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Modeling to Predict Lead and Nickel Contents in Soil of the Mid— and Lower Reaches of Shiting River Using
RS and GIS
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(1.College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China; 2.Key Laboratory of Soil Environment
Protection of Sichuan Province, Chengdu 611130, China; 3.Agricultural Bureau of Deyang, Deyang 618000, China )

Abstract : Predicting soil heavy metal contents is critical for soil pollution assessment and early warming management. In this work, the re—
mote sensing spectral data from Landsat7 ETM+, soil Pb and Ni contents( 70 samples from 0~20 cm soil layer) and the related ground pa-
rameters in the mid— and lower reaches of Shiting River were integrated to construct a model for predicting soil Pb and Ni contents in this
area. The space inversion was employed to check the model reliability. Results indicated that the high prediction accuracy for Pb and Ni
contents could be achieved by the constructed model using remote sensing spectral data only (P=0.000), implying its reliability to predict
soil heavy metal contents. When taking ground parameters such as soil parent materials and elevation or pH into consideration, the R? values
of the model were significantly increased ( P=0.000 ), with R? values for Pb being increased from 0.276 to 0.571 and 0.606, and R? values for
Ni from 0.304 to 0.513 and 0.551, indicating the involvement of prediction accuracy by including ground parameters. The predicted values
were in good agreement with the observed Pb and Ni contents in most cases.
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Figure 1 Distribution map of sampling points

IR IR TR AT, &
PR ERARFI A FEA TR , 1 2 mm 0 . FHARER |
o R FH BRI 5 TH A& I I s e i
DU 5E AFAFRAT i LSRR 5 3% pH (R 1:2.5
B T 7K PP - 3R, H T .

1.2.2 REIFEHE AL

AT K 2008 4F 4 A 1) Landsat7 ETM+12% &%
ARl ENVI4.8 X RARMEA T BT R LA IE K
B sR A AL B, 4R B SR A SROT K B (B (Digital
number, DN) , FH# 75 4% TR KT TIRYER R
W, HAS 5 — e B RERAE - 585 e i &
T REAE B EOR MR BE ) 26 B R G
SRR I, A9 i) FLAASH K<
FEERGFE 1 DN BR300 B 280k, TR
NDVI(H— A A w48 BOAE™ RV H AR R B 46 50



Wk 3,45 LT RS I GIS (47 55T R e TSR A0 2 T AR 5T 97

{EL EVICE S AR B8 BO E" 0 ARVICR BT B
B EPWE S TR A 715 8 A~ Be DN i dk[R1 22 5
AR AT

NDV [=P=Pr (1)
pn,+pr
RVI=p,/p, (2)
EVI=(141)—LPr 3
( + )pn+c 1p,—C2pb+L ( )
ARV [:m ( 4)
pn,+prb
pi=p~y(pip.) (5)

K p,p, Fll p, S AL AN B 210 Be A
B ST A, AR HP BRI A SRS 4 3 1 P B AR
B L HEC L, A SIS Ml ey WRRBIES
B, 6 #1755y ARSI SE B L,
1.2.3 BlEgeitorar

WFFE X HRAE 70 4> HHEREAS, Foh 63 AN T2t
5,7 A FRERG T . At SPSS13.0 FRX H 1h 5k
P A B B PR ARG, R4 - R S
{55 DN {H NDVI{E .RVI{E EVI{E ARVI{E i1
BERR IR BE e pH K - 3t A FH 2SI B A
DS e S (e O AT I e w7 1
8T Ko A i B TR ) WA B B 2, ARl o 10
SRS 2 B B /N B R T IR Ak e
B, IR - b R B SR o P B Y R
BRI, 8 3 o e P 50 DA Y 5 vk - A 114
+HERA

SEA G A B 3y Ny AR AR | Pl A
HEBN R FilE— 2L A SR R F 2 on s

ML, BRGNS J5 i8R S SR 7 MFEAXT
HIF TR . 275 S BRI A A 2 250 R MR P (H,
PR REAR SN S5 A5 R FOE 2 [ (- Y 22 B
D7 AR ZE RV YA AR ZE B U AR Y |, AN ) 4
B I NSRS B (22 5%
1.2.4 ZS[A) 3 AR S

iz F ArcGIS10.0 F 4R F 3538 o B A 25 [B] 4 {EL
7 (Ordinary Kriging ), 73 5151 A SEIE LA K £ A5 Fi 00
(B2 T8 A SRR B 1 () 25 () 0 A o W TS o AR Bl A 7
Xof Eb, W8 TN AR AR S J R0, 40 BT A 52 V3 b - 4
VRS B B 2 (R A A AR

2 HR5iTie

2.1 TERREERNILEBHIRGIT

K F SPSS13.0 #efi5z ] K-S AES Bk 363 %5 41
AEVL AU R S AR Y B R OGRS B
HEE TR TEGETT BRERII (R 1), BHFEIX 70 M A
%22 I TP AR & i P IR IS A3 A, - B4
FEE B4 R (33.98+5.60 )mg - kg™ F1(31.96+5.63)
mg-kg™o WFFEIX R S IR T 4K 2008 4EETT
JR A SFEPREE BT i R, T T e R SR R B T Y
SEHE S Sl 50.89 mg kg™ M5 T 50.00 mg kg™
) E K b, WX N A/ INETFR Y 3R B 4%
1YL

BICIK A G HRRE S B T B X 3 B AR T
AL MR . MG s o 2 R U W] IR I 22
K ALE BE BB 5, i B A OG5 B N, %
A2 Bt A S 7 PR iy A5 I TR B N, i i
XF RSO CTEAE B GETT 40 Ar , AT Ay AR e B A

® | TEBRESESERLEEBNSEITHE(=70)

Table 1 Statistical eigenvalues of soil Pb, Ni and remote sensing spectral information

15 H Ttem i KAE Max/mg-kg! /M Min/mg - kg™ SEH{ Mean/mg kg™ FRrifiE2E Std. Dev B Skewness U Kurtosis
Pb 50.89 19.80 33.98 5.60 0.07 0.58
Ni 46.14 16.14 31.96 5.63 -0.28 0.26
Bl 87 72 7751 3.02 1.12 1.97
B2 72 58 64.21 2.81 0.50 0.93
B3 75 51 59.74 4.87 0.72 0.32
B4 111 59 87.07 8.96 -0.14 1.37
B5 80 39 59.37 8.16 0.41 -0.14
B6 147 133 137.97 3.77 0.67 -0.77
B7 87 61 76.80 4.17 -121 4.07
B8 61 26 39.33 8.02 0.57 -0.61

TE:BL:AS 1 e BUROUIREENL, B2~B8 LAMZEME, I,

Note:B1 : Digital number of the first band. And so on, for B2—B8. The same below.
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Table 2 Pearson correlation coefficient matrix for soil Pb, Ni and modeling factors

Pb Ni PM EL ST pH LU Bl B2 B3 B4 B5 B6 B7 B8
Pb 1
Ni  0.727%* 1
PM 0.002 -0.119 1
EL  0311*%% 0.315** 0.209 1
ST 0.145 0211 -0.201 0.434%** 1
pH  -0.663*%%-0.554** 0.195 -0.095 -0.324* 1
LU -0.102 -0.128 0.128 -0.038 0.256*  0.008 1
Bl -0.346%* -0.070  0.022 -0.397** -0.249* 0.337** 0.024 1
B2  -0266* 0.017 -0.020 -0.136 -0.210 0.320** -0.095 0.860** 1
B3 -0.110  0.136  -0.061 0.335** 0.011 0.240% -0.220 0.556** 0.810%* 1
B4 0.173  -0.033 -0.126 -0.244* 0.181 -0.419** 0.217 -0.356%*-0.397**-0.568%** 1
BS 0.253* 0.226  0.185 0.578** 0.357* 0.220 -0.122 -0.088 0.260* 0.617** -0.036 1
B6 0.114  0.126  0.029 0.694** 0.209  0.105 -0.199 -0.012 0.165 0.622%* -0.592%* 0.609** 1
B7 0.165  0.071 -0.043 -0.271* 0.094 -0.319%** 0.137  0.051  0.113 -0.105 0.733** 0.202 -0.388** 1
B8 0.134 0214 -0.125 0.595*%* 0.256* -0.055 -0.148 0.090 0.417** 0.785%* -0.373** 0.912%* 0.758** -0.057 1

T PM: R BET, EL R BE L ST 3R LU : R ST 5 o 1 53¢ 5835 (P<0.05) FilAR i 35 (P<0.01)
Note : PM : Soil parent material , EL: Elevation, ST Soil type, LU: Land—use type;*, **:The correlation coefficients are significant at P<0.05 and P<0.01

levels, respectively.
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Table 3 Regression prediction model and its testing for soil Pb and Ni

70 Model R P ME RMSE MRE
Pb
1. Y=206.079-39.397InX+0.034{ (sinX,—sinX, )/ (sinX»+sinX,)]-2.333cos X 0.276 0.000 -0.37 4.883 -0.033
2. Y=38.504+1.626sinX,~5.306Xs+0.041X+2.107X 0.571 0.000 -0.42 3.775 -0.025
3. ¥=35.237-1.645c0sX+2.137sinX,—5.521Xs+0.049X+2.008X 0.606 0.000 -0.04 3.649 0.012
Ni
1. Y=4.402+2.303sinX (+2.002sinX3+2.004cosX s+7.324InX s 0.304 0.000 -0.15 4.997 -0.023
2. Y=48.664+1.836c0sX5-163.566X-5.376X:+0.032X, 0.513 0.000 0.02 3.944 -0.017
3. Y=104.481-0.494X ;+1.676c0sX 5—259.462X s~5.435X:+0.057 X 0.551 0.000 —0.64 3.876 -0.037

Y HOAE L X055 1

BB ABOT KIS AE X156 3 I BURIT KA X255 4

PEBARTT AR X355 5 PEBHROT K {E , X455 6 P B f4oT

TRIEAE X555 8 P BHGITIKIEME X6 IH— b RIBLFE AL , X8 pH L , X9 Wik = B, X10: i - BE T, ME . P33 2%  RMSE: 34 %25, MRE : °F-

BIAIXFR 2

Note: Y :Predicted value,X0:Digital number of the first band, X1 : Digital number of the third band,X2: Digital number of the fourth band, X3 Digital
number of the fifth band, X4 : Digital number of the sixth band, X5 Digital number of the eighth band, X6 : Normalized difference vegetation index, X8: Value of
pH, X9:Elevation, X10: Soil parent material ,ME : Mean error, RMSE: Root—mean—square error, MRE: Mean relative error.
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Figure 3 Comparative map for measured and predicted values for soil Pb
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Figure 4 Comparative map for measured and predicted values for soil Ni
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