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B E AXHRTAMCRAKERSFBOTBFE SRR B HAMD, &
HFE 5.6 X 10°—9.3 X 107cm’ / sec; @i tL 8 SR [ Langmuir H B S 3, KLU/ 1%
FY TG B £ TR RF 03 3 K EK i o R B o 4, 780 B S B SR K TR R B 6 A B TR BB AL Rk
W& b, BN ERE LR RER MR R ¥, SBERTE LK R BB B PO 148 xR
H TR B BB K R A pH AL, T4 M EAXIR, B pH < ZPC (AR L) WIERME X,
ZPC < pH < 6.0 MR & WM X, LA & pH > 6.0 KRB MR, ERERMRERHES
pH 2 IEM X ; pH6 AT 86 R Bt B 4 b A Y1 A B R B Bl pH 19 7+ &5 3% in, pHe LA E 8 R Y
W EYAHBCERRRE pH A5 L.

XA ®, 1L KK T8, R, R

WMERBPAENERTR, B—FMERKIFEFRY". AMahREe BREEX
HTRY® MRRE"5 AR O BUNXR. EYRKEH BB T TR R
AR, BT K B AR T B AR E, RIGE A RmIS e+
PEIRYETEREN —NERERY,

1 BRI B

1.1 1K
FBFRANA TR B R, KEEAMHR, Foaw o kBEOR L, Kb EBRAT T Q 4

L. AV T RETE=ZL-ABE/BILABE, A THEMEEERGE DAERAENE.

12 FHiE

121 DRRRM A ERE BRI T HRT 100 ZF 0 88 808, A NaOH 2 HNO i pH
A 6.0, MARRHBE N 25me/L KB R ER M (K - HEK 2011, F 25T F L 40 5B &R 3 0.25,0.5,1,2,3-+-

-++ 24 /N, B TE K.

122 HHEHEHER FREC1 38 23T 100ml & B8 o, 4 B A &R ¥ BE R 50,100,150,200,250,

300mg / L MIEYBEBAS WL, 7K 1. tE 2001, F 25C FiR¥ 2 /M AR E 24 /b0, B.O 1L 28,

123 pHMBEAKTRHEPTBHER W1 LW TF 100ml WL, TEEPMARGERE

A 35mg/L BB, FI NaOH 3¢ HNO 8  pH, /K 113 2001, F 25C F iR 2 /1vid, B & 24 /1

e H . 1996-11-16; Yo BB 3ok H #9. 1997-10-08
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Table 1 Physical and chemical properties of the soils studied

+i% BOR (mm) HE (g/ke) Tt HH
Mechanical pH OM CEC ¥E#F E#AL ZPC Ca Mg
compositon Fe:03 ALOs
Soil >0.02 0.002— <0.002 (H:0) g/kg cmol/kg Amorph— Amorph— pH Exchan— Exchan—
0.02 ous Fe  ous Al geable geable
g/kg g/kg Ca mg/kg Mg mg/kg
BEpFEHmE L 100 510 390 429 72 744 1.19 342 33 150 9.9
KEEHRE L 70 570 360 4,72 13.2 9.39 447 1.99 2.8 160 16.6
Bawt 730 180 90 4.92 1.5 332 0.57 0.15 2.5 159 18.6
KEIY+ 790 150 60 5.02 10.7 8.82 0.83 0.18 2.4 236 11.8

i, B0 i3 38, I W RE 7 W07 8 pH fE.
124 AFApHFEBE LRPHBOARE #1223 PEEFRNELOE, MAFE0.IMCaCL, K+
by 2001, F 25C F KRS 2 /o, B0 3.
12,5 pHXEBE LM EBROER B 1.23 PEFRAHLE, MAH NaOH 5 HNO
A pH # 0.1MCaCl, %3, K £ 1 2011, F 25C Fral ks 2 /et B.0oid 38, 37 852 146 pH.

LA b st 3 O o R FEE B R R 5 R 180—80 B IR RO U .

2 ZR51HE

2.1 THREEFHERMZh N ER
YA 4208 5 it A AR [R] 3k BE 4R, 7E R [a] i f1 B IR B 45 SR an sk 2 A0 B 1.

#2 BRESIERDEY HEMD, cm? sec) SHEXE

Table 2 Relationship between diffusion coefficient and time during adsoption

o ) it fil Time (h)

Soil 0.25 0.5 1 2 4
L 5 08 8.38%10 4.54x10" 2.27x107 L13%x10” 5.6x10°
7K B 9.3%x10” 4.69x107 2.34x107 1.17%x10” 5.8x10°
2wast 8.68%10" 4.58x107 2.29%107 1.14x10” 5.7x10°
KER 8.78%10" 4.77x10” 2.38x10” 1.19%x10” 5.9%10°

| AT, AR BB LR R — MR TR, 90% A K A T
15 4B P BORB, REE I I E K, BB R R BT T8, 2 Mt SRR FHIBRE —%
35, B 2 /NS M AT R 0 AR A

% 2 BT RB D (em’ / sec YR H Boyd A FRBY, 5 HUR MK DR — R W B K
TR R E A RO — BB SR, AR bR B T 4% 60 I
Fl. W% 2 AT, BEH BT RIMEK, DM/, KRR, i LR A D, 1
P T 47 5 R B S O B 25 1 B, D TR B R AR, DK, W B IR
ST B R0 A T R, 4 e R A B AR TR, BT BOR K D,
W, AR D BOR B DA S R I 1 P AR
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Fig.1 Kenetic curves of Cd™" adsorption by soils B2 Langmuir 77& 3 TREHBEUE

Fig.2 Fitness of Langmuir equation for
cadmium adsorption by soils

TILLER % A8 55 L5 WA 5 B Cd, Zn, Ni BH A . B BIJE R H S B
Zn () &R L% S Zo (1D BE BT R0 B, dilbR, 8RB DE/MY R E B
HTFEHRMEESHRAMNMWERS FHB THREPHEE FIB I H A0 L, AT
W LB MY HERZ R H 2 .

MF 2B FH, AR L5, BERER— T EFRATHRKE LEME 5, 78
ABDMAER, AAH IR BRB DA TR+, BRIFWEBT AR, TR
TR M S T AN S BARIEAEY, AF 15, 2 MK HEE RS AHLR S ], CEC
HEETHNMN S T, o, K RO SR, W1 Fe, Al S AN TS P+
REAEER SN, FBYHRB DAE—EER.

22 HiRMB

ZRBHMEBRHTERSTBEFIKBERIBD HRMEE I, Langmuir 7 2
RE BN R P AR Z. HELELR.

11
bk C
AP GHAN TEABUBME, CHRVFERE, b AIBRKBHME, L BE5RMRERE
FXRIER. WE2MFE 30N, Langmuir 52 x4 P44~ 50 0R B 48 B F 0 45 R L& R R
W AHEREIAE 099 U LR EEAKTE., I HETBHRRKRER » 45 HKHBL
w1t > KHEME > Rawyt > PHEHE.

39 KERNIFER. BHawt > KBAW L > KEEHR > RHEHGR. (E
R—BRARKAIBHEIGER. NEIFEFH IR BBRH AR/, Bk
B, WEEE B, kEB/D, BB/, ETHRIRA K, RERRH Y8
REHY, HEER.
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Table 3 Coefficients of Langmuir equation for cadmium adsorption by soils

TiH & B Z AR KHEEFHR Biawt KHELY 1
Item Clayey upland Clayey paddy soil Sandy upland Sandy paddy soil
red soil from red soil red soil from red soil
MERK 0.999 0.998 0.999 0.998
b (mg/kg) 2108 2467 2368 2619
k (L/mg) 10.0134 0.0138 0.036 0.032

1) n=5

Fq4 TRMEEMRPHINRELangmuir FIES

Table 4 Parameters from Two-surface Langmuir equation for cadmium adsorption by soils

et 43 ki ( L/mg) k; (L/mg) by (mg/kg) b2 (mg/kg) b (mg/kg)
Soil
=8 LY ¥ A 1.094 0.0137 298.7 1891.3 2100
K EEER 1.168 0.0143 376.5 2023.5 2400
Biant 0.450 0.0354 360.0 2000.0 2360
KB+ 0.319 0.0302 560.4 2119.6 2680
GO
=% @)

L

L K R =Y A30E % 8, K 9 Langmuir WM % 40 G oA RAR & .

MIHEERTH, WA -3 K EXDF R KEEGR > BHEHR > KBHLY
+ > BHaet.

>k I W% E (Two—surface)Langmuir 77 2 7] LA B4 % 1 358 x 51 40 20 7 19 5 fE Ay A
REAL B, BT .

. kbC  kbC
=1 ket 1vke )
K HF, QM C 5 5 R W B B AN R B R 45 9, & T A, 300 7 o8 R L AR BB LA X 4K,
b M b5 H KR E R AL AK BB AL £ B KR M &,

R E Langmuir F B P SERB T EA M, % 4 BR A Sposito F kit E %
R, ¥ % 4 58K (Single surface) Langmuir 77 BB 45 R (£ 3) Wik, /& H U4 14§
4 7R BE AL TR B B R TR B R 2. A TR] 0 e 4, B VR I & LT BD 1 &,
REZ, HHARMHRLRELVSSREN TR, L RARHEBLLKEXRIE b E/D
FARBE B AR R, B b < b, AT HIWE B it 72 2 LUK BB AL B B 2 3. XUFE T Langmuir 7
B EELRMER AR KRR S8R E Langmuir J7 12 5 8 5 5 # O B K REE
#iE, BIAT W, R R R i R AR R KRB AL s, M P R E LK R KT
BUBRA S, FRAREHARE.

23 pHXMBEFEKIRDP TR L

BEFELAKRPIR. pHEEENEWMEERZ - B3R LEAEBRHES pH X
. NE 3TN, B pH R F &, 334909 R B 3R 38 K. pH < 3 B 35 75 8 3= MR B =48 =
BN, % pHEM 3.0 EFZF 6.0 BF BB 30338 i, 308 5 38 60—80%, H4 b kT
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pH3 BT Ef R A, RHER TR SAT LT WHRA X, ERMEpH T, W EEXHE
BETHRERGE/N, R RBARTFERSHREERE T, HHEYRIK.

MNE 3 EFEE, pHESUN EHERREHEEFHE RIS I ="KHK(1)pH <
ZPC(ZPC Jy i 77 % ) A% pH BB X, W Bt B AR AL B9 S5 47 040 Sl - R 5 98 pH3.0,
KEERR pH2.7, RH4 7+ pH2.8, K HLAH L pH2.5, SHNK ZPCEFEEW S, L
R B &R R < 20%, KEEHREME < 25%, BHOD LTRHR <
50%, 7K FHZCAD TR Bt % < 40%, Bt RN aah Ly R R YK T HHBE. (2)ZPC—
pH6.0 AN pH AR EBRM KX, XK, T OH 5 PR R EEE, 28, REL
&, R A, SR pH L7, HEREREAAE, TENREEMKEZ MK,
G LR R R TR Faed 57 60% U £, AWE 3T W, 7 pHREBRMK, 15
MHRERM R S pH 2 EAH X, T A&k R g, X - XBANBENUS, R AR
5, (3)pH > 6.0 N F pHBMHHFIUTIE X, X — KK, TR T RE R 2R m,
B pH ¥ KFEREE LI L KA.

5 BEBMZHRMBRSpHEXFHE
Table 5 Correlation equation for adsorbed Cd and pH at stable adsorption stage

+i HEHE HMERK"

Soil Correlation equation Correlation coefficient
B E R ¥=200X-460 0.994
KB %R ¥=225X-485 0.986
Biharwb + Y¥=85X+195 0.997
KELD L ¥=136X-48 0.984

1) n=5

24 AR pH TEBITMPABMHBAM
¥ LR ARFE pH T HEREHMBE A 0.1mol / L CaClL#ATH R, HERILE 4.
B 4 TF N, pH6 AT, B A4 0 8 R 258 pH FHE M K, B pH > ZPC FH#Y

700 7S 85t
?n -
2 sm _ /\\
3 3 _ooo,o/o R
- <
Zgg V6] 24 55 2 \
= —o— BMABT is J
e —— EHEHR s /
3 334t —— AEgP L o 40f —o— Bt
—— SR
p— T B
B —+—/KELP L
2'2 Bl —a— KR
90 . 10 N N " " s
40 5. 60 6.80 8.00 2.00 320 4.40 5.60 6.80 8.00
pH
K3 THEREHES pHXF K4 SRIEARR pH T R H B
Fig.3 Relationship between Cd adsorbed by Fig.4 Desorption of adsorbed Cd in

soils and pH soils as influenced by pH
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BABHEHE. FHNREHE L. 4 pH> 6 BF, B ASHA BT IREE pH 1 in i 7 3
b, BAENE, pH < 6 B, B SFW & B pH AR MM, B7E pH > ZPCHEMEHE
BB, 4 pH > 6 B, R S|P VA SRS B pH F-RmRER . 78 HEHE A
T P 338 pH Xt W% B B & m — B, BD pH > ZPC B, W2 B DL #8 s IR B O 3, TR 540 5
%, pH > 6.0 B, W Bt i #2 o = A i e S Rz, BLBE pH T+ & i .
25 pHXEBELMPAIERBRAIKIE

BRAEARR pH THRMSESRANBREESRCEEBRRPTS SHERILE
SERMAEYHHMAEERR, R 6 2N pH xf iR B AR B R & m.

&6 MBFIpH R M AWEBN R
Table 6 Release of adsorbed Cd from soils as influenced by pH of desorbent

ot pHALH# BHE HERE BEX 18 pHAL BHE RRE  AERE

Adsomption Desorption Desorption Adsorption Desorption Desorption
Soil ~pH-treatment capacity  amount ratio Soil  pH-treatment capacity  amount ratio
(mg/kg)  (mg/kg) (%) (mg/kg) (mg/kg) (%)
B 1.99 — 567.5 100 B 2.00 — 608.4 100
L ¥:iik/ 2.32 — 567.5 100 apt 2.15 — 608.4 100
3.03 567.5 567.5 100 2.41] 608.4 608.4 100
343 — 567.5 100 2.83 — 608.4 100
398 — 567.5 100 3.55 — 608.4 100
4.10 — 543.8 95.8 495 — 601.2 98.8
4.52 — 520.2 91.7 6.01 — 5934 97.6
5.81 — 4729 83.3 6.71 — 519 85.4
6.84 — 424 4 74.8 7.41 - — —
KH 2.27 — 614.3 100 K H 2,06 — 615.7 100
HH%R 2.54 — 614.3 100 awt 2.28 — 615.7 100
« 321 6143 614.3 100 2.55 615.7 615.7 100
3.59 — 614.3 97.6 297 — 615.7 100
4.30 — 599.3 92.7 3.68 — 615.7 100
493 — 569.3 85.4 4.63 — 601.7 97.7
5.63 — 524.4 68.3 543 — 517.7 84.1
6.27 — 419.5 68.3 6.51 — 419.8 68.2
7.21 — 374.6 60.6 7.08 — — —

H3% 6 A 0L, fR R 7K pH A B A R 45 RN R, 8 UR B B pH A9 FH i85 T 5Z W 2
% pH < 4 B, JLF BT R A K R BMER TR, 4 pH > 4 6, R FF 4486 pH A&
B, FERIR Y pH > 5 B, R B A0 B RIBK. FILFEE, o 8- 8 F R O
H*,Ca’* W& —Z, % pH < 4 B, H* W B X BB R DR H Sl SR8 T BT sl 4%
SYWRE, FRRSREBLHMBE TR, SpH> 4 H'KERSFIBIBETFEE
- YRWE, Bl pH At E, DRRE S EARABIEL, HEELHNRETHER A 5M
BTk, HpHEE—EMG, 2 ETIRRE, HHE TR ET Y= ulRER, 3
ZRBEBEIRBL. HINFK 6 THE M, 78 pH B, /K M 1398 % 8 75 b 38 b 2 3t 138
K, HHREBRBOEUREADS TR, RO RO BEANFARER. BT R,
BRFFREPHEAEAE pH N HRRANBRR RS SRR RAECEEEREA.
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TRANSPORT CHARACTERISTICS OF CADMIUM IN
SOIL-WATER SYSTEM

Liao Min Xie Zheng—miao Huang Chang—yong

(Zhejiang Agricultural University, Hangzhou 310029)
Summary

Transport characteristics of cadmium in 4 soil-water systems were studied. The
results showed that the diffusion coefficients of cadmium ranged from 5.6 x 10° to
9.3 X 107cm’ / sec. Comparison between the parameters from the single and two—surface
Langmuir equations demonstrated that the maximum adsorption capacity (b,) of
low—energy sites was much greater than the maximum adsorption capacity (b,) of
high-energy sites, resulting in high transportability of cadmium in the soil-water
system. The variation of adsorption capacity of cadmium with pH had three distinct
stages, i. e., low adsorption stage at pH < ZPC, stable adsorption stage at ZPC <
pH < 6.0 and strong adsorption and precipitation stage at pH > 6.0. The adsorption
capacity of cadmium was positively correlated with pH at the stable adsorption stage.
The biocavailability of adsorbed cadmium increased with increasing pH when pH < 6
but decreased with increasing pH when pH > 6.

Key words Adsorption, Cadmium, Desorption, Soil, Transport, Water



