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Abstract 22 

The adsorption of inorganic arsenic (As) plays an important role in the mobility and transport 23 

of As in the river environment. In this work, the adsorption and desorption of arsenite [As(III)] 24 

and arsenate [As(V)] on river sediment were conducted under different pH, initial As 25 

concentrations, river water and sediment composition to assess As adsorption behavior and 26 

mechanism. Both adsorption kinetics and equilibrium results showed higher adsorption 27 

capacity of sediment for As(V) than As(III). Adsorption of As(III) and As(V) on river sediment 28 

was favored in acidic to neutral conditions and on finer sediment particles, while sediment 29 

organic matter marginally reduced adsorption capacity. In addition, higher adsorption affinity 30 

of As(III) and As(V) in river sediment was observed in deionised water than in river water. For 31 

the release process, the desorption of both As(III) and As(V) followed nonlinear kinetic models 32 

well, showing higher amount of As(III) release from sediment than As(V). Adsorption isotherm 33 

was well described by both Langmuir and Freundlich models, demonstrating higher maximum 34 

adsorption capacity of As(V) at 298.7 mg/kg than As(III) at 263.3 mg/kg in deionised water, 35 

and higher maximum adsorption capacity of As(III) of 234.3 mg/kg than As(V) of 206.2 mg/kg 36 

in river water. The XRD showed the changes in the peaks of mineral groups of sediment whilst 37 

FTIR results revealed the changes related to surface functional groups before and after 38 

adsorption, indicating that Fe–O/Fe–OH, Si(Al)–O, hydroxyl and carboxyl functional groups 39 

were predominantly involved in As(III) and As(V) adsorption on sediment surface. XPS 40 

analysis evidenced the transformation between these As species in river sediment after 41 

adsorption, whilst SEM-EDS revealed higher amount of As(V) in river sediment than As(III) 42 

due to the lower signal of Al. 43 

 44 

Keywords: Arsenic adsorption; Adsorption kinetics; Adsorption isotherm; River sediment; 45 

Sediment functional groups  46 
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1. Introduction  47 

Arsenic (As) is a highly toxic element, and its contamination in soils, sediments, surface 48 

water and groundwater has been widely monitored due to significant threat to plants, animals 49 

and human health (Dousova et al., 2012). Natural and anthropogenic processes cause an 50 

increasing amount of As into sediments and water environment (Goldberg and Suarez, 2013; 51 

Zhang and Selim, 2005). Anthropogenic activities are the main sources of As contamination in 52 

soils and sediments (Dousova et al., 2012), among which mining is the second largest source 53 

contributing to highly contaminated As levels in the environment. As exists in the natural 54 

environments in two main soluble forms, i.e. arsenate [As(III)] and arsenite [As(V)] (Arco-55 

Lázaro et al., 2016). As(III) is predominant under reducing conditions, while As(V) is prevalent 56 

under oxidizing conditions (Dousova et al., 2012). High abundance and toxicity of inorganic 57 

arsenics have received major attention from scientists to examine As transportation behavior 58 

(Wang et al., 2018).  59 

Adsorption is a key process regulating As transport in the aquatic environment. Adsorption 60 

kinetics, mechanisms and controlling parameters such as pH, phosphate, temperature, sediment 61 

organic matter (SOM), texture, and clay minerals have been studied (Arco-Lázaro et al., 2016; 62 

Dousova et al., 2012) for a better understanding of As sorption mechanisms. The effect of pH 63 

on As adsorbed on sediments has been investigated by Ma et al. (2015), who indicated that the 64 

amount of As(III) and As(V) adsorbed on sediment increased when pH decreased from 9 to 5. 65 

Adsorption of As is highly dependent on sediment properties (Xie et al., 2018) and 66 

environmental conditions. SOM has shown negative impacts on As adsorption, whilst small 67 

particle size of sediment enhances As adsorption on soils (Nguyen et al., 2021). Wang and 68 

Mulligan (2006) suggested that humic and fulvic acids had a high affinity for adsorption to the 69 

metal (hydro)oxide surface, resulting in competition with As(III) and As(V) for adsorption on 70 

the sediment surfaces. However, the authors explained that As(III) and As(V) ions may be 71 

strongly bound with the formation of SOM-metal complexes through metal-bridging 72 
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mechanisms, through which these As species form aqueous complexes with humic and fulvic 73 

acids. In addition, SOM could control the release of As(V) from solid phase regardless of the 74 

adsorption mechanism (Grafe et al., 2001). Varsányi and Kovács (2006) showed a strong 75 

correlation between As and sediment organic carbon (SOC) at low SOC (0.04%) and high Fe 76 

(4.91 g/kg) concentrations, but no such correlation was observed at high SOC (0.775% and 77 

0.810%) and low Fe (0.09% and 0.29%) concentrations. Therefore, the effect of SOM on 78 

As(III) and As(V) adsorption on sediment is still not entirely clear. Regarding the grain size of 79 

sediment, Dias et al. (2009) considered sediment textural fractions as the most important 80 

parameter influencing As(V) adsorption on sediments. Smith et al. (2006) and Xie et al. (2018) 81 

found that the adsorption of total and inorganic As species [As(III) and As(V)] on sediments 82 

increased with decreasing particle size, with sand < silt < clay. For instance, the adsorption 83 

capacity of As(III) on sediments increased from 1.57 mmol/kg to 2.62 mmol/kg for sandy and 84 

clay types, and from 2.81 mmol/kg to 5.13 mmol/kg for As(V) (Xie et al., 2018). Hence, the 85 

adsorption of As(III) and As(V) on different sediments has been studied; however, the 86 

contribution of different sediment size fractions still needed further investigation. 87 

The adsorption and desorption rates of As on sediments were studied by Xie et al. (2018). 88 

They found that the adsorption of As(III) and As(V) occurred rapidly during the first two days, 89 

slowed down in the next five days, and then became relatively stable until 28 days. Similarly, 90 

the release of As from sediment into water rapidly decreased after seven days, followed by a 91 

slow rate. Furthermore, the desorption rate of As(III) reached a maximum of 60% which was 92 

higher than that of As(V) at 40% (Xie et al., 2018). Overall, As adsorption from water and its 93 

controlling factors have been widely investigated. Recent studies on the interactions between 94 

As species and adsorbent surfaces indicated that As(V) mainly interacted with COOH, O-H and 95 

Fe-O functional groups of soils (Rawat et al., 2022), while As(III) adsorption on microplastics 96 

mainly occurred via hydrogen bond of carboxyl group (Dong et al., 2019; 2020). Up to now, 97 

the study on As desorption has been limited to soils, though this desorption process and 98 
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consequent As migration to the environment are of great importance (Feng et al., 2013).  99 

In river sediments, As predominantly exists as arsenite [As(III)] in the anoxic zone, and as 100 

arsenate [As(V)] in the oxic surface layer (Dousova et al., 2012). The average abundance of As 101 

in the crustal earth is 1.5 mg/kg, ranging from <1 to 15 mg/kg in alluvial sands, glacial till, lake 102 

sediments and soils (Plant et al., 2005). According to Hettiarachchi et al. (2017), only inorganic 103 

species were present in mangrove sediments located in southeast New South Wales, Australia. 104 

As  contamination in river sediment can cause tremendous harm to living organisms, even at 105 

low concentrations (De Jonge et al., 2012; Tang et al., 2017). Adsorption and desorption are 106 

key geochemical processes in river environments regulating As transport and fate in river 107 

systems. River  sediments play a vital role in removing As from contaminated water, and can 108 

also act as a secondary pollution source releasing As into the surface water and groundwater 109 

(Chen et al., 2017; Lou et al., 2017). 110 

The adsorption behavior of As on sediments has been reported (Dousova et al., 2012; 111 

Goldberg and Suarez, 2013; Ma et al., 2015); however, the contribution of sediment 112 

physicochemical characteristics to As adsorption or retention is still not clear. Therefore, the 113 

interactions between As species and river sediment were investigated in this study in order to 114 

develop better understanding and sustainable management strategies for arsenic contaminated 115 

sediments. Therefore, this paper aims to examine the adsorption kinetics, adsorption isotherms 116 

and adsorption mechanisms of As(III) and As(V) on river sediment under different conditions. 117 

 118 

2. Materials and methods 119 

2.1. Chemical standards 120 

Multi-element standard solution 4 for ICP (40 mg/L of As) was supplied by Sigma-Aldrich Pty 121 

Ltd, Australia. The solution was diluted by Milli-Q water with a resistivity of 18 MΩ. All 122 

chemicals were of analytical grade. Sodium arsenate dibasic heptahydrate (Na2HAsO47H2O) 123 

and sodium arsenite (NaAsO2), purchased from Sigma-Aldrich Pty Ltd, were dissolved with 124 
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Milli-Q water to obtain As(III) and As(V) stock solution (100 mg/L). The phosphoric acid 125 

(H3PO4, 85% w/w) and hydroxylamine hydrochloride (NH2OHHCl, 99% purity) were also 126 

obtained from Sigma-Aldrich Pty Ltd. Then, the solutions of 1.0 M phosphoric acid and 0.2 M 127 

hydroxylamine hydrochloride were prepared by diluting their original standard solutions with 128 

Milli-Q water. All plasticware and glassware were soaked in 2% (v/v) HNO3, followed by repeated 129 

rinsing with deionized water, then were dried before use. 130 

 131 

2.2. Field sampling 132 

Bargo River, New South Wales, Australia receives treated wastewater due to coal mining 133 

activities from the Teatree Hallow (Supplementary Materials Fig. S1). Bargo River water was 134 

not determined as polluted, whilst river sediment was reported as unpolluted to moderately 135 

polluted with heavy metals due to mining activity (Ali et al., 2018). Therefore, Bargo River 136 

sediment was chosen as natural adsorbent for As sorption and desorption experiments. The 137 

Teatree Hallow river receives treated wastewater from underground coal mining activity and 138 

discharges to Bargo River at the point (34o14’35.1”S; 150o35’16.7”E). Samples were collected 139 

at the bottom of the Bargo River, about 3.5 km from the junction point with the Teatree Hollow. 140 

Clean 5-L plastic containers were rinsed three times by river water, then filled up by river water, 141 

sealed before transporting to the laboratory and kept at room temperature for 142 

adsorption/desorption experiments. In addition, clean 200-mL plastic bottles were rinsed three 143 

times before filling up by river water, then sealed by caps. The bottles were stored in a cool box 144 

at 4 oC when transferring to the laboratory for analysing the concentrations of As compounds. 145 

The sediment samples were packed in sealed polyethylene bags, then stored in a cool box at 4 146 

oC when transferred to the laboratory. The sediment samples were dried in an oven at 105 oC 147 

for 24 h, then passed through 2-mm sieve before further analysis.  148 

 149 
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2.3. River water and sediment characterization 150 

River water was analysed in triplicate to determine the concentrations of metals (As, Fe, Al, Ni, 151 

Cu and Pb) by ICP-MS (Agilent 7900) and total organic carbon (TOC) content by multi N/C 152 

3100 TOC analyzer by Analytik Jena, Germany. The content of SOM was determined by the 153 

loss-on-ignition (LOI) method, by sediment combustion at 550 oC, according to Hoogsteen et 154 

al. (2018). The combusted sediment was named as river sediment without organic matter (RS-155 

NOM). In addition, the river sediment was fractionated by sieving through a series of sieves to 156 

obtain gravel and coarse sand (fraction S1, 300-2000 μm), medium sand (fraction S2, 150-300 157 

μm), fine sand (fraction S3, 75-150 μm), and clay-silt (fraction S4, < 75 μm). The specific 158 

surface area (SSA) of the dried sediment and different sizes were measured by a Quantachrome 159 

surface area analyzer using the Brunauer–Emmett–Teller (BET) method.  160 

The extraction of As from sediment was conducted by following a method by Ellwood and 161 

Maher (2003). Briefly, sediment (1.0 g) was accurately weighed into a 50-mL Teflon centrifuge 162 

tube, to which 5 mL of phosphoric acid (1.0 M) and 5 mL of hydroxylamine hydrochloride (0.2 163 

M) were added. The samples were shaken on a horizontal shaker at 120 rpm for 1 h before 164 

centrifugation. Aliquots of the supernatant were removed and filtered through 0.45 µm filters 165 

before As analysis. According to Ellwood and Maher (2003), around 90% of extractable As 166 

was obtained by using this method. 167 

 168 

2.4. Batch experiments for adsorption and desorption 169 

The adsorption of As(III)/As(V) was assessed for different sediments including dried river sediment 170 

(RS), RS-NOM, and four particle size fractions including S1, S2, S3 and S4. The stock solution of 171 

100 mg/L of As(III)/As(V) was diluted by Milli-Q water to obtain 0.1-10 mg/L solution. The 172 

adsorption kinetics experiments were conducted by mixing 200-mL of As(III) or As(V) (0.1-173 

10.0 mg/L) with 2.0 g of sediment, which were mixed on a shaker at 120 rpm. During adsorption, 174 

2 mL suspension samples were taken at regular intervals (3, 6, 12, 24, 72, 120, 168 h), filtered by 175 
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a 0.45 μm membrane filter, and analyzed for total As by ICP-MS (Agilent 7900). The adsorption 176 

of As(III) or As(V) was evaluated by monitoring the decrease of arsenic concentration in 177 

solution.  178 

For the adsorption isotherm experiments, a series of As(III)/As(V) solutions with different 179 

initial concentrations (0.1, 0.25, 0.5, 1.0, 2.0, 5.0 and 8.0 mg/L) were prepared by diluting the 180 

stock solution (100 mg/L) with Milli-Q water. Then, sediment (2.0 g) was mixed with 200 mL 181 

of As solution in 500 mL beakers, which were shaken on a horizontal shaker at 120 rpm for 7 182 

days. The pH of feeding solutions was adjusted to 4 ± 0.2 and 10 ± 0.2 by diluted nitric acid 183 

(0.1 M HNO3) and sodium hydroxide (0.1 M NaOH) at the initial time of adsorption 184 

The desorption experiments were conducted immediately after the completion of 185 

adsorption process of As(III) and As(V) on RS. The supernatant was removed and replaced by 186 

200 mL Milli-Q water, the vials resealed and shaken at 120 rpm for 48 h. Aliquot (3 mL) was 187 

sampled from the supernatant at different reaction times (3, 6, 12, 24, 72, 120 and 168 h), then 188 

filtered and analyzed for total As concentration using ICP-MS (Agilent 7900). The fractions of 189 

As(III) and As(V) desorbed from RS were calculated from the mass balance results based on 190 

the changes in As(III) and As(V) concentrations in solution before and after desorption. 191 

 192 

2.5. Sediment surface functional groups and minerals  193 

The sediment samples were ground to fine power before analysis. The FTIR spectra (500-4000 194 

cm-1) of different sediments including RS, RS-NOM and sediment fractions before and after 195 

adsorption of As(III) and As(V) were analyzed by using Shimadzu MIRacle 10 (Japan) in order 196 

to investigate sediment surface sorption mechanisms. Additionally, sediments were analyzed 197 

by the X-ray diffraction (XRD) on a Bruker D8 Discover XRD, to examine how crystalline 198 

materials in sediments were involved in As interactions. River sediment surface before and after 199 

adsorption was examined by scanning electron microscopy (SEM) and energy dispersive X-ray 200 

spectroscopy (EDS) method by Oxford Aztec instrument, while X-Ray Photoelectron 201 
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Spectroscopy (XPS) from ESCALAB™ QXi X-ray Photoelectron Spectrometer (XPS) 202 

Microprobe, Thermo Scientific, UK was used to examine the surface of RS particles. 203 

 204 

2.6. Kinetic and equilibrium sorption studies 205 

Arsenic concentrations retained in the adsorbent phase (mg/kg) were calculated by following 206 

formula: 207 

qt =
(Co−Ct)V

m
                                                                       (1) 208 

qe =
(Co−Ce)V

m
                                                                    (2) 209 

where qt (mg/kg) and Ct (mg/L) are the concentrations of As(III) or As(V) in sediment and solution 210 

at time t; qe (mg/kg) and Ce (mg/L) are the concentrations of As(III) or As(V) in sediment and 211 

solution at the equilibrium time; Co (mg/L) is As(III) or As(V) concentration at the initial time; V 212 

(mL) is volume of solution; m is the weight of adsorbent (g). 213 

The pseudo first-order (PFO) and pseudo second-order (PSO) equations have been widely 214 

applied to assess the adsorption of As on soils, sediments and MPs (Dong et al., 2020, 2019; 215 

Gedik et al., 2016; Guo et al., 2007; Kumar et al., 2016; Kundu and Gupta, 2006; Luo et al., 216 

2019; Ma et al., 2015; Rawat et al., 2021). The PFO model can well describe the initial 217 

adsorption stage (Ho and McKay, 1999; Ma et al., 2015), while the PSO model is better for 218 

describing the physical or chemical adsorption at a site (Kumar et al., 2016) or the whole 219 

adsorption process (Ma et al., 2015).  220 

The adsorption experimental data was analysed by PFO and PSO kinetic models using non-221 

linear regression equations (Alkurdi et al., 2021; Ma et al., 2015). The linear forms of PFO and PSO 222 

kinetic models are straightforward for application, however, the erroneous values of calculating 223 

kinetic parameters were the drawbacks (Azizian, 2004). In contrast, the non-linear forms provided 224 

better results in comparison to linear regression analysis (Rawat et al., 2021). Thus, the non-linear 225 

forms of PFO and PSO models for the adsorption kinetics are used in this study (Ma et al., 2015): 226 

qt = qe(1 − e−k1t)                                                         (3) 227 
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qt =
qe

2k2t

1+qek2t
                                                                     (4) 228 

For the desorption process, the PFO and PSO models are described as below (Tseng et 229 

al., 2009): 230 

qt = qe + (qo − qe)exp(−k1t)                                                 (5) 231 

qt = qe +
qe−qo

k2(qe−qo)t−1
                                                              (6) 232 

where qo is the amount (mg/kg) of As(III) or As(V) at the initial time of desorption. 233 

The adsorption phenomenon at the interface between solid and liquid phases is widely 234 

interpreted by the Langmuir and Freundlich isotherms (Tseng et al., 2009). The Langmuir 235 

isotherm model (equation 7) is used to describe the monolayer adsorption, which is expressed 236 

as below (Rawat et al., 2022): 237 

𝑞𝑒 =  
𝐾𝐿𝑞𝑚𝐶𝑒

1+𝐾𝐿𝐶𝑒
                                       (7) 238 

where KL and qm represent the bonding energy constant (mg/L) and the maximum adsorption 239 

capacity (mg/kg), respectively. 240 

Additionally, the equilibrium parameter (RL) was used to explain the essentiality of Langmuir 241 

adsorption isotherms by equation 8 (Rawat et al., 2022): 242 

𝑅𝐿 =  
1

1+𝐾𝐿𝐶𝑒
                                                                   (8) 243 

The values of RL > 1, 0 < RL < 1, RL = 1, and RL = 0 indicate unfavorable, favorable, linear and 244 

irreversible adsorption of As(III) and As(V) on the surface of sediment particles, respectively 245 

(Rawat et al., 2022). 246 

The Freundlich sorption model (equation 9) is an empirical adsorption equation indicating that 247 

adsorption sites on the surface of adsorbent possess different adsorption energies, which can be 248 

expressed as (Wang et al., 2018): 249 

𝑞𝑒 = 𝐾𝐹  ×  𝐶𝑒
1/𝑛

                                     (9) 250 

where KF is the Freundlich constant or capacity factor (mg/kg-(L/mg)n), while 1/n is the 251 

Freundlich exponent (Rawat et al., 2022). 252 
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A three-parameter isotherm model, Sips (equation 10) is formed by the combination from 253 

Langmuir and Freundlich expressions (Alkurdi et al., 2021). This model reduces to the 254 

Freundlich model at the low adsorbate concentrations or to the Langmuir model while the 255 

adsorbate concentrations are high (Foo and Hameed, 2010). 256 

qe =
qmKsCens

(1+KsCens)
                                                                 (10) 257 

where Ks is the Sips constant related to the energy of adsorption process, and ns is the 258 

exponential factor of the isotherm. 259 

The sediment-solution partition coefficient (Kp) was used to describe the interactions of 260 

heavy metals at the interface between water and sediment phases (Fang et al., 2021). Kp 261 

provides the information of combined effect of adsorption and desorption processes of heavy 262 

metals (Nematollahi et al., 2021). In addition, it was also used for modelling metal transfer in 263 

various catchment scales or hydraulic systems such as rivers or lakes. Garneau et al. (2015) 264 

used Kp as a sub-model of adsorption and desorption processes to simulate As transport in the 265 

Garonne River, France. In this study, the Kp of As at sediment-water interface was calculated 266 

by equation 11 (Zhou and Broodbank, 2014): 267 

𝐾𝑝 =
𝑞𝑒

𝐶𝑒
 (L/kg)                                              (11) 268 

  269 

3. Results and discussion 270 

3.1. Characteristics of river water and sediment 271 

The total As content and other physicochemical characteristics of the Bargo river water were 272 

analysed, in comparison with results reported for Teatree Hallow in September 2021 receiving 273 

treated wastewater due to coal mining activities by SIMEC group in New South Wales, 274 

Australia (Table 1). The metals concentrations in Bargo River water were lower than its 275 

upstream, Teatree Hallow, except the Al concentration, due to the dilution, sorption and 276 

sedimentation processes. All water quality values in Bargo River and Teatree Hallow were 277 

below the standard of Australia freshwater (AWQG, 1992), except concentrations of Ba and Zn 278 
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in Teatree Hallow. Hence, water quality in Bargo River and its tributary was slightly polluted 279 

in some cases. 280 

 281 

Table 1. River water characteristics from Bargo River, NSW, Australia and its tributary. 282 

 
Bargo river       

(this study) 

Teatree 

Hallow 
AWQGa Unit 

Al 35.69 ± 4.95 30 100 µg/L 

As 12.93 ± 0.29 56 50 µg/L 

Ba 307.72 ± 21.66 1590 1000 µg/L 

Cr (total) 8.32 ± 0.01  10 µg/L 

Cu 2.02 ± 0.56 1 2-5 µg/L 

Fe (total) 110.77 ± 13.71  1000 µg/L 

Mn 2.93 ± 0.25  100 µg/L 

Ni 11.09 ± 0.22 30 15-150 µg/L 

Pb 17.24 ± 0  1-5 µg/L 

Zn 48.99 ± 0.53 71 5-50 µg/L 

Electrical Conductivity 473 ± 10 1930  µg/L 

Turbidity 223 ± 5    

TOC 30.20 ± 0.26   mg/L 

References This study SIMEC (2021) SIMEC (2021)  

a. Australian Water Quality Guidelines for Freshwater. 283 

 284 

The As concentration and important physicochemical characteristics of the river sediment 285 

compared to other sediments collected in New South Wales, Australia are summarized in Table 286 

2. The metal concentrations in this study were lower than those reported by Fleming et al. 287 

(2021), who collected the samples closer to coal mining. Table 2 indicated that sediment quality 288 

in New South Wales, Australia related to heavy metals is influenced by coal mining activities, 289 

although the concentrations of As and other heavy metals (Cd, Cr, Ni, Pb and Zn) are below 290 

the default guideline values (DGV) for sediment in Australia. Thus, the selected sediment in 291 

this study is not contaminated above background value. In addition, these heavy metal 292 



 

13 
 

concentrations were lower than those of other sediments collected from several ports in New 293 

South Wales (Jahan and Strezov, 2018). It is suggested that the treated wastewater from mining 294 

activities in the upstream area enhanced metal loading in polluted sediments downstream. The 295 

As concentration (0.16 mg/kg) in this sediment was remarkably lower than average 296 

concentrations of As (32.0 mg/kg) in three mangrove surface sediments collected at Candalagen 297 

Creek, Batemans Bay and Sussex inlet in southeast New South Wales, Australia (Hettiarachchi 298 

et al., 2017). The SSA of the river sediment (4.6 m2/g) was similar to sediments collected from 299 

the Elbe River basin in the Czech Republic (7.3 m2/g and 3.5 m2/g) although the SOC content 300 

in this study was lower than any sediments investigated by Dousova et al. (2012). 301 



 

14 
 

Table 2. The composition of Bargo River sediment (in triplicate), in comparison to other sediments in New South Wales, Australia 302 

 SSA 

(m2/g) 

SOM 

(%) 

Al 

(mg/kg) 

Fe 

(mg/kg) 

As 

(mg/kg) 

Cr 

(mg/kg) 

Ni 

(mg/kg) 

Zn 

(mg/kg) 

Cd 

(mg/kg) 

Pb 

(mg/kg) 

Reference 

Bargo River 4.60 0.40 33.7±7.9 36.7±9.9 0.2±0.05 0.08± 

0.008 
0.1±0.02 1.8±0.02 0.06±0.001 0.2±0.08 This work 

Bargo River   3000 5800 < 4 4 3 20  5 Fleming et al. (2021) 

Coxs River   5800 30000 16 8 13 43  6 Fleming et al. (2021) 

Wollangambe 

River 
  270 900 < 4 < 1 < 1 1  < 1 Fleming et al. (2021) 

Georges River   1100 4000 < 4 2 1 5  2 Fleming et al. (2021) 

Redbank Creek   4000 33000 8 16 6 33  11 Fleming et al. (2021) 

Nepan River   990 2400 < 4 2 1 4  2 Fleming et al. (2021) 

Port Jackson   895±7 7300±142 6 4 3±1 85±7  18 Jahan and Strezov (2018) 

Port Botany   930±28 765±248 - 2±1 - 7±3.6  2 Jahan and Strezov (2018) 

Port Kembla   1250±212 8000±778 18.5±20 11±3 20±20 235±78  74±66 Jahan and Strezov (2018) 

Port Newcastle   1550±778 5300±566 4 4 3 78 ± 3  24 Jahan and Strezov (2018) 

Port Yamba   383±78 760±198 0 1 - 3  1 Jahan and Strezov (2018) 

Port Eden   2250±354 46000±46669 29±30 31±17 12±4 2345±2057 0.6 165±205 Jahan and Strezov (2018) 

DGV     20 80 21 200 1.5 50 (AGI, 2019) 

303 
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3.2. Effects of pH, sediment properties and initial As solution on adsorption kinetics 304 

Figures 1a and 1b depict the time variation of As(III) and As(V) concentrations in sediment with 305 

the different pH levels (4, 7, 10) in aqueous media. It has been reported that the adsorption of 306 

As(V) in sediments is stronger under acidic condition (pH 3.7-7.0) and weaker under alkaline 307 

conditions (pH 8-10), while the effect of pH on As(III) is weaker (Chen et al., 2016; Maji et al., 308 

2007; Mamindy-Pajany et al., 2011). The PFO and PSO models provided a good fit to 309 

experimental data, with the correlation coefficient (R2) of 0.980-0.999 for As(V) and 0.994-0.998 310 

for As(III) (Table 3). The amounts of As(III) and As(V) adsorbed on sediment estimated by PSO 311 

model were higher than those from PFO model regardless of pH levels, except at pH 4 for As(V). 312 

It can be shown that As(III) adsorption was favorable in acidic condition, with equilibrium 313 

concentrations in sediment at pH 4 (112.4 mg/kg) being higher than at pH 10 (89.0 mg/kg) or 314 

without pH adjustment (105.6 mg/kg). However, the highest As(V) concentration on river 315 

sediment (168.6 mg/kg) was at neutral pH, which was slightly higher than its concentration at 316 

pH 4 and 10 (Table 3). The results for As(V) agreed with the statement that As(V) adsorbed on 317 

sediment, which was generally stronger under acidic conditions and weaker under alkaline 318 

conditions (Chen et al., 2017; Mamindy-Pajany et al., 2011), while the effect of pH on As(III) 319 

was less than As(V) due to its incomplete ionized state (Chen et al., 2017). Ma et a. (2015) also 320 

reported that the adsorption of As(III) and As(V) on sediment decreased with an increase in pH, 321 

with higher adsorption capacity for As(V) than As(III) at pH 5, 7 and 9. Hence, the results from 322 

this study agreed well with the other findings reported. 323 

 324 
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 325 

 326 

Fig. 1. Effect of pH (a, b) and initial As concentrations in solution (c, d) on the adsorption of 327 

As(III) and As(V) on the river sediment. Symbols are experimental data, and the straight and 328 

dash lines represent the PFO and PSO kinetic models. 329 

 330 

The adsorption of As(III) and As(V) on sediment at varying As concentrations (1-8 mg/L) is 331 

shown in Figs 1c and 1d. The rates of As(III) and As(V) adsorption on sediment showed initial 332 

rapid stage up to 24 h, followed by a slow stage till the end of experiment. It was suggested that a 333 

rapid increase in As adsorption was caused by the enhancement in the SSA with higher reactivity 334 

(Xu et al., 2021) and presence of more active surface groups of solid particles, such as COOH and 335 

O-H (Rawat et al., 2022).  The PFO and PSO fitted well with experimental data, with R2 values at 336 

0.953-0.999 and 0.989-1.000 for As(III) and As(V), respectively. The estimated qe values for As(V) 337 

at initial concentrations of 1.0 mg/L were 50.0 and 71.1 mg/kg, which were not fitted with the 338 

experimental data (32.6 mg/kg). Other estimated results were close to the experimental data (Table 339 
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3). 340 

The adsorption of As(III) and As(V) on RS and RS-NOM in DI water is shown in Figs 2 (a 341 

and b), while Fig. 2 (c and d) shows As adsorbed on RS in RW. It can be seen that there was 342 

marginal difference between RS and RS-NOM as the adsorbents for As, indicating that NOM had 343 

the small effects on As adsorption.  Dousova et al. (2012) found that adsorption capacities of 344 

As(V) on three sediments increased with an increase in RS and Fe contents. However the 345 

adsorption capacity of As(III) only increased with the increase of Fe contents. Xie et al. (2018) 346 

pointed out that As(III) and As(V) adsorption on three sediments increased with increasing the 347 

RS and clay contents. It is hard to conclude that this study revealed the contradictory results to 348 

these outcomes. This comparison may not be completely accurate because the two 349 

investigations above used different types of sediment with different characteristics, while only 350 

one type of sediment was used in this study. An illustration is that humic acid can bind a portion 351 

of As through positively charged amine groups (Varsányi and Kovács, 2006). It is suggested 352 

that As adsorption on river sediment is partly prevented because SOM may inhibit the binding 353 

of As(III) and As(V) with functional groups of sediment surface. Moreover, the adsorption 354 

capacities of both As(III) and As(V) on RS using RW at the equilibrium time were significantly 355 

lower than those by using DI water. It was suggested that some element in RS such as anions (PO4
3-356 

, SO4
2-) reduced As species adsorbed on RS. 357 
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Fig. 2. Adsorption of As(III) and As(V) on RS and RS-NOM (a, b) and sediment fractions 

(c, d). Symbols are experimental data, and the solid and dash lines represent the PFO and 

PSO kinetic models. 

 358 

Figures 3c and 3d present the PFO and PSO models for adsorption of As(III) and As(V) on 359 

different sediment size fractions. The results indicated that a stage of fast adsorption occurred in the 360 

first 24h, then the adsorption rate decreased for the rest of experimental duration. Overall, PFO and 361 

PSO models provided a good fit to kinetic results with high R2 values (≥ 0.990) for As(III) and 362 

As(V) adsorption (Table 3). It can be seen that there was a small difference in As(III) adsorption 363 
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different effects on As(III) and As(V) adsorption. The effect of sediment size on As(III) and 365 

As(V) adsorption was significant. Table 3 shows that the adsorption capacity at equilibrium for 366 

As(III) and As(V) increased from 102.2 and 153.2 mg/kg for the largest size (S1) up to doubled 367 

amount for the smallest size (S4). (Table 3). As(V) adsorption capacities on different sediment 368 

fractions were higher than those of As(III). Xie et al. (2018) showed similar results with a higher 369 

adsorption affinity for A(V) than As(III) related to the smaller sediment sizes. Based on the 370 

surface area analysis including RS (4.6 m2/g), S1 (3.1 m2/g), S2 (6.0 m2/g), S3 (6.5 m2/g) and S4 371 

34.2 m2/g), S1 had smaller surface area than RS, resulting in less adsorption capacity, while S2, 372 

S3 and S4 showed higher adsorption than RS due to larger surface areas. It is therefore clear that 373 

both As(III) and As(V) adsorption on sediment was positively related to the SSA of sediment 374 

fractions, but negatively related to the size of sediment fractions. Moreover, finer fractions of 375 

RS had better adsorption capacity of As(III) and As(V) due to higher reactivity of these samples. 376 

Generally, PSO provided better results in modeling the adsorption kinetics for both As(III) 377 

and As(V) than PFO based on the R2 values. However, Ma et al. (2015) reported better results 378 

evaluated by PFO than PSO while the R2 values were not significantly different between the 379 

two models. 380 

 381 
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Table 3. Adsorption kinetics parameters for the PFO and PSO models and equilibrium 382 

adsorption capacity. 383 

 Exp. 

condition 
PFO  PSO Equilibrium 

 
R2 

K1 
(1/h) 

qe
a 

(mg/kg)  
R2 

K2 
(kg/mg-h) 

qe
b 

(mg/kg) qe (mg/kg) 

As(III) pH 4 0.995 0.103 104.0  0.997 0.0017 109.9 112.4  
pH 10 0.997 0.109 84.4 

 
0.998 0.0022 89.4 89.0  

1.0 mg/L 0.998 0.052 19.3 
 

0.998 0.0029 21.9 22.0 

 2.0 mg/L 0.999 0.071 27.2  0.999 0.0032 30.0 30.5 

 5.0 mg/L 0.992 0.045 49.0  0.995 0.0009 57.1 57.9 

 8.0 mg/L 0.975 0.029 81.8  0.983 0.0004 95.6 96.7  
RS-DI 0.987 0.062 91.7 

 
0.992 0.0007 103.5 105.6  

RS-NOM 0.988 0.078 98.9 
 

0.992 0.0010 108.4 114.0 

 RS-RW 0.995 0.04 77.3  0.997 0.0006 90.4 85.8 

 S1 0.998 0.106 97.6  0.999 0.0021 102.3 102.2 

 S2 0.995 0.077 136.0  0.998 0.0008 147.2 146.4 

 S3 0.993 0.078 151.9  0.997 0.0007 164.6 160.5 

 S4 0.993 0.102 189.7  0.996 0.0009 200.9 205.2 

As(V) pH 4 0.980 0.023 168.1  0.984 0.0001 203.3 167.1  
pH 10 0.997 0.058 88.2  0.999 0.0008 97.7 91.3  
1.0 mg/L 0.993 0.065 50.0  0.994 0.0001 71.1 32.6 

 2.0 mg/L 0.999 0.143 36.9  1.000 0.0067 38.9 39.0 

 5.0 mg/L 0.989 0.077 91.8  0.993 0.0010 100.8 106.4 

 8.0 mg/L 0.990 0.074 131.7  0.995 0.0007 144.7 146.2  
RS-DI 0.989 0.059 155.6  0.995 0.0005 173.5 168.6  
RS-NOM 0.989 0.040 158.1  0.995 0.0003 178.0 170.6 

 RS-RW 0.989 0.08 82.6  0.993 0.0013 89.8 94.3 

 S1 0.999 0.064 105.4  1.000 0.0006 163.4 153.2 

 S2 0.995 0.067 159.9  0.998 0.0005 175.1 170.9 

 S3 0.997 0.101 185.4  0.999 0.0010 194.9 194.2 

 S4 0.990 0.049 271.4  0.996 0.0003 296.3 289.8 

Desorption         

As(III) RS-DI 1.000 0.142 98.6  1.000 0.028 98.1 98.5 

As(V) RS-DI 1.000 0.188 162.4  1.000 0.043 162.0 162.0 

As(III) RS-RW 0.964 0.093 75.9  0.990 0.011 74.9 75.2 

As(V) RS-RW 0.983 0.06 86.3  0.990 0.007 85.1 85.4 

Estimated equilibrium adsorption capacity from the PFO modela and PSO modelb. 384 

         385 

3.3. Kinetic models for desorption process of As(III) and As(V) 386 

Figure 3 displays the desorption kinetics of As(III) and As(V) concentrations in sediment by 387 

PFO and PSO models. The results show high-rate desorption at initial stage (0-12 h), followed 388 

by stable rate for the remaining duration. The results agree with Ho and McKay (1999) and Ma 389 
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et al. (2015) that PFO model can well describe the first stage of sorption kinetics. The amounts 390 

of As(III) and As(V) released from RS in RW were less than in DI water, with higher desorbed 391 

amounts for As(III) than As(V). The concentrations of As adsorbed on RS at the equilibrium 392 

time calculated by PFO and PSO models were close to the experimental data by using both DI 393 

water and RW (Table 3). Moreover, the PSO model well fitted with all experimental data, 394 

indicating that the physicochemical sorption including surface complexation and diffusion to 395 

the sorption sites was involved in the desorption processes of both As(III) and As(V). 396 

Consequently, the desorption of As(III) and As(V) from this sediment showed similar behavior 397 

in terms of kinetics. 398 

 399 

 400 

Fig. 3. The nonlinear regression in the PSO and PSO kinetic models of As(III) and As(V) 401 

desorption from the RS in DI water (a and b), and RW (c and d). 402 

 403 
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3.4. Equilibrium adsorption studies 404 

The adsorption isotherms of As(III) and As(V) for RS were modelled by the Langmuir and 405 

Freundlich equations (Figs 4 a, b, c and d). It can be shown that both Langmuir and Freundlich 406 

equations fitted well to As(III) and As(V) adsorption isotherms at the equilibrium time with 407 

nonlinear behavior. In addition, the best-fit parameter values (qm, KL, KF, n) and R2 for As(V) and 408 

As(III) at the equilibrium time and from the previous studies for sediments are presented in Table 409 

4. In addition, the experimental data in RW was fitted significantly better for both As(III) and 410 

As(V) than in DI water, based on the values of reduced chi-squared statistical analysis. The 411 

estimated Langmuir maximum adsorption capacity for As(V) was significantly higher than that 412 

for As(III) in DI water and lower than in RW. The results in RW were agreement with the findings 413 

in Elber River (Fig. 4e) from Dousova et al. (2012). 414 

 415 
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 416 

Fig. 4. Adsorption isotherms of (a) As(III) and (b) As(V) on RS in DI water; (c) and (d) in RW; 417 

and e) comparison of maximum adsorption amount of As(III) and As(V) on sediment estimated 418 

by the Langmuir isotherm model from this work and other studies (Dousova et al., 2012; 419 

Goldberg and Suarez, 2013; Ma et al., 2015; Wang et al., 2018). 420 

 421 

According to Zhang and Selim (2005), low 1/n values (< 0.4) indicated extensive 422 

heterogeneity of sorption sites. However, the 1/n values for As(III) and As(V) were 0.74 and 0.75 423 

at the equilibrium time, suggesting some degree of homogeneity of the adsorption sites in the 424 

selected sediment. It is suggested that 1/n values between 0 and 1 are favorable for the adsorption 425 

of both As(III) and As(V) on the river sediment. Furthermore, the RL values for As(III) and As(V) 426 

0 2 4 6 8 10

0

30

60

90

120

0 2 4 6 8 10

0

40

80

120

160

200

0 2 4 6 8 10

0

20

40

60

80

100

0 2 4 6 8 10

0

30

60

90

120

 RS-DI

 Langmuir

 Freundlich

a)    As(III) adsorption on RS using DI water

 RS-DI

 Langmuir

 Freundlich

b)    As(V) adsorption on RS using DI water

 RS-RW

 Langmuir

 Freundlich

q
e
 (

m
g

/k
g

)

Ce (mg/L)

q
e
 (

m
g

/k
g

)

c)    As(III) adsorption on RS using RW

 RS-RW

 Langmuir

 Freundlich

d)    As(V) adsorption on RS using DI water

Bargo river,

Australia

Bargo river,

Australia

Elbe River, Czech

Republic

Antelope Valley

pond, USA

Aquifer pristine

fine, China

Aquifer soarse,

China

Wuhan lakes and

rivers, China

0

300

600

900

1200

1500

DI water

river water

e)                                               Langmuir adsorption capacity of sediments

0

20

40

60

80

 As(III)

 As(V)



 

24 
 

varied at 0.12-0.92 and 0.098-0.902 at initial As concentrations of 0.11-10.30 mg/L. This 427 

indicated favorable adsorption of both As(III) and As(V) on RS, resulting in high surface activity 428 

of sediment associated with an increase in As mobility in the sediment-water interface (Dousova 429 

et al., 2012). The adsorption maxima (qm) estimated by the Langmuir equation significantly lower 430 

than those of sediments investigated by Dousova et al. (2012) and Wang et al. (2018), and 431 

significantly higher than qm values for As(III) and As(V) adsorbed on sediments from other 432 

studies (Goldberg and Suarez, 2013; Ma et al., 2015) (Fig. 4e). 433 

In summary, the results calculated by the Langmuir and Freundlich isotherm models in this 434 

study showed no significant difference in exhibiting the adsorption mechanism between As(III) and 435 

As(V). Ma et al. (2015) reported that Langmuir model can describe homogeneous adsorbent surface 436 

while Freundlich model displayed multi-layers of adsorption. Thus, both types of adsorption 437 

processes can be fitted well by the data from this study. As a result, As(III) and As(V) adsorption 438 

on RS occurs via both chemisorption and physisorption with higher adsorption capacity of As(V) 439 

than As(III). These results were in agreement with the findings from Ma et al. (2015) and Wang et 440 

al. (2018). 441 
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Table 4. The Langmuir and Freundlich parameters (with standard error) for As(III) and As(V) adsorption from different studies. 442 

 As(III)  As(V) Reference 

Langmuir qm (mg/kg) KL (L/mg) Reduced 

chi-

squared 

R2   qm (mg/kg) KL (L/mg) Reduced 

chi-

squared 

R2   

Bargo river sediment 

(DI water) 

263.3 

±73.8 

0.08 ±0.03 27.9 0.986  398.7  

±90.0 

0.09  

±0.03 

56.5 0.989 This study 

Bargo river sediment 

(RW) 

234.3 

±109.9 

0.06 ±0.05 0.5 1.000  206.2 

±37.1 

0.10 ±0.03 0.1 1.000 This study 

SD1, Elbe River 1350 0.0133  0.969  900 0.0133  0.997 Dousova et al. (2012) 

SD2, Elbe River 975 0.020  0.972  577.5 0.0124  0.931 Dousova et al. (2012) 

SD3, Elbe River  1125 0.0537  0.991  532.5 0.0129  0.964 Dousova et al. (2012) 

Surface sediment, 

Antelope Valley pond 

     8.96±0.62  0.00082  0.975 Goldberg and Suarez (2013) 

Aquifer pristine fine 37.8 0.33  0.990  60.2 0.46  0.974 Ma et al. (2015) 

Aquifer coarsea 24.5 0.30  0.967  29.1 0.27  0.997 Ma et al. (2015) 

Wuhan rivers and 

lakesa 

303.3 0.0048  0.936  521.175 0.00268  0.944 Wang et al. (2018) 

Freundlich KF n Reduced 

chi-

squared 

R2  KF n Reduced 

chi-

squared 

R2  

Bargo river sediment 

(DI water) 

21.5 

±2.2 

1.35 

±0.10 

18.2 0.991  35.1 

±4.2 

1.33 

±0.11 

68.1 0.987 This study 

Bargo river sediment 

(RW) 

16.8 

±1.3 

1.34 

±0.19 

0.4 1.000  21.2 

±2.9 

1.45 

±0.14 

0.2 1.000 This study 

 443 
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3.4. Sediment-water distribution of As(III) and As(V) 444 

The partition coefficient (Kp) for As(III) and As(V) for both adsorption and desorption is shown 445 

in Fig. 5. The results were used to provide further understanding of the migration and 446 

transformation of As(III) and As(V) between sediments and overlying water. According to 447 

Nematollahi et al. (2021), log(Kp) values > 1 reflected a stronger affinity of adsorption and the 448 

element strongly remained in the sediment phase compared to lower values. It can be seen that 449 

log Kp at pH 4 was higher than that at pH 10, indicating higher adsorption affinity in acidic 450 

condition than alkaline solution. Fig. 5 illustrates the lowest adsorption affinity by using RW 451 

for As(III) and at pH 10 for As(V), indicating that the adsorption of As(III) differs from As(V) 452 

depending on the environmental conditions. Regarding sediment properties, RS-NOM had 453 

marginally higher adsorption affinity than RS for As(III) and the opposite trend was observed 454 

for As(V). The effect of sediment sizes was similar for both As species, with the highest 455 

adsorption affinity for the smallest size (S4), then followed by S3 > S2 > S1. The log(Kp) values 456 

in this study were significantly higher than those investigated from the southern Caspian Sea 457 

(mean: 0.35, range: -0.21-0.75) reported by Nematollahi et al. (2021). Moreover, log(Kp) values 458 

for As(V) were higher than those of As(III), reflecting higher adsorption affinity of As(V) on 459 

sediment than As(III) regardless of controlling factors. The results supported the findings from 460 

the early adsorption kinetic and isotherm results. 461 

The results showed lower log Kp for As(III) than As(V), indicating that As(III) was more 462 

easily released from sediment to water phase in comparison to As(V). The amount of As(III) 463 

released from RS (7.2 mg/kg in DI water and 10.6 mg/kg in RW) at the equilibrium of 464 

desorption process was higher than for As(V) (6.6 and 8.8 mg/kg, respectively), which is 465 

consistent with the Kp results. Overall, these results are consistent with those of Nematollahi et 466 

al. (2021). 467 
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Fig. 5. Partition coefficient of As(III) and As(V) under different conditions. 

 468 

3.5. As adsorption mechanisms 469 

As(III) and As(V) forms present in aqueous media described in the Fig. 6 (Mondal et al., 2007; 470 

Yin et al., 2019; Yohai et al., 2019). 471 

 472 

Fig. 6. The forms of As(III) and As(V) in the aqueous media 473 
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Fig. 7. FTIR spectra (400-4000 cm-1) of (a) RS and (b) RS-NOM; XRD patterns of (c) RS 

and (d) and RS-NOM before and after adsorption of As(III) and As(V); (e) As  

transformation between As(III) and As(V) on RS after adsorption 

The interaction between As(III) and As(V) and with sediment particles in the adsorption 475 

process was investigated by performing FTIR of different sediment types including RS and RS-476 

NOM before and after As(III) and As(V) adsorption. The FTIR spectra for SOM are shown in 477 

Fig. 7a. A new IR adsorption peak appeared at 1516 cm-1 after the adsorption of As(III) and 478 

As(V) on SOM, which can be attributed to carboxyl groups (Kaufhold et al., 2012; Li et al., 479 

2018) or amine C=O stretching (Yu et al., 2015). The band at 3742 cm-1 corresponds to O–H 480 
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stretching vibrations of phenolic hydroxyl groups or adsorbed water (Luo et al., 2012; Yu et al., 481 

2015). The IR peaks shifted from 1057 cm-1 to 1088 cm-1 and 1080 cm-1 after adsorption of 482 

As(III) and As(V), which can be associated with Si(Al)–O vibration or antisymmetric stretching 483 

vibrations of Si–O tetrahedron  (Hahn et al., 2018). The IR adsorption bands recorded at 779 484 

cm-1 before adsorption and 787 cm-1 as well as 694 cm-1 for all samples are assigned to Si–O 485 

symmetrical stretching vibrations of quartz, exhibiting the roles of these surface functional 486 

moieties in As(III) and As(V) binding with sediment particles (Hahn et al., 2018; Rawat et al., 487 

2022). Furthermore, the small shift in the IR peaks from 563 cm-1 to 553 cm-1 and 559 cm-1 488 

after adsorption of As(III) and As(V), respectively can be contributed to the involvement of Fe–489 

O/Fe–OH vibration of the magnetite phase in the As(III) and As(V) adsorption (Luo et al., 490 

2012; Rawat et al., 2022). Finally, the IR bands at around 420-428 cm-1 before and after As(V) 491 

adsorption can be related to the formation of Si–O–Mn bonds (Hahn et al., 2018; Kaufhold et 492 

al., 2012), while its disappearance after As(III) adsorption indicated the involvement of these 493 

functional groups in As(III) binding with sediment particles.  494 

Furthermore, the SEM-EDS images of RS before and after adsorption of As(III) and As(V) 495 

are given in Fig. S2. Fig. S2 (a, b and d) showed high Al contents were detected on RS before 496 

and after adsorption of As(III), while Fig. S2 (c and e) showed low Al contents were found on 497 

RS after adsorption of As(V). The results indicated higher enrichment of As(V) on RS than 498 

As(III) (Matera et al., 2003). Moreover, XPS results showed no detection of As for RS before 499 

and after adsorption of As(III) by using DI water and As(V) by RW solution, whilst both 500 

As2p3A and As2p3B corresponding to As(III) and As(V) were detected on RS after adsorption 501 

of As(V) under DI water and As(III) under RW (Fig. S3). The results indicate that there was 502 

oxidation from As(III) to As(V) in DI water and reduction from As(V) to As(III) in RW after 503 

adsorption on RS (Guo et al., 2022). Additionally, Fig. 6e indicated the transformation between 504 

these As species in RS after adsorption with higher amount of As(V) reduced to As(III) than 505 

oxidation process. Fig. S3(a, b and e) showed no detection of As on RS due to low content of 506 
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As in sediment (before adsorption). 507 

Regarding RS-NOM, no new groups appeared in the FTIR diagram (Fig. 7b), indicating 508 

that the interaction between As(III) and As(V) and sediment particles only occurred in the 509 

available functional groups of sediments. Moreover, the IR bands under 500 cm-1 can be 510 

assigned to Si–O–Mn bonds (Hahn et al., 2018; Kaufhold et al., 2012), which disappeared after 511 

adsorption of As(III) on RS and indicated the involvement of these functional groups in As(III) 512 

binding with sediment particles. XRD analysis for RS and RS-NOM before and after adsorption 513 

of As(III) and As(V) (Figs 7c and d) indicated that quartz was dominant and had the strongest 514 

peak in all samples. The results are similar to findings from previous studies of XRD for river 515 

sediments (Maity and Maiti, 2016; Xie et al., 2018). Hahn et al. (2018) indicated that quartz 516 

peaks corresponding to the Si-O-Si symmetric stretching of antisymmetric stretching 517 

vibrations. Additionally, the changes of quartz peaks may be due to either reaction of anionic 518 

As species with organic-Si or with SiO2 in the presence of organic matter (Rawat et al., 2022). 519 

 520 

4. Conclusions 521 

The adsorption and desorption of As(III) and As(V) at sediment-water interface were 522 

studied. Adsorption kinetics were well modeled by both PFO and PSO models, with better 523 

results by PSO based on the R2 values. The Langmuir and Freundlich equations well modeled 524 

As(III) and As(V) adsorption equilibrium on sediment. The maximum adsorption capacity of 525 

As(V) (398.7 mg/kg) was higher than that of As (III) (263.3 mg/kg), indicating stronger 526 

sediment affinity toward As(V) than As(III). The results also showed that As(III) and As(V) 527 

adsorption on river sediment was favored at acidic to neutral conditions. SOM caused a 528 

reduction of As(III) and As(V) adsorption on sediment, by inhibiting As complexation with 529 

sediment functional groups. As adsorption decreased with increasing sediment particle size, 530 

and increased with sediment surface area. The physicochemical characteristics, FTIR and XRD 531 

analysis of sediment showed that As(III) and As(V) adsorption on sediment occurred by 532 
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interactions with Fe–O/Fe–OH, Si(Al)–O, hydroxyl and carboxyl functional groups. The SEM-533 

EDS evidenced higher adsorption of As(V) than As(III) and there was transformation among 534 

As species during the adsorption process in both DI water and RW. The results provide valuable 535 

insights on the kinetics, equilibrium, and mechanism of As(III)/As(V) adsorption on river 536 

sediment, which should be considered for the more effective management of As-contaminated 537 

river sediments. 538 
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