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WEELAE 1,47 g/m’ L pH 7.1, LR 118. 10
m’ /g, AN & 4. 59 g/kg, FHE 7238 i 25. 31
cmol/kg, 48k 7 68. 56 g/kg, i B & & i 45, 57
g/kg, AL & 1. 63 g/kg, &4h & & 0. 58 g/kg,
12 RKWHE

il £ 375 B 1A PLBEES A . KM FE 45 10 em, =5 40
cm, A =T AE I3 Ab — T R AR L 6 T AT T R
. TEAEFIRERE 20 A BB 2 0 A+
He2.9 kg A AR N 30 em, R EHK
INK 2 em® e AT R E AR UE L, AR R
B WL ARE AT R B R . BB AR
A 3 2 A ) AR AL A R A B T RO L T
PRI W . A AR ol bk 7 D AR DA B K

[Fi] s 9 s o R 22 ) A 22 S R0 R AR L 3 9 N IR IR
B A PR CER 1) 43 AT Bk A T T U8 AR R b i A
AR . T pH (BN 5, K 60 kLA 4 d
PRV 1 W BRI SR B 1.5 L, 20 IR —
BB, AR R p s S LA B TR AR R B, BB
BAHS L TN 2)2(LER0~10 cm, FJEH 20~
30 cm) BUEE  BUREER 2 2393 8 5 em F1 25 cm &b, ¥
FAERT L 2 it FLAR 0. 250, 0. 150 mm . % .

R AT R M- fk TR - A R A T Tk
(DCB ) = £ + 48 v iife 25 5 2k 46 A AL W) (Fed.
Mnd) , & F HE R 55 R #% 75 (Tam %) 12 42 3E i P
Bk R ALY (Feo Al Mno) , 2R FH 7 W Wi 3%
CAAS ) I 7 ¥ H2 0 R AN 1 A 17

x1 HARKKWALE
Table 1 The treatment of leaching experiments mol/L
AP Treatment A B C E F G H 1
FeSO, 0.00 0.04 0. 04 0. 04 0.08 0.08 0.08 0.08 0. 00
MnCl, 0.00 0. 00 0.02 0. 04 0. 00 0.02 0. 04 0.08 0.08

R 53 B E AR Ph* R B 5 S I 14 52 e 18
AE.G.H.I15 MR b F)E 28, #47 P B
W 5 B . FRECER B 0,100 0 g BE & Chi Az
0.150 mm)F 50 mL B} E.LAFH, 23 Bl 0~5
mmol/L i MR #4710 mL, KNO, % ¥ 45 il & 1
SRETE 0. 01 mol/L,#H47 pH{E R 5. 0,25 CHP
2 h HE 24 ho B0, R BWE W L8 S 10 mL &
D RO LI PhY YR E . BTA IR
Pk 3 ANE, ZW0EK T PhTT W B L 25 AR
dibF P A5 R B i . b AR BT A S YRR
s FH 25 B FOK VR 2 WR S Il 45 FE 5 o 0. 01
mol/L ) KNO; 10 mL fERf#WR . 7E(25+1) C
AP EIRIEY 2 h #% 24 h, B0 08 F 10
mL 25048, A WU 1% 2 0 7 A WP Y
Pb*" MR,

1.3 HiEshiE

6 B HE 43 7 % A Micrsoft Excel #1 Origin
8. 03 4T 45 i1 4> B J¢ Langmuir 77 B L& M AVER.,
TR I = AR IE 2 A A & i/l B S
BRAL E AL i X100 %6 5 i MR = i Wt/ WL B
i X100 %% 3 I Langmuir #8177 #2 A

X, KC
Q=11 KC

A, Q My B KR X B 4 R A T
mmol/kg; X,.. N 4 J& 1) 5 KW &, mmol/kg;
K A 35 FI T H R OO RS A 8 50 KB OK 58 B %

Ml B 25 Sl 2 25 B ) S IR P B R S T R
TE BRI AL BE fi 151 AH 49y 5t 3% 3 45 K B W B s C O
-t 4 R B T A R mmol /L

2 HERESMH

WA TR % EER
DARIESERVER . WA I 85 A AR 5 1
BRSO T Mn® T MR (G 2) (W35 in 2 0
ERET R A B>C>D B E>F>G>
H. Bl W Fer ™ w09 58 m , BF & v il g 4k &
R ERm S, A B TEIA TR
TCHG W E AL B 2k 8 5, 80. 4 mg/g; i 7E
WO TC ) 1AL B Y T 2B AL, o 31. 6 me/g.
ST ARV 2 Bl s kS &L R T AL BLF
G HABAL Y R BN FREBRE KT RZ, A8
EZEH BT 2 2080 B 7S 0 5 R i 1
Jn AR &k E R 1 H )2 (24, 1~40. 3
mg/OBBFEEH T FZE (1. 8~18.7 mg/g)., A
AE.C.F# D.H B & F 26 % & &0 508
A<E.C<<F.D<<H,BRIGfLFEFRAL 3 B Z4M 30 I
BERFFE.

DAL S A TE R, A e B 4 o R BE
VA VR T R R T A T R R A L
MM C>F,D>G, A4 H 5 T iifs M & =
S H<TT, RV 5 Y0 W 5 TR) BsF o 2k 5 S 2k 4k
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Table 2 The content of different forms of iron oxide and manganese oxide in leached yellow-brown soil for 60 times
Eﬂi?ﬁﬂz R B (mg/e) e BT8R/ (mg/g) %?ﬁ@lﬁ/% WAL/ (mg/g) Ak B / (mg/ @) %.‘Iﬁﬂsb‘*é/%
Sampling ) . Amorphous Activate N Amorphous Activate degrees
. Free iron X Free manganese
location iron degrees of Fe manganese of Mn
A 32.500+0.113d 0.99340. 183e 3.05 0.072 140.008 0f 0. 00040. 000f 0. 00
B 64.800+0. 303b 17.30040. 233d 26.70 0.056 740.003 7f 0. 00040. 000f 2.24
C 56. 20042, 810c 25.00040. 037¢ 44,50 1.550 04+0. 002 2d 0. 38840.005d 25.10
D 55.90040. 453¢ 18. 70040. 150d 33.40 2.430 040.033 1b 0.61340.006b 25.20
L2 E 80.400+ 1, 610a 40,300+ 1. 900a 50. 10 0.150 040. 004 9f 0.01740.001f 11.50
Upper layer F 57.20041.470c 31.000+0. 106b 54. 10 0.981 040.010 3e 0.22340.005e 22.70
G 58.400+£1.520bc 26.200+3.000c 44. 90 1. 840 0£0.034 9¢ 0.436+0.056¢ 23.60
H 56. 50040, 530¢ 24.100%0. 806¢ 42. 60 2.380 0£0.041 1b  0.64240.023b 27.00
1 33.500+0.559d 0.00040. 082e 0. 00 5.720 040. 152 Oa 1.450+0.011a 25.30
A 32.200+0.601e 0.87440. 529 2.72 0.175 0£0. 015 5g 0.03540.019e 20. 10
B 77.500+0. 396a 43.100+4, 800a 55. 60 0.045 540. 001 2h 0.000740. 000e 0. 00
C 52.800+0.041d 9.250040.773d 17.50 1.190 04+0. 038 5e 0.25840.020d 21. 60
D 50.500+0. 681d 9.37040.772d 18. 60 1.800 0£0.018 8¢ 0.43640.027c 24. 20
T2 E 68.900+2. 840b 18.70040. 218b 27.10 0.236 040.339 0gh 0.000=£0. 000e 0.00
Lower layer F 65.00041. 370c 13.800=40. 144c 21.20 0.887 040. 084 5f 0.202740.004d 22. 80
G 57.00041. 630c 11.80040. 483cd 20. 70 1.500 040,027 0d 0.38940.002¢c 25.90
H 52.100+0. 257d 15.00040. 044c 28. 80 2.410 040. 063 2b 0.63240.006b 26. 20
1 31. 600+ 1. 560e 0.00040. 169e 0. 00 6.470 040. 081 9a 1.570+0. 109a 24. 30

AR FHRRZR B E (P<0.05), FH., Note:Different letters indicated the mean values were significantly different (P<Z 0. 05)

and the same below.

MRS m s AR EEES. L20NFEE S
B, A0 HE 1(5. 72 mg/g) b H (2. 38 mg/g) ¥ n
58. 4% ;T NZMliF M L. H 5 14051k
2.41.6.47 mg/g AbFE Tt H #4m 62.8 %,

MBS = AP C>F.D>G I>H. it
YA bR V5 R v A R S A I O T B AR R G i 1
AR A AR S R S R . AR TLH L2
B AR S UG & 4y ol 1. 45,0, 64 mg/g. AL BE H
L T REAR 55. 6 %05 T )2 MR & B & 2 53 5o 1. 57,
0.632 mg/g. AbH H [ 1 FEMK59.8% . F.F 2 )23k
ARER A & L BRALEE ATAN R L2 > T
2. S0 IS AL R A F B<<C<<D f1 E<F<<G<H,
i, Y % e P R T VR e R R % 38 o S 9 2
T, E S AR R TR VR B A L R i
e TER, RS R AT R
(32.2 mg/g) , MiiF B 4 & it foe e I AL R T 1R )2
(6.47 mg/g) ; AE M B4R % B AE 0~1. 57 mg/g, ME
An BRIP4 R 16. 9 mg/g.
22 #iETIEX Pb* BIEERMSERK

DPb*" (SR W R . i 1 AT R kLA
AL BREL P W B AR T a5 FARBE AL BUARER Y
VE R KT L E A B 0 A BT R B A
R TR R KRR A5 195 mmol/kg, 16 B 1 4
rhE PRI AR R L W Bk ALY A R T P By I
B o AE AR PB*T Y R B S Bl A P R v R A B R

3G, I 2 B BEYY 5 22 1 i

IR T R R T R AR AR T PR B R S R AR
M (P 1A o Y F i ok B I T — 2 X | (B2 o
1.0~1.5 mmol/L; FEZH1.5~1.75 mmol/L) i},
A B RS PO B i EX>H>G, BIFE
FeSO, 5 MnCL R 2 ¢ 1 B d5e/N, 1 F 2 )
M E>G>H, BIfE FeSO, 5 MnCL#JE R 1 ¢ 1
18 B NPT TR (- =T Rl 3 v 11 O A AT =
FE S XT P 18 W B ek 35 55 40K v B 1o 2 A B 1 R

HEBRBR A BLAE A TP bV A B ik ) A
HE X Pb*" W B i A B AL B T R, BV
WA i AN Bk Ah B 1 B 6 P I 22
R T L3 el 22 B Bt 3 1 4 3 V0 B T v S DB G K
XA T A vE R R T A A BEAE — 2. B
B E AL T PR W R D R 38 4 W B e v R Y
Pb? " A A H SO, 2 B AR 4 B 524 1k Rk 4%
P H Langmuir J5 B Xt Pb™ " i W B il 2k it 17
WA FK D, FE RS P B R MR G>
[>H>E>A, R*MEH A 0. 912~0. 968, /&
I T2 EHEXT P i KRt a8 I>H>G>
E>A, RPEFEH N 0. 915~0. 975, &5 1T,

2)Pb*" M., Pb* WM E 0. 25~1. 00
mmol/L B} #E 5 X} Pb*" B9 fit W R BESR -, FHEAE
0~0.5 mmol/L Z a7~ —NIEE(E 2), kb
E i L2 M5 P M 3 AT 35 3 46. 1%, FRAH
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775 WP TR B/ (mmol /L)
Concentration of balanced Pb*

PSP HE B/ (mmol/L)
Concentration of balanced Pb**

A:FeSO; 0.00 mol/L.MnCl; 0. 00 mol/L;E:FeSO, 0. 08 mol/L.MnCl, 0. 00 mol/L;G:FeSO, 0.08 mol/L.MnCl, 0. 04 mol/L;H:
FeSOy4 0. 08 mol/L.MnCl, 0. 08 mol/L;1:FeSO4 0. 00 mol/L.MnCl, 0. 08 mol/L. FEl[f The same as below.

B 1
Fig. 1

B S ( AVELGHL ) XF P B9 S5 IE IR B i 2
Isotherms of Pb*" adsorption by tested samples( A,E,G,H,I)

#z 3 Langmuir FEMEHERERRKM P HEXSH

Table 3 Langmuir parameters for adsorption of Pb’" on the samples
b #f LI DA R
S E‘lﬁ%{ fir . X max/ (mmol/kg) K R? ke ﬁi -
Treatment Sampling location The number fitting point
A 2 Upper layer 123 2.37 0.963 11
)2 Lower layer 100 3.06 0.938 9
E -2 Upper layer 144 1.76 0.912 10
T JZ Lower layer 108 2.54 0.915 8
G 2 Upper layer 166 1.08 0.958 9
T2 Lower layer 151 0.75 0.975 9
o 2 Upper layer 147 1.43 0.968 11
FJZ Lower layer 178 0.56 0.934 11
1 2 Upper layer 161 1. 48 0.963 11
T JZ Lower layer 195 1. 20 0. 944 10
50 - A ) §5 '
. 45 *E EEL . 90 TEL
40 -G Upper layer soil "o 45 Lower layer soil
= . Z 40
S - | § °© _3;
vy o e 30
J§ 8 ,:l g 30
A s B % s 25
i TE
& 5 a5 15
3 5 10
a a

0 1 L L 1
0 1 2 3 4

P 75 P MR BE/(mmol /L)
Concentration of balanced Pb*

E 2

Fig.2
TSR T BRI AME 21, 9% . i e B T -2 A b
P 8 B SN = = ol [ O N i R R
WG R BE 3G, )2 R AR R R R R BLR
MER B, b B E>G>H, I Pb*" i Wk E N
0.25 mmol/L f, b B E.G.H Kt W 243 5] K
46.1%.35.7%.22. 8%, HEE WL, &A1

0s

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

P WP M B (mmol /L)
Concentration of balanced Pb™

B EE R ( AELGHL) X PO’ B IR Bl &
Isotherms of Pb*" desorption by tested samples( A,E,G,H,I)

Y3 T B0 B Y PbYT S B i WL BE G PHTT Y
R R A R AL PR E LA R TR A 3 T
K. 7E Pb" IR E M 0.5 mmol/L B, AbH E.1
IRy N 38, 8% .14, 3%, H M2 24. 5%,
UL R R E L 0 £ EXT P OB S R S
B R ke 3K AT BB O T AR AR Y H far A
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Leaching and deposition of Fe and Mn in the yellow brown soil
columns and its adsorption and desorption of Pb*"

YANG Song XIA Biao GU Pei HUANG Li
Key Laboratory of Arable Land Conservation sMinistry of Agriculture,
Huazhong Agricultural University sWuhan 430070,China

Abstract Lower the alternating wet and dry conditions with pH 5. 0, the mixed solutions of FeSO,
and MnCl, with different concentrations (0. 00-0, 08 mol/L) were added to yellow-brown soil columns
with soil profile layer B leaching 60 times from the Xiaogan City, Hubei Province. The leaching and depo-
sition of iron-manganese oxides of different forms and its adsorption and desorption characteristics on
Pb*" were investigated. The results showed that the manganese oxide content of the soil surface showed
an increasing trend with the increase of leaching solution of manganese concentration,and the iron oxide
content did not change obviously when the concentration of Fe’" in the leaching solution was 0. 04 mol/L
and 0. 08 mol/L. The deposition amount of free and amorphous iron oxides indicators was higher than
that of manganese oxides in the soil surface, mostly upper layer (0-10 cm) >>lower layer (20-30 cm) low-
er the same treatment. The adsorption quantities of Pb*" in the soil samples after leaching 60 times in-
creased with the increase of equilibrium concentration. The maximum of adsorption in upper layer and
lower layer was 167 mmol/kg and 195 mmol/kg, respectively. The adsorption quantities of Pb*" in the
yellow-brown soil samples increased with the increase of the amount of manganese deposition. However,
the desorption of Pb*" showed the opposite trend. The trend of Pb*" desorption quantities increased with
the increase of Pb*" adsorption quantities.

Keywords yellow-brown soil columns; leaching and deposition; iron-manganese oxides; adsorption
and desorption; heavy metal Pb; heavy metals pollution; heavy metal adsorption
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