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Abstract. The aim of this study was to evaluate the impact of different oxidizing agents like light, aeration
(by mixing) and EC on the oxidation and removal of As(III). Arsenic solutions prepared using distilled water
and groundwater were evaluated. Optimum pH and the effect of varying initial pH on As removal efficiency
were also evaluated. Maximum As(III) conversion efficiency with EC, light and aeration was 97% from
distilled water and 71% from groundwater. Other results show that EC alone resulted in 90% As removal
efficiency in the absence of light and mixing from distilled water and 49% from groundwater. Removal with
light and mixing but without EC resulted in only 26% As removal from distilled water and 29% from
groundwater proving that electro-oxidation and coagulation were more effective in removing arsenic
compared to the other oxidizing agents examined. Initial pH was varied from 5 to 10 in distilled water and
from 3 to 12 in groundwater for evaluating arsenic removal efficiency by EC. The optimum initial pH for
arsenic removal was 7 for distilled water and groundwater. For all initial pHs tested between 5 and 10 in
distilled water, the final pH ranged between 7 and 8.
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1. Introduction
Arsenic contamination is a widespread, global problem that affects at least 20 countries. In all these
countries, groundwater withdrawals for drinking water and irrigation are steadily increasing and more than
130 million people in Bangladesh and India are at risk due to arsenic contamination. Groundwater from six
districts of West Bengal (India) was analyzed and average total arsenic levels ranged from 193 to 737 microg/L with a maximum value of 3700 micro-g/L [1]. Nine districts in West Bengal, India and 47 districts in
Bangladesh have arsenic levels in groundwater above the WHO guideline value of 10 micro-g/L [2].
Various treatment methods are available for the removal of arsenic from drinking water and include
coagulation, filtration, adsorption, and membrane filtration. Cheap, efficient and low maintenance
technologies or methods are essential for arsenic removal from ground water to be sustainable in the longterm since the problem affects rural areas to the greatest extent. Electrocoagulation (EC) is an effective
treatment process that is capable of removing a wide-spectrum of contaminants from various drinking waters
and is best utilized in decentralized mode. The objective of this study was to evaluate some of the factors
influencing arsenic removal efficiency using EC. Distilled water and groundwater solutions of arsenic were
evaluated.
Chemistry of Arsenic
Arsenic can be found in solid, liquid and gaseous forms in the environment and in four different
oxidation states: -3, 0, +3 and +5. Arsine [AsH3] gas is the most reduced form of As and can exist in
equilibrium with water. Elemental As is insoluble while the most soluble forms of As are arsenite [As(III)]
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and arsenate [As(V)]. As(III) is the dominant form under reducing or anoxic conditions (groundwaters are
often anoxic) and As(V) dominates under oxidizing conditions (in the presence of oxygen as in most surface
waters or in the presence of other oxidizing agents like chlorine, ozone, potassium permanganate). The
solubilities of arsenic salts are dependent on pH, and the ionic environment. Methylated forms of As are also
prevalent but at far lower concentrations compared to the inorganic forms.
Oxidation of As(III) to As(V): Conversion of As(III) to As(V) is thermodynamically favorable under
oxic conditions, but the rate of oxidation may vary from seconds to weeks and months depending on various
factors like pH conditions, light, oxygen, presence of oxyanions, metals, other oxidants, and unknown
catalysts [3-5]. Oxidation of As(III) is generally of the order of seconds to days in the presence of light,
catalysts, or oxidants [4-6]. In the Bissen et al. [2001] study [4], no oxidation of As(III) was observed in the
dark even in one week, while under solar simulated conditions, only 40% of the initial As(III) was oxidized
after 25 min. Addition of a catalyst like titanium dioxide increased the oxidation rate to get complete
oxidation in 200 seconds. Light wavelength and intensity are factors that were found to influence the
oxidation rate of As(III). Atmospheric oxygen can serve as an oxidant, but the reaction order was found to be
of the order of weeks [6].
When groundwaters contaminated with arsenic are pumped to the surface, oxidation of arsenite to
arsenate begins due to exposure to atmospheric oxygen and light. Removal of arsenic from water is
dependent on adsorption of the two inorganic species on particles present in water. As(V) has a higher
tendency to adsorb on particles including ferric oxides compared to As(III) [3-6]. Therefore, oxidation of
As(III) to As(V) is an important factor which needs to be taken into account when evaluating the removal of
arsenic from drinking water.
The objective of this study was to determine the optimum operating conditions for arsenic removal from
distilled water and groundwater solutions of arsenic. Optimum conditions for conversion and removal of
As(III) and As(V) were examined. Light, mixing conditions and EC were varied in one set of experiments to
evaluate the effect of these oxidizing agents on As(III) oxidation and subsequent removal. Initial pH was
varied in another set of experiments with As(V) added to distilled water and ground water to determine
removal efficiency at different pHs.

2. Methodology
Experiments were conducted with distilled water and groundwater solutions of As(III) or As(V).
Groundwater was collected as and when required from the Dandakaranya pump house, IIT Kharagpur
campus. Since background levels of Arsenic in this groundwater were around 1 ppb (based on ICPMS
measurements), the water samples were spiked with known amounts of As for these experiments. The
experimental methodology followed was as described in Ref [8].

3. Results and Discussion
Effect of oxidizing agents on arsenic removal
Experiments were conducted under the following conditions with and without electrocoagulation to
determine the impact of oxygen availability due to mixing, i.e., aeration, light, and EC on As(III) oxidation
in distilled water and groundwater solutions.


Air + Light with mixing



Air + Light without mixing



Air + Dark with mixing



Air + Dark without mixing

Results of these experiments are summarized in Table 1 for distilled water and groundwater. Passage of
current through the EC reactors resulted in oxidation of any reduced ions that may be present including
As(III). Conversion of As(III) to As(V), and adsorption of both species on precipitates of Fe resulted in
arsenic removal by oxidation, coagulation, flocculation and settling in the EC reactor.
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Maximum conversion efficiency in distilled water solutions under normal conditions of exposure to air
and sunlight, without and with EC, resulted in conversions of 26 and 97%, respectively (Table 1). Similarly
for groundwater, maximum conversion efficiency obtained without and with EC, was 29.4% and 71%,
respectively. The differences in results between distilled water and groundwater can be attributed to
analytical variability and presence of other ions in groundwater that can lower removal efficiency by EC.
Minimum conversion efficiency was observed in the dark when no mixing or EC were provided
(approximately 6% conversion in distilled water and 12% conversion in groundwater). Electro-oxidation was
observed to be extremely powerful as an oxidizing agent for As(III) compared to either light or aeration
resulting in 90% conversion in the absence of light or mixing in distilled water and 49% in groundwater. In
all cases with distilled water and groundwater, conversion efficiency was dramatically higher with EC
demonstrating the efficiency of the process in converting and removing arsenic by oxidation and coagulation.
These results further prove that of the three oxidizing factors examined: aeration, light and EC, the most
effective oxidizing agent was EC, followed by light and then aeration. In general, arsenic conversion or
removal from distilled water was much higher than in groundwater and can be attributed to the presence of
competing ions in groundwater which lowered EC efficiency.
Table 1. Percent removal or conversion of As(III) to As(V) in distilled water and ground water under different
experimental conditions.
Experimental Conditions
Conversion efficiency

Air + Light, with mixing

Distilled water
Without EC
With
(left freely
EC
for 2 days)
25.97
97

Ground water
Without EC
With
(left freely
EC
for 2 days)
29.4
70.91

Air + Light without mixing

20.95

95

25.8

56.37

Air + Dark with mixing

17.92

92

23.54

59.74

Air + Dark without mixing

5.90

90

12

48.79

Effect of initial pH
Experiments were conducted by varying the initial pH of samples ranging from pH 5 to 10 for distilled
water and from 3 to 12 for groundwater samples to evaluate the impact of pH on arsenic removal.
Experimental results with groundwater and distilled water were found to be similar where the maximum
removal efficiencies were observed at a pH of 7. These results are similar to those of another study with FeFe electrodes and As removal [8]. Based on our knowledge of the solubility domain of Fe oxides and
hydroxides, it is expected that at pH <8-9, cationic polymeric hydroxide species of Fe will dominate in
solution. This is likely to lead to charge neutralization of negatively charged particles and compounds and
their removal by coagulation, flocculation and settling. At pH >8 or 9, anionic polymeric hydroxide species
of Fe will dominate. This will lead to a decrease in removal efficiency due to an increase in concentration of
negatively charged hydroxide species, which will further stabilize negatively charged particles like clay or
anionic compounds like As(V) leading to reduced removal efficiencies.
Further, it was observed that irrespective of the initial pH, final pH after electrocoagulation tended to be
between 7 and 8 for distilled water solutions. These results highlight one of the major advantages of
electrocoagulation versus conventional chemical coagulation (CCC). In CCC, the pH of the solution
decreases after addition of coagulant and neutralization is generally required to bring the pH of treated water
to an acceptable level. However in electrocoagulation with some contaminants like clay, arsenic and fluoride
and low initial concentrations, when the influent pH is acidic, the treated solution pH value rises, and when
the influent pH is alkaline, the effluent pH drops resulting in a near neutral final pH. These results are similar
to those found when treating distilled water for turbidity removal [9] and restaurant wastewater with EC [10].
It is important to note that despite the results reported in this paper, other studies with different
contaminants like nitrate and fluoride show that the final pH is often highly alkaline, irrespective of the
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initial pH [11]. This suggests that the pH effect in EC is dependent on the nature and concentration of the
contaminant and no generalization can be made for the EC process.

4. Conclusions
Arsenic removal was evaluated in an electrocoagulation (EC) batch reactor where oxidation was
followed by coagulation, flocculation, and settling. Major conclusions from the arsenic studies with EC are:
Oxidizing agents: Electro-oxidation and coagulation in the absence of light and mixing resulted in an
arsenic removal efficiency of 90% from distilled water and 49% from groundwater. Removal with light and
mixing but without EC resulted in only 26% As removal from distilled water and 29.4% removal from
groundwater. The highest As removal efficiencies were obtained with all three oxidizing agents: light,
mixing and EC, resulting in 97% removal from distilled water and 71% removal from groundwater.
Initial pH: Initial pH was varied from 5 to 10 in distilled water and from 3 to 12 in groundwater for
evaluating arsenic removal efficiency by EC. The optimum initial pH for arsenic removal was 7 in both
waters. For all initial pHs tested in distilled water between 5 and 10, the final pH ranged between 7 and 8
indicating that the process tends towards neutral pH under the conditions examined, emphasizing the
advantage of using EC for As removal.
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