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SR, Z5RRN]: HHEXE O™ MMRBRE JT BT . pH AT RN, A MU B B X CdT MR RE Ty,
Xt Cd* HIMRBTRE T B R TR B . A R R R AW, T CdT I EERE ) RS, JFR
TR S 2EHRT 2 MR 5 A2 A A 20 ml/kg IS CA™F (YIRS 11.7%; Freundlich #7I(R*=0.997) ] LIARIFH#IL 4 Cd™ 1R
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Study on Cd Adsorption Characteristics and Influencing Factors of Soils with Different

Textures
SUN Qingchao, WANG Xudong, QIAO Jianchen, LI Yulong, ZHAO Chenchen, GAO Chao, LIANG Shuxuan, LIU Wei"
(College of Chemistry & Environmental Science, Hebei University, Baoding, Hebei 071001, China)

Abstract: The effects of the initial Cd*" concentration, soil pH, organic matter, texture and Bacillus subtilis-biochar complex on
the Cd*>" adsorption in soils were studied by adsorption and desorption experiments. The results showed that the adsorption
capacity of soil for Cd*" increased with the increase of Cd*" initial concentration and pH. Organic matter significantly promoted
the immobilization of Cd** in soil. The adsorption capacity of loam for Cd** was significantly higher than that of sandy loam.
After applied Bacillus subtilis-biochar immobilized complex, the adsorption capacity of soil for Cd** was significantly higher
than that of the control group, and the maximum increase was 11.7% when applied 20 ml/kg of Bacillus subtilis-biochar
immobilized complex. The Freundlich model could well fit the adsorption process of Cd** (R?>=0.997). The desorption rate of Cd*"
in soil after applied Bacillus subtilis-biochar immobilized complex was lower than that of the control group. In conclusion, the
application of Bacillus subtilis-biochar immobilized complex in soil can effectively fix Cd and has a great potential as a
passivating agent to repair soil polluted by heavy metals and ensure the safety of food and vegetables.

Key words: Bacillus subtilis-biochar immobilized complex; Cadmium; Adsorption; Desorption
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M T HAABRZH S AR . FEAmaiiy
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FAETE . [RII, HRA TR 45 4 IT LUAE S LS T fE
Tl A, B 2F JRAT B A R, il B e
FIAE Yy~ E 3L [ K B R AR L2 Cd 15 P A2 1k
iy H e,

BT, AT TEAN R R AR R EE L AL
pH Sl ) A B 2 AT B LR W B S S IRt N =
HExt Cd®" rm R S AWV PSS L, Lo

ZAEXF Cd [ e 1 i e B H R e ™, SRRt
bR 2F AT I - R W) B 2 R SRR Cd. A3
SRV, N Cd 155 LIRS R AR R Sy

1 MRS

1.1 fhk#r#

R S8 31 B 9 M 25 B0 i S R AR
HRBIX, st 0 o S - AP O -, DIFTEA
[ B Xt Cd® MMM 2. REERE R 0 ~
20 em FAJELHE, EERFEMSFAEVE, AKNK
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Table 1 Physicochemical properties of tested soil

+-45 pH % +HEFHL (g/kg) A AL E) 0 B
B (uS/em) I R Zhkr (g/kg) (g/kg) (g/kg) (g/kg)
i+ 8.0 788 520 402 78 20.9 1.72 2.96 46.5
b it £ 7.8 114 685 215 100 7.4 0.58 0.66 35.9

BB R A 5L ZE FAT B (Bacillus  subtilis), Hi
AT SR AR 10 g/L, ZFRIRE 5 g/L,
NaCl 5 g/L, # pH £ 7.5, § 373 T 121 C.0.15 MPa
ZAF KA 20 min J5 HTAIRERTR. HREFPRAAR
T PRIV R TR R 3L, 30 °CL 180 t/min 4%
Bige, 595 20 h A2 H R AN AR K BHE BU Bk
PR . PATC R K AT BBk B 5%10° cells/ml,

FERTIIBF ST RYIERE_E 85 75 ml RS 65 254 P 5
30 g A=W T 250 ml = FffiHIR A, 30 °C. 180 r/min
PG4 48 h, (Al B 25 AEAT TR B B T 2 0 o i
FM, B R AT A R A
1.2 HARFE

1) I R ZE AT IR R P B B2 SRt
A 0 (R, CK). 10, 20, 30, 50 mlkg.
Tt ST A 2 6T A - 0 T e I AR ) AR
FH [) fe KA /K 1Y 60%, ~FAfif 30 d J5 R4 + 4k
A7 E

AW EBR. ABUAT . i 20 HififE R+
HE, N 30% B H,0, W, Fooriiish g, AL
JE A, FERE S PN A S A S, B Hy0,
VW, AT 3R, @t 20 BTSN EEH

3RS . WLV pH SBT3 ~ 8, Cd
TR E A 11.2 ~ 281.0 mg/L. A KR5S 2 H0o0)
Cd™ WERHERIMR W, ISR | LS
BRI AR A T PG B IERE S 150 g BT
BODETIFINA 30 ml Cd W, 3T pH, RJ5HFE

e 25 CHEIRIR G a4k 180 min, SR 5 KB R
5000 r/min #5.0> 10 min, Y& IEW, @700
JEREA S IS Cd” MR . IR Cd®t MY
FEARTT 52 A AR W B i o 290048 rh R A BRI 7 E AR
WFJE, BAHELSEEfF, DB ES 3 K.
AR o K bR R B0 S B A, L
0.01 mol/L NaNO; IR Bl 5], 2 12 20 1K1,
SFRITRAG, 1625 CTRG 2h, B, WE G
W Cd™ W, HHEH Cd¥ RN i Cdt R
W N Bt LU AL B R DA IR R 3 K.
1.3 HiEAbIE
J TR E BT CdT RO R AR IR AR AR, e
Langmuir 1 Freundlich S5 R ZAAIHEATIR L UG
SR PR AR K SR
C/q,=C,/q,+1/(bxq,) (1)
InqezInK—i—(l/n)xInCe 2)
L gmg/g) Al CAmg/LY5r51h Cd™ Wit A TR
I CEHIE s g (mgml) M KR AR b 5%
BB R A A SE R Langmuir 3 850; K AW A&
4L, 1/n A Freundlich £33 240, SRS X,
1 Fl Microsoft Office Excel 2010 F11 SPSS 20 47
Bagt 50, KA SigmaPlot 12.5 fEF .

2 GRS

2.1 X Cd B S R MH4EH1E
e+ XA RE AR Cd® g R 1
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JiR, HHEXT Cd® MR R R Cd® R
BRI, Cd* W 11.2 mg/L 3 & 281.0 mg/L
W, Cd* MRl 0.22 mg/g HZE 4.25 mg/g. 1FIX
W ETE R, HELXE Cd¥ MR RIA R 100%,
FTEEHTHENT Cd R A s Tl
FITBE Y B i M A6 Bt F A4 B3 5T Cd
(W BERE 1 T — MO A B s 1, DL cd® ok
JER 100 mg/L B, 3 FhAIExE Cd* Amg R 55
N 1.84. 0.884 Fl1 0.5 mg/g”, Cd* WS 11.2 mg/L
H9ZE 281.0 mg/L Bf, HIEXTF Cd* MR REE
.

3 Cd2 W fit:
| —e— Cafipmg

Cd> W fff i (mg/g)

o] ol |o

[ —

o, ABSE SR RRCRAINT 2%, RUIE L AR
KHBATHME Cd>, X FAARERE ) Cd® fRFIEL
X Cd(I) AARHREEAFEERE S hER 2 AT
Langmuir F Freundlich #52# A DIAR 47 M #1548 +
MW CAOD) A SETR W B A L T3R5 A d KB
Wzl 18.0 mg/g. {HJ& Freundlich Z5JEAHRI(R® =
0.991)tt Langmuir SR = 0.976) 5 1E THAR1%
W RFEE R, UESE T HET Cd™ A RR & A IR 5
(R TR T AN A 405 () L W B T, o e ] 387 T 1Y)
S PRI 2 2R R 4 i A B AR

120

CAf (%)

T

11.2 225 56.2

89.9 1124 168.6 224.8 281.0

CA WA BF (mg/L)
1 KRG CA* RIE WHE + R M FI R Ca® B0

Fig. 1 Effects of different initial Cd*" concentrations on adsorption and desorption of loam for Cd**

2 Bt CARMHEEBIESH

Table 2 Fitting parameters of Cd** adsorption model of loam

kL Langmuir /7 & Freundlich J5 2
qn(mg/g) b(L/mg) R? K n R?
e+ 18.0 1.15 0.940 0.02 0.93 0.997

2.2 pH 3t TR Cd FIZ M

pH AT L5 i) - 38 2 18 1) B B 1A R 3% 1T H er 119
fRES LA I Cd™ FEVE I P I, EIR I + %7
Mgt cd® BT, Fk, IR RR pH
S 4 8 B WA T I RS — kR
TREGEE)EART pH MIEBAE X Cd® mz
R HEATITAN , 25 & 2 iR B pH 3 1
KE 6, HHEXFHERT Cd™ Mm% S8 -
e, M o1.03 mg/g HE 1.09 mg/g. £ pH=6~7
F, MR L AR B AR /N, B AR 2 A
£ pH =7 B, HHEHAERAPA Cd™ WL Ik 3
KAE, N 1.10 mg/g; 1€ pH =8 A}, X
B Cd*" WERMRAEIRTE 1.10 mg/g. WWIKR pH 7E
PR Bt R IR IR Cd™t BB AR, AR

WTERRME AT, MR BUR 2y Cd™ Mk
(i J2 R R 20 H o B B R 2 R AL
Wi, HEBhFER 2N H, B 5E4E cd”
o IR R AL A, S B BRI, TR
W pH RGN, L HEROR R A A L T, T
fr BN, GRS X Cd i e g T,
i HLAER R pH B, Cd* WIRES 5EMh 2480
OH "t Cd ByZSAMYIITE . L 3ERTm ¥ it LA Sh
(B2 OK il . TOUE 55 ) X W B %) 5% i) 38 3457 o o
TR e Cd® iy B 22 5 B i ) g
HEAECT B R S5 th 14 Cd R S +
He pH RIE; E&RPIBIREY pH FHE Fl
T HHEA M-S B A ke e, dEmn
s EXE Cd® AR
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g 1.06 | =
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T L04f i
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1.02 b Ir
100 1 1 1 1 1 1 1 0 L 1 1 1 L ]
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pH CA* PRV & (mg/L)

B 2 pH X HIEWHM Cd* BISNE
Fig.2 Effect of pH on Cd*" adsorption by loam

2.3 BRI LEERM Cd B30
M 3 AT 0L, A ML S50 et Cd®* i B
, TERARHRE Cd WP (11.2 ~89.9 mg/L), K2k
ALY RN R LT e Cd™ A B
A, I HBBEE P MR B 3G I 2 8 A
#e 2 Cd WA IR EEARCR I (89.9 ~ 281 mg/L), &
BRA HLI A 3 Cd™ B IR B T R 25
BHLTE 1, FF B35 35 B VA T B (R B4 i L
Fr, MW Cd WK 281 mg/L B, EBRA VLTS
T HEXF Cd® LB (3.50 mg/g) b I - HE g B
(4.25 mg/g)BEIK T 17.6%, F=HIA AT 98 mg f 5
B Cd™ MRE B — 2 AR . Xt
RGP A5 A, A PSR BR
SRR H 4 R Y 4 G e R B RE ), 16 K 4
o A T R 3 RT BB R OR 25 R HLT
I - 98 2 1 67 ey 50 DA TG R AR B SR T
Cd™" [ BRHRE 11, PR R HILI G 25 B b T -4k
TS A B REHECE , b T FHES 7 B W RR ASAE, FRAIG
TR MER R ac s, DTTRRAIR 1 S8 TP A
HCd™ M BHRE PO 55— T AT RE R T A LR
R Wy EL G 2 E B AR A R 4 )8 55+
) FZEARY T, A AT 22 BT 3 g rh 2% 5 W T 4
JE B TR BB AR >, SRR T X Cd>
W RiEAE RO TP & A LB - RN B Cd
M DTRRAE 13K, TEA IR/ + SR AT SR AR R AT L
JEWE B Cd (I BTRREE T R 12% ~ 26%, ABFFE4EHRS
—%.

2.4 RS T Ca WA R T

53 S HE A RIS A AT O™ S TR B

Ky, SERANE 4 fis, X Cdr R HE Y RE
CA™ M BE RS T3 0 o 2 Cd™ S # i5 k E hy

AES
43

B3 AHEMTE CA RSN

Fig. 3 Effect of organic matter on Cd** adsorption by loam

5

i+
—a— Ut

35 (O8]
T T

Cd I fif it (mg/g)

T

0

0 5‘0 1 (I)O 1 I50 2(I)0 2I50 3(I)0
CA* W IR EE (mg/L)
4 TELEFRBI CA™ BIZEIR R M %
Fig. 4 Cd*" isothermal adsorption curves of loam and sandy loam
11.2 ~ 56.2 mg/L I, Pifh Bt 300t T Cd* iy
BHE I 225, Y4 Cd®™ WA E KT 56.2 mg/L
B, BPBURELXT Cd* R RE ) BE R T, B
WA Cd™" W hvik BE (4 Pl B st 1) L 3% Ca*
O B i 2 (B R T K . 24 Cd™ kB 281 mg/L
i, WBUEEX Cd* A MHE(2.53 mg/g)AH LI
(425 my/g)FEAR T 40.5%. i 1| Al ARSI A
PLBE (74 g/ke) BEMRTHL(20.9 gike), VLA
LTI 2 57 7] RE 2D JT00e L AN - X Ca®" e Bff g
A EZE R . BRSSPI RV, KH | B
FUbR XS Cd>" AR BRI fE 2 S R L3 v A LB 3%
BAK, BHEAYUR A RBOR, A A BRI AR A
B2, WGBS I ARSI T 7 S Ue R BB
FXF Cd® i b i 22 5 S A LR I S i A 6 03
SN 5T WA [7) 398 Jor i 64 2 180 o BE A6 52 i) 1=
HEURL A MR RESY, BRI S AR AR = Cd 1Y
W B4 4 pH A T e L RE R iR L AR T (1Y
H B PEE TR SR Cd™ B RE 00, b R
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BRI AT LIFEAR 3 b Cd /K PRIl S8 e s 1Y

A~ =L [36
R,

25 WEFEATE-4AYRKRESHNNTECISE

i R B B4 2% i)

B 5 St b A (O ) B Re B 2 AT
T A B A PR A X Cd™* ik W Bk R A I 2R i £k (0 B
Cd> WK 225 mg/L), HE 5 A, L3RRI
FZEMFT R R ROR E ARG, - HERT Cd™ i g B
B EEE T AR (P<0.05), {H Cd*" By W% f &5
AN — LB A B ZF R TR - A= 4 5 e B AR B4
B3 IR A0 o E R I B ZE SR TR - A ) B
M 20 ml/kg 41, HHEXERH Cd™ AR BEA # i
KIH, K 3.44 mg/g, BB 11.7%. [T,
ARG S ERAT R AR P o R Ak, IR B cd™
JEXRT CA HIRILRE 11(0.42% ~ 0.48%)I{IE T %} FRZH
(0.55%), BEZE TR DI B3 i+ ek cd™ AR
g, EEATREINEN 10 mUkg B /M
W3R 0.42% . 24 R R AR Rl i, 4 i
FER G B ZEFRAT B A W B BB A RS IR 10 ~

30 mi/kg, H PSR ELG AY J5 A AT BE S AR AN B 25 4
MR- moRE GG, YR RAEAE S5+
HERAS BURE, B9 A K SR AN BB TS e P
PR XS Cd® B FFHRE J1PY. Beesley %FP7MgA:
VIR A 305, HIEW R h CdP TR B
BEAIG; Lu SEUOME AR SRS AT AR 0 B it A 21 -1
PR IS Cd S RIEMET 1%, 7 AME 2R A
VBRI Cd™, ZEIERE RS 2 W A R
ZEALFT PR PR PR R L WL B )R TR
FIR R A Cd S AT R
i B ZEFRFF B R REAR AR LA RS Cd HEW
5.07% ~ 42.63%, ek A Cd fh AT ek g 2
) HA I A5 Ak o Al 2 FOAT T R 3 hn LI
HEV W =E B 2R, g mi e o L33 b b x84
R MR BREE 441 3 LA ) T R B 2 AT B 34
X Cd* ELAT W B0 g i (- HEx T Cd®
Wi SR e T R A s . AR SCEE SRS L R — 3
¢ WG B 2 00 FT T 36 5 A ) TR 5 RE A% 15 - s X}
Cd™" MWLFHEE ST, BRAL Cd ME k.

361 — g T T 7290

3.4 | —o— MR T

32| T 15
= T
Eﬂ 3.0 | g
£ K
IH 28t 1.0 X
= =
% 2.6 8

24 F I\\ | e R I 105

22

2.0 0.0

0 10 20 30 50

i B 2 ST ) B3 S A AR TE T (m k)
B5 WMEFAFE-EYRRESERTLIIE Ca®™ RHSHRMZE

Fig. 5 Cd*" adsorption and desorption by soil added with different amounts of Bacillus subtilis-biochar immobilized complex
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FHEXF Cd* A HHE R E VE Cd W | pH )
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HIMEEERE S, IEELAERTINE R 20 mg/L X Cd* By
B 3 3 i KM (3.44 mg/g), ELHEXT B2 s i 11.7%.
[AIf, Freundlich % (R*=0.997)2¢ I + 31X+ Cd*" Wk
B 2 A= FEAR Y R TET o IR ZE AT R 2 W B e
BAEREFAR X Cd™ B, i, Hif

FEAT T —LE W B 526 A0 it 8 4 Ja 7 -3 b iy
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