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WA R 2 3R 10 (A507) 1) Langmuir J7 F2 4 A
TR F T AT L B A B AL i
SR R R AR A S R, B RS A
I8 Rk £ X S i b T K A AL BR L L B T
HAB AR T T AR A TR R Ak A o e 1 T
RRF £ 2 FRITIA 56 3 2 X T 3 488 v 8 R AR A &2 R L
H—EMSHME.

ASCEPE T EBE AR ORI AT
(1) 8 FhHLRVERAR AR WF T 52, 2R FHF 1 WA o
ST TR AE 5% A i AR 1 W B 4Rk, L T Lang-
muir HLZR A J5 B2 A1 Langmuir XU [ 77 F8 X6 W B o
PRI AR, THE A e W B i, 451 4
PRSI BE ) Z R R

1Rk

L1 fti i

P 31 R A TR o0 A T AR Y
B UL LV AR U4 . b R R A0 AR Bk AR
R ei Y U 5 i N N EAR S N AR I DA R
TR R BUELS B R Y LR LY R, 235
ol BRI LL . B A R b . HE
TSGR, - R P 28 TR T S PR A S
AR R Z I S T, b O+ HEER R A HLR Y
SR, SRR IE N B )= HIERES AR KT, F
JE it 60 Hii , PRAT %5 o

TR RS AR FOL AR 1, £ pH R

R 1 AR TR R AN

Table 1 Location and physico-chemical properties of the red soils tested

HHLR
BB R HHOOW  REEE pH .

Code Location Classification Parent materials (H,0)

oM (cmol kg ™) P,05 AL O3 Fe;03 MnO  CaO
1 2

S R (v/v) )
Total content Texture( % )
Clay  Silt Sand

el Feil

(gkg™")

=R N W UE
213
S1  Kunming, Sand stone 5.4 7.5
Red soil
Yunnan /shale
ZHEEE oy
413
S2 Yangzonghai, Sand stone 4.4 11.5 21.0
Red soil
Yunnan /shale
S BIRE P ie=
zﬁéﬁﬁ - W ylE
S3  Heigiaomu, Sand stone 5.3 6.0
Red soil
Yunnan /shale
WA o1 e+
S4  Hangzhou, - Quatemary 4.4 8.5
Red soil
Zhejiang earth
WL . Fuzge+
L1345
S5 Zhoushan, Quatemary 5.5 6.7
Red soil
Zhejiang earth
JTAREMN
iNAR: bidska
6 Huizhou, e 46  13.4
Latosolic Granite
Guangdong
JTARBHT
fik 21358 LR
S7  Zhanjiang, ¢ ' 4.2 20. 8
Latosol Basalt
Guangdong
VLV
A W
S8 Yingtan, ~ 50 5.2
Red soil Sand stone
Jiangxi

1.19 295.1 144.8 1.25 1.87 128.9 6.17 55.4 41.4 3.2

0.48 230.2 104.7 0.38 3.20 87.8 2.80 36.1 46.217.8

0.48 270.2 107.6 0.21 2.31 92.7 3.65 44.2 46.6 9.2

0.22 116.1 49.8 0.69 0.91 30.8 0.52 30.4 60.9 8.7

0.34 149.2 47.7 2.15 1.59 29.4 1.85 22.9 53.723.4

0.44 224.0119.0 0.13 0.73 57.5 1.20 19.3 28.951.7

0.91 251.2 169.0 2.32 1.60 144.8 1.48 55.7 19.025.3

0.31 91.6 32.7 0.09 2.54 22.8 0.50 15.5 31.553.6

1) Fegp : U785 4Lk Citrate-dithionite ( CD) extractable Fe. 2) Feqy : JTLE L EL Amorphous Fe extracted by acidified ammonium oxalate buffer.
3) PRI R AFERRL( <2 pm) AP (2 ~50 pwm) FIEPHL(50 ~2 000 wm) Particle composition includes clay( <2 pm) ,silt(2 ~50 pm) and sand

(50 ~2 000 pm)



476 + el

¥

49 &

FHTE CO, 7K LA 1: 2.5 /K 4 Fe il a2, FH B 1 28 #
(CEC) R HH &R &I 5E , A HLBT (OM) 2R FH 8 %
PR S k- 25 B 42 , Fe Al Mn K Na Ca Mg %
JUER AR RS & B A 55 5 T & SR
(ICP-AES, Perkin Elmer Optima 2100DV ) 347 %2 ,
T B A SR A R R P — 0 AL PR M 2 B e I JE 1k
DSE , TC 78 T B AR FH R R A 4 - 43 )16 ' B v DU
eV R 4 R O R R X (LS230,
Beckman Coulter) M %& .
1.2 ZRRHHKIE

FRE—E & 1Y Na, HAsO, - 7H, 0 ( Sigma) & T
Milli-Q B4l K B il A 1 000 mg L™" (il 4598, oK
FH NaOH #7855 pH 25,5, it 0. 01 mol L™'fi%
NaNO, %W, V8715 pH 2 5.5, 4% BIFR - 50 5
1.000 g F &L P, A 15 ml 0.01 mol L™
NaNO, %, ] NaOH #0015 pH 2 5.5, P4 1 d,
fif pH fo . BV 1) B0 8 TR ERf N A — 2 i
(R, T 0. 01 mol L™ f) NaNO, ¥ ¥ b 2 1
VSRS ok 20 ml, ZRAGAN [RI AT 6 v B 114 Js L 2R 571
W BB O, T(25 £ 1) C R T4 24 h,
B F 3 000 r min ™' B0 10 min, B E WL 0. 45
pum Y18 S 98 VRR: FH DT 6 ' I R A Y o

LTS YR AL BRI R g = 0

AT, K, g R R (mg kg ™) e, WITRTE
B (mg L") e AFATHE (mg L) o I A AN
(L) ,w A+t (kg) o
1.3 HFRWHAE

¥ J Langmuir 2838 [ 5 2 A1 Langmuir ¥ 3% A
J5 FRAULE Al R B Ao

. KM
Langmuir FRERTH 72 .q = 1+ Izc

A g i (mg kg ™) e PR (mg L),
K 2 55 B REAT OGP B (L mg ™), MR ERR
B (mg kg ™)

KM,c K,M,c
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1 2

2K, ALK, SR TR) ZRTET 1 WBRP- 8 (L mg ™)
M, F0 M, 5350 A [ 3% T B2 B R W Y
(mg kg™") o B ERWMEN My =M, + M,
1.4 HuEALIE

IR A W RS 45 T R S8 SR T Origing. O F
FrARLRAE [N P05 i R W Bff 5 - 8 P ot =2 )
AR Z R SPSS17. 0 AT ARG T
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Fig. 1 Fitting of adsorption isotherms of arsenate by soils with the

Langmuir one-surface equation
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Fig. 2 Fitting of adsorption isotherms of arsenate by soils with the

Langmuir two-surface equation
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ot - 9 1y W B o R R AT 4 AR IR AN 538, T Langmuir
XU TH] 7 2 R 5T - s Wz o ok 72

¥4 Langmuir B3R [ 77 F2 F Langmuir 3R [l 7
FEMILG S EGHE T IR (% 2) , AT R BLR H Lang-
muir LR MR G A5 B 1Y e KR R & M AT
K Langmuir X3 17 77 F2 400 G459 21 14 5 5 K0 BT
w=(My) M5 M B HAER 0. 67 ~0.96, HIt, >R H
Langmuir SR J7 R X0 1 J LA A 7 85 A i B
NN R g A s e T (1

Syt L A R A DL BB K-
WEEARAC AT Langmuir L3RI Langmuir A%
TEIAUL G R , - GREA: 2 e A A o 00 {1, - T 00 i 70
SEMMEEATEAE [, HE S 50003 3. R A Lang-
muir BT AR T I A, 2 (B R G o R 2R
B7E 0.935 ~0. 978 ZZ[a], /K F 2% Langmuir X3
Dy FEHEA T FIUINAF  ReE £ 850(0. 989 ~0.998) . I,
K FH Langmuir XU A FE XT3 J LA 4 538 (%) i % ff i
AT FIAL Langmuir BT )7 FEEEAITAT4E

R2 TEMEMERENSHESH

Table 2 Langmuir equation parameters for fitting of arsenate adsorption isotherms of the soils

Langmuir B3 A 5 1%

Langmuir X% [ /7 72

42 Code Langmuir one-surface equation Langmuir two-surface equation
K M K, M, K, M, My
S1 1. 121 2 925 0. 142 2348 39.97 1 150 3498
S2 0.938 2 029 0. 162 1717 19. 57 655 2372
S3 3.817 2 474 0. 143 1 619 21.30 1394 3013
S4 1.226 1269 0. 027 960 2.24 938 1 898
S5 0.781 1 009 0.383 850 86. 98 201 1 056
S6 0. 796 1785 0. 064 1 699 151.2 676 2 375
S7 0.754 2 065 0. 042 2 084 8.27 911 2 995
S8 0.353 1116 0. 062 960 8.37 507 1 467
*3 BMEREFETMNEFLNELERIITSE
Table 3 Parameters of the linear regression between the predicted and the observed adsorption data
Langmuir B3 1f /7 2 Langmuir one-surface equation Langmuir X 1] /7 % Langmuir two-surface equation
%5 Code
a b R a b R
S1 1. 082 -268.9 0.943 0.99%4 13.72 0. 996
S2 1. 064 -124.0 0.973 1.014 -26.06 0.99%4
S3 1. 030 -124.9 0. 940 1. 019 -43.82 0.99%4
4 0.986 5.7 0. 966 0. 990 17.23 0.998
S5 1. 103 -94.8 0.978 0.991 5.60 0.991
S6 1. 113 -220.8 0.935 1. 062 -97.10 0.989
S7 1. 059 -136.8 0. 948 1. 024 -40.96 0. 996
S8 0.058 -13.4 0. 969 1. 006 -6.76 0.997

Langmuir 5135 [ J7 2 AN BEXH I B S5t 2kt A7 7R
UM S h TR 5 B A — 26300 B R AR ) 2%
PFR 2% T o Langmuir J7 5 2R U T 00 0 Fff 2
T, MR [T A 3 ThT 2 45 20 Y, W B ) AR B )
JE B B B o1 18] B A AR AR, 259 T AE
PR A, LR TR S BN — R R,
25 THT W 3 EARE v NF, 0% A ) I 88 5 2 AR EL

B, 0 W R Al B % T 5 R 0 6 T R R
Langmuir XU 161 77 P AR B A7 A8 1 A (7] 1) W% Bff A3z
S, BB BE S 0 L s NS A BEAR A7 A5, R
ATELERJT REAA IR IR 4 IR 1 W P S5 i 2R A
PIANIESER X, 360 T 7 BB, TR A Ak 2
H AR

TERTARIBEFE A, Langmuir XU 11 77 # 5 H T
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FEIRWEAE T S T W B, X TR AR - SR T Y
W B R B KA 43R ] Langmuir B3R 1H 75 72
PEATIIA o Tiang %5 FERIF ST A [ R 1) - 3 X i
(R BAF BT, & BT T A ML BT IR e 0 B g 0 2 v
)+ , >R Fl Langmuir XU 1 7 F2 A REAS 2 BEAE A9
PIE R, SRR,
2.2 RARMESHEERENXER

AWEGE Y 8 Al A S8 X fi 2 7 A i 20 W 6
K I Langmuir B3 1 7 F2 % 0 B 25 R 28 R 17 9005
B, 2% 4 48 0 8 d KW B & ML B L AE 1056 ~
3498 mg kg ™' Z ], 7E 8 Fh s rh i i RE )
SR A R HE(SL) , RET aHBIFF
FEAY 49 (S3) A ZR VTG L (ST) Yz, T W
FIE 15555 1Y R W VLA L SR AE A LT85 (S5) o A i BfY
Al 14550 A - SR BT A T Bl B A B i ) S R, BLAT
HRMAIEA o [RIEE, W2 B RE 0 380 1 - X i
{14 71 2 e T B o A5 A b b L 55 A T
T #tE,
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Fig. 3 Arsenate adsorption capacities of 8 soils

T STEFEAS A 5 A 22 S S T AN ) S R A
RE 177 AR 22 S O ARAS T D] o S WL 52 W 2k 4 1 A
W RRFRE 7 A R 838 1 AR Y 11 I AR
oS5 e B At 2 AU & S OHEAT AR G b, R B
M K FIE 25 1 P e AR S M1, LI e R o M 1
RN A AR ARk I AL B Rk
(R 4) o HARM HIEFANE TS 5 S HE A
KEADE, IR L HEIEANETT S i AER H
R R B i M, Z [ AP ARG E R . MR AR
HEOPNACINFAUS A RO E - FNUA i AR D
BRI o R TARRERR A e KB M ARG R B
RNk > g e AL Bk > 4R > il > Bk M
Xt A R B M, I DAy o A B > R > 42
B> RkL > 2k,

x4 BWHoTBEUERSRMERFTESHHEXRY
Table 4 Correlation coefficients between parameters of the adsorption

isotherm equations and some soil properties

A+ 4EFLAM: T Properties of soils M, M

475 (P,05) Total P 0.893 ** 0.802 "
224 (AL Oy) Total Al 0.913** 0.894 **
428k (Fe, 05) Total Fe 0.953 " 0.878 **

IiF B ALk Feep 0.933** 0.895**
Fki Clay 0.795 " 0. 849 **

T+ o FRTE 0. 01 K- (CRU) b MG, « RARAE 0. 05 K
SECRUI) | 3 AH % Note: * % means significant correlation at p <
0. 01 (two tails). * means significant correlation at p <0. 05 (two tails)

TERT AR RE ST, R B A ALYy X
SRZUAIR B T, b & A Y Bk Ak i £
XA 1 BT B 7 587, Manning Fl Gold-
berg ' HBIE T A M , it 85 SR AL R BRL & Bk 5 119 -
SEXH AT 5 A W B RE 7 Jiang 257 BFSE T 16
TRAN [ P Jo - 2 1% o R o B ) 22 S, O BRI v AL
BR RORCRIA AL 5 6T - S A R B 8 T 7 A T
SRR . R SCHY W ST 45 R S N B F S 4 R —
o P RYBRAR A ALY S A R Y ] S OE L £
A FLART , o) 42 Ja 125 R 2 S IR AR 127 B 7 A I A
o SR IE i 5 A A ) R TR AL A4, I N
BZ R4 AW, 76+ R & LB vEm >
TS AR BRI ) B , R B AR A IR B AL A
WUREZZ % i 1 W S RE O R, IO, BR SR AR
S T IRARLY L o), P RRE B T
T B0 B g o A B S e . AE LI R
THT , WA TR AR 5 A R AR EL A 2R R A WG BT R, — 8 2
[ AEA 5 BN 5 e W R o R AR T LU 12 8 vh
W6 174 A8 TR AR S 4 4 2 o 90 0 R AL ) R A2 AL
PRI, P 5 B A 10 - 3 b, B IR AR B o 48 B R
HR R BREASE A, A 75 A S P i Rz o 5 T 38

SRR B M 73 531] v AR B 2 THT 4 e R e o
MR RE R T Y e R W B i M, PR 3 2H Ak, HE
o M BT L 50. 6% ~ 80. 6% o LLELEE 4 T EY
AHOCEH, W R Ak A5 i B SRR R 4 i
5 M A R B T X LA 5 M, 1R
A TIRRLS My BYAEOC RO g w5 T 5 MY
AR AL R WIRRL S 2 1T A AT /55 2% 1 A 1Y 5 K
W R fE M, 7 A

3 4 ik

TEAHIFFE T, Langmuir B3 [ J7 F2 AN BEXS B4R
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COMPARATIVE STUDY ON ADSORPTION OF ARSENATE ON FERRALLITIC
SOILS DIFFERENT IN PROPERTY

Li Shixing"® Luo Yongming'**"  Zhang Haibo' Huang Yujuan'  Li Zhenxuan'
(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 Yantai Institut of Coastal Zone Research, Chinese Academy of Sciences, Yantai, Shandong 264003 ,China)
(3 Graduate University of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract Laboratory batch experiments were carried out to study adsorption of arsenate on eight ferrallitic soils dif-
ferent in property. The Langmuir one-surface equation and the Langmuir two-surface equation was used to fit the data of
arsenate adsorption, separately. Adsorption capacities of the soils were derived by the better fitting equation. Effects of
soil properties on arsenate adsorption were explored through simple linear regression analysis. Results show that ferrallitic
soils were high in arsenic adsorption capacity, all displaying non-linear adsorption isotherms, which were better fitted by
the Langmuir two-surface equation than by the one-surface equation. The correlation coefficients between the adsorption
capacities predicted by the two-surface equation and measured values (0.989 to 0.998) , were higher than the determina-
tion coefficients obtained through prediction by the one-surface equation (0.935 to 0.978). The high adsorption capacity
of the soils could be explained with the existence of high-energy and low-energy surface adsorption sites in the soils.
Among all the soils tested, the red soil developed from sand shales in Kunming, Yunnan Province showed the highest arse-
nic adsorption capacity, which was 3 498 mg kg ™', according to the calculation with the Langmuir two-surface equation.
Contents of citrate-dithionite extractable Fe, total Al, total Fe, clay and total P exhibited more significant positive influ-
ence on arsenic adsorption capacity of the ferrallitic soils than any other soil properties.

Key words Arsenate; Ferrallitic soils; Adsorption; Langmuir equation; Soil properties





