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Phosphorus and arsenic adsorption characteristics and migration features in soils from different sites

QIN Hua', XU Dongying’, KANG Runfeng’, YIN Xianqiang’, SUN Huimin®"

(1. Hanzhong Environmental Monitoring Center Station, Hanzhong 723000, China; 2. College of Natural Resources and Environment,
Northwest A&F University, Yangling 712100, China)

Abstract: To investigate the adsorption characteristics of phosphorus (P) and arsenic (As) and their migration behaviors in different site
soils, batch equilibrium adsorption tests were conducted, complemented by scanning electron microscopy—energy dispersive spectroscopy
(SEM-EDS), X-ray diffraction (XRD), and particle size analysis to characterize the soils thoroughly. The results indicated that the
adsorption processes of P and As in the three soil types (paddy soil, cinnamon soil, and red soil ) followed the quasi—second—order kinetic
model and the Freundlich model, suggesting that multi-layer chemical adsorption took place on the heterogeneous surfaces of the soils. The
adsorption capacity of soil for P and As( V) is influenced by pH value, ionic strength, and ion type. As the initial pH value increases and
ionic strength decreases, the adsorption capacity of the soil diminishes. Based on SEM—-EDS and XRD analysis, the differences in surface
morphology and element composition of the three soils were revealed. The surface of cinnamon soil is rough and rich in iron and aluminum
oxides. These minerals significantly enhance their adsorption capacity for P and As ( V) through ligand exchange and surface
complexation. The surface of red soil is smooth and has a high quartz content, resulting in its weaker adsorption capacity. Through transport
experiment, it was found that the migration behavior of P and As('V ) in the three soil types increased with rising pH value. Among them, P

and As( V) have the strongest migration ability in red soil. This is because the coarse particles and high pore connectivity of red soil
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promote the migration of P and As( V), while the fine particles and high adsorption capacity of cinnamon soil inhibit the migration of

pollutants. Additionally, the migration ability of As( V) was significantly greater than that of P under varying pH conditions. Moreover,

increased ionic strength exhibited an inhibitory effect on the migration capacities of both P and As ( V) across different soil types. This

study reveals the differences in the adsorption and migration behavior of P and As( V) in different soils, provides important scientific basis

for a deeper understanding of the environmental behavior of phosphorus and arsenic in soils.

Keywords : phosphorus; arsenic; soil; adsorption; transport
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Table 1 Physical and chemical properties of different types of soil

W E 5 bR KAE+ e+ 21
Measurement index Paddy soil ~Cinnamon soil Red soil

pH 7.37 8.90 6.03

AALIE LA Eh/mV 441 665 397
TN/ (g-kg™) 0.550 0.272 0.169
AW TP/ (g-kg™) 1.398 0.700 1.338
W AP/(g-kg™) 0.740 0.448 0.832
2 TAs/(mg-kg™) 0.327 0.201 0.373
HHUEOM/(g-kg™) 10.429 14.078 8.028
BH T 22 et CEC/(emol -kg™) 27339 39.013 16.221
LN EFGEE/ (mg kg ™) 10.047 22.634 7.833
i PR/ (mg kg ™) 1.892 2.552 9.347
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Table 2 Particle size distribution parameters and BET of three types of soil
FhZ& Type don /pm dios)/pm dios) /pm Dy 2/pm Dys5y/pm BET/(m*-g™")
KFE+ 2.745 55.951 532.870 7.558 174.805 25.01
[Ch 2.455 18.750 83.942 6.134 33.681 25.83
Eag: 3.531 16.373 68.615 6.995 28.625 17.67

T rdon dos) doon S BT ECRTES 10% .50% 90% Ak [ RRERLAR s Dis o 22 T BUIMACE-BIRIAR 5 Dy s AR BUIMAECE B kA%

Note:d.n , ds) , dws) refers to the particle size in the number of 10%,50% ,90% , respectively; Djs o is the surface—weighted average particle size; Dy

is the volume—weighted average particle size.
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Figure 2 XRD spectra of three soils
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Figure 3 Adsorption kinetics fitting curves of P and As( 'V ) for

paddy soil , cinnamon soil , and red soil

FT3 3T PN AS(V ) MSh W FEREVEH RBXRE
Table 3 The kinetic model constants and correlation coefficients

for P and As('V) adsorption by three types of soils

sy SR s *ﬁ%ﬂgﬁ
Type seudo—first—order Pseudo—second—order Elovich
k/(gemg'*min”) R* kf(gemg'+min') R R
KFE AP 0.000 3 0.571 4.655 0.996 0.947
#1-p 0.000 3 0.668 3.140 0.988 0916
41 3-p 0.000 3 0.461 3.994 0.988  0.820
KA A -As 0.000 3 0.569 4.409 0.986  0.921
t-As 0.0002  0.450 3.415 0.986  0.841
ZIE-As 0.000 3 0.756 4.200 0.979  0.874
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Figure 4 Adsorption isotherms of P and As( V') for paddy soil ,

Langmuir =~ ----- Freundlich

cinnamon soil , and red soil

R4 3FTENPFIAS(V)WERRMEREBREXRE
Table 4 Constants and correlation coefficients of isotherm

adsorption model for P and As( V') in three types of soils

B Langmuir Freundlich
Type ¢us/(mg-g™?) K/(L-min™) R* Ki/(g-L") 1/n R
KFEE-P 0.181 0.005 0.829 5461  0.505 0.908
wWL-p 0.220 0.008 0791 11.074 0.428 0.943
£4gE-p 0.165 3.984 0784  3.090  0.666 0.960
KRG L-As 0.708 0.003  0.881 14.748 0.709 0.949
WA-As 3.182 0.162  0.837 40235 0.891 0.903
ZI4E-As 0.255 3.984  0.884 3.090 0.666 0.960

2.4 REIAES T TR P As B0

W Sa FE Sb 7, 555 55 B8 0 AN [+ 4S9 0 fh
P As( V)P ERFZM . Y Na W4 0.001 mol - L
BF, KRG A - RN LT RN P W B R 430 A 1,194
1.644 mg-g ' F10.63 mg- g™ P& Na™ ¥ 3G % 0.1
mol - L7, W St i i i T i3, KR 48 - FIETHE X P Y
W Bt 4 531 ik 5] 2.643 . 2.841 mg- g™ F11.311 mg-g's
[ FE L, 24 Na ¢ 4 0.001 mol - LB, KRS 4 46+
FNLLIEXT As (V) B B 5 53991 4 0.15.0.22 mg - g7 FHI
0.10 mg-g ™5 T >4 Na' ¥ FEHE I %2 0.1 mol - L™ B, W Bt
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- % 1A LSRN HL R D RE R As R P ) 4 W i
F1o EHASPHE T (A AR Ca*) BERS i 2 rh Al - 352
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X PO H AsOT W RE J1 o BEAb, M A5 BH S i ik
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BX KR A A LR PR As( V) A fE A
IR AP >Mg*>Na',
2.5 AE pHEX P As £ T ERIEE A0
2.5.1 XF PHFZ

&l 6a J& /8 T ANIA] pH R P AEK G 4 10 28 3 il
2k GERELN], pHAE N 4 1), P AEKRS - P AT RS BE
J1852% 46 10.5 PV B R A i ik S (A, PV TR A9 It 4
WP 5006 R B Y LA (C/Co) 77 0.455 78 pHAE T 5
F 6}, £ 10.0 PV BE RS & ik BWEE (C/Co R 0.57) ;
M7E pHAE N 8 15, P YT g ) & $& 71, 4.5 PV i}
RIRTAG I 20 5 1, 9.5 PV IHE B8 Bk B IE{E (C/C
0.60). #5En, fEKRELH, 2 pHAES 0 4.6.8
i, P A [ 17.86% . 27.30% . 29.34% , iX 2 B [5]
W5 pH IEAR G, B pH Bk &7 , IRt . AR T
P KRR A AT RS 0, PAE 46 - v B g B B i A
+ErhaE i (Kl 6c) , £ pHAE A 4.6 .8 5544, 40 5 F
9.3.9.0 PV F18.3 PV ] g fi% M 4 1 s i 2] P 9 3E
H L3 H T 11.6.11.3.10.6 PV Ik R, X5 W 74 ¢/
Co 43 1 9 0.30., 0.33. 0.35, [8] g K 43 51 g 7.64% .
9.55% .12.91% , iX Yo 25 LB | 4 X P HL AT B0 1)
R, SEBORE PHF A T H4h . PAEZIEH Y
215 LR AN 6e A7, v LABH 75 H P LT 3 (1)
FERE ) ik, 76 pH A 4.6 Fl1 8 B, C/Co 3 511 0.45
0.58 F1 0.60, [a] W = 43 J 2 22.26% . 35.27% F

38.73%, 456 VA ERLE AT DL B, pH X PAE -3 Ay
TRA DR, B pH K, P AT H RE 0 . X
JE R FREE pH B K - 3R 1A 1Y) Zeta HEL A7 BEAIE, OH
MIECESE I, B S IR  PES S, SEEZP
AR R, N 6 T AT, 24 pH M 4 3 %) 8
i, KRG 1 1Y Zeta LA A -52.76 mV B A% 5] -59.79
mV , 1 11 Zeta HL 47 A -62.07 mV K 5]-70.05 mV,
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PRI DU, 22 B0 2 R M 2 PR, s o 4 R v o
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FEAETEAS F 20 HoPO:, HH T HPOI 7 A BRI i
ff , AFAE B R A #R LT ), B X P B g
B, T T PRYIERSRE T .
2.5.2 %t As FFEI

F 6b S As( V) FEKFE L B ZrB ih £k, 76 pH Ay
41, As( V) BIIEFRE Sy e 55 ARG 2 5 0T 0, % 551
T AsCV )[R 3k 37.49% , 11 pH Ky 6 F1 8 1, [l 1fi
RAYHIH 47.75% F1 50.47% ., 3% 2 NS F K
it As( V) BKRE 4 e [l e WS, ARG T As (V) 7
KAE LT RE S . [ pH 4 5548 F , As( V) 1E
5.5 PV AL AS I Y, 1 pH N 6.8 I 43 51 T 4.5 PV FlI
3.5 PV ARBEASGIN Y, H AT A5, pH3E N2 2B As(V)
B 3RS Ok . Bl pH A4 1IN E 8, K
TS 114 Zeta 07 N =52.76 mV (A% H-59.79 mV , i %
Zeta LA I REAR, As( V) 57K FE 4 2 (8] () L IR 3%
T, AT ARG T 3 As (V) AW BRFRE 7, [ - 3
FAAFAER R E T AR As( V) Z [BAF7E 55 4
BEHVE R DTS KRS % As (V) AR BRHA TR0, &
6d 2 As( V) ZEW i g i 2, vl LA A LT
KFEL, As(VO)FEM TR RE 152, Y pH N

R5 FEpHFMEBFERETP.As(V)HEIBE(%)
Table 5 Recovery rate of P and As( V) at different pH

and ionic strength (%)

15 H pH T3 % Tonic strength/(mol - 1)

ltem 4 6 8 0.001 0.01 0.1
KFGL-P  17.86 27.30 29.34  30.57 26.81 18.89

W-P  7.64 955 1291  27.79 21.67 17.00

I3i-P 2226 3527 38.73 5053 47.51 42.33
KAEL-As 37.49 4775 5047 3845 37.95 31.52

Mab-As 1498 21.79 4133  46.87 43.09 41.28

ZIHi-As 4034 5552 67.08 7631 73.58 66.20
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Table 6 Zeta potential of different soils at different pH and
ionic strength(mV)

- e pH T3 % Tonic strength/mol - 1
Soil type 4 6 8 0.001 0.01 0.1
KAEE 5276 -55.38 -59.79 5548  -51.74  -46.28

WL -62.07 -66.98 -70.05 -6437 —61.93  -54.39
LIME 4203 -47.88 -50.31 -49.61  -4327  -40.46
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Figure 7 Breakthrough curves of P and As( V) in soil under different ionic strength
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