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Immobilizing Cadmium in Paddy Soil by
Using Modified Chitosan—Zeolite

LUO Ninglin, LI Zhongwu', HUANG Mei, WEN Jiajun
(College of Environmental Science and Technology, Hunan University ,Changsha 410082, China)

Abstract: By selecting the red paddy soil,taking the chitosan (modified) —zeolite (N —methylene chitosan
hypophosphate—zeolite (ZHC), N-methylene chitosan phosphite—zeolite (ZPC)) as passivation agent and considering
the factors of different processing time and amount of passivator added, the effect of chitosan (modified)—-zeolite on
passivation of Cd in soil was compared and analyzed. The results showed that pH value of soil could effectively
increase by using the both passivants. The content of Cd in acid extractable in paddy soil reduced obviously. The
passivating effect of passivating agent increased significantly with the passage of time. By comparing different types
and different doses of passivation agents, the best passivation effect was that the additive amount was 3.2% ZHC.

Using toxicity characteristic leaching procedure (TCLP) extraction, the concentration of heavy metals in red paddy soil
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decreased by 48.9%.

Key words:chitosan (modified ) ;zeolite;soil remediation;cadmium;red paddy soil; BCR extraction method;

TCLP extraction method.
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Tab.1 Physicochemical characteristics of red paddy soil

vy . vy Yu v
EScpEe R
. - CEC/(cmol SOM d 2 .
N SSVE ‘m\g
" ’ (+)-kg™") H(g-kg") . G B F1* F2 F3 F4
/(mg-kg™) /(mg-kg")
Kl 527 16.65 35.42 0.20 17.32 60.98% 31.65% 1.65% 5.72%

T FLRRAT SR HGS; F2: AR IS s F3 . A F4: RS , R PEUE Dy AL S0 -2 (n = 3)
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S — BT ZHC &R0 oF 20 g b A
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£ 9.0;153] ZHC YlvE , HZEB/K BRI ITAE 100 CHY,
FHIEAE T4 2 h.

55 T RhElART] ZPC (AR PR RS ZHC 254

5 = PP EE AR o A1 (ZEO) , FH T i 434K
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B B4 A 023 200 B 7. A S BT
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Tab.2 pH value and specific surface area
of ZHC,ZEO, CTS,ZPC.
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Fig.1 SEM images of modified zeolite ,ZPC and ZHC
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Tab.3 Adsorption rate of Cd by different passivating agents

Cd ¥/ (mg-1")  ZHC*/% 7E0/% CTS/% 7ZPC/%

50 99.35 59.89 99.49 97.30
200 99.67 28.19 98.18 98.65

4 * ZHC (ZEO.CTS F1 ZPC F7n%f Cd MWK, R il
AL TFHE(n =3).

ZHC .ZEO .CTS H1 ZPC % Cd YW Bt & fn e 3
Fii7s. 24 Cd #JE N 50 mg/L i, ZEO AW ffF /N T
60% ,ZPC.ZHC 1 CTS 19 W [ 28 53 5 R 97.3% .
99.35% 1 99.49% , ¥t 97%. 24 Cd ¥ FE Ny 200
mg/L B, ZEO B W24 28.19% ,ZPC .ZHC il CTS
BB 2R 53551 K 98.65% .99.67% K1 98.18%, KT
97%. G5 RFW], ST RMEEA B0 48 W he
I1, WA R e R | AR S kA X AR
Cd B RE
2.3 SELFIxT 158 pH ERIR AT

Bt %5 35 pH {EL T, Cd 78 4 rh i s 1
i, FL AR A R AR, BT 2 S {di T ZHC
ZEO .CTS il ZPC 1652 J5 1 3 pH {H A AL B . K
2 11, Control /AU INELEALTN AT 9L 145 ;8 .16 il
32 R, BARFIES N 530 R 0.8% 1.6%F1 3.2%.
FH ZHC .ZEO .CTS Fl ZPC &5 )5 , +3% pH {H 735
T} 15-0.13~0.17.0.92~1.41.0.98~1.71 1 1.00~2.27.
X gl Ak ) R - 3 pH (B AR AR B R AL TSN
ZHC .ZEO 1 ZPC B+ 3 pH 7140w, oA 2
B4 JR K AL AR R Rk A AR, B B Ak 7). KAt
AR, BB AR S, 3 pH (E T RE S

W3 FEREFEIAA], 3 pH {E BER R 8928 LA B .
+-3¢ pH (A 1A HLY R ARG
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FIHZEO, T4 51 4 0.8% 1 1.6%HF, 7K HEHLK)
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Fig.3 Cd content extracted with H,0 in soils without
passivating agent and after repair with passivating agent

for different culture time

PRI Cd MR BIREAE T 44.8%~67.2%F1 53.4%~
77.6%. 125 R ZPC, TInE5514 0.8% 1.6%F
3.2%BF, KIREL Cd W4 BIREAR T 64.7% ~
80.2% .50%~87.1%F1 72.4%~80.2%. *HIL.Z T , %3+
4 JiJ5 ,ZHC F1 ZPC % -8R EEBGHRr1y Cd BAA
TG [ R A5OR
2.5 SHEHERHIER(TCLP)MHEI Cd iRE
+FEH TCLP WTHEER Y Cd W EEUNIA 4 firR. 15
Fe—J)G A B E G LR TCLP ATEEELY) Cd #k
FESREE N ERTCH B L, #BTE 1.0 mg/L 4.
B 5, ZHC B 2 J5 1 KL TCLP w] #2101
Cd MR BE 25 T 1%, US54 0.8% ZHC B, +-4F
o TCLP FJ42HUH) Cd ¥ 1.13 mg/L T FE % 0.84
mg/L, MAALF } 1.6%ZHC i}, HREH TCLP Af 42
R Cd WeBEH 1.08 mg/L R &% 0.83 mg/L, %8 finkili
3R 3.2%ZHC B, H#EH TCLP ATHEHLAY Cd
FEr 0.91 mg/L. FFEZE 0.72 mg/L, BEE AL )75
BTN, TCLP FT4EHUR Cd MR RRAR ; ZPC 1B R T 1Y
+H5 ZHC KL, HifLF R 0.8%ZPC () L
TCLP "J2HU1) CAHEE /i 1.06 mg/L FREZ 0.85 mg/
L,1.6%ZPC )+ TCLP A] 42 B Cd ¥ B
1.13 mg/. F % % 0.83 mg/L,3.2% ZPC HY + k¢
TCLP AJ42HU Cd W EE T 1.05 mg/L T %% 0.84 mg/
L; HifkR 1.6%ZE0 1 0.8% CTS 155 J5 i + &
TCLP AJ$EHUM) Cd MUV EE T A 2 BliAksR N
1.6% CTS i} Cd W EEAZALIT R, 11 0.97 mg/L FREZ
0.88 mg/L. 3537 3 JAlJs, WS4 0.8%F1 1.6%
) ZHC B A TCLP nT2EUE Cd B R A
=, WAL FIN 3.29%ZPC B HFEH TCLP W42 5
Cd ¥R EH 0.72 mg/L. FFEZ 0.61 mg/L. ZPC BE G 1)
A ZHC 2L LRI 3.2%2ZPC (1)tAEH TCLP
AR A CAHJE 1 0.84 mg/ F % £ 0.67 mg/L.
HIT 4 JE N BEE K5 770 [ B34 0, TCLP W] 25U
Cd Wk BB AR, NIRRT LI, Hidk 4 A
J& , B3R TCLP w42 Cd ¥ B 58 AT b
AR, AT - RE T TCLP AT Cd Wk EE AR {L i
FF-2%, TR B A R 58 . B Ry, B ZHC
ZPC H U/ D B8 , AN 0.8%ZHC 1y +-4¢, TCLP 7]
PRI Cd WeBE Ik /D 36.9% , N 3.2%ZHC 1 +4E,
TCLP AT Cd ¥/ 48.9%, ¥l 0.8%ZPC
1 1.6%ZPC 1 + 4, TCLP W] $2 % Cd e J i /b
25.3%F1 41.3%. ¥ ZEO F1 CTS +-#E, TCLP 7] 42
Uiy Cd v B b Ak, A i in 0.8%ZE0 F



5 4 1]

BT A e RME (O ) -l A0 A T T S SR B AL BRI 137

1.6%ZEO 1 + k¢, TCLP W] $£ B Y Cd ¥k B s 2>
32.4%H1 23.8%. 7N 0.8%CTS Fl 1.6%CTS B+ 4,
TCLP AJ 40U Cd Wk EED/D 27.3%F1 26.8%.

KAL) RS Y 148, TCLP n 4B
Cd ¥ JZ [t USEPA 157K 0.5 mg/L 55 1.276 £5 (I,
& 4). M2 F ,ZHC #1 ZPC [t ZEO 1 CTS fiE A
BB AR TCLP n] 2 HLAY Cd W B . 3l ik s vl 1,
NN 3.2%ZHC 1)+ FE 5 RAE G B LA H, TCLP
ATPEEAY Cd WePE N IR LR R (48.9% ).

1.4 [ Ilweek
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1.2 [J4week
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3 1.0+
e
G
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O
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O et SZHC IGZHCRZHCIEO 16260 SCTS 6CTS SC 1622 2700
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Fig.4 Cd content extracted with TCLP in soils without
passivating agent and after repair with passivating agent

for different culture time
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I3, Ho Cd IAF RIS DIRR TR BGE 32, TR
A SRASIEEE (mgke) FXTED. 13 Cd
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AT S TR, 3002 P Ry S fift FH % e 1= e
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MRAR T BE i 8 4 J@ >k A T XAk 1y - 458 6] 5T, 31X
SO SR AEAE T RIS D AR IS P R R

Bl 5 SR T AS[RVEE A ] s A Rtk 5]
LKA b Cd AIER G SIESE I, H A
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Cd 19 F1 BT 5 A 43 L i RAE 21 60.98% 43 51l K5
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Cd B9 F1 B 5 B4 LA 60.98% 43 5l F% K 51.68% Fl
38.97%; itk 4 )5, WM 3.2%ZHC [ +FEH, Cd
B F1 A5 A 4 el 34.20% ,F2 FIr 5 A 48 el
48.09% ,F3 Fi i B4 el 4.57% ,F4 Ff S E 4rHe
13.13%; I8 3.2%ZPC Y +-AE, Cd 19 F1 S B4y
L6oh 33.82%,F2 Fit i F 43 L6 oh 49.4% ,F3 Fn i A 4
LM 6.16%, F4 BT 5 E 41 oA 10.62%.

RN
o

EJr4
0 f f f T T 1 T f f T
8ZHC 16ZHC 32ZHC 8ZEO 16ZEO 8CTS 16CTS 8ZPC 16ZPC 32ZPC

2l

\ZZ
2%

EZ3¥3
[SN\N} )

o

60+

Y277
Y7777

" 40-

204

“REENNESREE

60

o

407

W
V.
W/

201

22222\
Y.
7
W
VN
W

0 T T u T T U T T T 1
8ZHC 16ZHC 32ZHC 8ZEO 16ZEO 8CTS 16CTS 8ZPC 16ZPC 32ZPC

SR
P

8ZHC 16ZHC 32ZHC 8ZEO 16ZEO 8CTS 16CTS 8ZPC 16ZPC 32ZPC
REPET5 v
(c)3 A



138 IR R A4 (A AR B R)

2020 4F

1007 —

o

601

Z:ll
V22222l

E=3r4
B3 13
F2
VZ3F1

0

O%S7HC 16ZHC 3220 SZEO 16250 SCTS 16CTS SZPC 162PC 30700
LUSLipIRES
(d)4 A
A5 RE AR R4 AT Cd B 569 %0

Fig.5 Influence of different treatments and

7l

7
V222Kl
V722

40

\WZ
W
%
\V 22224l

>

201

different times on Cd forms

S L YA AR U B R AR AT AR Y
B JE B A YA S U S B BOARX S A TR
A (3) TH T 5 BT APl A A Rk B A
XHER, RF“ AN 1717

C,+C
MF = ! 2
C+C,+Ci+C,

K MF R EBETR D (FI+F2) SIS R BN T
;R FL S &G R F2 &G0 F3 S
;0,02 F4 & .

il ZHC .ZPC .ZEO F1 CTS 1E R EifLH], =t
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