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Table 1 Statistical characteristics of As concentration in soil of sampling area
Element Samphr/li points Maximum Minimum Mean i;i:ladj:i Varii?ii':i:z}\t/?f%)
Whole set/(pg+ g™ 51 55. 4 1.5 31.5 12.2 39
SOM/(g -+ kg™ 51 95. 90 0. 26 6.35 10. 15 160
Calibration set/(pg * g 1) 26 55.4 1.5 30. 4 11. 1 37
Validation set/(pug + g~ ) 25 49. 4 2.2 31. 4 12.6 40

3.2 MAREEHEIRECEASERXESN

As S5 B BOG I RS AR AL 1 R, Al
VA M, 51 A~ SR i S A 3 00 JeU iR S S 0 A0 3 A Hor A 4
BT #RYE As B REEBRIEM K. T 0. 228, MKNFE . R

>/R>1gR>1/R, 7E W] I3 [ (400~500 nm) P . Ji G 2
AR As 2 BAH RE BR R AR 0. 16, R AR DG M R
AL 2 e HOHE 0 S Ok B R A AT Y X L As
R TR SN L IR e TR O % 4 B0k B 5 4R B



% 8 3

ik

55 Hr 2489

Correlation cofficient

04 T T T T T
400 800 1200 1600 2000 2400
Wavelength/nm

IgR

Correlation coefficient

400 800 1200 1600 2000 2400
Wavelength/nm

0.10 -

1/R

=4

(=1

W
L

Correlation cofficient
=}
o
S
.

-0.05 1

04 T T T T T
400 800 1200 1600 2000 2400
Wavelength/nm

Sqrt-R

Correlation coefficient

1600 2000 2400

5 T T
400 800 1200
Wavelength/nm

1 TERERHES AsFTEBHXR

Fig. 1

TEME L As a4k

IE WSS BT B BE SR TR, Vis-NIR X 3 (450, 480, 500,
550, 600, 670, 700, 810, 900, 1 000, 1 400, 1 900, 1 980,
2 050, 2 200, 2 250, 2 290, 2 400 Fl 2 470 nm) 24 & + 45
OAs FEMEZEN K, A Y LA E A LR

r

2400 @ 03
2200 5
2000 o1
g 1800 0
s
£ 1600 -0.1
;Ef 1400 02
' 1200 0.3
] -0.4
£ 1000 !
800 F-0s
600 ' 83
400 800 1200 1 600 2000 2400
Wavelength/nm
2400 4
!
2200] 'S8 © g;
2000 i
£ 1800 0
s
£ 1600 01
%“ 1400 202
5 1200 0.3
>
£ 1000 -0.4
800 -0.5
600 I -0.6
0.7
400 800 1200 1 600 2000 2400

Wavelength/nm

%2 TR 400~2 400 nm HE WA LR D, TE
780~1 100 f1 1 100~1 935 nm & Pl & & 1Y ~ RIS AEH p

Correlation of soil spectral reflectance and As contents

RURSJE KT SOM &m0 I BERL, O T 383X — 25 21,
ST T HFSE X As il SOM Z 8] (g AH S 1% (| r| = —0. 143), JIf
H SOM &8 F 2%. Wik, f£2Z 1 SOM T &HFE T,
BT Vis-NIR X306 3% 19 J7 4k S5 248 R 3 B 5 2T 501
Sk e O+ As I U (B 2)

2400 !
1/R b
2200 ® g-;
a0
£ 0
£ 1600 Yol
%" 1400 02
° 1200 -0.3
£ 1000 0.4
800 -0.5
600 -0.6
-0.7
400 800 1200 1 600 2000 2400
Wavelength/nm
]
s
e
0
5
O]
E]
B

400 800 1200 1600 2000
Wavelength/nm

2 ASEESENPDSZHMBEXRH_HETEE

Fig. 2 The two dimensional maps of correlation coefficient between As contents and NPDIs
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Table 2 Correlation between hyperspectral indices

and As contents

Index R 1/R IgR VR
[r|=0.73 [r]=0.73
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|r|=0.73 /945 /
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1408/1 240 ) 817/951 1 243/1 010
NPDI 817/951
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1935/2 391 1257/1 023

NPDI(1417/1246) NPDI(1240/1408)  NPDI(1251/1404) NPDI(799/953) NPDI(825/947) NPDI(817/951) NPDI(811/952)
Variables Variables
167 10z
144
1.2 -
1.0+-1 7 7 r
. - |
N 0.8 / /
0.6 % % %
an
0.2 % %
) 744 2 Z VA
NPDI(801/953) NPDI(817/951) NPDI(828/945) NPDI(1935/2372) %9DI(1023/1257) NPDI(1021/1250)  NPDI(1011/1241)  NPDI(1011/1241)
NPDI(811/953) NPDI(825/947) NPDI(1935/2391) NPDI(1008/1249) ~ NPDI(1020/1247) ~ NPDI(1018/1242)
Variables Variables
B3 REFZT=E VIPFiEE
Fig. 3 Map of the model parameters (VIPs)
26 A~ R BEH VIP {35 19 NPDIs F/E T 4 8 & & 1 il i AIC i C(AIC = 179.96), ¢ #£ % ( NPDI,

W F, 25 ADNFEGH T RAE. % 3 J& GWR ) 455 5 1) 455 78
FEEEFE AR . B 4 S5 T 30 0 A 92 0 2R 4 0 7 o A s R, A
FIME 4 Pros, 4 ASBEY) RMSE B FH y 12, 781 ~
4.912 pg « g ', RPD N 0.543~2.321, R* Jy 0.210~
0.831, a #& # (NPDlrqwrnoe ) % B0 T b #5
(NPDIIr’R(75757'f)53. 825/947) ) *u d FE“ ﬂ:ﬂ
(NPDIIgR(SOI/QSS. 811/953, 817/951, 825/947, 828/945) ) ’ E%ﬁ%%%iﬁ%
H(R*=0.831, RMSE=4.912 pg+ g ', RPD=2.321) fl &

qrt=-R(1 023/1 257, 1 008/1 249, 1 021/1 250, 1 020/1 247) )iﬁﬁﬁ%ﬂggﬁiﬁgﬁ
(R*=0.649, RMSE=7.141 pg » g ', RPD=1. 774) FI & %
) AIC fH(AIC=197.16), d BL# (1gR) F1 b HLHI (1/R) 7= A=
B B8 3F 2R B0 IK (R =0. 210, RPD=0. 811, RMSE=12. 781
pgeg s R*=0.371, RPD=1.051, RMSE=9.95 pg+ g ")
It H AIC W% B (AIC=236.17, AIC=218.26), R IEt
T TIN L5 AL, DA 5 P9 T4 06 3% 00 15 3 09 8 £k 48 B (NP-
DIz i )IEB T ISR B = BRI L P E SR As



% 8 3

S 5 B 2491

TR A AT, R 1 400 nm B A9 K FRAE AT BE < 5
+ R EFE, {0 Singh TAH 1 200 il 1 400 nm J& Fi il + 58 As
FERMEREFK.

#3 GWR FINEB I R H
Table 3 Description of validation factors

for every GWR prediction model

Cross-Validation Model-a ~ Model-b ~ Model-c Model-d
metrics (R) (1/R) V/R) (1gR)

R? 0. 831 0. 371 0. 649 0.210
RMSE 4.912 9.951 7.141 12. 781
RPD 2.321 1. 051 1. 774 0.543

AIC 179. 96 218. 26 197. 16 236. 17
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Fig. 4 Scatter plot map of GWR predicted model
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Estimation of Heavy Metal Contents in Soil Around Open Pit Coal Mine
Area Based on Optimized Spectral Index
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Abstract Spectroscopy is regarded as a quick and nondestructive method to classify and analyze quantitatively many of elements
of the soil. Visible and near-infrared re? ectance spectroscopy offers a conductive tool for investigating soil heavymetal pollution.
In this work, 51 soil samples with depths of 0~10 ¢m were collected, which were in the Eastern Junggar coal-field mining area,
Xinjiang. The soil organic matter (SOM) content, Arsenic (As) content and indoor hyperspectra were measured in the laborato-
ry. The significant relationship between As content and hyperspectral data was conductive analysis of NPDIs, which were calcu-

lated from Vis-NIR region. For calculating the indices. on the basis of the raw spectral reflectance (R), its three mathematical

transformations were calculated, i. e., the reciprocal (1/R), logarithm (IgR) and root mean square method (sqrt-R/+/R),
respectively. The two band combination of optimized indices software V1.0 (No: 2018R11S177501, independently developed
based on the JAVA) was used during the calculation of the indices. NPDIs were calculated using all possible combinations of
available bands (i nm and j nm) in the full spectral region (400~2 400 nm). In the optimal spectral indices (|r|=0.73 and p=
0.001), an index of VIPZ>1 was further selected as a model independent variable by the Variable importance in projection (VIP)
selection method. The main goal of this work is to obtain optimized spectral index (NPDI) related to soil heavy metal As. to es-
timate As concentration in soil based on geographically weighted regression (GWR) model, and to investigate the plausibility of
using optimized spectral index for hyperspectral detection of heavy metal Arsenic in soil of coal mining areas. To assess the per-
formance of the soil heavy metal contents prediction models, four cross-validation metrics were used; Residual Prediction Devia-
tion (RPD), the Coefficient of Determination (R*), the Root Mean Square Error (RMSE) and Akaike Information Criterion
(ACD. The results of this study are as follows: (1) As has the largest dispersion in the study area, SOM contents in all samples
are less than 2%, and the As concentration has no significant correlation with the SOM content at a significance level of 0. 01
(|r]=0.113). (2) Single-bandreflectance shows low correlation with As contents, lower than 0.228. However, the highest
correlation coefficient and lowest p-values (|r|=0.73 and p=0.001) between As and NPDIs calculated by original and trans-
formed reflectance (R, 1/R, 1gR, +/R) are found in theNear-infrared (NIR, 780~1 100 nm) and Shortwave-infrared (SWIR,
1 100~1 935 nm) long wavelength infrared. The original spectral region formed with long wave length near-infrared (LW-NIR)
regions show highest correlation with As contents (|| =0.74). (3) VIP value of NPDIgq 1171 216, » NPDI} r700/053. s25/007) » NP-
DL rra1 025/1 257, 1 008/1 249, 1 021/1 250, 1 020/1 247> and NPDIigresor /053, 811/053, 817/051, 825/017, s26/045 higher than 1, thus these NPDIs are chosen
as independent variables. (4) From the four prediction model (GWR) performances it can be seen, the Model-a (R) showed su-

perior performance to other three models (Model-b (1/R), Model-c (+/R) and Model-d (IgR)) , and it has the highest validation
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coefficients (R*=0. 831, RMSE=4.912 pg -+ g~'. RPD=2.321) and lowest AIC value (AIC=179. 96). The hyperspectral op-
timized index NPDIg¢ 417/1 245 may help to quickly and accurately evaluate Arsenic contents in soil, furthermore, the results pro-
vide theoretical and data support to accesse the distribution of heavy metal pollution in surface soil, promoting fast and efficient
investigation of mining environment pollution and sustainable development of ecology.

Keywords Heavy metal; Optimized spectral indices; GWR model; Coal mine field
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