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Abstract

Raw dolomite powder was evaluated for its efficiency in adsorbing As(V) from water. An experimental setup comprised of a fluidized dolomite
powder bed was used to assess the impact of various test variables on the efficiency of removal of As(V). Test influents including distilled water
(DW), synthetic groundwater (SGW) and filtered sewage effluent (FSE) were employed to assess the effect of influent parameters on the adsorption
process and the quality of the effluent generated. Dolomite exhibited good As(V) removal levels for distilled water (>92%) and synthetic ground
water (>84%) influents at all initial As(V) concentrations tested (0.055-0.600 ppm). Breakthrough of dolomite bed occurred after 45 bed volumes
for DW and 20 bed volumes for SGW influents with complete breakthrough taking place at more than 300 bed volumes. As(V) removal from FSE
influents was relatively unsuccessful as compared to the DW and SGW influents. Partial removal in the order of 32% from filtered sewage effluent
at initial concentration of 0.6 mg/L started at 75 bed volumes and gradually stopped at 165 bed volumes. Varying degrees of As(V) adsorption
capacities were observed by the different test influents employed, which indicate that the adsorption of As(V) is adversely affected by competing
species, mainly sulfates and phosphates present in the influent. The adsorptive behavior of dolomite was described by fitting data generated from the
study into the Langmuir and Freundlich isotherm models. Both models described well the adsorption of dolomite. The average isotherm adsorptive
capacity was determined at 5.02 pug/g. Regeneration of the dolomite bed can be achieved with the use of caustic soda solution at a pH of 10.5.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction employed physical, chemical, and biological processes.

Arsenic is found widely in surface and groundwaters in many
parts of the world. Its occurrence in the environment is primarily
from natural sources and therefore may form a significant con-
stituent even in areas where industrial or other anthropogenic
sources are limited. Arsenic has long been recognized to be
a toxic element that negatively impacts health when ingested,
inhaled or skin absorbed [1]. Its consequences range from acute
lethality to chronic effects, such as cancer and diseases of the
vascular system. Laboratory studies on animals have demon-
strated that the toxicity of arsenic is dependent on its form and
its oxidation state. It is generally established that the soluble
inorganic arsenicals are more toxic than the organic ones, and
the trivalent forms are more toxic than the pentavalent ones [2].

Conventional treatment processes to remove arsenic from
drinking water, domestic and industrial wastewater have
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Treatment processes for arsenic removal such as coagula-
tion/precipitation/filtration, adsorption by hydrous ferric oxides,
activated alumina, iron oxide-coated sand, iron filings, man-
ganese green sand filtration, neutralized red mud (Bauxsol),
ion exchange resins in Fe3* form, mine tailing wastes, and
polymeric/inorganic hybrid sorbents have been reported [3-25].
Evaluation studies of various treatment methods used in arsenic
removal were reported by Murcott [26] and more recently by
Pokhrel et al. [27].

Chemical treatment processes (coagulation/precipitation)
entail excessive chemical use and hence excessive production
of sludge. Biological treatment technologies are reported to be
cheap and produce minimal sludge but could be only applied
to treat wastewater. On the other hand, physico-chemical treat-
ment technologies are known for their well-defined performance
and high removal efficiency, whereby arsenic removal is attained
through sorption/membrane techniques without excessive chem-
ical use and the absence of sludge generation [28,29].

In the context of the search for new methods that may be
efficiently used in the removal of chemical pollutants, a study
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conducted by Ayoub and Kalinian [29] has shown that phos-
phate could be successfully removed from water using dolomite
as an adsorbent. The fact that phosphate has a chemistry that
is very similar to that of arsenate (e.g. their pK, values, sur-
face complexation reactions) [21,22], it was hypothesized that
dolomite could also be successfully used in the removal of arse-
nate. The reported study aimed at assessing the efficiency of
raw dolomite [CaMg(CO3),], a material that is available very
cheaply and in abundance around the world, in removing arsenic
in the form of As(V) from water and wastewater matrices. The
process employs fixation of As(V) during the passage of As(V)
laden influent through a fluidized bed of raw untreated dolomite
powder.

2. Materials and methods
2.1. Dolomite powder

Dolomitic rock was obtained from a quarry that was identified
by Haddad [30] to have dolomitic formations in the Sibline area,
South of Beirut. As a naturally occurring mineral deposit, speci-
mens of the rock showed a variety of both physical and chemical
properties. The specific suitability of the collected dolomite
rocks for this study was principally based on the magnesium
and calcium oxides content of the different samples. Table 1
summarizes the chemical properties of the dolomite utilized in
this study as determined by X-ray diffraction.

The rocks identified to be suitable for this study were crushed
and the powder generated was further sieved to various size
ranges, using a variety of standard mesh sieves (sieve numbers
80-200), i.e. 0.177-0.075 mm. The dolomite powder pass-
ing through the standard sieve number 200 (<0.075 mm) was
selected as the optimum dolomite size for the study based on
a series of tests conducted earlier [31]. The powder was fur-
ther analyzed by ion chromatography for specific constituents
including chlorides, sulfates and nitrates in which the values
were found tobe 121, 268, and 48 mg/kg, respectively. The phys-
ical properties of the powder were determined and reported by
Kalinian [31]. The particle size distribution of the sieved pow-
der was determined by the Hydrometer method described in
the “American Society for Testing and Materials” [32]. Fig. 1
shows the percent size distribution of sieved dolomite particle
sizes <0.075 mm (200 sieve size).

Table 1
Chemical composition of the dolomite rocks collected from Sibline

Compound Percent composition (%)
Si0, 0.77

AL O3 0.14

Fe,03 0.19

CaO 30.85

MgO 21.55

K,O 0

TiO, 0.09

P20s5 0

Loss on ignition 46.26
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Fig. 1. Percent size distribution of sieved dolomite particle sizes <0.075 mm.

2.2. Experimental setup

To arrive at the most practical and feasible experimental
setup, different experimental approaches were assessed utilizing
a variety of configurations including: (1) mixing the adsorbent
using jar test apparatus; (2) a fixed dolomite bed down-flow col-
umn setup; (3) a mixed dolomite/sand bed downflow column
setup; and (4) a fuidized dolomite bed up-flow column setup.
The fluidized bed setup was deemed to be the most practicable
system because of the following reasons: (1) it has shown to be
easier to control and operate; (2) permeability problems encoun-
tered in the fixed bed setup were overcome by the fluidization of
the bed; (3) contact between the influent and the dolomite pow-
der particles were enhanced due to the mixing attained during
fluidization; and (4) better removal values were recorded.

The experimental fluidized bed setup consisted of an
unpacked dolomite bed placed in a vertical glass column of
1.5cm internal diameter and a height of 120cm. The length
of the column was selected in order to control bed expansion
at moderate flow velocities while preventing loss of medium.
The test water was introduced through the bottom by means of
an external flow-adjustable peristaltic pump (Masterflex, Cole
Parmer) so as to fluidize the powder at a velocity that was main-
tained below the terminal velocity of the dolomite particles. In
each experiment, 15 g of unpacked powder dolomite with a depth
of about 10 cm were utilized. This provided a bed volume of
11 mL with a 7 mL pore volume.

2.3. Experimental test influents

In order to assess the effect of solvent characteristics on
the arsenic adsorption process, various types of water were
used as feed influent, namely: distilled water (DW), syn-
thetic ground water (SGW) and filtered sewage effluent (FSE).
Synthetic ground water influents were prepared by dissolv-
ing MgS04-7H>0 (35mg), CaSO4-2H,0 (12mg), NaHCO3
(12mg), NaCl (6 mg) and KNO3 (6 mg) in 1 L of distilled water
[33]. The filtered wastewater was originally collected as raw
sewage from an open sewer outfall located at Ras-Beirut in
the vicinity of the American University of Beirut (AUB). After
allowing for a settling period of 2h, the clarified supernatant
was filtered using 90 mm diameter plain Whatman No.1 fil-
ters (particle retention >11 wm). A specific amount of arsenate
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Table 2
Average physico-chemical composition of the test influents
Parameter Influent type

DW SGW FSE
PH 6.9 7.1 7.0
TDS, ppm 340 391 2090
Conductivity, uS 680 785 4150
SO04%~, ppm 20 44 670
Cl~, ppm 30 40 42000
Ca hardness, ppm as CaCO3 20 45 800
Mg hardness, ppm as CaCO3 70 80 1200

NayHAsOy4-7H,0 was added to each of the test influents. Table 2
displays the average physico-chemical composition of the test
influents used.

2.4. Experimental procedures

Preliminary experiments were conducted to evaluate the
impact of using dolomite as an adsorbent for arsenic removal.
Both arsenite [As(III)] and arsenate [As(V)] were tested for poss-
sible removal. The results indicated very low removals (<10%)
for As(IIT) with high removals (>90%) for As(V). Accordingly
it was decided to conduct the study using As(V) as the target
parameter. In the context of removal of arsenite using dolomite,
pretreatment of the arsenite by oxidation to arsenate using ozone
would be a possible solution, which at the same time would
provide the necessary disinfection requirements [27].

Five sets (I-V) of experiments were thus conducted to eval-
uate As(V) adsorption efficiencies under varying experimental
conditions. Each set consisted of at least two experiments to con-
firm reproducibility of results. All experiments were conducted
at room temperature (22 £ 1 °C).

The first set consisted of trial experiments using DW that
aimed at determining optimum operating flow rates denoted by
fluidization of dolomite particles without causing overflow of
the dolomite from the upper end of the column. Flow rates of
5.5 mL/min and 10 mL/min were investigated. Using an influent
concentration of 0.20 mg/L As(V), the experiments simultane-
ously assessed the dynamic effect of the different flow rates on
the removal efficiency.

Set II experiments were conducted in an attempt to evalu-
ate removal with respect to varying pH (7.08 and 5.31) while
maintaining constant dolomite particle size (<0.075 mm) and
flow rate (5.5 mL/min). The feed influents (DW and SGW) were

spiked with different arsenate doses to yield a final concentra-
tions of 0.3 mg As(V)/L.

Set III experiments were conducted in an attempt to evaluate
removal with varying initial arsenate concentrations. Concentra-
tions of 0.055,0.19, 1.08 mg/L at a pH of 5.8 and a concentration
of 0.055 at pH 6.88 were tested for DW and concentrations of
0.1, 0.3, and 0.59 mg/L at pH 6.9 were tested for SGW. In all
the tests the dolomite particle size (<0.075 mm) and flow rate
(5.5 mL/min) were maintained constant.

Experiments in set IV were directed at testing the various
influent types (DW, SGW and FSE) under similar operational
conditions (about pH 7.0, flow 5.5 mL/min, and dolomite powder
with size <0.075 mm) in order to assess influent characteristics
on the effectiveness of the adsorption process. Variations in the
physical and chemical characteristics of the feed solutions were
assessed by measuring effluent pH, conductivity, total dissolved
solids, arsenate, calcium and total hardness.

Finally, set V involved two trial experiments where regener-
ation of the spent dolomite material was investigated. A dilute
basic solution, characterized by its relatively high pH of 10.5,
was employed as a potential regenerant to release the fixed arse-
nate.

Table 3 summarizes the experiments conducted in the course
of the study to evaluate dolomite as a potential arsenate adsor-
bent.

2.5. Analytical procedures

Analysis of the effluent resulting from the columns was
performed directly without further processing because of the
clear effluent samples produced. However, wastewater efflu-
ents needed to be digested because of their greenish turbid
color. Physico-chemical characterization of the effluent sam-
ples collected throughout the experimental runs as well as the
digestion procedure were performed in accordance to the “Stan-
dard Methods for the Examination of water and wastewater”
[34]. Arsenic, phosphate, sulfate, nitrate and nitrite measure-
ments were performed as per the instructions listed in the Hach
Company manual. Parameters under assay, methods of analysis
and instrumentation employed are presented in Table 4.

Borosilicate glassware were used and carefully kept in dilute
acidic solution and rinsed with distilled water prior to use in order
to remove all arsenic residues from previous usage. Moreover,
this glassware was reserved specifically for arsenic determina-
tion during the entire experimental period.

Table 3

Summary of experiments conducted in the course of the study to evaluate dolomite as a potential arsenate adsorbent

Experimental Technique of arsenic Objective

set measurement adopted

I SDDC Determination of optimal experimental flow rate under steady pH and arsenic initial concentration

1I SDDC Evaluation of process efficiency with respect to varying pH under steady flow rate

1II SDDC Evaluation of process efficiency with respect to varying initial concentration under steady pH using DW and SGW

v ICP-MS Assessment of influent (DW, SGW, FSE) characteristics on the efficacy of arsenate adsorption under optimal
operational conditions

\% ICP-MS Regeneration of exhausted dolomite using alkaline solution of 10.5 pH
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Table 4

List of parameters under assay, methods of analysis and instrumentation

Parameter Type of analysis Reference Method number Instrument

pH 4500-H*B Orion Research, Model 811
TDS, EC Potentiometric 2510B Cole Parmer

Chlorides Argentometric titration St. Meth. 4500-CI'B

Calcium EDTA titration APHA 1999 3500-Ca D Not applicable

Magnesium EDTA titration 3500-Mg E

Sulfates 8051

Arsenic 3500 HACH DR/2010 spectrophotometer
Phosphates Colorimetric HACH 8048

Nitrates 8039

Nitrites 8153

K* Flame emission St. Meth. 3500-K D Flame photometer

Na* Photometry APHA 1999 3500-Na D

2.6. Isothermal analysis

Batch sorption experiments were carried out to determine
the sorptive capacity of raw dolomite powder for arsenate using
multi-point isothermal analysis. The adsorptive capacity of raw
dolomite powder was determined by incorporating the data
obtained from the multi-point isothermal analysis into two most
widely used models: the Freundlich isotherm model and the
Langmuir isotherm model. The parameters K and 1/n for the
Freundlich isotherm and a and b for the Langmuir isotherm
were evaluated from the amounts of As(V) adsorbed.

The isothermal test was conducted by applying arsenic solu-
tion of known concentration (0.62 mg As/L) to a series of five
Erlenmeyer flasks containing dolomite doses (2.5-20g) care-
fully weighed using a sensitive Mettler digital balance, Model
AE100. The selection of a concentration of 6.2 mg/L was based
on the fact that a higher concentration relative to the adsorbent
dozes was needed compared to those adopted in the testing in
order to maintain a residual at the end of the equilibrium phase.
Dolomite samples used in the isothermal analysis were dried at
105 °C in a Fisher Scientific isotemp oven, Model 655G, to free
pores from moisture or vapor. The flasks were then shaken at
150 rpm on an orbit shaker for 4 h at room temperature. Subse-
quently, the mixtures were centrifuged using a Fischer Scientific
Centrific, model 228.

Following the sorption experiment, the samples were cen-
trifuged and the residual arsenate concentration of each of
the sample effluents was determined. The removal of arsenate
accomplished by the different doses of dolomite was calculated
by subtracting the residual concentration from the initial arsenate
concentration. The Langmuir and Freundlich adsorption capac-
ity of each dose of dolomite was calculated using the respective
equations [29].

3. Results and discussion
3.1. Effect of hydraulic flow rates

The results of the first series of experiments have shown the
optimum operating flow rate to be 5.5 mL/min (1.9 m3/m?/h).

Operating at a flow rate of 10 mL/min (3.4 m3/m?/h) resulted in
the dolomite overflowing from the column.

The effect of flow rate on the efficiency of arsenate sorption
on a fixed amount of dolomite was found to be more pronounced
as the adsorption sites became scarcer. As depicted from Fig. 2,
average arsenate removal efficiencies varied between 97.4 and
95.2% at the start of the experimental run and declined to 59.7
and 47.1 percent at the end of the experimental run (105 bed
volumes) for the flow rates of 5.5 and 10 mL/min, respectively.
A difference in removal efficiency of 2.2% at the start of the run
to 12.6% at the end of run. Higher removal efficiencies attained
with lower influent flow rates is attributed to the longer con-
tact time between the adsorbent (dolomite) and the adsorbate
(arsenate).

3.2. Effect of pH on removal efficiency

In representing the removal efficiencies versus the flow
treated, the commonly used expression of “bed volumes” is
adopted to express the quantity of water treated in terms of a
number of medium bed volumes. Fig. 3 illustrates the effect
of varying pH on the adsorption process. At 25 bed volumes,
removal efficiency was almost the same (86%) under both acidic
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Fig. 2. Arsenate removal percentages as a function of flow rate.
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and neutral conditions. At 45 bed volumes, dolomite accom-
plished higher removal (56%) at pH 5.3 1 than it did under neutral
conditions (45%) at pH 7.08 showing an 11% difference. How-
ever, this difference was reduced to less than 7% at 75 and 105
bed volumes. This behaviour is expected as it is established
that adsorbents operate more efficiently under acidic conditions
[35]. In this context, the solution pH relative to the point of
zero charge, pH (ZPC) for the Dolomite, needs to be regarded.
Pokrovsky et al. [36] reported the pH (ZPC) of Dolomite to
be about 8. As the tests were conducted at pH values less than
the ZPC, the anionic adsorption capacities of the adsorbent are
expected to increase at lower pH values [21,37]. Gen¢g-Fuhrman
et al. [22] reported a value of 4.5 as the optimal pH for arsenate
adsorption using Bauxsol as adsorbent.

3.3. Effect of initial arsenic concentration

Fig. 4 shows the effect of varying initial arsenic concen-
trations on the removal of arsenate using DW and SGW,
respectively. Arsenate adsorption followed the general pattern
of decreasing percent sorption with major increase in concen-
tration. Such a pattern was mostly evident with DW where
an increase in initial arsenate concentration from 0.055 to
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Fig. 4. Effect of initial arsenate concentration on removal over 45 bed volumes.

1.000 mg/L (about 18 fold) led to reductions in removal efficien-
cies of 11% and 16% at 22.5 and 45 bed volumes, respectively.
Minor reductions were noted when the initial concentration was
increased by about four fold (0.055 to 0.193 mg/L). This was in
contrast to the relatively insignificant effect attained when using
SGW, where a maximum increase in concentration by six fold
(0.1 to 0.6 mg/L) was investigated. However, the rate of reduc-
tion in removal efficiencies with increased bed volumes from
22.5 to 45 was noted to be more pronounced for SGW than for
DW for all the tested concentrations.

3.4. Efficiency of system in arsenate removal

The arsenate removal patterns by dolomite from the different
types of test influents were assessed using optimal experi-
mental conditions established throughout the course of the
study. Key process variables including flow rate and pH set at
5.5 mL/min and about 7.0, respectively, were held constant dur-
ing the assessment of influent characteristics on the efficiency
of arsenate adsorption. Varying degrees of arsenate adsorp-
tion capacities were observed by the different test influents
employed.

3.4.1. DW

Dolomite exhibited high arsenate removal levels for influ-
ents prepared with distilled water. Complete (100%) removal
of low arsenate concentrations (0.055 ppm) was achieved for
the first 45 bed volumes and about 96% removal for the fol-
lowing 75 bed volumes, after which breakthrough was realized
as depicted from Fig. 5, which represents the average of two
experiments.

Athigher concentrations (Ci=0.58 mg/L), complete removal
was not observed, however, a 93% removal was attained for
the first 22.5 bed volumes. Breakthrough occurred between

22.5 and 45 bed volumes where the removal was reduced to
75%.

3.4.2. SGW

Dolomite showed good removals from synthetic groundwa-
ter. Fig. 6 depicts the breakthrough curves for three different
initial arsenate concentrations of 0.1, 0.3 and 0.6 mg/L, where

06
0.5

0.4 \
0.3 \

s
o1 ]\ A

&
0 50 100 150 200 250 300 350
Number of bed volumes

o
\,
]

Arsenate effl. conc. (mg/L)

DW - Flow = 5.5 mL/min - pH=6.9
—&— Infl. Conc. 0.055mg/L

—&— Infl. Conc. 0.6 mg/L
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high removals of 85, 86 and 81% were respectively attained
at the 22.5 bed volumes. At 45 bed volumes, the removals drop
respectively to 65, 57 and 62%. However, breakthrough occurred
at an earlier stage (about 22.5 bed volumes) compared to DW.

3.4.3. FSE

Experiments with FSE were performed to determine the arse-
nate removal efficiency and to investigate the effect of interfering
compounds present in the filtered wastewater on the adsorption
of arsenate by dolomite powder.

Arsenate removal from FSE influents was relatively unsuc-
cessful as compared to the distilled water and groundwater
influents. No removal of arsenate from FSE at initial arsenate
concentration of 0.6 ppm was achieved over the first 45 bed vol-
umes. Partial removal in the order of 32% started at 75 bed
volumes. Total exhaustion of the dolomite bed was attained at
165 bed volumes as depicted from Fig. 7. This behaviour may be
explained by the presence of high concentrations of competing
anionic solutes.

3.5. Competing effects of solutes

Defining the anion competition during arsenate adsorption
is an important factor in designing effective arsenate removal
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Fig. 7. Arsenate breakthrough curve for FSE.

354

gso k\l:-\\\\

5 P A N A

§ 1 i N

£ o i AW

2 s VA S— -

Do V- T . Sy |

0 20 40 60 80 100 120 140 160 180
Number of bed volumes

FSE - Flow = 5.5 mL/min - pH = 7.04
[ —+—POs# =507 —a—AsOs” —e—NO3y -—x-Cly |

Fig. 8. Selectivity sequence of dolomite for anions present in FSE influent.

systems. Fig. 8 depicts graphically the selectivity sequence of
dolomite powder under room temperature and neutral pH. Phos-
phates, present at an initial concentration of 33 mg/L, were
the first anions to be removed by dolomite at a rate of 22%.
At 45 bed volumes, sulfate removal occurred at a rate of
28% (Ci=670mg SO4%7/L). At 45 bed volumes, nitrates were
adsorbed by dolomite as well, however, unlike sulphate, nitrate
removal dropped to 5% (Ci= 109 mg NO3 /L) at the next sam-
pling point (75 bed volumes). Arsenate removal started at the
75th bed volume (Ci=0.60 mg HAsO42’/L) with aremoval effi-
ciency of 31% and dropped by 3%, 30 bed volumes later. After
90 bed volumes, arsenate removal efficiency dropped to zero
(exhaustion of the dolomite bed). Consistent decrease in the
competing anions concentration of the test influent suggested
fixation of those anions by dolomite.

Chlorides, however, showed no significant removal dur-
ing the whole run: the removal started at 75 bed volumes
(Ci=10200mg CI7/L) at a rate less than 5% and dropped to
zero at the very next sampling point (30 bed volumes later),
the fact that led to rank chlorides, as a non-competing ele-
ment to arsenate, at the end of the selectivity sequence of
dolomite powder as presented in the following order: PO43~ >
SO42_ > NO3™ > HAsO42_ > CI™. These results are in con-
formity with studies reported by Geng¢ et al. [18,21,22]. In
one study [18] it was concluded that the order of suppression
on arsenic removal on a molar basis was in the follow-
ing order: phosphate > silicate > sulphate > bicarbonate. Another
study [21] conducted on the effect of ions present in tap water
(e.g. Ca®*, CI~, and HCO3™) on the uptake by Bauxsol con-
cluded that the presence of HCO3 ™ ions decreases the arsenate
removal efficiency as these ions compete with HyAsO4 ™ ions
for positively charged adsorption sites. Furthermore, the pres-
ence of Ca’* ions diminishes the negative charges, and NaCl
has a minimal effect on arsenate adsorption, probably because
CI™ does not compete with HyAsO4™~. The positive effect of
Ca”* on arsenate removal was found to be in agreement with
findings of Wilkie and Hering [37] and Smith et al [38]. A third
study [22] reported the selectivity sequence to be in the follow-
ing order: phosphate >> sulphate > bicarbonate, and concluded
that the initial arsenate and competing anion concentrations are
a function of the magnitude of the suppression. The extent of
the competition between arsenate and the other anions will not
only depend on the affinity of each anion to the surface, but also
on their concentrations relative to each other [39].
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3.6. Regeneration of dolomite

Regeneration of the saturated dolomite bed was attempted
using 0.01N HCL solution of pH 2.0 and caustic soda solution
of pH 10.5. Arsenate desorption experiments were conducted at
the end of column loading experiments, after complete exhaus-
tion of the dolomite bed was attained through the passage of 285
bed volumes of synthetic groundwater influent (Ci=0.10 mg
As(V)/L). Regeneration with the acidic solution of pH 2.0 was
discontinued due to the dissolution of the dolomite. Regenera-
tion with an alkaline solution involved feeding about 120 bed
volumes of distilled water with pH raised to 10.5 using NaOH
into the column at a flow rate of 5.5 mL/min. Re-feeding of arse-
nate jacked groundwater influent into the column led to better
removal of arsenate during the first 22.5 bed volumes where
removal increased by 2%.

This improvement in removal efficiency of the regenerated
dolomite bed by the alkaline solution may be attributed to des-
orption of other chemicals or impurities that could have been
present on the original raw dolomite particles, which could have
interfered with the adsorption of arsenate.

Fig. 9 shows the effluent arsenate concentration profile of the
regeneration run using an alkaline solution as regenerant (pH
10.5) and synthetic groundwater jacked with 0.1 mg As(V)/L as
feed influent (pH 6.90). The whole run was performed under
room temperature (23 °C).

o

a

N}
)

Adsorption

o (4 \ A

el \ /

002 i \ /
S,

Regeneration Adsorption

\

0.08 \

Arsenate Concentration (mg/L)

0 T T T T T |
0 100 200 300 400 500 600
Number of bed volumes
SGW - Flow = 5.5 mL/min - Infl. conc. = 0.1 mg/L -
pH (adsorption) = 6.9, pH (regeneration) = 10.5
Fig. 9. Effluent arsenate concentration profile at regeneration.

0.006
0.005 / -
S 0004
o
£ 0003
o
0.002 /
0.001
N

0 0.1 0.2 0.3 0.4 0.5 06

Ce (mg/L)
| + Freundlich a Langmuir — - -Poly. (Langmuir) Poly. (Freundlich)l
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Table 5
Arsenate adsorption data at equilibrium employing various dolomite doses
Dolomite HAsO42~ at HAsO42~ Percent Adsorptive
dose (g) equilibrium removed HAsO4%~ capacity
(mg/L) (mg/L) removed (%) (mg/g)

2.5 0.484 0.136 21.94 0.00544

5 0.38 0.24 38.71 0.0048
10 0.2 0.42 67.74 0.0042
15 0.151 0.469 75.65 0.003127
20 0.116 0.504 81.29 0.00252

3.7. Adsorption isotherms

The results from the sorption study (Table 5) were fitted in the
Langmuir and Freundlich models. The differences between the
Langmuir and the Freundlich adsorption isotherms were deter-
mined to be insignificant. In both cases the data attained fitted
well with correlation coefficients of 0.98 and 0.96, respectively.
The model coefficients for the Langmuir model, a and b were
computed based on the regression analysis of the data plotted,
to yield 0.0088 mg/g and 3.607 L/mg, respectively. While the
model coefficients for the Freundlich model, K and 1/n yielded
values of 0.008 mg/g and 0.5, respectively. The equilibrium
curves for the Langmuir and Freundlich isotherms attained at
23 °C by dolomite powder are depicted in Fig. 10.

4. Conclusions

Results of the present study on the efficacy of untreated
dolomite powder in the adsorption of arsenate from various water
matrices revealed the following:

e Raw dolomite powder was found to be a good adsorbent
capable of removing residual arsenate concentrations from
distilled and groundwater effluents. Early breakthrough (rel-
ative to the number of bed volumes treated) is attributed to the
relatively high arsenate concentrations adopted in the exper-
iments. Had the concentrations been in the pg/L range then
the number of bed volumes treated would have increased
appreciably.

e Effective operation of the fluidized dolomite-bed system was
attained at a flow rate of 5.5 mL/min, which sustained expan-
sion of the dolomite bed without overflow.

e The arsenate fixation efficiency on dolomite is affected by the
hydraulic flow conditions, dolomite particle size, large vari-
ations in initial arsenate concentrations, pH and the presence
and concentration of competing anionic solutes.

e Assessment of the competing effects of phosphate, sulfate,
and nitrate ions with targeted arsenate ions for sorption
sites demonstrated an inverse relation between initial influent
anions concentration and efficiency of arsenate removal.

e Regeneration of arsenate-saturated dolomite with caustic soda
solution at a pH of 10.5 showed complete regeneration of the
exhausted dolomite particles.

e Adsorption isotherm of arsenate on dolomite is well described
by both the Langmuir and Freundlich isotherms.
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