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Enormous technological progress and widespread industrialization
has made human life easier but at the cost of imbalance in our bio-
sphere. Anthropogenic activities during the last century have engen-
dered serious environmental issues including water pollution. Huge
amount of a variety of toxic organic (synthetic dyes, antibiotics, pesti-
cides) and inorganic (heavy metal ions) pollutants are constantly be-
ing discharged as agricultural runoffs or as industrial wastes from tex-
tiles, leather, cosmetic, paper, dyeing and printing industries into lakes,
streams, rivers, oceans, and other water bodies thereby deteriorating
water quality and adversely affecting both aquatic and human life.
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n India, contamination of fresh
water bodies by highly toxic and
carcinogenic  agrochemical from
agriculture fields and heavy met-
als (arsenic (lll), chromium (VI)) from
Himalayan ore mines has become
a major health threat affecting the
lives of around 0.050 billion people.
According to the WHO's 2017 report,
approximately 844 million people
worldwide still lack access to clean
drinking water and the situation be-
comes worst in case of floods and
earthquakes.[1] Water-borne diseas-
es associated with the consumption
of polluted water have become a
serious health challenge and mil-
lions of peoples are reported to die
due to serious waterborne diseases.
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Discussion

To address the problems of water pol-
lutants, researchers and scientists have
been striving to develop new methods
and/or improve the existing classical
methods of waste-water treatment
(Scheme 1). Conventional methods of
wastewater treatment including chlo-
rination, flocculation, and adsorption
have been used since long but they
are limited in their capacity to com-
pletely remove toxic pollutants. For
instance, chlorination is effective to kill
microorganisms but cannot remove
organic and inorganic pollutants from
water. Similarly, using some adsorbent
materials to adsorb pollutants from
water is effective in removing certain
pollutants but they lack the capacity
to completely degrade them. Likewise,
membrane technologies have found
good use in treatment of wastewater
but the applicability of this technol-

ogy is still hindered by the issue of
membrane fouling. In this scenario,
advanced oxidation processes (AOPs)
have emerged as a promising solution
for complete removal of both organic
and inorganic pollutants from water.
Among these AOPs, photocatalysis,
ozone treatment (ozonation) and
electrochemical processes or a com-
bination of these processes have at-
tracted great attention for their use
in water treatment. In the ozonation
process, ozone, a highly oxidizing
gas, is introduced into wastewater
which directly or indirectly interacts
with particles present in the waste-
water leading to the decomposition
of pollutants. Similarly, hydrogen per-
oxide together with iron (Fe(ll)) salts,
can be added to water to generate
reactive oxidant species capable of
degrading pollutants in a process
known as Fenton oxidation process.
Of greater value among AOPs is het-
erogeneous photocatalysis which
employs certain photoactive com-
pounds known as photocatalysts and
light to detoxify water and create safe
drinking water. Common examples
of such materials are titanium diox-
ide (TiO2), zinc oxide (ZnO), bismuth
vanadate (BiVO4), among others.[2,3]
In the presence of suitable light (such
as UV light or normal solar light) and
humidity, these photocatalysts have
the ability to produce highly reactive
oxidant species (such as superox-
ide and hydroxyl radicals) which are
capable of fully destroying organic
pollutants (often converting them
into water and carbon dioxide) and
kill microorganism presents in water
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Scheme 1. Selected water-purification methods. Scheme 2. Different processes occurring during heterogeneous photocatalysis that
ultimately lead to the formation of reactive species which take part in degradation of pollutants and killing of microbes. Scheme 3. Panason-
ic's photocatalytic water purification system.[4]

(Scheme 2). Similarly, the interaction
of photocatalysts with light (known
as photoexcitation) leads to the for-
mation of certain vacancies (known
as holes, h+) due to loss/excitation of
electron (e-) to higher energy levels.
These holes are oxidizing in nature
and extract electrons from pollutant
molecules and degrade them in the
process. Moreover, these photogene-
rated oxidizing species have a short-
er lifetime and self-eliminate during
their degradation of pollutants.
The  semiconductor  photocata-
lysts-based photocatalytic process
has gained much attention not only
in the field of wastewater treatment
but also energy generation using the
abundantly available natural sunlight.
Since the artificial UV sources used
in photocatalysis make the photo-
catalytic water treatment process ex-
pensive, attempts are being made to
prepare photocatalyst able to harvest
natural sunlight for water purification

and energy generation. Since photo-
catalysts usually consist of extremely
small (nanometer or micrometer re-
gime) particles, it becomes difficult
to separate them from water after
being used. Thus an important issue
with the use of photocatalysts for wa-
ter purification is their recycling and
separation from water after use. This
problem is often overcome by sup-
porting the fine photocatalysts par-
ticles on some inert substrate (glass,
polymer etc.) in the form of thin film.
Doing so, however, decreases the
exposed surface area and hence wa-
ter purification efficiency. Moreover,
despite the great promise photo-
catalysis holds to detoxify polluted
water and safe and drinkable water,
commercial application of the pro-
cess have only recently begun.[4,5]
For instance, Panasonic has pro-
posed a very efficient photocatalytic
system based on titanium dioxide/
zeolite photocatalysts for water puri-

fication[4] (Scheme 3). Though small
scale photocatalytic water purifica-
tion systems are already commer-
cially available [5], further efforts
are required to extend the tech-
nology toward high-volume pho-
tocatalytic water treatment plants.
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