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Abstract: The organic modification is an important method to recover the soil polluted with heavy metals and organics. Compared with the non—
reactive solute CI, the transport and elution characteristics of reactive cadmium ion(Cd* )in red—earth—derived—paddy-soil(RPS )modified with
two amphoteric modifiers, N-dodecyl-B—amino—propylacid( DAP )and dodecyl-dimethyl-betaine( DDB ), were studied. The results showed that
the equilibrium transport model can be used to simulate Cl~ transport breakthrough curve(BTC )in amphoteric modified RPS, the retardation
factors R of C1~ were smaller than 1 and were in order of CK(unmodified soil, R=0.592 5)> AR (soil modified with DAP, R=0.504 9 )>BS(soil
modified with DDB, R=0.305 4 ), indicated that Cl~ was repelled by soils due to soils"surface negative charge and its transport was affected by the
changes of physical structure, surface charges and hydrophilicity—hydrophobicity of soil modified with different amphoteric modifiers; Non—e—
quilibrium transport model was a better model to be used to simulate both the BTCs and elution curves of reactive solute Cd* in soils used, the
retardation factors R of Cd* transport in both Cd* and phenol+Cd?* treatments followed the order AR(10.39)>BS(10.01)>CK(7.778), while R
of Cd* eluted by Ca* followed the order AR(14.43)>CK(5.744)>BS(3.21 )in Cd* treatment and AR(24.14)>BS(13.12)>CK(5.367 )in phenol+
Cd* treatment. These results demonstrated that the amphoteric modification can enhance the retention ability and adsorption stability of Cd* in
RPS. The major reason is the changes of surface charges of soil due to the modification of different amphoteric modifiers. Furthermore, phenol
has a significant effect on Cd* transport and can reinforce adsorption stability of Cd* in amphoteric modified RPS.
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1.1 AL H &

PP T A 500 S+ b SRR (BS—
12) (Z5HL sy pH=5.1~6.1),N - — b J 2 KL R
(AR-12)(55H1 £k pH=4.0)"™,

PEHA TR LK AE +, AR O R 42
b R MITARRRET L SRAEREE A 0~20 em, ALK
T+, 1mm JE I, +4£E pH A 5.95,CEC 24 92 mmol -
ke, OM 7 26.36 g-kg™', YiF S BAL PR 13.5 g- kg™,

B+ AER A CEC 30 DAk &8, PitEE
T R B HL 15 100% (45 £4E CEC) . R faf

ARSI, KRB MK RS+ FELL CK o, AS-
12 BS-12 &4 21 38 MK F + A 43 3 LA AS 1 BS
FIR, 3 FPIHK AR AR L 1,

A pH (AL BEES AR e (K Hh 1:2) %
JE I R, LB Ry 3B f5 A £
AL E A O IR FLBR R =1 -+ A Y+
FEBEE ARSI A AT AR, Y90 1.23 g-em™,

&1 THNERMER

Table 1 Basic parameters of the soils used

T g pH /g em™ LIHEFLBE
LI KRR 1R 4 (CK) 5.95 2.61 0.53
100%BS-12 {EH£ 13K FE 1 (BS)  6.61 3.56 0.65
100%AS-12 EHELT MK FE +(AR)  6.19 2.48 0.50

1.2 LWRER THIESR

BRI R K 14, SL 8 s B T S 24
127 cm,

TR PVC BUEME A 10 em, B2 3 em
BN o B H AR RAE R g E gt — [BDE ok
o BHEPEEEER 5.0 em, HAEKRFY 35325
em’, B B SEAEAE T R ERISZCE P K 200 HALEE
JE M, 2% 1.5 em (5 IPHADERD, BN 2.0 em S A2
ABERD, LA 5 UGHATRE L, BRI 1.0 em 5
FEZEAT RGN BRI RT3, R T RE AR IE AR 1
FEARIRD, FF42E T KRR H RS . b omhe ik (M) R o, £
YERP LY, Ja M B AR I ZE 3 X AT
TR W A R RIS EAE ] AR T s B )
s, AT 1k A UK I H Bl b R I 1T
%o
1.3 KB RRMET &

ARSI ILBE 6 AR . 2T M KRS R (i
A,B);100%BS-12 &1+ (4i%5:C,D);100%AR-12
Bt (95 E,F), b EE 2 K,

SEESE ST 0.005 mol - L i Ca(NOs,), H R I
S SE A A HEH A PR, Y A
FRVE T A4 A0t ELIEAT CLECI s AT S 7 P
Ar BN EFETE C1) B, AR R DR, R
[0.025 mol * L'CaCl,+0.005 mol - L'Ca(NOs),] H F i F
B S BT AT, A5 ] ] B HORE , DU s T Gy
o M AR CLIHR S5 AT CLvk A [R]
B, 6 S iR, B 100 we » mL™'Cd* + 0.005 mol «
L7Ca(NO,), W5 5l 2834 +4F A .C.E, 100 pg-mL™
Cd* +100 wg-mL" 2K+ 0.005 mol - L'Ca(NOs), 5



1606

3 o T T R RSN e 3 TEANE 3 6 7 O o B 2 2

2008 47 H

Iy gEat 4 B.DF, [RIIHIGE H O CAP R, 24
Cd> e 38 ) U0 TR B2 IO 4 AN A8 B 58 4 2 35 I 48
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(BT Y, oA AL R AT DL S AT CA I RR g
TIRRSENE , Ry e B R SR AR A

2 HR5iTie

2.1 CrEMK T H#RNFERL(BTC RIUEGLER

CIZEiE 4 WL 1, [ A L BRI v (S5
W EAE ), H CXTFIT2.1 ~F AL (EM) L& Clis 7%
S 2,

ME 1 AT, Cl7E BS g ZRiE i 2k 5 Cl7E
CK AR " b5 28] 4w 42, CI7E CK \BS AR - Ff
56 4= 2F 175 W I AL B AR B A4 S R 6.36.2.90
5.69, TIUL CI7E BS 5 F28i%, i CI7E AR Fll CK
RSB AR AR
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L |
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(CK LTtk A 4 BS S 100%BS-12 &4+ ; AR 5 100%AR-12 &1 +)
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Figure 1 The breakthrough curves of Cl-
F2 BEEv{E,AEME CIBTC K D EFI R &
Table 2 Transport parameters D and R for ClI~ BTCs fitted by EM model with » fixed
Ewsd +4E v/em-h™! Dlcm?-h™! R Tos P SSQ
LI KR R A 2.89 19.21* 0.592 5" 2.85 0.993 6™ 0.013 0
(CK) B 0.998 7° 0.003 0
100%BS-12 fE4iLTHErE C 0.35" 0.32" 0.305 4¢ 1.45¢ 0.999 0™ 0.000 8
KA+ (BS) D 0.999 2 0.001 2
100%AR-12 B 21351 E 0.53" 1.21° 0.504 9" 235" 0.996 2™ 0.006 8
JKFEE(AR) F 0.996 6™ 0.006 2

RPN R AR 225 35, P<O.05 5 FoRM I EAE, P<0.01, LITF 43K
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CK>AR>BS, #/hF 1, HEFBE. R/MF 13+
FEXT Claz2 B A HEF J1, H R AE8UIN, HETF 1ok,
ZTHEME KRS 1 vl AR FL fof 88, CLAE AP i BB
o332 B A E R AT AR S | R 67 R e A HE TR O, DA
Ko A RESEAR R K M5 KR B X CI 51 28 4k,
Y EHER SR T MG i, iz #% , 2z i H
Ui ClIz 8% . ARSI 25 50T I 7 3 Fh -3 rh
Cliz B il Z B W HE R SR TFs1 Jr, X F AR BE M
CK ki, WARXFPHER 71 BRI T 1R
(RS LA, T AR S X CLASHE R BH B35, 3X
S AR () 25 R M I T s J 1Y) o — T PP AE A
FIAE pH =T A B S I Rh A T, fF pHAIK
T B S5 VAR A I H 7 A5 R A BT A H

PEWI AFR 1 H 18 pH BRI AR B 70 1) 45 S AT
DIBEH, M7 BS-12 1 AR-12 ¥JLLA B TR 17
FE , CREF TG 78 1 B K S 2R s A e ek
st B A 07 R Ay i N 5 — T T, R B A
RN A + ZRBEESE R B KL, BT LA S 8171 BS—
12 F1 AR-12 sl i B faf 5 | 7B S5 A 7F B3R R,
B BEE 2 1 B R ARRBK MR 3EN  t T
PEFIB K ACEAE R, A8 LR T 2K Pk Clhizs
B A2 T CK e nds K,

X ClBy i a4 R, AR S0 T Tos(CIH ik
FEIR BN AR B — i o A LB R, R
XTIFIE] )R RAE . N 2 G5 SRTTUL Tos AT Ry CK>
AR>BS, T H Tos 5 R Z[E] Rl i & IEAH G, 7
0.998", ZAEFULIH , R (H#K, CIfris Bad FE 37 1
HEF S/ B 7 si , R Tos #80OK, 2535 it F st
[ . AT L CIFE LT3 PR KA -+ R Wb i £ rp
HiaH FEIe 32 IR LA BT 2
2.2 CA*FEARRMEMRFIEIRLTIEMEKTE L PR FE
53

CA* 2B MM LA 2, 42 H CXTFIT2.1 349
SRR CA* Y 2 BRI A RO SE R 3, | 2
Sk R [ A8 i b B8] A [) 46 o 390 1% M 21 48 K RS = o
Cd™ 28 BEM £, (R FT N 275 3 07, I (H S R
BRIy o IWE 2 tha] LB H7E CdH— R 5K
PR A AR T ABMRLT e KRG 11 CAit 234
L AT M KRS - J5 0 5 A SRR A b B AR
T HEH CdP i R I B A A, DA I i 2T e K
X Cd> A — s B AE

3 R, i C R — b HA 2 Cd™ 524
RA A, CPZ R 1M V- HIFLBR T E v ¥ H CIKk, TR
i CA ) v HAF S CK>ARSBS AN, 5 Clf
KN —Z, LI SO PR i CA> B RS - e #y
AR 51 Cd* a8 1 P34 FL BRIt A iy S A
FIRBIE T B ol S, H iR & A 2B
TR AR K, LR ARG K, T 53 K
VR R

SN BTSSR R BRI B0 T
(1) BEL 77 658, BN 5 2R, LR 2 .3 3 T I,
Cd* ) R HIRTF CI'HY R AE, HIZm K F 1, UE5E 3
e CA B AR R W o i Cd™ Y
IESHR A, it B — K RiL 2 SRR A bR,
HAI/NFF R ARSBSSCK, H 2% 5 1 2 JiFESZ Pk
BB 2T SR KRS X T Cd>8 5% B B 7 AE
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Figure 2 The breakthrough and elution curves of Cd*

%3 EEv D&, A NEM #l& Cd*#) BTC S# R
Table 3 Transport parameters for Cd** BTCs fitted by
NEM model with fixed D and v

+H +# wv/iem-h! R Tos r SSQ

IR RE L A 426 7.778"  37.5% 098427 0.0653
JHA(CK) B 472 7396" 3557 093167 02225
100%BS-12  C 1.00  10.01™ 4950 0.9859” 0.038 0
B4 (BS) D 1.00  9.401° 47.00° 09725 0.076 1
100%AR-12  E 124 1039®  51.5° 09907° 0.0142

B+ (AR)  F 138 11.90*  59.0° 0.8767° 0.3416

) BER 2.1 43R I SRTAME I 7138 1 B K S
KA TE T e b 253 a4 598 0 v g 1 A 1S 0
AR +FER pH 5 AR-12 &M 45 5 22 25k 2.19,
BS + MY pH 5 BS-12 &M 45 H #2222 0.6, A
W, AR-12 4 f £ e K e 1 2% 11 67 L ey A 384 M 2
Lt BS T AERTHI T AT A I FE 2k, RIUE AR 4
X CA I HLPEN 51 128K T BS, FRATTRT I pFIE 45
R, CK 148 AR £4% BS HAEIG T n] AR i

i35 30.26 .54.74 48.72 mmol - kg™, TESE T W PE
1B R LA AR AT SR RS i — T
10, DN 2.1 20 AT T B Je R i K PR3, X 5%
AKPE CAP=AHER I, (HIXFRHE T 77 5 SR B2 e e P
Sl /S22, IR I AB U 5 20 38k K A % A i 5 |
Jy¥anR , CA* e - 49 s B i 25 32 21 BH 5 1) B3
YEM

A Cd B —Ah B % 5 R R A b BT 0 TR
AREER CK HFEFN BS HHERY R {EI40S /N T2 — b B
B R E, A2 54 W2, R X Cd*7E CK Fil BS i
BB BRI AR EAERY R (HAE CA* 52K BR
G BERT CA i —Ab 3, PR i A il
AR EFEXT Cd> I RHIVE S5 . CK 38X A LR
93 P O B ol - S T A AT LIS o, 3R )
IKPERG R, BER T HEXTEK Cd* iy 77, Rtk CK
G ALEN R (ENE /N T — b3 T A
X T Cd*8 B A2 = B i TE M 7 4 7 45
FIRVE L o FEAE M AE v, — 7 T, 2R ] LA B0
s A T B M 70 /K BB T J ) A BLAH (A
T AR B KA I, ) — 7 T, AR-12 &4 7
AR TR AR AR T, RS T AR-12 &
T A R i SR A A 2 A IR A o A
RSS2 R R BRI T EUR T IR L AT
/N T IE HL A CA> BB RE g, T BS—12 A& 751 43
TR R 3L, KB AEER BS—12 &7 1Y)
RIp il SR RS, Ry TE A D R A
AR EFEXF CA> I REAE RE S1 3458 , 1M1 BS A% 0 I A5 ik
$io DRGSR UL, FE PG AR, R Y
B AKPE NS C (1) S M 378 376 /)N T3 T FEL g PRI D

TS —iR SRR A AL B, Tos B9 #R R AR>
BS>CK, 5 R Ui & IEAHOG 245 RS Lk a5 A E
EPIIE
2.3 CAFEMMEIS IR LTI KTE 1+ P RO B SR

Cd> 7€ AR Ze DL 2. XF Ca(NOs), %
WAL (BRI ) T4 Cd> il TR 34 45 5 LA K Cd?
G VA R 1 T R B o R e 2 A CdP i B
B (R R 4,

4 g BoR, TGS R CE R —R S SRR
A AP R [R] - PR B T R (425 5
AR R Y AR>CK>BS; 1RG5 A0FETF R
)7k AR>BS>CK ., R fEERAUERA Ca® X} Cd* BTN
e, 25 53R 4 WoR PR T A Cd> 8% B R
ATLUE B BS B—AbBRAN, CA> R A sk B R
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Table 4 Transport parameter R for Cd* elution BTCs fitted by NEM model with v and D fixed & the total amount of Cd ions in transport and elution

bk bk R r 550 HR R Bz /mmol Uttt mmol  FALRRFE mmol kgt FREAA/%
KRR L A 5.744F 0.647 8" 0.265 6 0.454 5" 0.397 5" 1.294 0F 12.52%
Jit(CK) B 5.367" 0.925 5 0.127 6 0.539 5* 0.440 2¢ 2.256 2° 18.41%
100%BS-12 C 3.21° 0.954 9 0.071 8 0.637 9™ 0.232 7° 9.195 8* 63.43
&M+ (BS) D 13.12¢ 0.995 1 0.012 1 0.615 9® 0.476 4" 3.157 5" 22.55"
100%AR-12 E 14.43% 0.996 9~ 0.006 9 0.679 9* 0.486 3* 4401 4¢ 28.49¢
Bt (AR) F 24.14% 0.992 7° 0.017 7 0.873 14 0.559 2* 7133 1° 35.94%
I Fe 5 0% R IR — 3, i — A5 73X — 4518 2006.6:8-12.

LR 4 MR RS SRR UL, Ay 1 G
FFE iy 7 BSSARSCK (HL—4bHE )  AR>BS>CK (R
AAbER) B CA2RbEE BS X CA2 Mg 4 1] L) A 3
JE A 711 A5 AR X Cd> g I 5 5 i £ 11 3.40
s RS ALY BS X CA AW i ol Y 2.44
i, AR X CA* M d5 & R I 1% 3.16 £, TIESEL14E
MK RE £ £ R WA 5 i S0 5 B AR R R
HAJE CAMIREST, (Rt A P P A8 i - e
Cd>* BA H AR L3 KRG + R I i g ek

b B — AL BRI A AL H (3 4), Bk CK LFE2
SR REIN, KA CPRA AR Ca? PRl Cd> 1
BHAE IR 7 R (Y e pp— AL BRI A Bk, H A7 B,
UE S PEAB A 2T S5 1 KRS 1 R PR X Cd2 e +
FET R PEIAT — 2 AR IAE o 32 T AR AR
(4T SR A 5 - A R A ML, - 498 3 T i K Mt
— DGR R TR K Car R T, (145 Ca” oA
Gy ¥ HIERRT , 5 IR R A Cd B A8 e R M M
FEREK o RABURLTHEME KA 1 PRI A7 CA™ et
S5/ INAT BEJE: T ARG Ui 21 1 K e - 3 vl W% ff
EOEN L S VANINE 3088

3 #ig

PR 6 A 751046 A I P80 20 S 70 RS = 3 1 4 ) A
FemmbE ik A B ARE B I 2T e KRR £k
T 4) S EL P R S T LA HEST s, BELT P
TN, X BHES 7 Cd™ 32 B I BELA 71 38 5, BE iy R
B PP R B A S 2T K RS X CA A e
e Ji3ns , CA™7E LAE b AR e PRI s . PR I AN AT
PIXE CA*HEAB M I AR A2 B 7= A 5 0, 18 mT 3 i
1M I 40T CAP R RRRE /T .
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