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1 HeEIE

1.1 ikt
s oAU DN R 1T A8 = N S o o e i

K A PR T AU X PH B K2 2 IR 120 ~ 40 em
MR 13, BRI TR LB LY BRIk Fi 2%
Y, BSA)E L2 mmif A A . Y S A B Ak i
WML
1.2 Rt

S0 A XA ) I B R G . 0  FRHR0.800 g1
YA LRI AEI 100 mlf B0, ISl i A
WO, 2.5, 5.0, 7.5, 10.0, 12.7 wmol L'f{IE
AR AN (Na,SeOs « SH,0 ) ARUEE 20 ml (5 5H
fi# 5 0.01 mol L™'ANaNO,) , FMAHE3KE
2o HEREOILES, RIFIRY 72 h, HEiEH
4 000 r min” B ELOHLH B 10 min, WAL

x1 RETWEREUMER

Table 1 Selected physical and chemical characteristics of the purple soil in the study

byl
L EER T EERS e N
- Readily e e EX7S FH B 5 4
+ 3 Organic Available Available
available pH  Total-Se Total-Al Total-Fe CEC
Soil - matter ' K 208 (meke') (gke')  (gke')  Comolke)
me ke g kg o kg cmol kg
(gkg™) (mgkg™) . (mgkg™) °e °e
(mgkg™")
ESu
12.42 2.62 101.2 7.74 0.235 8.1 29.1 18.7
Purple soil

SRR PR R R 25 (+ 1) ClEE, TuEE bk
T YR PR e L K R AT A i A6 AT S R Zhang
2 LTk, AR S BORE S T AF-610A 726
A E (R o

p HOG 5% €, - W 5 S0 76 % 58 199 5% T = 43 391 R B
0.800 gl EE 40 ) HREATA 100 mlIAYES . H, T
A19 ml 0.01 mol L'fNaNO#&#, FHO0.1 mol L'
HNOHINaOH¥pHA 50 3. 4. 5. 6. 7. 8.
9, HAEEIREL , SeERGHLLEFT2 h,
TR B IFRpHIS , A 4635 pmol L7
) SIS PR M A R, I JE TR TR AR BN 20 ml. EEBT R
72 h, SRIGTEELE N4 000 r min ' B O HL P ES
0010 min, JEPEINGE 5 W Rl A vk B

= T G B O 55 (0 W I A R R Y R
el [) Y 7 9k T 5 4 15 0k 5 0 L I B ) 52
Wi, 3 IR E0.800 gy S 40 it - FE A 100 mlfr) &
ODEF, IMASE }6.35 wmol L™ AMGAT ,
IF) B I A T S MV T R M VT TR
BRI Sy ) 0.2, 0.3, 0.6, 1.1, 1.6, 6.5,
10 mmol L™, JHF KB AIpH AT, BAIMA MK

U020 ml, RNEEEIRES, HERE O
B, SRIEIR%T2 h, TEFEH 4 000 v min~' ()
O 010 min, WP o B2 b AR R IR
25 (+ 1) CHEIR, T u8IE by b i ik 5

TE £ B R A BN RN B R BN TR T 4 Bl A
1.6f16.5 mmol L~"ft 4~ ¥k B 147 W Bt 3 7 243K
5. W E N0 2.5, 5. 7.5, 10,
12.7 pmol L7, JATMpH AT, i BATA L B
A7 78 P R A

I B X R A i T A R R S . Ay
T SE A SRR BT Y T, AR DL IR — R RS
PR NN 12.7 o mol L™ 14 SV A7 i A R o427 04 7 % o
e, W RN BS 09 BE A O T R AR i H 2
BRI Ve T4, SRS AR P 43 R 20 ml
FIZEIEIK . BEIR SRR (02mmol L', 32mmol L)
TR W (0.2 mmol L™, 3.2 mmol L") Flfnlz
SRR (0.2 mmol L', 3.2 mmol L") , HIT
AW pH AT, BIFRAAEIRGHL FES)72 h, 0
B, W L VR AR R
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A, SO LMY (pmol kg™ ) L b2A
55 F G 50 B A G 8 R (R, KR T R R B R A
(pmol kg™) . CHPHAA HIAYHREE (umol L) .
S A48 PRI ) 9 R SR I O Wl a3 0 D' HE T
ME

K Freundlich J5 2 %) W B 4 IR L dE AT #L6

Freundlich 720 H .

lg [S] =lgK +1/nlg [ C]
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oS g8
1.4 HiEALIE
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225, KM DuncanGi it kT i 2 M4 o

2z R
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Wil 55 Y- 45 35 Y v IV R R VAR B 3, St
XoF NIV R g o U SR o, 150 Y T A i b
STV i 6 e R e, VR B B A STV R P R A
YU FEI1E55.8F1254.8 wmol kg ' 2 MH], A g
TP K AT R SR R IR B 12,7 wmol L', £
36 I 76 2 b 12 B R254.8 pmol ke (1) &
8 6T VG 72 8 7 W BT it £ AT LA Langmuir 5 #2480
4, FXERBCH0.961 8, VA ER R W B Y e K AE
N454.6 pmol kg_l, [F B n] LA Freundlich 75 2
WG, HXREN0.961 1.
2.2 AREIpH £ & 1 W% M 7 if B £ #9520

ME2RT LA, W& S pH TR, +
6 X8 T ) WA SR 2D, e R e R I R R A
W B B AE26% ~ 82% 2 1], e B HH IR R 14 45 14
T, pHM3EHREK, WHHE}130.1 mol kg™’ X4pH
TEOMIEAF T, VAT R 6 1 R 2 ik B AR AR, 1
5 26% 1 A0 1R £h 9 4= MR X Ui 3 pH

300
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Fig.1 Se adsorption isotherm of the purple soil

o
o

160
T 140 1
i)
3120 L T T 1
£
B2 g0
E=
£Z 380 m
Ne
%B 60
e
§ 40 T
T 20
A
0

3 4 5 6 7 8 9
W pH

P2 pHOXE 58 (7 W% B IV 7 R 6 ) 52 i

Fig.2 Selenite adsorption on the purple soil as a function of pH

pH in solution
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2.3 EHPEETIE @ L IR H I AEER A &2 0
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T, X RG B E RR, RIAS I R S
WRE TFHIEL, T T739.62%, FiEBiRaWE T
)V FEE ARG, KT - A7 A R AG p 5 o AR /N
&1 4 Ay Tt R AR 25 - X - 08 WA I 85 12 6 ) 52, Y
R AETE IR AR B i, v LR AR R AR 7 i1
BRI A 5 3 R ) STV 1 R P IR TS Sk ke PR
R - X6F - SFE I BRSO o R s, R DU S 2 Rk
R SR B T RO 20.3 mmol L7, f 35 4 i
T A AN R R 0 W BEE N T 20.37% . Bl ik
1R SR B 1V B2 B AR S 3G K, % - SR I o S A R
MR FR BE AR /N, 26.5 mmol LB 5 AR £h 3%
PR B2 1 58 S RN

ME2AT LA, BERR SR &1 AU R AR 2 1
Xof 25 e, - W o NI 7 6 14 52 Ml RE AR 47 ] Langmuir
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BOK . FR2 A KAE A - N S AT R SR A dRe K H10.16F17.94, 5ASE BHE 17 WA B 35 08
fH, YuEmER s FAEER, KE 2 EFW /AN, 4 N A BRERAR B FAEAERT AR /N . DL b ik sbgh

IIAL.6 mmol L' BEMR S M & 70, M454.6 F
F#%108.7 pmol kg™, FFEMKT76.09%; i 4+ 4
R AR BRI AR B I, A W R R R
W KAA . b 5 BG4 B A O [ e {H, W
PV T 56 4 8 0P B i sz i ( 262) , A
1.6 mmol L' AREIR ZUMR & 71, b{HMO0.56 F P& %
0.08, FEART85.71%, UiWIBERRZM B 1Yt LR
IR T XA R ARG A5 R, TN TR R AR 5
FILTP A 5

Tl R S AR 5 7 B R AR 2 1 X 5% 8 = Wi fF
il 12 6 1) B8 B BB AR 47 #b A5 5 Freundlich 77 & 5K
(#£2) , MEREN0.96LL . HPK M K5
A, ABCRBUER I, A IR ) W B e T i

150
130 ¢
110
90 H
70
50
30
10

ST O

Se adsorbed in soil (umol kg™)

0 1 2 3 4 5 6 7
PR R A AR
Na,HPO concentration in equilibrium (mmol L™)
P3P AN T e Rl TR A0S 56 €5 R I
1% 8 1) 5 )
Fig.3 Effect of concentration of Na,HPO, in the equilibrium

solution on Se adsorption by the purple soil

SR ) AR MR B 1 S AR 15 0 I R I A TR
AR, MR R AR B 19 AN R R 2 [A] J0 A 7EAR /N
O
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115 1

SRR [
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Fig.4 Effect of concentration of SO on Se adsorption by the

purple soil
B 170
g 150
HZ 130
=T 110
X3
Es 9
B : : : :
+H2 04 2 4 6 8
=}
5 R R SR
A HCO, concentration in equilibrium (umol L)

5 AN [) e B2 9 HC. O 28 (2 - I B0 SV Al 2 3 79 52 i)
Fig.5 Effect of concentration of HCO; on Se adsorption by the

purple soil

F2 TRARSFBEFHLEBLIWMAA LangmuirfiFreundlichil & H 1S H

Table 2 Equation parameters fitted by Langmuir and Freundlich for a variety of ions competing with Se for adsorption in the purple soil

Langmuir)‘fﬂ% S=bCK/ (1+bC)

AT

Langmuir Equation

Freundlichﬁ*ﬁlg [S] =lgK+1/nlg [cC]

Freundlich Equation

Competitive ion

b K R’ K 1/n R’
Se 0.56 454.6 0.961 8 160.6 0.705 0 0.961 1
Se+1.6 mmol L™' HPO} 0.08 108.7 0.899 8 10.2 0.696 2 0.987 9
Se+6.5 mmol L™' HPO;” 0.06 125.0 0.912 2 7.9 0.771 6 0.992 1
Se+1.6 mmol L™ SO} 0.80 416.7 0.914 7 141.8 0.641 1 0.993 6
Se+6.5 mmol L™ SO}~ 0.50 526.3 0.984 2 168.8 0.731 1 0.988 4
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kT e b L A W TR AR S R R AR B T
PO e R LR A I - N NI R 87 o
KA (SPFERE) , WRIFR. K MEAT LUK
PR B A= A S 1 R K A 2 /R T 25 B vk
S 1o W R S B T A, K AR BRI, IR
T AN A AE T R W, R W
BAIAL.6H16.5 wmol LT AYHERR S S T, 5
AIMZEG B T WAL, KAE TR T5%LL I
SR M 1.6F16.5 wmol L' HYHEFRAR BS T FE 40T,
K EEEAR LA 272840, Ui B R SR 5 7 7E %
4 o] DLy /A S AT R R Y [ s, B T e
VRV I R R v R T TR AR B A R I A AN
il

2.5 EFEHBEFRE G T HRR AL A0

i W2 58 U A TR R, ¥ Ak T g IV G R 110 TR
M . INRATTLLA , RN a4 5 1
Xof S04 PR 6 4 A W SR S WA AN ] o 2 T VA I IR
AR FARLEMy, AN R ER Y A R R TN
TNBAES 742 BOK ., 240.2 mmol L7'F13.2 mmol L'
B IR SR B A7 AR, B0 T 2. 7245 A 1L.504%
T TR 725 O AR A7 532 W T G TR 6 ) i
Moo IR VR B T AFAE S, B T A A R
R, SHEBE T AL, 80T 14145
FIT.99F% o ok L 4% S50 WY NIV At 2 6 170 Ak e 5 12 BB
BOHAAAERI BB A5G, HIRBUR P35 A BEIR 2R
BRI IR R B I, UG R P A R I 2 A
e, (FLBAE PR AL 2 00 SV At 2 6 %) e R 52 M AR /)~

R3 MRERBFIRBRRESFHEELWMMITMERESNSERY

Table 3 Effect of HPO} and SOO7 on distribution coefficients of SeO3 adsorption by the purple soil

SeOy e ¥

I HE R K A

Distribution coefficients K, (L kg™ )

Concentraiton of Se0}

( mmol L) N 1.6 wmol L™ 6.5 pmol L™ 1.6 wmol L' 6.5 wmol L™
Se
HPO; HPO SOy SOT
2.5 206.5 8.6 6.89 235.4 235.4
5.0 220.1 6.17 5.41 173.4 202.3
7.5 178.8 6.3 5.53 119.2 195.6
10.0 151.1 5.27 5.01 121.2 151.1
12.5 110.3 4.99 4.48 104.7 132.8
F4 BHEBFBTFHEEIBRRITHEER S
Table 4 Effect of competitive ions on desorption of selenium from the purple soil
EBTK 0.2 3.2 0.2 3.2 0.2 3.2
Deionized mmol L' mmol L' mmol L' mmol L' mmol L' mmol L'
water HPOY HPOY SOY SOY HCO; HCO;
i W £
Se Desorption 10.03 37.31 25.08 13.55 11.46 24.19 30.02
( wmol kg™)
i
Desorption rate 3.29 12.24 8.23 4.45 3.76 7.94 9.85
(%)
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e VO IR 2 R R Ak R A i R I 3
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TAAMBESYRANIRKE S 20" . W
W, R M 58 0, [T VR T 7K I T A R R e g
PSP 258 il 455 338 vh S A R R i Wit 5
bR, fREEa LmmAEYASERAGIEREERY
M L

pHFZE 520 LW KR 281k, & — AR
R RS IR p I R, 2R R T
MR R A & 28 /N (FE1) o Johnsson "™ P T I
ARG E RN R AR AR R, R
ARAEpHE W LGP Y Sl S . P
o SR E T A A R W s TR R, A
K AE A KR 1 4358 1 AR W 5 G A e R
B B R4 0 SR D AT REAE T . K pH A1
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WA W R EE R I, AR A &t ;s wSipH
0 I o =TT DR R T | B = 7 I R R
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FHF, 5AMZES & T IS, K0 TR
T95%Lh I (R3) . RUITEFE FHEIREAMRE T
BRI 158 €0 - W BRI AR R AR A, T AR PR AR 5
+ 5 WA PR R 2[RI B B AR FHAR /N, rTRER
T R A 25— AR R A6 AN e — DB i, P 2
EAFAE ST AR, B0 2 X A 2 6 A0 LAt
MBS T HAEENESRE D . MlmaRs T
5 AT PR A A 9 % T R 2 S R AR SE s AL
TR SRR 15 15 A R &k 3 4 W B FH 32 AR B A
W A7 A5 P 250 R o R 2 PR R, TR AR
B RERAERE T, 5 GER R R AR,
TR SR B2 L Se e I B, R T D 1 Xt
VA R R W B o AP B Ak S AN R T A 1
AT AU B A A VT2 M I R Ty, KR SR
73 BB 55 MR T 5w A 15 5 T SRR T Y S AR RN
WO 5B FRIARXIEE . Goldberg " 151, 4F
BRA X 45 o B B8 - 1 R B SR RO Ay, Wl R A >
e PR R > 77 T AR > PR AR o I B 445 5 BBk K, 3E
SR RE g . ARE A BRI, ATTET R A
TR LIS SRR S, WSS S
REAR Y, DLJe s 1 SR, DT I8/ 58 4 25 - 11
W BT o W o 25 5 T e 19 5 - o A 5 1 i O g
JIALBRE , BERR SR B AR TE AT A N T
il 2 6 1) i W2
O TR MR B2 1Y) ik 2 S AR 2 1 e A i+ B X I
A i 6 R W B A 5L, Wijnja FISchulthess 20T H
R AL R R e R SRR B - I 4 R 45 D T AR Ui
BE, YA W B 1 B R AR B 1, TE R T
AN SR BT A5, B INT AR A Y 3R T E A
(8 (1) fnsl (2) ), S HE 78R S Ak X H
b & R AR (nSeO2 ) MM >,
Fe—OH""+HCO;—Fe-0CO0"™ [OH+H'] (1)
Fe—-OH" +H" —Fe-OH,"”" (2)
2 1 T i TR AR S R o AR A R T ) A7
R, ERBH AR R s sh A A EAE R, PRk
TBIE AR - T R 0, TR T
- ST G 2 R ) W B o g DA B AT X TR A
FEAT EE N SR S, b B R R R A it RN
B e R S B N, 3o L it P e i - S 1 A
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EFFECTS OF pH AND THREE KINDS OF ANIONS ON SELENIUM ABSORPTION
AND DESORPTION IN PURPLE SOIL

Zhou Xinbin"" ?  Yu Shuhui' Xie Deti'’
(1 College of Resource and Environment, Southwest University, Chongqing 400716, China )

(2 Chongqing Key Laboratory of Soil Muti-scale Interfacial Process, Southwest University, Chonggqing 400716, China )

Abstract In agriculture production, the application of compound fertilizers and phosphate fertilizers
bring into the soil large volumes of anions, dominated with phosphate, sulfate and carbonate, which in turn
affect selenium availability in the soil to crops. The studies in the past on selenium adsorption-desorption used
to focus on fitting of selenium adsorption with the isotheral equation fitting and effects of single factors on
selenium adsorption, and little has been reported on selenium sorption in purple soil and effects of anions on
the sorption. Purple soil is the main type of soil in the Sichuan Basin, where neutral purple soil is the highest
in area.

The study on effects of soil pH and three competitive anions on absorption and desorption of selenium
in the purple soil reveals that with increasing soil solution pH, the soil declined in Se adsorption. Selenite
adsorption in purple soils varied in the range between 26% to 82% in neutral purple soils, peaked up to
130.1 mol kg™, when soil pH was 3, and bottomed to 26% only when soil pH was 9. This shows that soil pH
may directly affect the concentration of selenite in soil solution, and hence plant uptake of selenium. With
rising soil pH, purple soils reduced their adsorption of selenite, and maximized the adsorption when they
were acidic. Effect of HPO;™ on selenite adsorption in purple soils was reflected in the finding that selenium
adsorption in the soil decreased significantly or by 39.62% when 0.2 mmol L™ of HPO} was amended.
However, the effect became less significant as more HPO} was added. Addition of HPO} into the equilibrium
solution significantly reduced soil absorption of selenium, while addition of SO did not have much impact on
purple soil adsorption of selenium.

When 0.3 mmol L™ of HCO; was amended, soil adsorption of selenite was significantly increased or by
20.37%, but the effect got to be less significant when more HCO; was added. When 6.5 mmol L™ of HCO3 was
added, the anion displayed slight competition with selenite.

However, addition of a low concentration of HCO; promoted SeO3 absorption by purple soil, while
the addition of a high concentration of HCO; acted reversely. The impacts of HPO; and SO} on selenium
absorption could be well fitted with the Langmuir and Freundlich equations, with coefficient determination R
being over 0.90 for both of them.

Selenite desorption rate was significantly higher in the soil solution with HPO} in presence than in the
soil solution without anions in presence, when 0.2 mmol L™ and 3.2 mmol L™' of HPO7 in presence, selenite
desorption rate increased by 2.72 times and 1.50 times, respectively. However, the addition of SO did not
have much effect on selenite desorption. The presence of HCO;J also increased selenite desorption from the
soil, and compared with deionized water, it did by 1.41 times and 1.99 times. These findings indicate that

desorption of selenite is related to the presence of anions in the extraction solution, and when HPO}; or HCO;
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is present in the solution selenite desorption rate is significantly increased, but SO} does not have much
effect on desorption of selenite from the soil.

Impacts of the three different kinds of anions on Se desorption from the soil vary. The presence of HPO};
or HCO; increases selenium desorption rate, while the presence of SO does not have much impact. In the
purple soil region, phosphate fertilizer and alkaline ammonium bicarbonate fertilizer are often used. These
practices may increase the availability of selenium in the soil, and hence the absorption and accumulation of
selenium by plants. The knowledge of the law of purple soil adsorbing and desorbing selenium at the solid-
liquid interface may help improve the bioavailability of selenium in the purple soil and serve as a scientific
basis for further increasing the content of selenium in agricultural produce.

Key words pH; Anion; Selenium; Absorption; Desorption
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