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T Cd A R AR 3l 724 S50k AT i 15 e R R X T 0 1 BT AR ZRAE Cd AReE fh i . 3 X 3 2 A~ kgt
SRR WA 5 pH RN =i PH 85 1284 it (CEC) X Cd Al & i A B i 3 Ve A, B pH (A B M RIE R R, +
HERTHIRZ I Cd A FRUE LR w40, ERRL B /D PRI i 2 i 4 Cd BB B Pk 2 4.
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Effects of Soil Properties on the Stabilization Process of Cadmium in Cd Alone

and Cd-Pb Contaminated Soils

WU Man, XU Ming-gang, ZHANG Wen-ju, WU Hai-wen

(Ministry of Agriculture Key Laboratory of Crop Nutrition and Fertilization, Institute of Agricultural Resources and Regional Planning,
Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: In order to clarify the effects of soil properties on the stabilization process of the cadmium ( Cd) added, 11 different soils
were collected and incubated under a moisture content of 65% -70% at 25°C. The changes of available Cd contents with incubation
time (in 360 days) in Cd and Cd-Pb contaminated treatments were determined. The stabilization process was simulated using dynamic
equations. The results showed that after 1.0 mg-kg™" Cd or 500 mg-kg™' Pb + 1.0 mg-kg™' Cd were added into the soil, the
available Cd content decreased rapidly during the first 15 days, and then the decreasing rate slowed down, with an equilibrium content
reached after 60 days’ incubation. In Cd-Pb contaminated soils, the presence of Pb increased the content of available Cd. The
stabilization process of Cd could be well described by the second-order equation and the first order exponential decay; meanwhile,
dynamic parameters including equilibrium content and stabilization velocity were used to characterize the stabilization process of Cd.
These two key dynamic parameters were significantly affected by soil properties. Correlation analysis and stepwise regression suggested
that high pH and high cation exchange capacity (CEC) significantly retarded the availability of Cd. High pH had the paramount effect
on the equilibrium content. The stabilization velocity of Cd was influenced by the soil texture. It took shorter time for Cd to get
stabilized in sandy soil than in the clay.
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A — N K AR, KA BR B A
AR FRE AL SN B IE SE, (EXT T Cd AR L 3l
JIZERHIE 45 R ) KNGS M 2 IR ARG
W7, FEE A R TAE  EESE 2 i - 3 ML AT
HAA AR Cd KB P EH N AERSSTERET
R AE— R LR T EE T Cd RLER, A
MR T Cd X A Y fg e XUBS:. SR L85
FR R, RO AL AL M B Cd AR A 52
Ko RIZ S ) R/ v e TR AIIFSE.
ARWFFORAE T P T 22 SRR 11 A 4k
i, I E N AME Cd B—F1 Cd-Pb B & I F ik
R, W T TS Y 4 1 a N(360 d) A
S Cd R BER R A A Ak, I H ARG 5 Fhsh 112
BIRIXT Cd R 1L Bl Jy 2 B R AT R4, LA A i
TEH R 38 Cd F2E b3l T 2 R AE I B AR A
38 Cd Bk sh 11 # RAESEL, 145 3h J1 4 S 8

5 R IEVEBURSS 3l i A OCHNE AL A 5087, 33K
JE AL P B P AR SO Cd AR E A ad R 1Y R
Wi, LIS O 48 Cd 95 P3R5 KU E A R s B B iR
SR .

1 RS

1.1 f 2

T 2005 4F 10 H RELEAFEHLX P 11 8k
TR RAERE R 0 ~20 em. FREARX TG BE
F 2 mm i, D5 A SEFEAYE T (552 WL SCHR 13).
JIARSE Y 11 A 3 AL & s AR e <
213 (4.90 g-keg '), e 9 P2 B+ (46.8
g-kg™"); 3% pH {H4 3. 88 ~8. 40, fufh 4 M EPE+
FE(pH 3.5 ~6.5) . 3 138 (pH 6.5 ~7.5) il 4
ANBEPE T ARE(pH 7.5 ~8.5) 5 T IEZ [a] A BH B 152
17 (CEC) MR A L E FIFEA R ZE R (£ 1).

®1 AU TIEERMER

Table 1  Basic properties of the soils used
K RLYEH 3 BT 53 B %o EER S AUESEERBT R
N . PHL — (pe ﬁmjﬁ Tk
T4 RIS Kk ERR g 0.05 B cd Pb cd Pb
2.5:1 /gkg™ >0.05 mm 0. 602 o <0-002 mm /mg-kg™' /mg-kg™' /mg-kg™! /mg-kg™!

bt WIFEAEH  3.88 7.43 14.3 6.96 46.0 43.7 0.195 56.9 0. 059 4.58
TEHEE WA 4.82 3.66 4.90 54.5 30.3 14.2 0. 401 79.6 0.103 7.55
[E=FaR: ! WIFGFRBH 5,14 7.31 13.6 10.6 57.9 29.2 0.181 41.1 0.023 1.34
CTEERALSE MR AR 5,77 8.49 16.2 4.91 44.7 47.3 0.263 36.3 0. 052 0.83
DIFAR: ! JTR¥E. 6.53  11.4 33.6 17.0 37.4 41.3 0.535 33.4 0.125 1.30
R+ WiEEASE 713 111 32.4 16.1 31.1 50. 1 0.362 45.2 0.108 2. 00
TRERE HMRAFKR 7.29 24,0 46.8 15.0 41.0 36. 1 0. 157 22.4 0. 033 0.85
5+ B¢ 7.93  13.5 16.2 21.1 52.4 21.5 0. 201 49.2 0. 042 0. 68
L6+ WIFARE  7.96  18.6 9.58  32.3 45.6 19.7 0.220 36.9 0. 050 0.84
BEOAKE HIREAKM 8.09  25.0 30.0 17.1 35.2 46.9 0.240 37.5 0. 067 0.61
T WRERM 8.40 11.4 11.8 26.5 51.8 12. 4 0.241 31.5 0.012 0.96

1.2 RUEfksisRile

¥ ik 30k 2 N5 YA B F IR R+
HEIREE T = ARiE, A Cd 1 mg-kg ™' B{ Pb 500
mg-kg™' +Cd 1 mg-kg™ ' (¥ R5Hr4l) , Hil % Cd
—Ml Cd-Pb A5 £S5 Cd(NO,), -
4H,0 .Pd(NO,), % (HBai KB H) RA 4,
IR AN 0 4 R AR R AL B (in A SR Al K ) . 4
PR BRI 2 AFAT, BFATH 4 200 g, BT HUEAR
TR 25 ClRE T SR, IR ER 65% ~70% 11 H [H]
Rk, FER RS 2,7, 15, 30, 60, 90, 180,
270, 360 d 3£ 9 A4~Af[A]GCR AR TR KT S it 2
mm i & H.
1.3 Cd &8METE

BURE S, S BIFRER 2. 50 ¢ +3EREM BT 50 mL

PR B, A 20 mL 0.5 mol-L ™" MgCl, (pH
=7.0) ,7E 25°C FIEIEIR Y 2 h, 0> 20 min(5 000
remin ') A UEECHIE W, F ZEEnit-700P % T 2% k
- A1 S0 RSO (7 I HR S 28 W) ) I E A
A Cd i 1R 2 ~3 Ik,
1.4 Fdligit ik

HHEPAERES Cd FREITEEN.

c, =¢C, —C,

K, e, A5 ¢ RS EEPAMEA R Cd &85 o,
F855 ¢ RIFE— Cd 8 Cd-Pb &5 75 YL b P 44 h
PSR A RS Cd &t o 3655 ¢« REPAEINE
& 0@ 128 6 IR R IR AR B A AR Cd
IRIEEHE ] Origin 8. 0 #E47 3l 1 2% J5 B2 A 41, DPS
2005 47 i 2 A 56 FIAH DG 43T
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'S RIS Sy 24 05 FEXF Cd B—F1 Cd-Pb &2
Bi5 Y + 5 cd Fa s fb it B 9E 1T Bh ) 2R B
PRS0 RO R N

P LAY
¢, = A+kx1t” (1)
Elovich H7Y .
¢, =A+B xInt (2)
XL I
In(¢,) = A + B xInt (3)
— R R s R R
¢, =c¢y +AX el THXD (4)
S PR
t/c, ==1/(ky, x ¢3)) +t/c, (5)

Kh,e, 8 ¢ B2 HEPIMNEAME Cd & &
(mg-kg™"); A B HHERIBEL ¢, co W—BMFEEE
U8 PR BN — 90 8y ) e R I A S Cd -
it (mg-kg™') 5 by H— BT ER B A R
FWEL, (A7) 5 by S RV E b R R,
[kg-(mg-d) ' ]; &k S 3R W WL B P OBL B K,
[mg- (kg-d"*) 7' ].

2 ZEREHWHR

2.1 AMEEE SRR el

K1 2R, ShE Cd A S oA Rk
A AR IR0 0 S A 1] P RRAER , B 2k 1)1 A
Cd Ba—35 YL B 1(a-1) , 1(a-2) M 1(a-3) ] Cd-
Pb EA1SY[ K 1(b-1), 1(b-2) A 1(b-3) ] Cd

FE L& AR, SME Cd HEA 35, A
ST BEAETFRT 15 d PIGEFRAR, BRergese e +
() Cd H—FRAA A K 1Y Cd-Pb B4 2 Mab 34,
Hox 20 AMAb3r HHEPET 15 d ARG Cd Bl
i, 5 35772 A RIS = 1Y 46.9% ~ 98.2%.
15 d ZJE AR Cd & & FRAR B I 2%, fEAb i A
g1 Wt s b R - SRR R
HRZY 30 d ZJE EEATR B4l 5 MiE 2L+ |
BOAKL BRSO S EEm (R D)
260 d Z 5 ik BT A ST I8 BT A
B Cd B & AR R A R

AP AR Cd HFEERKRKR, LT
Cd F—ifJ& Cd-Pb A5 15 4 pFeE bt B ) U2
FERRPE 3P A A Cd & i T e v Aok +
gerb BRPE I 1 (a- 1) 1 (b-1) J7ES 2 d 1,
HRA Cd B & 8:0.722 ~0.962 mg-kg ™", MMi7E
[ — et e, e[ R 1 (a-2) AT 1 (b-2) ] FIE
PEAIE[ B 1 (a-3) R 1(b-3) 1, A5G Cd & &
4y % 4 0.523 ~ 0.716 mg-kg™', 0.263 ~ 0.519
mg-kg "' TEHEFE 60 d J5 5 BT, Cd 7 & R AR
PITERME 3P R .0. 428 ~0. 623 mg-kg ™', 2005
AN Cd A R ) 42. 8% ~ 62. 3% , T AE H P A
Bk 3 Cd SN 0,121 ~0.376 mg-kg ™', 12
HIA Cd BB 12.1% ~37.6% . T3Ed od B4
AT R RER LI pH SR K.

X5 [ B 1(a-1) . 1(a-2) F 1(a-3) ]
MESBYE 1(b-1), 1(b-2)F11(b-3)],7E Pb

1.0 0.8 0.6
(a-1)Cd L7 (a-2)Cd (a-3) Cd
08 @) W LB e AMMIEREM | o6 | o WL AWt e BEREE
R, O WAL O RS % hENE vV 04 0O %t O Bankt
T 06 NESE % & | o0af Lz N
H = S
2 g:g:g:g o $
S 04 b |, | S i:g:g—'_é
1 - 1
0.2 - - - L/ L ! L 0 1 1 1 1yl 1 1 0 1 L 1 LgiL L L
0 15 30 45 60100 200 300 400 0 15 30 45 60100 200 300 400 0 15 30 45 60100 200 300 400
1.0 0.8 0.6
£ (b-1) Cd-Pb (b-2) Cd-Pb (b-3) Cd-Pb
~ os w sy e amieie | OS ER g O MEEL 04 A wt e mEEmL
= A A O fEREam * pEREL vV R ’ 0 %@t O Bafpkt
& 04 - N R |
S 06 ¥ &g % 0.2 T :
o w——— 0 & B ; —1
oal— o e ol ol R
0 15 30 45 60100 200 300 400 0 15 30 45 60100 200 300 400 0 15 30 45 60100 200 300 400
i El/d i i /d i El/d
1 B—BEMEEGTETAALEPBERS Cd SEHAENTK

Fig. 1
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Variations in the content of available Cd with different incubation time in Cd or Cd-Pb contaminated soils



2506 AN 5%

B 2% 33 %

FEAERI 5T ,Cd-Pb B A5 0 A RES Cd &
BT Cd p—i5 Y 32 TFIRITES 2 d, R B
KRG IN, HAr o N+ HEd, Cd-Pb B AT5 5
F Cd BA—J5 Qe R0 Cd &8 2.63% ~35.8% ,
FLAEHE 2T 38 el £ v Ph A A7 74K 55 35 b 3 m
TAHKE CdFE(P<0.01). M 60 d EAbi)5,
R HAELL Cd-Pb B A5 AT A RS Cd &0
L HER SR 50, o R i 22 R B 3 (P
<0.01).

2.2 RFEB RN R R E fhsh f1=AAedl

ML 2 MRERB R B, s 2,
— B B U pR BSR4 R T
£ 07 B Elovich R 14 (P REGA RN 0 3%
IKF(P<0.01) , Bhf sl T AN Cd 78 L3y
Fase e Be. Ho LA g sh Ji2f R R — B g
VR AR (R* =0. 904 ) ; ¥4k J5 TR
i 2E (ORI TERR 4y HIE R A5 45 Rk
P 5 FKFE(P>0.05). Kk, /TR —gsh Ji 0
TR — B8 B U R B T AR S HOR R AE £ 3Eh
Cd RS E Bl 1 2FFFAE.

®2 AEFHAFERELIZRING Cd BEXLLBHRERB(R) "

Table 2 Decision coefficients ( R*) modeled by dynamic equations for the stabilization of Cd added to soils

s R I1E IR — B e RO I R AL WU BT AR Elovich 75
H—Cd B4 Cd H—Cd HAHCd M Cd BAHCd M Cd H4HCd
4T e 1.000 * * 0.999 * * 0.987** 0.972** 0.857** 0.877 " " 0.846* * 0.863**
AR SEARE S 1.000* * 1.000 * * 0.984** 0.975** 0.637** 0.747 " * 0.615* 0.743**
[=rae: 1.000 * * 1.000 * * 0.981** 0.998 * * 0.738** 0.822"* 0.710* * 0.809 * *
LTHEE AL S 1.000 * * 1.000 " * 0.952%* 0.992 " * 0.862** 0.912** 0.842%* 0.876* *
pi4R: ] 0.999 * * 0.999 * * 0.955%* 0.997 * * 0.878 " * 0.851" " 0.863** 0.823"*
LI + 0.999 * * 0.998 * * 0.978* * 0.920 " * 0.870* * 0.921** 0.877** 0.879 " *
hERt 0.998 * * 0.999 * * 0.954** 0.987 " * 0.760* * 0.778 " * 0.724** 0.747**
(Gl 0.996* * 0.999 * * 0.982** 0.997 * * 0.832%* 0.719 " * 0.802** 0.680 " *
Kt 0.998 * * 0.999 * * 0.947** 0.987 " * 0.850 " * 0.847 " * 0.774** 0.829 " *
BEA KL 0.999 * * 0.987 " * 0.992** 0.925** 0.738** 0.916 " * 0.702** 0.931**
B 1 1.000 * * 0.999 * * 0.904 * * 0.936** 0.746 "~ 0.766* * 0.677** 0.750* *

1) * * /R P<0.01, % %R P<0.05, F[A

2.3 Bk S AR E LBl 12 S B AR G
40T

R Z9sh S 5 B A 1 21 8h 12 540 —
Y FE LI B (k) P 90 52 WA SOAS A o i
(co) s FIH—Br 8 B W R B A5 21 3 122 5
B — B R R B (k) F— B WA RS P
Tt (e,). ZHRFWH BT k, 218 Cd & m T
B 0 3 AR AL, AR A, B 5y ik B A — B
FE R EL k, MU T, R i, HAE AR,
WL BA AN Cd 7 398 v 3k 311 i B FH A s [
KU X e S50k R A Cd 16 P Fa E kit
M J1 2R (R 3) . 78 Cd PA— R & i5 Y+ 4
AR Cd R 5 5 ) o, PILATE R 5 2145
i, A K AR, BT L sE T A1
W ¢, e, GBI G P A RS Cd RN
SR FEAS— 35, P AH G R EN0. 999 9 ~0. 999 8
(P<0.01). fEAE AL R BE AL TR AR 5 5 213 28
+ R A R R R Bk, (H
B, T — B W 8 b, EN; e R e 1L
R0 Y 2T g 21 s bl AR Rk, (H
BUNT by HEOR X W5 E 1 BoRgi R —3 nl i,

JifS 8 I S EE I RIE T Cd 72 88 sh )
SFREIE.

AME Cd #E e AR e bl B 5 e Akt
JE VIR G, R L , 3@ a3 43 B DA b 3h )24 S50 1 4
PRI Z [E 9 56 2, 0] DLE S 1 R 58 o Cd A2
SEAL LR A S R AR OC BT R 4% pH A
PUTSFBAL IR R X Cd M-l &5 1 e, . R
TR E e, A — B F R EL &, B 25 A AL
W(FE4). 7 Cd BA—F1 Cd-Pb BHT5 Y, ARE
Cd VA5 &85 pH {H . CEC 724 0 35 19 1A X6 6
(P <0.01); 74, DAL S Cd A& &k
F 1 80% HYTAHICAK N (M R0 R - 0. 483
-0.404) , T LA PLE & &0 ST Cd A
SPE A — R AR . BE pH (/975 . CEC 1Y
BR AP BS &  ANEA RS Cd & R
I, HAE e A B AR

TRFMERF Bk, ,7E Cd-Pb BHITE5H
FRL S AR AR (P <0.01) , 51
P R E R IEA R (P <0.01) , M 7E 4
—iG e 54 M TR B A OGO R (P

>0.05); — B 3R R FE k£ Cd B —F
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Table 3 Parameters modeled by the second-order equation and the first order exponential decay for the stabilization of Cd added to the soils

Zg I RUG SR

—BriR RO R B & 28

. H—Cd "G Cd H—cd 4 Cd
+- 4
Ce ky Ca ky Cel ky Cel ky
/mg-kg™'  /kg-(mg-d) "' /mg-kg™' /kg-(mg-d) ! /mg-kg™! /d-! /mg-kg ! /d!
LS E e 0.538 1.10 0.597 0.597 0.542 19.4 0. 601 20.5
piASEEEaAR: S 0. 592 1.57 0.614 2.32 0.591 2.73 0. 609 7.90
[EEEaR: 0.551 3.41 0.570 1.82 0. 549 8. 44 0. 566 11.5
LIHER ISR 0.413 0. 838 0. 500 0.724 0.418 11.4 0.512 8.27
UINAR: 4 0.333 2.08 0.372 1.04 0.335 5.21 0.377 10.6
TR+ 0.283 0.798 0.313 0. 800 0.286 32.6 0.318 14.9
hERt 0.166 1.44 0.247 1.51 0.169 6.82 0.254 7.01
5+ 0.189 1.22 0.214 2.15 0.204 7.98 0.220 5.72
Equhe 0. 157 2.68 0.162 3.01 0.157 4. 60 0.161 8.01
BOAK 0. 092 1. 60 0. 142 1.36 0. 097 13.8 0. 141 27.6
BEOE 1 0.232 2.41 0.259 2.11 0.228 4.42 0. 260 8.78
x4 FTEBAUMRS CdBEUNNESHELRY
Table 4  Correlation coefficients of soil properties with the dynamic parameters for Cd stabilization(n =11)
~ 3 =X Bl FE 5L 2\ K WA FE L J\ K s L /A
SRB K Ve oH /Cmtﬁig | ﬁ/ff:i Fjla; %EE*\/AJ;E;%%SZ %‘*u%;aﬁé?k @*\/A}/ﬁ;ﬁ}ﬁ
T e, Cd %~ -0.935 -0.878 -0.483 -0.041 0.052 0. 068
Cd &4 -0.955** ~0.840"* -0. 404 0. 051 0.032 -0.013
— A cd %4 0.102 -0.036 -0.293 —0.512» | 0.524 0.180 |
Cd 24 0.391 0.141 -0.473 -0.882"* 0.254 0.722"*
A, cd %4 -0.123 -0.052 0. 301 0. 701f -0.324 -0.462
Cd 24 -0.121 0.254 0.182 0.581"* -0.282 -0.324

Cd-Pb E&T54xrh B 570005 i 2 W 3 10 IE A7 ¢
KR(P<0.05). X —45 R 3R, M LT3 ot 14,
FERD BT -3 rh 3E A 3 Y Cd RE % 5T P dth 3k 5
A
2.4 IR BN AT RGO il
A A S H

AR Cd 78I A & 2 2 TR AL
N Z A5, H 38454~ B o 2 [l o AR B0
DL I A A R o, MIRAR R Y, 3R fk
P pHAE (X, ) \CEC(X,) A& & (X,) Bk
P8 (X, ) A AR, R 2 o0 8 Ml 7 B
AT DA 1 FE 5 e PR - [l )5 R a2
0. 01 (4 F K55, 251 [TV 280 D AH OC 22 £ i
i N 0.01 /9 ¢ RIS, [nl 9 gy B T DL (%

A~ EL B
RS

M F) 32

5). Cd B—FN5E A 75 YLt [B1)H J5 Fe b -3 pH {H
HI CEC XA Cd & 1 1P RE053070 0. 969 |
0.968, Rlix 2 MEREZE T+ Cd A%
IR 97 % . 1458 pH {HHI CEC M52 M 304 Cd
FESISE

PR AH G4 AT B, pH BT CEC 55N Cd f1
RPERN W FZ W RAHLE KR (P <0.01), [FH) i
Bt R, 7 Cd B —J5 4 pH {E Il CEC X}
Cd 1 & & 1 B 4238 12 R0 - 0,625,
-0.439; 7£ Cd-Pb Z &5 4+, pH {H A1 CEC Xt
BRME Cd M EEEE RS -0.722,
-0.333, %L pH {4 /Y B #2308 42 R 50k, Ui
pH A X AN Cd A 501 19 B 32 52 w18 H o T
CEC, 2 5 5 B A 52 i PR 2

o

®5 TEBUMERS CAREAXTEEE c MBS ETNTER"

Table 5 Stepwise regression analysis of the physicochemical properties of the soil with the equilibrium content (¢, ) of Cd

15 Y b P b AnlS iy P ZAL R F KT P [Er— e
Cd Y=0.948 -0.073 X, -0.011 X 0. 969 s peooooq YA =-00932 Py, =0.0001
=0. E 1 . 2 . - r(Y, X,)=-0.871 P(x2):0.0001
r (Y, X;)=-0.945 Py, =0.0001

RPN Y=1.03 -0.084 X, —0.008 6 X. , “o.
CdEA 1 2 0. 968 124 P=0.0001 (Y, X,) = -0.801 Py =0.0042

D) Y, R F2E A B RE L & & e, (mg-kg ™), X, :pH {H,X, :CEC (cmol-kg™'), n=11
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ABFFEH,500 mg-kg ' Pb HIFETESEE T Cd 1Y
AR XORF &R B T KRR R AR
BF(MOH") lb & @ e (M) A5 01 5 o + 3 it
WERRE 7, Cd®t B —SOoK R # B (pK, ) A 10. 1, T
Pb>* ) pK, N 7.9, 1500 Pb>* Fb Cd** BT B K fift A il
FRILE T, MG Ph>* A S b A 198 Jr g of 61 52 . [R] B
Cd** 22538 2o 7 LV FH R B T 1 3 0 2% 1o, 76 38
B AU N 25 5 W 5 T Ph? BT 22 () Sl o A
VRS A 1E ROk e ) B edP Y b ek
AHONFAE LA T Cd, H3ExF Ph HA H SR
W AEE B RE ST, S5 A0, XS AAFFTH Ph O INA i
(500 mg-kg ") AT Cd(1 mg-kg ) H XK. BETH
KRG LIIBFFE R, 7E 5 mg-kg ™' Cd +200 mg-kg ™'
Pb A T15 4%+ P BITEERTA AL Cd SR
HOMEA W25 M2 Ph 18 F] 500 mg-kg ™',
1250 mg-kg ™' FE KR, —F 225 B, ALK Ph
TR, Cd A 5 2 L e ) 4 i
ANFEN R, 20,1 Cd-Pb E A5 YL hb 3 AR
Cd FrEMtT Cd Pr—i5 &% B R m (P
>0.05). X L5 R, Cd-Pb JEAFET, Ph** X
Cd** GV E A S e B 3h & 5 6 i
5 A k.

+ 4 pH (AR 4R V5 e e R R e
e BRI BB — | MM 5 % 2 [ A 4y
Br¥3e i pH (5 Cd P 7 & 52 i 35 1) f A G
KF(P<0.01), H3E Cd (A RERE pH (A5
KIMFEAL. pH (E #4125 Cd KA EALW) R IR LR L)
FARFRER A B, e i 2 L3 Cd KR B 1
XFEITE R A AU i AR AR L A B
V1%) 2 TH FEL f 55, J2 52 ) B 4 T W B AR 1 1 2 A
VB A FR pH A TR, R T Y 97 R oy
i Cd® BB i Rl cd® e SR Ak 2 T
8 1 R B | - A AL T4 I 2% G W ) R Pk Bl
pH JhE Mt as ; FEZs pH B9, HIEmmh HE |
Fe?* A" Mgt WREEWU/IN, 5 Cd** 5w 4 W B s
FH T I Cd; pH TR A F T CdOH ™
B, CAOH * 7 - H W B o A b 5% A0 W i & T
Cd**, ARt 2 A BBk R e . AP 5T W, pH >
6.0 i, H-HEXF Cd 19 B 88% ' il pH {E 1)
Hahn, e Cd W R [ E FE RS R, Cd A v Bk
B FPERKBEAL.

THEA LA CEC WiZm Cd 15 4 7E -5 rh

AT Rk, - 3Eh CEC Bl T 4 398 i 1A 19 97 H o
i, R, 2R - 49 P £ F far B, AT BE 2
PRI ZZ g i ok [ 2 T R Y AR AR
SHTEE R BN, CEC 5 Cd P47 & 5 20 B 1
FHOCHE(P <0.01) , A &PE Cd B 3% CEC By K
M REA. BT ARG IRIESE, R P #Hy + 38 Cd 7E
PRk 2 T R 40 S A P 1 1 W B 210 e CEC 8 4
i, 5 Cd MR BE CEC A9 39 T 8 R st A AL
Xt A RE Cd WE IR, 3 5B A ML
JEXt Cd R BRI SRR ASHI ST R AR
RS A LT 2 AR B k] T MR Cd
A REPE . L 3= 2o A WL P & A R
BE By EE R LR 2 A S SRR, A 5 I Cd
TCR RS AREEA RN, & B R Cd %
G A CA™ Y A R, RS, 4 A AL
DA MR oA DL I =0 R i B
Yy EALY) S TP UR 25 T U WL AR B
BL-TCHLEE A AR, i 3G T = 48 7% 2% T FEURI 26 T
Wk, W AR e Cd B AR SO B HLIT Y
HEINT AR AR HIEA PR S S d F
M R AR WRE T3 — 4.

4 i
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