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Leaching and Deposition of Fe and Mn in Sand Column and Their Adsorption Characteristics of Pb( I ) and
Ca(ll)

XIA Biao, YIN Lan-guo, CHEN Bin, HUANG Li"

(Key Laboratory of Arable Land Conservation(Middle and Lower Reaches of Yangtze River), Ministry of Agriculture, Huazhong Agricultural
University, Wuhan 430070, China )

Abstract: Dynamics of Fe and Mn oxides have important impacts on the behaviors of Pb and Cd in soils. In this paper, deposition of iron—
manganese oxides and their isothermal adsorption of Pb( Il ) and Cd( II ) were studied using Dolomite sand column. Cutans of iron—man—
ganese oxides were generated by leaching different concentrations(0~0.04 mol - L") of FeSO, and MnCl, solution through the column for 50
times. At 0.04 mol L™ of Fe concentration in the leaching solution, free and amorphous manganese contents in the cutans on the sand sur—
face increased with Mn concentrations in the leaching solution, but free and amorphous iron contents in the cutans had no obvious changes.
Atomic absorption spectroscopy (AAS) and Energy Dispersive Spectrometer(EDS) analysis showed that the amounts of free and amorphous
iron in the cutans were higher than free and amorphous Mn oxides. Scanning electron microscopy (SEM ) images showed that the forms of
iron and manganese oxides deposited on the surface of the sand appeared spherical or platy shapes and their distributions were irregular.
The maximum adsorption of Ph( II ) and Cd( I ) generally increased with iron and manganese concentrations in the leached solution, with
the maximum adsorbed Pb( Il ) higher than that of Cd( II ), with the greatest difference of 8.43 times. The maximum adsorption of Cd( II )
had significant positive correlation with free and amorphous iron oxides on the sand surfaces, indicating an important role of iron deposited
in the cutans in the adsorption of Cd( Il ), but the maximum adsorption of Pb( II ) had no correlation with free and amorphous iron—man—
ganese oxides.
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60 COMET 7. AR 2 RE IS RS0 K 4l S
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W B 8, mmol - kg™ s K Ay 55 R0 7 50O BP0 5
C Ry VA b 4 R B - B9, mmol - L™
1.3 #iEALIE
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P S B R X ER R R K . b ¥ €D E
PRI B T i S Ui B R A2 A AR TR, ol C<D<E, H
KREBORBN W EM2E S, UIFEME I P2k B ik
FEAARIN [ IR W b TR B A R, e B
ek & ARG N o AP v &2 R S K i B AR Y
TN T E>HEs FE ATREE R TR b 2
TR BN, T )2 WAL T A5, s
PR TR S AR P R A0k 2 B R 2 E R

b3 B.C.D.E AR f B S i yu [l oy 0.74~
1.35 mg- g™, HeEk TG AL 3 Ky 7.85%~17.89% , 254k
FIECR o WSS SRR R Ab 3 B, AR SR & 1
AV R R TR A 1 (L B IRV T e ok
A E0R )| I | EI TSI 2 7R e e = 3 R A X e K E -]
Al it T A Bt o TR U B TR B R Iz kg . 53 Ab
AT VE S AN ERAE T 2 RIS B I T B2
1, ALFE C.D.E MRS R AR A i 15 AR 55
R 12.09% 11.51% 11.57%, 343 ST HXF 0 #Y
o BRI X AT RE S R A T O A
K A | B2 TR A AR BN E AR Tk
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Table 1 Contents of iron—manganese oxides deposited on sand surfaces

SERE - URER AL

liFEs PhFed/mg-g R4 Mnd/mg g Ik figE#kFeo/mg-g JEAIE A Mno/mg g #RIGILEE/%  HiiG UL/ % 4k HEMnd/Fed

B FJZ(5 em) 7.53+0.17¢ — 1.35+0.07a — 17.89 — —
HJZ(15 em) 7.53+0.44¢ — 1.15+0.04b — 15.2 — —
TJ2(25 cm) 12.07+0.83a — 0.95+0.03¢ — 7.85 — —

(0 1J2(5 em) 5.20+0.01d 0.18+0.00e 0.91+0.05¢d 0.028+0.002g 17.54 15.75 0.034
fFJZ(15 em) 7.06+0.04¢ 0.25+0.01d 1.14+0.05b 0.035+0.002ef 16.19 14.13 0.035
TJZ(25 cm) 8.94+0.2b 0.30+0.01bc 0.74+0.00e 0.036+0.000def 8.3 12.09 0.033

D FJZE(5cem) 5.88+0.27d 0.20+0.01de 1.01£0.02¢ 0.034+0.001f 17.27 17.2 0.033
FJZ(15 em) 6.97+0.35¢ 0.24+0.01d 1.17+0.08b 0.043+0.003be 16.78 17.43 0.035
TJZ(25 em) 9.62+0.54b 0.34+0.02b 1.01+0.07¢ 0.039+0.003cde 10.48 11.51 0.035

E  LJ2(5 em) 6.00+0.21d 0.26+0.01cd 0.81+0.05de 0.040+0.001cd 13.53 15.61 0.043
HFE(15 cm) 7.33£0.3¢ 0.32+0.01b 0.91+0.02¢d 0.049+0.002ab 12.4 15.25 0.044
TJZ(25 ecm) 9.19+0.38b 0.41+0.02a 0.74+0.06e 0.047+0.002a 8.09 11.57 0.044

=" FRIZITEIE AR . B:FeSO40.04 mol - L™ MnCl, 0.00 mol - L™; C: FeSO, 0.04 mol - L™ MnCl, 0.01 mol -L™;D: FeSO, 0.04 mol - L™ MnCl,

0.02 mol - L™"; E: FeSO, 0.04 mol - L' . MnCl, 0.04 mol - L',
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Figure 1 SEM micrographs of different layers of treatment B and E samples
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Table 2 Element contents of different layers of treatment B and E samples by the EDS analysis
Kl I BT A 5K %

0 Mg S Ca Fe Mn al
& 1-a 101 45.28 0.53 0.56 6.47 47.16 — —
I 1-b 1w 13.41 59.03 2.68 0.27 7.3 17.3 — —
B 1-c 6.96 48.09 0.75 0.32 5.01 38.86 — —
[ 2-a T 13.84 62.67 3.39 0.32 5.83 13.53 0.43 0
& 2-b M 7.87 53.97 0.49 0.59 1.97 33.41 1.72 0
& 2—c i 0 57.72 0.83 0.54 3.25 35.62 1.72 0.32

H:l-a 1=b 1-c fll 2—a 2-b 2—c 435132 R B AL M FeSO, 0.04 mol - L™ MnCl, 0.00 mol - L™) Fl E Zb ¥ (A A FeS0, 0.04 mol -1,

MnCl, 0.04 mol -L™)Ff 5 | FR R 20 EDS 4347 .

300

(3]
wn
[«

200
150
100

50

Ph( T )it fmmol - kg

10 12 14 18 20
Ph( I ) f~F- v i /mmol - kg™
A:FeS0,0.00 mol L' MnCl,0.00 mol 1.3 B: FeSO, 0.04 mol - I.* \MnCl, 0.00
mol - "3 C:FeS0,0.04 mol - L MnCl,0.01 mol-L™";D:FeS0O,0.04 mol - L,
MnCl,0.02 mol L™ E: FeSO, 0.04 mol - L' MnCl, 0.04 mol - L

E 2 Z4:32 (A B.C.D.E)FEE@mxF Ph( 11 ) B9%Ei5 IR b B &
Figure 2 Isotherms of Ph( I ) adsorption by
tested samples(A .B.C D .E)

*x3 Langmuir FHEMEHEMERRM Ph( 1  HBEXSH
Table 3 Langmuir parameters for adsorption of Ph( II )

on the samples

A3 e R Bt e /mmol - kg™ K R? n
A 291.25 0.1723 09872 15
B 357.66 0.101 0 0993 3 14
C 366.39 0.126 3  0.988 4 15
D 385.27 0.1123 0995 4 15
E 390.96 0.1597 09915 14

T K SR8 K, R 2R MSC R n FOR T IS A

H

I X A B TR R TE AR R AR LA R,
i (R AR T g LA ., W R T £ S e 1 TR U0
P ID) ARSI o
2.3 B3 Cd( 1) a5 iR iR

ME AR CACT ) A8 25 2 B 2k (151 3)
W LUE Y BEE A E R CA I Y 0

Cd( I ) fty - /mmol - kg™

1 2 3 4 5
Cd( 1) 8~y e FF /mmol « kg™
A:FeS0,0.00 mol- L™ MnCl, 0.00 mol+L™"; B:FeSO4 0.04 mol - L,
MnCl,0.00 mol-L; C: FeSO, 0.04 mol - L MnCl, 0.01 mol-L™";D:FeSO,
0.04 mol - L* MnCl,0.02 mol+L"; E: FeSO, 0.04 mol - L \MnCl, 0.04 mol L'

B3 AR (A B.C.D.E)XF CA( 1T )95 IR B i 2%
Figure 3 Isotherms of Cd( Il ) adsorption by
tested samples(A B .C D .E)

R, RERD XS Cd (I ) Y W B 6 Bl 22 38 Ok L 35
Ph( 1) AW BEAR AL 7 CA( ID ) P AT 2 mmol -
LI, A5 Al et Cd CTD ) F 0 i 2 1 A 7k 32 ) 3
i A 7 CAC I )-8 R T 2 mmol - L
e, X CAC I ) B B 84 i R4 i 2

H Langmuir J7 #2 X5 CA( 1T ) % Wz B il 2 12847481
FL AR 4, BAEFEXS CAC D) Ay fe S B /)N

% 4 Langmuir FREBEHMREBRWM CI(I)HBEXRSH
Table 4 Langmuir parameters for adsorption of Cd( Il )
on the samples

by R -/ mmol « kg ! K R n
A 34.56 0.5828 0.9809 13
B 42.56 04380 09821 12
C 41.74 0.5852 09805 13
D 44.49 0.584 6 0.986 3 11
E 66.03 04073 09839 13

T K SR W R R FORAMSE R, n ZOR (TG R
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iF R E>sD=B=~C>A, H E &P 35 3] 66.03
mmol kg™, T A LLHR—FF, K (ER/MIF R C=
D=~A>B>E,R? (UL H N 0.980 5~0.986 3. ixX KA AL
R TR I BT Cd (I ) W B A7 5 Langmuir J7
o 5 PhCID ) AR FEARRL, ZE00 AR kv B R
0.04 mol - L™ B, Zb ¥ B .C.D .E Xt Cd( 1T ) fitg W& jff =
O FEA IR Bt A i R TR Ve AL A B I i 384 i, H
5 PhC 11 ) g W B HL A S AT A ], 2 2R BRAE C Ab B
B R KW BFHE s T B ARERAY, i HL B .C.D AbFREY
B KM B AR 2T . XU e B B 428 Cd
CID) A 20 T — e AR EVE A AR 0 75
0 R R O — A, R G C I ) ) e o, A
RN

2.4 g

FESRXF PhCID) (Cd (T ) 8 f RS B A |
6 J B TR D R () B I T G R, U B4R S Ak
Prxy PoC 1) (CACIU ) M AT — 2 B2 R . A BFSE
FERH EEARIE LR B A L R R AR
W B 4 e s AR (B SR CAC D) Y f
FIG BT R ESD~B=~C>A, Ui 4R o
15, TR RIS — 2 K BRI AN R T 4 s B T
W B /N I — PR R P BR AR A TR EL G R Cd (D)
BRI B At A P B T VE o A AFSE T JCE
TE S B AL BRI B K 7 Cd> 5 e P25 R AEf, &
R B R SRR S R B 2 R, Cd>
VR 265 v 110 8% 5 STk 2 i i B g

Ritigs Ph( 11 ) CAC IT ) & v B (3G I, AR [T
XF Ph (L) Wi B 1 1 45 Cd ( D) K, 45 Ab BEXT Ph
(ID) AW fHERE (K {B) R ASE>CSD>B, Tkt Cd( 1)
#4 ASC>B>D>E, ZRFE E A1 A XF Ph( 11 )P4 0 i
I B At CAC T )i 5.92 F5Fn 8.43 £%, % #
ARSI R R AR S Sy R Ph( ). 7E Ph( 1),
Cd (I ) )~ A e 2 AR TR] Bsp Ph (L) fy W2 B the A 2
KF Cd( 1), XAl feY P> CA* W c E AN E A
DR 358 P B 4 A B AR E L S W B A A AR K
KFo ML LR W0 3R AR I XS R
Rl TR FERE S 2 Ph( 11 )>Cd( 1), X al RE 511
T UK G B TR R/ M 7,

R T BRI AS R SR A A B X
)@ Ph( 1) CA( I ) e KM Bt g s ), FRAT T4 7
T IR, S al s, R IS 1 1 2 A %)
HwaJE CACID ) iy R R & 55 i g R A i 2
W AEA DG, AHOC R B ik #) 0.847 .0.882, KK

JEE R kS AL ) T 4 i s R A B i A 4
FERH , CA> W B ) Ak AL Tl i e T 2 2 ph AT
5 A AR B 1R AR /NS, 55 AR ST 25 SR AH
o i Ph(C D) AR R B 5 A T A A 4 T I 2
AR (H S B A Nl AT A A A O R B0 51k 31
0.705,0.692 , BH I iy T~ H 55 s kA A AR A G
FH, FWATE Ph (I ) A W8 B Hh 4 S8 Ak 4 04 7 A
R TFEEIN . AW, Ph I 1) 44 4
Tl F R 2 A A AL AR A AL B
AN IR AR S SR SR8 AR ARG AR EAE R S
Bl FA T EE 4 Ja Ph( D) \CACTT ) MRz B i) 52 mi A5 ]
AR FRE— T

F 5 RABMEBSAERESKENEXRE(n=5)
Table 5 Correlation between Pbh and Cd max adsorption and
different forms of Fe—Mn oxides(n=5)

B CAC I FE R, Ph( I ) K% b/
mg-g”! mmol - kg™ mmol -kg™!
sk 0.847* 0.432
gz 0.801 0.705
E[SVIZ2N 0.882% 0.381
Bl 2 0.797 0.692

TE % BORTE 0.05 KIS &, FoRTE 0.01 ZKPAR AR

3 #ig

B AR VR P AR B e n R R T =
AT A VE BRI T IR P kR 40.04 mol -
Lt Bsf, il OV YR P R v 2 P 388 o, e 1 e A1
S R 0, TR A AN B . Rk I
FECHR R 118 i AR B8 K T 14 o BB R A ki S P A
BROESAHCIRER, B A4,
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