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MBS AL H 8 A 3 Zn Cd T AR AL RPD 450 4 1.53.1.46 5 1.46 1.42, 3 B & M uk & E 6 /1 AR
BERERE In W ER S EEEEA L Hyperion B HE LR EEE LEEALE Zn &
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Estimating heavy metal concentrations in topsoil from vegetation reflectance spectra of Hype-
rion images: A case study of Yushu County, Qinghai, China. YANG Ling-yu', GAO Xiao-
hong'“ , ZHANG Wei'?, SHI Fei-fei', HE Lin-hua', JIA Wei' ('Qinghai Province Key Laboratory
of Physical Geography and Environmental Process/Minisiry of Education Key Laboratory on Environ-
ments and Resources in Qinghai-Tibet Plateaw, School of Life and Geographical Science, (Qinghai
Normal University, Xining 810008, China; *College of Astronautics and Civil Engineering, Harbin
Engineering University, Harbin 150001, China).

Abstract: In this study, we explored the feasibility of estimating the soil heavy metal concentrations
using the hyperspectral satellite image. The concentration of As, Pb, Zn and Cd elements in 48 top-
soil samples collected from the field in Yushu County of the Sanjiangyuan regions was measured in
the laboratory. We then extracted 176 vegetation spectral reflectance bands of 48 soil samples as
well as five vegetation indices from two Hyperion images. Following that, the partial least squares
regression ( PLSR) method was employed to estimate the soil heavy metal concentrations using the
above two independent sets of Hyperion-derived variables, separately constructed the estimation
model between the 176 vegetation spectral reflectance bands and the soil heavy metal concentrations
(called the vegetation spectral reflectance-based estimation model) , and between the five vegetation
indices being used as the independent variable and the soil heavy metal concentrations ( called syn-
thetic vegetation index-based estimation model ). Using RPD ( the ratio of standard deviation from
the 4 heavy metals measured values of the validation samples to RMSE) as the validation criteria,
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the RPDs of As and Pb concentrations from the two models were both less than 1.4, which sugges-
ted that both models were incapable of roughly estimating As and Pb concentrations; whereas the
RPDs of Zn and Cd were 1.53, 1.46 and 1.46, 1.42, respectively, which implied that both models
had the ability for rough estimation of Zn and Cd concentrations. Based on those results, the vegeta-
tion spectral-based estimation model was selected to obtain the spatial distribution map of Zn con-
centration in combination with the Hyperion image. The estimated Zn map showed that the zones
with high Zn concentrations were distributed near the provincial road 308, national road 214 and
towns, which could be influenced by human activities. Our study proved that the spectral reflectance
of Hyperion image was useful in estimating the soil concentrations of Zn and Cd.

Key words: hyperspectral images; soil heavy metal concentrations; partial least squares regression
(PLSR) ; vegetation spectral reflectance; Yushu County.
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Fig.1 Location of the study area and distribution of soil sam-
pling sites.

I : 2012 4ERFE A5 Soil sampling sites in 2012; I1; 2013 4R Af
Soil sampling sites in 2013.
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Table 1 Summary statistics of the soil heavy metal contents in Yushu County

TTHE ISoN( e/ ME - E bR WSRRE HIA 1990 M R EESE EEJIE
Element Maximum Minimum Mean SD (0% A EiER b b
(mg - kg'l ) (mg- kg'l ) (mg- kg'l ) (%) Background Geo-accu- National National
value of Qinghai mulation primary secondary
Province in 1990  index standard standard
(mg - kg™") (mg-kg™") (mg-kg')
As 36.60 9.71 21.48 5.29 24.6 13.20 0.12 15.00 30.00
Pb 34.37 19.48 26.70 3.52 13.2 20.10 -0.18 35.00 300.00
Zn 131.91 59.88 81.98 14.77 18.0 76.10 -0.48 100.00 250.00
Cd 0.80 0.11 0.26 0.12 44.7 0.13 0.42 0.20 0.30




6 3]

MR E55: T Hyperion SRR Y 10 4 5 k23 6] 23 A S 3 —— AT 148 F A8 B 141

1779

T 10% ~100% , A h 4548 5 AH LA F , As \Pb Zn
A S ZAE /N T Cd A8 5 BB 5, 0 44.7% , Ui
Cd FrafEas o) AR SRR K.
2.2 HIEESIRITE G 5RO

T 5 Rl B 48 B8O S i BORE B HE A, AT L
- LT ANX I8 AR S ok 21 o X AR 22 i B, rh
TR R AR B HE B BE AL A AR 22 R SPSS X As
Pb.Zn il Cd 4 Fh i 4 J8 S0 R S 5 FhfE bk
FEBCRHATHOC 0T, IR P Seit A Bk
R, LAG A2 5 50 5T 28 A OCM: f K ) w46 Al
BB AR 2 NFE 2 AT LIE L, As Ph 544
PEHEE AR AR T Zn  Cd 324K 1R A%. As  Pb .
Zn F Cd MK 5 M 445 £ DMSI,DMSI SR \NDVI #H
KM KM H 4 TR S EESHE S KEAE
BN KRR AR, T4 8 ] IBH A ) K
Syt EGEP R RK S A R OGS RS
%[26] .
2.3 BETAEBOGHE S SR A R e A 4 s A
SRR A Ry

ARWFFEHEE ) 48 A~ - AR AR 1 B4 4G & 1L A
) e LA T e A SRS R i L B ) 41
A EEEa 7 A (WEEA 1 100 7 RS
)R Tl AR AR RN IR IEAE AR A T 4 8 5 AT
{EARRERE 26 T e RE 5 &R & B B Bl ARk

SRR $ SRR A9 A5 T0KG B AR SOFF 48 > 3
FEAH IR+ 8 o 45 Jm & i 1 KO/NHESR S 1 N HE
ARFFURRERR 2 A FEAS il — AN A T AR (1
5 P RFEAANE N BRBREA 15 2 1 AR A 32
A BUEFEA 16 4.

AR 5 PR BFE B S IR E SR As |
Pb Zn (Cd #0857 2ok 8] 9 5 i, 45 SR & BB AR
K B2 34 oK 35 BM WAL B RE A Y BE 1, R R 0.19 ~
0.39.3X T BB J2: R Ry B4 0 A0 4 55000 & 1 6 11
/b Jok AT b S R G T R AT R K 5
FRAEpE 8 B /E o A A, 5+ & 8 & T
PLSR 71 ( 7 3ol B B AR A 23 45 4 B 48 BB
my, [A] B} ST Hyperion 155 VG S A% HE BURY L BOG
RS HHEE 4R & B 2 [H Y PLSR BRI (A
SR AR Ay A A T S G R ) R AT
X} H AL S L 3% 3.

As Pb 7ERE BT ST AR BIR h E R 5K %]
0.5, FELE A FE TS BB AL vh ARG B2 441K, R <0.5.
PR RPD ¥/ F 1.4, A B A RS Ak SRR
A& J7.7n  Cd 1 T AN A5E AR 3K 3] T REL WS Al S A AR 11
fiE 71 HAB RO S S AT B 5 T 28 B A e 4L
BEAY . AR EE A M 8 B BN B AR, (H L A F—
TR AEEART | MNASREAL B Zn  Cd 75 1 2 RE A5 R I
il A B TR RN T B M o s AR A

R2 SHEEESREAGRRE4NESCETRAENEXRY

Table 2 Correlation coefficients between the optimal combination bands from five vegetation indices and four heavy metals

concentrations
LR As Pb Zn Cd
Vegelation g i Bral sty MCRR  REREAS  MXRE RERBAA  MXRE  RERBUAS  HXRH
index Optimal band Correlation Optimal band Correlation Optimal band Correlation Optimal band Correlation

combination coefficient combination coefficient combination coefficient combination coefficient
NDVI b803 b742 -0.480" * b803 bh742 -0.410" " b803 b732 -0.556" " b803 b732 -0.522*"
DVI b793 b691 -0.439" " b793 b691 -0.401" b772 b732 -0.501" " b772 b732 -0.442" "
SR b996 h742 0.439* " b996 b742 0431 " b772 b732 -0.558" " b772 b732 -0.518" "
MSI b1316 b762 0.575"* b1316 b762 0.533" " b1316 b996 0.529" " b1305 b864 0.478 " *
NDWI b793 b1316 -0.608 " * b793 b1316 -0.547" " b1316 b996 -0.542" " b1316 b996 -0.478 " *
* P<0.05; * = P<0.01.
x3 ESESEXILHERRSH
Table 3 Estimated spectral model parameters for soil heavy metal contents
JLER RO R ST A SRR
Element Vegetation spectral reflectance estimation model Synthetic vegetation indices estimation model

HEHA  PC B gl S BEREA  PC fadi S Uoane S
Calibration Calibration Validation Validation Calibration Validation
sample R,., RMSE, R? RMSE, RPD Samples R?,  RMSE,, R? RMSE, RPD

As 32 6 0.54  3.747 0.38  4.088 1.29 16 4 0.46  3.835 036 4.302 1.23
Pb 32 6 052 2.29 0.47 2982 1.25 16 4 035 2.789 035 2.880 1.26
Zn 32 6 0.66  8.988 0.60  8.786 1.53 16 4 0.51  1L.177 053 9.221 1.46
Cd 32 4 0.55  0.084 0.54  0.064 1.46 16 5 0.51 0.089 0.52  0.066 1.42

PC: F4> Principal component.
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a) MHOETE S RAIAY Vegetation spectral reflectance estimation model; b) £ A A H8 FUALAY Synthetic vegetation indies estimation model.
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Table 4 Comparison between the measured and predicted
0.004r values for soil heavy metal Zn content (mg - kg™')
0.0021

[E]JH &%} Regression coefficient

4
Fig.4

OWVM WWI“AVV/V\M/ \“I]/VWN hy P

660 860 ldOO 12.00 14:00 16.00 18b0 20.00 22.00 24(.)0
K Wavelength (nm)
FTHBEOETE ST PLSR AL A R4

Regression cofficients of the PLSR estimation models

from the vegetation spectral reflectance.

Zn (mg * kg)
o <55
. 56~75 76~95
. 96~115 mm>115

5
Fig.5

SR < S s ] 3 A

Inversion spatial distribution of soil heavy metal contents.

BAME  R/ME FHE feEE
SD

Maximum ~ Minimum Mean
SN Measured value 106.785 59.880 80.400 13.443
S Predicted value 95.521 55.893 82.514 11.847

F) Zn Sz mAARE(ES).

B RAE s 1 ST B RG0S 25 SR % 4
JT7R. Zn S48 5 5 R 45 S A0 ELAR i 22 T /0N, 24
{23, O E AR S v B 9K R Hyperion 5215 1
HAS B TR E SR S SO — 1 22
{FURS B3R BUAG B BER 2R B D d5c /N — T A5 80 5
TGS 45 A BEAS S Ik 4 198 E 4 JE 1 o s ) 40 A
FFAE.

M Zn E B AR ARG SR 5 1 G 4y
X3 Zn 5 AL T P340 T AKF | 76 foe e (B RRAR
(LY FBL PN 194 DX IR AR D | 08 BH R 40 b DX R R AR
K A 32 575 e A5 ik 2 g Ab Ty 1) B
FHE Zn FRATHSEEX. BT £ A5 [T
XBR Zn 7 6 i, L KR 4y KB GA B 115
mg - kg™'; FAITE S RER 214 MIERME, FHiE SR
AU 1] B30T X IR 3% Zn 25 Bt M 5 5 7E 308 &
TR 214 EIEMHT, Zn & EAE RS, 7F 96 mg - kg™
DA ZS ) o A R T, BT 45 SR S0 Y MR )2 K
Gy, e BT AR B DX 4 S T 4 R A
ARRHAE .

MR ESRTE  Zn S EEAE 214 [ T8 BT A X i
L ATRE R TEEEA T AR 2 RERS 1
JG B MBS 423 Ak DL T & ShpLAL I Tt I 45
A FE W 4 T A R S R Y 45 2 (BN
kg LHIFS FHFH ) RN E S8 & A
XA, T R85 AR AR U TR AR R G,
FEA A 22 I SR I 2 LR IR I S ik AR
R, G0 ASRUTRE A K EA + 458, 5 R JR i £ 4
AR TS

3 i

A3z M Hyperion 5214 42 B A 8% I 3 %
Bl 5 9200+ As Pb Zn Cd & B EEST LA
AR BB R 5 R IO 1% S S AR i Dy A 5 1
Zn Cd 7 &, iz H 5 — i eds BUY A se A 5 1
HEHE 4R As Pb.Zn Cd T H{E. SAMIEAH L, 5
I R R S E 4R R Pb Cd #
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ST REFRIRIEOCER AT RE A O A5 h G R
TCR G N (As Cd F2HEET5 L, Pb  Zn $ K MR
WAFFED TG B BR Zn WG YA, Ph Cd &
AR ) TORA R R s (AR ROETE S
FAGF BRI h ) Cd, Zn BB RURS B (RY, = 0.54;
R}, =0.60) 5 Kooistra 55" 5T (R:, =0.52; R, =
0.50) AH b, K B2 2R . 7T RE fr T4 SCRT DGR % 5k
Pl (400 ~2500 nm ) %% Kooistra 25" 16154 1
TE I B8 (400~ 1350 nm) , 5 OGIEE B F 5 , 8l
A SN B i v S TR 38 S IE B T R RO RS A5
PGS SR B SR Zn Cd F R EA
1T

AL R REXT Zn  Cd FEIEATAEE HAEE
fi% As Pb & i, R REA LU R LA H 58, 5
T T 4 I A W RE T A7 e 25 S A o i 3 4R
B R AR A T W RE T I 25 S R S B 4R
() A= WA A5 AN TR) 5 T 4 AR A A i = R &
) B 4 S VTR AR A R/ N T 3 e
M AEL Y s ik sz S5 53 A 5% el T 4 Ja 1 Al B3 45 SR AR
5% HR SR A A5 DX AT B 2 A 32 22 DL R ( Kobresia my-
osuroides ) FIE AL &L 5 5 ( Stipa purpurea) K 3, HX}
4 FHEE 42 Jm e R WU RE 1 AR SR UL A 5T 5
RAZAEY X 4 8 WCRE T 1 25 PR e A R B
JRR R S5 E &R HIED TR A X L
e} v 4 Jm W T RE ) 5 55 B Y A
KRB SR R bk, R A A S
PRI ARG S S 385 M B DTG () 422532 i)
A SR AN SR . TR Y R R AN 4R
(Cd.Pb.Cu Zn As)#F A 35, + 315 Skt Pb,
HYE Cu As, X Cd Zn W FfHRE ) 5555 , B Cd \Zn
1E 3R T RS BE S B, PR A R E B i
HAT UGS Zn [ Cd I — DRI RER IR N 5.3, S 4
J& (B B G AT IFFE e B, R, BA0KS BE 45 e
(T 4 i A (I PR e 2 AR R 5 R Zn AT Cd
(R I R 2351 h 59.88~131.91 mg « kg ™' F10.11 ~
0.80 mg - kg™', L As(9.71~29.54 mg - kg™") . Pb
(19.48~34.37 mg - kg™ ) {HIRIE FI FER £,

M T8 X B &2 2% ACAE | If H Hyperion
FGCTE AR IR T 578 | HHERFE I 2 RIS
WUTL—E B AT R AR RAE AL AT H
WA S A E AR L RS AT AR PY T ),
AERE AL 7 1] b D S A X FAabh 25 7E — g 2
JE 1 R 73 [a) sz J8 A o 1 1 AH S 50T 7 5 1) ML IX
T — SR T IR SR AR T TR

Jiv s i X B A Y A ST B A i, 7
—EREHE LA 2 [ A 1) S B R 28 AR T ST 4 2R
W e =TT IR DR JH 82 A B U S 4%
RS 4 R G i A AT AT 1k AE AR BB ST
REARIEWTFE X B £ HE2R Y M I o ME R 25 (1) 2% S
ARG PR AT, AR G s SR B L
JiE e PR JRE o s [ S 8 4 TR 1

ARG e/ N — 3 BRI i o il 37 T S
X +4% As . Pb . Zn . Cd & &5 Hyperion #2143 T4
B G R 0 0 AR B T8 B0 PLSR Al 4%
AU 2R B 57 0 3 AR 9O IS R SR
PLSR B AHF Hyperion 5215845 & f i T 3%
Zn 133 7 H A mas Rl EL F AR LU S5

1) BFFE X € As Pb . Zn F1 Cd & & 12414
BT 1990 4F 75 4 R s 1y S, i) =
TR SR L2 B AT, A mis ik
JR G H A J5 I 12 38 A 48 il T Y ke 2 o 4 )
975 9% Mt or BRI EORE , —TLIRIX As [Cd {HTE
0~1 ZI[H), C 2255 YL 1 Pb Zn W<, %R
KZFNGYe. As  Cd B 5 1) F- Y (E AL T E K 508
e bR RS () T AR R 11 Gebr o 22 [, 4 4
PREEIE T, 25 b R W RN BRSO 3 il e
NG Ph Zn ST 1 RbrdE, W2 A R IR
X B - LR

D) HEEESFEICR G Y S R YR B ¢
PRI FIH BRI Zn  Cd 5 85 HE W38 B A S
T As .Pb.As Pb.Zn Cd 254K ¥k 5 DMSI . DMSI
SR NDVI AR K, KWK 4 Fhoc R X Bk LA
P AR R UK.

)M 5 A IR R i S L IEE 4R
As . Pb Zn Cd &y s etk a7 f, S5 SR &
L, AR AR IR SR AL A A B 8 7. F i e/
AR H Ty i A3 AR SR T LR AR R R RO B T
PR S B RIAG AR 25 R0 | SR AR AL
AR LU B AL RO ST Ak ] ARG
BT BRI, Zn  Cd BRI F] TS Al BAE A Y
B 7 s FEAOGIE S RN B 1 T 25 G A Dl 4 4L
FSERAUNE BE B RS 50615 5 As (Ph 837 AR
RIS (R®>0.5) 3 T 28 A FH 1 48 B BORg
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FHMEAG T RE T 3 Zn  Cd 75 5243 1) 5 b A 9 o 4 70
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