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Selenate Adsorption and Desorption in 18 Kinds of Chinese Soil with Their

Physicochemical Properties

FENG Pu-yang, LI Zhe ,ZHE Yu-yun, HUANG Jie, LIANG Dong-li *
(College of Natural Resources and Environment, Northwest A&F University , Yangling 712100, China )

Abstract: The environmental behavior and bioavailability of selenium (Se) in soils are greatly affected by its adsorption on soil
components, which are largely discrepant with the different physicochemical properties of soils. 18 kinds of farmland soils with various
physicochemical properties in China were used in batch adsorption experiments in this study to explore the influencs of soil pH,
amorphous iron, aluminum oxides, organic matter and mechanical composition on the adsorption of SeO; . The results showed that the
adsorption of Se0}” on 18 soils was an initially fast phase followed by a slow process, during which the adsorption equilibrium was
reached at 24 h. Second-order kinetic model( R* >0. 976 ) and Freundlich isothermal model ( R* >0. 842 ) were the fittest for most of the
adsorption process. SeQ;” adsorption capacity of soil was negatively correlated with soil pH value ( P <0.01) and the content of
carbonate (P <0.05), while positively correlated with the content of amorphous iron, aluminum oxides (P <0.01) and organic matter
content (P <0.05). The partition coefficient of solid to liquid (K, values) of SeQ;~ in adsorption process for all the 18 soil types were
very low and without big differences(0.99 L-kg™'-18.18 L-kg™'). The desorption rates for all tested soils were above 80% , which
indicated the reversibility of SeO}~ adsorption in soil. It was inferred from the above that the low K, and high desorption rate reflected
that selenate was featured by easy migration and leaching in soil, which should be emphasized in the regional evaluation and regulation
of Se level.

Key words:selenate; soil; adsorption; desorption; physicochemical properties
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Table 1  Basic physicochemical property of tested soils

- L o kiRt &AM CEC EC Tk TElEs . . ST

SREEHbS HEEAL pH ek ! Jgkg Jemolkg” /Semol Jgkg ' Jgeke”! k% WM/ % Jigog!
=M e+ 5.43 0.29 28.76 11.10 155.35 1.97 2.52 29.3 42.4 0.330
ke FAR:1 4.89 0.34 16. 30 10. 85 61. 60 1.71 1.33 28.0 51.2 0.516
IR i+ 8.50  66.50 7.75 36.57 221.00 0.92 0.40 18.5 73.6 0.232
bW Fag: 5.77 0.58 11.95 8.70 64. 00 1.76 1.31 36.3 62.0 0.516
mdL i+ 8.34 30. 30 6.40 8.12 146. 00 1.08 0.39 18. 8 52.7 0.222
H T+ 7.91 81. 40 14.24 11.23 230. 50 1.67 0. 80 20.6 65. 1 0.376
LA W+ 8.14  118.00 8.53 23.34 178. 50 1.20 0.40 39.6 57.8 0. 531
B KB+ 8.25 32.50 18.94 25.25 205. 00 1.19 0.47 18.9 64.6 0.119
LR HR 6.55 1.24 16. 19 19. 08 85.15 2.34 1.24 40.3 59.2 0.308
YL e 6. 82 0. 66 51.35 26.20 263. 00 2.43 1.58 11.1 61.6 0. 360
S Fr e 5.74 0. 69 21.22 12.19 82. 40 2.14 0.97 18.7 67. 4 0. 740
BIRIL At 6.61 0.78 30. 34 28.59 58.90 1.96 1.83 42.1 57.0 0.414
GiV/N £+ 6.34 0. 65 15.71 21.34 69.75 2.14 1. 80 16.8 53.8 0.225
K oA 7.09 1.99 32.44 31.11 99.25 1.84 1.85 19.9 69.2 0. 447
K g+ 8.23  118.00 22.15 24. 67 161. 00 1. 60 0.64 1.1 44.9 0.303
17 #+ 8.19  59.70 20.53 16. 80 220. 00 1.10 0.29 20.2 67. 6 0. 382
N5 TEAE + 8.51 28. 00 16.17 11. 61 14.55 0.72 0.56 27.1 72.3 0.253
NI iR 8.26 81. 00 9.78 16. 01 124. 80 0.94 0.48 12.8 49.6 0.295
1.2 MRSz A 10 mL, 78 (25 1) °C AHE R IR S HLH L 220
1.2.1 WRftsh = r-min71y§%§$@fﬁ,4000 remin”"' B0 10 min,

FREL. 000 0 gfitiad 13 T 100 mL 2 &4 9k}
BT A 3 me- L7 AWK 10 mL, 7
(25 £ 1) CHERIRGHLFLL 220 romin ™' $R 5, 5
MIZE0.0.25.0.5. 1.2, 4.8, 16 f124 h BUEE, L)
4000 remin ' B0 10 min, B 15 W00 52 Al e B, LA
AR 3 K.

1.2.2  WERHAERZR

FREXL. 000 0 gfti 48T 100 mL 5 247 58 %}

BLET,mA 0, 1,2,3, 4.5, 6 mg-L7'fY

YR T O A B B A B A 3 IR
1.3 fRRSCE

WG BFF S 56 235 R DG 75 5k BA T, 1) B0 v
AIA 10 mL 0.01 mol-L~" CaCl, %, #E % 24 h
[(25+1)%C,220 remin~") JJ5&L>(4 000 r-min ",
10 min) , JCE T AR
1.4 HdEaba

% Microsoft Excel 2010, IBM SPSS Statistics
20 FEAT R A BEFNSE 11530 B, H Origin 9. 0 R4 3F
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D =cxV/m
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i, g

S =

W = D/S x 100
WA % s D RN, mg-kg ™' S K
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1.4.3 K, {f
K, = S/e,

A, Ky O TR B R R, Lokg ™5 S W R 4
mg-kg "5 ¢, BT HRA K mg- L.
1.4.4 B )R

Elovich £i% .S, =4 + Bln(t)

SR B . In(S,) =A + Bln(t)
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mg-kg™'; B N iE o LA 15 BB S 8L
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F12 T AU A 38 1) V- A7 A - 3 X)) 5 SO R o
mg-kg !5 kb, W —HRWEHEREEE ' kN
TR B R B kg (mg-h) T
1.4.5 SFRAHIY

Langmuir S5 .c./S =1/(K,S,)) +¢./S,,

Freundlich %84k .S = Kfccl/"
o, e, Ry W B P4 5 MR B, me - L5 S SR IR
i, omg-kg 'y K {H R AE T 0B AR 1 KN,
Lemg™'; S, M AKWHE, mg-kg™"; K, Fon 1
FIMEBEE T, Lokg ™" 1/n FAER A5 .
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Fig. 1 Se03~ adsorption equilibrium curves on 18 kinds of soil
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D7 G sl 71 2 Oy R 6 A ROR B A (R
2). MWHISERE (R ) W HLER AT, — S sh J1 2% 7 e

AEAS T 4 ML 1+ S X SeO2 ™ I F 5l 1 2 4R 1E
PIATBH 18 Rl 143 Se02™ AYF LML FH i (S, ) %
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R2 Se0;” MMEHHBEEERSH

Table 2 Parameters of various models for adsorption dynamics of SeQ3~

e AT A — R IR RN IIF IR
A B R Sel ky R Se ky R
P 4.88 2.65 0.799 13. 69 1.31 0. 859 15.92 0. 086 0. 997
WIm 214 6.01 3.26 0.799 16. 86 1.31 0. 859 19. 61 0. 070 0. 997
AR+ 1. 14 0. 85 0.874 4.04 0.96 0. 879 4.87 0.188 0. 991
TLPGLT HE 5.54 1.92 0.582 12.01 2.04 0.975 12.71 0.292 1. 000
e+ 1.30 0.84 0. 769 4.36 0.77 0. 826 4.59 0.379 0. 987
HORIRE + 2.17 1.79 0. 876 8.55 0.74 0. 904 9.85 0. 098 0. 995
Wkt 0.82 1.98 0. 968 9.23 0.24 0.939 10. 26 0. 044 0.976
HER K+ 1.56 1. 69 0.731 7.84 0.68 0. 964 8.55 0. 084 0. 982
LRI 4.14 2.63 0. 846 12.72 1.29 0. 857 15. 60 0. 065 0.992
fpiNEY 4.09 2.70 0. 845 13.33 1. 00 0. 854 15. 60 0.071 0. 996
1T A 3.79 2.40 0. 841 11.90 1.06 0. 833 14.03 0. 080 0.995
Sy T A 3.23 2.05 0. 838 10. 15 1.08 0. 848 11.90 0. 099 0. 996
WML 3.37 2.15 0. 832 10. 83 0.98 0. 893 12. 45 0. 096 0. 997
FARER L 2.63 1.59 0. 838 7.88 1.20 0.792 9.48 0.115 0. 995
Kl Eh + 3.10 1.74 0.812 8. 84 1.36 0. 883 10. 50 0.115 0. 994
1PE48 £ 2.11 1.22 0. 833 5.99 1.49 0. 800 7.37 0. 147 0. 994
PN 5% L4 - 1.57 0.95 0. 823 4.80 1.06 0. 861 5.58 0.214 0. 996
TR+ 1.70 1.04 0. 808 5.23 1. 16 0.918 6.08 0. 200 0. 995
2.2 WG PRFAEIRL BFf i fie/Ds. 18 i 38 v LU pe 2138 RN = R R 41

P 2 BT LA 2500 B N T 4 mge L
B, 18 Fift -3 SeOF ~ W B £t 347 I A1 5T R 2 470 43 ¥k
FER T e 3G K, MY R E R 5 mg- L7 6
mg- L7 i}, 135 SeO; ~ MM A TCAR L.

28
21 -
"o
1
ﬁ‘. 14
: N
@
Té E N
0 1 L L 1 L L
1 2 i 4 5 6
P ifik B /mg- L1

E2 18 fi+1E Se0;” WHE
Fig. 2 Adsorption of Se02~ on 18 kinds of soil
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BRI 30 N AT LLE B, Langmuir £ 71 A1
Freundlich % 71 34 B8 4 4 Hi $0 & SeO; ™ W Ffh it 72,
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Fig. 3 Adsorption isotherm of SeO3~ on 18 kinds of soil
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Table 3 Parameters of isotherms for the adsorption of SeO3 ~

5 Langmuir FET Freundlich 57
S K, R2 1/n K; R?
PN Pz 32.92 0. 69 0. 954 0.59 12. 34 0.925
TP 21 48 37.43 0. 64 0. 829 0. 66 13.48 0. 815
AR+ 7.92 0.48 0.949 0.52 2.55 0.926
VLV 235 25.25 0.52 0.926 0. 60 8.07 0.930
et 8.23 0.40 0.979 0.57 2.32 0. 964
R+ 22.95 0.29 0. 884 0.71 4.84 0.931
v+ 21.83 0.38 0.907 0.65 5.73 0. 908
TR K 16. 34 0.36 0. 896 0. 65 4.12 0. 892
TR 33.93 0. 49 0. 832 0. 66 10. 43 0. 842
bIINEY 37.08 0.47 0. 861 0. 69 10. 95 0. 904
ST 35.64 0.36 0. 869 0.71 8.82 0.925
MR A 43.61 0.21 0. 836 0.77 7.20 0.974
EREMOL 35.31 0.28 0. 830 0.75 7.26 0.937
HRE L 30. 09 0.24 0.915 0.70 5.79 0. 968
KL+ 30. 20 0.28 0. 844 0.74 6.15 0. 935
179t + 12.33 0.42 0.913 0.62 3.43 0.884
PN 5% JEAE - 10.93 0.32 0.929 0.64 2.55 0.930
) e i 19.01 0.18 0.784 0.73 2.94 0.955
F4 RIMEBEEREESHHERLERAOEEES D
Table 4  Correlation between adsorption parameters and soil physicochemical property
W2 [ A5 TR AR 25 AR S 850
L e s Langmuir 571 Freundlich #&#4
S Ki 1/n K,
pH -0.772%* -0.525* -0.145 —0.895**
RFREL & -0.476 " -0.337 0. 003 —-0.547*
LT 0.582* 0. 044 0.355 0.478*
CEC 0.076 -0.31 0. 134 0.174
EC -0.311 0. 102 -0.249 -0.193
Tk 0.882** 0.2 0.431 0.798 * *
ToE e 0.769 * * 0.27 0.26 0.726**
iy A 0.242 0. 265 -0.117 0.296
s 0. 075 -0.149 0.029 —0.008
Dn=18, * FRTE 5% KF L HBEHIE(P <0.05) , + * FRTE 1% KF B M (P <0.01)
R5 18 it SeO WMHI K, B/ L-kg ™!
Table 5 The K, vaules of selenate adsorption on 18kinds of soil/L-kg =
e WILH e B /mg - 1L~
1 2 3 4 5 6
Py Al 15.53 15.51 11. 00 11.15 8.26 6.01
TR 214 14.10 14. 08 18.18 14.79 9.38 6.70
IR+ 2.81 1.79 1.92 1.52 1.20 1.02
JANiEaR: 9.91 7.23 7.23 6.88 4.98 3.78
baE|atiEs 2.37 1.92 1.67 1.42 1.23 0.99
HR R+ 4.65 4.88 4.71 3.72 3.29 2.59
(73 5.56 6.55 4.70 4. 46 3. 60 2.82
HisE R £ 3.76 4.49 3.54 3.00 2.44 1.98
LR R 9.68 14. 41 10. 62 9.39 7.01 5.31
bINiNEY R 11.92 12. 06 10. 37 11. 62 7.99 5.75
S 9.27 9.19 8.47 8.78 6.12 4.89
MR A 8.03 6.73 6.25 6.61 5.98 4.50
RO L 7.32 7.42 6.91 6.96 5.44 4.13
HREAL 6.05 6.38 4.49 4.29 4.20 3.44
Kt + 6.02 6.40 5.79 5.49 4.49 3.41
1LVE 4 3.20 3.28 3.07 2.38 1.85 1.54
N 5 SRS 1 2.42 2.31 2.24 1.74 1.38 1.26
I+ 3.27 2.27 2.54 2.43 2.03 1. 68
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Fig. 5 Scheme of SeO3~ surface species
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