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SPH
5m (partial least square regression, PLSR)
14.9C 978.7 mm -
(350 ~ 2 500 nm)
1.2 PLSR (40
10 ) (leave-one-out) SPH
PLSR (cross-validation)
8 (5 10 15 20 25 30 (root mean square error of
35 40 50m) 200 g prediction RMSEP) (R?)
(0~20cm) 146 (standard deviation, SD) RMSEP (the ratio
of SD of samples to RMSEP RPD)
2 025 0.15mm
40 [18]
(2 mm) (soil petroleum hydrocarbon, SPH) 2
(0.15mm)  (TN) (0.15mm) 2.1 SPH
(SOM) 1 40 SPH SOM TN
(C:N) C:N
1.3 SPH ( = 523.20 mg/kg) SPH
ASD_Fieldspec 2 025 0.15mm (1 5m SPH
[14] 10m 10 ~
(multiple scattering correction, 30m SPH 30~50m
MSC) (first derivative, FD) SOM C:N
(continuum removal, CR) 3 SPH SPH
SOM C:N TN
[14, 18] SPH TN
14 (1
- 5m )TN TN
20m
F1 TESPHLMEES SOM. TN #1C:N
Table 1 Descriptive statistics of SPH concentration, SOM content, TN content and C:N
SPH (mg/kg) 523.20 12.80 536.00 71.07 101.76
SOM (g/kg) 30.94 10.35 41.29 22.3 6.13 0.477
TN (g/kg) 1.54 0.53 2.07 1.36 0.35 -0.02
C:N 8.93 7.7 16.63 9.61 1.43 0.85"
fald P 0.01 (2-tailed)
50 m 50 m
SPH 500 mg/kg 7l SPH SOM
5~50m SPH C:N
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Fig.1 Relation between SPH concentration, TN content and distance of sampled soils from oil well
2.2 SPH 3 RAW
2mm 0.25mm 0.15mm -SPH (CR FD MSC)
(RAW) -SPH -SPH ( 2
( 2 350 ~ 600 nm (2 mm ) RAW -SPH 350 ~
(0.25mm 0.15mm ) 600 nm CR MSC 3
SPH 600 ~ 2 500 nm -SPH
-SPH RAW -SPH
-SPH CR FD MSC
Toss|  [rozs]
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500 1 000 1500 2000 2500 500 1 000 1500 2000 2500
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Fig. 2 Correlation between SPH concentrations and reflectance spectra of soils at three particle sizes
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SPH 2.3 SPH PLSR
-SPH (350 ~ 2500 nm)
2mm 0.25mm 0.15mm 2mm 0.25mm 0.15mm
-SPH ( ) SPH PLSR
( 2 RAW CR -SPH (Factor) (R
0.15 mm (RMSEP) (Slope) -
420 nm 1190 nm FD (RPD) 3
MSC ( ) CR
0.25 mm 2 280 nm 530 nm MSC PLSR SPH
0.25 mm FD 2 280 nm -SPH (RPD R? RMSEP ) RAW
(Irf = 0.82, P 0.01) 2 mm FD PLSR SPH
FD 2 280 nm (r] = 0.81, P 0.01) (RPD R? RMSEP )
( 1.23%) 2 mm CR-PLSR  MSC-PLSR SPH
0.25 mm RAW-PLSR FD-PLSR
x2 ARPHR K NLIERFAIES SPH & 2(mo/kg) i X8 KK &
Table 2 Wavelengths with maximal correlation between SPH concentration and reflectance of soils at various particle sizes
RAW CR FD MSC
(mm) Il (nm) Il (nm) I (nm) I (nm)
2 0.37 420 0.54 440 0.81 2280 0.45 530
0.25 0.50 410 0.52 440 0.82 2280 0.46 530
0.15 0.53 420 0.56 1190 0.78 2280 0.45 530
%3 SPH 2287 PLSR f&ilREHEE (n = 40)
Table 3  Statistical parameters of PLS regression models for predicting SPH concentration
RAW CR FD MSC
2 0.25 0.15 2 0.25 0.15 2 0.25 0.15 2 0.25 0.15
Factors 8 6 6 2 2 2 5 3 3 7 5 6
R? 058 059 051 0.56  0.61 0.6 0.65 0.61 0.59 0.53 0.54 0.6
RMSEP 66.64 65.79 72.07 68.48 64.76 65.11 60.58 64.74 65.71 70.8 69.76  65.2
RPD 1.53 155 141 1.49 1.57 1.56 168 157 155 1.44 1.46 1.56
Slope 0.62 0.75 048 043 053 0.49 0.70 059 0.54 0.55 0.81 0.66
3 2mm 0.25mm 0.15mm 550 -
SPH MSC-PLSR 500
(R2 =056 RPD =1.49) RAW-PLSR 0T
(R? = 056 RPD = 1.48) Eggg !
CR-PLSR (R = 0.59 RPD = % 300 | ls‘f)g:jffo
1.54) RAW-PLSR FD-PLSR E 250 | R=0.65
(R? = 062 RPD = 1.60) ; fgg . %
FD “0lo & & o
PLSR SPH s0 [Ehge” o
SPH PLSR %0 750 100 150 200 250 300 350 400 450 500 550
SPH % fit Sili{E (mg/kg)
FD 3 SPH &=l MR Byl M-S ME S bk E
2mm 3 Fig. 3 Predicted v.s measured values of SPH concentration yielded

by predicting models
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Visible-near-infrared Spectroscopy in Estimation of Petroleum
Hydrocarbon Concentration in Soil

REN Hong-yan' 2, SHI Xue-zheng®, ZHUANG Da-fang®", XU Xin-liang?, JIANG Dong? YU Xin-fang®

(1 Key Lahoratory of Geographic Information Science, Ministry of Education, East China Normal University, Shanghai
200062, China; 2 State Key Laboratory of Resource and Environmental Information System (Institute of Geographic Science and
Resource Research, Chinese Academy Sciences), Beijing 100101, China; 3 Institute of Soil Science, Chinese Academy of
Sciences, Nanjing 210008, China)

Abstract: Visible-near-infrared spectroscopic characteristics of soils sampled in cropland in oil well region were analyzed
and these soil samples were meshed by 2 mm, 0.25 mm, 0.15 mm. Reflectance spectra was pretreated by first derivative,
continuum removal, and multiple scattering correction before study on relationship between spectral reflectance and soil
petroleum hydrocarbon concentration. Partial least square regression models for predicting soil petroleum hydrocarbon
concentration were built on the basis of the full wavebands from 350 to 2 500 nm. The results showed that the most sensitive
wavebands of RAW, continuum-removal, and multiple-scattering-correction spectra were located in the region from 350 to 600
nm with 0.05-level significance, and that those of first-derivative spectra were located at 2 280 nm (Jr] = 0.81, P 0.01).
Estimation accuracy of partial least square regression models for predicting soil petroleum hydrocarbon concentration was
increased by spectral pretreatment; nevertheless, effects of soil milling on estimation accuracy depended on spectral pretreatment.
In this study, 2 mm and first derivative were respectively considered as suitable soil particle size and spectral pretreatment in
building models for predicting soil petroleum hydrocarbon concentration on the basis of visible-near-infrared spectroscopy and
spectral analysis, which provides a novel alternative of traditional analysis methods.

Key words: Visible-near-infrared spectra, Petroleum exploiting region, Cropland, Soil, Petroleum hydrocarbon

concentration



