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ASDFieldSpec 4

1
1.1
05°41' ~ 97°44'E  33°44' ~ 33°46'N 96°50" ~
99°20'E  33°50" ~ 35°40'N
5752 m
3350 m 44934 m
5266 m 4067 m
4500 m
29°C 487 mm
—4.1°C 303.9 mm

4100 ~ 4 300 m

1.2
1.21

2012 8 7 —8 17 10 ~ 15 km
0~30cm
1 kg 2 kg

175

GPS
0.149 mm
3
154 1
1.2.2
KzCI'O4-stO4 20 2
01~05g
KQCTO4-HQSO4 3~
5 min FCSO4-stO4

FCSO4-HQSO4

HNO;-HCI-HCIO4-HF
Hg As
Pb Cr Cd Cu Zn Si
(ICP-MS) Fe
X (Primus-II)
1.2.3 0.149 mm

10 cm 1 cm

(AFS-8130)

Mn Si Al

ASD Field Spec 4
1000 W
30°
30 cm
15 cm 30 min
10

4 ( 3 90°)

2.1

(GB15618-1995)
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Fig. 1 Location of the study area and distribution of soil sampling sites
087 As
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Fig. 2 The indoor original spectra curve of soil samples
4
1 150
*1 IRESREASFHUESHRI
Table 1  Statistical parameters of heavy metal contents in soil
(mg/kg) (%) I (mg/kg)
As 19.488 7.365 1.715 5.783 37.8 15
Cu 23.910 7.634 2.737 13.695 31.9 35
Pb 26.662 19.793 9.306 102.229 74.2 35
Zn 79.109 25.498 1.761 6.880 322 100
Cr 69.254 27.452 4.050 27.445 39.6 90
Cd 0.222 0.098 2.766 13.312 443 0.20
Hg 0.053 0.105 9.364 100.303 200.2 0.15
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2.2 4
Al 4
(721] Cu Fe Mg Mn Al Si
2
As Zn Cr Cu Hg
Cd SOM Fe Mn Al SOM Fe Mn Al Si Mg
0.15
As Zn Cr Cd
F2 tEEEESESHMUERSSEHEXRY
Table 2 Correlations between heavy metal contents and other chemical components in soil
SOM Fe Mn Al Si Mg
As 0.32" 0.37" 0.44™ 0.54" 0.06 —-0.20"
Cu 0.03 0.84™ 0.55" 0.36" -0.27" 0.77"
Pb 0.18 0.22" 0.22" 0.35" 0.04 -0.05
Zn 0.57" 0.66" 0.63" 0.67" —-0.08 0.06
Cr 0.32" 0.66" 0.43" 0.48" -0.16 0.48"
cd 0.48" 0.49™ 0.53" 0.52" —0.13 —-0.06
Hg 0.14 0.12 0.15 0.07 -0.07 0.03
* P<0.05 ok P<0.01
2.3
(2 o)
« 3
600 ~ 800 nm
800 nm 800 ~ 2 500 nm 4 4
(VIS) (NIR) 400 429 470 550 600 815
900 1415 1915 2205 2355 2455nm
[13] [13] (
2) 400 ~ 600 nm
429 nm
0.8
07! v ML 470 nm
: —e— 1Ly ) - [13]
0.6F KWL
G U ( 9
05| iEL
E 04l ( 2) 600~815nm
B 03+ 400 ~ 600 nm
02+
0.1 ( 3) 600 nm
ol A (21815 nm
400 600 800 10001200 1400 1600 18002 000 2200 2 400
P (nm)
e o g . . 4
3 BABVITEMEHNRABNIEHE ( )

Fig. 3 The indoor original spectra of various types of soil
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Fig. 4 Four different transformations of soil spectral reflectance and feature bands
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Fig. 5 Correlation coefficient curves between soil heavy metal contents and spectral reflectance
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Table 3 The optimal spectral model parameters for soil heavy metals
(n=100) (n=150)
R F R RMSE R RMSE RPD RMSE
As BD 0.56 13.77 0.53 4.16 0.39 4.98 1.23 445
Cu REF 0.71 18.26 0.33 4.63 0.35 5.05 1.25 478
Pb Derlst 0.61 12.49 0.45 491 0.53 4.55 1.44 479
Zn REF 0.63 11.91 0.50 14.40 0.58 13.28 1.54 14.04
Cr BD 0.51 8.55 0.43 13.31 0.55 11.76 1.48 12.82
cd Derlst 0.51 26.64 0.38 0.06 0.32 0.06 1.21 0.06
Hg Derlst 0.28 422 0.05 0.03 0.08 0.04 0.71 0.04
Cr 2455 nm
Pb
470 550 815
900 1415 2355 2455nm
Fez+
Fe Zn
400 429 470 550 600 1 415 2 355 ( 6 y=x
2 455 nm
Pb Zn Cr
Cr 470 550 600 815 1915 y=x
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Fig. 6 Scatter plots of soil heavy metal contents between measured and predicted value
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Estimating Heavy Metal Contents for Topsoil Based on

Spectral Analysis
——A Case Study of Yushu and Maduo Counties in the Three-River Source Region

ZHANG Wei', GAO Xiao-hong'’, YANG Yang', LI Jin-shan', ZHANG Yan-jiao', TIAN Cheng-ming',
JIA Wei', FENG Ling’, MA Yong-lu’, YUAN Hui-xia’, XIU Guang-li®

(1 Key Laboratory of Ministry of Education on Environments and Resources in Qinghai-Tibet Plateau, Key Laboratory of
Physical Geography and Environmental Process in Qinghai Province, School of Life Science and Geography, Qinghai Normal
University, Xining 810008, China; 2 State Environment Protection Key Laboratory of Environment Engineering, School of
Resource and Environmental Engineering, East China University of Science and Technology, Shanghai 200237, China;

3 Nonferrous Geological Test Center of Qinghai, Xining 810008, China)

Abstract: Based on soil reflectance spectral measured indoor by ASD Field Spec 4 and heavy metal contents including As,
Cu, Pb, Zn, Cr, Cd, Hg measured in laboratory, the stepwise regression equations were established between spectral indices and
soil heavy metal contents respectively, and prediction ability of models was assessed using coefficient of determination (R%), the
ratio of standard error of prediction to standard deviation (RPD), root mean square error (RMSE). The results showed that the soil
heavy metals (As, Cu, Pb, Zn, Cr, Cd) was well correlated with the soil organic, Fe, Mn, Al and Mg. The coefficients of
determination (R?) of estimation models on As, Cu, Pb, Zn, Cr and Cd were all over 0.5, higher than the significance level. The
ratio of standard error of prediction to standard deviation (RPD) of verification samples on Pb, Zn and Cr were all reached 1.4,
which showed that the model had rough estimating capacity. The ratio of standard error of prediction to standard deviation (RPD)
of verification samples on As, Cu and Cd were all below 1.4, which showed the lower precision. The coefficient of determination
(R?) of estimation model of Hg was 0.28, lower than significance level, which showed the model is unreliable.

Key words: Soil heavy metal, Hyperspectral, Soil spectral features, the Three-River Source Region, Yushu Counties,

Maduo Counties
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