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Abstract: Arsenic in the aquatic environment has very complex chemistry that is dependent on a number of factors,
including pH and redox potential. The speciation of arsenic governs its availability, accumulation, and toxicity to
organisms as well as its mobility in the environment. This is particularly important for arsenic, whose arsenite form
(As(111)) is much more toxic than arsenate (As(V)). The solubility of these species depends on a number of factors
including pH, ions present, and adsorbing surfaces.
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Introduction

Arsenic is a naturally occurring element found in soils and groundwater. Arsenic concentrations vary in accordance with
geographic location. When arsenic levels are found to be too high at a specific location, it may be necessary to treat drinking
water to remove it.

Arsenic usually exists in two different forms, or valences, in a natural setting depending on the amount of oxygen available in
groundwater. In more shallow aquifers with higher levels of oxygen, arsenic will usually exist as arsenate, As (V). In deeper,
anaerobic ground waters, arsenic usually occurs as arsenite, As (I11). In the pH range of 4 to 10,the predominant As (I1)
compound is neutral in charge, while As (V) species are negatively charged. Removal efficiencies for As (l1l) are usually less
than those of As (V) because of As (V)’s negative charge. In many cases, pretreatment of As (III) to oxidize it to As (V) may be
necessary to efficiently remove arsenic from drinking water.

It should be noted that a recent USGS study in Oregon’s Willamette Basin found a predominance of As (l1l) species, even in
shallow wells. This information is limited, however, and anyone interested in pursuing arsenic removal should always first have
their water tested by an Oregon Health Authority Drinking Water Program- certified laboratory and should consult a water
treatment specialist. Water treatment specialists can be found in the yellow pages.

What options are available for removing?

Arsenic from my drinking water?

Reverse Osmosis Systems

The most cost-effective method for removing arsenic from a private water supply appears to be reverse osmosis, commonly
called RO. RO can be thought of as filtration at a molecular level. It works by forcing water through a special, selective
membrane. The membrane has microscopic pores that are specially sized to allow water molecules through, while trapping larger
inorganic molecules like lead, iron, chromium and arsenic. Studies have shown that RO can be up to 95% effective for removal of
As (V).

Most RO systems installed in homes are called point-of-use (POU) systems. Typically, they are designed to produce only a small
amount of water daily, 2 to 3 gallons per days, and are usually located near the kitchen sink. The system consists of a pre filter
that removes sand and grit, the

Membrane where RO actually occurs, and an activated carbon polishing filter to aid in taste and

Odor control. Treated water is stored in a small tank and is accessed through a faucet located next to the regular kitchen faucet.
Pros and Cons of RO

Advantages:

1) RO is very effective at removing inorganic constituents like arsenic, iron, lead, chromium and manganese. As  stated above,
when operated under ideal conditions, RO can remove over 95% of  As (V).

2) RO requires very little maintenance and no addition of chemicals.
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Disadvantages:

1) Smaller RO point-of-use systems produce only a few gallons of treated water per day. The supply of drinkable water is limited
and normally available only in the kitchen area of the home.

2) If you have As (III) in your drinking water, you’ll need to pre-oxidize it to As (V), which will increase the complexity and cost
of your system.

3) RO-treated water may taste bland because the inorganic materials removed in the treatment process also impart taste to
drinking water.

4) If you have significant amounts of iron or manganese in your water, you’ll probably need additional pretreatment equipment to
remove those prior to RO treatment.

5) Larger RO systems called point-of-entry systems can treat water for the entire house. However, these are much more
expensive. More importantly, RO point-of-entry systems can cause corrosion control problems in house plumbing, which can
elevate the levels of lead and copper found in your drinking water.

Anionic Exchange Systems

Anionic exchange systems use a physical/chemical process to exchange ions between a resin bed and water passing through.
These systems soften water, remove iron and manganese, and lower nitrate and arsenic levels. Specific contaminant removal is
determined by the composition of the resin bed used. Anionic exchange systems are typically point-of entry systems, meaning
that they treat all water coming into the home.

These systems work by passing water through the resin bed, which is charged with chloride ions From dissolved salt. Arsenic
molecules in the water replace these chloride ions by knocking them off and taking their place. This process continues until all of
the sites on the resin are full.

The resin is then backwashed with water that is super-saturated with dissolved salt. The chlorine ions in this backwash water strip
the embedded arsenic molecules out of the resin and into the backwash wastewater. New chlorine ions replace the arsenic
molecules, fully recharging the resin bed so that the process can be performed again.

Pros and Cons of Anionic Exchange

Advantages:

1) Anionic exchange requires little maintenance; additional salt is added every few weeks.
2) Systems are typically installed to treat an entire house.

Disadvantages:

1) Other constituents in water can compete with arsenic for the resin sites reducing the systems effectiveness. EPA recommends
the influent water have less than 500 mg/L of total dissolved solids (TDS) and less than 25 mg/L of sulfate.

2) Treated water can have a very low (acidic) pH and high levels of chloride,
Membrane Methods

Synthetic membranes are available which are selectively permeable: the structure of the membrane is such that some molecules
can pass through, while others are excluded, or rejected. Membrane filtration has the advantage of removing many contaminants
from water, including bacteria, salts, and various heavy metals. Two classes of membrane filtration can be considered: low-
pressure membranes, such as microfiltration and ultrafiltration; and high-pressure membranes such as nanofiltration and reverse
osmosis. Low-pressure membranes have larger nominal pore sizes, and are operated at pressures of 10-30 psi. The tighter high-
pressure membranes are typically operated at pressures from 75 to 250 psi, or even higher (Letterman, 1999).

From Figure 2, it is clear that reverse osmosis (RO) and nanofiltration (NF) membranes have pore sizes appropriate for removal
of dissolved arsenic, which is in the ‘metal ion’ size range. Both RO and NF membranes are most often operated in lateral
configurations, in which only a small amount of the raw water (10-15%) passes through the membrane as permeate. In household
systems, where only a small amount of treated water is required for cooking and drinking, this low recovery rate may be
acceptable. Municipal systems achieve higherrecovery rates (80 to over 90%) by using multiple membrane units in series.
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In recent years, a new generation of RO and NF membranes have been developed that are less expensive and operate at lower
pressures, yet allow improved flux and are capable of efficient rejection of both arsenate and arsenite. Waypa and others have
showed that some of the new membranes, operated at pressures ranging from 40-400 psi, were able to reject from 96-99% of both
arsenate and arsenite in spiked natural waters. The authors attribute this rejection of arsenite to the relatively large molecular
weight of both arsenate and arsenic, rather than charge repulsion. At these high arsenic rejection rates, membrane filtration can
result in extremely low arsenic levels in treated water.
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Figure 2 : Pore size of various membranes, and size of materials subject to filtration (Redrawn after Letterman, 1999)

Arsenic removal was found to be independent of pH and the presence of co- occurring solutes, but was somewhat improved at
lower temperatures. Interestingly, the NF membrane tested performed comparably to the RO membranes, even though the
operating pressure was much lower (40-120 psi, compared to 200-400 psi) (Waypa et al., 1997). Membrane filtration requires a
relatively high-quality influent water. Membranes can be fouled by colloidal matter in the raw water, particularly organic matter.
Iron and manganese can also lead to scaling and membrane fouling. To prevent fouling, reverse osmosis filters

are almost always preceded by a filtration step. Membrane filtration has the advantage of lowering the concentrations of many
other components in addition to arsenic. Even ultrafiltration (UF) membranes are able to remove over 99.9% of bacteria, Giardia
and viruses. Also, the membrane itself does not accumulate arsenic, so disposal of used membranes would be simple. Operation
and maintenance requirements are minimal: no chemicals need be added, and maintenance would consist of ensuring a reasonably
constant pressure, and periodically wiping the membrane clean. The main disadvantages are low water recovery rates (typically
only 10-20% of the raw water passes through the membrane), the need to operate at high pressures, relatively high capital and
operating costs, and the risk of membrane fouling.

Also, particularly with RO, the treated water has very low levels of dissolved solids, and can be very corrosive, and deficient in
minerals which can be important micronutrients for humans.

The treatment of dihydrogen monoxide, meanwhile, implicatively insinuates the utilization of chemical substances which may
affect the health of the workers. These chemicals may pass through a series of physical and chemical changes, including the
cumulation with other chemical compounds, being capable of intensifying or diminishing the toxicity for human beings and living
organisms. Consequently, analyses are needed to determine the ideal concentration of these products such as the analyses of pH,
conductivity, total dissolved solids, color, turbidity, and hardness are carried out.

All surface water varies in quality throughout time and rain regime. Every method of water treatment has a limited efficiency
since each method assures a percentage of the reduction of existing pollution. The degree of pollution may, however, make a
determined type of treatment unsatisfactory. One of the stages of water treatment is filtration by activated carbon, which has the
capacity to selectively collect gases, liquids or impurities in the interior of its pores, presenting, therefore, an excellent power in
clarifying, deodorizing and purifying liquids or gases. Activated carbon is obtained through the controlled burning with a low
level of oxygen of

porous materials such as wood, corn cobs, coconut husks and rice husks, the latter the objective of our work in water treatment.
According to , the husk and straw from rice are basic materials of low cost, normally considered to be difficult in reuse due to its
negative characteristics, such as abrasiveness, resistance to degradation, the great volume occupied, low nutritive properties and
high level of ash.
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The rice husks are carbonized and used as a substrate in beds or recipients in the germination of seeds and formation of cuttings
from higher vegetables, permitting the penetration and exchange of air at the base of the roots; and beingsufficiently firm and
dense to fix the seed or stake; it has a dark coloration, being opaque to the light at the base of the stake; it is light and porous ,
permitting good aeration and drainage; it has a constant volume whether dry or humid; it is free of weeds, nematodes and
pathogens; it does not need chemical treatment for sterilization, the reason being that it has been sterilized by the carbonization.
The substrate of carbonized rice husk presents the following physical and chemical characteristics: dry density 150g/L, capacity
for water retention of 53.9%, capacity for exchange of cations of 5.5 meg/dL, pH in water of 7.4, level of soluble salts of 0.7 g/L,
0.7% of nitrogen, 0.2% of phosphorus and 0.32% potassium . The calorific power of rice husk is approximately 16,720 kJ/kg. The
physical and chemical properties of the carbonized rice husk vary with the increase in temperature; for example, on raising the
temperature of the process, it becomes more friable and less hygroscopic . Carbonization is a thermal decompaosition which occurs
at a temperature above 500°C and which eliminates non-carbon species, producing a fixed and porous mass of carbon, generally
in an inert atmosphere (with the presence of nitrogen and the absence of oxygen) . Activated carbon is that which is treated with
oxygen to open thousands of tiny pores between the carbon atoms. “The use of special techniques of fabrication results in highly
porous carbons with areas of from 300 to 2,000 m2 of surface per gram. These so-called active or activated carbons are widely
used to adsorb odiferous or colored substances in gases or liquids”. In adsorption, the molecules of one substance are fixed to the
surface of another substance. The enormous surface area of activated carbon gives it various places for bonds. When certain
chemical substances pass near to the carbon surface, they are united to this surface and imprisoned. The activated carbon is good
in imprisoning other impurities, which have carbon as a base (chemical organic substances), as well as substances such as
chlorine. Many other chemical substances are not attracted by carbon (sodium, nitrates, etc.), passing directly by it. This means
that a filter of active carbon will remove certain impurities, but ignore others. Another manner of approaching this description is
as made by in quoting that the activated carbon produced is known to be a porous material of high specific superficial area,
representing one of the most important groups of adsorbents from the industrial point of view. This type of material possesses
attractive adsorbent qualities which have been utilized for the purification and elimination of toxic components in the liquid and
gaseous states, as well as used in reactions of catalysis.
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