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Hyperspectral inversion of heavy metal content in subsided waters of coal mines

XU Liangji"?,LIU Shuguang” , MENG Xueying” , WEI Ren’

(1. National Key Laboratory of Mining Response and Disaster Prevention and Control in Deep Coal Mine ,Huainan 232001 , China; 2. School of Surveying and
Mapping ,Anhui University of Science and Technology ,Huainan 232001, China)

Abstract ; In order to study a rapid and effective monitoring method for the heavy metal elements in the subsidence wa-
ters of a mining area,the subsidence water area of Panyi Mine in Huainan,China,was taken as a research area. First-
ly,the spectral data of sampling points were collected by ASD FieldSpec 4 spectrometer and some samples were col-
lected. The contents of six heavy metals including Cu,Pb,Zn,As,Cd and Cr in water samples were determined using
atomic absorption spectrometer and atomic fluorescence spectrometer. Then , the spectral data was subjected to differen-
tial transformation and reciprocal logarithmic transformation. The correlation analysis was carried out with the water
content of the metal and the characteristic spectrum was extracted. The significant correlation bands were selected ac-
cording to the correlation analysis results. Single-band analysis, multiple stepwise regression ( SMLR) analysis and
band depth and partial least squares regression ( PLSR) were combined to establish a prediction model for estimating

heavy metal content in water based on spectral reflectance, and the accuracy of the prediction model was evaluated.
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The best prediction model for each heavy metal content was selected. The results show that the correlation coefficient

between the spectral band of the differential transformation and the heavy metal element content of the water body is

significantly improved and a higher correlation is achieved. After differential transformation, the maximum correlation
coefficients of six heavy metal elements including Cu,Pb,Zn,As,Cd and Cr are 0. 874 ,-0. 648 ,0. 824 ,0. 764 ,0. 636

and —0. 885 ,respectively. Based on the Cu,Cr content and second-order differential transformation spectrum,the es-

tablished single-band regression model is their best predictive model ,and the R” is verified to be 0. 823 and 0. 806 , re-

spectively. The stepwise regression model established by the second-order differential of Pb,Zn, As and Cd content and
spectral data is their best prediction model. The verification R is 0.774,0.724,0. 564 ,and 0. 767 , respectively. The

models can be used for the rapid monitoring of heavy metal content in the subsided waters at Panyi Mine.

Key words: coal mine subsidence waters; heavy metal content; hyperspectral ; multiple stepwise regression analysis;

partial least squares regression
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Table 1 Statistical characteristics of heavy metal elements in water samples

JLEFE/ (mg - L")

s
Cu®* Pb** Zn?* As cd* Crf*

PBI 0.005 0 0.007 0 0.054 0 0.004 0 0.000 6 0.004 0
PB2 0.024 0 0.017 0 0.117 0 0.067 0 0.001 5 0.005 0
PB3 0.012 0 0.015 0 0.157 0 0.029 0 0.001 2 0. 006 0
PB4 0.003 0 0.004 0 0.146 0 0.0120 0.000 1 0.004 0
PB5 0.008 0 0.010 0 0.069 0 0.045 0 0.000 1 0.004 0
PB6 0.004 0 0.022 0 0.011 0 0.004 0 0.001 3 0.010 0
PB7 0.001 0 0.012 0 0. 006 0 0.0310 0.001 2 0.004 0
PBS8 0.001 0 0.004 0 0.052 0 0.016 0 0.001 0 0.003 0
PB9 0.020 0 0.017 0 0.062 0 0.0350 0.001 0 0.009 0
PB10 0.002 0 0.001 0 0.041 0 0.0200 0.001 0 0.001 0
PB11 0. 006 0 0.001 0 0.105 0 0.007 0 0.001 0 0.002 0
PBI2 0.003 0 0.007 0 0.036 0 0.041 0 0.001 0 0.001 0
PB13 0.001 0 0.021 0 0.017 0 0.001 0 0.001 0 0.005 0
PB14 0.001 0 0.007 0 0. 006 0 0.024 0 0.001 0 0.001 0
PB15 0.005 0 0.007 0 0.054 0 0.004 0 0.000 6 0.004 0
PBI6 0.024 0 0.017 0 0.117 0 0.067 0 0.001 5 0.005 0
PB17 0.012 0 0.015 0 0.157 0 0.029 0 0.001 2 0. 006 0
PBI8 0.003 0 0.004 0 0.146 0 0.0120 0.000 1 0.004 0
PB19 0.008 0 0.010 0 0. 069 0 0.0450 0.000 1 0.004 0
PB20 0.004 0 0.022 0 0.011 0 0.004 0 0.001 3 0.010 0
PB21 0.001 0 0.012 0 0. 006 0 0.0310 0.001 2 0.004 0
PB22 0.001 0 0.004 0 0.052 0 0.016 0 0.001 0 0.003 0
PB23 0.007 9 0.012 3 0.075 1 0.0316 0.000 6 0.005 5
PB24 0.008 6 0.010 5 0.085 4 0.019 3 0.000 8 0.004 9
PB25 0. 006 0 0.001 0 0.105 0 0.007 0 0.001 0 0.002 1
PB26 0.004 1 0. 008 7 0.092 3 0.018 5 0.000 5 0.005 0
PB27 0.007 4 0.014 0 0.059 3 0.019 4 0.000 9 0. 006 2
PB28 0.010 2 0.014 3 0.0719 0.034 1 0.000 9 0.005 8
PB29 0.020 0 0.017 0 0.062 0 0.035 1 0.001 0 0.009 1
PB30 0.003 7 0.010 7 0.057 3 0.027 1 0.000 8 0.004 9
PB31 0.002 1 0.011 4 0.034 4 0.028 9 0.001 0 0. 004 2
PB32 0.002 0 0.001 0 0.041 0 0.0200 0.001 0 0.001 0
PB33 0. 008 2 0. 008 9 0. 060 0 0.023 3 0.001 0 0.004 9
PB34 0.002 9 0.007 0 0.036 0 0.041 1 0.001 0 0.001 0
PB35 0.001 0 0.021 0 0.017 0 0.001 0 0.001 0 0.005 1
PB36 0.003 5 0.009 1 0.080 7 0.0209 0.000 6 0.004 6
PB37 0. 005 2 0. 006 4 0. 060 3 0.016 6 0.000 9 0.003 4
PB38 0. 006 6 0. 006 7 0.082 6 0.017 6 0.001 0 0.003 3
PB39 0.009 6 0.011 3 0.085 1 0.026 5 0.001 1 0.004 0
PB40 0. 006 2 0.0116 0.047 1 0.030 0 0.001 1 0.003 2
PB41 0. 006 4 0.007 1 0.058 3 0.024 4 0.001 0 0. 003 2
PB42 0.004 1 0.013 8 0.050 5 0.016 1 0.001 0 0.004 1
PB43 0.001 0 0.007 0 0. 006 0 0.024 0 0.001 0 0.001 0
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Fig. 2 Subsidence water spectral curves
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Fig. 3 Correlation between spectral reflectance and heavy metal element contents
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Table 2 Single-band feature and optimal fitting model of heavy metal content
Wk, ot i Kol
TeIR o LA R R
nm £zt R RMSE/(mg - L") R? RMSE/(mg - L")
Cu 650 SDR Y=6 589 962. 227x*+126. 176x+0. 003 0. 796 2.80x1077 0. 823 9.66x107°
Pb 565 SDR  Y=-226 613.254x%-115. 097x+0. 006 0. 459 5.34x1077 0. 441 2.61x107°
Zn 971 SDR Y=6 815 483. 909x% +877. 415x+0. 052 0.728 1.02x107* 0.754 6.08x107*
As 704 SDR Y=6 979 063. 859x% +650. 508x+0. 017 0.570 8.55x107° 0. 598 1.33x107*
Cd 524 SDR Y=-49 049. 415x>+13. 737x+0. 001 0.419 8.64x1078 0.414 2.05x1077
Cr 566 SDR Y=-41 270. 255x> =34. 374x+0. 003 0. 794 5.63%x1077 0. 806 1.65%1077
W AR AR, Y SRR AR 4 R T 3R % 5o AR OGRS DL A B B A B 1 SO RE (R IRD)
LT REF,FDR,Ig(1/R) ,SDR 58 H B /m e  JGIGEBat Wil s B Y s e Je Be, M SPss %k
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TRPLA BN B B, AR R Ol 0. 796,REMS ja
0.000 28 ng/L; B A BG UF R* 4 0.823, REMS J
9.66x107° mg/L, Pb Fl Cd JLE F#IEE R* <
0.5, 50E R* AR, RIFIZIUS T RRILEGRERALT
3.3 ETFTSMIR WKkFELEREREREFSH

¥ 400 ~ 1 200 nm 3 BL N (9% 06 % A5 R (TE
0.05 K3k 1) 5K EE 4 )8 & & e 35 A0 )

PR ALAARA 15 B LA AR R LR 3

M2 3 Al Al [l — 4 J8 LR W REF, FDR, SDR,
lg(1/R) #5845 T, SDR 5 H 4 J& ( Cu, Pb, Zn, As FlI
Cr) T EMPLERA TR ER R $5>0.7, %
W SDR A HRRAF I BE A N7 LA 5 R BB A I A5
R S ESE T EZAA R, Pb,Zn, As Fl Cd
PURh TR JA I o eiE Re 5 2 g A A
T,

L3 EY KRIHT VIF %1<10, £ & LT

P BRFE B B Z R A7 A 2 B AL A



www.chinacaj.net

3544 # % e ® 2019 4E5 44 %
£33 KEELESEZXRFEHAER
Table 3 SMLR model for heavy metal content in water
- A wiE SRS
. SR Y3 o
P AR R RMSE/ RMSE/
B/nm R? R? | P VIF
(mg - L") (mg-L7)
1161 0.153  6.555
REF Y=-0. 070 +0. 091 -0. 003 0. 505 . 6 0.543 1. -
1077 el Tiom 8.97x10 L4107 153 6,555
FDR 1158 Y=—11.653x,,5+0. 001 0.120 1.64x1075  0.137 2.81x10™5 1.000 1.000
672 0.482 2.074
Cu 719 Y=107. 2170719 =35. 718475 =45. 79975~ 0.433 2.310
SDR 0.736  1.22x10™*  0.770 1.36x107*
785 107. 217,045 +0. 014 0.606 1.651
1 005 0.834 1.199
1167 0.151 6.633
le(1/R Y=0.011 —0. 035, +0. 023 0.511 . 6 0.519 1. -
g(1/R) 1076 et Hiore 9- 0810 LSO 451 6,633
FDR 998 Y=7. 321495 +0. 005 0.173  2.16x1075  0.210 3.70x1075 1.000 1.000
Ph 365 Y=-146. 10255~ 198. 88 1xgq, - 0.3313.024
SDR 864 77 200 0. 001 0.745  6.6x10°°  0.772 1.07x1075 0.226 4.425
1 045 - 2U02%1045 +0. 0.450 2.224
REF 1 085 Y=0. 315,045 +0. 018 0.262  9.46x10*  0.281 1.72x1073 1.000 1.000
FDR 1153 Y=0. 162x,,5; +0. 056 0.191  0.001 364  0.393 2.42x1073 1.000 1.000
687 0.243 4.118
845 0.344 2.904
, 1013 Y=-5.9012,70~501. 49314, +116. 6924, + 0.483 2. 068
" SDR 1165 433. 848 6ixgg; —1 270. 793xg,5 +384. 68615+ 0.775 2.89x107%  0.774 5.37x10™* 0.586 1.707
479 636. 293,65 +0. 102 0.281 3.558
483 0.274 3.645
683 0.283 3.536
lg(1/R) 1074 Y=—0. 101x,4, +0. 155 0.227  9.91x10%  0.220 1.86x107> 1.000 1.000
FDR 418 Y=27.977x,,4+0. 027 0.286 1.26x10%  0.320 2.26x107* 1.000 1.000
As 411 1.000 1.000
SDR Y=79.102 1x,,,+751. 03319, +0. 016 0.709  5.10x1075  0.724 9.12x10°5
704 411 704 5.10x10 9.12x10 1000 1.000
FDR 428 Y=—0. 783,54 +0. 001 0.290 1.60x1077  0.241 1.97x10~7 1.000 1.000
422 0.529 1.890
cd SOR 987 Y=0. 735, =2. 424x9g; =8. 974,95, ~ 0.565  4.05x10*  0.564 6.70x10°" 0.557 1.795
. . X . . X
1051 5. 251,35 +0. 001 0.955 1.048
1138 0.592 1.689
604 0.596 1.677
FDR Y=5. 433x,, +8. 025x,5, +0. 003 0.766  9.91x1077  0.767 1.68x107°
Cr 657 604 67 0.59 1.677
SDR 566 Y=-28. 710, +0. 003 0.781  1.07x10°  0.902 1.67x10°5 1.000 1.000

3.4 BERESPISRAEHNKGEEEESERE
5] Y343 47
S KB IE AN TG ISR AE . BD (% Bt
REE) \BDR(BBOREL L) (NBD (I — kT AR B i
FE) BNA (H—fb AR B 4 , ik h

BD=1-R (5)
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Table 4 BDA combined with PLSR inversion of heavy metal content model accuracy

FEFR BD BDR NBDI BNA
C R? 0.615 0. 692 0.768 0.783
u
RMSE/(mg - L") 4.30%x107° 1.56x107° 1.45x107* 5.00x1077
b R? 0. 156 0. 346 0. 509 0. 465
RMSE/(mg - L") 5.80x107¢ 4.50x107° 4.56x107° 7.00x1077
y R? 0. 486 0.213 0. 558 0. 643
n
RMSE/(mg - L") 3.70x107° 4.30x107° 6.90x107° 5.00%1077
N R 0.233 0. 559 0. 678 0.511
s
RMSE/(mg - L") 1.12x107° 3.64x1073 4.50%x107° 1.40%x107°
cd R? 0. 159 0.510 0.512 0.499
RMSE/(mg - L") 1.55x107° 4.53x107° 1.85x107° 7.00x1077
C R? 0.598 0.610 0.720 0.758
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