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Classification of Heavy Metal Contamination Risk in Typical
Agricultural Soils by Visible and Near Infrared
Reflectance Spectroscopy
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Key Laboratory of Surface Geochemistry, Ministry of Education, School of Earth Sciences and Engineering,
Nanjing University, Nanjing 210023, China

Abstract: The contamination of heavy metals in agricultural soils caused by natural or anthropogenic factors strengthens the
importance of soil environmental quality survey and managements. Nevertheless, the conventional methods of sampling and
analysis are time-consuming and costly. Visible and near-infrared (Vis—NIR) reflectance spectroscopy is a rapid and inexpensive
alternative to measure soil physical and chemical parameters. This study explored the capacity of Vis-NIR reflectance
spectroscopy models for soil heavy metal contamination risk classification. We collected 390 agricultural soils from a typical

anthropogenic contaminated area (Wenling, Zhejiang) and a typical high geological background area (Hengxian, Guangxi),
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examining the concentrations of eight soil heavy metals (As, Cd, Cr, Cu, Hg, Ni, Pb and Zn), soil pH values, as well as soil Vis-
NIR reflectance spectroscopy. Partial least square regression (PLSR) and support vector machine (SVM) algorithms were used to
calibrate regression models for predicting the concentrations of soil heavy metals and pH values. Based on the predicted values of
spectral models, soil heavy metal contamination risk types were classified. Results showed that, the regression prediction deviation
(RPD) values of spectral models for Cd and Cu, the major pollutant elements in Wenling soils, were 1.23 and 1.19, respectively.
The spectral prediction mechanism is the correlation between Cd and Cu with organic matter. The two major pollutant elements
in Hengxian soils are As and Cd, which had the RPD values of 1.98 and 1.93, respectively. The spectral prediction mechanism
is the correlation between As and Cd with iron oxides and clay minerals. In the high geological background soils at Hengxian,
there were generally strong positive correlations between soil heavy metals and iron oxides, where spectral models gave more
accurate predictions for heavy metals. The RPD values of spectral models for soil pH values were 1.76 at Wenling and 1.68 at
Hengxian. Spectral classification of soil contamination risk has reliable overall accuracy (75.0%~100% at Wenling, 80.0%~100%
at Hengxian). Therefore, the spectral method combining with remote sensing technology is helpful for rapid classification of heavy

metal contamination risk in agricultural soils.

Key words: soil heavy metals; contamination risk classification; visible and near infrared (Vis—NIR) reflectance spectroscopy;
pH values; hyperspectral remote sensing
First author: LI Quankun, Graduate Student; E-mail: qkl_nj@163.com
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nm ) FMEME ARG, FTLARRR 1 i S B B
B85 RDCTEEEE AT ER RS 2 nm B E]BS, K15
400~2400 nm {5 FEI P9 1001 635 5, Bdn 2 R G
J 3 % (raw reflectance ) o A /b 5 & W XS T
JEIE (R BRI R, X EUIR SR A — B i) (first
derivative, FD) At B, Ffff H T Satitzky—Golay
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firow, 4 BE pH {5 [ /& 4.65~8.40, “FH{H N
6.04, T2 HETHEERME, HEFRITED CaO
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ALO,. Fe,0,. K,0. MgO. Ti Fll Mn [ & 4 2 B1E
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F1 BISTHRRX TEMBRUFSE (n=300)
Table 1 The descriptive statistics of soil chemical properties at Wenling study site (n=300)
28 EE I/ MH EINIE] SFIE b2 RRE AFTEERE O WEREC SRR
ALO, % 12.81 16.04 15.08 0.54 0.04 12.51 1.21 -
Ca0 % 0.56 2.95 0.85 0.29 0.34 2.15 0.39 -
Fe,0, % 3.77 7.02 5.77 0.54 0.09 4.20 1.37 -
K,0 % 241 3.36 2.90 0.15 0.05 2.24 1.29 -
MgO % 0.81 2.60 1.74 0.27 0.16 1.29 1.35 -
Na,0 % 0.80 1.51 1.15 0.13 0.11 1.37 0.84 -
Si0, % 60.37 71.68 65.03 1.88 0.03 - - -
Ti % 0.34 0.58 0.54 0.02 0.04 0.38 1.41 -
C,. % 0.65 3.97 1.90 0.53 0.28 18 1.06 -
Mn %10 342.60 1496.40 809.69 239.61 0.30 583 1.39 -
As %10 423 13.43 7.44 1.75 0.23 11.2 0.66 0
Cd x107¢ 0.09 2.68 0.32 0.33 1.04 0.097 3.29 17.33
Cr %107 42.00 176.70 88.62 10.77 0.12 61 1.45 0
Cu x10° 26.60 592.60 53.13 41.08 0.77 22.6 2.35 26.00
Hg %1076 0.04 2.34 0.16 0.15 0.89 0.065 2.51 0.67
Ni x10° 21.00 89.20 41.14 6.49 0.16 26.9 1.53 0.67
Pb %107 27.40 131.00 43.28 10.76 0.25 26 1.66 0.67
Zn %10 90.80 341.30 135.99 31.31 0.23 74.2 1.83 4.33
pH Pl 4.65 8.40 6.04 0.76 0.13 6.7 - -
a, BEGIA CPETETTRE M) (REZIREEO R b E PR I g, 1990 )
+-358 Cu A1 Cd By S0 AR R R, A9 26.00%  MgO Fl K0 A AT T4 [ 1135 5ol 2 5 HUR S,

1 17.33% AURES L T Cu I Cd BT E(l, Ho
A5 AFEREBE T Cd BB RIME. L5 Zn 19500
PR K 4.33%, Hg. NiHl Pb 05 AEBARR N
0.67%, As Fl Cr W SR 0 0. Kk,
I - HERY T EG Y ICR JE Cu Al Cd Zn HEARR PSS,
HAbIT R AR

5 U4 = 398 b BR Ak 2 2 8000 AH D& A 43 B UL &
1, 3 Cd, Cu. PbHlZn Z [0 A 1R 58 A4 1 2 1E AH
FeE (065<r<0.73, p<001), BEAI#YE C,, 1
X (025<r<038, p<0.01), HHAbH HILE M
pH AR AH MR, 45 As. Cr A Ni A L2 IE
2, 1 H 5 ALO, Fl Fe,0, 4 1 35 1F A 56 P
(046<r=<0.78, p<0.01). 13 He 5HAMER (b
SRR A i 5K, 4 pH{E 5 CaO. MgO
AR SC R B, 4090 0.64 F10.62 (p<0.01) .
i, RT3 Cd. Cu. Pb I Zn HHEFEES C,,
A%, As, Cr FI Ni i F325 ALO; Fl Fe,0, £,
pH HE25 CaO Fll MgO A K.

B R DU AR RO o =, 4
BES R IR 2SR S . gk 2
Fi7n, 3 pH (E7E L 5.32~7.95, “FHIME N 6.68,
o TS 3T E, B Y pH (E T AR S Y i
JEH T A K. HHEE RITE T Na,0, Ca0,

WA R BB 010, 040, 0.65 F10.67, + 14
Fe,05. Ti. Mn fil ALO; W EERBEYKT 1. X/E
KA 32 2K R R A ER . b s e )
(A¥E, pHA . BIERAS%) KUk, RETE SR AE
K0 YRR A, T RIZ T Ca, KL
Mg fil Na JCERYFLS, LA AL, Fe, Ti fll Mn T
. LIEC,, SRR 0.69%~3.97%, F¥
Hh 2.41%, W& TR EEFE, A - EES
JBILZEH Cd. As. Cr, Hg. Pb Ml Zn U E R K
w9k 826, 5.48. 4.03. 3.25. 2.98 F12.38,
G GB15618-2018, 3 As Fil Cd Ay 5 TR R
R, N 72.22% F1 55.56 % RUFE S T As
M Cd WA, Horh a5 8 ANA 1 ANFE S
T As 1 Cd & HI{E ., +3% Cr. Zn. Cu. Pb FlI Ni
B S B R R R 2778 % . 22.22% . 7.78 % .
6.67% 1 3.33%., +1E Hg S ATHBR RN 0, I,
B R As 1 Cd R EZGYITEK, Cr Al Zn #FR
FREEH4E | Cu. Pb. Ni I Hg RO FRAREE AR

fof L 3 b BR L2 S B0 AH S 43 BT UL IED 2.
+ 3 As. Cd. Cr. Ni. Pb Fll Zn Z [8] f5 . 35 1F 4H
Xtk (040<r<091, p<001), Ef15 Fe0, B IEH
S BRI (045<r< 088, p<001). -4 Cu il Hg
S HATE SR T R A REEAL, Efi1S ALO; M
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Fig. 1  The correlation plot of soil chemical properties at Wenling study site (n=300)
F2 HEEMRRXRTEMBRKZESE (n=90)
Table 2 The descriptive statistics of soil chemical properties at Hengxian study site (n=90)
28 LiK(va ME BKE CPHE kR BRRH 4 T R A W SRR %
ALO, % 7.51 28.92 17.38 4.77 0.27 12.51 1.39 -
CaO % 0.20 4.56 0.86 0.86 1.00 2.15 0.40 -
Fe,0, % 222 32.26 12.74 7.36 0.58 4.20 3.03 -
K20 % 0.35 3.28 1.49 0.57 0.38 2.24 0.67 -
MgO % 0.26 1.86 0.84 0.26 0.31 1.29 0.65 -
Na,O % 0.07 1.11 0.14 0.13 0.87 1.37 0.10 -
Si0, % 27.82 83.75 54.54 15.36 0.28 - - -
Ti % 0.35 1.85 0.95 0.31 0.32 0.38 2.51 -
Cmg % 0.69 3.97 2.41 0.64 0.27 1.8 1.34 -
Mn x107¢ 39.10 2961.90 921.55 753.24 0.82 583 1.58 -
As x107° 9.42 226.95 61.39 42.79 0.70 11.2 5.48 72.22
Cd %107 0.16 3.22 0.80 0.71 0.89 0.097 8.26 55.56
Cr x107¢ 38.30 908.10 245.76 191.67 0.78 61 4.03 27.78
Cu x107¢ 18.20 162.00 42.34 17.48 0.41 22.6 1.87 7.78
Hg x107¢ 0.08 0.51 0.21 0.08 0.40 0.065 3.25 0
Ni x107¢ 12.40 166.40 51.60 30.63 0.59 26.9 1.92 3.33
Ph x107¢ 23.40 446.00 77.58 54.23 0.70 26 2.98 6.67
Zn x107¢ 41.20 732.10 176.59 132.15 0.75 74.2 2.38 22.22
pH Tt 532 7.95 6.68 0.66 0.10 6.7 - -

a, Hdusl A CPEIHOTRTSE) (BRI T E PRI, 1990 )
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Fig. 2 The correlation plot of soil chemical properties at Hengxian study site (n=90)

KRB E, ) 051 F0.60 (p<0.01) ., 3
pH {5 CaO 1 Fe,04 B R B R, 739114 0.66
056 (p<0.01). Hitk, L 41 As, Cd. Cr,
Ni. Pb l Zn & £ Fe,0, F%, Cu, Hg &
FEE ALO, A6, pH [HFZEY CaO Fl Fe,0, H K.
3.2 TEENIE4HME

TR IR B I X OGS B35 S5 bR I R
(RAW) FliEZEg LB (CR) Mk LAl 3,

TR 396 1 B SRAE 400~760 nm £ 2R
T MBI R, RO EIbaSEs,
900~2400 nm I B 2B 158 B IR TR B
1E Vis [X 5 420 nm. 490 nm. 670 nm #i1 850 nm % B%
B 30T %) W A I s A e 55 HLF 2%, B B R Rk
FEHE BT & Fe™ Il Fe™ {1 H T BRAT 1M W SO G RE ir
SIEEAY ( SERIIE, 2005). 7F NIR X35/ 1410 nm
1920 nm F1 2205 nm W WCIEFE X} 245 TR B, 72T
R 1 2 R K B HSR L (—OH) HiRshi
fEAAN S A ( Stenberg et al., 2010 ) , ZE£E40 2 BR il
RN, AE 2250~2400 nm 2[RI AFAE—LL 55 IR IS
FEWW, Hirh 2335 nm EERFRELT P00

U4, 2350 nm A1 2380 nm W USCIEE 5 @i Ay . BRI A
SN SR TP K (Stenberg et al., 2010 ) .
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Fig. 3 The soil spectrum characteristics at Wenling and
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H B OG- 3 SUR SRR AL TR 0
B, XEEE TR RSN AN SR, TR
HOA LTS RIS M2 A Vis-NIR XU 32
FEAIK (Xia et al., 2007 ) o fEEICHETE Vis X
B A IRIE . 420 nm. 490 nm F1 670 nm Wi
BT L SO E 3 Fe,0, i, 2
JCE I PR W IR Y . 1SR4 BRI R W
FE H 3% 7E 420 nm. 490 nm. 670 nm. 1410 nm.
1920 nm. 2205 nm F1 2250~2400 nm &b {14 W i 3%
JERIRTIRIS IS, R E b etk . K
T YRR IR R Y S AT A, BEER
Hi A — AU AE 1000 nm BT B S8R g, I
FEHRT (960 nm ) FIARERH™ (892 nm ) WL
HE, LT BEP YA SRR R
3.3 HiLHEBWMN+IESSESEFMpHE

TR BIFFY DX A AR X HE 4 )i % 5 M pH
(BB TR0 25 SR AN 26 3 TR AR T AR AR U
4@ 1) RPD {E % B K/INHEF 4351 0 - As (2.03),
Pb (1.48). Zn (1.27), Ni (1.24), Cd (1.23),
Cu (1.19), Cr (1.13) Ml Hg (1.13) ., Hi As #7
RG0S UMY Ph A5 80 AY TR 80, (H
Zn. Ni, Cd. Cu. Cr Fil Hg ff) 7 0 A5 R 4 2%+
8 pH (H-W A BAF R BIALR (RPD=1.76) . ¥l 4a
JEoR TS I FEIS YT R Cd, Cu LM pH {H

TSR TN 5 A7 SEDUEL A X6 L o P LA 1]
FEIERLAIXT Cd Al Cu H AR X AMIRE A E (A, o
Cd 19 R, I R, W& =5 T Cu 5 X pH {EA — & A9 A5
it J1, R, F1 R?, 4349 0.820 1 0.675, AL
B UEAR B s AR I b A A T 101 2ol

fiit ELBIF Y X - O i B X 7 4 R 5 B A pH
HA TN 2SR AN 4 Fis . B G Al Fi & 4>
J& 1Y RPD {B 4% B /INVHE T 4351 0 Ni (2.64), Cr
(2.30), As (1.98), Cd (1.93), Pb (1.74),
Zn (1.63), Cu (1.56) flHg (1.23), Hrr, +i
Ni Fll Cr A7 R4 2 S T AL Y, As, Cd. Pb. Zn
Al Co A7 B UF- R TEMIAS RS, He B TR A 4522, +
2 pH H M TG (RPD=1.68 ) . K14 (b) J&
N THEER A ETSYOTE As. Cd LU pH HIFE
TR TR 5 A2 SEMME XS L, T LA B
BALT = F AR HA — 2 A EE S, R R Y
T 05, A FNEIEAE A B b o A T 161
SN

4 g
41 HESSREETE
R . K R LR, B

JEAMNEE 4 JE i EZ R (Acosta et al., 2011; Jia
et al., 2020 ) , WIEF M G IEERE A0 3 EO%

®3 BIKARXTEAIERBTMNESESEMpHELR

Table 3 Spectral prediction results for soil heavy metals and pH at Wenling study site

AFELE (n=200)

JER HRL AL EEIE

BHIFEEE (n=100)

R’ RMSE, R, RMSE, RPD

As PLS CR 0.822 0.79 0.755 0.72 2.03
SVM RAW 0.839 0.75 0.729 0.76 1.93

cd PLS RAW 0.450 0.24 0332 0.28 1.23
SVM RAW 0.198 0.29 0.157 0.31 1.09

Cr PLS FD 0352 9.81 0.099 6.74 1.06
SVM RAW 0.258 10.49 0.203 6.34 113

Cu PLS CR 0.107 45.13 0.046 21.39 1.03
SVM RAW 0.133 44.46 0.292 18.43 119

Hg PLS RAW 0.044 0.17 0.205 0.05 113
SVM SNV 0.076 0.17 0.200 0.05 112

Ni PLS FD 0.461 5.26 0.145 4.46 1.09
SVM RAW 0.364 571 0344 3.91 1.24

Ph PLS RAW 0.627 6.99 0.542 6.20 148
SVM RAW 0349 9.24 0391 7.14 1.29

Zn PLS RAW 0515 2241 0376 23.09 1.27
SVM RAW 0.365 25.64 0315 24.18 121

pH PLS SNV 0.820 0.34 0.675 0.38 176
SVM SNV 0.709 0.43 0.645 0.40 1.69
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Fig. 4 The comparison diagram between the spectral predicted values and the chemical measured values of the major
pollutants and pH values in Wenling and Hengxian soils

P44 (Stenberg et al., 2010 ) . — &5, 3%
ALO;. Fe,05 Fl C,, &8 KBUCER THE 079, 8k
AALY AT HLIX = FPOEREE 4 1 &% i (Song
et al., 2012) . L 53H7HE 4 8 5 X S R fb 2 4
Pz BRRER, AT RIS GIE w1 & 4 R 1
ML FEAMZE T, HIEE SRS ALO/Fe,04/
Core T FAHSCPEBRTR , SETEATRY ] 4005 AN S50 11
ORI, RIS H4E As . Cr AT Ni B956IE AU RPD
EHEF R As>Ni>Cr, XFIEATY Fe,0, HIAHIE R AL
RN & —%0 5 A 48 9 RPD {HHET
Pb>Zn>Cd>Cu>Hg, MIEA]H C,, BIH KRB/
W2l B R 1 As. Cd. Cr. Ni. Pb FlZn

FHE Fe,0, A1 KM HAH X RZEEL R, RPD #ERT
1.6 ; Cu Fl Hg £% 5 ALO, A XCAHAN X REURAL,
RPD /T 1.6,

Cr FUNi JERPITER, ME AREMAHE LR,
IS TP EOTRAATEA CNE (Wu et al., 2007;
Soriano—Disla et al., 2013 ) o AKMFFEH Cr. Ni F1 As
# 5 Fe,0, B EIEM I, 5 C,, MAHCH A RE,
P i A B AT AN A P
Wi, Tume 5 (2006) KB HAKE L Cr. Ni
5 Fe. Al S EIEMAHX, M5 C,, MCRES.
Chen 5% (2016 ) &I A RKIEN As. AN RARIER
Cr FIl Ni #85 Fe,0, 5 3 1FAH5E . Cheng 55(2019 )
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Table 4 Spectral prediction results for soil heavy metals and pH at Hengxian study site
ek LR R LR BER (o) R L)

R RMSE, R RMSE, RPD

As PLS FD 0.774 17.29 0.737 26.49 1.98
SVM SNV 0.714 19.46 0.645 30.79 1.71

Cd PLS SNV 0.579 0.47 0.703 0.37 1.87
SVM SNV 0.552 0.48 0.721 0.36 1.93

Cr PLS SNV 0.850 73.98 0.786 87.08 2.20
SVM RAW 0.828 79.17 0.804 83.20 2.30

Cu PLS FD 0.165 18.34 0.494 6.95 1.43
SVM SNV 0.128 18.74 0.573 6.39 1.56

Hg PLS SNV 0.442 0.07 0.319 0.05 1.23
SVM RAW 0.552 0.06 0.225 0.05 1.16

Ni PLS CR 0.800 14.31 0.852 10.42 2.64
SVM RAW 0.704 17.39 0.782 12.63 2.18

Pb PLS CR 0.127 58.81 0.616 17.43 1.64
SVM SNV 0.121 59.12 0.658 16.44 1.74

Zn PLS SNV 0.447 107.90 0.610 61.28 1.63
SVM RAW 0.319 119.70 0.556 65.40 1.53

pH PLS SNV 0.849 0.26 0.635 0.38 1.68
SVM RAW 0.664 0.38 0.486 0.45 1.42

# Vis—NIR Y3 s H + 45 As A1 Cr S 19HLH]
IHETF BT S8R IEA M, AL AR F 2
YER . BRI, JR0A Ak i5 Yt 33 Fks B b i 5 75 5
H3EF As, Cr FNi (1 = ZDERE BRSSP0
AL A A

Cd. Cu, Hg. Pb fl Zn 2B ITER, & RN
AU bR AL 2247 R RIS+ Cd. Cu. Hg.
Pb Ml Zn Fr 325 C,, AKX, —F@BEMEHA
HUIE, #EEES SAIIERE Y (Tu et al,
2011) . W5 iiE T AR5 33 Cd. Cu,
Hg. Pb #l Zn S5AHLUTEL C,,, ZIAIFFAEIEA DG Pandit
et al., 2010; Song et al., 2012; Wang et al., 2014 ) .
Vohland % (2009 ) kR, Vis—NIR Y63 Xt Tl HE
TGALRAY L3 Cu. P A Zn S EEBALE A C,,, i
SHEEL, TR EA RS 1 7 R R AN A
Mo Hi, IS ACHTEY 5% Cd. Cu. Hg. Pb
1 Zin 1) 3221 000 AL ) 2 5 HLJSR A S
Mi7ERE H g, Cd, Cu. Hg. Pb Ml Zn &
5 Fe,0, fll ALO, H K. Acosta 55 (2011 ) K,
MO B 4k 7k i 4% Cd. Cu. Pb Fl Zn T
R - ) s 2 T ARURI 70 e e 177 £ S SR A 40K
Bidl s, XWARRE TR E AL S
B TR T, (HIRAR RIS T 4 T A SC
P B, B E A & T3P Cd. Cu. Hg.

Pb Al Zn S RS 18 PR M £ 2

JEIE AL .
QT ATIA, RIS R E SR T R R R

FEHNHHERL RN, Mgl tIEESRENE
AR 3 2 W B A XA T . RS 135
Cd, Cu, Pb 1 Zn Z 0] B2 IEAI 5, HEH 11 As|
Cd. Cr. Ni. Pb Al Zn Z RIS IEARDC, HESE T EA]
HIS IR AT HEARAL (Mico et al., 2006 ) ., Tl + I
L@ AL Z A AHSCHAR SR, n] B2t AN
TS AR, AR SAVURA R A o4
4 (Malley, 1997 ) . 7 IR Jr1H, #E L4
BRG0P ) 34 RS 4, PTRE
EEEEICE SR WAL 5y 5 B IEA SRR 2
—o SAIEUL, AT AR E SR 5 AN
UFARLY, ) T 2RI S EEA L FORS L 1%
ST P2 3 SR AR DG, AT ol A5 78 ol
B o X — R B THGHE Vis—NIR R
AT R T S R A A B T R A R
4.2  TEpHERI LT F

SR TSGR T 3 R B L A L
i (Janik et al., 1998 ) . £13EFIEHE A9 240 Ak
Preexs LR AL 2R (IR 40, 2015)
BEAh, HIERERERER A W AT A L REAR T A R
B wh o HRIA 35 pH (5 CaO F1 MgO S IEAIE,
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PMBERITIRA . A SERIRE WY 24 A
JCER, HAT LIACHIR A T pH (3222 iR b
Yozl B8 11 pH {55 CaO Ml Fe,0; AYIEAHC
PR, USRI YA E b . il
3, RIS FIRE B+ OE h R R A B R R
PG PRI S, LAY pH (EDG ISR
RIBARRIL TR A RCR . PRI, R EL AR
W5 1458 pH (A PGS SHAL S 3 252 Sk Y
RS B IEAR DG OC AR

WFFE R, 13 pH (A /Y9G 1% 75000 AL ) 72 A
[ + e 2 7 2 6] 2 A — 319 (Soriano-Disla et al.,
2014) o VP22 H KIS 13 pH (B Y AL
PP 5 SRR 2 [ A IEAROCOC R, T
BREARY . WA B R FORS 4 2 I RRL Y
FHEMN . Wetterlind 28 (2010) 1A R G35 wtm +
1 pH A (9 25 5L 52 BIORGDRL 3 Rk R $h 7 W) 14 5%
M, Xie 5% (2012) 48, ZKHUKE L8 P FEAE
Bt (1400 nm, 1900 nm, 2210 nm #1 2350 nm ) X
eI P 4 3 pH {44 1R K 5i#k. Kopackova 55
(2017 ) &4 pH (H 5BAMYFAER B (400
~530 nm F1 820~1000 nm ) &7 HERARCHE: . LA,
Terra 55 (2015) A KA B2 G35 H0 + 4% pH
EFEEm R, WAPE RN, TEpH Y
JCHETELH 73 T TC ARG, PRI BEB L 13
Il ( Zornoza et al., 2008; Kuang and Mouazen, 2011 ) .
1 T 458 pH {85 OGIEE P20 23 1 (R) 422 56 R AEAN R
A IESA B[] DIl AP 25 5, DS 0 1
IR A EAT X i (2275745, 2009 ) o PRI
FATEIL, 7EA 6 Vis-NIR 63 i + 18 pH
(B 257% T8 T R 22 57, SRS 38Ny
BRI
43 TESEREFERERLIETNSE

TIEE SR LS EEIPA S RRETTHN
W, AT A A 3 pH EORITAL HAE YA R
Peo AT, BRIV N R ZHE S B
AL TS E R, LR E A AR (Tu
et al., 2011 ), TIEHH) As E— oAb, TEGITES
T al e By FNFEEE (Pallottino et al., 2018 )
FRATFIHDEIRE BT GB15618-2018 ML ) +HE
TS G RS A TN 5324 . g e XU RT3y
=3I 571 S BV 1w 7 S o LI e

AT, WS PR . B
SRWIET HIE pH . EEJR ST &=, kM
B B AR, X 3R AT
1YL A 532 5 SR 1 B A G A AL Tt 1 +- 48
pH (A FIE &8 & X e T T R 25 it
SIE LU T OB A B KU 2 51 9 43 25 1 ff
JEE R EARREA S A UERR B

MRS 3 FT5 YL TR Cd Al Ca A G3E
SRRACRME 5 s, RPER S5, 13 CdFl Cu
15 Y RS 1 TN 432 118 AR A o A 52 430 Sk
75.0% N 82.3%, oIt S AR 4 2 0 fE 1 B2 S il
K 76.6% F1 85.1%, & 4= F| FH 25 (4 16 B 53 5 A
74.5% 1 74.4%, Cd ™RGN 5 DHESAREME
BRG] X T Zn S ) SUARMERR B 96.7%, I
e R R MER AN S (23.1% ), XS
IEREARR DA K. X F As, Cr, Hg, Ni fll
Pb, HEARKRZE TR, Seikmm 2
SMARHERA A T R 100%

B T ES YR As Al Cd BEIETRIN 4>
FAORNE 5 s, MRIER S, HHE As Bl Cd 155
JRUBSE 1 T 4328 ) B AR AR HER B 5301l 84.4%
F180.0%, AR Ae a2 i a5 43 318 72.0%
1 75.0% , %4 FH A0 B 53008 93.0% F1
85.7%, As K& E R B AENH N 62.5%, Cd ™
AT, XFF Cr. Zn, Cu. Pb fll Ni
A3 AR AERR B 23 51 88.9% . 81.1%. 93.3%.
93.3% F1 96.7%, Fri R Se ORI A Emf B # K T
80%, Cr #l Zn ZRR AR AN Z (i
201), SPRIE LGS (=70%) . X1T Hg, #F
A S FOL AR 2, eI w0 432 0 e B
100%.

FeF 0t HHEE 4R O A pH E T, Vis-
NIR SRS A Ay i Y A 3R b o 2 75 5
S8 1) F 4 S T Gl AU 1) 4 S 2 R AR A T
MR, AR R T T E NS, BPAMHh R EE
TSN T e A SR TG Y R A 2 T AR i —
HRE.

5 45

WITTIRIA B XA Ry ¥5 e + 3 B 4 i & 1 161
T RPD {8 K /NI A+ As (2.03). Pb (1.48),
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Fig. 5 Spectral classification results for soil heavy metal contamination risk of the major pollutants in Wenling and Hengxian soils
Zn (1.27), Ni (1.24), Cd (1.23), Cu (1.19), (1.74), Zn (1.63), Cu (1.56) FlHg (1.23)., W
Cr (1.13) Ml Hg (1.13) . J PR E X ST MRS HI As. Cr 1 Ni BOHLAI A2 S L
s R EE S R E RGN RPD (EA/ NI R . WIBIARDCHE 5 S Cd. Cu. Hg. Pb il Zn AHLT]
Ni (2.64), Cr(230), As (1.98), Cd (1.93), Pb A, HBGETANR (IRIE) FgEEEy (R
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Table 5 Spectral classification results for soil heavy metal contamination risk
- [UNSESAES Ezs=gll e JEARE T EAREA
o No Ne Ac/% No Ne Acl/% No Ne Acl/% No Ne Acl%
vy
As 300 300 100 0 0 - 0 0 - 300 300 100
Cd 248 190 76.6 47 35 74.5 5 0 0 300 225 75.0
Cr 300 300 100 0 0 - 0 0 - 300 300 100
Cu 222 189 85.1 78 58 74.4 - - 300 247 82.3
Hg 298 298 100 1 0 0 1 0 0 300 298 99.3
Ni 298 298 100 2 0 0 - - 300 298 99.3
Pb 298 298 100 2 1 50.0 0 0 - 300 299 99.7
Zn 287 287 100 13 3 23.1 - - - 300 290 96.7
s
As 25 18 72.0 57 53 93.0 8 5 62.5 90 76 84.4
Cd 40 30 75.0 49 42 85.7 1 0 0 90 72 80.0
Cr 65 57 87.7 25 23 92.0 0 0 - 90 80 88.9
Cu 83 83 100 7 1 14.3 - - - 90 84 93.3
Hg 90 90 100 0 0 - 0 0 - 90 90 100
Ni 87 86 98.9 3 1 333 - - - 90 87 96.7
Ph 84 84 100 6 0 0 0 0 - 90 84 93.3
Zn 70 59 84.3 20 14 70.0 - — — 90 73 81.1
No : il i f2p S S S B4 T5 QKU 2N BURE R AL Ne « SBLRDCIEHNI S, 5 IR = SC I BT 2845 R — B RE R Ac < LTI 26

HERGE, BN Ne/No

B HRIA RIS B A3 pH ARG AR 4847 ( RPD
>1.6), TS5 ol Eh 0 P sl ik A Ak 0 i AH
Stk

AR SO FH G AR + 3 E 43 g & 1R pH (i
TN, FEAS SR T X6 4 398 T 4 J 1 Y KU 25 31
(353 X EHETRBEAR R S TR, IS ET
Ay AR AETR EAE 75.0%~84.4% Z [] 5 X T
PR B IR, SIS T 43 2 ) A o o AR
81.19%~96.7% Z[0] ; X TIHANBIRHITE, HA
REJE TS, S o280 SR
ZEFEEIT 100%. R, Vis—NIR 525tk 45 A
SXoF b T S s ORI Ry ¥ et X ) 38 T 42 S 7
Y XU HEA T FO A 2 B AR AT AT, XA B TS
AR FRE R K TR A S Y R A RN A
B
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