhui 246133, China)

Abstract: Based on genetic algorithm (GA) and back propagation neural network (BPNN) , this study proposed a composite
model: GABP model. Focusing on a mining area and its surroundings in Chizhou City, Anhui Province, the spatial distribution of
soil pH value and the concentrations of seven heavy metals (Cd, Pb, Cr, Cu, Ni, Hg and As) were predicted by GABP model, and
the prediction results were compared with those of BPNN and inverse distance weighting (IDW) method. The results showed that,
influenced by mining activities, there was significant spatial heterogeneity in soil pH value and heavy metal concentrations in the
study area. The data augmentation of GABP model effectively compensated for the dependency of BPNN on the sample size, and
simultaneously incorporated geographical location and elevation attributes. The precision evaluation results indicated that the
average R?, r, RMSE and MAE of GABP model was 3.03 times and 2.56 times, 2.93 times and 2.39 times, 0.85 times and 0.61
times, 0.79 times and 0.62 times higher than those of IDW and BPNN, respectively, indicating a higher predictive accuracy. The
proposed model can solve the issues in traditional spatial interpolation methods where negative values and boundary interpolation
difficulties may occur, and provides a novel approach for predicting the spatial distribution of soil heavy metal contents.

Key words: Genetic algorithm; BP neural network; GABP model; Spatial distribution prediction; Heavy metal content
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ARG o H i 2 a4 A Y i 32 2 1 VAR
%, W HEE B A P (Inverse distance weighting,
IDW). 121 3&pR 5 (Radial basis function, RBF), 4>
Jay 21 3 {E (Global polynomial interpolation, GPI)
M GE TR A ik (v B 4 ) B g g 4D
Ak g A0V R IDW 5 ik N2 & 85 R 10 5
LA VRN AR FH - R bR A 25 [ AR AT T 40T o A
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HI5) 0 A BIREAS i, (AR — i, (HX)
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i 5 LT AR BRI G A O A A7 AR 2 2 AL
LR MG X R AT M 25 W 2% (Artificial neural
network, ANN)ZE—Fp{ EHLHIECABIAL, GRS 5))
W) 28 3 B Y A o0 A O AT AL BT B AT
ANN ' REBCOF Hi SR i o 4 25 1 5 LA Al 5 Y
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ST NTERR R IF IS i AR =, S AT £ B
AR S A R, S ANN eSS X4 (8] 45 S AR ) +
B 4 JE S AT B A A

BP 14/ 4% (Back propagation neural network,
BPNN)E AL i B R IR AR B 752, OF
it FTBARE A HEA T I UE . SR T2 WA A BRI, A
ISP AR ME SRR A% BURE AR o FEABHE A R T RESS 52
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T A A -5 e i R 2R X i A e Ol AT T 47 L ) T 474
WFFEEEAT H1E -
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FEABAEATY 1S, SRR s AL s LA BP 3FA
M 2 (Genetic algorithm-BP evaluation network ,
GA-EN)XPEAMAEHR ATV el 38E 50
LA BP T 26 (Genetic algorithm-BP prediction
network, GA-PN)XIHF5YIX 145 pH FIHE 48 &% &%
[ 73 AT HEAT I, IS 1E5EH) IDW BEHEF XL %
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PAFERIX, R XS, P X 4&8 . By
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B1 MREUNERRFERTEE

Fig. 1 Location and sampling points in study area

I DI, 2 B DAl T I S Y | VA A It 1) S5 04 7
A i BT MR RO I B AR A TR 0y, AR IX
HEPS DRI SRROh R WA XCHES 1 AR T LR

{18 b DX 285 A7 5 0 DR S AT RS 6 2 0
DX K S 300 b B i e A L i 2R A1 A I 7 A B 2
Y S = S LI NN SR (Vv o W - ) S B30
ERFEASE AT, W iR, F GPS g%
ARFR o ST AT TR A K P b DX R b A, R
B2 FNARYRIGH XN IR K S5 S 52, PRI IX
AR ERAE A . IR AERZ(0 ~ 20 om) H 4R,
mn 2440, S UL 1
1.2 TIEWNEFESHIERIE

pH KM pH iH3EE AR E, Cd. Pb RHA
SR TR BRI E , Cr. Cu. Ni RAK
SASR T BRI, Hg. As R 7906
P, BRI 1 BUE R R R A
GDEMV3 30M, K54 30 m, %k [ 35S (b 54
= Mk (https://www.gscloud.cn/)

#1 11 pHMELESEmg/ke)
Table 1 Soil pH and heavy metal contents

IR TS pH cd Pb Cr Cu Ni Hg As
1 6.17 0.37 36.7 1.5 34 21 0.298 10.9
2 5.26 1.03 40.1 2.2 107 23 0.353 12.3
3 5.13 0.99 81.6 1.6 78 24 0.608 109
4 4.65 0.21 413 2.1 26 21 0.270 13.3
5 4.60 0.25 102 0 81 19 0.186 33.7
6 4.57 0.80 158 0 197 22 0.664 283
7 5.39 0.40 66.1 0 34 16 0.156 30.2
8 6.32 0.25 20.3 108 146 7 0.448 14.0
9 5.77 0.33 14.2 120 139 7 0.392 14.6
10 6.69 0.25 65.0 94 135 7 3.03 163
11 7.85 0.36 253 96 143 7 3.42 271
12 3.38 2.93 317 259 131 21 16.4 1030
13 6.23 3.08 807 256 134 20 42.0 2720
14 5.99 0.38 39.9 261 132 21 0.773 105
15 5.80 2.98 403 263 44 21 5.16 1310
16 5.48 1.07 42.8 79 44 21 6.77 132
17 5.42 0.26 77.7 76 38 7 5.72 198
18 5.39 0.41 14.2 268 40 7 2.95 32.1
19 531 0.33 82.0 68 38 7 2.51 53.3
20 5.08 0.38 64.5 77 38 14 0.41 85.6
21 5.81 0.31 40.7 106 133 14 0.616 14.2
22 7.03 0.4 606 146 34 74 4.86 203
23 6.61 0.75 119 151 35 70 7.95 381
24 6.12 3.01 774 95 63 70 6.32 489

1.3 ARF*E
AL EEILT GA F1 BPNN, g 7 —Fh i
+ 3 pH A 48 & s M A 1 2 ARl GABP,

BERYTH ) BAR AR (18] 2)2 : O K-SRI
2, AERAE SR PR EE R, X 24 ASRAE ST
o328, FHRIUAT GA RYBEAEPLE, A2l — R AT Y
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Fig. 2 GABP model design workflow diagram
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2.1.3  GABP A F GABP #EAIX} pH Fil 7 Ff
AR AT T 00, B A3 AR R 2

RMSE. BERE R, MIERE r FSE4 xR %
MAE W3 2.

R2 CZHEEEBEITEM

Table 2 Accuracy evaluation of three models

S5 LAY pH cd Pb Cr Cu Ni Hg As

R GABP 02195 0.156 0 0.390 2 0.295 8 0.269 3 0.114 3 0.554 5 0.133 7
IDW 0.095 2 0.025 8 0.006 1 0.350 3 0.101 4 0.070 9 0.033 5 0.0210
BP 0.0119 0.059 8 0.012 5 0.3154 0.3184 0.003 6 0.105 2 0.005 7

r GABP 0.468 5 0.3950 0.624 7 0.543 8 0.5189 0.338 1 0.744 6 0.365 7
IDW 0.308 6 0.160 8 —0.078 4 0.5919 0318 5 —0.266 3 0.183 0 0.144 8
BP 0.109 2 0.244 4 —0.1117 0.561 6 0.564 3 0.059 7 0.324 5 —0.075 4

RMSE GABP 09821 12170 180.323 8 80.992 0 44.594 9 20.461 8 5.9202 551.183 2
IDW 0.879 6 0.965 1 253.953 5 75.876 0 48.515 8 23.494 8 9.010 1 628.079 1
BP 1.3456 1.266 7 345.283 8 95.081 1 45.687 0 26.114 3 8.626 0 9272151

MAE GABP 0.743 7 0.904 7 124.707 1 56.204 6 33.418 1 13.614 5 3.661 0 299.185 7
IDW 0.692 4 0.772 3 178.516 4 60.605 1 38.102 9 15.888 8 45237 377.666 2
BP 1.005 7 0.796 7 239.482 2 67.683 6 312729 17.708 6 4.070 4 501.547 0
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Fig. 6 GABP and IDW prediction results
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