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Fig. 2 The soil spectral reflectance curve
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Table 1 Descriptive statistics for chemical variables

concentrations in soil samples

o OM As Cr Zn pH
statistics
g kg mg « kg !
Min 0. 88 2. 64 26.70  43.00 4. 80
Max 18. 10 197.00 125.00 404.00  8.06
Mean 6.99 42. 84 76.37 150.50 6. 47
standard deviation 5. 04 38. 40 30.20  93.80 1. 15
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Table 2 Pearson correlation matrix for selected

soil chemical variables

OM As Cr Zn
OM 1
As —0.215 1
Cr —0.334" 0.538"* 1
Zn 0. 264 0.832** —0.491** 1

* % Correlation is significant at the 0. 01 level(two-tailed)

% Correlation is significant at the 0. 05 level(two-tailed)
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Table 3 Correlation coefficients between soil heavy metals contentand spectral characteristic values
As Cr Zn
Feature
Wavelength First order ~ Reciprocal = Continuous  First order =~ Reciprocal =~ Continuous  First order = Reciprocal  Continuous
differential logarithm division differential logarithm division differential logarithm division
495 —0.445"* 0.530" 0.416~ —0.494"* 0.497 > 0.503"* —0.548** 0.572** 0. 396"
545 —0.403* " 0.583" " —0.505* " —0.454" " 0.519"* —0.749"* —0.467" " 0.596 " * —0. 280
675 0.447 " 0.509 " * —0.263 0.529" " 0.423" —0.383" 0.505" " 0.485" " —0.177
1005 0.067 —0.663"" 0.214 0. 309 —0.550"* 0. 259 0.073 —0.561"" 0. 259
1425 —0.424** —0.619"~ 0.488* * —0.509** —0.532*~ 0.435" —0.471** —0.464*~ 0.524>~
1505 —0. 241 —0.478" * —0. 284 —0. 100 —0.434" —0. 368" —0.282 —0.321 —0.212
1935 —0.485** —0.594" " 0.115 —0. 287 —0.487* —0.031 —0.587** —0.405" 0.262
2 145 0.460** —0.519" " 0.198 0.556** —0.469"~ 0.258 0.498** —0.286 0. 257
2 205 0.403** —0.659" " 0.372" 0.497** —0.558"~ 0. 386" 0.436** —0.449"~ 0. 364"
2 265 —0.337" —0.529" " —0.164 —0.427** —0.461" " —0. 268 —0.375" —0.299 —0.080
2 355 0.480** —0.497*~ —0.334 0.459** —0.416" —0.500" 0.532** —0.260 —0. 205

* % Correlation is significant at the 0. 01 level(two-tailed)

% Correlation is significant at the 0. 05 level(two-tailed)

x4 IRECESEZRSEHAKRE

Table 4 Spectral model parameters of stepwise regression for soil heavy metals

Ijﬂii:i’ variables Stepwise regression model r significance test

First order differential y=49.073—151 814. 853X 935 —29 689. 826 X5 155 0.730  Extremely remarkable

As Reciprocal logarithm y=—112.284+171. 872X 495 0.662 remarkable
Continuous division y=—1411.765—623. 979 X545 +1 190. 941X, 165 +890. 652X, 935 0.731 Extremely remarkable
First order differential y=229.517—42 5014 X5 505 —17 6495X 05 +861 366X 555 — 191 415X 145 0.900  Extremely remarkable

Zn Reciprocal logarithm y=—262.896+462. 119X 05 0.528 remarkable

Continuous division y=—14 479. 64610 870. 576 X7 425 4 033. 162X 935 0.569 remarkable
First order differential y=130. 614 —53 468. 004 X ;95 —83 254. 344 X5 155 — 151 436. 621X, 505 +132 960. 97X> 205 0. 907 Extremely remarkable
Cr Reciprocal logarithm y=—133.742+243. 235X 405 0.780  Extremely remarkable
Continuous division y=1304.685—1 289. 395 X545 0.749 Extremely remarkable
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Fig. 6 Scatterplot of soil heavy metals content between

measured and predicted data
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Abstract Mineral resources play an important role in the development of industry and national economy. However, with the ex-
pansion of mining scale, more and more abandoned mining land is formed due to resource depletion and poor management. Due
to the prolonged mining impact, a large amount of heavy metal elements are present in the soils of mining wastelands. In such
contaminated areas, high levels of heavy metals may have an impact on the environment and the human body. Land reclamation
is an important method for remediation of contaminated and degraded soils. The detection of heavy metal content in the recon-
structed soils is an important indicator of land reclamation efficiency and requires long-term follow-up and monitoring. The tradi-
tional chemical detection methods are inefficient and costly, and can not detect a wide range of heavy metals. Hyperspectral tech-
nology is a new technology with great potential for development and has a wide range of applications in environmental protection,
resource utilization and regional sustainable development. After the rapid development in recent decades, the accuracy of instru-
ments has been gradually increased, and the detection methods have gradually become mature, so as to realize the high efficiency
of soil heavy metals. Easy detection provides a new way. Normal soil heavy metal content is generally relatively lower, and the
use of spectral techniques to measure heavy metal content is more difficult, but mining iron ore mining area due to the soil more
iron, will make the soil heavy metals in the form of existence and aggregation changes, impact the response of heavy metals to
the spectra., and make the correlation between soil spectral reflectance and heavy metal content even more pronounced. The con-
tents of heavy metal (As, Cr, Zn) in soils were obtained by sampling chemical detection method in the study area of reclamation
mining area in Daye City, Hubei Province. The soil reflectance was obtained by means of FieldSpec4 spectrophotometer (350~
2 500 nm) First-order differential, reciprocal logarithm, and continuous unmixing method were used to preprocess the
reflectance curve respectively, and the spectral characteristic bands were extracted. The correlations between the three heavy
metal elements and spectral features were analyzed and a stepwise regression model was established. The results showed that
compared with the general soil, spectral data preprocessing could make spectral characteristic bands more obvious, of which the
first-order differential and continuous removal were the most obvious. The characteristic bands of the three heavy metal elements
were 495, 545, 675, 995, 1 425, 1 505, 1 935, 2 165, 2 205, 2 275 and 2 355 nm. Correlation analysis between soil
heavy metal content and spectral characteristic bands showed that all the three heavy metals showed correlation with spectral
curve, and most of the correlation coefficients reached above 0. 5 and the maximum correlation coefficient was 0. 663, and differ-
ent heavy metal species and treatment methods led to significant differences in the correlation coefficients. Three heavy metal in-
version models were established based on the characteristic bands with the highest correlation with heavy metals in soil. The op-
timal inversion model for each heavy metal was selected based on the size of inversion model . Because of different selection of
heavy metal species, Cr, Zn First-order differential step-by-step regression was the best inversion model, and heavy metal As
continuous removal method gradually regression was the best inversion model. Through the test, Cr in the three kinds of heavy
metals was the best, and RMSE is 2. 67, followed by Zn, and As is the worst. Comparing the current different detection meth-
ods, we can see that hyperspectral inversion of soil heavy metal content spectrometer based on soil samples and spectral data pre-
treatment is ideal. The related research results can provide reference for the hyperspectral inversion of heavy metals in mining-a-

bandoned soils.
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