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Abstract: To characterize the current cadmium pollution status, chemical species and bioavailability in sewage-irrigated farm soils in Taiyuan, Cd
concentrations were analyzed using Tessier A sequential extraction followed by graphite furnace atomic absorption spectrometry. The distributions of
different Cd spices in different soil depths across different functional areas were investigated. The results showed that Cd concentration in sewage-irrigated
farms was 3 times the background in Taiyuan. Most Cd was found at the surface layer, suggesting the main terrestrial sink for Cd accumulation. The
variations were noted in Cd distribution in the functional areas with the following order: Xiaodian > Jinyuan > Qingxu district. The concentration of 5 Cd
species generally declined in the order of; Cd bound to Fe and Mg oxides > Cd bound to organic matter > Cd bound to carbonates > Cd residual > Cd in
exchangeable state. The high concentration of Cd bound to Fe and Mg oxides is directly related to the slightly alkaline soil with elevated Fe and Mg in the
sewage-irrigated farmland. The morphological study demonstrated the highest Cd content at the surface layer, which declined along the soil depth. This is
opposite to the trend of pH changes. No statistical difference in Cd species was observed in the other layers. The bioavailability assessment showed that Cd

remained rather stable in the sewage-irrigated soils in Taiyuan. However, due to the high concentration of the Cd speices of potential bioavailability,
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further environmental impacts should be addressed. In conclusion, although Cd concentration in the sewage-irrigated soils has not exceeded the Grade-II

limits as defined in the Chinese Environment Quality Standard for Soils, the local Cd tends to accumulate with potential bioavailability and therefore should

be preferentially controlled.

Keywords: Taiyuan; sewage irrigation; cadmium; speciation analysis; bioavailability

1 5| & (Introduction)

57K HE I 2 X [ A6 7 VF 22 oK H DX pe gkl
HEMER KB EZ R R 2 —. BRI K HE I oK I ¢
DT LIS 3 5853 F A B 15 9, R0 02 15 7K
Tl KR HER 15 K RE B, 25 5 51 e 3375 4y 3R
U R E SR, Y H R PR LA IR 5 4
I AT R B T N 2 B T R T R
75 2 1) A b2 285 11 38 3 O 1 (4% 35 145 20065
Shrivastava et al., 2004 ; Kiziloglu et al., 2008 ; Zhang
et al., 2008 ; Al-Lahham et al., 2007 ; Abbas et al.,
2007 ; £ R4 , 20105 XI/MESE, 2010).

4 B A YRR AL R R A O, R
JE b th IR 25 00 A1 BT g 1. 3 b iR i AE R B
SHEXLRIHAWA B2 7 (35,
2013) , {57 X TR S R BESE, X T ST A 7E
THE X L HErP AR AT O BRI A A I S
RS is G IR IR PG S BAT I SR Y BRI
R E SRS s B I G, H O e MR &R,
RN AR P B R T A ) R [ AN A
AR AR AN 7 45 ( Kuester et al. ,2002) 045K 15 £
WF5¢ Gk B SR AT B A KR R AN M R R R
( Aramphongphan et al., 2009; Achanzar et al.,
2001) , JFREVE T S50 3l Wy 4 Jili JE i 40 R L 52 kL IR
Ji A BE 7= AR % M i 9 ( Alvarez et al., 2007;
Waalkes,2003) , # E PRy 58 % (TARC) A& M
SE PRI N R BUR F ) ( Waalkes, 2000) . 5 42 J& 76 35
B B SN R 23 77 A AN [ PR AR, 4 B 4%
M B B TR K TE A AR PR R R (B A
1995 ; 52 5 W45, 1980) AT 4F 8 , T [ 27 2 [l £ 175 i
X ST R A (ARESE AR, 2000) FIHE 48 AL
WA (R4, 2012) A7 T R TAR, HR R
75 X AR 1B 25 20 T W 5 18 A DL A1 3T 4F
KA AR 22 2 3% %o e 1 LB b T A T L S
BRI YRR 5 R Y ARG R AT TR
WEFT, QNBRAR S5 (2007 ) Xof i 15 94 IX. 4= 38 vh o 42 )
HITE 25 0 A R0 A= 0 A7 3 PE it AT 7 E ST, R
(2001) WF5E 1 AL U AR g 50 75 9 X L S B B o 42
15 YL BLARIEH T B I6 X 3R AELAS (] 58 75 4 1) it

WRHNERENRZ , 5 S A5 HEDT S 57Kk TR 2
50 - A S Aol T AR Tl Ak
IR EE IR G (£ R, 2006 ; 5K 45,2007 ; Liu
et al., 2005; Weggler et al., 2004; Kassasi et al.,
2008 ; Alborés et al. ,2000) . K Ik, K T fift A [ V5
Py 58 AN [ b 358 A (] 5 G R AE 1) S350 T Y4 i 2R
R, ATHSRAT o X R Jirt Tl 15 E IX 1 4 J ) A7
TEIE A Ay m] R ARG — 28 B ISR
KRIFTGHEX R TR E TG R LK 15K R
A% AR R 1) ML Y 35 X 22— | M 7 A 4 3
FMERT R A T 3R B AR Ak R 0l 2 B 4w AR 1 75 G
PR FRIAAETEAS A T MR B e 55K
TR R, T 20 2 gl A 7= | 4 ol 2 i %
BIE RV A 7 2 5 6 AN BREAF7E i T
SN 7 AR BT A TR ST I AR SGE 2 R A% A
R RIZFGT R R R B g T, A
I3 M ISR S BRI A o3 A IF R Tessier 2247
B AR A AT b, B AR G i 4
EAREE VL - IR N OF (3§ B N V= gL N (7395 3
SRR A B R RS BOR AR 2 AR B

2 ## 57 % (Materials and methods)

2.1 FFRH XA

KT T I E B, A28 111°307 ~ 113°097,
b4k 37°27' ~38°25" , M I EE AL iy, B DLl b B
B i R 2760 m, AR S IR 760 m.
o S v ity 28 Kk T R IR AR, R AR
10.8 °C , 4F H BEm} %k 2550 ~ 2870 h, 4F [ FF & 376.2
mm, JCFFH 170 d, ¥00 3 43 Ja Il g . - eSS A LA
AR RS M R J2 KR T TS K I
BLAE TP R /N E X R SR A 3 A
A3 DR R 5 KR 4R 20 22 60 4FAR, 5
DX TR VG sl A AR A R i L AR5 E X 2
— TSR MEAEY R A KRG Bk NE B
S5 BT 2F R AL VT R R T 38 T AR 3 K RN Tl
JEAKHERO B, A A G KO Tk R K48 18 43
LN ZR PE AT A L P 3 DX 5 7K R 5 AL 455 BH 2%
T 57K ACTRE (& RIEWERA R BEK) K
PRV K AL | PRV IAT B8 SR A Y] A K FE 3 | P
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TN K S i I AR RER KR =
S LR IR KR R KA AR K E R =S DA
W AR R 2 6000~ 67500 m*hm ™.

22 R ®

221 EEHEXRE RN GE,TE3 MG
X I E 135 HF)Z(0~20 em) KFE, 10 4
GYERFE R (B4 5 JZRFE0~20 em 20~40 cm
40~60 ¢cm .60 ~80 c¢m .80 ~ 100 cm) . &R AR & %
FAMEAEIE RAE 5 AFE Sh IR R — SRR L 4 XOR AR
JSOYA BRI /N E X 50 4~ 0~20 em 4R AE
M4 ANIYIEREE BRI 35 MR AR 3 A
SPERFERGIEWR R 50 MR R 3 M ER
R, FLACRAEA S LR 1. 2 R AT )G, Y
TR EE 500~1000 g FE 5, 45 8105, 7 0] S0 56
F.ARKTIFLBRRAM, BEIE e i (2 mm) ,
B AFR OB .

E1 XKEWSERTERERRE
Fig.1 Distribution of soil sampling points in the sewage-irrigated

soils in Taiyuan

222 LAEAREABERGNE TIHEIREAHLL
PRI R 7 1k 2 DL SCRk (PN 4§, 2007 ), At £
HERLR R LR 1.

F1 i EEREL SR

Table 1 ~ Chemical properties of tested soils
H axthit/ T 2/ AL/
P - _ _
(mg-kg™") (mg-kg™) (mg-kg™")
8.11 202.33 78.37 30.24

223 1TEEELERLARELANNE TR
&2 ] HNO,-HCIO,-HF ¥:91 i 1 3EARE 5, IR
SERVEE GRS 50 mL RN, ERG R,

BRIV I A S i W WSO A S - 39 v i) S

T BB I 25 50 M1 2R HH Tessier % 22 46 HUIE
(Tessier et al.,1979) ,FRHL 1.0000 ¢ W+ 1 #% AT
Tk 5 FOB S #E AT . O T e &
( Exchangeable , Exc 3% F1) . -4 5 8 mL ¥k 3
91 mol - L' MgCL W (pH =7 ) L4k 5 $2 R 1
h,3000 r-min~" .05 30 min, B IE R T 005G H
i Al v, DLTE W B AlK VE R 2 R L
G, WA IR, E RN QIR ER S A
( Bound to Carbonates, Carb B¢ F2) . A IROF 5%
# 1 mol- L™ NaAc K (42 HLATH HAc ##pH =
5) 8 mL, TERIRGHEI 5 h,3000 remin™" B.L05)
5 30 min, [7]_ FHC IR0 OB S &
% (Bound to Iron and Manganese Oxides, Fe-Mn OX
2 F3), 5 22 K @ P a9 5 i 0. 04 mol - L7
NH,OH - HCI#Y 25% B PR %5 W 20 mL, T (96+3) C
1] B R 5 H 6 h, 3000 remin” B0 43S 30 min,
[A] I8 MR 43 0T DA HLY 45 A 25 (Bound to
Organic Matter,OM 5%, F4) . ¥ 2@ i 5k i H 3
mL 0.02 mol - "' HNO, #1 5 mL 30% H, 0, %% (
HNO,JH pH=2) KR A B I E] (8552) C, IR %
2 h, [8] 8RR 5 #MA 3 mL 30% H, 0, % (
HNO,# pH=2) , NPT HE , 4R T (85+2) C,
1835 3 by B HJE A 5 mL 3.2 mol - L™' NH, Ac
20% (V/V) FEBRIA I, Wi B 20 mL, 485 30 min, [7]
EHCEH AT ©FR A A (Residual, Res 5 F5) .
W A @ P Y 3 HINO, (HF) -HCLO, 247 5 3 5
JEWfR, RN 501, Z )5 F 1% 6 Rk i 1k
WOEZST 50 mL 25, R A 40 J5 7 i ok
D5E DA b 25 12 R W0 5 5 B
224 HBAFELNEGAE H Excel 2003, origin 8.0
BAEX G HEATGE T o0 B AL B P T-test 7 145
B2 B 2 18] 2 5 BAT W35 22 5

3 ZERAH 51T (Results analysis and discussion)

3.1 FERIEFLENIN LR

IR 5 X J2 A M I 25 SR L 3% 2.
Bt A T4 R F 3 MR XS B R ERT
DR 93 HU(E (52 5% 5, 1996) , M {H B2 ik 3
TSR 3 45, RITGHE X L E 4R H
R RS (R AR ME) (GB15618—
1995) AR YEAH LE, B & s W E AR T 9 &K br
WEAR, 0 H R KA C 2o g B R — Hbr el 75.5% ,
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07 73| 7 g E 1 A

3 ANV HE X AR EE , /N R0 VR 5 X R H 37 4
VKR % 5 HE DT K O TR shig gk, +
e & w AL T RCE KO, N X R S mEAE
0.118~0.453 mg - kg ' Z [H]; ¥ IR X - 3840 & &= 7%

0.113~0.264 mg-kg ' Z [, A T/INE X IR EZ
8] 5 7 % 2 Ay 1 e & s [ Y 0,106 ~ 0. 218
mg kg™ FHIL AT AL, /N X A 358450 & B 5w 0T LA
AT M X RO A A — i R B AR R T AE
JE.

®2 KEMSERREIERIEN pH ERITHTER

Table 2 Statistical analysis of cadmium concentrations and pH in the surface sewage-irrigated soils in Taiyuan

HEMEAY K FEAEL *ﬂ%ﬁ‘ii’]fﬁ/ if/ﬂﬁﬂn‘ﬁ%s‘/ ﬁ'ijt{‘%l:{ ﬁ%/l\{a:{ oH
(N) (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™")

/NE X 50 0.238 0.076 0.453 0.118 8.16

HRIX 35 0.165 0.032 0.264 0.113 7.94

THIRE 50 0.157 0.026 0.218 0.106 8.15

RJETT L3 7l — 0.077 — — — —

F ] PR R bR — 0.60 — — — —

AN 2 - 48 pH (BRI AR 5 1000 5 45 SR DL 3k 3.
M2 3 25 nI A, RZ L3 pH Y/NFHAL D2 bl
Fr )2 R R, | B 58 pH (%
HIK, 2 40~60 cm 47211 F pH EHEANLE. 5
FErEmE a A, RE & o Ema il BT
(7" p<0.01, """ p<0.001) . Fifi i1 Th TR A 58, 4
A PR RPN R 2 WS B, 20 ~ 40
em IKZ, 2 40~100 cm 575 i AL, HOZB G
I SR A AN B %Ak S pH (E AR Lt
Wik 52, R 2 L EE S g s THE s
JZ XA IX K2 - E B AR A R

£33 KXEMSERTESRRSEN pH ERITATER
Table 3 Statistical analysis of cadmium concentrations and pH in the

layered sewage-irrigated soils in Taiyuan

— —

ﬁg*j WAR A . f‘kj;f :
0~20 10 8.11 0.19
20~40 10 8.55 0.127 **
40~60 10 8.69 0.117 *** 2
60~80 10 8.68 0.114 %%
80~100 10 8.65 0.118 ***

T 5HE(0~20 em) AL, * * p<0.01, *
w5 L —)Z2H,a.p<0.01.

* % p<0.001; 5557 2 F

3.2 TEEBWHAE

321 FERXBIEFTERNNELAS 2 AAME
H Tessier FELEHEHEXT 3 N5 X EKE 115

BARRIE S AT , AR DEE X 3R 2 R[]

TEASR S LB LA 2. f B 2 w1 /NS IR AN

TR 3 AN]SR AR (F1) S s A, 4390 K

0.0160.0.0258 #1 0.0144 mg-kg ™", DL I X 0] 52 #

A ) P die . T A 7S i T A ok T OV AR
HMZEEAAE AR T MW B R i B g
e R AT HEA TR SR ARG (HZ
TR e i sh P s 3R 43, X T AE Y 1 5
i e LA 255 i R, #E75 Y H 4 h RE Y AT LA
T AR IR AL T AE e AR R AT A DTN A A
TRIEI G E (B ZE4E,2005) . & 2 a1, W IRIX £
B pH 78 3 4~ IXERAIG, BT DL 55 0 R R U v 45 A I R
— R RER S & S At v] BEAL A v SRS, B
TR DX ]SS4 A B e

Ol eV
mER =
0108 et ]

e
=
o

e
=
X

j=3
(=]
=

e
o
]

FE LA RREMGER (mgke™)

F3
RS

B2 ARSERETETRAESRESELE

Content of different chemical speciations of cadmium on the

F4

Fig.2

surface soil in different functional areas

BRIRER S 5 A5 40 (F2) = 5 R R ER DUTE 245 & 10
HR—EB 5, LI P BB IR Eh 45 & 55 5 2K
P IRURIRR B - 100 100 1 522 ) DAL T 5 400 R A o A%
Rl e Xt pH 9AE AL B o SR, 25 pH BT BT, +
SRR A TR B T ORI HE R, T A 0 R A
UL (B ©HHAE,2005) /N E G IREIRE 3 Ao
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DX R AR 285 5 A4 2 1 /MR R /N > TR > W
BB BRI, /NG SRR ER 25 & S HR AR KU e K.

AR S &85 (F3) RME F5EEA
el A 7E — i 1 A B A Bl A B i il ok &R
PIUTvE R4y, X i m TR Y B TS A
EHIEAS BB, A S iR ik () 55 45,2011 fHFE IR
JRAAET A EK B 2 g R ik, Rt , o B
—E YA R 2 AT, 3 AN X R R
PR A S GRS B m , X 505 X 1
WA G, FL KBV HET . /NS > R > TE 1R
B X 5/NE R R X R A T AR
ARG B2l XA TS YL IR HE RO ¢, R 8+
KR F AL 2 B AR B R

A USG5 (F4) & FA LAY s A 4
BRI JE AR R R e R 2 S S E A AT
B ARAR A AL IREE Th T R R 0, X R
FIE RS FA: W n] R 1 Tk AS R, {8 S5 R | 5
BRBURIES & 7RIS 308 2 3 Ak Ry LA R 25 0F A R85 ok
(EHREE,2006) AE AR T 7B WK g nl
BRI 45 (0 4 8 S 1, R IR 2 s B — 7 (R R T
HFEl 2 WAL, 3 A0 X 3R 2 A ML 45 A S R sk
R (FS) BB R

ANE EIEFER R 3 A XK RE BEARIE
BEES B E SRR 3. E 3 A, RFEIES
BAAE 3 A0 X K/ INHE P A — 20, AR B/IMK 7
B R RS A (F3) >A WSS 475 (F4) >

MExR B3 Fl
7%

50 HHX  Fs Fl
0

10% 5%

“‘\FS

50%

@Dr1
22 )
Br3
FF4
BFs

B3 ARSERETBEERRARSSZENESHS T
Fig.3 Distribution of percentages of different chemical speciations of

cadmium on the surface of different sampling sites

RIRERZE B (F2) SR AR (FS) >AI 28 A (F1)
TSR 53 DX ] — 25 o 6B 5 0 40 B0 AN
A A& AORF KT V5 HE X 1 3984 32 2 DL AR AL
WEEEGSAAE, 2SR AR E T8N T
43% ~50% 22 [8) , 5 I5 X A0 1 4 B% 8 S BT i Lo Bl
B T/ E I Bk PR Eh 45 5 AR 5 SR A AT 3
A KR MEFE R /INE X (21%) >R IX (17%) >
BHIR(10%) s AHLYEE A5 5 B E 80 R
INEIX 24% B IRIX 18% , 5B EL 20% 5 /N XA
RIX R AR BT INHN 1% 10% SR, N
18% 53 /™ DX W W] A2 40 A & 1 7 VR I B o
R 43 35 F /N T 5%. P R AL 4 A
B RIRER G AW E 5B ZHILF b B
1) 85% ~90% , ¥k B AL 25 6 BAE S TE R W 7
i 3 S
DA S TR KRG HE X 3 h it
Ma %5 (1997) #2HL T 9 i e+ 3% LI E LR,
FEUYH AL A KRR EAE ALY
S GBS R —30 5PRAR 5 (2007 ) X F i5
HEX HIEHESRIE S M5 RN, 5 EZ LA L
Was & B MER ARSI LAFTE B S5 A R]. [R) R 1
SORTR] 1 358 5T B 4 1 T 28 0 A R 8 4 R [ A
Salim %5 (1996) & BR, 7575 Je &2 B HL 55 = i UL A )
4 F2 DL A] 28 e A5 1T A7 AE. Pardo 55 (1990)
H Tessier £ PUEFE I T Pisuerga 1 LAY 1)
SR, AR EW B AT 0] 5403 MR R
eGP AR EN, LRSS S ELE
TS L R B e B A G b R A Ok
(Basta et al.,2005) , KJF{5HE X + b 20 ALY
SARM TR 50% , 505 X 5 &
BERARSE (RI/NGE, 2010) . (R IE, AN ] Vs e 25 0 4
e TG gL Iy s - HE A 2R+ SR e AR
FAEEIE A i AR ).
322 FRERSELTEFTRERNMELA > A FAL
HR A A i 1 75 E XA R 43 )2 (0 ~ 20 em 20 ~ 40
cm . 40~60 c¢m .60 ~80 c¢m .80~ 100 cm) 1 HE4E AYIE
AT E 25 5, L T /N X I X S 1 B
ARG R S MRS RN AR /N E X B R IX
FE £ BN TR 432 I8 25 /0 il s &5 5% DL & 4.
I 4 7T 1,3 41X S BN RDE S48
Oy AR R AT 28 3 A A AR PR Eh 25 A A
AR X SR K, /NG IR 2, T R B /N R
JRIX, 5HAb XA L, B — A5 2 R $h 45 6 540

=X
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T BRI AT S 25 5 M IR £ 45 5 S R L 2
AT P e AT 2. DR TR DRI/ N DX R D Tl
DX, N R 3% Bl R i Aol 75 G IR R AR, 3 2L
FEAI pH {ELRAR , DR L3 pH{ED0S AT A2 4 25 A
BRIRER 45 & B HIE AR H PeE v .

040 e
2035t I
ol
£ 030
025} s
@ y ......
5 o1st nRZ
LR T) S N7
E T \ /
i 00s| 777 /
A pr— LR arard
0 — — DS
Exc Carb Fe-Mn OX OM Res
S AR
: TEREL
0.25

AR AR (mg-kg™)
o o o
> o 8

o
=3
G

[=}

AR ER /(mg-kg™!)

ANF I E R R A A S WA IR 5 MBS
Jiv o He il e i IR 2 1B A5 7E 3 473 X 60 ~ 100
em 3 JZE WGV #5625 S AR OR
B BIRIE R PR A A & S i

025 myE X
0.20 -
0.15 7
0.10 - 4
N
0.05 + —
==
Exc Carb
NGzt
0 0~20 cm
B 20~40 cm
8 40~60 cm
60~80 cm
= 80~100 cm

B4 FRSRARSELERRN S HUREESHEFE

Fig.4 Distribution characteristics of five chemical speciations of cadmium in different depths of three sampling sites

FAHPEEEMTEN LRGSR DR, BHREE
THE0~40 em SHEZANP AL BB E R R & T
NI DRI R DX, U B 3l 2 5 30N A
VR DX A B 45 B 25 50 RE 50 R T 28 460 2 VAR e 4
W4 &85 I A HLEE &S S ALY s8ca Pl
RS HE—R, R R R B EART, RS
R, HAT 7 58 AL 45 1 T A AT DL f# ( Gunkel
et al.,2002).

X R E AR RS AERE LI RAR, 4550 )2
TR RER IR RS RS EA LT aR 56
M2 A ST, B2 N6 8 15 Yt Xt
R R Bt s, U B 3R 2 32 15 K TE RN 283 B
AR N
3.3 EEAEM A R LT B

+YEER 4R T RIS AR, HoA Y n] R A
Xof FR BT 0 5 A /N AN () AR B 2 T R
FTHACFPIE A A R o] A 08 A ] A A FAS ]
FIFHZS 3 25 (Mao, 1996) AT 2= # # I & 5 wkit
SRV H AR W a] R P (BRR 5. 2007) A= 4 AT

FUFE B PEAY , ANACAT DA g sth B it B3R 358 4 i
HG QL H 4 B U R AL BB S — R A Mk Ak
TR, T DTN A R e ] RUBE BB ATT A9 A= el R
FHPE (5T #7455 ,2004 ) .

— B 15, T ) A A S K S R B T A
B, ZEENELIR TR YA, BATR
RS ; T 7 T R S A FE IR R AL 8 A HLES &
SR AL A8, ENTEAR R R 5T 4
PF AT AR R, DR B Ve A TG . B R R AN T 4
JEFE 4 pH BARM AL T 2 B, T B 0 s A
LA A B EL RS IR T 5 o0 i B ; 05t 4
26 A T & 8 A IR 4510 F 1l % i Bk
U, BT E T AE T A S N TR A 2R 5%
R ENPRET L0, R e, £ AR A IE
WA TR T 45 R T AN TR 285 00 e 45 SR ) 40 S T
FIFA JEAE T RS IS TR 25 R 0L 3% 4.
SEILZRIH /NG RS VR X AR T RS e T
FUFHZS YA i T 4R B iR TR 25 W ik F
TR L ARG TR DX 1 v m R AR AR (347
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T 6%) FEAERHE & 80% L F, 15EHES G 6% ~
18% . FIT LA, KIFT5VE X A 38 v SR ke AR X B A
R AR FHIB AR A & BRI, # %t
IRBE 52 4TS AN e Z 00, 3X 5 43 Al & TR BR 35%
pH AL ST A A 10 28 Ak T R . PR I, B i X 3
S DX SRR W R A b A ) -
BRI RS .

MF =

EEERBOE R D T E S R e LA
kR EL 25 6 78 5 B2 19 E B KN R I 5 4 R
A=Al R AR 4 e 5 RIS G T n R a5 M
4 ) M\ 38 OB T HE A BB W B AR T B RN
G I 0 A= P i] R R P R B R LT R XU ( Olajive
et al.,2003) . 1514 Z % MF (Salbu et al.,1998) A /]
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F(Exc) + F(Carb)

2013) KT FHr, BYH PT 22 #2540 5 BLAR 10 e 1) ok 3=
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F(Exc) + F(Carb) + F(Fe — MnOX) + F(OM) + F(Res)
FoniE B Rl R R M (SR A, ZE XU (10% <MF <30%) .
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M=) x 100% (2)
i=1

A(R(2)) AR I 3. 3% 3 AT, NG TS5
X Cd A2 T 1 ZR B L TS O DX 2.37 %, LL s
WIS HEIX 5 13.3% SR MIER R B/ MR N . /NS
XSSP RIX > 7 R B 25 LRI /N X 75 3 IX - 4
Cd A=2575 2 AU 5 K, 7 5 | ke 2 08 o 40 B AR TE A
KIFETHGHE X -3 Cd (A= 4wl AR D) Ak 5 o

n

P M NICER j RS R BGE R 8 n
REESADB T, HOUR jETE P LE
(mg-kg™) ,Fyﬂflfﬁ?] TE 48 PRl S S & i
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Table 4  Average percentage of cadmium bioavailability in soil

TEHESY X TR AT Y R AR MF THEBM
BINEES TRAE T RS TS
NG X 4.91%+2.55% 88.50%+27.09% 6.59%+8.93% 25.07% 4.08%
HIRX 5.27%+3.05% 85.08%%19.36% 9.65%+6.05% 22.70% 3.19%
THIRE 2.14%+0.28% 79.52%+39.07% 18.34%+14.71% 11.77% 1.53%
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