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Novel Insnght 1nt0 the Adsor.,ptlopr Mechanlsm of Fe-Mn O)glde Microbe Comblned
Biochar for Cd( ) and As( III) / 7 < :
LIAN Bin"*, WU Jizi'™ | ZHAO Ke-li"*" | YEZhieng- qla.llll ' YUAN Feng' .

(1 Co'l‘lege of (Bnvironmental and Resource Sciences, Zhejiang A&F” Unlverslty, thrdn 311300, China; 2¢Key LdbOIleI‘V of Soil Contamination Bioremediation of Zhejiang
Province, Zhe]lancr A&F University, Lin'an 311300, Chinags3. Zhejiang Prevrnmal _KIS'} Laboratory of Agricultural Resources and Environment, Hangzhou 310058, China;
4. Hdngzhou thu Envi ironment Group, Hangzhou 310013, Chmd) ]

Abstract; ,A Fe-Mn oxide-microbe combined biochar ( FM-DB) was prepared to simultaneously remove Cd( I ) and As( ) contamination in an aqueous system. In the FM-
DB, the best ratio of Fe-Mn oxide (FMBO) and carya cathayensis shell biochar (CCSB) was 3% +3%. The material had good acid resistance, mechanical strength, and
mass transfer performance, and the maximum removal rates for Cd( II') and As( ) in the binary system were 77.29% and 99. 94%, respectively. Characterization confirmed
that the FM-DB was successfully prepared and had a rich functional group structure. The single-factor adsorption test results for Cd( II') and As(Il) showed that the
composite material had a certain adsorption capacity affected by initial pH, equilibration time, and initial concentration for Cd( I ) and As( ) under different conditions.
The adsorption isotherm and kinetic data indicated the adsorption equilibrium time for Cd( 1) and As(Il') was 3.5 h and 8 h, and the maximum capacity was 59. 27 mg+g ™'
and 84.73 mg+g ™", respectively. The adsorption of Cd( I ) and As( ) was mainly affected by the electron exchange, electron sharing, and complexation on the surface of
the material. The whole adsorption process was a combination of single-layer adsorption and multi-layer adsorption on an uneven surface. The adsorption process was a multi-
step process, including outer surface diffusion and inner particle diffusion. In addition, comparing the removal rate of composite materials in the single-component system and
the binary system, a mutual promotion of adsorption between Cd( II') and As( Il) was found under the binary system. In conclusion, oxide-microbe combined biochar could
be an efficient adsorption material and was suitable for the remediation of aqueous system pollution caused by Cd( 1) and As(1ll).

Key words: heavy metals; Fe-Mn oxide; biochar; microbe; joint repair
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HA BB S0 0.2% ~0.3% (DS 4 0.05
g,CCSB Al FMBO ¥1°4 0. 075 ) ; 4 JRIER N 25
mL, 577 W B 25520 30°C, 180 r-min ", W Ff 52 46
HE 3 {A,h%ﬂ¥@wﬁmﬁ%‘lbﬁnﬁ, iR/
RIUN

FM-DB % Cd( I1) F1As( ) — JC K & il H: g
B 7ECA( ) ANAs( ) #eBE M 30 mg-L~", pH 7,4
Tl 24 b W50 T IF R, S T BESEAS R LA 7
FMBO F1 CCSB 453 3 5 & 4 8} 0 W B 6 77, [ i 2%
JEFIILFY Fe T+ 186 F MK Ik, FMBO
IR 0.5% . 1% . 2% F13% ; CCSB YR
H0.5% ., 1% . 2% F1 3% , 53 )l & Z A4k, il
PRI 24 h 0 5E B2 A AR X P RT3 1Y &
B, RBRFRRAAN(1) .

EBRE = (¢ —¢,)/c (1)

K, e Bl e, 3 AMERZS IR B2 F FM-DB Ab 2

Transform
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JEHeE (mg-L7").

FM-DB %} Cd( 11 ) FlAs( ) — etk -2 &
IR . W) 6 pH %) FM-DB 1% i f4 52 Wi | S 36 4% in
FM-DB FpH H2.3.4.5.6,7M8ACI( )
WM pH 3. 4.5.6,7.8.9,10, 11 F112 1y
As(ID) 35 W b, P FP O &R 19 90 16 Wk B ¥ 4 30
mg- L™ YR 24 b, BOREIN 2 54 J Wk 5 P-4l
B E] X FM-DB 0 B 79 52 i , S 56 %8 i FM-DB. T &
SR (FGE Y pH) |, PIRIOT R ) 46 Wk 2 1Y
910 mg-L™". fE 5. 10, 30, 60, 240 F11 720 min
(CA)RI1, 3,7, 12, 24 Fl148 h( As) Z/~W B st [a]
ORI 5 o 4 R Vi B 5 W) 46 R 4 Jm Wk X FM-DB
W B} %) 52 ), SE2 88 8 Jin FM-DB T 3, 5, 10, 60,
240, 360 1 480 mg-L~"AyCd( I ) %W A1 10, 30,
90, 120, 240, 360 F1480 mg-L ™' BYAs( ) I
(Y pH) |, 428 W B — 2 I TR], IBORF I 2 5 )
1.5

—

W RS 2 417

w3y /| -

L Sy = K G- )V AR
gl = Ky (g, -4)7 0 @
St g, Flg, SR s i ¢ o 2 0
(mgog )15 K FEK, G351~ 30 M=/

IS0~ O 5 f A =

1.6° WERR Ty A SRR B )
Laihgmuir F1 Freumdlich 77 #2435l i A (4) |
MAH(S) .
q. = ¢.Ke./(1 +Kc,) (4)
q. = KFcel/n (5)
K, g, AERKRWH AR (mg-g™") 5 ¢, A
W B (mg-L™") , K, (L-mg™") fl K,[ (mg-g™")
-(L-mg™")""143513/R Langmuir A1 Freumdlich &
TR ) R O S 3 5 L IR RS 5 ) AN 88 &) P
WA S SR, (RLBSAC, W R MEREBLF. 1/n
WL EPE RS, 1/n <1 B BB, n=1 B
LMWL, 1/n > 1 By ARA0 B0 B
L7 S3#risE
As i FIXGE J5U7 2966 B 1 (AFS-2202E, b
HUEEALAS, A D W5E 5 Cd A 220 Jr I i
366 EE i ( AA-7000, SHIMADZU, Japan) il 2.
Do TER FHA 6 BETE (7220, B IACHL A BRA
D) P 43 M. pH {E R A pH 1 ( SevenExcellence
Cond meter S700, Mettler Toledo, Switzerland ) il 2.
B AL PR ) Microsoft Excel 2013 | OriginLab Origin

U — 3 Iy T RS A 8(2) T

2019 1 IBM SPSS Statistics 22 #4783 G114
MrAEA.

2 HR5IHR

2.1 FM-DB HJEAE

FM-DB Tt . HLAGR B2 L o Pk Re A, HE
FEAVER AN 2 .

SEM KAk K1 78 CCSB 2 i A K &2 19 L
(El2) , K285 MEB AL DS $& 4t 1 2
i, WIS FMBO #2455 TR . 805 R AR
CCSB R TH M it 45 5, (H LB 45 H % CCSB
P/, X Ui DS AT FMBO Fff 25 7F CCSB i,
XALIE B A G A e A R .

FT-IR (5% Al FM-DB 524 W& 3 fif /5. CCSB
9 FT-IR B35+, 3410 em ™ 4077 7EH O=T {4
SRBN = H9TEE 5 HE1 390 ~ 1 580 cm M 945 20
Wty | U2 ph 5 B B ) Y € =C %%ﬁ@ﬁ;ﬁi
fs 76 693 o ALASERIL BT G H 2 i
7= AR AT T 120 em ' b Y WA 22 €20
AR SN . 7 FVRDRJIYIFT-IR P 6075, Fe
5—OH SERIE U 374, 13 Fe—OH iRzl
1030 ey ' Ab B RFAE UG M B 762930 em '4F
LR G T 0 o 0 R . e
2, K AES 410 em ™ ZBATT 030 ~ 1 630 em ™ {y i

R R 2 CCSB G, R W] Fe HEE1E

MRERIIGIA T KA.
R2 KEEUY-BEMRBREY TR FM-DB) FERER
Table 2 Basic properties of Fe-Mn oxide-microbe

combined biochar( FM-DB)

Wi AR T (2 H %) ML Fite (ki) R
: /% (FEF1)/N /g P
FM-DB 16. 70 3.283 0. 0424 KA

2.2 FM-DB %fCd( 1) FfAs( M) —JoiAk 2 Hmg Bt
1) 5% M)

FMBO 1 CCSB [ i Jin & X FM-DB Wg [
CAd( ) FAs( D) GE Sy Wy N 5] 4 Fr . 45 R 3R
W1, FM-DB X P F 5 4 J& J0 2% 25 BT 1 W B RE
71, kfi% FMBO F1 CCSB i Jin &t i34 i, FM-DB X
CA( 1) FrAs( ) By ZBR 3535 M 42. 68% | T3]
77.29% #1 47.20% & F+ | 99.94% . FMBO Fi
CCSB S 2 (38, 5 300 b 51 4 J 25+ 1 B fig
0T P 7 5 3 BT, T 5 T FM-DB X
CAd( ) ATAs( L) i 25 B %, X4 FMBO %S i = LA
0.5% . 1% . 2% 3% i IGH} , FM-DB X As( Il ) 3=
bR %R 2 $E m, o 3k 59.89% ~ 67.00%,
69.07% ~81.29% , 91. 67% ~99. 62% F1 99. 94%
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D60 XlOk 100|.1m

D5.9 X2.0k 30 um

/S f;‘”' L (o) 5 cCnd f %gef 00015 (o) A(d) % FLBB HLAT 0012 000 P g
o | “gﬁvkﬁimaﬁ( CCSB gt'wj ﬁi%ﬁﬁi%ﬁ&ﬁﬂw%nm MAREE(SEM) B | &
| | F 22 %J_‘EM spectrum of carya|cathay fls shell b har( CCSB) and Fe-Mn ox1£—m1¢0be Gﬁﬁ&blnea biochar( FM- DB) Y
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1 1 1 1 1 1 3400,
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Fig. 3 FT-IR spectrum of carya cathayensis shell biochar( CCSB) and Fe-Mn
oxide-microbe combined biochar( FM-DB) , and FM-DB physical display

PL_F. FMBO 1 Fe Al Mn £%2L) FeOOH A1 MnOOH A5 DL R JEH . CCSB A it . 3 & 10 2 1B it
WAfEfE, AW R E R (—OH) 5 As0, | 454, —C—OH, —C =0 Ml CO0O— % 5 5
AsO)” BB a4 A B FMBO REA 2 CA( D) RAEZKE RN ™ B MAEY DS i A
MHABH A (). 24748 DS (9 CCSB Hm L B AMMARAS 14 56 ABHR (S T 55 22 1% 1 0 B 7
0.5% . 1% . 2% F1 3% $h3BF, FM-DB xfcd( 1) &5 FrF A SR EH S A %L EL R
02 0 R 2 FF i, 4y ok 42.68% ~ 56.16% .,  CA( 1) Bz %),

48.95% ~59. 18% . 55.45% ~73. 43% Fl 64.22% FM-DB Wi e 59 FT-IR SGi% E i 5 fis,

~77.29% . CCSB AWM B Fecd( ) £ 5 FM-DB WEFf A A o, FM-DB M FfHf5 669 cm ™ 4k
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JEAs(ID) —O 2y 4 A 9 e o7, R W As(IIL)
—OH 2 [a) 3 15 35 52 6 F1 A S AH F AR FHIE BT 19
A28 (Fe—0—As) ™5 7E1 390 ~ 1 400 cm ™
Ak HB IR 5 20 TR B S (R AR IE DT ( protein amide
1)) FM-DB xfCd( I ) W Fff 3= E i ik 55 CCSB %

TAT B —OH S WA BSR4 6 4, W B ot 72 9 —OH
7£3 370 ~3 410 cm ™' Zh B4 IR S BrESE . ik
25K W CCSB/FMBO s M H 3% + 3% A,
FM-DB XFCd( I1) F1As( I0) W% Fff fiE J7 e 4, Jim 225k
I 3K — VR IR LA A 7 S 6

aaababa

7 L Y

95 2 7 Z
%
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: 113
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H Ld é
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w
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.

[ cdbr%
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+052+3 2+2 2+1 240505+305+2 05+105+051 +3

7 FMBOFICCSBF3 i LL fl/% , -
SR &M pH 7.,-""50"0', 180 remin ", WIHACA( A ) %ﬂAs(ﬂI}fﬂfg‘ﬁ 30 mg-L7'; 1;%%@22%/% £ ﬁ?&iﬁé ;‘ﬁﬁ?ﬁi‘%ﬁﬂfﬁl‘ﬁﬂ E’JE’E%VE
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e
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2 Eiﬁw Ql 0
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L 1 1 1 1 1 L
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Fig. 5 FT-IR spectrum of Fe-Mn oxide-microbe
combined biochar( FM-DB) before and after adsorption

2.3 PRI IR S
2.3.1 HIth pH XF FM-DB W FH it 520

#14f pH X FM-DB X Cd (1) F1As (1) 25 BR 31
SEMRANPE 6 JIT7R. G52RR I, BEFE 0T R pH (ELAYHY
it FM-DB 36t (1) AAs (I B9 25 bR 5L N
JEREARAY . Wt pH XFCd (1) ZRRRE B, 175

F.ig. 4 hffect of Fe-Mn oxide-microbe co'mbinegl'I.bg()chalrfJ l*ML"DB) with preparation C(;ndiylié‘ls on the r"en!bval rate of Cd( II) andl-As( il

FM-DBUL 5 (Cd) Mf

) © 1%

) %ﬁ%ﬁwm-wiwﬁ%ﬁ%ﬁ%{ﬁwr%m) Bl SR TR RCA( 1) FAs( ) KREOHIE &

)%
pH {H2% 3 i, FM-DB %fCd (1) L BR40% 25
DRRRTES N WP H 3% ke HY &b 5
AR TS G A BT 4, I 5
FHCA(I) Z Ja) 7= A g s 7, BRAR L R R 5 ik
AN BImERI A N —E R ERRE T DS Bis v, B
Z S ABEZABET . 2 pH N 3 ~5 I S
pH (A4 7, FM-DB XF Cd(II) 2B R E Wik i, M
27.08% ~ 39.70%. 24 pH & 6 i, I BF FM-DB X
Cd(ID) Z=BRak BN Eedd:, hy 46. 90% , i 2 THi#% pH
[EREOE N =IE v = S 1T N 1 Waada ot i e A 482
S RIS R 1 F 4 22 | e IR B 5 AT
AT B RO BB 24 pHL T 7 I, R
H R EE 2 Cd(ID A (OH™ ) 77 AR R W P DT TE
Cd(OH)," . Wtk pH %fAs (1) B ZBRFIL %A 5%
Wi, 24 pH AT 4 IF, FM-DB %f As (1) A9 25 B %8 1k
97.90% , K% pH {E A2 8 3m (4 ~12) , FM-DB
XF As I ZBRFIAL T T 98%. Xu &1 BBFSE & X
FBMO BEFEREK 1Y pH 3 Bl AR H5 A 2 19 As (T W
Bt , I E R O FM-DB #5828 s fig )1 (CF- pH A
6 ~6.5) , PR A AT As (1) AW B A 264355
k. £567% 18, AE pH Ry 6 B A AR CA(TT) Fil
As(ID) Y RBRRE AT, 5 22 Bk £ pH 6 Sy W it
fefE pH.
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2 40 58 = og) / &
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152 ¢
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pH{IL pH{i
SEHG 2544 :30°C, 180 remin =1y IRZELEFIR £ BRUELR; pH, Ak P SR A pH
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Fig. 6 Effect of initial pH of solution on the removal rate of Fe-Mn oxide-microbe combined biochar( FM-DB) for Cd( II ) and As(Ill)

2.3.2  WEFFATE]GT FM-DB W% Bt i 5

W BiFEF 1] % FM-DB X Cd( 11 ) AlAs( 1) R
(I AN 1l 7 Fr7s. 45 536 B, FM-DB X W5 Ff ot %
FY 2 6256 g B ] g 98 00 T 48 55 , 5 26 36 B Al
CA( IU) SE PRk 2 1 W b 5. FM-DB XTCd( )
(4 25 B AT 1930 min PR %ﬂm Fﬁ%ﬁﬂﬁﬂ
{bRETI %%%T&ﬁ&%% TE3 ~l4 h HTJ:/S@JF& :
%ﬁ} EL)| 720 mm WE%*}MJJTGMHM%’;. 53
B e 4, ﬂijt%ﬂ‘%zﬁ 45. 65%-:; ﬁﬁiﬁﬁﬂ‘ﬁ
As(lﬂ)zéﬁ%ﬁfnu 5hiX H%@J:ﬂ Fﬁ%ﬂilﬁ] E’J
14 i %@K@Eﬁ‘&m%_iwfﬁr(s ~ 10 W) L H,
wkzﬁ%};ﬁ% 34% . 5K 4 " EM-DBY
Mﬁ%é&%itﬁﬁ%%’ﬁf?ﬁﬂ KR T, E oM
Fhtaa( 1) FAs( ) 92 W B 5 F — o ik
2,0 0N 45.65% TN 77. 29 % F196. 34% 1
Jn#E 99.94%  BiACA( 1) FlAs( ) B 7 18] £ 7F
PRI Ren 2501 W BIF 5% A5 A DL A0 45 3% . 6
W RFE . R4S AR A B (4 JE AE 2R TE T ) 5 B
R (HE AR A 2 18 BT ) = o0 3 4% A W R il

48

ﬂmf

B —F 10 47 76 1T LS o 4 )@ PH ?ﬂﬁﬁﬁﬂ’]i%ﬁ
PLH.
2.3.3 @Jt%%f“xj‘ FM-DB wfiﬁﬂﬁ%ﬂﬂ "’f

VI T 4 JR W X FM-DB % cd( 1T )%n s( )
SRR MM 8 . 4 S0 g B %4
ﬁm%é’)ﬂ%fﬁ%%%ﬂﬁ‘%ﬁ 38 $$)Lﬁ{$f‘lf
EIOREE éﬁca(ﬂ)%nAsm)m% 3% 3 ~
10 mg-L~ lirp 10 ~10mmg L'}, FM-DB aﬁgﬁ%ﬁp
N, ﬁhlya_iu 47:36% ~ 48.7% Fil98. 63%.~
99. 73% , W% e JE BN | A 4 A R T O A
FEAMMI A A LB R, B Cd (1) MAs( D)
IR BN KIS N, 52 6 RS IR T R 1 LR 3
I RS R T KA aG e B L ff g
FIRATARAN, AT 2 A7 5 LA 4 fa sk, Bl
EERRIBEIFA T LT RN, 5 6w W A
WA, %o A W A KA 2 1 R A A
b, B B RR R, 24 Cd( 1) fAs( 1) #ihh
WEEIS 480 mg L' B, KBRFHAL, K 26. 10% Fil
66. 07% .

(a) Ccd(1l) o | (b) As(I1T) PR— 5
46 + . T/
44 b 94 ||
= ?e |
; a2l % 9L |
s = |
H 40 + ® 90 F |
|
38+ 88 - |
36 - 86 1
?4 1 1 1 1 1 1 1 1 84 1 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 -5 0 5 10 15 20 25 30 35 40 45 50
I fii)/min I5Fl/h
SEYG A pH 9 6, 30°C, 180 remin~'; TRZELFIR = brifiisn

B 7 ORB A B X Sk E AL - A M S A B A 8 (FM-DB ) XFCd ( 1T ) FlAs( 1) EBREAIR00

=

Fig.

Effect of adsorption time on the removal rate of Fe-Mn oxide-microbe combined biochar( FM-DB) for Cd( II ) and As( 1)
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Fig. 8 Effect of initial concentrations on the removal rate of Fe-Mn oxide-microbe combined biochar( FM-DB) for Cd( II ) and As( 1)

2.4 WRtsh i

WK 9 3 3 s fECd( 1) FMAs (I w0 h ik
JERIH 10 mg- L™ pH Ky 6 Z&AF T, & 5Bk X
CA( ) FAs( ) FIMEBHAR 9176 3. 5 b RIS h Bk H %
BAFS- 165 98 ol B 4 J 1) W F 43 A /S Bl AT, %
Cd( I1) I ZEdR 4 1 h V\JHWWH ais 5 he
B’J%ﬂ?ﬁ%ﬁx A 1) Bﬁ%immﬂﬂﬂ,ﬂ’} y },m ﬁa‘%

B 3032505 R FT LA b A b e F B L
EW@ F"KJUJ%IH%%TE%U/—\M(WE’J”&W

SR (R =0. 98 )i i #fE — @mﬁﬁ%ﬂ”ﬁﬁﬁ%ﬂ
ERPExTCA( ) 0 B (R =0. 757 ;;_t%ﬁﬂﬁ
X PR GRTE CACIL ) FlAs ( I[[)m@“ztl?éﬁ_&ma_
SRAZ I B 31 Ui%ﬁ'ﬁwﬂu SRTRE T8 ST R 32 o
%iwmﬁ%u#“%ﬁ 5&%&4%@&&%9@%@% Hiﬁﬁ"‘

Wﬁﬁ H=ZES h“ﬁL?’J%@IWW #HE— ?ﬁ& JEJEL g ! g g
;o il
(a) Cd(1l) . 122+ (b) As(lI) S
0.56 e -—— -
I . 120+ -
0.54 f
o~ - 118 |
‘a0 LI ¢ e
£ os2f He— )y o £ 16}
= - e A i
é 0.50} g e
= EIRRE:
oast T
L 1.10 -
0.46 | 1.08
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i /s I fi)/h
SEE S pH M 6, 30°C, 180 remin ! FIHACA( 1) . As( L) ¥REE K 10 mg- L' IRELFIR + bRifEiR
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Fig. 9  Adsorption kinetics of Fe-Mn oxide-microbe combined biochar( FM-DB) for Cd( I ) and As( IIl)
F3 YEEUY-REVARBEYF R R(FM-DB) 5Cd( Il ) FlAs( ) KRHIEh A FEIUESH
Table 3 Fe-Mn oxide-microbe combined biochar( FM-DB) adsorption kinetics fitting parameters for Cd( 11 ) and As(1ll)
WE—83) 12 W23 1%
4 - e - - -
q./mg-g K, q./mg-g K R
Cd( 1) 0. 540 81 0.011 14 0.510 64 0. 55553 0. 048 31 0.747 85
As(1I) 1.203 06 2.283 65 0.981 74 1.221 44 6.701 11 0. 959 63
2.5 WEFRER T (SRR ) mg-g ' KT As( ) S KW B 25 K 84.73 mg-g ™'

i 10 M1 4 Fros , Langmuir A1 Freumdlich 15
AU AT LABAF AN A FM-DB XFCd( I1) FlAs(II) i
W B R e R AR o) T o < i S A R R
AR R RE T, Herpxf Cd (1) e R B 25 428 59. 27

n HRT 1B O <1/n < 1), BEBI#F R B T 1%
B . Langmuir #58Y f 5 W B 500 6 TET 4150, W BA Jo 22 [
VA AHEAE R W B2 B 22 W BT B2 B A= 7
RIS R AT s Freundlich #5389 BE AT DL FH T 51)2



1592 I A 43 %
B (@ cd(In) 60 L (&) Asn el
" o
15 s
_ _ 50 ¢
‘w12 | e
o %
5, S wf
e e
= 6L Langmirfi §1 = 30 L
FreundlichH{ %Y
3r 20 f
U i 10 i I 1 I I I i
0 50 100 150 200 250 300 350 400 0 30 60 90 120 150 180 210 240
i i /mg L S e BE/mg L7
SIS Z5F . pH 4 6, 30°C, 180 r-min ' ; iRZELFEIR £ bRifER
E 10 SREENY-HMEMHBEYFARMEH(FM-DB) 3 Cd( I ) F1As( 1) KA 12
Fig. 10  Adsorption thermodynamics of Fe-Mn oxide-microbe combined biochar( FM-DB) for Cd( I ) and As ( ')
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Table 4 Adsorption thermodynamics fitting parameters of Fe-Mn oxide-microbe combined biochar( EM-DB) for Cd( Il ) andsAs( I[I) =
Al Langmuir il Freumdlich 5 71 =
i q,/mgg”" K /L-mg™! g2 Ke/(mg-g™") - (Tomgzt) 1 1/n r R
Cd(II) 59.266 17 0.001 84 0:;95“2 29 0.18289 j A 0. 769 67 .0 951:04*
As(1I) 84.729 31 0. 068 08 0.92452 7.846 0211 , 0. 38309 i 0, 91'45 Iy

WW&TUF”J%?TW’?%%EE’JWW?EKR Li%‘
91 AM-DB KAL) FAs (T K ﬁ%ﬁﬁ%ﬁ%
#t, ﬂlﬁf?ﬂj Ji'éﬁﬂ’]%)zfﬁfﬂf “liﬁhi*”nf‘#fr
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r

%5 EFTKH*EJ%%EP%WHMXTCOI(”H )AL
AsCI) PRG0S 5 o, %1 L IR A 30 )
WS B bR G (T )ﬂEIJAs( ) 45 ALAE
LB ) FM-DB Rl AR i
BT rg R

‘ 7 i %5 x\nﬁﬁmmmtmgm 11 ) F0As( I ) IR BRI LL 3R

s Table 5 Comparison of the adsorption capacify of Cd( Il ) and As( Il ) by adsorbent materials in different studies
T & wel N k| L AT
FM-DB As(Wl)  84.73  ABI5 | FM-DB Cd(Il)  59.27 A5
BReh AL As( Il 78.74 [30] JE B BR ANET A - Pseudomonasputida  CA( 11) 6. 04 [54]
- A ) B As( 1) 6.34 [55] | #5hk-wETEAE DI TR Cd(I)  10.07 [55]
T B W) 7% -Bacillus sp. As( 1) 4.58 [32] || FEREAEHE-Bacillus sp. Cd( 1) 25.04 [32]
FER LY - A AL AR As(I)  75.82 [40] || AR AR 50 A W) B £ L A M cd(Il)  62.59 [56]
Ik H A Y R As(Il)  56.06 [57] | PR RS o cd(Il) 50 [58]
a-FeOOH-Z7 H1: W J5 As( 1) 67.2 [59] || a-FeOOH # BiA: ¥y 5 cd(I) 39.3 [59]

3 it

(1) BRER E AL 6 3 ) S e B2+
(FM-DB) /1, 2kt 49 ( FMBO) Fl L AZ Bk A 9
J5i % (CCSB) AL LB 3% +3% .

(2) KA E A -TUE W 00 B ) T e B2+
(FM-DB) HM R vk | LA 0 B AL B fE K Ar, &
fEAHTIESE T FM-DB A 5K B 2 0 BUR & 1Y
EREHIZEH. 7E —JCiR R T, Cd( 1) FAs( ) 2+
()47 76 AR ELAR 34 0% B 6 VR T, FM-DB X Cd( 1) A0
AsCID) A 8 i L bR, I, FM-DB Al /E Sl —
Pl ART5 L 0 AL R, T8 2 32 2 4 s
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