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Micro/mesoporous activated carbon was oxidized and used either as received or after modification as
a support for the deposition of iron oxyhydroxide. The prepared samples were applied as adsorbents
of arsenate from water phase. The initial materials and those after adsorption were characterized using
adsorption of nitrogen, — potentiometric titration, FTIR, EDX, XRD, AAS, and thermal analysis. The results

obtained suggest that oxidation of the carbon support increases significantly the amount of iron oxy-
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hydroxide species deposited on the surface and thus decreases their dispersions and the efficiency of
arsenate immobilization in the carbon pore system. Iron hydroxyoxides react with arsenate forming
salts. Moreover, a meso/microporous carbon surface contributes to changes in the toxicity of arsenic via
reduction of As(V) to As(Ill). This is visible in the increased degree of carbon oxidation.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

A major water-born environmental problem is arsenic contam-
ination of drinking water. Skin cancer, liver, lung, kidney, and
bladder cancers as well as conjunctivitis, melanosis, hyperker-
atosis, and in severe cases gangrene in the limbs and malignant
neoplasm have been linked to arsenic toxicity [1].

Arsenic can exist in several forms in the environment. Both
organic and inorganic compounds of arsenic are reported in natural
waters. While latter ones dominate, the amount of organic arsenic
in drinking water sources is insignificant. Arsenate (As(V)) and
arsenite (As(IIl)) [2], are the arsenicals of concern in drinking water
sources [3]. As(V) species are found in oxidizing environment,
while As(Ill) are present in anoxic and reducing environments [4,5].
In ground water, the major species, As(V), exists as monovalent
H,AsO,~ and divalent HAsO42~ anions resulting from the disso-
ciation of arsenic acids (H3AsO4); while, As(IIl) species exists as
uncharged arsenious acid (H3As03) [6,7].

Although background arsenic concentrations in natural water
are low [8], elevated arsenic concentrations are common in ground-
water. This is due to arsenic-bearing rocks which under favorable
pH conditions mobilize the arsenic [9]. Human activities that
could increase arsenic concentrations in groundwaters and surface
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waters include oil and coal burning power plants, waste incin-
eration, cement works, disinfectants, household waste disposal,
glassware production, electronics industries, ore production and
processing, metal treatment, galvanizing, ammunition factories,
dyes and colors, wood preservatives, pesticides, pyrotechnics, dry-
ing agents for cotton, oil and solvent recycling and pharmaceutical
works [10,11]. Several countries such as Bangladesh, China, India,
Argentina, Mexico, Peru, Hungary, Taiwan, Greece, Canada, United
States, Japan, Poland, Serbia, Montenegro and Chile are affected by
arsenic problems [12-19].

A variety of treatment techniques has been developed for the
arsenic remediation from drinking water. Co-precipitation [20],
sorption [21], ion flotation [22], foam flotation precipitation [20],
bioremediation [22], solvent extraction [23], ion exchange [23],
oxidation-reduction [24], and electrolysis and cementation [25],
have been proposed to address the problem. Adsorption technology
is the most common approach [26]. It is considered as an effec-
tive method, with a high removal efficiency and without harmful
byproducts. A recent review on the arsenic removal by Mohan and
Pittman gives a comprehensive idea about the different adsorptive
processes investigated for the arsenic remediation [27].

The most widely studied media used as adsorbents include iron
hydroxide and oxide (such as amorphous hydrous ferric oxide, fer-
rihydrite and goethite) [28-31], activated alumina [32,33], silica
[34] and phyllosilicates [34], cellulose sponge [35], sand [36], zeo-
lite [37] and activated carbon [38-40]. Recent research has focused
on enhancing the effectiveness of sorbents by tailoring their specific
properties in order to increase their affinity for contaminants. Mod-
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ified sorbents like iron oxide coated polymeric materials, iron oxide
coated sand, lanthanum-impregnated silica gel, zirconia impreg-
nated activated carbon, polyaniline modified granular activated
carbon, iron-containing granular activated carbon, etc. have been
used in the arsenic removal [41-44]. The combination of activated
carbon and iron loading would take advantage of the strength of
these two materials. It was shown that iron preloaded on the acti-
vated carbon surface offers high affinity for arsenate and arsenite
ions [40,45-49]. The capacities reported for adsorption from a low
concentration (less than 200mg /L~1) on the virgin carbon are in
the range of few mg of As/g of adsorbents [27,40,42-50]. Iron oxide
on the surface of carbon increases adsorption but still very seldom
it is higher than 10 mg As/g of carbon [27,51,52]. It was suggested
that iron species contribute to immobilization of arsenic via for-
mation of complexes involving a ligand exchange with -OH and
acid-base behavior [52], or via formation of metals arsenate [27].
These processes are pH dependent. The content of metal less than
6% was found as the most beneficial [40]. Besides iron, also other
metals impregnated on carbon such as copper [51] or even those
present in ash [50] were found as enhancing the arsenic removal
efficiency.

Based on the results of the previous studies, which revealed that
iron oxyhydroxide nanocrystals have a high affinity toward inor-
ganic arsenic species and are very selective in the sorption process
[53], the objective of this work is to further analyze the effect of
the iron oxyhydroxide deposited in the pore system of carbon on
the arsenate removal. To investigate the role of the carbons sur-
face chemistry and structural heterogeneity in deposition of iron
species and in adsorption or arsenate, the carbon surface was oxi-
dized. The results are analyzed in terms of the effects of surface
features on the capacity of carbon to adsorb arsenate.

2. Experimental
2.1. Materials

Wood based activated carbon BAX-1500 manufactured by Mead
Westvaco was used in this study. The initial sample is designated
as B. One sample of the carbon was oxidized with 70% HNOs for 4 h.
The oxidation process, which usually results in the introduction of
oxygen functional groups, was conducted by adding 100 mL of 70%
nitric acid to 10 g of the BAX-1500 sample placed in a glass beaker
with a magnetic stirrer. The mixture was stirred for 4 h. To remove
an excess of acid and the soluble products of surface oxidation the
carbon was extensively washed in a Soxhlet apparatus to constant
pH. The oxidized sample was designated as BO.

The iron modified samples were prepared using a suspension of
activated carbon or oxidized activated carbon in aqueous solutions
of iron(Ill) nitrate (0.506 M with respect to Fe3*) in a three-necked
round-bottom flask, placed in a thermostat at 298 K. The pre-
cipitating agent (ammonium carbonate, 0.23 g/dm3) was added
dropwise, using a dosimetric pump (Metrohm 645 Multi-Dosimat)
at a constant flow rate (0.15 x 10~% dm?3/s) until the final pH of the
hydrolysis process, measured with a Crison MicropH 2002 instru-
ment, was adjusted to 8. Vigorous mechanical stirring at 620 rpm
was applied in order to achieve good mixing of the reactants and to
prevent a possible agglomeration of the gel. After the addition of the
precipitating agent, the stirring was continued for at least 15 min.
The product obtained was decanted in a dialysis tubing cellulose
membrane (Sigma Co.), and placed in a bath of distilled water. Upon
standing, the anions of the suspension were removed by osmosis
through the membrane. The water of the bath was replaced until
no more anions were detectable in it. The resulting cake, on the
membrane surface, was freeze-dried by a bench-scale instrument
(Christ Alpha 1-4), until the temperature of the frozen gel reached

the ambient temperature. The samples after the iron modification
are referred to as BFe and BOFe following the notification used for
the initial samples. The sample exposed to arsenate have letter E
added to their names.

2.2. Methods

2.2.1. Adsorption of arsenate from solution

Arsenate stock solution (1000mgL-1) was prepared by dis-
solving reagent-grade 4.1653 g NayHAsO4-7H,0 of 99.8% purity
(AnalaR) into 1L of distilled water. Working solutions were pre-
pared fresh daily for each batch test.

The batch experiments for the arsenate removal from dilute
aqueous solutions were carried out at an ambient temperature,
using deionised water and suitable conical flasks (10 mL sample
volume), agitated with a reciprocal shaker (160 rpm) for 24 h. This
contact time allows the equilibrium to be reached, as determined
in the separate experiments. The pH was kept at about 5.5 to ensure
the presence of the same arsenic species. At this pH range arsen-
ate exists mainly as HyAsO,~ and HAsO42~ [53,54]. The final pH
in all cases was measured and found to change of about +0.5. It is
assumed that these changes do not affect the speciation of arsenate
ions in the solutions.

The adsorption isotherms which represent the amount of
arsenic adsorbed per gram of carbon were obtained by varying the
arsenate concentrations under a fixed dose of an adsorbent. For
the sorption experiments, the sorbent concentrations of 0.05 gL~!
were applied while the arsenate concentrations were from 10 to
150 ppm As. The residual arsenic, i.e. that remaining in the solu-
tion after the application of a solid/liquid separation of suspended
solids by a 0.45 m membrane filtration, was chemically analyzed.
The molybdenum blue method was followed, using a double-beam
UV-visible spectrophotometer (Hitachi Model U-2000) accord-
ing to the appropriate standard method. This method is based
on the development of the molybdate-arsenate complex [55,56].
As(3+) is oxidized with KBrOs to As(5+) which reacts with ammo-
nium molybdate forming arsenomolybdate salt [57,58]. This salt,
at about 90°C, in the presence of hydrazine sulfate, is reduced to
a blue molybdate complex, which is called molybdenum blue. The
absorbance was measured at 800 nm.

Samples not analyzed on the same day of adsorption experi-
ment, were acidified to about pH 1 with concentrated HCl and
stored in acid-washed high-density polyethylene containers. All
samples were analyzed within three days of collection.

The quantity of As sorbed was expressed as adsorption
isotherms using the Langmuir-Freiundich equation [60]:

Ge Kcn
Pp=10= ——
do 1+ (KC)

where e is the adsorbed amount of the solute per unit gram of
an adsorbent, g, is its maximum adsorption per unit weight of the
adsorbent, K is the Langmuir-type constant defined by the Van’t
Hoff equation, and the exponential term n represents the hetero-
geneity of the site energies. The fitting range was for equilibrium
concentration from 0 to 100 mg As/kg.

(1)

2.2.2. Potentiometric titration

Potentiometric titration (PT) measurements were performed
with a DMS Titrino 716 automatic titrator (Metrohm, Brinkmann
Instruments, Westbury, NY, USA). The instrument was set in the
equilibrium mode when the pH was collected. Approximately
0.1000-g samples were placed in a container thermostatted at
25°C with 50mL of 0.01M NaNOs and equilibrated overnight.
To eliminate any interference by dissolved CO,, the suspension
was continuously saturated with N,. The carbon suspension was
stirred throughout the measurement. Each sample was titrated
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with 0.1 MNaOH titrant using 0.001-mL increments. Experiments
were carried out from the initial pH of the suspension.

The surface properties were evaluated assuming that the popu-
lation of sites can be described by a continuous pK; distribution,
fipK;). The experimental data can be transformed into a proton
binding isotherm, Q, representing the total amount of protonated
sites, which is related to the pK; distribution by the following inte-
gral equation

o0
Q(pH) = / q(pH, pKa)f(pKa) dpKa (2)
—00

The solution of this equation is obtained using the numerical
procedure, which applies regularization combined with non-
negativity constraints. Based on the spectrum of acidity constants
and the history of the samples, the detailed surface chemistry was
evaluated [61].

2.23. pH

The pH of a carbon sample provides information about the acid-
ity or the basicity of the surface. A sample of 0.4¢g of dry carbon
powder was added to 20 mL of water, and the suspension was
stirred overnight to reach equilibrium. Then the pH of the solution
was measured.

2.2.4. Surface area and pore size distribution measurements

Nitrogen isotherms were measured using an ASAP 2010
(Micromeritics) at 77 K. Before the experiment the samples were
heated at 393K and then outgassed at this temperature under
a vacuum of 104 Torr to constant pressure. The isotherms were
used to calculate the specific surface area (Sggr), that was calcu-
lated from the isotherm data using the Brunauer, Emmet and Teller
(BET) model, volume of pores smaller than 10A, V<10A, volume
of micropores, Vy,;c, volume of mesopores, Vimes, and total pore vol-
ume, V4, calculated using density functional theory (DFT).

2.2.5. Thermal analysis

Thermal analysis was carried out using a TA Instrument ther-
mal analyzer (SDT). The instrument settings were a heating rate of
10K/min and a nitrogen atmosphere with a 100 mL/min flow rate.
For each measurement about 25 mg of a ground carbon sample was
used.

2.2.6. FTIR

FTIR spectroscopy was carried out using a Nicolet Magna-IR 830
spectrometer using the attenuated total reflectance method (ATR).
The spectrum was generated and collected 16 times and corrected
for the background noise. The experiments were done on the pow-
dered samples, without KBr addition.

2.2.7. SEM/EDAX

Scanning electron microscopy (SEM) images were performed at
Zeiss Supra 55 VP. The accelerating voltage was 15.00 kV. Scanning
was performed in situ on a sample powder. EDAX analysis was done
at magnification 10K and led to the maps of elements.

2.2.8. XRD

The crystal structure of the samples was examined by X-ray
diffraction. Powder XRD patterns were recorded with a Siemens
D500 X-ray diffractometer with autodivergent slit and graphite
monochromator using Cu K, radiation, with a scanning speed of
2°min—1.

2.2.9. AAS
To test the iron loading on carbon, 0.2 g of carbon was ashed at
600°C and then digested with 25 mL of concentrated hydrochloric
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Fig. 1. Arsenic adsorption isotherms. Solid lines represent the fitting to Langmuir—
Freundich equation.

acid. The digestion solutions were analyzed for iron by a Perkin
Elmer AAnalyst 400 Atomic Adsorption Spectophotometer.

3. Results and discussion

The measured isotherms of arsenate adsorption on the carbons
studied are collected in Fig. 1 along with the fit to Langmuir-
Freundlich isotherms. The fitting parameters are reported in
Table 1. Although oxidation decreases the adsorption capacity of
the carbon likely as a result of ash removal [56,57], an introduction
of iron species to the oxidized samples has a well marked positive
effect on the adsorption of arsenate. The performance of the BOFe
is about six times better than that of the initial carbon. The adsorp-
tion capacities are in the order of those reported in the literature for
modified carbons [27,40,50-52,60]. The K values should be related
to the energy of adsorption and apparently they are much higher
on the unoxidized samples than those on oxidized. This suggests
differences in the mechanism of adsorption. Introduction of iron
has opposite effects on the K values for both B and BO. The n val-
ues are related to the surface heterogeneity, which refers to both,
diversity in pore sizes and in the chemistry of the adsorption sites
(Table 1). The values higher than 1 indicate a more diverse surface
from the point of view of the adsorption sites and it certainly is a
case for B and BFe in which K values were the highest. Chuang and
co-workers suggested that n>1 indicates the favorable adsorption
at a low concentration [52].

To clearly understand positive effects of modifications applied
to the as received BAX-1500 carbon, the porosity and surface chem-
istry of the initial and exposed to arsenate adsorbents have to be
analyzed in details. Parameters of the porous structure calculated
from nitrogen adsorption isotherms are collected in Table 2. As
seen, oxidation severely affected the porosity of carbons. Pore vol-
umes and surface areas decreased about 50%. Modification with
iron further decreases the porosity of the oxidized sample and

Table 1

Fitting parameters to Langmuir-Freundlich equation and the goodness of the fit.
Sample qo (MgAs/g) K (L/mg) n R?
B 3.03 0.045 1.07 0.9995
BO 2.85 0.028 0.82 0.9887
BFe 428 0.074 1.38 0.9973
BOFe 18.90 0.018 0.92 0.9987
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Table 2

Parameters of the pore structure calculated from nitrogen adsorption isotherms.
Sample SBET (mzlg) V<10A (Cm3/g) Vinic (Cm3/g) Vimes (Cm3/g) Ve (Cmalg)
B 2143 0.12 0.69 0.80 1.49
BE 1218 0.15 0.24 0.51 0.75
BFe 1765 0.11 0.51 0.66 1.17
BFeE 1528 0.09 0.43 0.58 1.01
BO 1175 0.15 0.28 0.48 0.76
BOE 1068 0.18 0.14 0.48 0.62
BOFe 765 0.12 0.12 0.33 0.45
BOFeE 697 0.12 0.08 0.31 0.39

the surface areas of the initial and oxidized carbons are reduced
of about 18% and 35%. This is the result of the deposition of 5.3%
or iron in the case of BFe sample, and 31% in the case of BOFe.
Interestingly, adsorption of arsenate affects the surface of the B
sample to greatest extent (of 43%) suggesting a blockage of poros-
ity by the adsorbate or by surface reaction products. On the other
hand, the surface of the BOFe sample after adsorption of a large
quantity of arsenate decreased only about 10%. This indicates the
difference in the mechanisms of adsorption related to the variety of
surface chemistry and thus to the heterogeneity of the adsorption
sites.

Details on the porosity changes are seen on pore size distri-
butions collected in Fig. 2. While for both samples without iron
exposed to arsenate the significant contributions of the pore vol-
ume in mesopores are not accessible for nitrogen molecules, for
BOFeE only pores larger than 30 A seem to be slightly affected. An
opposite effect is seen upon the modification with iron where for
BOFe the volume in all pores decreases compared to the BO. Only a
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Fig. 2. Pore size distributions for the samples studied.

slight effect in pores larger then 10 A is seen for the unoxidized sam-
ple, BFe. These differences are certainly linked to the differences in
the content of iron.

Apparently these differences in the iron distribution are
expected to be related to the chemistries of the carbon support.
Proton binding curves measured by titration with a base to avoid
reactions of iron with an acid are collected in Fig. 3. As expected, oxi-
dation causes visible changes in acidity of the carbon support. The
BO sample shows only a proton release process. Modification with
iron makes the surface more basic on the average in the case of oxi-
dized sample while only a slight change is noticed in the pH of the
initial sample (Table 3). In the case of both carbons the total number
of acidic groups detected in the experimental window decreased,
which suggests either their involvement in the iron deposition or
it is just related to the blocking of the porosity by the deposited
iron species. In fact, the later scenario is expected to have a much
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Fig. 3. Proton binding curves for the samples studied.
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more pronounced effect in the case of BOFe carbon whose surface
decreased to much larger extent than that for BFe, as discussed
above. After the exposure to arsenate the number of acidic groups
of the samples without iron increased noticeably. While it resulted
in an increase in the average pH for the oxidized samples, the B
sample became more acidic. This increase in acidity of the carbon
without iron can be linked either to the physical adsorption of the
arsenic acid or the oxidation of the surface by As(V). Although this
hypothesis opposes the finding of Pattanayak and co-workers who
suggested that carbon oxygen groups contribute to oxidation of
As(III) [50] we will support our assumption by the experimental
results obtained. Following this, As(III) (As;03) would be formed
along with the new oxygen containing groups attached to the car-
bon matrix. While for BO-E these new groups seem to be phenols

with pK; >9, in the case of B the species with the whole spectrum
of pK; are present on the carbon surface after the exposure to arse-
nate. This hypothesis is consistent with the ability of the carbon
surface to act as a reductant [62]. When that surface is already
oxidized the number of sites being able to accept oxygen is dras-
tically reduced, which is reflected in our experimental results. The
samples with iron exposed to arsenate show a visible decrease in
the acidity, which suggests reactions of iron oxide/hydroxides with
arsenate anions and formation of salts. This was indicated by Loren-
zen and co-workers [51] who suggested formation of Fe(AsOy4),,
FeAsO4 x Fe(OH); and FeAsO,4 x H, 0. Mohan and Pittman proposed
the following reaction [27]:

FeOOH + 3H;AsO4~ +3H" — Fe(HAsQO4)3 +2H,0 M

SEIZBE. 255

® [None, 255

Fig. 4. EDX maps.
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Table 3
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Iron content, the numbers of all acidic, weakly acidic (pK, <8) and strongly acidic

groups (pK, > 8) calculated form potentiometic titration data (in mmol/g).

Sample Feaas (Wt.%) Fexps (Wt.%) pH All pK.>8 pK.<8
B 0 0 584  0.838 0525 0.323
BE ND ND 4.28 1436  0.562 0.874
BFe 5.3 4.9 5.52 0.345 0.176 0.169
BFeE ND ND 6.23 0.401 0.288 0.113
BO 0 0 3.36 1.933 1.045 0.888
BOE ND ND 413 2.205 1.344 0.861
BOFe 31.0 29.2 4.84 1.250 0.733 0.517
BOFeE ND ND 6.31 0.734  0.352 0.382

0.32f

o
]
]

o
(]
=

o
]

o
N

The modification of carbons with iron used in our experimental
approachintended to introduce iron in the form of iron oxyhydrox-
ide. In Table 3 we report the iron content determined using AAS
and XPS. Although discrepancies exist and they can be linked to
the specificities of the methods, consistently BOFe has much more
iron than BFe. This high content of iron oxide can be responsible for
the significant change in the porosity of this carbon. As mentioned
above, the iron oxide deposited in larger pores can block the smaller
ones, or it acts as a phase, which causes an apparent “dissolution”
of the porous carbon phase. Nevertheless, apparently the iron con-
tent, not the surface area, governs the capacity of our carbons for
As removal. The high dispersion of iron on the surface of carbons is
seen on EDAX maps presented in Fig. 4. For BOFe the larger clusters
of iron species are detected than for BFe owing to the differences in
chemical compositions. The ratio of adsorbed arsenic atoms to iron
deposited on the surface is 0.06 for BFe and 0.045 BOFe. This result
shows the higher efficiency of iron involvement on the surface of
unoxidzied carbon, which can be explained by its higher disper-
sion of the active species on the surface, owing to its smaller iron
content. In the case of BOFe the majority of iron centers, especially
those existing in the clusters, are likely not accessible for As.

Some effects of the exposure of carbon to iron species and then
to arsenate should be seen on DTG curves obtained in nitrogen
where the weight loss is associated to the removal/decomposition
of species present on the carbons surface (Fig. 5). The above hypoth-
esis about the oxidation of the carbon surface when exposed to
arsenate is supported by broad peaks on DTG curves between
200 and 800°C. They resemble those seen on the DTG for BO
curves and are the result of the decomposition of oxygen con-
taining groups [62]. When the B carbon is modified with iron the
weight loss is expected to be related to the gradual dehydrata-
tion/dehydroxylation of iron oxyhydroxides. These oxyhydroxides
get finally reduced in two steps to metallic iron between 750 and
900°C [57,63]. When arsenate is adsorbed on the BFe sample the
reduction pattern on iron oxide changes. The peaks shift to lower
temperature and an additional weight loss is seen as a shoulder
at T>800°C. This might represent the reduction of iron arsenate
formed as a result of reactive adsorption [27]. More heterogeneity
in the reduction of iron species is also seen on the DTG curves for
BOFeE where the second peak of iron reduction is spread out over
100°C. Interestingly, after arsenate adsorption a new peak appears
at about 800-900 °C, which might be linked to the decomposition
of oxygen groups formed as a result of oxidation of this carbon
surface. An increase in the number of phenols was indicated from
the analysis of the potentiometric titration data and they should
decompose at this temperature range.

To further evaluate the chemistry XRD analysis was carried out
but unfortunately, owing to the amorphous phases of iron oxide
and small amounts of arsenate adsorbed no diffraction peaks were
measured. The differences are seen on FTIR spectra collected in
Fig. 6. The band at about 1600cm~! is the combination of C=C
stretching vibration of the aromatic ring structures (1590cm=1)
and conjugated systems such as diketone, ketoester, quinone
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(1550-1680cm™1). A broad band from about 1300cm™! to about
1000cm™! is assigned to C-O-C lactone structures, stretching C-0
vibrations of phenol structures and ethers and bending O-H modes
of phenol structures and a band at about 950cm~! represents
epoxy groups. After the adsorption of arsenate on the B sample, an
increase in the intensity of those bands is observed, as well as new
bands at 1714cm! corresponding to the carboxyl C=0 stretching
of non-aromatic carboxylic acid and at 1540, 1335, 1080 cm~! cor-
responding to the stretching of carboxylate and to phenols [64]. For
this sample a band at 912cm™! attributed to the presence As(III)
is seen [65]. An increase in the intensity of the band at 950 cm™!
supports the presented above data suggesting oxidation of this car-
bon surface as a result of the exposure to arsenate. The intensity of
the bands representing oxygen groups is obviously much higher
for the oxidized sample (BO) than for the B sample. On the spectra
for FeOOH the peaks at about 888cm~! and 797 cm~! are char-
acteristic for the goethite phase [66], while the peaks at the region
1300-1650 cm~1! are assigned to carbonate species adsorbed on the
iron oxyhydroxide [67]. The peaks due to goethite are much more
visible for BFe than for BOFe, owing to the high content of the iron
phase in the latter sample. After the adsorption of the arsenates,
the intensity of these peaks is smaller suggesting that iron oxyhy-
droxide has reacted with arsenate. The bands at about 800 cm™!
(not so visible) are attributed to the presence of As(V) [59].

4. Conclusions

The results presented in this paper suggest that oxidation of the
carbon support increases significantly the amount of iron oxyhy-
droxide species deposited on the surface and thus decreases their
dispersions and the efficiency of arsenate immobilization in the
carbon pore system. These species react with arsenate forming
salts. Moreover, meso/microporous carbon surface contributes to
changes in the toxicity of arsenic via reduction of As(V) to As(III).
This is visible in the increased degree of carbon oxidation.
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