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Abstract: The remediation potential of ferrous minerals for arsenic (As) in reducing paddy soils is not entirely understood. To explore the

adsorption characteristics of three different ferrous minerals, magnetite, siderite, and pyrite, for As( Il ) and As( V), isothermal adsorption
experiments and kinetic adsorption experiments were carried out under different pH conditions (pH=3.00, 5.00, and 7.00). Additionally,
potentiometric titration experiments were conducted to explore the surface charge properties of the three ferrous minerals. The three ferrous
minerals exhibited isothermal adsorption for As (Il ) and As( V ), with the adsorption curves fitted well by the Langmuir model. Under
weakly acidic conditions (pH=5.00), the adsorption capacity of the ferrous minerals for As( Il ) and As( V) followed the order: magnetite
(As(Il):23.38 mg-¢™'; As( 'V ) :71.33 mg-g™") > siderite (As(Il):11.63 mg-g™; As( V) :21.69 mg-¢™) > pyrite (As(Ill ) :10.72 mg-
g5 As( V) :7.75 mg-¢"), with magnetite exhibiting the highest adsorption capacity for both As (I ) and As ( V ). Under neutral
conditions (pH=7.00), pyrite and siderite demonstrated the highest adsorption capacity for As (Il ) and As( V), respectively. Magnetite
and siderite had higher adsorption strengths for As (Il ) than pyrite, while pyrite had the highest adsorption strength for As( 'V ). The point
of zero charge and total variable charge of the three ferrous minerals were in the order: magnetite (pH=9.76; 1.025 mol-¢™) > siderite (pH=
7.52; 0.240 mol - g™') > pyrite (pH=4.03; 0.084 mol-g™), while the surface active site density was in the order: pyrite (90.59 site+nm™) >
siderite (42.77 site - nm™) > magnetite (7.94 site - nm™?). The adsorption capacity of ferrous minerals for As (Il ) and As( V) was
influenced by the soil pH, total variable charge, and point of zero charge. Both non—specific and specific adsorption were important means
for the adsorption of magnetite and siderite for As ( Il ) and As( V), while specific adsorption was a more important means for the
adsorption of As( Il ) and As( 'V ) by pyrite. Results showed that the three ferrous minerals had different remediation potentials under
various pH values. Magnetite showed remediation potential for As ( Il ) and As ( V) under acidic conditions, while pyrite showed
remediation potential for As( Il ) and siderite showed remediation potential for As( V) under neutral conditions.

Keywords: adsorption characteristic; adsorption mechanism; arsenic; magnetite; pyrite; siderite
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Figure 1 Scanning electron micrograph images and energy dispersive spectra of ferrous minerals
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Figure 2 Adsorption isotherms of ferrous minerals for As(Ill ) and As( V') at different pH fitted by Langmuir model
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Table 2 Surface charge properties of ferrous minerals

RIZ7RIE7] RIS BT RO R T SO R AT

Ferous SRR 0/ olog | RRERLARRE e A
mineral PH pH=5) Hs/(mol-g™)  Ds/(site-nm™)
N 9.76 1.03 0.097+0.010 7.94+0.72
EL N 7.52 0.24 0.1460.024 42.77+7.12
Wk 4.03 0.08 0.1260.014 90.59+9.99

R3 THTYRMEESREBEEAEREXES T
Table 3 Correlation analysis between adsorption capacity and

surface charge properties of ferrous minerals

qu[AsCID)]  qu[As(V)]  pHpze  Q Hs Ds
gu[As(ID)] 1 0.989 0.834 0.996* -0.886 —0.852
gu[As( V)] 1 0.905 0.998* -0.809 -0.919

1 2% IR P<0.05,
Note: * indicates P<0.05.
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