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Relationships Between Humus and Cadmium Speciation of

Reclaimed Soil Under Various Vegetation
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(School of Resources and Environmental Engineering , Anhui University, Hefei, Anhui 230601, China)

Abstract: [ Objective | Clarifying the relationship between soil humus and Cd in different vegetation was sup-
posed to provide a support for controlling cadmium activity in reclaimed soil. [ Methods] The 7-year soil at
coal gangue reclamation area in Datong District, Huainan City, was taken as research samples. The contents
of humus and cadmium chemical speciation in this region were measured under three typical plant restoration
patterns (A Syzygium aromaticum—+ Robinia pseudoacacia , B Photinia serrulata +Vicia hirsuta , C Ailanthus
altissima+V. hirsuta). The chemical morphology of Cd and humus components were determined by tessier
five-step extraction method and modified humus analytical method, respectively, and the relationship was
illustrated by multivariate statistical analysis. [Results] (1) The humification degree of the C plant allocation
pattern was higher than those of A and B in the reclamation area of the mining area; (2) The content of exchangeable
Cd in the C plant allocation pattern of the reclaimed land was lower than those in the other two plant allocation
patterns; (3) The positive correlation coefficient between available Cd and fulvic acid (FA) was significant in
the reclamation area. [ Conclusion] Not only can the appropriate plant restoration pattern C adjust the properties
and forms of humus in reclaimed soils, but also can affect the potential bioavailability of cadmium.
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TSR AT B T B0 DX T AR M 2 58 B )T
BF A e A B B e DX T a4 DX 1A 32 4 B AR 5 4
XAZSIREL . (HIRF AP & ANE SRS HEA
L IF BE R R BE AR ELREE S B ) 6 5
AR RROMOR L fE LN, PR A S R IX
HErp ARG RERKWE SRR N CdY L. Cd EY
ARG P AP S A Cd B S A K.
Cd & 25 52 Wi H AL 20 358 1) 1 76 5 AL A LI ) £ 8
(¥ X T 4 J 19 WA RS A 03 v v R B 4
TR 44.8% 1y Cd™,

RN IR LR/ R RN S AR L Y]
IO M EA AR I EES . H oAl x & B g X
F¢ B TR AR o 42 B IX B AL 1R 5 A L
J3HA 5 ) R A DX T 4y VS e IR R AT X e e e
JEFA R 5 T 4w R AH B AR O ST R B
SRR T LR Cd IS, Lin %0l
W WS T AT LB (DOND X Cd # 25 BR
PR ABE Oy = AU SR X AR 5 3 A AR
FHHI 5 A DA IE

TR T R X X 57 e Cd & 5
i AR SCAUL e 4 T R O R AT A R LA R X 3 o it 7Y
MEBEIR R AEF NTARE 7 a (9 0 R BT 58 42,
SE B B 4l or 5 Cd BB 25 W 58 A [ AE 1 &2 B
b R R TR 2 5 BB A% A3 B A R AR L T

Wang

T PR AE 0K A2 T3 3 DA O ) A2 B 3 TR R A T A
1 A WA R et XA S PR SR A R R B

1 WFEX S S 0F 55 ik

3 X AR

HGH R S X A 2R 22 117°01"—170°03, Jb 4
32°36'—32°37", v T2 YA IHE T T PN Y L M
A S B R PR R KU AR AR
14.3~16.4 C, 4 FHREK 965 mm, Jj4F £ 7 K )
AR R DI AEE 3 H IR 515,

1.2 MRF*

1.2.1 HMAABRIFEX fF 2006 4FH S 2R B %0
TR R AANE & G B 7 L 8 R X R A
™ X P9 oA 2 R 0 3% 7% B R 1) IX By 398D, BE R 3
Tl TR 52 AR 1V R R 98 % 42, LR 52 A 9k 22 A b
Y, I #EARAE R (Ailanthus altissima ) . $| #

(Robinia pseudoacacia) . T & (Syzygium aromatic-

1.1

um) A1 K (Photinia serrulata) 3¢ % (Rubus parvi-
folius) s LA L — W3 ¥ (Fimbristylis diphyl-
loides) P AE 85 26 ¥ (Zoysia sinica) /N H 3¢ (Vicia
hirsuta) . 2 (Imperata cylindrica) . & 5t B Bi &
(Vicia sativa) B Z T (Geranium carolinianum) |
B 2L (Roegneria kamoji) & M (Galium apa-
rine) SAHM AL B A WFE 1 s,

®1 EHTREBRMEHREER

[ EN KRB/ cm T4 IE AR Hh A
A 010
N o 20 T+ L /NS R 40 B 32°37'32'N,117°01'56"E
o ot AR/ A 32°37'33"N,117°01'55"E

F AN D2 s 55
B, 10—20 & T o0
Cl 0710 = b ! " o ! "
c Lo—20 EA /N BRI R 32°37'33"N,117°01'45"E

AN TRV RE L 2 1) 52 B 5 AR [R] L B2 R R B )R
JE— B0 L ARV BT UL 3R 27) 5 4% i ity 38457 5 it
A A B FRAR VT A B R TE 3 25 . A5 R
Hb oK REAE B — B0, HAB B XA R Ml i o 5 J o T AR AR
Yoo L A FAEPRE T R R £ = 4 58 00 2

AV it 22 S By A B L T R 4 S BT Y A A
FUER . 2013 4F 10 H BN TR 7 a B9 3 Ak
TR R S B A T &+ B B A+
AN B C R+ /NSO RE LR AR E

£2 RIEAEUMR

- 198 I i T/ AL s/ H (i TOC/ HtAEE&5E/ HEEEEE/
BH/ % W/ Y% ER/% (geem D % Y (mg+kg')  (mgekg ) %
50. 50 40. 23 9.27 1.67+0.02 35.3940.68 7.84=0.05 2.95+0.05 2.1240.01 66.5

PR (2~0. 02 mm) ; HBL(0. 02~0. 002 mm) ; FiBI(<<0.002 mm) .
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1.2.2 XgEHBOEE ACKTIEIEREEE A%
5ANFE B X B /N BEHLER 2 SR, R4
22 A B M. FE SRR b JE BB TG AR B T A (A 2R S
I b 58 A — B0 43 R4 3 A E B AR X AL
FoBR R Z A A AR A S 0—10 K 10—20
em 2 HTRA L FE 1 kg, S BRI A w] 0L G ShAE P vk
TR BR AT Fe /NHOREAT A 5 5 b A (] S92 06 2 8 R T A L OF
JE 43k 20,60 K 100 H i o I 7038 KR PR A DL FRF
Je SRR B A E .
1.2.3 XEHZNEF ik

OpH H 2. FREGE 20 HikEE 10.0 ¢ F 100
ml BEF L0 25 ml 4lisK 3 FE 15 min, # & 30 min,
M opH BRI ", ©QFE4L R AR, RELO0.2 g
CKiBi 2 0. 000 1 g) it 100 Hfk AL, * M HCI-
HNO,;-HF-HCIO, Y2 f#. H] cotnr AA 700 {7 5&
PR T IO R (AAS I E Cd 1 & &1, OF
SEBIEE. B gOl#ZE 0.000 1 @) 100 H i (ke
i R A Tessier #5772 BL 3= $2 B, AAS
N, @IE R AE . S 88 - HEA P 5 % 41
JIABS AU 4R BBOR 43 B 68 B o 4% A 43 o T R RS AR
YR (HE), 8 8 MR (HA) . i ki 45 & S W &
(HMo) | #k 45 & 28 91 0 % CHMD R 3 7 5 i %
(HMr) F 8 WLER 53 874X (vario TOC cube) I 7 » &
B (FA) & Z W0k T 53315

L R % (AlgK) Jy 0.1 mol/L ) HA % WK 7
400 F1 600 nm I K 1 WO R B Em 22 E

FEARESS 3 FAT s REAERE A A 3 A2 1.3 A bs
FECGSS-3), [l &R Ky 80% ~120% ., k5 B FH ik 571
Y0 PG 4l 356 FH K Ry i 4l K

1.2.4 #¥FELAE R Origin8. 5 M} Excel 2007 #
78508 Kb 2 R A T A SPSS 19. 0 3R i 47 75 25 4%
B B AR 553 Hr o

2 RSB

AREEEEEXTIEEEARSESF
AR E R X (R A THF R X B
A+ /NS B C Rk /N3 T 5 i 4 43
TRk 3 iR,

i3 5 5 A% 2 0 AR A IR ¥ BT L T A5 AR
HREXT 010 em 2R JEHE R (HE) (¥ 8 R
(HM)#F 10—20 em )23 T 30% L ., 0—10
em 4 2 i, 3 R SO0 AR (HAD 1Y & 1 0 i 35 50
Wil (p<<0. 05) . AHAS 6] By A1) H] 75 X% & R (FA) |
HE J¢ HM = — @ % mi, Hoh & 80 - 8 FA
e Eh A<B, =C;HE W& &N A <<C, HB =
A LB =G %’ﬁ'ﬁiﬁ HM ﬁi%ﬂ%%ﬁo 10—20
em - 2 2% Bl G R T B T A ) O
FHExER HAABEKLB T HED FARNSEEMTHEA A
HCH35% kA,

8 R (AIGK) T LARAE HA 43 F th 5 3 1
O, — M AlgK B, W HA /Y 48 4 5 N
# B.C F 0—10 ecm + 2 HA 5 AlgK 8 (0. 73
~0.83) KF 1020 cm + )2 AlgK {8 (0. 64 ~
0.68), Mzl A T ETFHZE HA M AlgK H 7 & 3%
5 HEED A MR ERLT AlgK BEF/NT
B, C R W] A B e A 2R 0 A B Y 45 4
A 22 L B, C P ARG B AR R T b A R 1
45ty .

2.1

®3 REEHT L5 E R HB RS R

+)Z/cm b Cun/(g kg™ Cpa/(g s kg™ AlgK Cue/(g+ kg ") Cum/(g = kg™
A 1.1740. 28° 0.832£0. 09" 0.732£0.03"™ 1.8940. 22" 3.1240. 29"
0—10 B, 1.8340.11% 1.2440. 36 0.8140.01¢ 3.0740.25% 2.75+0. 06"
C 2.00£0. 33" 1. 0640, 74 0.77%£0.03¢ 3.43+1.60° 2.50+0. 05
A, 2.0840. 06" 0.45240. 04" 0.652+0.08" 2.5240.03" 2.9240.07"
10—20 B, 1.45+0. 85" 0.50£0. 17 0.6840.01% 1.9540. 68" 2.5840. 64°
C, 2.394£0.19° 0.16=£0.07¢ 0.64=40.07" 2.554+0. 16" 2.84+0. 04
Ji 4 0.12%£0.03¢ 0.04=+0. 10¢ 0.53=+0.12¢ 0.16=£0. 04¢ 1.0040. 10"

. LSD0. 05 27 B E M. TH.

HA/FA 7] Jz Wl 5 58 5t 44 i, HA/FA {H# K,
HE M@ b BRI K, Fa5 s 2" . B 1R
A [R) HE B A T 4 A R R AE 1 1 R AT, 3
Pk ol 2 #5018 52 )5 09 38 HA/FA ¥/hF 1,40
T g, B A,BF 0105 1020 cm
+)Z2 HA/FA 23 A8 E. HA#KEKX C F.0—-10

em +J2H HA/FAHEZE/NF 10—20 em £ 2. &
FAE AR N ,0—10 em + 2 H . HA/FA [HEH A
C,>A =B;10—20 em 2 ZEZH.B, /N F CL A 5
B,.C, i #FEER . KW CHEAEERLSTH LEZE
- A HE A AR BT B v s EL e T A AR B TC R 00 A
R,
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T FA &y 22 00 45 158 22 5k B LA i A
PQ ff (HA 78 HE f ( He 1) Sl i ik HE (1 45 ¥ 45
E, B A CTFO—10em 2 PQEREKXRT
1020 em +J2 .MM B £ T2+ PQE LR #H
25 (B D LAl AL C R e n] B2 4 Y i 5
fegstly . ARIMPAE R T 0—10 ecm + 2. PQ 1
FHHN C>A, H G >B, MR C xb 38 5
gy LR AR N

1Or ——pq  mmmHAFA b - 10
0.8} b 8
[+
0.6}
o a
=9
0.41 b
[+
0.2}

0

FE Hh
AR NG TR E A BEHEE S (p<<0.05); A FR A X
(0—10 em) 3 A, o8 A X (10—20 cm) ;s By %8 B X (0—10 cm) s By
FR BIX(10—20 em) 3Cy FRn C X (0—10 em) 5C, Fzn C X (10—20
em). FH.
B1 AEEHEREERT T IEEAEBRIFE
WFE X+ 38 58 i LA HM S . HM 5 HE [t
BIfE 50% ~60% Z [, N T F#F5, £ 5" &
Pallo Y5 Ll 4% 3 HM 43 il 78R4 & R
(HMbD | Zh ki 45 A 5 8 R (HMe) AN % PE 6 8%
(HMr)3 44, mE 2 ATH N R4 e & B
0—10 & 1020 em + Zh &k &5 & 5 W X
(HMo) .\ 8 245 & &5 2 (HMD A % P 6 R
(HMr) A HUK i 4 % & i 25 0 b 2 22 5, LI i =
(HM ) 44041 L HMr (0. 92~1. 48 g/kg) k3, H
W& HMi (0. 47~1. 05 g/kg) , & & & > 9 J& HMc
(0. 26 ~0. 77 g/kg), 0—10 em + )2 1, A1 (0. 77
g/kg) .C1(0.56 g/kg) i) HMc & &% B1(0. 26 g/kg)
o oHMr HIC R EZR;10—20 cm 3 dr, & A fa #%
BLERA TR HMESAr B LR EER.

a
1.6} a
L2F be
a
0.8} i
0.4} b
A, B,

B2 TREFEREEEXTHSZRSEASEE

g
=)

CJHMce I HMi [EEE HMr

a
a
a
a a
ab £
ab ab
ac| ab
C, A, B,
7

®

AP 0 2 B/ (g + kg™)
-

=

C,

HMi 5 HMc # H ., 857 75 1Y 53 5 25 46 55 a7 545 1
AR N EPOR IS [0 73 ¢ S S NI
T IC B AL 3 HM & 21 43 i A X 3 2 an ] 3
s, ALCHBRERXF 0—10 5 10—20 em +
Herh HM £ 415 (AR & 800 0 35 25 5% . B R 9 i 1
AT 0—10 em + 39 (HMi+ HMc)/HM, HMi/
HMc WEEZE KT 10—20 cm +EEPE., FWH L
EAEE AL, 010 cm £ B h (HMi +
HMco)/HM &% B,<<A, H B,<<C,,HMr/HM %
0 B,>A, H B >C,,HMi/HMc H A, <B, A A,
<Cy s R C A AR E T L2500 HM 454
BoANE ., 1020 em + 8 4 (HMi + HMo) /HM,
HMr/HM,HMi/HMc i L E LB E 25,

=
o

) (HMi+HMc)/HM I HMr/HM 710
N HMi/HMc
b

=
=

=)
S
HMi/HMec, HMr/HM

(HMi+HMc)/HM, HMr/HM
=]
wh

e
]

B
B3 AEEHREEEXTHERSASLLG

2.2 AEAHEHEREEXATCAHNEERES

PR S AT 5] A+ 498 v B 1 o 1 PR A
b o AR5 1) T8 A FAE A TR) 9k Pk 5 A = B AN TR IR B+
FZRRE T REMER . HR A4 ATHL N [FE B
Bo s (R A T & + FIA B B A A 4/ 513 A
HXCREH/NEF T CdWEESE+ 11+
0.0, M LR FXEF.FW 020 cm L2 H M
WA BT A= Kt Cd iy i T8 i 52

4B SR IS BRI 5 4 TE BT i KRS
W HE SR AR E &8 E R A S K
W oy EL AR AT M FRAE . T 2 e 35 4 R (X-EXe)
e oy BB IR B b s R R R 25 5 B 4 R (X-Carb) Xf
pH {E 8 HUS% A pH A B 1] B8 B O 5 S AL I8 i
AR B R AL 245 A A (X-Fe/Mn-OX) K
HLEE & T 4 8 (X-OMD 0] BE B il ok 5 5 v B T 4
J& (X-Red) #A Rz,

MR A,BTF.0—10 cm + 2% Cd-Exc # 10—
20 em 2 42.86%,62. 76 % C E R E
Cd-Exc &t ¢ & & &®; Cd-Carb & 10—20 cm &
37.68%,65.67% ,55.84 %, %W 4%l # fic B A =X
MY AR KA )2 3 Cd BiG PR, 0—10 cm
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F R C L CdEXe & & ML T
A,Cd-OM &7 3 A ot Bic B AL T ¥ AR, &
WA A>B>CLHERESTRERFEZES I C
R B AR Wk Cd A, 0—10 em £ 2
Cd-Fe/Mn-OX % Cd-Red W Z & T 1020 cm £ )2,
BB E R 1020 em )2 Cd-Fe/Mn OX %%
0—10 em + 25 28.75%,31. 44%,23. 97% ;10—20
em + 2% Cd-OM % 0—10 cm 5 14.70%,18.55% ,
11.62% . %W 1020 ecm 3 Cd % 010 cm F4

3 H 1020 em RIEHEERSIER S BTN E %
SRR E 250 L2 HIENRESEEES,

A H A B IL AR i A SR 0 e (O R B0
WRITME S EA RN W EZERE . ER 5D
Cd F# LI Cd-Fe/Mn-OX, Cd-OM J Cd-Red 3} 3,
HEEBEEMN 70N UL B RREE. H0-10 cm
+ E Cd-EXc il Cd-Carb By 43 it % H 16. 83 %,
22.73%,17.82% . W] B A4 L B AL T Cd 1976 P
e oy i A8

B b 4 R T 0—10 cm + )2 10—20 em + )2
" A RS B RE s C Rt A BEH B REHl C FEHy
B Wl /(mg« kg™ 0.1240.01*  0.1140.01*  0.11£0. 03" 0.1240.01*  0.11£0.02*  0.11+0.01°
A B (EXe) W/ (mg+ kg™ 13.3240.08" 18.4540.06* 10.62%0.18" 7.5140.07°  6.8240.22°  91.240.11°
ﬁc N Cc-
NER/ Y 11.08 16. 82 18. 82 6.33 6.27 8.36
WAL 2 A5 (Carbo) WE/(mg kg ') 6.954£0.06" 6.154£0.02" 7.74+£0.14°  4.32£0.06"  2.1240.09"  3.41£0.15"
K 1. 5 priny arp-

o SRR/ % 5.75 5,55 7.00 3.58 1.91 3.09
PR ATS W/ (mg » kg") 22.8340. 04 20.5340.02* 20.3340.13*  32.2540.09¢ 29.9540. 32" 26.7440. 28"
(Fe/Mn OM-) N/ % 19. 00 18. 64 18. 45 26. 67 27.18 24,70
FHLEE A4 (OM) W/ (pg+ kg™')  29.76£0.03° 20.01%0.01" 13.42420.05"  19.924-0.21" 15.81F0.17" 15,730, 24"

e SrELHR/ 24.75 18.18 12.18 16. 58 14. 36 14. 27
Gt 4 (RES) Wl /(mg kg ') 47.55740.48° 45.22+0.24* 47.91+0.38  55.83+0.78" 55.5440.25" 54,2240, 64
o N/ % 39.67 41. 09 43,54 46.50 50. 45 49,27

2.3 AEAEHBREEXTAESSHEEERY

B

H 2 5 Al H1, Cd W& 40 A 5 1 58 b Jig 5 T 4%
4 43 5L N A G (p<<0. 05) . 32 B - 58 v i 4 S5 4% 40
s Cd MM EERNEZ —, HE 5 Cd-Exc
B RBFEFEME(R*=0.618" ; p<<0.05). 7] i, HE fy
B T A £ 80 Cd IR HERE AN HM 55 CdOM 2 1
EIFA (R =0.661" 5 p<<0.05) (F 4), £ + 4
HM # £ ,Cd tH % 4 5E .

PQ Y5 Cd 8 Cd-Exc M Cd-Carb & 3 7 A5 %
(R*=—0.788"" ;R*=—0.758"" ; p<<0.01),PQ 5

Cd i Cd-Fe/Mn-OX Hl Cd-Res 1IEAH X (R?=0. 745" * ;
R*=0.834" ", p<<0. 01), 7] UL J& 5 iR 45 #4 4 &2 4%, Cd
MG N, BAREI R FA 5 Cd-Exc &% Cd-Carb &
HIEM (R =0.876" " ;R =0.775" " , p<<0. 01); HA
5 Cd-OM 4 % (R* = —0. 653" , p<<0. 05),FA 5
Cd #) Cd-Fe/Mn-OX F1 Cd-Res 1 #§ & (R* =
—0.800"* ;R*=—0.897" ", p<<0.01), Bl HA ff &
Fef R FA BT o LA /0N S A . Y Cd i3 336 PRI

HMc 255 58 44, 5 HA 5417, 5 Cr-OM
WEIEAM (R =0. 662", p<<0.05), &I HM th
HMec tHXT 8%, + 3 Cd 1976 P

x5 TEEHESERERNEXREY

5 A A2 W4 A4 AL 5E AL G5 PRI A
(EXc) (Carb-) (Fe/Mn-OX-) (OM-) (RESH)

R (FA) 0.876" " 0.775 —0.800" 0.178 —0.897" "
W RR (HA) —0.005 —0.158 0.138 0.653" 0. 291
HA/FA —0. 447 —0.500 0. 335 —0.333 0.516

PQ {4 —0.788"" —0.758" " 0.745" —0.271 0.834""
Ji 54 1R (HE) 0.752"" 0.522 —0.547 —0.546 —0. 449
HMi/HMc 0.618" 0. 455 —0.44 —0.199 —0.494
Bk gh &AW E (HMe  —0. 282 0.112 0.158 0.662" 0.087
B ZE (HMD —0.231 0.191 0.21 0.661" 0.073

Eex » RREBRWEE; p=0.01; x RREFLH;

»=0.05; n=22,
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IF 5 DXl A g b {18 B A R R B 1Y) 2 B
A RV 0T AE AN R)AE 4 22 ) B AN R R B 2 R
ANFEFEEMZER ., SRS T ATHEESX A TEH
AR A B AR N SR B C R NSO
XF )2 38 0—10 em) B FH BT A sE ma ALK R 1
J2 e R A A G K Ak ek . Hoh B, C A
DA O BA BR 1) B2 e KL C A G AR U R0
JEEA R E R . ER PP BE SR, SEHE
B 4020 ~ 502, C A # id & #5:0F (HMi+
HMoc) /HMr (a0 A& . 3X AT RE 2 K R A AR &R
Yy o3 s A P AR AR SR PR A W A S BT R R A
Fi g R KR,

WA R B X A 2 R X 3 020
em HREEE CdEMAR,CdWARISERER
55 5 0K [l il e T X R AR A Y, Cd AT T
TR AN R (S8 1 K U M AT A8 1 RN il R R 4 O
XAy Cd iF #8 SF AR W) A &, g X R
BREEErFREdmMmBRELEEER M LZE T
Cd 1 AT 38 25 T ik IR A6 45 3 8 1 B R i 18 2000
A KB B . B E T X E R S 4
J& 15 e AN [F) A B R R AR 0 - 8 b 4 R R e AN
[ A AT T IR A Y 3 N TR A K I A R — 2
B AL C BB E AT 1 R T B

4 Cd W TE A 5 6 58 T 1Y) 45 20 53 A7 A 1 35 1 A4
N L B B BT B A7 AE AT VT e A 4 )8 B R AR L )
RS AH AT A S m s D A S
AFXF 14 s DT 9 /0N B 4 T B A W s g RO . D b
JE& L IO AL AT — 26 T 4 B M A R AR R A i 3L
BEPEWRET 5 AR 0 A A 4 R )R, T k> £
B E S E MRS X L% pH (HTE 7.5~
8.5, A L AR H A R TR B BTN B Y I B 2%
FUL RS R R, g Cd 199G M S B R
HIEMC, SHHMERZ2NAC., X 2R A EER S
A 2RI AR sl H s, B
TN BT K SMETESEGIERKESKEY:
T B R I 5 O LA W B 485 B0 TR R B &5 10 T A
VoS ik o M LA 43 B o T G X6 4 B A AR e A W B 2%
ZEEVY . BLRRORV SO 1 B AR A K A JE PR B T 4%
A5 8 B R 1 T A7 A S [ LR P R 3
Ty 0 5 MR R PR R R B X v T ORR L A
ANTFEHRS HERESRABREMNR, S&E% A
(IRE I 58, B8 5 4 B U R TE AT I PE 25 5 W B
i 2 P b 32 2L T Al R vh B B 2 w41 1 RN i g

B — . B B BRI & AR I DUE 28 5 )
77 W B 4 R T R . DRt e R B D W R
Z ., e Cd BiEPEBUIR . T = ol g i A
el C iy PQ AR » AR C X )2 e rpn]
s Cd WY R W B/ B AHEAT B A + /1N BE 1 il
AL AT s A DX B M S AT ek b R s Cd
NGRS

4w

(1) AN [FAE B e B A 3 7 m X A2 B b
JZ 8 C0—10 cm) rb 8 5 B9 & B O B0 TR B S
gty . B C R /N 5350 T 5 ot 45 40 T O 52
7% PQ {E 2 3% K T JE W A i i

(2) X R )2 LHEO—10 ecn) 1 Cd 5975
PR mg A HAE X C R B TR 2 A 2 Cd
2. B BOA /N B30 AT 28 e 75 F ik 1R
HEAE Cd 197 Bl AR 2E KT H AL AL Cd [y
R ER PN

(3) s Cd Y515 T8 98 T 45 20 o &5 1 0 3
FHOG LR & B MG L ) R i B L Cd Y I
MR . A C T 3 g Ji G R o o o A R T 4 4 X
e Cdi5 4L,

[ & % x @ |

(1] o, & RGBS URME, 5. Ko E4 R X t 9 HE 48N
AR5 BT P [T, 505 P 5 B5IR . 2012, 34(2) : 68-
71.

[2] TIrizar A, Rodriguez M P, Izquierdo A, et al. Effects of
soil organic matter content on cadmium toxicity in Eise-
nia Fetida: Implications for the use of biomarkers and
standard toxicity tests[J]. Archives of Environmental
Contamination and Toxicology, 2015,68(1);181-192.

[3] Lair G J, Gerzabek M H, Haberhauer G. Sorption of
heavy metals on organic and inorganic soil constituents[ J].
Environmental Chemistry Letters, 2007,5(1):23-27.

(4] Hgaknk 4 005, i e, 4. WU | SR 28 0 IX - S8 i 7
BiE 4 )BT R & AR RS ALT]. Ei H, 2008,39(5)
1135-1139.

[5] Hee P J, Dane L, Periyasamy P, et al. Role of organic
amendments on enhanced bioremediation of heavy metal
(loid) contaminated soils [ J]. Journal of Hazardous
Materials, 2011,185(2/3) :549-574.

(6] ZAWE.ZEM, TT, 5. AR IKE BT EFA
FHE R LY AR S AILENE SRR K
AR FRE R . 2015,35(6) :207-212.

(7] e, EHL, X 2% 55, 45, R [R) AR Bk ie & A X ) A %
S L4 B BT R 3 - 3 B AR ROCR T . A0l FR R



5 510

IR AR AR T A B RIE S CAIBRM KR

109

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Ed,2012,31(8) :1505-1511.
Wang Xia, Ding Wenguang, Nan Zhongren, et al. Frac-
tion of Cd in oasis soil and its bioavailability to commonly
grown crops in Northwest China [ J]. Environmental
Earth Sciences, 2013,70(1) :471-479.
Liu Chengchung, Chen Guanbu. Reclamation of cadmi-
um-contaminated soil using dissolved organic matter
solution Originating from wine-processing waste sludge
[J]. Journal of Hazardous Materials, 2013, 244-245,
645-653.
SRR mE Al KA F . AT IM. 2 jR. db
AU E A RRAE 1996:171-199.
4. b5 A, GB/T17141-1997 , 4 38 57 & 45 40
A0 5 A B TR R 430l 0l B S .
Tessier A. Sequential extraction procedure for the spe-
ciation of particulate trace metals[J]. Analytical Chem-
istry., 1979,51(7) :844-851.
Kumada K. Humus composition of mountain soils in
Central Japan with special reference to the distribution
of P type humic acid[ J]. Soil Science and Plant Nutri-
tion, 1967,13(5):151-158.
FT A A X R A R R B B N T Ak L
i 5 5 2 B K PSR )] K A AR Hp a4 . 2014, 34(5) 1 49-
54.
TR ER LR LM ARl -
HE3E i . 2004,35(6) : 706-709.
SRR H EA R . R & B RS
FRAERI BT 5L )], R HE2 4. 2006 ,43(6) : 934-940.
Pérez-Cid B, Lavilla I, Bendicho C. Application of

microwave extraction for partitioning of heavy metals in

[18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

sewage sludge[ J]. Analytica Chimica Acta, 1999, 378
(1/2/3):201-210.

L W M, S T 4w RO [R] bR R A
A AL S A BT s e L. K R R R
2015,29(1) :143-148.

X R ER R ER . U THRE L EELE Cd,
Ni, As A 808 &t M H R R )], 4ol 758
Bl2F2A 4 ,2012,31(6) :1131-1134.

Liu Yizhang. High cadmium concentration in soil in the
Three Gorges region: Geogenic source and potential
bioavailability [ J 1. 2013, 37
(10) :149-156.

TR A 5K R S OR [R) A R R SR R E
Al g B e B A XA n AR AR R AE LT . AR
2R .2011,31(21)6429-441.

ZE4, FAR KR+ HEE BE BTN I A R S B R A
R FE BT L) ). Al HAR 546 4% ,2010(2) < 1-7.
Chaturvedi P K, Seth C S, Misra V. Selectivity se-

Applied Geochemistry,

quences and sorption capacities of phosphatic clay and
humus rich soil towards the heavy metals present in zinc
mine tailing[ J]. Journal of Hazardous Materials, 2007,
147(3) :698-705.

Garcia-Mina J M. Stability, solubility and maximum
metal binding capacity in metal-humic complexes invol-
ving humic substances extracted from peat and organic
compost [ J ]. Organic Geochemistry, 2006, 37 (12):
1960-1972.

W a5k, 4 05 L S DO AR & U X L S
R4 R e R W B AR S ()], 4 4R, 2008, 39
(5):1135-1139.

[21]

[22]

[23]

[24]

(k3% 102 70)

FORUHA , B kMG, S8 s . AR IR R T &
X PEG #4015 30 pgma i [J 1. 4 55 40 7, 2014,
33(5):1190-1194.

X E N PR vK SRR A AR T R W RR T R R EAE
Jilp 3@ Ao 1 [ ). A= 25244 . 2013,33(8) : 2615-2622.

[ 55 2% X, TE Ak, S5 LRSI B A 9 b 0 & T
S aa gmi B K K RN A (J]. TR IX M,
2011,34(1):100-106.

W T . EEZ . PEG B3 T 5 38 X 7 fh 57 5 A )

[25]

[26]

[27]

P77 % B e [ 1. B0l 2412 2012, 21(6) - 23-29.

ZE S0, S DU D LR AR R X T R T 38 1 R
N MR EAN [T ]. Bl 523, 2010,19(4) : 61-70.
Gratani L., Varone L. Leaf key traits of Erica arborea
L. . Erica multiflora L. and Rosmarinus officinalis L.
co-occurring in the Mediterranean maquis[J]. Flora-
Morphology, Distribution, Functional Ecology of
Plants, 2004,199(1) :58-69.

SRR A R AL AR R 0 T I 38 28 R F
FE[1]. A 7524 2004 ,24(6) : 1093-1100.



