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AU, Ab2ER B AR UL TR P(V) S As(V)IEAERT, A As(V)HBE B3I, POV) AR 45 TR 4R 2 A Langmuir 4[] Freundlich
RUBLAR A, W BN, (E BRI K, As(V) 2B 4o i e HE R VR R B 558 4 VR IR POV)TE R 2 1 1Y)
Wt s P(V)5 CAADIEAERS, POV RIS Se e s s/ . BAASR UG, Cd(ILyP(V)P i B <0.5 B, Cd(I) 3 E i
LT | e POV)TESH AT R AR s CAAD/P(V)MIBAY & LUAE>0.5 1, # I B AIIE i Fe-P(V)-Cd(ID =I5
SRR P(V)EIER B EALR . BE—3n Cdan/P(VBIR R LU, POV E BRI A A N
JEIE P(V) 5 CA(ID YR EHLITNE . 1245 R 0T IS P AL 38R b B 1 SO AL B SRR e N -SSR X s,

A B P BIA IR LR IR PR IR S Qe s R AT 45 A 1

KR B EET, BEAE; =Juis; Ul
DOI: 10.16258/j.cnki.1674-5906.2022.01.017
hES%ES: X131.3;X53 XkERER: A

XE/RS: 1674-5906 (2022) 01-0151-09

SIAME: RO, 25 PO, MsE, 2022, AT E T BT R BRI AEALE BB IE ] AR EREEAAR, 31(D):

151-159.

CHEN Wenyjie, LI Hui, HE Bin, TAO Liang, 2022. Influence of co-existing anions and cations on phosphate sequestration onto goethite

[J]. Ecology and Environmental Sciences, 31(1): 151-159.

BT R (P) 1669 4 4 78 1 M 4 R+ & W
( Sharpley etal., 2018 ), {HE % 1856 4F P A 1EMAL
FHE ARSI TR K PSS (Jarvie etal.,
2019 ), MeJm AL A=, P g R s A g
HUEELREYW R & (Jarvie et al., 2013;
Mekonnen etal., 2018; Flatenetal., 2019; Zhang et
al., 2019 ), {H& P B HIZAD 52 LB AR AR 1 e 3
( Zhang et al., 2008 ), SE(+3EH P K= EF,
TR XL P IO B ORI, T
Mi2simad M RAE T . PR . N THEK SRR
( Healthman et al., 1994 ; Stockdale et al., 2002 ; Smith
etal., 2019) MARHFARHAKIK, iHik—RII
TR TS Y AT XU R, i an . FREERgHbIX

JEHUR) AR AR g PSR RARTR R ( Zhang
etal., 2019 ), {H2& +HEIRIARL P AKF-EIAIXT 3
i AR A S P Sk 3 W E (Qiu,
2010), HCHPAIES P; X2 P Bt et AZR K IR
UK E IR (RIAOREE, 20005 45 R4,
2002; B EEI%E, 2004 ), 1 IR A TR .
R, JFJ P e 498 b Bt 1 L AR G L A
AT 3R = 3 PRI | Al S G
[ 5L ) A I

P AR R M X ) T LT, S R
HIERER 1 ( BIRREE ) 2006 ), XA R 150 ) 7L
T P AW A B, X P A SRR
SEHSETPAER Y, . R RS,

BELWH: I REARHIFEL S T S &R E (2020B1111530001 ); HEZK HARBIEIEATH (42077016; 41877038 ); I /R4A “BEITA

A" AL BIHFFA AT E (2017BT01Z176 )

TEEEN: B (1998 484 ) |, o, WiEifsA, FENFHER SRR . E-mail: 1614230745@qq.com
SEEES: Wse, B, W6, Wi, FZ RO+ e Fe K R B S5 SUSE5E . E-mail: taoliang@soil.gd.cn

FEE: 2021-10-25



152

AERIREEAIR B 31 B 1 (2022451 H )

ZT SN AR i ] R 23%—74% (£11E, 1989 );
Wei etal. (2014 ) WF5E & BUEFERA™ T POV) I ik
A POV R B R 0.05
mmol-g”!, P(V)TZE W & I 19 W% B 45 18 L AR A &
Langmuir #8Y, J& T P20 ; Russelletal. (1974 )
WF5E R BB AR LR 4™ 2R 1R O WU e 1hT 4%
G5 Tejedoretal. (1990 ) 5T & BRAEAR pH FliE 2
TR N o2 8, R AR R Ay 2 1T 2 I Il BT XL
K&t H4), i pH ARG T B B B 28 B B v
FAR%E5; Lietal. (2000 ) & IRBERRER AR ST 2k0 2R 1H
DUUE, WHHEIRABA AT, R Zeta HA
AR A DX A3 I AR T TUE 5 T, FRAT TR
W (16 4F) A PAESRAF T2 bl £y iis
AR RETFRRAESY , A5G XU AT 4 548
N, AR E R A S IR A S R B IR
FHOG, ol LA e, 4t T R B
D7 BEA B SR T S S RE A, X
R MR T e ER (Tao etal., 2021 ),

St P 7E g8 5 HALB B 7R
e 05, AR BLAE R R ) 2 1 P A
Manning et al. (1996 ) 5% T il fREL S W E: FI4H
PR ERTE —KBR A RTS8 S PR WG BT, 2 S 32 pH
MR, P AE pH 2—11 ff As AR EFRAIT,
T Mo {NAE pH<6 i As KB} 2 [#AIK ; Essington et
al. (2015 ) f5E T 5-MnO, X BREREE | WAL LR AT IR
ERHIWLRFE, &I PO SO %A SN Sb(V)HY I
B, 1HJE Sb(V)PIAELEMT POL I WK Bt ot R 11K 5
Elzingaetal. (2013 ) BF5% T 2R4K0 S Cu(IDFIIE
BERRER LIRS , 3 CAAD ARG i T 5255 pH 3
PRl N AE R SR O B &, 34 ATR-FTIR W8 E] =
JG CA(ID)-1EBERER-TR ™ RIS WP AL Liu
et al. (2016 ) WFFE T /KW R EBERIRFN Zn(1D)1Y
FemgRfl, L PIBSERER AN Zon(IDE/KERE™ I BAA
WIVER, BHA = TAWIEm. ok, vt
7~ pH BRI LED W) 2 T IRET T A ) — R
EMENZE (Manning et al., 1996; Lietal., 2002;
FEEMEEE, 2020 ), SR T HEHET AT R 22 A il pH
XFF P AR P A B A S

R, ASEFZEAEHERR pH XS0 B B A T4
TERE T W) At P 5 A B BH B AR BAE i 7
PIBFTE . ATFFTREIL TEHERA™ . AR DL =i A
X3 PR, R W YY), AR pH
) Rt e WA I S A e S o
Bl Zeta HL07 . X JFEATH ( XRD ) FlE o3 HHE G
5% (HRTEM ) RAESHT, BRIE0 W S A7 I BH S
FXF POV REmaAILE], DU P(V)FERE | 2133
W) 2% T [ A7 RO L T A 22 A S b Al

0.32 mmol-g !,

1 #REFH*®
1.1 KIERF

W B (dral ), EABER (prat ), L
IKAEERER (Zdrat ). 4-guk 2 RSN ( MES, 24T
4li ) i N-2-¥2 £ HENRR-N'-2- £ 2 ( HEPES, 4347
gl ) WETA2 vk, MR S (srbral) IET
Sigma-Aldrich, FEERREN (7044l ). S8R (34
ali ), FAs (obral ), KREAEL (abral ) e
Fharhi T, EAbEE (orbral ), S (o3drat ).
KA (orbral) mER (srbral ) KRR (fr
afi ) WE T MAeEH) . miIRA (kaolinite,
AL O3-2Si02 2H0 ) T A %4, IE T IUssT &
KGR RT YA BIABR AR, $246)5 1.
1.2 THER

51454 ( goethite, o-FeOOH ) 5 i: 5mol-L™
KOH #In#] Fe(NOs)s /KW, #itlEs), K
TR N4k 14d (Taoetal., 2010), HFKHREHH
FEA PR BIRI 2 he WA MTTIEDIKIK A 0.4
mol-L' HNOs, HR-HRERBEETE, a2
FARIZHFRE L, HEBRSR/NT 20 pS-em™,
40 CHET . F78H" (hematite, o-Fe,03) &: 1
mol-L™' KOH F1 1 mol'L™! NaHCOs fillA 90 ‘CH)
Fe(NO3)s i, A 90 CHEFH 4d, HUEHMIH X
SHARRTEHE E BIAH, 2 mol- L™ HNOs YE & 4R
W, e HRBE TR EHERE L, HREFHRN
F20uS-em™, 60 CHETF (Cornelletal., 2003 ) 3!
35, A B T SE R A 4o ad B BRI AR ) ek
0.150 mm J& J¢ ki fii .
1.3 KIR{UEE

Ty Z—H TR ( BSA224S, FELFIHA ],
5 ), 100 L & 1000 pL F&ii#% ( Transferpette S
F-100 & F-1000, 278/ F], fEE), HiRHR5H
(HYG-C, i3l aFAFRAR ). #e pH 1 (PB-
10, FEZFIM AT, F8E ), BIHRT L ( ALPHR 1-
4 LD plus, CHRIST, [ ). Hb3R ALY
( Autosorb 1Q, HEEAZNAT], EME ). Otk EH
P HTL (Nano-ZS90, Zh/RANZRARRA R, Jt
). X-BIZAT 8 (D2 phaser, i€ vwiABRAH],
P ), PSS H s (FEI Talos F200 HRTEM/
EDS microscope, FEEK CH/RBHE AR, #E5), H
BN A S B AR Z Y6 (Optima 8000, #1432
IRAES A BR A F] ), BT BT ( AFS-9230,
i RAERABR ], dEat ).
1.4 KEFHE

AR — A8 ( KHPOs ). fift g — & 47
(KHAsO4 ), FEEREF ( KoHaSbaO7-4H20 ), HE R
(KoCrO4), FHERER (KNOs ), F ks (CdClL), &
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B4 ( CuClL2H0 ). S AfbsF (ZnCl ). &AL
( MnCL2H0 ) 43 %Il e il 4% oz 1) 5 ¥k B2 ol 0.04
mol-L™! i P(V).As(V).Sb(V).Cr(VI) N(V).Cd(II) .,
Cu(l), Zn(I)& Mn(IBER, BR Sb(V)YBRER T4 1R
TORAE, HAWRR I E A E TR OIE T, 4 C
B AEAE . A ECH KCI-MES 1B &8 Al KCI-
HEPES AR 5I1ER pH 3.0, 4.0, 5.0, 6.0 Fll
pH 7.0 1 8.0 MY 5o, T HIMEEE A 0.1 mol- L™
1Y) HNO; 1 KOH #8171 5% pH 2 3.0.4.0.,
5.0, 6.0, 7.0 18.0,
1.41 pH R

30 2 mL B TEIN 2 mg YA 0.90
mLpH 4 3.0, 4.0, 5.0, 6.0, 7.0 1 8.0 f}) KCI-MES
oY KCI-HEPES 5, Bl RBTESIN 0.05 mL
P(V)F1 0.05 mL & BCHil B PHES 7R, AR
e P(V) R AR BE S 1 mmol- L, BABHES A0 4G
WA 0.5 mmol- L™, KCL € F M 0.01 mol-L™!, MES
a8 HEPES ¥4 0.03 mol'L™!, JUWAAF A 1 mL,
W RS0 R A S0y, B — A R N A — IR
WE 3 TAT IR 5 e AR R R iR
RIEESHCN 25 “C, 200 rmin"', [V 24 h 5
e, 28 0.22 pm PR, EALIA,
142 BWHHF

] 2 mL B0 a2 mg )1 0.90 mL pH
6.0 1Y) KCI-MES ¥ 55, FiJ5 RSN 0.05 mL
P(V)F1 0.05 mL BB As(V) CAADEHRE, {#i15
K Z T P(V)BIRITEWEE A 1 mmol- L™, As(V)¥Ih
WA 0.5 mmol-L™' A1 1 mmol-L™!, CAIDkJE K
0.1, 0.5, 1 mmol'L™", HABSZIHAERFER] pH 2%
Nio TESEE 24h N, J30l7E 5. 15, 30, 60, 120,
180, 240, 360, 480, 720 1440 min M¥EKBEHLHE
W3 AN RONAT, 280.22 um JEREENESS, AL
W Bt 2 g 2 S g ik 33 AN S o
1.43 HBHFRZL

] 2 mL &0 A RE N 2 mg A1 0.90 mL pH
6.0 ) KCI-MES 15 50, 43 AN A [R) i B2 A B
i) 0.05 mL P(V)# i S 0.05 mL As(V)IEH, k%
PV 0.1, 0.2, 0.4, 0.6, 0.8, 1., 1.2,
1.5, 2mmol-L™!, 18 As(V)H#E K 0.5 mmol- L™ il 1
mmol- L™, HABSCIHAERFLR] pH 200 . SN 24 h
JEERE, 22 0.22 um PRI IESS, _EHLIER.,
1.4.4 P(V)/CAIDKE

] 2 mL &0 A RE N 2 mg B 9)F1 0.90 mL pH
6.0 ) KCI-MES 15 5, 43 AN A [R) i B2 A B
() 0.05 mL P(V)7& & X% 0.05 mL CA(INIAER , k%
POV BES5)8 1 mmol-L™! Al 2 mmol-L7!, fif
CA(I¥EEH 0.05, 0.1, 0.5, 1, 1.5, 2mmol-L™",

HAbSCH R AL pH R0 . [V 24 h JF BUEE,
2:.0.22 pm JEBGEUE S, EALIUA,
1.5 HWRRIEFZE
1.5.1 BRHEZHH

W2 56 9 9 e R HL A B PH B vk G
I FH F B A 45 B TR R IS (ICP-OES ) iff
FFE, P AYIXESKE IR K 50 ug L', Cd AL ERAS:
WA 3.4 pg Lty Ak R R T2 6L T
(AFS) #Ef7IE (FEHESE, 2022), R HER
4 0.044 pg' L7 M7 VE 3 RGBT,
S W B FH 25 08
152 #F kit

TP RAE BB S50 7E 50 mL 250045 itk
17, BWIS 2 mL B0 sciit g —a, H
AL AR ORFRMARBUR B R IR 22 A
HEIT 3% )o FE A Y LR T RAE L R T BRI FLAR ST
A F I S AR R ( BET %) JEATIIAE . Zeta Hy,
N PO B A AT G T, ) 3 Wk IO
. FESh X SIS (XRD ) B A X SH£eAT
SHGHATIAARE . FE S5 (HRTEM ) BIEEH
T PR S B A TR AR B . XRD Al HRTEM
(IR TEWG R A F B0 . TR TR S AR A
a, HIRRE _EALIN .,

2 Z#R5i11e
21 TEERTYRE P(V)E pH 35

P(VTEEHE™ . IRERE RIS IeA 3 Ry AU
R pH ROV AN 1 R, SCISE R . 7
pH 3.0—8.0, FHE FIaREA X POV R A
HFE pH FHim POV T &S T PV)TER IS
A bR L BA SRR ELACK U, M pH 3.0—38.0, P(V)
TEEHE™ AW M 245 pmol-g ! ZEA TR 215
umol-g ' 245 (K 1, J7IE); P(V)TESRERD LAk
BN 49 pmol-g™' Z24FEE 13 pmol-g ™! 247 (A
1, =f); PVTEEA (K1, 28 )) BEA
TCB o B 1 ZE R TIA RS (R 1), 45
R . R[EH MR PV (pH=6.0 )
K NE BT (2.86 pmolm 2> 7k Bk #”  (0.64
umol-m 2)>E A A7 (0.18 umol'm2), JERHTEX 3 Ff
TR T Y, R TEE A R R AR ke
XF POV R BRI HU TR TR ek S A P i e 0 A T
I, SRR AR R A S IR AR AE S HL
far, W BRHRE 1 K F 2R R R AL R E AL 1)
(Liuetal., 2011),
2.2 $HEKH/FRERH S P (V)R IR B 45 1E

P(V)TE SR F AR B 55 1 10 W2 B 3 1 24
Kl 2a i, SCHGZE IR EHE BN Bl )2
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Figure 1

F1 PVEARBTHREHIT—LEMEZR ( pH=6.0)
(EHES, 2022)

The normalized adsorption efficiency of P (V) onto
different mineral surfaces (pH=6.0)

Table 1

F¥) Minerals  Q./(umol-g™") SSA/(m*g™") Q. /(pmol-m?)
8K Goethite 232.04 81.15 2.86
FREKT Hematite 18.71 29.19 0.64
iR {7 Kaolinite 2.78 15.70 0.18

Q. N pH=6.0 I -F-HI i SSA MR, 0. W LLRH
FUT—1LAY POV R

( 2a, B ) FERFHFFAR S 60 min ( P(V)IRFH &
215 pmol-g ' 2247 ) J& FHRH B B B 5 2T k% —
B8, 7E 8 h FEAIA W T 240 pmol-g™
ZEAT Do IRERAT LR B 2% (18 2a, =AIE ) R
08, TEMZR AT R 6 h IR g 21 pmol-g ™' £
£, AT 12 h BF, POV)FESRERA™ F 11 M B
AIREFAT (25 umol-g ' 24 )e WNEERTTLIE T,
P(V)TERHERAT 1 10 W2 B 8 3R 5 AR e W o o
PR, BETE TR R AR R[] P 8 2 I B o 3 o — 2%
B RUME — R 12 (Yuetal., 2021; BEHY
A, 2022 ) X PFPER A FE POV

w
=3
S

1 & mptan 2 Kinetic

200

#E =275 /1% Pseudo-second-order

Qer/(umol-gt) k2/(g-pumol!min!) R
240.96 0.0018 0.999
100
26.03 0.0007 0.992
—A A

o
1

[ kD™ goethite
/\ FRERE hematite

P(V)"Hff & P(V) adsorption/(umol-g ")

t/min

T T T 1
0 400 800 1200 1600

I RHE A T BRI, S5 R POV Sk
FARERAT F 1 AW 3h 01 #4556 9 s )2
R (A SR R ), WAL 2= B 32
(Kl 2a). WA EERXT R P(V)TE
EFERET E R ( £=0.001 8 g-umol "min~" ) K
T H A A 8w b ry W B B % ( £=0.0007
grumol 'min" ), X RN TN I AR AR ER
W a5 A R A X 9] ( Cornell etal., 2003 ) 4
2 BT IS SRR RS , R AA T 2 HTE PR
W% ffHv & (Tao etal., 2010 ),

it Langmuir SFRMFHEIRIA Freundlich 55
TR R FEAE T (Yuetal., 2021; BEETE4E, 2022)
PE—25 X R L b POV B R B 45 T 2R AR AE
HEATERILG, BLASS R 2b FRfERITR, A
SRR Langmuir SR AR Y O 4EL A 2 R EL
HHEER R?, FWH PV)FEFFPERE™ LAY 0% B LA
PR BRI S TR LR AR TR 4L 2 SR R
B . P(V)E & BT B B R MR IR B
( Ow=257.75 pmol-g™" ) FEKTF P(V)TEFRELH" L1
BRI ( Qmw=46.02 umol-g™' ), 14k F
R B LR T (SSA ) & & (PZC) Miat
SRR HHERTI R IR 81.15 m? g, AR
BRI R AN 29.19 m2g ™ty AR A0S o
5.8, JRERHTIOEEE N 7.2, BIR P(VTEIR R
IR B T B AR, (R X A k™ 3 1
) IR BFF I AN 2 T D e I BT R A 7 1, T B ke
T T A I B 55 ( Antelo etal., 20055
Zhu et al., 2007; Atoueietal., 2016), ZEF|H
SRR | LU (BHE S B EGE ) B AR
B (R SRR ) Tz, HEHE X
P(V) W it 25 B K F Rk m™, Jo 22 S5 R 45
BT 0 1 hy W B 50 8E — 25 T J A7 B B 8 7 X 4
ARk 1y A T [ A7 P s e B
2.3 HEMRBFHMETET RE P NETRE

P(V)5 BB T AT i r T o 1) 485 2R dn

8]
1=
S
\

1 b) W24 4 isotherm PP

[ )
=1
S

=

Langmuir 5% Langmuir model

Ow/(umol-g) Ku/(L-pmol) R
100 FHED 25775 0.0039 0.988
FRERH 46.02 0.0201 0.994
AL A A

[ 4B goethite Langmuirf& 40l &
/N FRED" hematite - - - Freundlich i 41) &

o
1

P(V)W ff{ & P(V) adsorption/(umol-g ")

T T T T
0 500 1000 1500 2000
ce/(umolL’l)

B2 P(V)ESHE . T FE LENWRMEI /1% (a) FIRMEERLZE (b)
Figure 2 P(V) adsorption kinetic (a) and isotherm (b) onto goethite and hematite
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Kl 3a flrn, N(V) (R, NOy ) FlCr(V) (£,
CrO4* )X P(V) (PO ) LB ASEIREL /N, 1T As(V)
(=M, AsOs ) FlSb(V) (fLfiE, Sb(OH)s )
XF POV W B 52 B g RIVE L, JFE As(V)XF
P(V)W B S RIVE FH R T Sb(V)e HHF N, P, As,
Sb A EHILER , X PUAITR EA MR ERINZ
TH, (HEAKB R E TSI A AR
( Pintor et al., 2021), NOs z3[a]45# M IIE=/ATE,
PO, il AsO4> 4 IE MU AL, Sb(OH)s A /\ I
TRZERE o X POV BRI E B A As(V) 5 P(V)
() 45 46 AT BT B A AHARL ( Manning et al., 1996
Violante etal., 2002; Pintoretal., 2021 ), Ifi Sb(V)
AR5 PSSt 0k, BB mELl, B
Ph As(V)XT POV) 83 Rl 4 AT LA A5 4 2
T [ ey 1 S AR B 2 A AR R (250
FRFARR AR R 3 ) A R 2540 10 2 X e
I 7 W B A e 4 (R BT AL AR B Sl 32 ),
Sb(V)EIRXT POV Bt A7 —E ], (HERCR
A As(V),

P(VTEAH 0 L S As(V) IR F 4z fi 3
2N 3b FoR, SEEREE IR . P(V)TEEM 2 2R i
1) % RS Ty 28— PRk 8 B oo R i i i A\ G 2 1 K
W1, POV (5IE ) 505 As(V)FEMZEY (0.5

®
1=

a) P(V) 5 BI85 7 2L B
<=1 mmol-L™' P(V)
=1 mmol-L™' P(V) & 0.5 mmol-L™' N(V)
~/\=1mmol-L™" P(V) & 0.5 mmol-L ™" As(V)
—5/a=1 mmol-L™' P(V) & 0.5 mmol-L™' Sb(V)
~=1 mmol-L™! P(V) & 0.5 mmol-L™' Cr(VI)

=N
S
1

N
S
1

8
%?@

P(V) [t % P(V) adsorption/%

1

©
=3
S

T o) Wer&E 2k isotherm -

B a-a
 =m- 8

1)

S

S
1

B P(V)&0mmol-L™" As(V)
A (V)& 0.5mmol' L As(V)
Y P(V)& I mmol'L™" As(V)
Langmiurfi R0 &

—  =Freundlich# 4.2

=3
1

P(V)Ff £ P(V) adsorption/(umol-g ")

T T T T
0 500 1000 1500 2000

Cppevyy/(Hmol L™

mmol' L™ As(V), =ffiJ&; 1 mmolL™" As(V), Tiff
B ) 43 3IAE 8. 6 1 3 h FEASIE B WL BT, B
AR IR fF i R A4 A — sl A (R 2),
WESE As(V)IJITAASELAE POV B 8l 71 “F A
TR BATISR A POV R B DB A, B
SEPNA LRI R As(V)RITASE POV B %
R (ko A 0.001 2—0.003 8 g-umol “min! ), As(V)
FIB NSRS POV AEET R F 1 04 W B e &
W, (A POV)RYIMB IR, FZIHET As(V)
5 P(V)Se g L, B R m ] g POV) IR

£2 As(VBEETH P(V)IRMEhHEIESH
Table 2  Fitting parameter of P(V) adsorption kinetic when
co-adsorbed with As(V) onto goethite

E—28l 12 WD

Pseudo-first-order Pseudo-second-order

g B 5T

Adsorbate Qet/ ki/ ) O/ ky/

2
(umol-g™") (g-pmol™'-min")

0.001 2 0.999

(pmol-g™") (min™")

P(V)! 216.14 0.56790.804 242.72
P(V)? 88.89 0.002 6 0.999
P(V)? 72.59 0.42900.701 140.65 0.003 8 0.996
P(V)' 7 1 mmol-L™! P(V)HIERF; P(V)23 1 mmol-L™! P(V)15 0.5
mmol-L™' As(V)FLHFff; P(V)? A 1 mmol-L™! P(V)5 1.0 mmol-L™' As(V)
R, O FRTPBIMII 5 &y« ko 23T FTRTE— AN 030 1%

0.4954 0.835 166.67

b

7020 b) W /3% Kinetic
=
g - = ]
E 200
& A A A
2 x I Y &
S—L =
<
2 100
(=9
]_IE [J 1 mmol-L™ P(V) & 0 mmol-L™" As(V)
i 1 mmol-L™" P(V) & 0.5 mmol-L™" As(V)
% 0 5% 1mmol-L™ P(V)& 1 mmol-L™ As(V)
2 -
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Figure 3  Effects of anions on P(V) adsorption onto goethite (a), kinetics of P(V) adsorption (b), isotherms of P(V)
adsorption when P(V) co-adsorbed with As(V) onto goethite (c), and Zeta potential values when P(V) co-adsorbed with
As(V) onto goethite surface (d)
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Table 3 The fitting parameter of P(V) adsorption isotherm
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Table 4 The fitting parameter of P(V) adsorption kinetic
when co-adsorbed with As(V) onto goethite
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Figure 4 Effects of cations on P(V) adsorption onto goethite (a), P(V) adsorption kinetic when P (V) co-adsorbed with Cd(II)
onto goethite (b)
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Abstract: Phosphorus (P) is an important nutrient element, but is also a potential non-point source pollution. Retention behavior,
migration, and transformation process of P in soil environment have attracted extensive attention. In this study, typical minerals (i.e.,
goethite, hematite and kaolinite) in yellow soil and red soil were selected as the experimental model minerals. By excluding pH
interference, the effects of coexisting anion [As(V)] and cation [Cd(I)] on the P(V) surface retention mechanism onto the surface of
minerals were studied. The adsorption efficiency of P(V) on different mineral surfaces shows that goethite > hematite > kaolinite. The
coexistence of anionic As(V) and cationic Cd(II) does not change the P(V) adsorption kinetic characteristics onto the goethite surface.
This finding is consistent with the pseudo-second-order kinetic model when chemical adsorption is the rate-controlling step. When
P(V) coexists with As(V), as the As(V) concentration increases, the P(V) adsorption isotherm changes from Langmuir type to
Freundlich type, the adsorption capacity decreases, and the P(V) adsorption rate increases. As(V) mainly reduces the P(V) adsorption
capacity on the goethite surface through electrostatic repulsion and adsorption site competition. When P(V) coexists with Cd(II), the
adsorption rate of P(V) first increases and then decreases. Specifically, when the Cd(I1)/P(V) molar ratio is less than 0.5, Cd(I) slightly
promotes the adsorption of P(V) on the goethite surface, mainly through electrostatic attraction. When Cd(II)/P(V) molar ratio is more
than 0.5, electrostatic adsorption and the formation of Fe-P(V)-Cd(Il) ternary complex are the main regulatory mechanisms that
promote P(V) sequestration on the goethite surface. By further increasing the Cd(II)/P(V) molar ratio, the main regulation mechanism
of P(V) storage is gradually transformed into the surface coprecipitation of P(V) and Cd(Il). The purpose of the study is to provide
basic research data for studying the micro mechanism and crucial influential factors for P sequestration in a soil environment. Findings
are expected to help improve the P utilization rate and regulate the P non-point source pollution.

Keywords: phosphate; goethite; heavy metal; ternary complex; co-precipitation



