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WE AR AT 36 NETH 643 MNREMHE LN T L-TaARHNERBEURELE EANFEERE, 207
7 Ni.Cu,As Hg.Zn.Cr.Cd.Pb & E S5 HH A G ENH XU, LT FARAELBETLE S A FAERERNLE, HF
HLTAELBTLZLENRFN_FEA(PLSR) A S & R KW, NiCr 5 A HSTE AR BER MG, As & £,
X ZH2H 40.54.0.59.0.20, EELBLEEANANARRZAB S CEMNZAERGET EF 57
BRAMARANELBE TR AN ARG LERRRENESE HAAENWER — S EAHE 2R, 5 AR
HMAUERENTE, LEEZEMME EA - MMM, £/ A8 HEALJETEH PLSR FMAEA & Ni Cr iy &
BERMAFERE RPDE L5 4 1.941.80, EA A A — MW ETMNE L, LA HELELEHAEA Y
RPD {357 1.00 f1 1.40 = 5] BRI R AL Rl E MK EN NG . ZAXRERNVARERR LI EEL BT
TWE L ERRMERT —FEBKEESE.

X B WAREIEEAEFL;E L M

RESFES . TP701,X53  TEkFRIRES: A

Prediction of heavy metal content in soil of cultivated land .
Hyperspectral technology at provincial scale

XIA Fang', PENG Jie'?, WANG Qian-Long', ZHOU Lian-Qing'"** , SHI Zhou'"
(1. Institute of Agricultural Remote Sensing and Information Technology Application, Zhejiang University, Hangzhou 310058, China;
2. College of Plant Science, Tarim University, Alar 843300, China;
3. Cyrus Tang Center for Sensor Materials and Applications, Zhejiang University, Hangzhou 310058, China)

Abstract. A total of 643 farmland topsoil samples distributed in 36 counties and cities of Zhejiang Province were collect-
ed. The correlation between contents of Ni, Cu, As, Hg, Zn, Cr, Cd and Pb and that of organic matter was probed by
measuring the reflectance of soil samples in visible- near infrared light band. The characteristic wave bands of heavy met-
al elements and organic matter were compared. The partial least squares regression ( PLSR) model for the content of
each heavy metal element was established. The results indicated that Ni and Cr have the best correlation with organic
matter, while As has the worst, with the correlation coefficients 0. 54, 0.59 and 0. 20, respectively. The distance be-
tween heavy metal elements and organic matter in the first three principal components loading diagram was inversely pro-
portional to their correlation coefficient. Degree of overlap between different heavy metal elements and organic matter at
hyperspectral sensitive band and the positive and negative consistency of regression coefficients varied greatly, the greater
the correlation with organic matter is, the higher degree of overlap is, and the better the positive and negative consisten-
cy. In PLSR models of heavy metals, models for Ni and Cr performed well in modeling and predicting with a good abili-
ty of quantificational prediction, with RPD values of 1.94 and 1. 80 separately. The remaining models for other 6 heavy
metals could only conduct distinguishing for high and low values with RPD values ranged from 1.00 to 1.4. The results
of this study provide certain theoretical assistance and reference for hyperspectral remote sensing monitoring of soil con-
tamination by heavy metals in large-scale areas.

Key words: farmland soils,heavy metal contamination, hyperspectral , prediction
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B TR G, RS E G H
e IR E A2 Cd Hg, As.Cr Pb 5 4 iy B
HuTE AL ELGA 2 000 x 10* hm?, 3 ¢ A9 2 B i 2k B
KL EE RIS YW il T B R, A A b
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DS IR A SR SR Ak M J5i A O3 L L AR e S AR
P Al ) BRI . AR, NS E T L 4R Y
GG E R TR C A L HGE. Kemper 45
I FH 338 S 6% S T VS PES Aznaleollar 7 [X 1
€ Cu.Zn Hg.Pb DI}z Cr TR & &, Hrh Pb I
Hg BU5 1 B i T 3R, {H Cu Zn  Cr (1) T K%
J¥ . Grzegorz 2517 {if FH 3 21 41 Rt v 21 4118 Iz 5t
FeiEXT > Tarnowskie Gory " [X -3 Fe Cr.Cu.
Pb Ni Zn 0 & w3647 T B0, e R 50008 0.
98.0.90.0.95.0.86.0.94 .0.93. Kooistra 2" fifi F
FHF GRS T 1 3 B ) bk 4 Cd AN Zn YA,
TR 5 520 {8 2 [a) 9 A OC R 5 5k 0. 94
0.95. Wang %" Fi| I 2 PN G S8 1 o VT30 B 2%
A 30 B 4@ & i, P Zn  Cu FO TN D 5E 5
IR T 0. 73, brife 2 5 TR 2 Z W R T
15,0 As [ BRI A5 R AN BEAR.

164 R 1k, KT L EE 4 R SIS e B R
MRMIBEEHRZE , NG S8 & 1t — R A
FERRME TARGF YA 5 227 SR, R 2 B0aE bt
FE IR /)N, A v — | B B B
A B2 AN, BT B 6 G — B — Fp e L
BEEIRICER, B8 W E K (L IEARIE T E bR ) (GB
15618-1995) firh M iy 438 /N K E & JB LR LA
i, 5 HIEE S BTG PR AN I EE R A —
258 I, A SC LU AR /Y 2 B i A i X8,
DLE AR RILE 19 1 3 4 T U5 G A N R SR T R

(Ni,Cu,As Hg Zn Cr Cd Pb) HHFFER R, 7EHR I
R m EOC G R HL A SRR b SRTER AL
FORH NI T4 S o 4 A A B R AR LAY T AT
P, DUSHI ) Sl 8 B TR 9 e ) v Ol i e JR s
Rt —2E 2% S5k,

1 #R57FE

1.1 +HMHRESHE

SRAEX I 35 T WiV R =X 36 B
7, R RS+ S W R E
KRG A L i HRGE Rk S
TR IRET 643 MHFHZ LA 1) . Hi =i
A6 37 AMFEHLE £ 20 MR W R ST MR SRt
27 ANFE K FE L 355 ANFE, A K 12 AN 2135 141
AFE. B BAER FMAETE F AR A R R, 22
DU LR IORE 1.5 ke!"™ . KR [l 95, S BR /D
AYRAAE Y R B Y, & HRNT G, 45k it
2 mmALi , FEHL 100 g 22473 2 mm LA A HAE 44
SEAFE 0. 25 mm AL, 43591 ] 30615 0 2 A4k 2
I3,

1 WAy 643 L FE7S ()53 A &
Fig. 1 Spatial distribution of 643 soil samples collected at
Zhejiang Province, China

1.2 t+#EMHES R E R %

+ LR (soil organic matter, SOM) & &
IR A B E-SMINHGE 73T As Hg F1 Cu I E
IKOKTEINFRIH A, As R Y- 726 R0 E
KPR 0. 069 we/g, Hg K I 728 <-J 7 Il 43
S (AAS) K HIBR M 0. 53 ng/g, Cu SR HIJ5LF
WS G REE I E KB PR 1.0 ng/gs B HE 4>
JEH “ DURRIEHE” , P HISE B TR & OG5 (1CP)
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&, KRR Cd 24 0.019 wg/g.Pb 4 0.91 pg/g.Cr
HF3.6 ng/g Ni K 0.76 wg/g Zn N 1.4 pg/g(H
[+ 52425 ,2000) . BT A AR E 48 & 2 0L
T 1LHE 1 ATLIE N, WL £ iR AR 5 1 643
ANFEA \FP 42 JE TC 2 LU A AL R (4.8 ~
59.3 g/kg) WATZ G, W B F I BE(H I 7E-3 &2 +3
DX TE] A, A BIL B 1 0 8 i 2 (LB ALy O 445 RAE AR
ARG 2E RS AU, WA G A R R
42 @ PR Y LA A3 A B 5 FIORTT 24 88
T EFhp e, (BB As 4, HEEETRILEN
SR 5 SRR AR AT, 1 B % X e -
I T it AR A Y, (HJR AR A X B 1 T 4 R s
YT TE SR8 BUR w1, BT DL 25 X e & 5
NS UEMARSS G, B I e FG BTS Je g FH X
1.3 RiENES A E

FAEEIE I 2 OGRS Sy L [E ASD A
1) FieldSpec 4 #Y , H A Fil 2 350 ~2 500 nm, #
SRAERIBE A 1 nm, Gy i B LA 2151 A, ik
FECRRPTRE G 2 N HEA T, HIERE A 3 5 iCE T 8
10 em PR 1.5 em (R RRFEES LA, 3208 &1°F-, (4 H
50W i ZATAE ROEUR, BE HAER T 70 em, KIGA N
30°. AL AR EL BE 7R AL IR BT 10 em (1)
PLE RSl 25, AT 5 HRERZ X BN B
6.7 em [, /N T BRAE A5 LA AR DU 1 FH 1
MRAZIE , B~ AR AR 10 Fotii M2k, IR
{H R S 2T S A 285080

A AL 5 J 0 SN A Ab B BT A REAOL
TERE 225 T e B Y 350 ~ 399 nm Al 2 451
~2 500 nm X PGB, KRR GBS X T
AR TS I RTINS R S5
WEA 8, A4 8 M SCF. e FIH LS
S T AT — B o A B
1.4 BEFESEETMG

SR FAGE oA v ek 46 8 5 8 ) i e/ —3fe
1 TEENRSEESES=HENSIT

[m] U5 s EE AR, 56 1F 7 15 3% - Kennard-Stone % 5.
A R AR S I AT S 32 5323 H] A K
[CPE & (Euclid Distance ) SEEEFEA  Seife i lr A FEAS
G G B 58 A 2 1 T A R A A Ry B 4 5 BB R
T RFEAR G BBAE TP AR B, (R B R PR B
P HOHE 49 A A R S S e K I RE AR AR Ry AR
S ERE U AR, B T SRR i R R AR
k. A 643 AN FEARBE IR 4y BB A A IE
LA, BRERALCH 2R FEA ) 3/4 (480 4>),
MR SO SRR R 174 (163 A) , AR 4 56
TEHE R PPHI A T I A

PRI PR Fig AR At R EC(RY) (5 R
125 (RMSE ) DL R 7 {8 A 11 O 22 5 o L0 52 2
Z A AR (RPD) . Jorv, R? il RPD f ok, RMSE 8
N, FRW TN B2 B . XS RPD > 2.5 B, SR A5
HAWIFRIEE /7524 2.0 <RPD<2.5 i}, £
REARY ARG (1) RPN GE /7324 1.8 <RPD <2.0
IF, IR LA s R /7524 1.40 <RPD <
1.80 B, FIARIAYEA — B G 77524 1.
00 <RPD<1.40 I}, F& WIREAY HAT X 531 e (i AR AE
MYRETT ;4 RPD < 1. 00 K, 3% WA AR H 4% 1 g
i

IF5E H H 219 Savitzky-Golay ~F- ¥ 38 . — i s
43753 PLSR 5% ¥ 4F Unscrambler X10. 1 {4 rp
52, Kennard-Stone 3875 H R {4220

2 HRE5HSH

2.1 +TEESREEHENRHEXHE

2 N8 A LEE B RITR AP AIRIC R
BOERE. W2 T LI ), SR G TR 5 A LR
LEIEAR S, Ul U 4 Jm J0 & Y R A LAY B
TG, 3 AT e A AL H <5 Jes B A KRG
B ess &V T 3 0L I n] U R4
M B R OT R S A USRI A SRR 2] T4 e %K

Tablel Descriptive statistics of the soil organic matter and heavy metal content

EEwaR A SOM Ni Cr Cu Hg Zn Ph Cd As
H/ME 4.80 4.20 10.00 4.30 17.00 28.00 14.00 52.00 1.90
KfE 59.30 74.30 126.00 69.10 484.00 188.00 69.00 530.00 21.70
S 22.05 23.67 60.93 25.17 133.29 81.50 32.22 187.99 7.64

PriffiR 2 0.44 0.46 1.00 0.41 3.32 0.95 0.34 2.89 0.12

rifdi 2 11.27 11.72 25.40 10.30 84.20 24.14 8.60 73.22 3.00

e i -0.59 -0.29 -0.9 1.10 2.33 1.74 1.51 2.53 2.54
T g 0.61 0.41 0.03 0.72 1.41 0.93 0.70 1.24 1.17
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HhFFA T 4 JE oG R 22 8] A AH OC R B 5.

Xt 8 A~ - e 4 @ A AR VEA T 32 0
Boy M, R TF U 7 2209 W05 e M 0 ik 45 3 £
BEAMLR S 4 8 o0 3R B 6 2 far 4 A 1A
2). MR (PCL 63% ,PC2 27% ,PC3 5% ) {25
] oA o7 8, AT LA\ FhEE & B n R 4ok — 4. S—
24045 Ni Cr Hg fil Cu PUFFICE, BN Z 18] 5
FEARSE, B3R5 0. 01 2 i A K5 M1 5 AL
J 22 [R] R A 56 2R B R 7E 0. 45 ~0.58 Z i), A X F
HALPILLT &, EATHEA USRS 5 =418 Zn,
Pb il Cd, %R 5 A HLTAH & REHE 0.38 ~0. 44
Z 8], e B h = AN TR T, 55 4R
L, BB A PLURESGT. 55 =410 As, SH LR
HHIE RN 0. 20, [R] B 5 AL 5T A4 1 285 e Fe e
X5 Wu 25 (B4 A — 3 R 52 2 1
R B RAY A BEAh, A58 ol As
Mord e e S R A HUR DL A 7 4
JEICR A e 22, T3 AMTE R for B S A ML Y
BB R K, %4518 5 Wang 251 R Wa 250 1) —
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Fig2 The first three principal component loading of soil
organic matter and heavy metal elements

P BL, RS W) KOS R B RS H B, R
T L) T P e I o ST B B B ARSI
T 8 b G R A HLTUS  OEH EE A AE O
P, B p=<0. 01 WY BUE SON U B, 30 1 28 31
By PLSR A7 4 [n] U9 R Bt 47 1483 (&1 3).
3 LI AN ) 4 s o0 3% i R B i R
AR5 LB AR B i B8 B2 [ 9 R 00 TE £
PE— A B A W] 8 22 . BRUER D B A i I
kF,Ni Cr Hg W2 FHALS MOCER LA 8
M B JmoTE T, L Ph AU BU R . NS A
WL ORI B 4 7 8 2R LU AL, A L o ) AR B
KERr AR A 400 ~ 880 nm .1 350 ~ 1 500 nm [f}
.1 870 ~2 070 nm T 2130 ~2350 nm X JLA4~X
Th], 3% 55 B A B g8 FEA L A LR 1 fURR
P BORH 1010 4>, 8 NEH B BITR T, SA LR
TR B FE A JEE LU B NI (878 Al
Bt) (Cr(818 A~ Br) (Hg (749 AN Ee) (Cu (555 4>

Table 2 Pearson correlation coefficients matrix for the soil organic matter and heavy metal elements

SiitiEtn SOM Ni Cr Cu Hg 7n Ph Cd As

SOM 1

Ni 0.54 "% 1

Cr 0.59 "= 0.92 *x 1

Cu 0.45 " 0.66 *s 0.62 " 1

Hg 0.48 *= 0.42 *x 0.43 "= 0.41 "= 1

Zn 0.44 "« 0.58 *x 0.47 % 0.66 " 0.40 "+ 1

Pb 0.38 "= 0.12 "= 0.11" 0.31 "x 0.39 *x 0.58 *x 1

Cd 0.37 "= 0.37 "= 0.32 " 0.57 *s 0.31 *s 0.63 "= 0.42 "= 1

As 0.20 *= 0.32 "= 0.35 " 0.38 "s 0.13 = 0.29 " 0.20 = 0.32 "% 1

I BT (P<0.01) 5 *yBEKF-(P<0.05).
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Fig. 3 The wavelengths that contributed to significant re-
gression coefficients (p<0.01)in the prediction of soil or-
ganic matter and heavy metal content
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400 ~2450nm P B2 — M il SR T 8 FhEE 4
J& & ) PLSR BEAY, I F FH S5k A 14 163 A
X T A R HEAT T BRI AR 4 B0 IE A ol YR A R
DA BE , A S il 25 5 0 2% 3. MNEEBLIE R &
Ni il Cr B U aE A (R ), Al #5134 0. 70
DI b, Hk S Hg, R* KT 0.50,Cu.Zn.Pb Y R* 7
0.40 ~0.50 Za], Cd f1 As 19 R® &A%, WK T
0. 40. [F]if, AR AT LI i, B AR AL A 50 i Fof H:

R* 45 BT AR, 34905 i 22 (RMSE) A7 i i , (B 7 2
R T 3¢ B0 55 A 1 4 J 4 EL A B B AR A A
RMSE FAH X5 Ak g R /N, 4 Ni Al Cre (9 R 4TS
PREETE 0.70 DL L, 1 Cd A1 As A IMRT 0. 25. 72T
HESBOET N R RGE R® ¥ 0 i, ik
WH0.72 50.77,Cd B R FA%, {0 0. 32.

x3 \HESERAFEHNREDROPRIPEERES T
ML R
Table 3 Assessment statistics for modeling and predictions
of eight heavy metal elements using a partial least
squares regression ( PLSR)

- HEE gt

H R? RMSE, R? RMSE, RPD
Ni 0.82 5.01 0.77 5.51 1.94
Cr 0.73 13.76 0.70 14.07 1.80
Cu 0.49 7.59 0.46 6.63 1.36
Hg 0.52 0.06 0.39 0.06 1.26
In 0.41 19.11 0.3 17.68 1.23
Ph 0.40 7.07 0.33 7.81 1.19
d 0.32 0.06 0.19 0.07 1.12
As 0.37 2.41 0.22 2.94 1.15

T 25 R F B, B v A RORG B 4 s T
T AE S . IR TR B R 5
RPD (KN, RECATLA4r R 3 DRI S — 2 IR
5 Ni 1 Cr PiFhE 4@ 2, Hi R KF 0. 60,
RPD KT 1.40;Cu Hg . Zn J& T 55 Z 2 W, H 1
R* 7£0.35 ~0.50 . [a],RPD 7& 1.20 ~ 1. 40 2 [a];
Pb.Cd As N2 = 2, HWi R* 78 0.15 ~0.35 2
[ ,RPD 7£ 1.00 ~ 1.20 Z [a]. f24j RPD X454 Fiii il
REJIPTANEE AL A T A S & R oo R P A 3 — )2
YK Ni Fl Cr 1) 1. 8 <RPD <2. 0, B A4 7 & 1l fiE
J1,iHA4r 6 B4 B ILZE R 1.00 <RPD<1.50, H
B2 O AIRE Y g

3 NS

ARHFFE IR AE THIIT A 36 A BLTli ) 643 -4k
H A #E, 5 T 45 R R S N B IS EE A Ni L Cr,
Cu.Hg.Zn Pb Cd . As L} OM 19 & &, 44500 OM
HHREE&ERNMHEEE, RUAFRELSETES OM
(AR SCHE AR 7 B 22 5, LA DG oh v ARk
Cr(0.59)  Ni(0.54) Hg(0.48) Cu(0.45) Zn
(0.44) .Ph(0.38) .Cd(0.37) .As(0.20). X L4
JEICER SAH MU &GS U B s B, 5 AL
JEAR SR e 2, 3 2 U B B A
K, LA Cr 1 Ni (9B A B e, XM ML S &
G @ 22 8] B 2551 B LB AS ) T 4 SR UG 2 Y
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