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Effects of pH and Phosphate on Se( IV ) Adsorption by Tea Garden Soil

YAN Jia', ZONG Liang-gang", YANG Ni', YAO Huan', MA Ai-jun®, HE Ren-hong*

(1. College of Resources and Environmental Sciences in Nanjing Agricultural University, Nanjing 210095, China; 2. Jiangsu Polytechnic Col—
lege of Agriculture and Forestry, Jurong 212400, China )

Abstract: Chemical behaviors of Se in soils influence Se availability to plants. The effects of pH and phosphate on Se( IV ) adsorption by tea
garden soil were investigated. The results showed that the time required to achieve adsorption equilibrium of Se (IV ) did not show differ—

ences when pH values increased from 3 to 7. Adsorption capacity of Se( IV ) was higher at pH 3 than at pH 5 and pH 7. No significant differ—
ences in adsorption were found between pH 5 and pH 7. The presence of phosphate not only increased the time for Se (IV ) to reach ad-
sorption equilibrium, but also remarkably decreased the Se ( IV ) adsorption. Adsorption kinetics of Se ( IV ) followed Elovich and dou—
ble—constant equations, while adsorption isotherms could be explained by Langmuir, Freundlich, and Temkin models. The effects of P on

Se(IV ) adsorption were affected by P/Se molar ratios and addition sequences. At P/Se molar ratio>1, Se(IV ) adsorption decreased signifi—

cantly. Adsorption of Se(IV ) was in order of Se addition prior to P>Se and P together>P prior to Se. These findings could provide useful in—
formation for enhancing plant availability of Se in tea garden soil.
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2% el - 38 H e X G VR A S S 9 i T A o AR
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FIRT A IR P it A B v e T DX BT A kb,
IR A R R SR AR

I HE S
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B R HER VLI ES T RGP SRR
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Table 1 Basic properties of tea garden soil used in experiment

+48 pH(H,0) OM/g-kg’ CEC/emol-kg"  H%H#/mg kg™
(FAR: S 4.40 36.24 11.89 99.40

TR EEY 1.00 g BT 50 mL BRSO T BITA 20
mL AR 10 wg-mL™ A Na,SeO;5H,0 FRiEZ
(F 0.01 mol-L™ NaCl IR ECH] ), ¥ pH A H
HCI Al NaOH ¥ % 3.5.7, A 3 i & 05 LA il s A=
Yris e AR 25 CHE T 404k 0.25.0.5.1.2.4 .8,
1624 48 72 h, #E 4 200 r-min™, B0 3 8 5 48
STV RT3 2R T B A B G 1 Wi
e, A EEE 3 FT T

W2 o 44 2 S 36 R 5 il 4031 02,5510,
20.30.40.60.80.100 pg-mL™ ) Na,SeOs+5H,0 7
%W (JH 0.01 mol - L™ NaCl ¥ ALl ) , ¥ WK pH 175 =F
S HCL 1 NaOH J8 % 3.5.7, LA 3 & 05 LATI 6
TCE YIS M 7E 25 “CIEE R PR 72 h, $i2 y 200 r-
min™, B0 A I8 0 PR G ) e A 2
DT O R . AR 3 AT,
RIS 11
1.2.2 N[RIBAEAR LU 2% T ke R o 51 56

PLE Al &~ 10 pg-mL™ ) Na,SeO;+ 5H,0 THRA)
TA e B M 3L, 2R (KHLPO,) 57 ( Na,SeO5+ 5H,0 ) i
JRURFE 2 43 R 1:2(P/2Se) (1:1(P/Se ) F1 2:1(2P/
Se) AT, S M 1.2.1 Hhgly Jy2¢ S0 i A0 R EA Tl
(AR B0 2l T 2 S

DLl R 2.5.5.,10,20.30.40.60.80,100 pg-
mL™ [ Na,SeO;+5H0 ¥ W W) 1R v B ol S vl TE
(KH,PO,) 51 (Na,SeOs  SH,0 ) BE /R ¥ BE 22 H 43 1)y
1:2(P/2Se) . 1:1(P/Se) F 2:1(2P/Se) (51 T , = MR
1.2.1 Hgh 725 SEIG I A0 BRI TR () W B AT 22 556
1.2.3 N[ ¥ S5 P A8 X 6 PR O 114 52 e 52 65

AN Na,SeOs - 5H,0 s M 175 W 1) 25 il & 4754 10
pg-mL™, ZEBEHR B4 B4 0.10.20.40 .80 160 pg-
mL™ ST EA TR AR A X G A 86 52 i S 55
1.2.4 T AN (R0 A S 0 B A 552 i 52 565

S ST PG AR As(V) T %, BR
I 1.00 g i 60 H BT EHE T4 F 50 mL HALES
O, HE R BT N A NaxSeO; - 5H,0 ¥ W Al
KH,PO, V& . I 1: 70 A 20 mL Na,SeOs+ SH,0 HrifE
VTR, 35 3 W BR800 Je 32 B TR, AR Bk
SN 20 mL AS[a] 4 B A KHLPO, I Y 22 43
BIANA 20 mL AS [E]¥ FE (1) KHLPO, I, 418 5 15 W
PR, A R WIS AR E A 20 mL
Na,SeOs+ SH,O PRUERTR . UF 3: A 20 mL &5 AN A
PF%;R(ZUE HCEI’:J KH,PO, 5 Na,SeO;+5H,0 E/‘J{ﬁ'a/ﬁ\{g{ﬁo

AL Na,SeOs+ SHO AR E K 0.1 mmol -
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5 Pl B, 15 P/Se (EE IRV FE L4351 R 0.1,0.5.1,
5.10, T 25 CHEIRG 520, W F I i ham gk
FEFF R XA A I B i . AR EE S 3 R, R
WEZSH.
1.3 EiFERPENE X

W B S B0 28 R, BT R 4R 0 A0 S, B B
) S VP AT P00 o G e P 0 SR P b R
B FARIE T R G (ICP-AES) .

2 HREWR

2.1 A[E pH t5 e 1 352 A i AF A9 220
2.1.1 AN[a] pH 2544 A W B 3 7 27 A

pH 2520 T IR E A ) e R R 22—, BEUE
TR PR TR A VR B0 7] 2 T ) A 5 LA e
TS, &1 & Se( IV )RR A 10 pg-mL™
B ZE WG BN [F) pH 2548 388X Se (IV ) 1y 1% B 51y
J1zEmigk. BB T AT, 7E 3 pH(3.5.7) 44 T
X Se(IV ) B Rz S X5 T 43 Ay e 8 W o A1 38 I e 1
BB FERON I, E3EXT Se(IV ) AW B e A 52
B FTF A 66.4%~74.7%11) Se(IV )TE 4 h 4%
B, Z 5 AR 8 Y B R . 5 pH=5 .pH=7 [
SR EL , S B pH=3 B S A0 B o B 1 3 o)
Se( IV ) Aoz sk R BB, H AP B ik 156.2 wgeg™,
B2 & F pH=5 ,pH=7 X} [ 130.0,125.6 pg-g'c H
IR F W R A i T A B TR AT R 2R ) S N &
48 h +HEXT Se(IV ) iy W B3 3438 31 45 P18 08 B 2
1) 96% L) L, TR A ik B BT . 58T 2 i gk
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Figure 1 Effects of different pH on kinetic adsorption of Se(IV )

in tea garden soil

Wk 5 FhE 0 W sh 1 F R B A R [R] pH
1R 25 - 38 Se (IV) A R 3 7 27 B L 245 28 D
2, WEECHTFEF Elovich 7 FEXT Se(IV ) [ #4142
BRORET, UA R BITE 0.947 4~0.995 8 Z [A], il
Pk AR ALA RO R 22 i — s 2 RS A
b A5 el 43Xt Se(IV) i Bt 8l J1 22 4#1E . Elovich
TR RS b R T Bl S AW B R b (A
R, LR B3 st A A, PR R T R pH A5 E A
FITFhnde 1 1ext Se( IV ) g mg bt 2

2 AE pH &4 TEE 112 Se(IV ) RIMR i Bh 12 HHE
Table 2 Kinetic equations of Se( IV ) adsorption in

tea garden soil at different initial pH

IR pH
I Y p
3 5 7
a 40051 35676 3.7089
WHBOHFE InY=a+blnte b 01293 0.1646 0.1376

R* 09823 09474 09932
a 34.673 11.866  22.907

Elovich 573 Y=a+blnt b 14.603 14551 1217
R* 09892 09605 0.9958

a 45998 43306 43405

—HEHIFHE InY=a+bt b 00001 0.002 0.000 I

R* 06134 05553 0.633 1

a 0.007 7 0.009 2 0.009 7
TR/ ERRRE Y =atb(1t) b 0.0972 0.1808 0.1353
R* 07868 08911 08236
a 86.24 63.47 65.65
b 12549 12417 1.0551

R* 08815 0.8440 0.903 1

Y=a+bt"

YL

pH B84k 2 5 e 4 38 3R 1 Jor A AN B -1k Y
HERE , I s 2% Se( IV )7 358 v 1 Wi i Js2 o st
[f], 3 FAR pH 45040 5 5 (IR s v 35 31 ) ) 2
P AH R — M SRS ) A LB A A
FHERER, A -2 kae. MoMNEMA
pH=3 1 Se( W )ARHER G , Kt 0y HARTRIEA S
TRZR A5 5 0 ) 1 W o S 3 A B e, £35S TRl Y
PRGN a] 35 pH 7E 3.61~3.74 2], Hb 3875 5+
pH(4.40) [ T 0.66~0.79 4~ 50 5 7E pH=5 F1 pH=7
AL HLZAE T, KRR LI pH /3 BI7E 4.35~4.42 Al
4.42~4.48 WL, 400 1388008 5t pHL, Bt AW
(W R Bl 727 it 2k 22 S N (BT 2)

2.1.2 AN[A] pH 544 G A W B A 7 2 A
Bl 3 [k 7 AEWC B pH 43508 3.5.7 ISR
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Figure 2 Changes of supernatant pH after Se( IV ) adsorption in tea

garden soil at different initial pH

T Se(IV) W B 4E IR £ 22 5. >4 pH=3 B, WP
OHARA, JLPAE HSeOs 554+ S35 i W B 5,
BT X Se(IV ) BB, bk 1= 458%F Se (IV ) i1y
I R R & 379.2 pg-g™' BEAE IR pH 32
W OH R b 2 34 i, 5 HSeO5 [ 3% 4+
ERIINEE, F30Se (IV) Wkt B>, pH=5 Fl
pH=7 B XFRE Y Se (IV) e R Bt 62 43 51 >k 303.2.
275.7 pgg”, 5 pH=3 B AH HLFEIE 43 51 15 20.0% Fil
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W B A IR AR AR T A X W] BB e B TR B IR
iF, R A 2 IR BH, B Se(IV), HLA4-3%
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OH Y SEBRIE IR A BR , A2 AT Se( IV ) il iz i 3 il
BT p AT L, AEAS SRS pH. AN ) 46 ¥k TS 1Rl
WA pH A F) T et Se(IV ) W I, i pH Y
T o W B A T AR, L AE R R) G v 3 5 e e ik A T
RSB . Ticknor £ Kuan SEPH 5% Al 7E +
B R by AR ARG ) R H A W R
R T ARG . 456 F 4% bl - 38 i 9 52 i)
R, QR R AR B — e R R A el -
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Figure 3 Effects of different pH on isothermal adsorption curve of

Se(IV ) in tea garden soil

IR SR 5 el - ST K P B AT S B IS 2 SR
CAFHIESE,

ANIE) pH Z5 A 5 el - ST i) W B 4 g 2 O i
WIE4ERILFE 3, Langmuir J7 2 Freundlich J5 2l
Temkin J5 2 REHAF Al R AN [] pH 254 T 38T
FRIIRZ BT AT AR AIE o AR Langmuir J7 2 AT 3HE 1A
i) pH Z5F T LHEXT Se(IV) Y f R B /NI
& pH=3 (357.1 pg-g")>pH=5 (270.3 pg-g™)> pH=7
(256.4 pg-g™),

2.2 P-Se X B AR Xt ¢ Bl 1 580K B AR 49 20T

IR T AAAEZ RN ICHLIA B, i SO% H,PO;
NO: H1 CI73, X BELAE Y ] 5 5 A i 25 5 HSe O3 50 4
A FR AR B AL, A ITTRZ R Se (IV ) Y 1 B
PR R HAE 3 vP AT S5O BRI A 2 1 S A
o, P e o A L SR SR T A B B 1 IR B A, TR S
BN} [F] A7 7E HLPO; I HSeOs F1E LT Se(IV ) 7E £
AR R T AT R G T
2.2.1 ANIGIBAERM L XA WAL B 50 3 2 1) 5 i

K4 R BEAEAE T Se(IV ) f W B 2 g 2 il 2k
BT Ak, AEREAS W B A RRATY AT S ERSH A B
% S B PR B B o RIR R L, 0 £ TR B OR A
Se( IV ) Fry RT3 52 B 7B 5 o7 Bt 1] 2 A ] J A5 A L (H B

&R 3 AE pH FHTHRE LI Se(IV) K IR i 74 S1 45 4E

Table 3 Isotherm equations for Se( IV ) adsorption in tea garden soil at different initial pH

Langmuir Freundlich Temkin
I Y =1/M+(KIM)*(1/C) lg¥=lgK+1/n(1C) Y=A +BlgC

M K R K n R A B R
pH=3 357.1 2.929 09855 82.660 2534 0.948 8 94.521 154.89 0.988 7
pH=5 270.3 2.973 0.942 9 76.524 2.936 0.987 9 85.617 112.56 0.962 8
pH=7 256.4 2.821 0.962 5 81.809 3.204 0.982 3 94.910 95.581 0.955 4
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Figure 4 Kinetic adsorption curves of Se(IV ) in tea garden soil

under different ratios of P to Se

FWRFT G EL B N Se( IV ) (R0 i A sl 08, 2
N A 4 h X Se(IV ) Ao B It 70 Wl 55 38 /R vk i
Z ok 1:22(P2Se ) 1:1(P/Se ) Fl 2:1(2P/Se ) (155 L F
390 & A R Y 60.4% .55.29%F1 49.6% , AN
[T LT Se (IV )38 21 W52 BHFF- 165 I 5 119 B (1) 50 %) B
IRAT RGN, TN % 48 h W 247 3 30 R [ R
FEf E TS, Hod 2L 2P/Se (AP B . SUA |
F,Se( IV )W 5t sz 1z i) et LA R AR o6 £ () G /IN I 245
Jy CK>P/2Se>P/Se>2P/Se ., [FIH AT LATHIN , 7E 5L b A 15
LN R 73 e S I e e = N P v e e e R TP <]
R T H AR 2 KB B L ORI 2
ZAEFRATT AR IR 45 5 iP5 2 9] B

XA [ B L 25 AF T 25 el 1235 Se (IV) 1y WA i
Bl 1 2R A T B B RS 45 R R BUR B
& Elovich J5 B2 FIHlY) 26 7 72 34 AT 45 4 b 4 R 1 ¢
X} Se(IV) (R B 8l 1 2441k, 1 — 9% 8 7 2 Fh — 2%
NITF RN A RO B2 (K 4),
2.2.2 S[RI BT Lb X AR R B R 2 A 52 R
B 5 AN [RIEATE Lb 25 1T, 255 el - S3 F At i Wi
ot AT A B R AR At 2 . SR RRAR L, 2 Se(IV)
05 e B AR st B AR A2 AE X Se (IV ) (14 IR B 52 i) A
Ko bt Se(IV )W FE R3S N, 255 Bl 13885 Se(IV )yl
TR U B o AT U A 2:1 B Se(IV)) At i BfHERAER
T 12 A 121 BUARER, TS PR 2 I 25 5N o % Ak

400
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2250
EN
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Figure 5 Isothermal adsorption curves of Se(IV ) in tea garden soil

under different ratios of P to Se

xR 4 KNEIBEMLL &4 T E 1188 Se( IV ) B IR Bt 5h 11 45 AE
Table 4 Adsorption kinetics of Se( IV ) in tea garden soil under different ratios of P to Se

it FHTLL

CK P/2Se P/Se 2P/Se

a 3.099 4 2.9379 2797 9 2723 4

XUH BT InY=a+blns b 0.214 0 0217 3 0.223 9 0.223 7
R 0.988 5 0.990 1 0.997 7 0.979 1

a -10.869 -11.171 -12.262 -13.895

Elovich J57F Y=a+blnt b 16.113 14310 13.345 12.861
R? 0.977 6 09722 0.976 7 0.934 3

a 4.082 6 3.929 5 3.819 6 3.727 4

e CIVIEYY InY=a+bt b 0.000 2 0.000 2 0.000 2 0.000 3
R 0.623 5 0.660 5 0.665 7 0.741 1

a 0.010 9 0.012 7 0.013 8 0.015 6

TR IF I 1/Y=a+b(1/t) b 0.258 0 0.296 7 0.350 1 0.320 4
R? 0.808 1 0.789 1 0.835 3 0.674 6

a 45.179 38.007 33.526 29.188

L e Y=a+bt" b 1.418 2 12832 1.199 6 1.197 1
R 0913 8 0.943 2 0.952 2 0.976 7
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Hirp, 2 Se( IV )W A FE X F) 80 pg-mL™" I, ”ﬁ[‘ﬁfﬁi
LA I8, R0 4 Foe KR A 5 35 373.9 g g7
AN E WA LA T L 24 Se(IV )BT IAMEEEIX S 40 pg -
mL" I W Bt B A Sk 211, (H i DR I A 44 O Wi
TR, BB BAE A AN T X Se(IV)
BRI B, G R AE WA L= RS O 31X 5 RSO
Se( IV )W 2 127 (0 73 Bral RARTT
P F1 Se 7E - rp X LI B 7B U071, e
13 R B —E AR , T LAAH B 5E 4 L A A 1Y
WRRFHE A 0 24 P T Se Vi EERARRIN , 3BT 1 A AL A2 1Y
W RS A W BT PRI B 5 -, DRLTT PR AELERT Se I
TR/, Bl U R A, LSRR AR R T Y
W RS ASZ E TARLRT TR I Y S R R g
17 P A Se 7 - 58 v X o 19 B 8 - W B e 0 K/
H,PO:>HSeO5, [Hth P AFAET L 3EXT Se (14 b & B
WAL, T8 T IR AR A W A, 248
TG B SR 5] 40 g - mL™ B W A il £ gl 2 s A6
Xof 25 bl - ST 14 R R T 2 s A T L AR
WK 5 PR AR LA T, =R 2 iy

AT EE T b R AN P R PR AR AT, o P Langmuir
TR A RO . RYE Langmuir J B HIA
RIS b 25 AF T - 33806 Se (IV ) i e AW Bt Mt Ay
CK(3704 ng-g")>P/2Se(212.8 pg-g™)>P/Se(204.1 pg-
g7 )>2P/Se(163.9 pg-g™), 55 B i 2k f 23 45 SRRk
A—F
2.2.3 v B AR A XoF - S R ARG 11 5

SIS IINAS [F] 9 J B8 L S O T4 1% 22 £ R
NI 6 fr7R o AE 0~40 pg-mL™ AT RN, P WY
BEmEAS Se(IV)7E + 48 F ALK i A B H4 T
K ABFEE Pk — D3R, LX) Se(IV )Wt
DRGNS X R P 5 Se 7E IR
W B o5 R SR ELA AR (AT IR e R X S
BN 50X BRI ) 2R AN ) A — E B 22 57, Singh
L0, Y 3 A 498 2 TE A 7 X0 1l P L 60 I 78 12 A )
R LA TR I T P I B AL o
2.2.4 W AN A Xof - HEE I B ARG £ 5 i)

- ST AR A Ak AN SZ B PASe BEIRHESE LLRY
S IR S BTG 5 7 KB 78 3 FPoR

RS TEBEMLL 54 TEE I8 Se(IV)BIIR B #L J1 2 HHE

Table 5 Isotherm adsorption of Se(IV ) in tea garden soil under different ratios of P to Se

Langmuir Freundlich Temkin
A 1/Y=1/M+(K/M)*(1/C) lg¥=lgK+1/n(1gC) Y=A+BlgC
M K R? K n R? A B R?
CK 370.4 8.778 0.998 5 46.51 1.942 0.9659 20.699 179.00 0.981 8
P/2Se 212.8 4.787 0.9900 51.52 2.833 0.928 3 49.973 86.663 09417
P/Se 204.1 5.898 0.9813 46.53 2.794 0.9279 42.931 82.311 09179
2P/Se 163.9 5.803 0.960 1 41.22 3.091 0.886 8 38.529 61.720 0.896 6
120 ¢
P S
100 F '\--:l_ _____ k.
| W - .~ T
- | T = -
160 o 80} o, .
| =0 -
]]EH i ﬂ“‘?:-
120 %, = & P-Se o
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P . Se~P F75 JE T A1 ; P-Se 7%
0 50 100 150 200 SIS A ; Se+P /R S BERIB A
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B 6 Bk BT x5 B B R M A RS 2 i
Figure 6 Effects of P concentrations on Se( IV ) adsorption

in tea garden soil

Se—P represent Se addition before P, P-Se represent P addition
before Se, and Se+P represent Se and P added at the same time
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Figure 7 Adsorption of Se(IV ) at three sequences of P and Se

addition to tea garden soil
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