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T 3 % AR T S I AR B T AR AR+ b Cd FE SO, RARME T T BB AT R, 3 R TR
HLJ7 #2 ( Convection-Dispersion Equation, CDE ) X 5 & 4%

BEAT T R R S5 AR, L HE Si0, M i A7

TEME] T Cd 8932 %% i Cd 27 i I (] B0 , 4 O o S Al , 0%t Cd A W I A 3l 1y 2 S Ol o 3 Freun-
dlich 2 i W B 9 5 5 AR F- L7 ( One Site Nonequilibrium Model, OSM) 4 4 Hu 0L Cd 16 57D + P 912 %5
A ADLA B Y 1R B 0 1 2 B B AR/, A TSR A W R 26 THT B R B — MR AR o STO, A A 2 3 I IR AR L R I
VE-REMUR LAY CDE A5 80 ] LUAR G Mo At 3 SiO, e A1 R0+ i 38 . R AT (9 CDE A5 84 1 2 M A5 411
T Si0, BMAFAENT Cd BB 58 5 [ I, 2 RO 70 A 25 R R W1, AR % Cd Y R BF o R R 8K &, B BN

W SRR ey Ko, BEOR B R T Cd WIB S o

S 45| XL DR B A Cd 5 32 5 BUE A
hES %S S152.7 3T AR 1R A5

B T Al B s & g, H R G Jm s g H
i U 5 NI AT 2 Al ok T Y o it
AL E R, LRSS LN FUR Y
Lo Ay e i T 3 b o R A AR 4
(g 079 R AP, B B R«
T B MU H J2= 5 ), 2 4 98 v 3 T A = S0 1) 32 2L
KAy, HARAR R A bt 3 4 Jm A
8 7 A A e AR, R R B e YRR AT A Y T R
B, TR LS R R SR
R M A T W B A S I, i T DAGE i S UKL 3% T
89 S I, T4 42 5 W) L <5 Js i 38 3 T 0% TR R | A TR
FNULHE , T 52 i) T 45 J8 1y ds B g fE . R IF oY 3R
W1, 23 BICPE K A HR B TS AR R o AR R, 7 I CEL B AR A
MREMEAT KA Y 12 82, DY A 48 0 W B A AR
MESE AL EPNEHE, INEW N HENT
Yl R , B2 I AR AR 5 T Y R AT A SR A %
Wi, AT B I W8 B B 2 Jis i, A nT DL A R
T, AT T 4 Ji 135 B A

N T ARSRIEAR X B G 8 15 e Wz 5% B S 0,
TR A Wi 1§75 Gt Wz 7% AL BE A BR A, AR SO &
Herh SiO, JE 1A B EARSZ R R (19 Cd Sz B AT T 5L B
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T (1981—) 2o INAR A [ o, 32 B £ HEK i A 5 78 77 B 9 o

WFIE 5 BE AL 5 [, 287 T Si0, AR X Cd (1 1%
RS -fige Wi R X Cd 32 B 1 52
1 MRSk
L1 s #
S - RN H P BH A ] 3 R A L EORE TR
60 ~85 em  FEAPEFT AR 1 FroR . 8 £HE A KRR
TJE i 2 mm i, & BB TT EE AT
A7 RV R S, AL Dy i W AR, AR A RE
B8 0.05% ,pH 2 3.22, % FF (25C, g em ) K
1.0, 3494048 7 ~20 nm, 75 AR IR S B R Fa e
PERE A 1, 5256 8 3 KR He Sl 200 mg L', pH
H1 4.0,
1.2 XWHE
ERLEREREN 4R L TR, -
FEW 10 em, NAR 5 em, A HLIE SN T . MK A
KAE TR CPR A o0 4 YOI 4 B A B
TP I 1 em B A S/, IR BRI BE A ST Y
T A Y A [ B R R T S O AL A A
— B LR, b7 Lk A SR JURE 3 ZE 4 7K AL .
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Table 1  Basic properties of the tested soil
$i Clay WL Sil i Sand w
FihL Clay Kk Silt ki DH(H,0) HE AL - cd
<2 pm <2 ~50 pm > 50 wm Bulk density Organic matter
1:2.5 I » (mV) (mg kg ")
(%) (%) (%) (gem™) (mgkg™")
1.19 10. 12 88. 69 5.84 1.43 3.28 70.3 0.07

TN A EEA N Bron i Cd 2 HE B KK
BAEHT Cd £HEH = A .
12,1 JREESEE R T AR B B A AT A 4y 2R
oM T Can A B AR R F K AR L iEAT TR BR S
5, LA KBr /E R Ef W) BT . S 96 I, S 4T I % 3 42
VB 0y o 3 H T i s A pH Sh 4.0, W R
0.01 mol L™" ) NaNO, % 5t ¥ W 10 A1+ H , 48 )5 4
E NGy 1 IO S YN S 1 R 2l o S o e )
WL, Wk A 1 A~ FLBR A& FR (pore volume, pv)
B pH 24 4.0 ) KBr(0. 05 mol L YA, ZEH
NaNO, % % 22 Ve it , 14 i O A 3h &6 2 i 4
A B R AR M R Bk BE . S po =i/l
S TC AN Y I R o o B AL B K R R
(em h™") 50 BFE] Ch) 50 £ HKJE (em) .
1.2.2 Cd +HBBLK N T 7% 5E Si0, AR XF
Cd iz nysem , &5 ek 4T T IR &4 T Cd iyis
Fscu, SCw st AT IF G s R LI B W A R
1M b5 A 0.01 mol L™" Yy NaNO, ¥ ¥ (pH 4. 0) {1
S /A e /ANy L O = YNl 1 ) R/ A =
Frla e W WU |, & bk oh 5 X A 20 po 9 pH
N 4.0 KR 500 mg L'l CA(NO,), %, b 5
FH NaNO, i W% S2 0 i, + #8130 B 2038 431
AR AT IR AR DE IR Cd v
1.2.3 BARERT Cd s m S
JEAT G S R L g vy i A A pH Ry
4.0 9 0.01 mol L™"fy NaNO, ¥ W 1 F1 +H: , SR )5
[N 1 O 8 = O YN 1 A 20 o S > O S
e WCa R Bk ol i 5 K A 20 po (19 pH Oy
4.0 ) CA(NO;), 5 SiO, e 1K i TR A % W (i 1A ik
J¥ 5 200 mg L™, Cd ¥ &y 500 mg L™") , bifi Ji5 i
NaNO, ¥ W 2 22 0 B, + 48 i i B 2h 3 5 W4
il ISR AR ME W Cd K Si0, AR 1k Ji2

LB miAE A
1.3 HHFAx

IV B 9 5 RS 3 4 H AR A 5 Cd
JE FH 3% 282 6 U 15 0 B i R SO 335 S0 2 5 Si0, e 44
FR) v J3E SR T Pl SRR 5 55 A R SR A 2

2 RER

AR SR BT R DK 1) RS g AR AR RE AL
e N s 7% 5 R R AT B E ALY
2.1 KFEHER

i 1R B B B A R T e R T AR GE
X -8 # 7 #2 ( Convection-Dispersion Equation,
CDE) , fEA 75 JE IR AR 16 AL 5 [ i 1) 25 10 T B AL Y
P 7 #

C dc, ds, D, azc; . ac, )
ot Jat ox 0x
2,0, 0 B R T B 3E 1 & K (em’ em ™) 5o IR
T JBE PR B e BE (mg em ™) 52 g ESTE] (h) 5p o 25 1R
(gom ™) s, Ky A T REIRIGHEBE (mg g ™') 5 DA IR
PRI IR ICR B (em® h™') s HEEEY (em) 59, R K i
ik (em h ™),

SEH R R Si0, A YA S 7 ~20 nm, A1
X S BRI AR 0N, WA A T s B i
W R E LB, i A R A R R R
PR [#] -8R 8] B4 o o e e R TR 503k

as,
pg = 0.k,c. — pk,s, (2)
K, k, ko R B AR — B UL TE 5 R R R 4K

(h™'),

2.2 KMEERT CdizBER
AR AL T HEXT Cd AW B - i AR A K

AT B JE A RIS BT Bl e A4 ) i 4 s 114 W52 R - ik WA

JFRRImTEY

d0c  9s  90.cs,, 9 e ac
— +tp— + +p =60D— -q— +
ot at at at ox
) dc 0.8,
0'D‘ 7( 4) - ‘ 3
e Gl Sme Py q ax (3)

2,0 A KA (em’ em ™) s MR Cd Hvk
J¥ (mg em ™) 55 Ky HHEXF Cd B WL (mg g7 )
e 83073 0 R TR TR AT B0 A5 AN AT Bl g A X Cd Y
W BV 2 (mg mg ™) 3D R IRIR A (em® h ') 5q N
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K (em h™')

RRYE U BF5E ", R IR 4 Freundlich % i
W B 7 F2 B P R P A 45 A (Two Site Nonequilibri-
um Model , TSM) St 38 -+ 3%t Cd i B, JHof & T

By 785 W5 R AR 7 e R
ds° g1 OC
m = fk.c’ Py (4)
%zw[(l—f)kpcﬁ—sk] (5)

2, 5" s" 43 0 S A 5 Al 1 A 0 B B 2R R e
8 ST R A V5 O (mg g ') 5 A WG B P A A
A= 1R IR 52 BRF ) 52 #8i a5 AL B o B 3 B (TR ) L 2
SRS 4 Ja 1) R AT 4 O Bl A B L = 0, s R A5
FUAR Sy B 45 AR - 5 A% AU ( One Site Nonequilibrium
Model,0SM) sk, (em® g ™) \B(TCHk49) hy 1 bff - f
W25 R G H—M sl I E R R E(h ),

] B JBE A B AN T Bl e Ak Cd W B 1 J5 T A
EE
da0.c.s,. 9 dc ac.s,.

o 20

+ 04, k,,.c -

at O 9x
0.k €S = 0.k ,.5,, + pkys.s,
0s,S,.
Jt

= el/limkaicc - pkdicscsic + eckuccsmc - pk(lstsic

(6)
ke K 53 500 T Sl JBEAR X Cd Y I B A %
HRERB(h ™) sk, ey 5500 AR T B AR Cd
WG A A G R R (h ) s, R AT Cd
F1RY I AT At 3 8 R 0 AR MR B Y G B, O T RN
o SEH SO, AR A vk E B, SO Si0, B A XF
C Ry 52 BFF fige A2 528 24 22 SO T e AR ok B2 A A2 A, D
b, =14, =1

— M BT, HY TR A A B R DT UE AR L B A
e TP IR HLR B DR TR B 57 Br Al Cd B 5K
AR D, B i T A E T Si0, B /R AR 8/
(7 ~20 nm ), AT HE XS - 8 1) L Bt 295 449 52 i 55 /N, e
PLAERERL A N iSRS Cd 32 B8 1 9k 0 R B0 T
D, =D; &K, 6, =051 H I R 525 &40 M
SE N AN, SR E AR R L g, = g0

DL #es SR E 5 HYDRUS-1D K Bt i) - #2
HoR i), 3 A T H R UG R 1) Y A Ak A
A 5% 3% il 28 ( Breakthrough Curves, BTCs) .
2.3 GRS

h TR SI0, AR 5 Cd 2 [a) 1 W B - W AR
XJ Cd 1z B 1 52 ), FATT X8 A5 A 1 W2 BRI G AR AR

D

TR e e oo Ko ) BEAT T SBCRANE 2B, 08 5 X HE
WEFE B A5 R B AL, s T AR SER R F R b
ek Cd 5 Si0, AR IEA7 i 1y s 3 ML

3 RSN

3.1 Bria®BREEm

AR 7R R R Br 0y 2 i R AT LG R 1R -
FER M AT & 7K i 0 FIRHLEE A BEELh AN & A
XT Br iz # W 5E 0 ; Br S AR RV PEHS Bk B T @ B
90, Br BSCi{E 5 REE N B 1 7R (AH X ik R
/¢, FEFLBRAR TR pov 0984k d #2) , A AT LU i, Br
#) BTCs F 3 R 47 (X Frrk B Il iy« 46 27 81
%o W FEAR ST 5 T i A W AR %
KA, T LW AR T ok X v s B B, i i
BT AR 2% BTCs 5 SENAE Z 8] 09 W) & FEAR 4F
(R*=0.995,RMSE =0.001) ,75 %4 6 F1 A P42
ok T S0, ik K& Cd 32 8% B AL .

1O o SEHfE Observed data
A Simulated data
08 [
0.6 F
s
P
Q
04 F
02 F
0.0 F
1 1 L : : ,
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pv

BT Br 2 i 2 ) S0 {8 AR UL(E

Fig. 1 Observed and simulated Br breakthrough curves

3.2 CdELEREBHEERU

BT AT A& Si0, ek, H 2% 8+ 5% Cd
P14 152 B0 it W A D SR T & Freundlich 45 I W B 1)
PR B B (TSM) %) Cd 1z 8% 4 F2 i 17 B 4D,
R IAE B E U SIbR v T (R X225 /8N F 0. 01) , 4
SRR TS IS, R AR S5 b o, BRI 25 SR n e 2 o
o W LLAE H, TSM 2 A8 & 15 2 0 f B /D
(0.006) , W Cd iz 78 it F2 v, & A= 5k BoF 12 BT 14
WG B A AR 2, 438X Cd e W FE R g DL 3N ) 2 R
B R 3o TRIEE, 25 0 380 ek /0 A5 Y 2 5019 A 20T
DA 4t e A5 U S 0L %) o 0 5, ik AR & Freundlich
5 IR T P B A ST A A5 A (OSMD) X I b 4= v Cd
Wia B BEAT AL, LIS f=0,
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Table 2 Model parameters derived from Br breakthrough curve

f(em® em ~?) gCem h™") A(em) f

he(om® g ) B

w(h™") R> RMSE

0.402 +0.003 2.19 0.269 £0.022 —

0 0 0.995 0.001

TE A HUREOUE (em) ,D = Mt Note: A is dispersivity (em), D = ol

®3 CAWFEMLZEHM

ARIMNKRAESY

Table 3 Model parameters derived from Cd breakthrough curves

gCem® em ™) g(em h™')  A(cm) f Ep(em® g7") B w(h™) R? RMSE
0SM 0. 402 1.79 0. 269 0 2.069 +0.057  0.069 =0.005  0.202 £0.015 0.901  0.047
TSM 0. 402 1.79 0.269  0.006=0.3E3  3.279 £0.046  0.019 +0.6E3  0.329+£0.017 0.906  0.047

7 : OSM\TSM 43 5| 7R BB OSM [ TSM A L 5 45 4 Note; OSM\TSM represents the fitted results of OSM and TSM

w2 32 o, BILLE SR S S0 E W W) &
fR4F (R =0.901, RMSE = 0.047) , 3 ] OSM #J 1
BAr Al Cd 7 L iE % . RIS 20 B H
BN, R A R A AN — PR . B R
N R R o (H/N, UL X Cd oy R R —
AT R A8 i Ak B DRI AR 7K 45 B )RR X /N
M T ANk Cd [ FEBNER .

® Siill{EObserved data

el —— OSM#EEI{E Simulated data by OSM

I
® - TSM#E{E Simulated data by TSM
0.8
0.6
S
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Q
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Bl 2 Cd %38 il 2 i S5 I {E R UL

Fig. 2 Observed and simulated Cd breakthrough curves

3.3 BEIERAT Cd &L EHIEH M EER

3.3.1 RATE LT ERRREREY K3 N
Si0, Bk 7E AR P 2 B 2k, W LLA Y Si0, ik
P B4 3 IR ] B TR B ) Br, 3% 5 Sinton 417
Massei %[13] ORI 25 AR, X BB AR Siozﬂﬁ‘f
RSN RERR 4> T L 5 il , Ao e 1A % 1T 45 A K it
(AT TR I B A AR P A2 B b A R T R
B HE R Y, AT A J A £ 250 37 i) 4 L ot T
BE T E A BB FLAR HE T (size exclusion )t
RO, i Si0, Ji R FRE 7E B K 1 FL B R iE B8, M T
¥R PRSI0, 9 52 BR L PR TR SRk ¥ R B
Si0, Bk 5 Cd R 4 Wl A LA, bV W 5
T AR, B4 I R A A 4 T 7 AR S L AR

P A5 O 980 F I A ) AR X ¥k B /N T 1 TR R UE
B, i T e 00 B TR R AL, SR 2 D0
JRE AR 7 B B R, I 3 R ALK I B T LU
W R AR AR NS, DU A T s B
T T PR B AL T Bl T 2 W - O 1) B, A B
435 5o A AL BRAT EL , 3 AT DRE B A F) 3 b B B i S
S FLAE A o ) URE - AR o

or . S Observed data
—— fEfE Simulated data
0.8
0.6
S
S~
i}
04 F
02 F
%o o
ook ° ORT
1 1 L L f
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pv

B3 Si0, i fAcss i ith £ ) 520 (A S0 (1

Fig. 3 Observed and simulated SiO, breakthrough curves

KRB UUTE-FE U N 1) CDE AR %} Si0, i
KRB HEATEA . T SR I Si0, i Mok 72
BN TSRS B b R ol R A A L 0, =
0,1, =X GNE 3 Bos A5 GF BE AAR I5T 3 i B 1) A5 4
BCR AT RE R D) M B IR AR A R E B A, 2
S Al T SR N A R R A AT R, 3k = B R R 4
AR S Cd R A T 44 -5 G RN, I 8% 1 IR, I
T o595 4 M A2 7 e WO I B S g A - 498 5% T R i 1
Ko WIEIRSRF , #8G DUVE-RE R N () CDE 45 Y
Xt Si0, & & iz B i B4 %0R B4 (R? = 0.908,
RMSE =0.019) , JLIE # 2R R AL k, K T (FH 22 — 1%k
R ) BHGE R RE k,, R A IR SiO0,
JE R & A T i B A BR R DL AR .
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Table 4 SiO, attachment/detachment rate coefficients in the soil

19l,(cm3 em ™) q.(cm h=1) A (cm) ku(h’l) k‘,(h’]) R? RMSE
0. 402 2.18 0.269 0.417 £0.038 0. 047 £0.006 0.908 0.019
3.3.2 Cd 7E R s n BUE B RS Si0, it 1A i 370 - R8T RS Rk, kB DD VE -

T A L AR BT Si0, AR X Cd iz 7% (9 5% mi, Fe A1
TR LI RB RS ST A Cd BB 5
Mgk, ik 4 iR, o LUE H, Si0, AR R UIE 52 T
Cd Wy 2E i ], T HLREAR T 0 rh Cd i U {H vk
JE ULEH SiO, IR I FE ZE X Cd fEERD + P i 78
TR AT AR L X AT BB R Si0, iR A Cd
MR A W E A 15, Sio, IRk R e MRk, 5
Cd™ KA T AL UUTE MR, 6 Cd M3 3h AT v 43 8
ko [, Cd A5 SiO, ik & AR 4 A -6 U, O
Bl T SR, BRI T R

IARVER T Cd 32 8 i Bl Hr, S 1 082 K A
SRR BRATOUR E, Fy K F 3K 4 DS E
HEATBUE SO A3 BT o TR, A8 7T 3l i 1R 5 A ] B
JEE At Cd 11y W B o 2 A ) 1, Bk, = kL T
HRMAFE by, = kg o R R R AR AT S K 2 0 R
RHUE A BroR BRI AR, H 6, = 60,4, = A5

BB T 27 B8 R B AR A% 5 Cd R e B 4 2 8L
ke B B HL— Cd 2 HEia B SC R B ARG, ik 5

F R o
10 r . .
- = JEJAR Absence of colloid
- o 54K Presence of colloid
0.8 »
-
-
n
0.6 | . o
s #
o
Q n® o
04 | .
kX
[
02 F A
[ ° \2.
e ---.. ‘l.-l'ii-.p o o
1 L 1 L 1 " 1 " 1
0 20 40 60 80

pv

B4 BIRBWER TR h Cd i8R 2 s i 4
Fig. 4 Cdbreakthrough curves in the presence/absence of SiO,

in the loamy sand soil

RS KGBERAT CAMFEHEMNEGRBIANERLSY
Table 5 Model parameters derived from Cd breakthrough curves as affected by SiO,

6(6,) (em® em=*) A(A) (em) k,(h™') ky(h™') kp(em’g™") 8 w(h™") ko (ky) (™' kg (ki) R RMSE
0. 402 0.269 0.417 0. 047 2.069 0. 069 2.202 0. 450 1.500 0.964 0.028
ME S Bl DU, R Cd ) A5 400350 3R %2 .
I (R* =0.964 ,RMSE =0.028) , SiO, &%} Cd 1y ' = CdASZill{E Observed data for Cd
. S . . . —— Cd Bi#Pl{§ Simulated data for Cd
Wi i 2 AT 336 A, i TR 3 R 2% R T R Bf 3 R R B, 0.8 | .

HE— 2B T Si0, AR B Cd ] T is B B, Cd i
Tt DA A 3 T e W Y O o R 3 A B b i
BN IR HFB Cd He B 0,

3.3.3 UM SR U S A e LU
BT S B8 A XA 7R By 1 285 S A 52 ), TR i
F BRI ZE R A, BT AR TR T 0BT T Si0, AR XF
Cd (1) B -t W 2R 28 R B ke Koy i Ko X Cd 2F 35
iR Ay S2 0 < (1) BRS80S i SCAR ] 0 B 3
HERBR A A (b, = k, =0.05 h™'0.45 h ™",
5 h7h) 5 (2) B S KA B 5 i SCORT TR ik TR 3o 3R R
BRIk, =k, =0.1h " 1.5h " 10 h™"),

o  SiO,FP{E Observed data for SiO,
----- SiO Y {H Simulated data for SiO,

c/c

04f |
o2b i .
00f & =
1 1 1 1 1
0 20 40 60 80
pV

5 SiO, A BB ARVE AT Cd 23 it 22 i) S0 (8 R #00 {0
Fig. 5 Observed and simulated SiO, and Cd (influenced by SiO,)

breakthrough curves
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M6 T UL, Si0, i fA Xt Cd (9 1% B i 24 22 %
K, L Cd 5 SiO, AR UL T L3 Bk, Cd
F14 25 375 I [ B G, 253 i 2 ) D6 (AN 5 S0, 2 A X
Co F fife W 3803 2R BRI, B 22 9 Cd DA JKE 1 ¢ Tl
JRCH R, Cd 1R 257 125 I [ e 25 o b 2 ) 0 {0 K
[l 2 — 22 U] T Si0, AR X e b - vh Cd iz %
F 410 4 4 1

=== 005

081 — 045

kdmcs kdic

0.6

04

c/c

02}

0.8 |

0.6 |

04

c/c

02F

0.0

0 20 40 60 80

6 Fope hoie g o ZEAERT Cd B Y5

Fig. 6  Effects of k., k., ky,. and k;, on Cd transport

4 4 g

1) b+ x5 Cd (0% B LA 3h g 2% i &, B
- S B 2 T AE AR A R 3 — L HR A Freun-
dlich 45 i W B i) OSM. A% 784 B AR 4 Hb A5 8 Cd 7F +
HR s,

2) SiO0, A 1 2F 35 i ] 7 F 7R B 570 Br, #8450
VE-BE R B Y CDE Jy FRAR G LB 8L T SiO, i M4 7
e L is B DUTE SR R Ak, KT (M2 — A
BORRIEAT) BHGE R R ko

3) Si0, FARLER T +4E i Cd 7Y 2838 B A), %
IR T W h Cd VR B SR AE R /Y T is 75
B R T M A AL T Si0, IR FEFE BT Cd i B8 .
M BT 2 I, Si0, AR X Cd ) I B K R ZR 8K

MR BEAF T Cd 1i8 F , Si0, A Cd ) fif ff 2
REAEROBKR A F T Cd 1B .
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NUMERICAL SIMULATION OF Cd TRANSPORT IN SATURATED SOILS AS
AFFECTED BY COLLOID

Lin Qing Xu Shaohui’
( Department of Environment Science, Qingdao University, Qingdao, Shandong 266071, China)

Abstract Mobile colloid may play an important role in the transport of contaminants in soils and ground water, es-
pecially for strongly adsorbed heavy metals. Effect of colloid SiO, on transport of Cd in saturated soil was studied in an in-
door soil column and effluent experiment. Results of the experiment were simulated numerically with the CDE ( convection-
dispersion equation). It was found that the colloid inhibited mobility of Cd, making it spend longer time getting through
the column and lower in concentration in the effluent and that Cd adsorption was mainly controlled by dynamic reaction.
The OSM (one site nonequilibrium model) coupled with the Freundlich isothermal adsorption could better simulate Cd
transport in the loamy sand soil. The Cd adsorption feature parameter 8 obtained through simulation was quite small which
indicates that the adsorption surface of the soil was rather nonuniform. SiO, colloid penetrated the column pretty quickly.
Its transport in the soil could well be described with the CDE coupled with kinetic attachment-detachment reaction. As af-
fected by colloid, the CDE could successfully simulate transport of Cd in the soil with SiO, in presence. Meanwhile the pa-

rameter sensitivity analysis indicated that the smaller the £, and the £, , the larger the £, and the k,, and the more con-

c

venient the transport of Cd.
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