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ABSTRACT

This paper will provide an outline of the dissolved pollutants and their removal techniques
from water and wastewater. Dissolved impurities are omnipresent in all kinds of water like ground
water, surface water and other industrial sewage. Many methods are available for the treatment
of dissolved pollutants. Rather than the conventional methods such as membrane technology,
coagulation-flocculation method, electro dialysis, and ion exchange method for removing dissolved
impurities from a different kind of water, the applicability of the adsorption technique is a simple,
economical and the most potential one. Adsorbents may be conventional and non-conventional.
Activated carbon and silica gel are included in conventional materials. Activated carbon is preferred
material for removing pharmaceutical waste, heavy metals, and dyes from an aqueous medium. They
can remove larger and smaller particles from water and wastewater due to their porosity. Among
non-conventional methods, clay minerals and zeolites are used in both natural and modified forms
as potential adsorbents. Bio-sorbents like industrial waste, agro waste, and chitosan have unique
properties to be used as adsorbents to remove dissolved impurities from an aqueous medium. It
also outlines mechanism of adsorption and complex relation between adsorbents and adsorbates.
Considering the applicability of different adsorbents discussed here for the removal of heavy metals,
pharmaceutical waste, dyes, and organic waste, it is expected that this technique can be helpful in
further treatment in variety of water and wastewater.

Keywords: Bio-sorbents, Conventional, Non-conventional, Adsorbents, Membrane technology.

INTRODUCTION unplanned urbanization. To minimize disturbance

of the ecological balance of the receiving water,

Over the last few decades, water it should be treated before getting discharged to

quality is declining mainly due to overpopulation, the environment. The pace with which countries
anthropogenic activities, rapid industrialization, and  are growing is genuinely frightening because the
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human population with its associated sanitation
problems will grow faster than the increase in the
amount of accessible quality water. Groundwater and
Surface water are two significant sources of water.
Generally, surface water is present in the lake, rivers,
and other freshwater wetlands. However, groundwater
is present in the pores of rocks and soil and flowing
below the water table. Impurities are generally present
in both kinds of water'2. In addition, the awareness
of the importance of clean water has pushed the
environmentalists towards the development of
sustainable, environmentally friendly, and economic
processes capable of minimizing impurities from water
and wastewater and, simultaneously, safeguarding
the health of living organisms®4. Despite the great
effort, human being in present era continues to face
challenges for water pollution. The whole range of
water impurities is divided into two different categories:

(i) Suspended matters
(i) Dissolved matters

Suspended matters are further classified
into Settleable suspended matter and non Settleable
suspended matter. The size range of different kinds
of matters is as follows:

(i) Dissolved matters: 0 to 0.08 ym

(i) Non-settleable suspended matters: 0.08
to 100 ym

(iii) Settleable suspended matters > 100 ym

The findings of different environmentalists
were summarized by Munch et al., in 1980, and he
classified the contaminants according to their size®.
According to him, BOD, COD, turbidity, and TSS
are mainly present in suspended form®. However,
phosphorus, pathogens, hardness, radioactive
substances, organic matter, heavy metals, dyes,
and pharmaceutical waste are mainly present in
dissolved form®7. The manuscript will cover the
emphasis on the removal of dissolved impurities
from water and wastewater. Therefore, the need
of the hour is to have an efficient technique for the
removal of all dissolved impurities from various
water bodies like groundwater, surface water, and
industrial wastewaters®.

Sustainable Desalination Methods for Removal
of Dissolved Pollutants
Different kind of treatment techniques is

available with various degree of success to minimize
and control water pollution. There are many methods
available for the removal of dissolved impurities from
water and wastewater. The different techniques
available are the ion-exchange method, precipitation
method/coagulation-flocculation method, chemical
oxidation method, membrane filtration method, and
adsorption method'®". The ion exchange method
removes the impure ions from water by exchanging
ions'2. However, the ion exchange method has
its own limitations. The precipitation/coagulation-
flocculation method is used in water treatment to
remove impurities like suspended solids and heavy
metals from water®. However, it is a more efficient
technique for removing suspended particles from
a different kind of water. Nevertheless, critical
drawbacks involve in the coagulation-flocculation
process are a high level of water mineralization, low
efficiency, and a large amount of sludge generation's.

The use of membranes for water treatment
has been used in recent decades. However, all
drinking water contaminants cannot be removed by
the membrane process alone. There are different
types of membranes available for water treatment,
viz. Ultra-filtration(UF), nano-filtration(NF), and
reverse osmosis. However, the running cost of
membrane filtration is very high. Reverse osmosis is
generally used to remove salts from saline water'. It
is an efficient technique for domestic purposes, but it
cannot be used on a large scale to remove dissolved
impurities. The electrodialysis technique is also used
to remove dissolved impurities and softens saline
water®. The installation cost of the electrodialysis
method is very high.

Chemical oxidation processes are also
used to treat drinking water'®. Chemical oxidants
are generally used for the removal of hazardous
organic compounds and inorganic contaminants.
However, this process is generally used before
the coagulation-flocculation method'®. Because
the oxidation process alone is not sufficient to get
the best results, it is generally combined with the
coagulation-flocculation method. However, the
limitations of most of these methods are generation
of a large quantity of sludge, high operating cost,
maintenance cost, and complex steps involved in the
treatment process. From an environmental point of
view, the adsorption method is the most sustainable
technique for removing dissolved impurities
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from different water bodies like surface water,
groundwater, and even industrial wastewater. The

advantages and limitations of different desalination
techniques have been shown in Table 1.

Table 1: Advantages and limitations of different desalination techniques

Techniques Advantages

Limitations

Precipitation/Coagulation-
flocculation Method
Reverse osmosis method/
Membrane Technology
lon-exchange Method

Efficient; commercially
available chemicals
Efficient Method

Efficient Method
Efficient Method

Used successfully for degradation
of organic contaminants.

Electrodialysis Method
Oxidation Method

Adsorptive materials

Highly efficient, Low cost, Availability

Adjustment of pH is required; formation of high
amount of sludge in treated water

High capital cost and high running cost; production
of Toxic wastewater.

Vulnerable to interfering ions like phosphate,
chloride, sulphate and bicarbonate, Costly; pH
dependent; Regeneration leads to toxic liquid waste
High cost of installation and maintenance.

high capital, operating and maintenance cost

Sometime pH adjustment required

of large variety of adsorbents, Simple operation

Mechanism of Adsorption Method

Adsorption is a surface phenomenon for
the removal of salts from a different kind of water.
When dissolved salts come in contact with solid
adsorbents, it results in solid-liquid interaction
due to the electrostatic force of attraction. This
electrostatic force of attraction can be physisorption
or chemisorption in nature. In physisorption,
adsorbent and adsorbate combine by Van Der Waal
forces, and the process is reversible'®?0. However,
in the case of chemisorption, adsorbate, and
adsorbent combine by a covalent bond. Contrary
to physisorption, chemisorption exists as a single
layer. In chemisorption, substances adsorbed on
solid surfaces are difficult to remove because
of stronger bonds?'. Both chemisorption and
physisorption can coincide in favourable conditions.
Physical adsorption is carried out by lowering
entropy and free energy from the adsorption
system, and thereby this process is exothermic?.
As the process of adsorption progress, equilibrium
exists between adsorbate and adsorbent. The
following equation can be used to evaluate
adsorption efficiency:

Qe =V (Co-Ce)/M

Here V denotes the volume of the solution.
M is the volume of adsorbent. Co and Ce are
initial and equilibrium adsorbate, respectively. Qe
is the adsorption amount of the molecule®. The
mechanism of physisorption and chemisorption has
been shown in Figure 1.

Fig. 1. Mechanism of Physisorption & Chemisorption

Role of Different Adsorbents in Desalination
The selection of proper adsorbent types for
removing contaminants from an aqueous medium
is generally an important task. Many adsorbents
are available with various physical and chemical
properties®. Adsorbents are generally classified
into conventional and non-conventional adsorbents.
Furthermore, conventional adsorbents include
activated carbon and silica gel, and non-conventional
adsorbents include natural adsorbents and bio-
sorbents?*. The complete classification of adsorbents
has been shown in Fig. 2. The natural materials are
abundant in supply, cheap, and having great potential
to be used as adsorbents in different kinds of water®.

Fig. 2. Different types of adsorbents
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Conventional adsorbents
Activated carbon

It is one of the most significant adsorbents
for removing various salts from ground and surface
water®. It can cope with a wide range of dissolved
impurities. Activated carbon is formed from different
raw materials. That is why it has vast properties
also?. Characteristics of coal also depend upon the
activation process, which carries out at a temperature
range of 800°C to 1000°C. The properties of activated
carbon also depend upon its bulk density.

As per porosity, it is characterized into
three categories viz. macroporous, microporous
and mesoporous carbon?, Macroporous carbon
and microporous carbon have a bulk density of >1
cm®/g and <0.85 cm?/g, respectively. However, the
bulk density of mesoporous carbon is in the range
of 0.85 to 1.0 cm®/g. As per literature, mesoporous
carbons and macroporous carbon are generally used
more efficiently for the adsorption of larger particles,
particularly liquid pollutants®. However, microporous
is generally used for the removal of small size
contaminants. The size of macroporous, mesoporous
and microporous are >50 nm, <50nm, and <2nm,
respectively?®. Activated carbon has remarkably
developed internal surface area. A schematic model
of activated carbon has been shown in Figure 3.

Fig. 3. Schematic model of activated carbon®

Activated carbon is mainly made up
of a graphite layer with a porous structure®°.
Carbonaceous matrix also has carbon, nitrogen,
oxygen, hydrogen, phosphorus, and Sulphur. Few
acidic groups such as carboxylic acid, carboxylic
anhydride, hydroxyl, and carbonyl are present on its
surface. In addition, some basic groups like pyrenes
and chromenes were also identified. Adsorption
on the surface of activated carbon takes place
by physical and chemical adsorption methods.
In physical adsorption, there is no exchange of
electrons between adsorbate and adsorbent?°.
However, in chemical adsorption, there is sharing
or transfer of electrons between adsorbate and

adsorbent. Temperature and ionic strength are also
important parameters for measuring the efficiency
of activated carbon in the adsorption process®'.
Surface area, pore-volume, and diameter of
macroporous, mesoporous, and microporous have
been summarized in Table 2.

Table 2: Characteristics of different categories of
activated carbon

Categories Diameter (nm) Surface area(m?/gm) Pore volume

Macropores >50.0 0.5-2 0.20-0.80
Mesopores 2-50 20-70 0.02
Micropores <20 600-1900 0.10
Silica gel

Alarge class of silica contains silica powder,
silica gels, aerogels, pyrogenic silica, mesoporous
silicas, and aluminosilicates silica nanoparticles with
different sizes of pores®. Pure silica gel is usually
extracted by the sol-gel process in aqueous solutions.
It is extracted by condensation of the siloxane bonds
and hydrolysis of silane, resulting in anhydrous SiO,
in monolithic or powdered form. However, silica
aerogels have a porous structure produced by drying
the silica gels under favourable conditions. It consists
of anirregular tridimensional framework of alternating
semiconducting material and chemical element atoms
with minimal voids and pores. The voids generally
contain water or some other liquids®.

The silica gel surface permits the sorption
of metals ions and pharmaceutical waste very
efficiently®4. Silica gel could also be doped with a
wet indicator that delicately changes its color once
it transitions from the anhydrous dry state to the
hydrous wet state. Silica gel is non-flammable,
non-toxic, non-reactive, and stable. Silica gels are
generally having low bulk density and high porosity.
Among all kinds of silica, mesoporous silica gel is
the most versatile and used successfully in removing
contaminants®. Modification in the surface of silica
gel has been explored in the last two decades for
adsorption purposes. It is used successfully in the
removal of both organic and inorganic pollutants.
Silica gel is having a high adsorption capacity towards
heavy metals and other contaminants. Despite having
good adsorption capacity and easy regeneration,
the major limitation of silica gel is its hydrophilic
characteristics on its surface. Study shows that pore
size of silica gel can be reduced by adding aluminum
ions as silica growth inhibitor®. Reduction in pore
size improves its adsorption capacity.
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Non-conventional Adsorbents
Non-conventional adsorbents include
natural materials and bio-sorbents.

Natural materials

Clay and zeolites are included in natural
materials. Their adsorption properties have been
explained here.

Clay minerals

The chemistry of soil has a substantial effect
on the performance of clay minerals as an adsorbent.
The revolutionary work by many soil chemists
regarding the role of clay minerals as an adsorbent
was done efficiently®”. The chemical properties of
clay mainly affect the sorption behavior of soil. As
per literature, most clay minerals work very efficiently
in removing different types of contaminants from
different kinds of waters®. Clay minerals are mainly
made up of alumina and silica sheets. The presence
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of exchangeable ions and the ability of ions make the
surface of clay highly porous. Some soil scientists
have suggested that clay in both natural and modified
forms is efficient enough to remove salts from water.
Most clay particles adsorb metal ions very efficiently
by the charge neutralization method because they
are negatively charged®. As per literature, pH and
temperature are two significant factors responsible
for removing heavy metals from water by clay as an
adsorbent®. Among all types of clay, montmorillonite
has the highest sorption capacity compared to other
clay minerals*'. It is proven to be economical and
potential adsorbent for the removal of heavy metals.
Furthermore, clay can also be modified to increase its
efficiency for the removal of dissolved contaminants.
Kaolinite can be used efficiently to remove heavy
metals, especially cadmium and lead*?. Kaolinite
can be used in both natural and modified forms. The
adsorption behavior of some of the clay minerals has
been tabulated in Table 3.

Table 3: Adsorption behaviour of different clay minerals for different adsorbates

Adsorbents Adsorbates Optimum pH References
Montmorillonite Heavy metals 5 43
Iron pillared Montmorillonite Metal ion 7.3 44
Clay soil with lllite Heavy metals 8 45
Montmorillonite & Kaolinite Metals & Dyes NA 46
Clay Minerals Metals & Dyes 7 47
Humic acid with Ca—montmorillonite Metals ion NA 48

Zeolites

Natural zeolite is used as low-cost
adsorbents for dye and heavy metal removal from
water and wastewater*. The natural zeolite has
zeolitic mineral clinoptilolite with a small amount
of mica, mordenite, quartz, and smectite. The
effectiveness of zeolite in eliminating contaminants
depends upon physical and chemical properties®.
Zeolite is having a porous structure, which makes it
efficient for the adsorption of dissolved impurities.
Several studies show the excellent performance of
zeolite to remove dissolved impurities from different
kinds of water®'. Adsorption of metal ions on zeolite
undergoes the process of charge neutralization
as zeolite is generally negatively charged. Zeolite
can also be modified by organic surfactants,
inorganic salts and leads to positively charged
oxi-hydroxides, which help zeolite remove negatively
charged contaminants by forming complexes®2.
Zeolite is one of the most prevalent and economical
adsorbents to use for the removal of contaminants.
Zeolite has excellent power to adsorb different

cations at room temperature®. The efficiency of
removal depends upon pH, temperature, ionic
strength of the solution, and initial concentration of
contaminants in raw water®. Zeolite has advantages
over other adsorbents because it is used in low
concentrations with maximum efficiency®. With their
natural advantages, zeolites have been used with
great success. However, results depend on the type
of raw water, its composition, and the zeolite dosage
to be applied.

Zeolites have also been exploited to
remove ammonia, present in high quantities in
different surface water®. Literature shows that
zeolite removes ammonia from surface water very
efficiently with no adverse effect on water pH®e.
Zeolite in its natural and modified form has been
studied to remove Cu?* and Mn2* from groundwater.
Natural zeolite could remove 61-100% Cu?* and
Mn2*+ from ground water®”. However, modified zeolite
could remove 22-90% Cu?* and Mn?* 57, Zeolites in
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natural and synthetic forms are harmless to human
beings, economic, environmentally friendly, and
easy to operate®®. So it is one of the most promising

873

adsorbents. The percentage removal of pollutants
with the help of different pore sizes of zeolite has
been summarized in Table 4.

Table 4: Removal of Contaminants from Zeolite

Particle size of zeolite lons % removal Reference
Natural zeolite with 0.3—-0.84 nm size NH,* 95 59
Modified zeolite with 5nm size NH,* 90 60
Natural zeolite with 0.25-2.83 nm size NH,* 95% 61
Natural zeolite with 0.15nm to 1.0nm size Cu? Pb+ 82 62
Natural zeolite with 0.6 to 0.8 mm size Pb,* 90 63
Modified zeolite with sodium chloride having NH,* 99-100 64

Particle size <63 pm

The removal process of pollutants by
zeolite is a diffusion process. The diffusion process
in zeolite consists of four phases which is shown in
Figure 4.

Fig. 4. Process of Zeolite®

Bio-sorbents

Bio-sorbents are one of the essential
adsorbents used in industrial wastewater for the
removal of dissolved impurities. A wide range of
bio-sorbents is available such as industrial waste,
agro waste, and chitosan derivatives. This section
highlights the removal of contaminants using the
bio-sorbents as adsorbents.

Industrial waste

A large number of solid waste materials
are generated from different industries. Some of
these wastes are used in landfills. Nowadays the
industrial waste materials are used in large quantities
for the eradication of various harmful pollutants.
Over the past two decades, several industrial
wastes have been explored to remove contaminants
from water, considering the different advantages
of these wastes, such as high availability, high
adsorption tendency, and low cost®. Fly ash is
one of these industrial waste materials produced

in huge quantities from thermal power plants. Fly
ash is also called pulverized fuel ash. Fly ash is
generally used in making construction materials.
The fly ash has a high concentration of alumina
and silica, making them a promising adsorbent®’.
However, blast furnace slag, sludge, and red mud
are also efficient adsorbents®®. In the aluminium
industry, red mud is considered the best adsorbent
generated during alumina production®®. However,
red mud has its limitation. Red mud is poisonous
because of its colloidal nature. Literature shows
that fly ash is proven to be a low-cost and efficient
adsorbent for dyes removal. It removed both acidic
and basic dyes efficiently®. Organic pollutants like
pesticides and phenolic groups are also removed
very efficiently from wastewater by fly ash?™. Fly
ash is also successfully used for the elimination of
heavy metals. At high pH levels and low temperature,
removal of Pb%, Cu?*, Zn?* was found to be more
efficient with the help of fly ash. Among all three
heavy metals, the highest removal was observed
in Zn?* 7', Study shows that fly ash is also used for
antibiotic removal from pharma industry wastewater.
Zhang et al., examined the ability of modified coal fly
ash to remove the antibiotic ciprofloxacin from the
wastewater™. The study concluded that the usage of
modified fly ash is far more beneficial than unaltered
fly ash due to its enhanced properties and better
adsorption characteristics.

Blast furnace slags have been used
efficiently for few dyes, such as Basic blue 6, Acid
yellow 376, and Basic violet 3%, However, it has
not shown encouraging results for heavy metals
removals. However, the role of sludge-based
adsorbents is minimal. They are exploited for the
removal of pharmaceuticals contaminants. However,
it does not give encouraging results in the removal
of dyes and heavy metals™.
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Agro wastes

Agriculture waste is mainly made up of
cellulose, hemicellulose, and lignin. These materials
are proven to be efficient adsorbents and are widely
used to remove contaminants from wastewater. They
have a wide application due to high carbon content,
high availability, and low cost. As per literature, they
have been widely used to remove pharmaceutical
contaminants, heavy metals, and dyes™. Over the
past two decades, few scientists applied agricultural
waste to remove pharmaceutical pollutants™. Few
antibiotics have been removed successfully by
the use of agricultural waste'. Some agriculture
wastes such as bamboo, wheat barn, and cocoa
shell have been used successfully to prepare
economically viable adsorbents to eliminate some
anti-inflammatory drugs.

Chitosan

Chitosan is the most popular polymer used
in water treatment. Chitosan is a water-insoluble
polymer and is derived from chitin. It has medium
molecular weight and consists of weakly charged
glucose amine or N—acetyl glucose amine derived
from partial or full deacetylation of N—acetyl glucose
amine groups of chitin. The repeating units of chitosan
are shown in Figure 5.

Fig. 5. Repeating unit of Chitosan

Chitosan has many diverse properties
such as non-toxic, biodegradable, hydrophobicity,
presence of hydroxyl, and amino groups. These
properties make chitosan to be used more efficiently
in water purification. Chitosan has been used
successfully to remove both suspended and
dissolved impurities. A modified form of chitosan
is used as an efficient adsorbent to remove
pharmaceutical waste from industrial wastewater.
Studies show that modified chitosan form is more
efficient than commercially available chitosan”.
Due to the presence of protonated amino groups,
there is an electrostatic force of attraction between
negatively charged pollutants and polymer chains.
Due to the high affinity of chitosan with contaminants,
in many studies, it has been used successfully for
the removal of heavy metals, organic matter, and
dyes. Itis a promising material that can be modified
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in different manners such as cross-linking, grafting,
and composite formation. The modified form of
chitosan is used more successfully as adsorbents’®.
Many other bio-sorbents such as cashew nutshell,
sawdust, orange peel, activated sludge, sawdust,
cork powder, etc., have also successfully removed
dissolved impurities from wastewater. The removal
of different contaminants by bio-sorbents has been
summarized in Table 5.

Table 5: Removal of contaminants from wastewater
by bio-sorbents

Bio-sorbents Types of Pollutants removed Refe.

Cashew nut shell Metals 79
Saw dust Methylene blue dye 80, 81
Orange peel Methylene blue dye 82
Activated Sludge Pharmaceutical pollutants 83, 84
Rubber seed coat Phenolic pollutants 85
Saw dust Heavy metals & dyes 1, 86
Cork powder Pharmaceutical pollutants 87
Chitosan nanocomposites Pharmaceutical pollutants 88

Sludge-based adsorbents Metals & Dyes 89, 90

Generally, the adsorption capacity
depends upon the chemical properties of adsorbents
and texture. It is also essential to note that
non-conventional adsorbents are very specific in
their application and can be useful only for limited
kinds of impurities. That is why using only a single
type of adsorbent does not give encouraging results
for complex types of wastewater. For example, clay
mineral is not a very effective adsorbent for the
removal of non-ionic contaminants. After thoroughly
studying all kinds of conventional and non-conventional
adsorbents, their advantages, characteristics, and
disadvantages have been summarized in Table 6.

Future Prospects

The adsorption technique is one of
the best and most economical techniques used
to remove soluble pollutants. Adsorbents are
successfully used to remove pharmaceutical
wastewater impurities, heavy metals, dyes, organic
impurities, and many others. The review work
discussed in this chapter describes different types
of adsorbents and their usage for different kinds
of wastewater. Therefore these references can be
adopted for future development by technologists
and environmentalists. Although the adsorption
method is one of the most preferred techniques, it
also has its limitation. Regeneration of adsorbents
used for treatment is the greatest challenge. Among
all adsorbents, activated carbon and zeolite are
the most preferred ones. However, it is essential
to understand the complex relationship between
dissolved impurities of wastewater with different
adsorbents so that the right choice of adsorbent can
be made for the removal technique.
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Furthermore, the adsorption method can be
combined with the biological method for better results.
Various adsorbents like almond seeds and starch
can also be exploited for the removal of impurities.
Keeping in view the applicability of the technique used
here, it is expected that it can be helpful for different
variety of water from a different origin.

CONCLUSION

Current studies in the field of adsorption
were done to find a long-term solution for removing
dissolved pollutants from different types of water.
The technology for removing dissolved pollutants
so far has a significant degree of variation in terms
of their respective removal proficiencies. Variation
in different kinds of contaminants in various types of
water makes it difficult to handle. The fine fraction of
dissolved matter carries a significantly high pollutants
load compared to suspended matter. However, it is
not possible to find out universal treatment technology
to remove all types of dissolved matter from surface
water, groundwater, and different industrial effluents.

Soitis essential to embrace multidisciplinary
techniques in which environmentalists, chemists,
biologists, engineers can work together. It has been
noted that various kinds of adsorbents have been
used successfully for treating water having different
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impurities. Conventional adsorbents have been
used more extensively due to their wide application.
Activated carbon and silica gel are used not only for
adsorbing impurities from domestic water but also
for eliminating contaminants from industrial effluents.
On the other hand, non-conventional materials have
not yet been commercialized completely. However,
non-conventional materials have also been used
successfully to remove contaminants from a different
source of water. Zeolite is having wide application in
the removal of heavy metals in its modified form.

It has also been concluded that clay and
zeolite have high sorption capacity and are very
effective in removing dyes and pharmaceutical waste
from wastewater.

Chitosan, agro waste, and industrial waste
can be used significantly to remove dissolved matter
from a different source of water because they are
present in abundance and economically viable. Fly
ash has been used more successfully in the removal
of pesticides and phenolic groups.
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