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Abstract: A medium developed by coating BaSO4 and Fe on quartz sand known as sulfate-modified

iron oxide-coated sand (SMIOCS) was evaluated for the removal of arsenic(III) from simulated water

with an ionic strength of 0.01M NaNO3 during batch studies. The medium was characterised for BET

surface area, alkali-resistance, acid-resistance and the presence of iron and barium on the coated

surface. Two simplified kinetic models, ie active available site (AAS) and chemical reaction rate

models, were tested to investigate the adsorptionmechanisms. The values of rate constants for both the

models were found to decrease with increasing As(III) concentrations in the solute. The inverse

relationship of rate constants of the reaction rate model with BET surface area showed that As(III)

adsorption on SMIOCS was not due to physisorption but to chemisorption. A study of the effect of

solute temperature showed that the adsorption of As(III) on SMIOCSmedia was due to chemisorption.

The results of isothermal studies conducted at different pH values showed that adsorption data

satisfied both the Langmuir and the Freundlich isotherm models. The adsorption of As(III) on the

medium was pH dependent and maximum removal was observed in the pH range of 7–9.
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NOTATION
b Parameter for Langmuir equation

(dm3mg�1), a constant related to energy

and enthalpy of the system

C Liquid-phase As(III) concentration at time

t (mg dm�3)

Cc Correlation coefficient

Ce Liquid-phase As(III) concentration at

equilibrium (mg dm�3)

Co Initial As(III) concentration in the aqueous

phase (mg dm�3)

dp Particle diameter (mm)

KF Parameter of Freundlich equation (mg g�1)

(mg dm�3)n

KR Rate constant of reaction rate model

(dm3mg�1h�1)

Ks Rate constant for AAS model (h�1)

m Dosage of SMIOCS medium (gdm�3)

n Constant in the Freundlich equation

qe Amount of As(III) adsorbed at equilibrium

(mg g�1)

Qo Amount of As(III) adsorbed corresponding

to monolayer coverage (mg g�1)

t Time (h)

Dq Normalised standard deviation defined in

eqn (5) (%)

INTRODUCTION
The presence of arsenic at elevated levels in drinking

water supplies is of environmental concern because of

its toxicity and adverse health effects on human beings.

Recent epidemiological evidence on arsenic carcino-

genicity suggests that the standard of 50mgdm�3 may

not be sufficient to reduce the risk of cancer.1 There-

fore, USEPA is planning to enforce a standard in the

range of 2–20mgdm�3 for arsenic.2 Chronic health

effects of arsenic include development of various skin

lesions such as hyperpigmentation (dark spots), hypo-

pigmentation (white spots), and keratosis of hands and

feet. Skin cancers and internal cancers (eg gall bladder

cancer, lung cancer) can appear due to high arsenic

exposure. Arsenic contamination has been, and con-

tinues to be, a specific problem of drinking water

supplies in certain parts of Taiwan, Mexico, Chile and

the Indian subcontinent.3 Weathering of arsenic-

bearing minerals and volcanic eruptions are major

natural sources of arsenic contamination in the

groundwater.

Among the treatment processes appropriate for

removal of arsenic, adsorption by low cost adsorbents

is considered to be less expensive than membrane

separation and more versatile than ion exchange

processes.4 Innovative technology such as the coating

of Fe oxides onto the surface of sand to effectively
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remove/recover trace metals has been used by many

researchers.5 The results from their studies confirm

that the utilisation of iron oxide-coated sand is worth

developing for the removal of metal ions from water.

This also offers a reliable and efficient removal process

for complex inorganic and organic metals that may not

be removed by conventional treatment methods.6

Therefore, adsorption using low cost adsorbents such

as oxide-coated sand could prove to be a suitable

alternative. Ferrihydrite has been effectively used for

the removal of arsenic from water and wastewater.7

Arsenic was removed from groundwater in laboratory-

scale studies using iron oxide-coated sand by various

researchers.8–10 Arsenate forms stable solids (ie

BaHAsO4 and Ba3(AsO4)2) in the presence of Ba2þ

at near neutral pH values in aqueous systems.11

Arsenite has also shown strong affinity for sulfur.

The removal of arsenic as orpiment or metal sulfides

often occurs if hydrogen sulfide is present in water.12

Therefore, if the coating on a sand surface is modified

using Ba, Fe and S, arsenic removal by oxide-coated

media may be enhanced with respect to Fe coating

alone. Several models such as homogeneous surface

diffusion, dual resistance mass transfer, and pore

diffusion have been extensively applied to batch

reactors to successfully describe the transport of

molecules inside the adsorbent particles. The mathe-

matical complexities of these models make them rather

inconvenient for practical use.13

The aim of the present study was to examine the

mechanism of adsorption of As(III) on sulfate-modi-

fied iron oxide-coated sand (SMIOCS) using simpli-

fied active available site (AAS) and reaction rate

models. The research described here was designed to

test the properties of SMIOCS as an adsorbent for

As(III) removal in batch studies. The investigations

also included isothermal studies conducted at different

pH values with an analysis using both the Langmuir

and the Freundlich isotherm models.

MATERIALS AND METHODS
SMIOCS preparation
The quartz sand used in this process was soaked in an

acid solution (1.0M HCl) for 24h, rinsed with distilled

water and dried at 105°C. The geometric mean size of

the sand was 498mm. The coating was applied by

taking 100cm3 of 0.5M BaCl2 solution in a 1.0dm3

glass beaker. To this solution, 12cm3 of 2.5M H2SO4

was added drop by drop with simultaneous shaking of

the beaker till a dense white floc of BaSO4 was formed.

To this solution, 100cm3 0.5M Fe2 (NO3)3.9H2O

solutions were added and the mixture was shaken on a

horizontal shaker at 30 strokes per minute for 10min.

Quartz sand (500g) was added to this mixture and the

mixture was mixed for an additional 30min on a

horizontal shaker. The beaker was then kept in an oven

at 105°C for 24h. The coated sand was washed by

distilled water till the supernatant liquid was clear. The

washed sand was again kept in an oven to dry at 105°C

for 20h. This procedure yielded a slightly red-coloured

sand.

Characterisation of SMIOCS
The total amount of iron coated on the sand surface,

and its acid- and alkali-resistance were determined as

per the method of Kuan et al. 14 The total amounts of

barium and sulfur coated on the sand were determined

by dissolving 5.0g SMIOCS in 50cm3 concentrated

HNO3 for 24h. This was then filtered through

‘Whatman 42’ ashless filter paper and the filtrate was

used to determine Fe, Ba and S by ICP-AES (model—

8440 Plasmalab; GBC, Australia). The surface areas

of the quartz and coated sand were measured by the

BETmethod using ASAP-2000 model (Micromeritics

Corp, (USA). The pHzpc of the media was determined

by the potentiometric titration method described by

Smith.15

Arsenic adsorption experiments
Batch adsorption kinetics
Batch sorption studies were carried out at room

temperature 27(�1)°C in an end-over-end rotary

shaker at 44�2rpm. The SMIOCS dose was 20g

dm�3 (GM size=498mm) and the ionic strength of

synthetic water was adjusted to 0.01M with NaNO3.

The sorbate solution consisted of a total volume of

100cm3 and 20g dm�3 of media in 300cm3 borosili-

cate glass bottles containing As(III) concentrations of

0.5, 1.0 and 2.0mg dm�3 for kinetic studies. Stock

As(III) solution was prepared by the dissolution of

arsenic(III) oxide (As2O3) in distilled water. The

desired initial pH of the solution was achieved by the

addition of 0.1M HCl or 0.1M NaOH. The bottles

were removed from the shaker after the desired contact

time and the supernatant liquid was separated from

the adsorbent by ‘Whatman’ filter paper No 42

(ashless) and the filtrate was stored at 2°C until

analysed for As(III) concentration.

Isotherm studies
The adsorption isotherms were obtained at different

pH values and sorbate concentrations to determine the

capacity of the medium for arsenic removal. The

sorbate concentration was varied from 0.5mg dm�3 to

3.5mg dm�3, keeping the dose of sorbent at 20g dm�3

in the solution and the ionic strength of synthetic water

at 0.01M with NaNO3. The initial pH of the sorbate

was adjusted before each experiment and the mixing

time was 8h. The pH drift during experimental studies

was measured. The study was performed at room

temperature 27(�1)°C. Other procedures for sample

handling were the same as for batch kinetic experi-

ments.

Sample analysis
As(III) was determined as per the method of Johnson

and Pilson.16 The absorbance was measured at 865nm

by using a spectrophotometer (Spectronic 20 Genesys,

USA). The minimum detection limit is 4mg dm�3.
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Samples were preserved using 1g dm�3 ascorbic acid.

All samples were analysed within 7 days of adsorption

experiments.

KINETIC MODELS OF ADSORPTION
Active available site (AAS) model
The present coated sand surface may be considered to

consist of a number of chemically active sites. The

attachment of sorbate species occurs at these sites. So,

the sorption capacity of sorbent for a specific sorbate is

a function of ‘available active sites’ (AAS). The

available sites can vary for the same sorbate–sorbent

system under different environmental conditions such

as pH, temperature, and particle size.

The attachment of arsenic species from aqueous

phase to AAS can be considered to occur in two steps:

(i) transfer of sorbate from the aqueous phase to the

AAS on the sorbent;

(ii) chemical complexation/ion-exchange at these

chemically active sites.

The following assumptions were made in the devel-

opment of the proposed AAS mass transfer model:

(i) both physisorption and chemisorption occur

simultaneously;

(ii) the Langmuir isotherm model fits the sorption

equilibrium data well.

The monolayer coverage parameter, Qo, in the

Langmuir isotherm model represents the saturation

capacity of a sorbent. After derivation the linearised

form of equation obtained is as follows.17

s lnðC�CeÞ þ lnC ¼ lnCo þ s lnðCo �CeÞð Þ þ b KsCet

ð1Þ

where:

s ¼ ð�1þ bCeÞ ð2Þ

The overall mass transfer coefficient can be deter-

mined using the Langmuir parameter (b), arsenic con-
centration (C) at time t and equilibrium arsenic

concentration Ce. A plot of:

½s lnðC � CeÞ þ lnC� versus t

will yield a straight line of slope KsCeb, from which the

overall mass transfer coefficient (Ks) can be ob-

tained.17

Chemical reaction rate model
This model is based on mass law concept. The adsorp-

tion kinetics on oxide-coated sand may be treated as a

chemical reaction. This equation may be represented

by a second-order reaction of the form:

Mþ S �!KR ½MS� ð3Þ

where M represents the dissolved metal contaminant,

S the available surface sites, MS the adsorbed state,

and KR the reaction rate constant (dmmg�1h�1). The

rate equation is expressed in terms of concentrations of

respective reactants. The rate constant, KR, may be

determined by least square linear regression of ln

[(C�Ce)/C] versus t. The slope of the line provides a

value of �KR. The linear form of this equation is:18

ln
C � Ce

C

� �
¼ �CeKRt þ ln

Co � Ce

Co

� �
ð4Þ

The plot of ln [(C�Ce)/C] versus t will give a straight

line with slope of �CeKR and intercept of [(Co�Ce)/

Co].

RESULTS AND DISCUSSION
Characteristics of media
The physical and chemical characteristics of plain

quartz sand and sulfate-modified iron-oxide coated

sand (SMIOCS) are shown in Table 1 which shows

that the BET surface area of coated sand is nearly

twice that of plain sand.

Time profiles of solute adsorption and test of kinetic
models
The validity of the models discussed in this paper can

be tested either by overlapping experimental data

points with model points or by comparing quantita-

Table 1. Physical and chemical
characteristics of plain sand and
SMIOCS

No Characteristics Plain sand SMIOCS

1 Sizea 498mm ffi498mm
2 Diameter of particle ffi500mm ffi500mm
3 Surface area BET (m2g�1) size=0.324mm – 7.9

4 Surface area BET (m2g�1) size=0.498mm 1.79 3.74

5 Surface area BET (m2g�1) size=0.716mm – 2.95

6 Fe salt used for coating (%) – 4

7 Total iron on coated sand (mg g�1) – 5.31

8 Total barium on coated sand (mg g�1) – 0.126

9 Total sulfur on coated sand (mg g�1) – 0.47

10 Acid-resistance at pHffi1.0 (%) [(dissolved Fe/total Fe)�100] 0.02 45.67

11 Alkali-resistance at pHffi12.67 (%) [(dissolved Fe/total Fe)�100] – 0.94

12 pHzpc – 8.2

a Except for BET surface area, all characteristics are for 0.498mm-sized particles.
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tively by normalised standard deviation, Dq. The

normalised standard deviation was calculated by the

following equation:

Dqð%Þ ¼ 100 �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
qexp � qcal
� �

=qexp
� �2

ðn� 1Þ

s
ð5Þ

where qexp is solid phase loading data obtained experi-

mentally at time t and qcal is model calculated solid

phase loading data at time t and n is the number of data

points.

Effect of As(III) concentration
The kinetic parameters and normalised standard

deviations values for the two models are presented in

Table 2. Values of Ks and KR were substituted in eqns

(1) and (4) to get a series of sorption capacity (q) versus
time profiles generated by AAS and reaction rate

models respectively. Figures 1 and 2 present the model

predicted sorption capacity (q) versus time profiles

together with the experimental data for three initial

As(III) concentrations for AAS and reaction rate

models respectively. Based on Dq values (Table 1), it

can be concluded that the AAS model gave a slightly

better fit than the reaction rate model. Both Ks and KR

values were found to decrease with increasing As(III)

concentrations from 0.5mg dm�3 to 2.0mg dm�3 in

the solute. These results are in accordance with the

assumptions made in the AAS model that there are

limited numbers of chemical sites on which sorption

can take place. Reduced values of Ks and KR at higher

concentrations were due to fewer active available sites

for sorption/reaction. Table 2 also shows higher values

of normalised standard deviation values for initial

As(III) concentration of 0.5mg dm�3 as compared

with the other two concentrations. More availability of

active available surface sites in solute for initial As(III)

concentration of 0.5mg dm�3 may be the reason for

such results. The linearised KR and Co values on a log-

log plot showed a correlation coefficient of 0.94

whereas the correlation coefficient was 0.84 for Ks

and Co values. The following relationships were

obtained between mass transfer rates and Co values:

KR ¼ 1:90 C�1:0277
o ð6Þ

Ks ¼ 1:32 C�0:2092
o ð7Þ

High correlation coefficients (r2>0.83) support the

assumptions related to monolayer coverage of metal

on the surface.

Effect of sorbent dose
From Table 2 it can be seen that values of Ks and KR

Table 2. Kinetic parameters and normalised standard deviations for As(III) adsorption on SMIOCS

Temperature

(K�1)

Co

(mg dm�3)

m

(gdm�3)

dp

(mm)

Reaction rate model

Active available

site (AAS) model

KR (mg dm�3h�1) Dq (%) Ks (h
�1) Dq (%)

300 0.5 20 0.498 3.45 33 1.47 31

300 1.0 20 0.498 2.4 18 1.42 13

300 2.0 20 0.498 0.83 5.76 1.10 4.0

300 1.0 20 0.324 4.78 70.0 0.68 62.0

300 1.0 20 0.716 7.18 16.0 1.59 15.0

300 1.0 10 0.498 1.55 0.75 1.27 0.75

300 1.0 15 0.498 1.88 2.56 1.47 2.0

303 1.0 20 0.498 1.59 6.4 1.34 2.28

313 1.0 20 0.498 1.68 8.5 1.36 7.74

323 1.0 20 0.498 1.54 6.93 1.26 5.25

Figure 1. Fitting of AAS model for As(III) adsorption onto SMIOCS at
different initial As(III) concentrations.

Figure 2. Fitting of reaction rate model for As(III) adsorption onto SMIOCS
at different initial As(III) concentrations.
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were found to increase with an increase in the amount

of sorbent in the solution. There was almost a linear

relationship between KR values and dose of sorbent

whereas this linear relationship was lacking in the AAS

model at higher doses. Although both models gave a

good fit for all three sorbent doses, if comparisons are

made based on Dq values then the AAS model was a

better fit than the reaction rate model. With increasing

sorbent dose from 10 to 20g dm�3 the adsorption of

As(III) per unit mass of adsorbent decreased. This

sorbent concentration effect can be explained by two

theories. According to the first theory at a higher dose

adsorption sites remain unsaturated during adsorption

reaction, resulting in lower adsorptive capacity utilisa-

tion of the adsorbent.19 As per the second theory,

aggregation/agglomeration of sorbent particles at a

higher dose may decrease the surface area and increase

the diffusional path length. The ability of the reaction

rate model to predict the sorption kinetics, both at

lower as well as higher sorbent doses indicated the

validity of the concept of chemical sites available for

reaction. The variation in KR with sorbent dose m is

presented in Fig 3 for the reaction rate model. The

values of KR varied linearly with sorbent dose

(Cc=0.98).

Effect of media size
Table 2 also illustrates that bothKs andKR varied with

media size for the same dose of media and initial

As(III) concentration. No linear relationship can be

established with KR values and sorbent sizes. It

indicates thatKR was relatively independent of particle

size. Furusawa and Smith20 have also observed that

the mass transfer coefficient was indeed independent

of particle size. However, there was some linear

relationship with Ks values for different size of media.

An increase in Ks values was observed with an increase

in media size from 0.324mm to 0.716mm. Therefore,

unlike the reaction rate model, the AAS model was

influenced by the size of particles. Table 2 also shows

very high values of normalised standard deviations for

both the models for 0.324mm sized particles. The

results show that sorbate–sorbent affinity for this size

of media was much higher than the other two sizes. It

could be due to better coating and more BET surface

area (Table 1) of this size of media.

Variations in Ks with media size (dp) and BET

surface area are presented in Fig 4. With limited data

(only three particle sizes) it can be seen from Fig 4 that

there was an inverse linear relationship between BET

surface area and Ks. The coefficient of correlation was

0.82. The media size (d) showed an almost linear

relationship with Ks values (Cc=0.84). The inverse

relationship of Ks with BET surface area showed that

As(III) adsorption on SMIOCS was not due to

physisorption but due to chemisorption. The results

of this limited study showed that the BET surface area

was not an effective criteria for relating As(III)

adsorption on sulfate-modified iron oxide-coated

sand.

Effect of solute temperature
The effect of solute temperature on As(III) removal by

SMIOCS was studied at pH 7.2 and at 0.01M NaNO3

ionic strength. The temperature variation studies were

necessary to investigate the dissolution of Fe and Mn

from coated media because these media were sub-

jected to heating in an oven during coating. Although

the effect of temperature was marginal for As(III)

removal, this study showed that solute temperature

had a linear relationship with the capacity of media.

The kinetics of uptake of As(III) by SMIOCS was also

investigated at three different temperatures, ie 30,40

and 50°C. Table 2 also presents Ks and KR values at

different temperatures along with normalised standard

deviations (Dq%). Based on Dq values it was concluded
that the AAS model was a better fit than the reaction

rate model (Fig 5). The Ks values were calculated

using the Langmuir parameter b from isothermal data

generated at the same temperatures. Both Ks and KR

values increased with an increase in temperature from

30 to 40°C whereas Ks and KR values decreased when

the temperature was increased from 40 to 50°C. This

may be due to dissolution of adsorbing species and

availability of more active surface centres for adsorp-

tion. Findings also clearly indicated that solute

temperatures above 40°C favoured As(III) adsorption

on SMIOCS but more removal may be due to co-

precipitation rather than adsorption. It supported theFigure 3. Effect of adsorbent dose on reaction rate model constant.

Figure 4. Plot for variation of BET and AAS constant with respect to
diameter of particle.
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assumption made in the development of the AAS

model that Ks can qualify for the chemisorption-type

interactions as Ks responded to the change in

temperature of the reaction mixture.

The fitting parameters for the Langmuir and the

Freundlich isotherms based on isothermal studies are

shown in Table 3. It can be seen that the slope ‘1/n’,
which reflects the intensity of adsorption, increases

with increasing temperature of the solute. These

results are similar to observations reported by

Machesky.21 According to him, the metal cation

adsorption increases with increasing temperature.

The relationship between adsorption capacity (Qo)

based on the Langmuir isotherm and temperature (K)

can be represented by the following equation:

Qo ¼ 0:001� ðKÞ � 0:195 ð8Þ

The enthalpy of adsorption was determined by relating

the Langmuir capacity factor, QM(=bQo) to the

temperature variation.22 The internal energy, �DUo,

was determined from the slope ofQM versus 1/T (figure

not shown here) using van’t Hoff’s equation. The

enthalpy of adsorption (DHo) can be calculated using

the following relationship:

DHo ¼ �DUo þ RT ð9Þ

The value of the enthalpy of adsorption (DHo) for the

sorption of As(III) by SMIOCS was �7.49kJ mol�1 at

27°C. The negative value of the enthalpy of adsorp-

tion suggests that the adsorption process is exothermic

in nature.

Equilibrium studies
Figure 6 presents the Freundlich model curves at

different pH values and room temperature 27(�1)°C
for the adsorption of As(III) by SMIOCS media. The

experimental data were fitted to both the Freundlich

and the Langmuir isotherms. The isotherm par-

ameters for both models are presented in Table 3.

The data and their accompanying Freundlich model

curves illustrate an increase in adsorption capacities

with an increase in initial solution pH till it reaches a

plateau for As(III) adsorption on SMIOCS. The

present experimental equilibrium relationships could

also be described quite well by the Langmuir isotherm

model (Cc>0.95). Matis et al23 have also reported that

sorption of anions is typically pseudo-Langmurian for

all sorbate–sorbent ratios, indicating one dominant

type of binding site, that of ligand exchange. The

polynomial regression was applied to develop the

relationship between the Langmuir monolayer capa-

city, Qo, and pH values. The fitted polynomial

equation (Cc>0.99) is as follows:

Qo ¼ �0:0017� pH2 þ 0:0308� pH� 0:0371

ð10Þ

Figure 7 depicts the effect of pH on the removal of

As(III) by SMIOCS. The removal of As(III) increases

as the pH of the system increases till it reaches a

maximum at about pHffi9.2. It is noteworthy that at

this pH arsenite (H3AsO3) starts dissociating (pKa=

9.2) to form H2AsO3
�. The result can be interpreted

with the help of the pHzpc of the media (Table 1).

Table 3. Langmuir and Freundlich
isotherm constants for As(III)
adsorption on SMIOCS at different
temperatures and pH values (media
size=0.498mm)

Variable Langmuir model constants Freundlich model constants

Temp (K�1) pH Qo (mg g�1) b (dm3g�1) Cc KF [mgn�1/ng�1 (dm3) 1n] 1/n Cc

300 6.2 0.09 2.13 0.98 0.058 0.468 0.96

300 7.2 0.096 3.06 0.98 0.067 0.442 0.92

300 8.1 0.104 2.84 0.96 0.075 0.438 0.90

300 9.5 0.104 3.63 0.98 0.08 0.416 0.93

303 7.2 0.122 2.27 0.90 0.08 0.42 0.96

313 7.2 0.136 1.91 0.92 0.084 0.5 0.97

323 7.2 0.143 1.71 0.94 0.089 0.56 0.90

Figure 6. Adsorption isotherms for As(III) on SMIOCS at different pH
values, adsorbent dose=20g dm�3: lines are Freundlich model curves.

Figure 5. Fitting of AAS model for As(III) adsorption onto SMIOCS at
different solute temperatures.
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Below pHzpc (8.2), the media surface is positively

charged and in this pH range arsenite is available as the

neutral H3AsO3 species.24 Therefore, only physical

adsorption driving (Van der Waals’) forces between

H3AsO3 and SMIOCS are present, resulting in less

adsorption. Also in the acidic pH range the net release

of Hþ ions blocks the surface sites available for

sorption as iron-based sorbents have shown high

sorption capacity for cations.6

At near neutral pH values (7–9), slow dissociation of

weak arsenic acid (H3AsO3) produces arsenite ion

(H2AsO3
�). This partially neutral and partially negative

charged arsenite ion is attracted to the positively

charged (below pH 8.2) surface of SMIOCS, resulting

in high As(III) removal in this range. It may be

hypothesised that in the pH range of 7–9, the removal

of arsenic(III) may be due to combination of electro-

static attraction between As(III) and media and Van

der Waals, attraction with the possibility of the former

dominating. When the pH was greater than 8.2, ie

pHzpc of media, the surface of the medium becomes

negatively charged. It is possible that Naþ cations were

attracted to the negatively charged surface species and

provided charge compensation. Experimental results

of ionic strength variation also showed that when the

ionic strength of the solution was increased from

0.001M to 0.1M NaNO3, As(III) removal increased

slightly (Vaishya and Gupta, unpublished).

The decrease in As(III) removal by SMIOCS in the

pH range of 9.5–12 may be the result of net negative

charge on SMIOCS media (>pHzpc). The dominant

species of arsenite in this pH range are HAsO3
�2 and

HAsO3
�1, which are not favourable for adsorption on

the media’s surface. Manning and Goldberg25 also

reported maximum adsorption in the pH range of

7.5–9.5 for As(III) adsorption on kaolinite, illite,

montmorillonite and amorphous aluminium hy-

droxide.

CONCLUSIONS
The active available site (AAS) and reaction rate

models can successfully describe the As(III) adsorp-

tion onto SMIOCS under different experimental

conditions. Both the models predicted that the

adsorption process was due to chemisorption. Both

the Langmuir and the Freundlich isotherm equations

were able to describe the partitioning behaviour of the

system at different pH values. The adsorption of

As(III) on SMIOCS was pH dependent and the pH

adsorption edge data showed that As(III) removal was

optimum in the pH range of 7–9.
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