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Table 1 Satidicd resuts d il heavy metd conterts, organic metter content and pH
Qu Po Zn cd o @ Mn Ni Fe om pH
ltems
(mg kg™*) (gkg') (gkg'h
Mean 191 258 456 150 136 246 366 840 727 205 435
Median 79 202 3.2 09 141 222 38 7.8 648 207 430
Sd. Deviation 76.6 129 3.4 151 357 0.9 9298 232 273 6.69 0.25
Sewness 0.60 1.86 167 241 0.54 1.68 075 075 077 -0.38 127
Kurtosis 0.3 327 218 549 172 37 -015 -0.32 -0.46 098 178
Minimum 6.7 135 199 0.3 742 125 22 540 @ 3.37 510 4.01
Maximum 387 647 138 6.02 237 546 5.8 135 127 48 507

[12]

Median of dementa background value 20.0 26.3 71.0 0.05 55.1 10.0 320 22.0
in the surface layer of red Dils

The firg
levd of nationd background vaue of 3.0 350 100 0.20 0] 40.0
ils

(pH <
6.5) The soond levd o nationd 50.0 250 200 0.30 250 40.0

background vaue of sils (pH <6.5)
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24 2.1.2 2 1
, Cu 66.7 387 mgkg ! , , 9 (Cu Po
, ZnCd O @ Mn Ni  Fe )
(PH<6.5, pH (CuPhZn Cd) P Zn
) cd 0.36 6.02mg kg * ( r=0.84) , Zn
, , Pb Cu 7n
cd , , P cd ,
RN % 2.85mg kg *, 2 Cd Pb Zn
59 6.02mgkg?! Fb Zn @ Ni Mn Fe :
13.5 64.67 mg kg™ ! 19.87
137.8 mg kg™ *, 12.5% 8% o @ Ni ,  Fe Mn
, Pb Zn Cd o}
O Mn @ Ni , Cu
) Fe Mn
,Cu Mn Ni Fe
( ,
10 ), Cu Mn Ni Fe ,Cu Cd ,
, Cu Cd O
£2 HRELINESRMIBHEXEYR
Table 2 Pearson correlation coefficient matrix for selected soil chemical variables
log Cu log Pb log Zn log Cd log Cr log Co log Mn log Ni logFe  OM  pH

log Cu 1
log Pb 0.58"" 1
log Zn 0.37 0.84"" 1

log Cd 0.59°" 0.53"* 0.52°* 1

logCr  0.49" 0.38 0.23 0.51" 1

logCo 0.5  0.84"*  0.83" 065" 0.5 1

logMn  0.39 0.61" 0.5 0.5  0.47° 0.76"" 1

lgNi 0.5 0.79°° 0.0 0.6 074" 0.8  0.75" 1

log Fe 0.27 0.73"" 0.76"" 0.55"" 0.43" 0.82"" 0.88"" 0.74"" 1

oM 0.72°*  0.25 0.04 0.30 0.60"" 0.1 026 . 0.46" 0.04 1

pH -0.32 -0.25 -0.12 -0.36 -0.06 -0.37 -0.15 -0.25  -0.16 03 1

*, xx HXBE(p <0.05) M B FE(p<0.01) *, ** :The correlation coefficients are significant at p <0.05 and p <0.01 levels respectively

oM Cu O , Pb Zn G Mn Ni Cd( Fe ),
Cu O (
Fe , : ), Cr Fe
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2.3 ), Cu 966 nm
2.3.1 ( 4 5
’ r
( ) 0.05 0.01,
9 0.404 0.515
- 0.87(0.99
3

Table3 Hgenvaues and cumudive variations of the firg four principa conmponents ,and corrdation codficients between
principa components and il heavy metd contents

Principa conponents

ltems
PCL PC2 PC3 PCA
Egenva ue 164 9%.8 81.5 1.45
% of variance 47.66 28.07 23.61 0.42
Cumuative % dof variance 47.66 75.73 99.34 99.76
log Cu - 047" -05"" 0.11 0.38
log Pb -0.21 -0.63"" -0.38 0.11
log Zn -0.14 -0.50" -0.44" 0.08
log Cd 011 -0.36 -0.12 0.25
log Cr 0.02 -0.5"" 0.18 -027
log & -0.24 -0.64"" -0.42° 0.05
log Mn -0.14 -0.39 - 0.5 " -o0L
log Ni -0.16 -o07"” -0.23 -0.16
log Fe 0.01 -0.37 -0.70"" -0
oM -0.68"" -0.33 0.35 -012
xRk (p<0.05) (p<0.01) *, **:The corrdation codficients are dgnificant a p<0.05 and p <O0. 01 level's repectively
1.20 40
1.00 b
g 35 ¢
= 080 f ¢ .
4 3
® 060 | 3.0 b
g =
S 040 ‘go 25t
ﬁ =
& 020 / 20}
Ty _./\” y=-601.96x +4.138 8
0.00 pra~ M AL j\ 15k R*=0.76
-020 1 1 1 1 L
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BEK Wavelength (nm) 00005 00010 00015 00020  0.0025
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Fg 3 Loading curves o thefirg four principad conmponents Fig 4 Rdationship between il Cu content and the first

derivative ectrum in 966 nm
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Cu 400 579 nm 2235 tm(Po,r=-0.72) 1905nm(zZn,r= - 0.62)
, 2215 nm (G, r = - 0.77) 2205 nm (Ni, r=
, 175 nm -0.73)
(r=-0.73 Cu
- , :Pb 474 699 762 918 nm;zZn 474 699 765
, 897 nm; G 402 474 699 765 918 1 605 nm;Ni
- 0.87(966 nm) , 678 768 930 nm
0. 74(1 865 nm)
, : Cd ,
Cu cd ,
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1275 nm )
(r =-0.63) ,
2045 nm(r= - 0.84) , Cr ;
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Cu , , - 0.63(939 nm) ;
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855 2445 nm Cu , Cu
Cu Pb Zn O @ Ni oM
, Fe Mn
, 600 nm , , Cd
(r =-0.82 ,Cu Cd
Fe ,
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402 570 nm 2155 2445 nm ,
, 405 nm(r= ;
-0.78) Mn Fe ,
Fe Mn (21
474 nm 765 918 nm Fe
876 nm (r=-0.74) Mn 474 nm
(r=-0.65 Fe Mn , )
921 nm 4 Cr,
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4
Table 4 Regresion andyssd the rdaions of il heavy metd contents with gpectra variables o snge-band , dud-band combinations
Items Optimum regresson equation R Sectrd data
log Cu log Cu= - 601.96x +4.138 8 0.76 R (osm)
log Cu=0.489 2x +2.002 1 0.72 R @zm/! R @mm)
log Fb log Po= - 558.11x +3.265 0.62 R (o18m)
log Pb=0.216 7x +1.472 7 0.70 R @sm/ R @mm)
log Zn log Zn= - 510.78x +4.1 0.52 R (7e5m)
log Zn=3.400 9x - 0.467 2 0.66 R @om/ R (@om
log Cd log Cd=378.05x +1.021 3 0.40 R’ (srm)
log Cd=3.5835x - 3.7739 0.54 R @am/ R @eom)
log Cr log Cr = - 779 293x% +2 132.4x +0.731 3 0.52 R (o0
log Cr= - 1E+0.7x%+1 763.4x + 2. 139 0.70 R' ezm - R 2m)
log @ log @ = - 444.97x +2.078 3 0.61 R (o18m)
log @ =0. 177 3x +0. 647 0.66 R zm/! R @mm)
log Mn logMn= - 3.427 3x+2.9205 0.44 R (a05rm)
logMn= - 1325.5x+2.519 8 0.50 R (7sm) - R (@)
log Ni log Ni = - 374.48x +2.508 9 0.69 R (g0m)
log Ni =0. 146 6x + 1. 319 4 0.65 R som/ R @mm)
log Fe log Fe= - 5.444 3x +5.443 5 0.61 R
log Fe= - 1.792 6x +6.2735 0.73 R @eam/ R soam)
oM OM =70. 291"~ % 7 0.89 R (2om)
OM = 43. 325" 177* 0.93 R aesm) - R omsm)
2.3.2 , Virogradov!®! ,
5 Po Zn Cd G Ni Fe, Cu Ni ,
Cu 963 nm ,
969 nm (r=
0.87) , 966 nm ,
, Ni 924 n€m 933 nm ,
(r=0.84) 930
nm , Cu Ni Cu Pb @ Ni
, 975 nm , 950 nm (OH)
Cr, (627 nm
672 nm) , (1 915 nm Pb @ Ni
2 345 nm) Mn, nm 522 nm 519 nm,
(705 nm 921 nm) , Cr Mn Fe
(483 nm 504 nm) 504 nm o
' ) 627 nm Cd
5 480 nm Fe
O 483 nm
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REL ATIONSHIP BETWEEN VISIBL E NEAR INFRARED REH. ECTANCE
SPECTROSCOPY AND HEAVY METAL OF SOIL CONCENTRATION

Xie Xianli

JunBo Hao Hongtao

(Irgtitute d Sail Sdence, Chinese Academy o Sdences, Nanjing 210008, China)

Abgract A rapid, dnple and loncogt method , based on the techrology o reflectance spectrosoopy |, for measuring il heavy
metd conterts i s needed for nonitoring and remedyi ng heavy netd cortami nated dils. il sanples were collected from a CQur Gd conr
tamnated area in the vidnity of a copper srdtery in Quixi , Jiangd Povince, to exlore rdaionships between visblerirfrared re-
flectance goectra and contents o Qu, Zn, Fb, &d, @, @, Mn, Ni , and Fein the heawy metd contarrinated il and their mecher
nisms. Resuts sowthet Qu (rangngfrom 6.7 ng kg™ “to 387 mg kg™ %) and Cd (from0.36 mg kg™ *to 6.02 g kg™ %) were highly
enriched in the il , and reflectance spectra o the il sanples were dgnificantly related to contents of heavy metasin the il ,
with the highes corrdation codficient of Cu being- 0.87, o Pb, Zn, G, Ni and Fe being > 0.80, and of &, Cd and Mn
being >0.70. Derivaive gectra are goplicable to extraction of irformetion of heavy metdsin ils and bands combi nation may
sgnificantly improve their correations. The rdationship o Cu with reflectance goectra was dfected by organic metter ; of Zn,
Po, @, and Ni , by dlicate minerds and ferriferous manganese oxides; and o Cr, by both organic metter and clay mineras.
Key words Sl pollution; Heavy metd ; Reflectance spectrosoopy ; Vishle-near irfrared; Relationship



