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Table 1 Physical and chemical properties of tested soils

- - A K= A HLBT RLAR 5T (%)
KA - pH ) ) Eh L
Bulk density Water content Organic matter Particle size distribution
Depth (cm) Soil texture (1:2.5 H,0) 5 5 s o (mV)
(gem™)  (em’ em ™) (gkeg™) <2um  2~50 pm >50 pm
10 ~35 #b 4% Sandy loam 6.33 1.54 0. 194 16.55 39.0 4.55 36. 68 58.77
35 ~60 #y 3 Silty loam 6.30 1.52 0.133 5.69 43.6 4.93 49. 98 45.09
60 ~ 85 HEfL Loamy sand 5.84 1.43 0.072 3.28 70.3 1. 19 10. 12 88. 69
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TR RSN 1 em (94 JERD, DUAEIE L AE
Y50 038 o A Y A 3 TR B AE R Y R e 42 11 Ak
A — %2 BB AE AR B 1k A D Uk B 2E HE K
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1.2.1 JREESCE RTARAFE S B 1K
SR AT T R B S, o A RN M Br /R R
IREEIIR . SCER R, e AT T B A LA 18 I A
i A 0.01 mol L™ f NaNO, 75 5 % W 10 F1 +
E DAHEVE R P 19 25 S0, SRS TR TR 1) L 1
W R 2 AR FR AR E WY U, B R A 50 ml
ZEAi i pH g 4 5 KBr(0.05 mol L™") ¥, Z 5 H
NaNO, ¥ 3% £2 P8 B8, 4 H i A 3038 2 i gk
i N SRAE ) Br B 1 1B £ /A U a2 H W Br
1.2.2 @itk Bl ED . A BT R
MR E A T Es A 0.01 mol L™ NaNO, ¥ Wi
(U w2 /N = 5 SN 1y 1 L = 9 YN ol [ Bl S 2
kR FERCE W WG, R ke Oy XA KR
1 000 mlff) pH 2 4 ¥ iy 500 mg L' 50l iR 47 7
W, B J5 T NaNO, S % S2 e, 4 i B 3h
T 0 WA 48 R A D W SO % S I
TR B e
1.2.3 ZWRAoMAEES D mnE® +HEh
JEAR A A, 1 5 b BE R E R AR A I 5 b K
et b+ AR SE PR DU 12 R 25 em,
I 9 A - 48 35 T VR B R 75 em , R RN £ 1 T 4R

TEJZAR A L HE b a2 R 16 00 o 8 19 i A D7 3
ok g A RS 1000 ml, pH Dy 4, 9 R
500 mg L™,

2 Wiz Rl

T AR SO S Y 2 10 RS i A 1 T TR
oy iz BOR T CDE 8 X 52 56 45
AT AT
2.1 EHARE

MR E R, BB B S T K3 1R
I AP 0 B o 0 R A T
p o' _pde  dc

@_,_Lai — p— (1)
a6 a6 o o o

AT, e R PR A (mg L1 st s 4 B R
ST 5 A -7 5 A B B 37 55 g - 98 AT R £ 5 R R
H(mgg™"),D KK AHMEL (em® h '), D =
Av X RTREEE (em) o HPIFLBRAK M (em h '),
p WA (g em ), 0, WA & KE (em’ em )
BB (em) o HFRE] (h)

e 1 Freundlich 25 i 0 B 7 75 ok 41k i V% 5% fry it
BT

ds° i de

E :fkpﬁcﬁ ot <2>
Sca [P = (3)

S Ry 0 BB - A iR A A= I B R BRF ) 52 46 07 BT
A =) o — BBl A ERE R (R,
ky Com® g7") (B =) Ay W BT 7 1) 22 060 3R



56 + bt

50 &

¥

2.2 EmRmEH

S T AR e LARK b ) J7 3O TS R R 4 T
W, BE I, B B b 1 A O I B i A, O
— ARG — DR E T ORES VR A R,
Bems, B S  F e A AR R
UL DX I AY) T T B A U R A e, 1 5 2% 1
HEWTLERRIE o L E i 25 F R Bee Rk O

c(x,0) =0 -L=sx<0, t=0
dc
0‘[_1)(9 +ch =q(0,t)c,(0,t) x =0, ¢t >0
X
Jdc .
[J =0 L=8u75cm, t>0
ox
x=-L
(4)

i, q(0,0) AT £ A Y KB (em ) %
FIK B B e, (0,0) 43 5] A 7% B ) (mol L7") 1 4
(mg L") A BE X T e BB BE ¢, (0, 0) BRAE A O,

Xt FIRAR AT A S P R AE AR BB, O T ARAIE
AR A 2 52 B Ak e 38 7 Ak 1 i 2 58 B AR B A B
AT SN -

c(x,t) =c,(x,0) x==25em, >0

(5)

c,(x,t) =c;(x,6) x==-50cm, >0
o HRRE — D R REEP RSN
W,

DL J5 R ST HYDRUS-1D SR A" i i Xf Br
% 175 1 £k ( Breakthrough curves, BTCs) [ 48l & 3R 15 7K
JIEZH0 6,00 A, SR ¥ HoAilF ARG Freundlich 4§
Tk R BRF 2 I 114 ¥ B d % AR B v SR A5 5 1 B8 1Y I
M REVE S S ke By o BT I8 EIRPTRIG 1 2
BORAD T 58 78 2 R o0 A P R iE B L

3 ZiRSiNe

3.1 RERFIERBEH

TR %A R ¥ e R R IS RS 2 AR S KA 6,
RS2 M R, 30388 e % S S PR BT Bre £ AT s
Fo 2 75 it 2k 9 BE 5 L A5 B AR AT &K & 6, TR SR
FRONm TR B Ao AR S = o b S Y S 0 2
i 13X B AR X MR (/¢ , e I Y ¥ BT K
J&) FILELAR A (Pore volume, pv) R fifi i Br 1Y H i
W 2 Bl I 8] ) 228 4k, SR TP #5 CDE BLRIX) Br /9 %
B ML HEATIG o BRI K B SR 2 iR L q
SR S B AR K G L 6, caon WSR-S AR 3 bR
B B ( Pedotransfer Function ) 43 5l A= il b 38 4y 43 |

Wb = Fp - HE2K A van Genuchten 7K J122 55k, 1
B0.5, W TR CDE &R, £ Bk 1,7 Br
j‘jz{'z}i}ﬁ‘lﬂ;‘i’ﬁ'ﬁ 9kF \ﬂ ]:n akiéjjg Oo

= S Observed data

| a b4 Sandy loam —— HEBUE Simulated data

1.0
08}
06
04}
02}

0.0

FAX IR B Relative concentration (c/c,)

0 1 2 3 4 5
FLERAARFR Pore volume (pv)

= J2i{E Observed data
—— BiE Simulated data

[ b xpg Silty loam

0.8 F ]

0.4 F
02F

0.0 F

KX BE Relative concentration (c/c,)

0 1 2 3 4 5
FLERAKFR Pore volume (pv)

09
0.8 F
0.7
0.6
0.5 F
0.4+
03 F
02 F
0.1 F
0.0

¢ 3P Loamy sand = S Observed data
—— M Simulated data

ATk Relatice concentration (c/c,)

!
<o

FLEGAAFR Pore volume (pv)
FL IR [R] B b F 3 b Br 3@ 8% 1 92 I {E 5 48 0L {E

Fig. 1  Observed and simulatedBr transport in soils different in texture
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Table 2 Input parameters of the model and parameters derived from BTCs of Br
J5i H Texture 6, (em® em™*) 6 (em® em ) alem™") n l g(em h™") A(em) R? RMSE
#h 4 Sandy loam 0. 065 0.462 £0.003 0. 075 . 89 0.5 2.195 0.108 £0.013 0. 990 0.038
F3 4 Silty loam 0. 067 0.439 £0. 004 0.02 1.41 0.5 2.183 0.227 £0. 020 0. 990 0.032
HER) Loamy sand 0. 057 0.402 £0. 003 0.124 2.28 0.5 2.189 0.269 £0.022 0. 995 0.030
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g.2  Observed and simulated Cd transport insoils different in texture



58 +

50 &

¥

x3 BAERENSYMBAEFEN BICsHERINSH

Table 3 Input parameters of the model and parameters derived from BTCs of Cd

s Texture 6, (em® em ™) g(em h™')  A(cem) f by (em® g7') B a,(h™") R? RMSE
P4 Sandy loam 0. 462 2.308 0.108 0 35.653 +4.344 0.522 £0. 024 0.013 £0. 002 0. 542 0. 003
F3 3 Silty loam 0.439 2.226 0.227 0 6.538 +0.113 0.171 £0. 033 0.078 £0. 008 0.810 0.033
HEH) Loamy sand 0. 402 1.789 0.269 0 2.069 +0. 157 0. 069 +£0. 005 0.202 £0.015 0.901 0. 047
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Fig. 3 Temporal variation of Cd concentrations in soil layers different

in depth in soil profile
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Fig. 4 Temporal variation distribution of Cd concentration in soil profile
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Fig. 5 Temporal variation of distribution of Cd concentration in soil profile
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NUMERICAL SIMULATION AND PREDICTION OF Cd TRANSPORT
IN SOILS DIFFERENT IN TEXTURE

Lin Qing' Xu Shaohui'’"  Wang Kaili’
(1 Department of Environmental Science, Qingdao University, Qingdao, Shandong 266071, China)

(2 Research Institute of Environmental Protection, Zhengzhou 450004, China)

Abstract Movement of Cd in soil profiles different in texture was simulated with the advection-dispersion equation
for solute transport in an indoor experiment using soil columns. Results show that the chemical nonequilibrium one-site
model (OSM) can be used to simulate Cd transport better in silty loam (R* =0.810) and loamy sand (R’ =0.901) than
in sandy loam (R’ =0.542). The OSM can predict accurately the time for Cd to transport through the soil column, but
not fit so well the trailing of the breakthrough curve of Cd. The retarding effect of the soil on Cd transport was related to
soil physical and chemical properties, however, its mechanism needs to be studied further in depth. At the end, the pa-
rameters obtained from fitting with the aforementioned model were used to simulate transport of Cd in soil profiles consis-
ting of soil layers. The simulated breakthrough curves didn’t reveal the heterogeneity of the soil profiles. As a result of the
strong sorption of Cd by the upper sandy loam layer, it took a long time (10 pv) for Cd to pass through the profile. And
moreover, the variation of Cd concentration and adsorption quantity at the interface of two soil layers different in texture
was obvious.

Key words Chemical nonequilibrium one-site model; Solute transport; Breakthrough curves; Retarding effect;

Layered soil
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