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ABSTRACT

The release of contaminants/pollutants in an environment above permissible limits has been a matter of concern since
the past. They are a prime source of environmental pollution and cause health issues to the general public and other
living creatures. In the same series, organic pollutants are serious concern to the surrounding site of release, among
them persistent organic pollutants are more threatening to our environment. Organic pollutants contaminate the
surrounding where they are released, thus their remediation is of prime importance to save our environment and assure
health to living being. Therefore, this paper attempts to bring forward the organic pollutants in wastewater and

highlights the possible remediation approaches that can be adopted to assure a healthy environment.
Keywords: Organic pollutants, contamination, remediation, persistent organic pollutants.

INTRODUCTION

Earth’s major portion is covered with water yet out of
only a small fraction is freshwater or potable water that
total water available on earth is useful to sustain life.
With demographic increase water demand has increased
majorly, while other factors include industrial
development, & other developmental activities, etc. We
all are aware of the importance of water and it’s a matter
of concern as many of our states are facing water stress
and reports confirm this graph increasing in near future
in almost all the areas of the country. There are many
sources from where wastewater is generated such as
industrial, agriculture, municipal, etc. Municipal water
consists of a high organic load in form of microbes, with
another chemical that is used in daily activities,
pharmaceuticals, etc. Marc et al., (2005), Ibrahim,
(2012). While industrial wastewater has a high load of
different toxic metals, compounds of organic and
inorganic nature, chlorinated by-products, dyes, etc.
Agricultural wastewater generally consists of pesticides,
weedicides, insecticides, organic pollutants etc. Ellis,
(2004); Martynas et al., (2013). The increased
production of this pollutant from any source has a major
impact on the biota and the environment that needs a
check and remediation on time. These wastes are great
challenge to be faced for water quality management.
Thus, we need to develop some strategies to treat and
reuse wastewater in all possible ways. A brief of some
common organic pollutants and remediation using
nanoparticles:

i. Dyes

Dyes are coloring agents used in various industries such
as textiles, cosmetics, printing, etc. This generates
enormous contaminants in the wastewater. According to
Allen and Koumanova (2003) annually approx 7*10°
tonnes of dye waste is generated from commercially
available dye stock of more than 10,000 dyes. Among all
kinds of industries contributes maximum discharge of
dyes in wastewater making their way to rivers, streams,
groundwater and the surrounding environment. Dyes
may cause cancer, skin irritation, allergies, etc. This
problem is more serious as dyes have complex aromatic
structures due to which their degradation is difficult
(Pearce et al., 2003). Depending upon the concentration
of dyes exposed to organism and the exposure time, dyes
may show acute or chronic effects in the organism.
Mishra and Tripathy (1993) classified dyes into three
groups anionic dyes, cationic dyes, and non-ionic dyes.
Anionic dyes are reactive acidic dyes while cationic dyes
are basic dyes and non-ionic are dispersive dyes. Thus,
keeping in mind the essentiality of dye removal these
industries need to treat effluent-containing dye before its
disposal. Scientific techniques must be applied to treat
the wastewater effectively. In this direction adsorption
process is gaining importance to treat such effluents,
owing to its low cost (Kapdan and Kargi 2002). Various
nanomaterials have been used up efficiently to treat
organic and inorganic contaminants from wastewater
effluents. These nano materials can be carbon nanotubes,
metals, metal oxides or plant-based materials, etc.
Currently graphene is gaining popularity owing to its
stable chemical structure and physic-chemical properties
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(Amin et al., 2014; Gautam and Chattopadhyaya, 2016).
Many studies have been done for pollutant removal such
as dyes, heavy metals, pharmaceuticals, organic
pollutants, etc. using graphene (Robati et al., 2016;
Sharma and Das, 2013; Wang et al.,2014; Janik et al.,
2018; Wei et al., 2018; Wu et al.,2018; Zhang et al.,
2018; Nam et al., 2015).

ii. Pesticides

In agriculture to protect plants from pests, fungi, insects,
weeds, etc. wide usage of pesticide is common
worldwide. This has resulted in the dispersal of
pesticides in water bodies and terrestrial land through
runoff or directly during the spraying of pesticides in
crops. They significantly harm the environment they
released into also impose toxic effects on the living being
(Nasrabadi et al., 2011; Maddah and Hasanzadeh, 2017).
Adsorption technique may be implied for treatment of
pesticides contaminated water; many studies have been
done using this technique. Pesticide adsorption using
graphene has been studied by Maliyekkal et al., (2012).
Gupta et al., 2015 studied persistent halocarbon
pesticides removal using graphene. A study by Liu et al.,
(2013) concluded graphene-coated silica was much
efficient for pesticide removal from water bodies. Many
other types of research proved graphene nanomaterial
much reliable sorbent for wastewater treatment (Zhang
etal., 2015; Wu et al., 2011).

iii. Pharmaceutical chemicals

The pharmaceutical industry is one of the most important
and fastest growing industries in India. In terms of
volume, it is third-largest industry in India (Kumar et al.,
2010). Pharmaceutical compounds are designed for
producing therapeutic effects in organism. Since
pharmaceutical compounds are bioactive and persistent,
they are considered as emerging contaminants in the
present scenario. Thus, their release in environment has
a toxic impact to the living organism (Grassi et al., 2013
Manciocco et al., 2014). Pharmaceutical compounds
often cause synergistic impacts as these compounds are
released into environment in a mixture form (Cleuvers,
2003). Additionally, pharmaceutical industries also add
on their effluents to the stream after partial treatment that
leads to the release of pharmaceutical compounds into
the environment acting as environmental pollutant.
These compounds also make their way into environment
when they are expelled out in feces, urinated, leakage
from sewer lines, runoff from landfill sites and animal
waste, etc. A huge amount of waste is generated during
the maintenance and manufacturing of pharmaceutical
compounds. To date no limit has been set up by the
Bureau of Indian Standards (BIS) for the release of
pharmaceuticals in wastewater or other water bodies.
However, in America, some pharmaceutical compounds

have been listed in the most contaminating
environmental contaminants (Patneedi and Prasadu,
2015).

Thus, to remove this contaminant from wastewater
adsorption technique seems to be more promising and
among new absorbents graphene has gained much
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attention in current years owing to its large surface area,
small size, remarkable electrical conductivities, high
mechanical strength etc. (Chowdhury et al., 2014).
Currently, graphene has evolved as much promising
substitute that has shown more potential as compared to
carbon for wastewater treatment. Sophia et al., 2016
discussed several types of research stating the use of
graphene usage for pharmaceutical compounds removal
from wastewater.

iv. Hydrocarbons

Compounds of hydrogen and carbon are known as
hydrocarbons they are important part of our daily life.
Mainly they are grouped into three categories such as
saturated, unsaturated, and aromatic hydrocarbons
depending upon their carbon-carbon bond. There is
single carbon-carbon or carbon-hydrogen bond in case
of saturated hydrocarbons, while in case of unsaturated
hydrocarbons there are multiple bonds i.e., two or three.
While aromatic hydrocarbons are cyclic compounds.
Hydrocarbons are widely used in many products useful
to mankind, this, in turn, leads to their proportional
release in the environment, contaminating the
environment. They have high solubility in water
therefore have high availability to aquatic biota (Neff,
2002). Thus, they are a matter of great concern. Current
research for remediation of hydrocarbon contaminated
water bodies mainly deals with biological approaches,
membrane filtration, thermal and oxidation process
(Bustillo-Lecompte et al., 2018; Ma et al., 2018; Xue et
al., 2018). Adsorption based processes are currently very
popular for wastewater remediation because of their
cost-effectiveness and high efficiency. Graphene-based
materials are very popular absorbents for wide
contaminants in wastewater (Wang and Zhao, 2016).
Many types of research have been done using graphene
absorbent for the removal of hydrocarbon including
PAH hydrocarbon, soluble hydrocarbons, petroleum
hydrocarbons, etc. from wastewater (Flores-Chaparro et
al., 2020; Yang et al., 2017; Song et al., 2019).

v. Organic compounds

Everyday copious amount of common organic waste
consisting of carbon, hydrogen such as protein, fats,
carbohydrates, etc. that are biodegradable make their
way to wastewater. Major sources of organic waste are
synthetic sources or from animal or plants. They make
their way into waste water from industrial or agricultural
sources or human waste, food, cosmetics,
pharmaceuticals, household waste, etc. Their heavy load
in water causes oxygen depletion in water bodies as
major fraction of oxygen is consumed by microbes as
BOD for degradation of organic products thus making
low availability of oxygen to other aquatic organisms.
Also, in many cases, their low concentration may not
have acute impacts but they may have long term impacts
because of their persistent nature. Thus, organic
compounds load must be checked and treated in
wastewater before making their way to other water
bodies. There are various conventional processes such as
membrane filtration etc. for treatment of organic
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compounds in wastewater but they are not satisfactory
due to some limits such as technical performances,
degradation or deterioration of efficiency of absorbents
etc. To substitute this various complex treatment
processes were adopted such as oxidation, ozonation,
nanofiltration but they too had limits owing to the huge
cost of implementation, maintenance difficulties, risk of
secondary pollutants. Thus, we need to work out some
remediation processes to cross these limits. Various
studies have reported for removal of organic pollutants,
graphene and its based materials are novel and efficient
material, which works out without interfering with
natural processes, as they are carbonaceous materials.
Thus, they prove to be bright scope for environmental
remediation using graphene and its based materials
(Zhang et al., 2020). Cheng et al., 2018 studied the usage
of reduced graphene oxides for removal of organic
compounds from wastewater. Bharath et al., 2017
studied the removal of organic and inorganic pollutants
using graphene-based nanocomposite from wastewater.
Thakur et al., 2019 reviewed graphene and graphene
oxide-based composites usage for removal of organic
pollutants from wastewater and stated it is suitable for
catalysis and adsorption of organic contaminants from
wastewater.

vi. Biological pollutants in wastewater

Biological contaminants may include insects,
microorganisms such as bacteria, viruses, plants pollen
grains, animal saliva organism, etc. and many more
forms. There are many sources of origin and
transmission of biological pollutants. Wastewater serves
as a breeding ground for biological pollutants and
contaminate wastewater manyfolds. Thus, they need to
be treated to avoid the severity of environmental
pollution. In this sphere of research adsorption by
graphene had vyielded effective results. Smith and
Rodrigues (2015) reviewed the removal of biological
contaminants from water bodies and discussed the
efficient removal of biological bodies (bacteria, viruses
etc.) using graphene nanomaterial. Bandara et al., 2019
in his study demonstrated the efficient removal of
microbes efficiently using graphene oxide from water.
Abdelmeguid et al., 2017 demonstrated the removal of
biological contaminants from water using graphene
oxide with efficiency of 99% removal with a low dose of
40 mg/L. Gollavelli et al., studied the removal of E. coli
bacteria using graphene and found it 100% efficient in
bacterial removal from water. Similarly, many types of
research have been done for the removal of biological
contaminates from wastewater using graphene and its
based materials (Liu et al., 2011; Akhavan et al., 2010;
Hu et al., 2010).

11 Methodology and monitoring

Organic pollutant’s presence can be identified by various
standard methods such as evaluation of BOD, COD,
TOC, etc. In addition to it Mass spectrometry
chromatography can be adopted for the identification of
organic pollutants in wastewater.
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111 Remediation Techniques
Organic pollutants are a great threat to wastewater that is
generated as it has the potential to deplete dissolved
oxygen this worse the water quality and disturbs the
aquatic life. In addition to it some of the organic waste
can be toxic causing to the aquatic environment for a
prolonged period. Thus, there is great need to treat these
constituents before wastewater disposal. In this direction
various biological and chemical methods also, their
combination has been worked out to solve the problem
but they have their limitation thus remediation of organic
pollutants by adsorption techniques has gained
popularity. In this field, further advancements have been
done using nanoparticles usage as adsorbents. This has
come up as very promising technique to treat wastewater
loaded with organic waste. Further graphene nano
adsorbents serve as a great technology for solving the
problem. One of the positive aspect of using
nanomaterials is that they have high potential for
adsorbing organic waste and further can be regenerated.
Desorption and Regeneration of graphene nano-
adsorbents
To reduce the cost of nanoparticle usage for removal of
pollutants from contaminated wastewater, their
regeneration is most important. This serves two
objectives one is the restoration of adsorptive capacity of
absorbent, while the other is recovering valuable
components present in the adsorbed phase. NaOH has
been most effective regenerating agent for many nano
adsorbent’s regeneration studies (Lata and Samadder,
2016). pH plays an important role in the desorption and
regeneration of adsorbents (Ali, 2012). Sharma et al.,
2010 stated reuse or regenerated nano absorbents for
removal of metallic pollutants. There are many
researchers who reported for regeneration of graphene-
based adsorbents, using different procedures (Jiang et al.,
2016; Zhang et al., 2013; Liu et al., 2018).

CONCLUSION
Adsorption has come up to be one of the most suitable
wastewater treatment technology, owing to its easy
operation, and wide range of adsorbents for
contamination removal from the substrate. Also, they are
applicable for wide range of water pollutants such as
organic, inorganic, biological, pharmaceutical wastes,
etc. Despite having so many benefits this process is not
much preferred at commercial levels because of its some
the limitations. Thus, in order to cope up with it,
nanotechnology is bright future for the adsorption
process. In this field graphene proves to be
multifunctional material as an absorbent for the
expulsion of wastewater pollutants, thus they present to
be new prospects for developing advanced wastewater
strategies. In comparison to other nanoparticles graphene
has turned to be the more preferred choice for
wastewater treatment owing to its remarkable
characteristics. Yet there is a bigger challenge to make
them cost effective and their large-scale production.
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FUTURE PROSPECTUS

The current review of literature brings to light that not
much work is done using graphene for emerging
contaminants that must be carried out. Regeneration
studies of graphene are limited that must be explored to
enhance the better utilization of materials on land.
Lastly, evaluation studies of material impact on
environment must be carried out in future. Thus, we
conclude this review paper with the view that it enhances
the researchers’ knowledge for nanomaterial graphene,
enlightening them about new future research ideas for
their upcoming research.
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