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Fig. 1 Study area and the distribution

of the soil sampling points

1.2 HARE

ST 1K 0 T 0 25 18 53 R 449 50 O 4 o AR 42
521X P R AR R (1 40 A i R O 0 O B A
SRR R MR 48 A, SRAEVRIE N 0~20 em. [
6 GPS i . R B £ B0 1 BT R . R AR 1 T 1
BEARBE R, R BB, i 100 Hif. BRBR . 4
JEHE BRI RE AR — 430 o 4 AT B A B 4 R B 7 O
FEMCHR 1O 0 72 . SR P B A% A CCEM-Mars) 31§ 8 . 1 1 il
TR 4 45 B 1K {3 (PE-Nexion 300 ICP-MS) Il + v
BN B4 i, 31 A8 A b HERE A o A A B 0 R 2
A

BFJEIX + 4P T 4 B As 7 i 42 A £ 10. 844 ~15. 125
mg « kg ' Z [, P 13.230 mg + kg ', BT 1
FAHT L DILRAEE A LA R E AR As SO S
BF) T . b A T AR R T T A
KA A

P, = C,;/S; [@D)

Hop P, %5 LN &R As (075 458K, C R L

EEJR As EME. S, Foam LEPESIR As Ity w
FHE. Po<<0.7 NERFEH, 0. 7<<P, <1 NERFEH. 1<<P,
<2 NREIEYEE .,

®1 LTEPHISENRABESRITE(ng - kg™')

Table 1 Descriptive statistics of the arsenic
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Fig. 2 Transformed soil reflectance spectra after
(2) PLSR
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Fig. 3 Smoothed reflectance spectra of soil samples
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Table 3 Maximum correlation coefficients of heavy

metal As content and spectral indexes
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AT 1740 0.353"
ATFD 464 —0.370"
ATSD 2 208 0.372" "
CR 682 0.603" "

e ox x R T 0. 01O WF MK, » R/ARFAT 0.05
AU i 35 A8 ¢ Ao By
Note: * * significant at 0. 01 level (2-tailed) and * at 0. 05 level (2-
tailed)
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Fig. 4 Continuum removal correlation coefficient curve
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Table 4 Results of MLSR model
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Table 5 Results of U-PLSR model
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Table 6 Results of M-PLSR model
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(a) : Fitting samples; (b): Testing samples
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Hyperspectral Estimation Model of Heavy Metal Arsenic in Soil
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2. College of Resources and Environment Sciences, Shijiazhuang University, Shijiazhuang 050035, China

Abstract Arsenic is one of the heavy metals that seriously harm the human body. The estimation of arsenic content of heavy
metals in soil by using hyperspectral technology has great potential for application. However, the applicability and accuracy of
the estimation model will vary greatly due to the influence of the region and soil background. The hyperspectral estimation was
done in the protection zone of surface water zone of Shijiazhuang. Soil field samples were conducted in the main mining sites and
smelting enterprises in the study area and analyzed the heavy metal in the laboratory. After 7-point Savitzky-Golay smoothing of
the original spectral reflectance of soil samples. 9 spectral transformations were performed: first derivative (FD). second
derivative (SD), reciprocal transformation (RT), reciprocal first derivative (RTFD), reciprocal second derivative (RTSD),
absorbance transformation ( AT), absorbance transformation and first derivative ( ATFD), absorbance transformation and
second derivative (ATSD), and continuum removal (CR). Then, the measured content of heavy metal arsenic was correlated
with the spectral indexes after spectral transformations, and the maximum sensitive band of each spectral index was extracted. In
order to compare the estimation effect of each model, and find the optimal model, the multivariate linear stepwise regression
(MLSR), univariate partial least squares regression (U-PLSR) and multivariate partial least squares regression ( M-PLSR)
method were used to construct the soil heavy metal arsenic content estimation model. The model of arsenic content estimation

finally compared the modeling effect through correlation coefficient R* , root means square error (RMSE) and statistical value F.



2878 i 2% 5 61 43 Hr %41 %

The results showed that: most of the samples in the study area were in the critical state of contamination, although some of the
soil samples were already mildly contaminated with heavy metal arsenic. The maximum positive and negative correlations existed
between CR and ATFD and arsenic content, respectively. Compared with MLSR and U-PLSR, the estimated value of M-PLSR
was closest to the measured value, and the fitting samples’ R*, RMSE and F of M-PLSR were 0. 852, 0.147 and 32. 384,
respectively, which indicated that the integration effect of multivariate transformation modeling was effective. Therefore, the

research results can provide a scientific basis for rapid monitoring of heavy metal arsenic pollution in the region.
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