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bstract

This paper presents the observations of the study on arsenic removal from a contaminated ground water (simulated) by adsorption onto Fe3+

mpregnated granular activated carbon (GAC-Fe). Fe2+, Fe3+ and Mn2+ have also been considered along with arsenic species in the water sample.
imilar study has also been done with untreated granular activated carbon (GAC) for comparison. The effects of adsorbent dose, particle size
f adsorbent and initial arsenic concentration on the removal of As(T), As(III), As(V), Fe2+, Fe3+ and Mn2+ have been discussed. Under the
xperimental conditions, the optimum adsorbent doses for GAC-Fe and GAC have been found to be 8 g/l and 24 g/l, respectively with an agitation
ime of 15 h. Particle size of the adsorbents (both GAC and GAC-Fe) has shown negligible effect on the removal of arsenic and Fe species. However,
or Mn removal the effect of adsorbent particle size is comparatively more. Percentage removal of As(T), As(V) and As(III) increase with the

ecrease in initial arsenic concentration (As0). However, the increase in percentage removal of all the arsenic species with decrease in As0 are
ess for higher value of As0 (3000–500 ppb) than those of the lower value of As0 (500–10 ppb). The % removal of As(T), As(III), As(V), Fe, and

n were ∼95%, 92.4%, 97.6%, 99% and 41.2%, respectively when 8 g/l GAC-Fe was used at the As0 value of 200 ppb. However, for GAC these
alues were ∼55.5%, 44%, 71%, 98% and 97%. The pH and temperature of the study were 7 ± 0.1 and 30 ± 1 ◦C, respectively.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Arsenic, the hazardous chemical most widely happened in
he world [1], is found in the shallow zones of ground water of

any countries like Argentina, Bangladesh, Cambodia, Canada,
hile, China, Germany, Hungary, India, Mexico, Mongolia,
yanmar, Nepal, Pakistan, Romania, Thailand, USA, Vietnam,

tc. in various concentrations. In some places in Bangladesh its
oncentration is as high as 1000 �g/l [2].

Arsenic contamination in water has posed severe health
roblems around the world. Considering the lethal impact of
rsenic on human health, environmental authorities have taken a

ore stringent attitude towards the maximum contaminant level

MCL) of arsenic in water. World Health Organization (WHO)
n 1993 and National Health and Medical Research Commit-

∗ Corresponding author. Tel.: +91 1332 270492; fax: +91 1332 276535.
E-mail address: chandfch@iitr.ernet.in (C.B. Majumder).
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ee (NHMRC), Australia, in 1996 had recommended MCL of
rsenic in drinking water as 10 and 7 �g/l, respectively [3]. The
CL of arsenic in drinking water has also been reduced from

0 to 10 �g/l by European Commission in 2003 [4]. Environ-
ental Protection Agency (EPA), USA, has decided to move

orward in implementing the same MCL of arsenic that is rec-
mmended by WHO for drinking water in 1993 [5]. Japan and
anada have reduced the MCL for arsenic in drinking water

o 10 and 25 �g/l, respectively. The MCL for arsenic in coun-
ries like India, Bangladesh, Taiwan, China, Vietnam, etc. is also
0 �g/l [6].

In recent years, use of surface modified adsorbents for the
evelopment of cheaper arsenic removal technique has acquired
omentum. Recently, some adsorbents like Cu impregnated

oconut husk carbon, iron oxide coated polymeric materials,

ron oxide coated sand, iron oxide coated cement, bead cellu-
ose loaded with iron oxy hydroxide, etc. have been reported
2] for effective adsorption. Relatively very little information
s published on the adsorption of arsenic species by activated

mailto:chandfch@iitr.ernet.in
dx.doi.org/10.1016/j.jhazmat.2007.05.040
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arbon. However, the use of iron impregnated granular activated
arbon (GAC-Fe) has been reported by some researches [7–11]
or removing arsenic from water. By the impregnation of Fe3+

nto the surface of untreated granular activated carbon (GAC)
n amorphous layer of FeOOH is formed as per the following
quation [12]:

e3+ + 3OH− → FeOOH + H2O

ormation of such layer of FeOOH increases the net positive
harge (NPC) of the GAC-Fe [9,13] and improves the arsenic
dsorption capacity. This iron in GAC-Fe activates the oxida-
ion of As(III) to As(V), which can easily be adsorbed by the
dsorbent in the experimental pH range [14]. In case of GAC,
s(III) does not oxidize to As(V). However, some amount of
s(III) may be adsorbed as per the following equation for both
AC and GAC-Fe [15]:

e(OH)(s) + H3AsO3(aq) → FeHAsO3(s)
2− + H2O

In literature GAC-Fe dose has been considered in a wide
ange (0.2–80 g/l) for the removal of arsenic from contaminated
ater [7–11]. However, the comparative removal of total arsenic

As(T)), As(III) and As(V) are not reported in these studies.
he effects of adsorbent dose, adsorbent particle size and initial
rsenic concentration on the removal of arsenic species have not
een reported in detail. The comparison between the adsorption
fficiency of the GAC and iron impregnated GAC is also hardly
eported. The effect of other interfering metal ions, which are
requently present in contaminated ground water, on the removal
f arsenic species has also rarely been investigated so far.

This paper explores the possibilities of the ferric chloride
mpregnated GAC to remove arsenic species in presence of iron
nd manganese ions which are available frequently in ground
ater. The effect of adsorbent dose, its particle size and initial

rsenic concentration on the removal of arsenic species along
ith Fe and Mn have been reported. The adsorption capacity of
AC and iron impregnated GAC for the removal of the Fe and
n have also been compared.

. Materials and methods

All the chemicals, purchased from S.D. Fine-Chem Lim-
ted, India, were of reagent grade and solutions were prepared

y Milli-Q water (Q-H2O, Millipore Corp. with resistivity of
8.2 M� cm). The stock solutions of 100 ppm As(V) and As(III)
ere prepared by dissolving Na2HAsO4·7H2O and NaAsO2 in
ater and filtered through a 0.45 �m membrane.

2

p

able 1
roperties of GAC and GAC-Fe

dsorbent Particle
size (mm)

Elemental
analysis (%)

Proximate
analysis (%)

AC 0.125–0.150 C: 75.06, H: 1.90, N: 0.0,
S: 0.0, others: 23.04

Ash: 2.58, mo
9.71, others: 8

AC-Fe 0.125–0.150 C: 74.39, H: 1.57, N: 0.30,
S: 0.15, others: 23.59

Ash: 2.93, mo
8.85, others: 8
s Materials 150 (2008) 695–702

.1. Preparation of GAC-Fe

Granular activated carbon of bulk density 40 g/100 ml
as ground and sieved to various fractions of particle

ange 0.125–0.150 mm, 0.710–0.850 mm, 1–2 mm, 2–4 mm and
–5 mm with the help of standard sieves. All the ground mate-
ials of various particle sizes were washed by Millipore water
nd dried at 105 ◦C till the constant weight was observed. Hun-
red grams of the dried material of each fraction was treated
ith 240 ml of ferric chloride solution containing 2.5% Fe3+

pH ∼= 6.8 ± 0.2), the pH was raised to 12 by the addition of 1N
aOH solution. The optimum value of Fe3+ was taken as per

he finding of Gu et al. [9]. The high pH value for impregna-
ion was considered for generation of maximum surface charges
n the surface of GAC-Fe. The impregnation was carried out at
0 ◦C on a water bath till the complete evaporation of water was
bserved and then it was dried at 110 ◦C for 24 h [16]. The dried
aterial was washed with Millipore water till the washing liq-

id became free from iron and then dried to constant weight. No
olour change of wash liquid after the addition of silver nitrate
nd KSCN solution indicated absence of chloride and iron in the
ash liquid, respectively. The iron content of the dried GAC-Fe
as ∼4.78%. Fe was taken into liquid phase from GAC-Fe by

eaching with strong HNO3 and was measured by AAS, GBC,
vanta, Australia. The changes in the key properties of the GAC
ue to Fe3+ impregnation are shown in Table 1.

Bulk density was measured by a picnometer, elemen-
al analysis of the GAC and GAC-Fe was carried out by
n elemental analyzer system (Elementar Analysensysteme
mbH, model Vario-EL V3.00). Surface area and micro pore
olume of the samples were measured by N2 adsorption
sotherm using an ASAP 2010 Micromeritics instrument by
runauer–Emmett–Teller (BET) method, using the software of
icromeritics. Nitrogen was used as cold bath (77.15 K). SEM

hotograph was taken by an electron microscope (LEO Elec-
ron Microscopy Ltd., England). X-ray diffraction pattern was
aken from a Cu target X-ray diffractometer (model D8 Advance,
RUKER aXS) with 2θ = 5–100◦. IR spectra of the adsorbents
ave been taken by a Thermo FTIR (model AVATR 370 csl)
oupled with EZOMNIC software (version 6.2). Around 10 mg
f dried sample was dispersed in 100 mg of spectroscopic grade
Br to record spectra.
.2. Procedure

For each experiment 50 ml of the synthetic water sam-
le containing 200 ppb As(As(III):As(V) = 1:1), 2.8 ppm Fe

BET Surface
area (m2/g)

Micropore volume
(cm3/g)

Bulk density
(g/l)

isture:
7.71

949.32 0.3316 756.27

isture:
8.22

771.24 0.2746 822.51
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Table 2
Operating parameters with their range

Operating parameters Range

Temperature ◦C 30 ± 1
pH 7 ± 0.1
A
A
A
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dsorbent type and dose (g/l) 0–40 for both GAC and GAC-Fe
dsorbent particle size (mm) 0.125–0.150 to 4–5
s0 (ppb) 0–3200

Fe2+:Fe3+ = 1:1) and 0.6 ppm Mn was added with calculated
mount of adsorbent in 100 ml vessel [17]. The sample was agi-
ated in a shaker incubator for 15 h at 30 ◦C with shaking speed
f 180 rpm [7]. To study the effect of adsorbent dose (AD) on
he removal of arsenic species, the adsorbent dose was varied
rom 4 to 40 g/l. The initial pH of the solution was 7.1. It was
easured after every 2 h interval and maintained at 7.1 ± 0.1 by

he drop wise addition of N/10 HNO3 when required. Particle
ize of the adsorbent (P.S.A.) was 0.125–0.150 mm. To inves-
igate the effects of initial arsenic concentration and adsorbent
article size on the removal of arsenic, Fe and Mn the dose of
AC and GAC-Fe were 24 g/l and 8 g/l, respectively. After each

xperiment, the solution was filtered through 0.45 �m mem-
rane filter. The filtrate was analyzed for total arsenic by a
erkin-Elmer ICP-MS (model ELAN-DRC-e). Arsenic speci-
tion was done by Edward’s ion exchange method [18]. The
trong base anion resin AG 1 X8 was procured from Bio Rad.
he analysis of iron and Mn was done by atomic absorption
pectroscopy AAS, GBC, Avanta, Australia. All the experiments
ere repeated thrice and average results have been reported. The

ange of operating parameters is given in Table 2.

. Results and discussions

Removal of arsenic species, iron and manganese by GAC and
AC-Fe is discussed in the subsequent sections.
.1. Effect of adsorbent dose on the removal of arsenic

The removal of As(T), As(III) and As(V) by GAC and iron
mpregnated GAC (GAC-Fe) are shown in Fig. 1. From this

Fig. 1. Effect of adsorbent dose on the percentage removal of arsenic.
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gure it is evident that at a constant As0 value, the percent-
ge removal of all arsenic species increase with the increase in
dsorbent dose for both GAC and GAC-Fe. At lower adsorbent
ose, for both GAC and GAC-Fe, the increase in percentage
emoval of arsenic species due to the increase in adsorbent does
s very high. However, at higher adsorbent dose the increase
n percentage removal of arsenic species due to the increase
n adsorbent does is negligible. Beyond the adsorbent dose of
4 g/l and 8 g/l for GAC and GAC-Fe, respectively, the increase
n the % removal of arsenic with increase in adsorbent dose is
ery less. Hence, the optimum removal of arsenic species can be
btained by using 8 g/l GAC-Fe and 24 g/l GAC. For both GAC-
e and GAC this optimum removal is ∼98.5% of the removal
btained at equilibrium after 72 h of agitation [10]. At the opti-
um dose the % removal of As(T), As(III), As(V) are ∼95%,

2.4% and 97.6%, respectively when GAC-Fe is used. For GAC
hese values are ∼55.5%, 44% and 67%. Similarly, the specific
ptakes for the adsorption of As(T), As(III) and As(V) by GAC-
e, under the experimental conditions are 23.75 �g/g, 23.1 �g/g
nd 24.8 �g/g, respectively. Whereas, for GAC these values are
.63 �g/g, 3.39 �g/g and 5.86 �g/g, respectively. These obser-
ations indicate that the capacity of GAC-Fe for the removal of
s(III), As(V) and As(T) are around seven, four and five times
ore respectively than that of GAC.
With the increase in adsorbent dose the number of active sites

n unit volume of solution increases, which leads to the increase
n the % removal of arsenic. However, after the adsorbent dose of
g/l this increase in % removal with the increase in GAC-Fe dose

s less. It may be due to the two stages of arsenic adsorption (i.e.,
ast formation of mono layer followed by slow plateau stage)
19]. Recently, the % removal of As(T), As(III) and As(V) due
o the adsorption on GAC-Fe with an adsorbent dose of 30 g/l and
shaking time of 8 h have been reported as ∼95.5%, 93% and
8%, respectively [11]. A large number of GAC-Fe materials
ave also been reported recently in literature for the removal of
rsenic species from water [7–9,11]. These GAC-Fe materials
lso achieve high arsenic removal over a range of water quality
nd adsorbent dose (3–35 g/l) conditions.

Under the experimental conditions the percentage removal
f As(V) is 72% more than that of As(III) when GAC is used.
owever, for GAC-Fe the % removal of As(V) is only 5.6%
ore than that of As(III). This indicates that the GAC-Fe equally

dsorbs As(III) and As(V) where as GAC adsorbs As(V) pref-
rentially. For GAC the arsenic removal is possible due to the
resence of positively charged active sites, which are developed
ue to the presence of free ash and metal oxides like Al2O3, CaO,
iO2, etc. [20]. The SEM of GAC before and after adsorption
s shown in Fig. 2a and b, also support the adsorption of arsenic
nto the active sites of the GAC surface. At neutral pH range,
s(III) exists as neutral species. Hence, its adsorption is less in

he experimental conditions (pH 7 ± 0.1) [21]. Comparing the
EM of GAC and GAC-Fe before adsorption (Fig. 2a and c) it

s also evident that an amorphous layer is formed on GAC due

o the impregnation of Fe3+. Due to this reason the specific sur-
ace area of GAC-Fe is less than GAC-Fe (Table 1). Similarly,
ore adsorption on GAC-Fe is evident by comparing the SEM

f GAC and GAC-Fe after adsorption (Fig. 2a and d). The extra
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Fig. 2. SEM of GAC and GAC-Fe: (a) before adsorption of 0.00463 mg As/g GAC at a magnification of 1.5 k, (b) after adsorption of 0.00463 mg As/g GAC at
a magnification of 1.5 k, (c) before adsorption of 0.02375 mg As/g GAC-Fe at a magnification of 1.5 k and (d) after adsorption of 0.02375 mg As/g GAC-Fe at a
magnification of 1.5 k, particle size of each was 0.125–0.150 mm.
Fig. 3. X-ray diffraction pattern of GAC and GAC-Fe.
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eak on the XRD of GAC-Fe at 2θ = 12◦ and higher peak at
θ = 28◦ in Fig. 3 indicates the presence of Fe2O3 (Fe3+/OH−)
nd �-FeOOH onto the GAC-Fe, respectively [22,23], which are
roduced during the impregnation. Due to the formation of such
ayer, As(III) is partially converted to As(V) as a result GAC-Fe
qually adsorbs As(III) and As(V) in contrast to GAC.

It is also evident that As(III) removal reaches its optimum
alue at a slightly lower dose of GAC-Fe than that of As(V).
rom this observation it seems that As(III) is transferred to
s(V) before adsorption and the adsorption of As(V) is slower

han that of conversion of As(III) to As(V) within the experimen-
al conditions. It is also possible if some amount of As(III) is
dsorbed directly. The more peak area at λ value of ∼860 cm−1

han that at λ value of ∼780 cm−1 in the FTIR spectra of
AC-Fe after adsorption (Fig. 4) supports the partial conver-

ion of As(III) to As(V). Similar observation on the As(III)
nd As(V) adsorption by amorphous iron oxide was reported
ecently [21]. The addition of bands at the wave number of ∼825,

nd ∼860 cm−1 in the spectrum of GAC-Fe after adsorption
ndicates the adsorption of As(V) onto the GAC-Fe [24]. Again,
he band at ∼780 cm−1 in the spectrum of GAC-Fe after adsorp-
ion indicates the direct adsorption of As(III) onto the GAC-Fe.
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ig. 4. FTIR spectra of GAC and GAC-Fe: GAC before adsorption (A), GAC-
C).

herefore, the As (III) removal capacity of GAC is improved
ue to the formation of GAC-Fe. From Fig. 4 it is also evident
hat for GAC-Fe the band area of the FTIR spectra (spectra B) at
he wave number of ∼3400 cm−1 is reduced after adsorption of
rsenic on GAC-Fe surface (spectra C). The spectral band at this
ave number is for the stretching of Fe–OH bond. Therefore, the
ecrease in stretching band due to adsorption of arsenic suggests
he addition of As(V) on Fe ions by replacing OH in the Fe–OH
25]. The more band area of spectra B at this wave number than
hat of spectra A also suggests the increase of FeOH bonds on
AC due to Fe3+ impregnation.

.2. Effect of adsorbent dose on the removal of Fe and Mn
Fig. 5 shows the molar loading of Fe and Mn with vary-
ng adsorption dose. It is evident from the graph that around
8% removal of Fe and Mn is possible by GAC at the adsor-
ent dose of 24 g/l. The corresponding molar loading of Fe

Fig. 5. Effect of adsorbent dose on the removal of Fe and Mn.
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fore adsorption (B) and GAC-Fe after adsorption (0.02375 mg As/g GAC-Fe)

nd Mn are 0.00205 mmol/g and 0.00044 mmol/g, respectively.
or GAC-Fe at the adsorbent dose of 8 g/l the Fe removal

s also 99% (molar loading is ∼0.006207 mmol/g). However,
or Mn the removal is only around 41% (molar loading is
0.00056 mmol/g) at the adsorbent dose of 8 g/l. The Mn

oncentration in the treated water decreases with the increase
n adsorbent dose of GAC-Fe. At an adsorbent dose of 8 g/l
he percentage removal of Mn is 41% (molar loading is

0.00056 mmol/g), which increases to 54% (molar loading is
0.00025 mmol/g) when the GAC-Fe dose is 24 g/l. At neu-

ral pH range Fe2+ may be oxidized to Fe3+ by the following
quation:

e2+ + (1/2)O2 + H+ → Fe3+ + (1/2)H2O

his Fe3+ forms negatively charged moiety FeOO−, as a result
99% removal of Fe2+ and Fe3+ is obtained for GAC-Fe. Some

art of the Fe and Mn may also be removed due to surface
recipitation in this pH range.

Mn cannot produce such negatively charged moiety in the
eutral pH range. Again, with the impregnation of Fe3+ onto the
urface of GAC the density of negatively charged sites on its
urface is reduced at the neutral pH range. Due to this reason
AC can remove Mn ions completely at the adsorbent dose of
4 g/l but GAC-Fe can remove only 54% of Mn (molar load-
ng is ∼0.00025 mmol/g) with this adsorbent dose. Absorption
eaks at 890 cm−1 in spectra B and C indicate the presence of
eOOH [26]. Similarly absorption peak at 745 cm−1 in spec-

ra C indicates the adsorption of Mn on GAC-Fe [27]. The use
f manganese for impregnation of GAC to improve the arsenic
emoval capacity has recently been reported [7]. However, they
id not consider the Mn removal by this impregnated activated
arbon, which normally occurs in ground water.
.3. Effect of particle size on the removal of arsenic

The increase in percentage removal of all arsenic species with
he decrease in particle size (from 4–5 mm to 0.125–0.150 mm)
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f the adsorbent is very small (less than 2.0%). Among the par-
icle sizes considered in the experiment the percentage removal
s maximum for the particle size of 0.125–0.150 mm for both
AC and GAC-Fe. For GAC and most granular adsorbents the

nternal pore surface area is much bigger than the outer surface
rea. Hence, a reduction of the particle size (by grinding) does
ot lead to a higher total number of active sites available. How-
ver, the higher relative number of sites at the outer adsorbent
urface results in more favourable kinetics. Therefore, the reduc-
ion of particle size does not improve the percentage removal

uch in these adsorbents. However, the lesser the particle size
ore is the grinding cost. Hence, the optimum particle size for

oth adsorbents may be considered as 2–4 mm. Particle size of
his range has also been reported in literature for the removal of
rsenic from contaminated water [17]. However, these reactions
re time dependent because diffusion into the pores takes time.

.4. Effect of particle size on the removal of Fe and Mn

For GAC all the particle sizes give more than 99% removals
f Fe and Mn. For GAC-Fe the percentage removal of Fe is
lso around 99% for all the particle sizes. However, the per-
entage removal of Mn at the particle size of 4–5 mm is around
8% only which increases to around 41% at the particle size
f 0.125–0.150 mm. It is important to note that the adsorption
f Mn on the surface of GAC-Fe is more influenced by its par-
icle size than the other elements. This indicates that the Mn
dsorption occurs by physical adsorption (outer sphere com-
lex) rather than chemical adsorption. Again, at the experimental
H range, Mn exists as positively charged moiety which is less
dsorbed on the positive surface of the GAC-Fe by chemical
ttraction but physical adsorption may occur in considerable

mount. By the decrease in the particle size the outer surface
f GAC-Fe increase, hence more % removal of Mn is obtained
ith smaller particle size of GAC-Fe. However, these reactions

re time dependent because diffusion into the pores takes time.

c
G
a
a

Fig. 6. Effect of initial arsenic concentratio
s Materials 150 (2008) 695–702

.5. Effect of initial arsenic concentration on the removal
f arsenic

Initial arsenic concentration (As0) influences the percentage
emoval of arsenic species. At constant adsorbent dose (8 g/l for
AC-Fe and 24 g/l for GAC) the effect of As0 on the percent-

ge removal is shown in Fig. 6. It is evident that the percentage
emoval of all the arsenic species by the adsorption on GAC
nd GAC-Fe increases due to the decrease in As0. It is inter-
sting to note that for both GAC and GAC-Fe the slopes of the
urves are steeper when the As0 value lies within 0–500 ppb
han when it is above 500 ppb. This indicates that the increase
n percentage removal of both As(III) and As(V) with decrease
n As0 value is less for higher value of As0 (3000–500 ppb) than
hat for lower value of As0 (<500 ppb). This can be explained as
ollows.

It is a well-known fact that at a particular environment the
ercentage removal of an adsorption process depends upon the
atio of the number of adsorbate moiety to the available active
ites of adsorbent. This ratio is also related to the surface cover-
ge of the adsorbent (number of active sites occupied/number of
ctive sites available) that increases with increase in the number
f adsorbate moiety per unit volume of solution at a fixed dose of
dsorbent. Less is the value of this ratio more is the percentage
emoval. At higher As0 value this ratio is high and decreases
radually with the decrease in As0 as a result the % removal
ncreases.

To explain more steepness of the curves in Fig. 6 at As0 value
500 ppb, it can be hypothesized that most of the As(III) is first
xidized to As(V) in presence of GAC-Fe and is subsequently
dsorbed onto the surface of the GAC-Fe. In case of GAC the oxi-
ization of As(III) is less possible. However, the solution itself

ontains As(V) therefore the steepness of the curves in Fig. 6 for
AC is also possible. This As(V) is specifically adsorbed onto

n oxide surface via ligand exchange mechanism and exists as
n inner sphere surface complex [9].

n on the removal of arsenic species.
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For adsorbents having low surface coverage with As(V), for-
ation of mono dentate surface complex is considered to be

redominant over bi-dentate complex [28]. It is possible that the
ormation of bi-dentate mono-nuclear complexes at high surface
overage is slower than the predominantly mono dentate reac-
ions at low surface coverage [29]. It may be the fact that at an As0
alue of 500 ppb or above the bi-dentate mononuclear complexes
re formed and below this As0 value mono-dentate complexes
re pre-dominant. As a result, the increase in % removal due to
he decrease in As0 value is more when As0 value is less than
00 ppb, which gives steeper curves.

Using GAC-Fe the total arsenic content in the treated water
ay be reduced below 10 ppb if the As0 value lies within

00 ppb. It is also evident that the As(T) in the treated water
s below 50 ppb when As0 value is 520 ppb or less. However,
AC can not reduce the As(T) below 50 ppb even if the As0
alue is 200 ppb. In India and Bangladesh the arsenic content in
round water varies from 50 to 300 ppb. Therefore, this GAC-
e may be used to treat the contaminated ground water in this
egion.

.6. Effect of initial arsenic concentration on the removal
f Fe and Mn

The effect of As0 is negligible for Fe and Mn removal by
AC. For GAC-Fe also Fe removal is independent of As0. How-

ver Mn removal is slightly increased with the increase in As0
alue. The reason for this slight increase of Mn removal with
ncreasing As0 is not so clear. However, this may be due to the
ess release of Mn by the GAC-Fe with the increase in As0.

. Conclusions

From the above discussions the following conclusions are
ade:

. The capacity of GAC-Fe for the removal of As(III), As(V)
and As(T) are around seven, four and five times more respec-
tively than that of GAC.

. The increase in percentage removal of both As(III) and As(V)
with decrease in As0 value is less for higher value of As0
(3000–500 ppb) than that for lower value of As0 (<500 ppb).

. Under the similar experimental conditions, ∼99% of Fe can
be removed by GAC-Fe whereas Mn removal is only around
41%.

. Effect of adsorbent particle size on the removal of arsenic
and iron is insignificant but for Mn it is significant, which
indicates the dominating role of physical adsorption for Mn
removal over the electrostatic attraction (chemical adsorp-
tion).

. Using GAC-Fe (8 g/l) the arsenic concentration in the treated
water can be reduced below 10 ppb and 50 ppb from arsenic
solutions containing maximum As0 value of 200 ppb and

520 ppb, respectively. Hence, GAC-Fe may be used to
treat the arsenic contaminated ground water in India and
Bangladesh as the treated water satisfies the national stan-
dard of these countries and the contamination level in ground

[
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water also varies from 50 to 300 ppb. At the same time it may
be used for treating arsenic contaminated ground water of
developed countries where MCL value of arsenic in drinking
water is 10 ppb.
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