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ABSTRACT: : India a fast growing economy is emerging to the era of fourth industrial revolution. With the
expansion in industrialization and urbanization there’s a tremendous generation of waste. The improper
handling of this waste eventually leads to huge contamination on the environment. The presence of an
unwanted element or pollutant in a material is known as contamination. Contamination of these wastes is
a major concern because they have severe impact on environment and human health. Waste contaminants
can be classified broadly as biological contaminants, chemical contaminants, physical contaminants and
radiological contaminant, besides these there are chemicals which are recognized but their potential
impact on the environment is yet to be explored. This paper reviews different kinds of contaminants
including their ways of production, impact on the environment and their mitigation techniques. Untreated
municipal solid waste is a contaminant and major constituent of this waste is animal biomass and plant
biomass which can be converted into a usable form.
Key Words: Industrial revolution, Urbanization, Biological contaminants, Chemical contaminants, Physical
contaminants and Radiological contaminant, Municipal solid waste, biomass

I. INTRODUCTION
Contaminants are a major concern to developing as well as developed countries. So called developed
countries like USA and china are still facing this severe problem. Contaminants have not only polluted the
groundwater but have also entered into the food chain and as a result have affected the environment as well
as the human health. Unavailability of information about the potential risks of these chemicals to the
environment and human health hampers the policy makers to draft a policy regarding to the discharge and
management of these chemicals. Whenever the harmful impacts of these contaminants on the ecology are
reported, they are not given much attention even though these are being published. Unregulated
industrialization and urbanization has led to the usage of synthetic chemicals which has increased the
quantity of contaminants released to the environment like lead, cadmium, petroleum hydrocarbons,
pesticides, asbestos etc.
Besides these conventional ones, new class of contaminants is transpired as emerging, new or unfamiliar
contaminants. Emerging contaminants arise from a number of products including personal care products,
paints, pesticides, veterinary medicines, pharmaceuticals etc. The substances created by humans will
ultimately be degraded by various physical, biological and chemical processes to H2O, CH4 and CO2 but many
a times these processes lead to the formation of some intermediate stable compounds which are called
transformational products. Many EC’s which are generated from households are directly thrown into the
wastewater. This waste water is then treated by primary treatment process where the solid material in it is
removed then in the secondary treatment process the solid material (sludge) is treated with microbes and
chemicals. After this the sludge becomes high in nutrients, which is then used as a fertilizer. Many emerging
contaminants that get attached to the sludge are then can move into the environment when this sludge is
applied to the farmland (Kinney et al, 2006). EC’s are not only those chemicals which are new but these can
be those substances which were present in the environment for the long time but their presence and risks
are only recently identified. Modeling and prediction of these ECs is dependent on their stability, persistence
and the way these are interacting with the particles of soil. Many of the new contaminants can now be
detected easily with the advanced methods now available but other ECs specially engineered nano-particles
still need better techniques for their detection and removal. A number of studies have shown that at higher
concentrations these ECs cause severe toxicity which could be the case in the near future if proper action is
not taken timely. The environment will be susceptible to the blend of traditional as well as emerging
contaminates and the repercussion of this combination will be much larger than that of single contaminant,
therefore it is crucial to contemplate the possible risk of these measures. This issue is also related to the
traditional contaminants such as toxic heavy metals, pesticides and other inorganic and organic pollutants.
Due to technological advancement and to fulfill the demand of new products in the market, new chemicals
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are being introduced every day, hence the emergence of new contaminants will also be continued in the
future, therefore it is essential to increase the effort and promote research in this field to develop advance
technologies to prevent and anticipate the changes in the ecology. In addition to this there are other
microbial contaminants such as salmonella, E.coli and Staphyloccus. These have developed resistance to the
medicines and are posing a potential health risk to the public. Every year around 10 million tons of toxic
chemicals are released into the environment. Research showed that out of these 2 million tons of chemicals
are recognized as carcinogenic. For instance, the western states of India are greatly affected by the
contamination due to nitrogen based fertilizers like urea (CH4NO2). From the studies conducted by Indian
Nitrogen Group (ING), out of the total urea used by farmers only 35% of it is consumed by the crops and
65% remains in the soil, water and environment which eventually leads to land, air and water
contamination. In terms of water pollution Haryana is in the irreparable condition with 99 mg per liter
nitrate dissolved in the underground water, where the limit prescribed by World Health Organization
(WHO) is 50 mg per litre of nitrate. The effect of contaminant nitrous oxide which is also emitted from urea
is 300 times more effectual than carbon dioxide, a Greenhouse gas. From the study conducted by central
groundwater board the iron limit has exceeded 3 milligrams per liter and the pH of water is observed to be
9.5 wherein its value should be 7. The fluoride and arsenic contamination is found maximum in the state of
Assam with an exceeding permissible limit of 1.5 milligrams per liter and 0.05 milligrams per liter
respectively.
II. categories of contaminants and their pathways
Everyday a new chemical is introduced for the consumers or for the processes being carried out in the
industries. As a consequence more and more no. contaminants are also introduced into the atmosphere.
Emerging contaminants also originates from the same sources as conventionally identified toxin such as
from wastewater, emissions from industries, effluent disposal etc. A large quantity of chemicals is directly or
indirectly released into the environment from the known and unknown sources also known as point and
non-point sources. The contaminants that are discharged from a definite place allude to point points. For
instance, discharge of waste from industries to the sea and to the rivers, wastewater treatment plants and
the sites of minerals extraction. Discharge of pollutants from these sources can be controlled by regulatory
authorities if proper implementation is practiced. Many a times the places of orgin of contaminants are not
known as they are spread over a large area and therefore cannot be ascribed to a specific location. These
sources are often designated as diffuse sources. Pollution from these sources is rather arduous to control
and therefore needs much effort to deal with. Common examples include rainfall runoff from agricultural
land which contains fertilizers, pesticides, manure, sludge produced from waste water treatment plant even
recharging of water into the aquifers and other sub surfaces significantly contribute to the pollution in
water bodies. The region where there is no regulation of wastewater or only the primary treated is
practiced are more vulnerable to these contaminants. Furthermore many a times the removal may not be
complete even if there exists good treatment plants. As a result these places have become a source of
emerging contaminants. Likewise, ECs may percolate and enter the groundwater or other water bodies from
landfill sites. Bio-solids and manure engendered from sewage treatment plants are significantly contributing
to the EC’s in the soil. Clarke ad Smith (2011) illustrated that the manure employed to the soil may include
unconsumed contaminants which later find their ways to the groundwater from various routes namely
floods, rain water run-off and the regions where surface water is directly linked to ground water as
demonstrated by Hue et al, 2010; Lapworth et al, 2012. These contaminants can be classified in a number of
ways but the most basic classification is as follows:
(i) Biological contaminants: These refers to those living organisms which if consumed or inhaled by
humans can be precarious for their health and can disrupt the ecological balance by attacking to
particular species. These comprise microbial bacteria, virus, fungi etc.
(ii) Physical contaminant: It encompasses all those materials which can be touched, felt and carried. It
can be a chemical organic matter litter or dead animals. Though they are natural but they can also
be harmful to the ecology and can cause toxic effect.
(iii) Chemical contaminants: It's the presence or addition of undesirable chemical substances in the
water bodies, workplace, food and environment. These chemicals can cause little harm but there
are cases where these contaminants can damage organs or even lead to cancer.
(iv) Radiological contaminant: Contamination caused by the unintended presence of radioactive
substances in the environment is called radiological contaminants. These contaminants are
associated with the decay of elements such as uranium, plutonium, rutherfordium which effuses
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alpha particles, beta particles, gamma rays and neutrons when they disintegrate.

Fig. 1 Representation of the sources and impact of contamination
III. IMPACT ON THE ENVIRONMENT
The prevention of ECs in the environment is of great concern for the well being of population consuming it.
The ever increasing demand in various sectors has forced technicians, researchers and scientists to develop
new type of chemicals, technologies and compounds that possess the potential threat to the environment
and other livings. The available conventional technology for air and water treatment plants was not
designed for identifying and removal of newly found contaminants. The present technologies for the
eradication of emerging contaminants are not effective as these have not been monitored; also the absence
of strict laws makes it even more difficult for their control and regulation. A large number of industrial
additives, innumerable chemicals, personal care products and pharmaceuticals claimed to be disrupting the
endocrine system (hypothalamus, pituitary, pineal, thyroid, parathyroid, thymus, adrenals, pancreas,
ovaries and testes). These chemicals interfere with the proper functioning of endocrines or hormones that
can lead to various defects in the human body such as learning disabilities, prostate cancer, thyroid and
other cancer, neuron-development, too fast gaining or loosing of weight, weak bones, lack energy and many
others. Therefore these chemicals can do substantial damage to the livings. Biosolids, fertilizers applied to
the soil contain large amount of nitrate and phosphate, during floods or rain water runoff these chemicals
reach to the water bodies which becomes food for the algae present in water. An over abundance of these
chemicals into the water can cause algal bloom. When this huge population of algae die it used up the
dissolved oxygen and hence these will be degradation in the quality of water which will further be
responsible for the dying of aquatic life, as a consequence of depreciation of oxygen newly identifies. Many
researchers have shown that exposure to contaminants may harm the endocrine, reproductive and immune
systems to name a few. Other problems like irritation in eyes, nose and throat, dizziness, reseparating
infections, headaches are also associated with these pollutants in the environment. According to “Annual
State of Global Air Report” the total number of deaths due to air pollution were 6.1 million in 2016 as a
result of heart diseases, stroke and lung cancer. The report also shed light on the population (95%) data and
estimated that approximately 7 million people die across the world due to bad air quality. This estimate has
not encompassed the effect of emerging contaminants because the technology for their assessment is still in
the developing stage and to what extent they affect the ecosystem at certain doses is unknown. In India
alone, air pollution accounted for 1.61 million deaths in the same gear which is 26.4% of the total deaths in
the world. Water contaminants on the other hand are responsible for more than 1.8 million deaths in 2015
across the globe. The dominating factors for this large scale pollution is the under regulation or improper
implementation of the laws enacted for cleaner air and water. It was also seen that more than 90% of the
deaths were in low to medium income level countries though they are few exceptions. Other countries such
as Norway, Sweden, and Denmark etc on the hand properly regulated the discharge from industries,
household and formed policies which ensure cleaner air and water not only to the humans but for everyone.
These policies and proper implementation by the respective governments help their countries to reduce the
concentration of many pollutants by more than 90%.
3.1 CHANGE IN THE CONTAMINANTS CHARACTER WITH THE INFLUENCE OF CLIMATE CHANGE
Climate change is one of the greatest issues that our world is facing today and hence special attention needs
to be given because the climate change would definitely act as a triggering agent or an accelerating source
for these contaminants. The result of climate change is change in temperature, reduced precipitation,
reduced dissolved oxygen in water which affects the aquatic species. Melting of snow leads to rise in sea
level and eventually to global warming. It can also cause variations and imbalance in food chain, which may
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alter biomagnification. Variation in temperature would lead to increase in the toxic effect of contaminants
and increase in the presence of ozone in the atmosphere. Natural phenomenon associated with the climate
change would lead to an enhanced effect on the nature as the contaminants in the water bodies increases
which affect the aquatic species and other species associated to this particular ecosystem. Contaminants
combined interactions with the climate change affect the survival of a specific species in that specific
ecosystem and can even result in the extinction of the species. The combined effect of contamination and
climate change will adversely affect the human healthand can leads to malnutrition and many other diseases
cardiovascular problems, chronic cardiopulmonary and immunological diseases. The nature and its species
have the great ability to adapt to the changes happening in the environment, but with the subjection of
contaminants these abilities have been lost.
DATA
CONTAMINATES
CLASS
PHYSICAL
Hair

SOURCES
Humans and Animals

Dirt

Badly maintained and
unclean surroundings.

Glass

Damaged equipment, machinery
or packaging.

BIOLOGICAL
Bacteria
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Agricultural
runoff.
Contamination
of
recharge
rainfall. Septic tanks soak ways.
Wash-off roadways. Seepage of
landfill leachate underground
strata
and
rivers.
Wet
furniture’s
and
building
materials such as carpet,
gypsum board, insulation or
ceiling tile. Flooding in building.

IMPACT ON ENVIRONMENT
& HUMANS
It’s
the
Potential
route
of Staphylococcus
aureus contamination from the
human scalp (Staph aureus, is a
type of bacteria that can be found
the hair of people and animals).
Human
hair
can
transmit
ringworm as well as fungal
infections.
This
dirt
usually
contains
microorganisms and nutrients
that allow the microbes to grow.
Respiratory
tract—choking,
occlusion of the airway, children
are at greater risk, partial lung
collapse, secondary infection,
destruction of lung tissue from
retained material.
Presence broken pieces of glass in
foods will not spoil food but can
cause
injury if
swallowed.
Diarrhoea,
Digestive
tractesophageal laceration, esophageal
perforation, pharynx, stomach,
intestine,
fistula.
Causes
feminising side effects in men.
Parasitic and Protistas diseases.
Diseases of alimentary canal such
as
typhoid,
paratyphoid,
dysentery and cholera. Immuneallergic, inflammatory. Lead to
damage in nervous system shows
weak estrogenic activity.
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Fungi

Untreated
municipal
solid
waste, plasticizer in plastic,
Pesticides, industrial waste
water, farm effluents, domestic
sewage, collected landfill.

Viruses

Untreated
municipal
solid
waste. Consumption of food or
water contaminated by faecal
matter or vomitus. Sewagepolluted drinking water is
considered to be the most
important source of infectious
virus.

RADIOLOGICAL
Isotopes of
Radium

E ISSN 2348 –1269, PRINT ISSN 2349-5138
Dieses
like
Hypersensitivity,
pneumonitis, Asthma, rhinitis,
fungicide can affect thyroid,
prostate and testes weight. It can
also affect the pituitary weight.
Causes
toxic
biocide
(kill
microorganism) and also causes
bacteria resistance development.
Degradation
of
building
materials, odor problems, and
allergic reactions in building
occupants.
Infectious hepatitis. Flu, measles,
chicken pox, and tuberculosis.
These viruses may replicate in the
respiratory tract and the gut and
can be transmitted through
aerosols and by the respiratory
route or via the faecal–oral route.
Many
infections
are
asymptomatic. The wide range of
diseases
includes
classical
poliomyelitis, aseptic meningitis,
cardiac disease, hand, foot-andmouth disease, conjunctivitis and
rashes. Climatic variables such as
season, tidal cycles, rainfall and
flooding have all been implicated
in viral contamination of the
environment

Effluent from nuclear power
plants and some medical
facilities in drinking water.
Natural radionuclide’s entering
the food chain from the soil.
Erosion of natural deposits.

Radium exposure has resulted in
acute
leukopenia,
anemia,
necrosis of the jaw. Cancers of the
bone, liver, stomach, lung, skin,
kidneys, thyroid gland, and most
other tissues are common.

Isotopes of
Uranium

The by-product from industries
that use the raw material is
mostly disposed off without any
treatment, usually by dumping
in large stockpiles.

Negative impacts to marine
ecosystems and by consuming of
polluted marine products Cause
cancers in the bones and skin and
can have a toxic effect on kidneys.

Isotopes of
Radon

Radioactive gas escapes from
the sources and migrate into the
surrounding air and water
supplies. Predominantly found
in open water bodies like well
water, public baths and its
source can be routed from
building
materials,
caves,
tunnels, power stations and
underground
ore
mines.
smoking

Alpha beta radiations damages
DNA and causes Lung cancer.
Increased risk of leukaemia
Radioactive decay in soil and
further decays to produce other
toxic materials such as lead,
polonium etc.

CHEMICAL
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Veterinary
drugs

Antibiotics

Heavy metals

Veterinary
pharmaceuticals,
septic and sewer wastewater
plants.
Organic
fertilizers
produced from animal waste
manure.
Groundwater
underlying livestock, leachates.
Freshwater.
Effluents from pharmaceutical
industries. Sewage plants, waste
water
run
offs.
Hospital
untreated discharge. Rain water,
pesticides. Soil treated with
manure or soil used for
livestock.

Electrical equipments, motor
vehicle emission. Emissions
from industrial, mine tailings,
disposal of high metal wastes,
leaded gasoline and paints,
fertilizers, animal manures,
sewage sludge, pesticides, waste
water
irrigation,
coal
combustion residues,spillage of
petrochemicals.
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Issues related to pregnancy,
congenital, illness, allergies. They
accumulate in liver and kidney.
Antibiotic
resistance
and
hypersensitivity
reaction.
Carcinogenic effects.
Reduces the total no of bacteria’s
and
selectively
kill
some
important
species.
Develops
antibiotic resistance. Toxicity to
the marine ecosystem (algae and
water fleas). Antimicrobials can
kill or inhabit the growth of good
microorganisms.
Affects
the
natural biodegradation.
Underground
water
contamination which eventually
affects
the
food
chain.
Accumulation
in
the
soil
decreases the crop production
capability. Carcinogenic. Delayed
brain development, shortened
attention span, hyperactivity,
mental deterioration and IQ
decrease in children and even
lead tp poisoning and death.

3.2 CHALLENGES AND CONSTRAINING POLICY
● Identifying and assessing contaminants is the greatest challenge due to inadequate technologies
to pinpoint its potential risk. The deadly effect of contamination can only be evaluated by
understanding the pathways or links between the contaminants source and receptor, later their
heights of impact to the public health and environment is studied. Minimal investigation and
research are done to identify the toxicity and distribution of the chemicals used in various sectors.
The technologies to quantify the emerging contaminants are still in the developing stage.
● Due to industrialization and fast growing technologies proper implementation of these procedures
and laws has become difficult due to lack of staff despite the existing laws for the regulation of
contaminants from the industries.
● With the advancement in technologies new chemicals are getting introduced everyday and hence to
tackle their adverse effect on the environment proper policies should be drafted by the authorities
and strictly implemented. The adverse risk of the emerging contaminants is hard to identify and due
to this it’s difficult to identify the pathways and rectify the effects caused by the emerging
contaminants.
IV. FUTURE SUGGESTION FOR MITIGATION
Various types of materials, methods and processes can be practised for the remediation of the environment.
The removal of emerging contaminants could be challenging due to their very small quantity and their
different behaviour in different matrices. Therefore various other methods have to be practised in order to
mitigate the problem.
4.1 Reducing releases
 Improved handling and use of chemicals- Inefficient and improper handling of chemicals and waste
can result the emerging contaminants to reach to the environments. Oils spills, waste from landfills,
garbage dumps and piles are always a threat due to inefficient management.
 Sometimes the materials used for the remediadiation of the environment could be another
contaminants themselves once they are employed. Therefore Green Alternatives or Biodegradable
Materials are best option for this field. Green alternatives are green chemicals which minimise
pollution at its source by eliminating risk of raw material and substrate. Use of Green alternatives
can exterminate the workers exposure to the harmful chemicals, this would minimise the waste
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generated and enhance the environmental performance.
 Reduction of waste- Management methods and segregation techniques should be strictly
implemented in industrial as well as domestic sectors. The chemicals and alternatives used in the
industries can be reused and recycled.
 Reduction in chemicals discharge- New micro and small companies are growing day by day in the
industrial sector and many of them are producing more chemicals than their actual capacity that
they can handle. In addition to this some of the banned chemicals are also produced in these
industries which can cause a serious damage to the environment. At the time of inspection these
industries release large amount of untreated chemicals directly into the water bodies. Therefore
regular inspection should be done and if someone found guilty then their licence should be
cancelled with immediate effect.
 Improved cost effective water treatment plants- The cost of water treatment plants that are capable
of removing emerging contaminates is still very high, at the same time these plants are ineffective
for the complete removal of contaminants. Therefore research should be promoted in this area not
only for the cost effectiveness but also to find faster and smarter ways for the detection and
removal of ECs from the water bodies.
4.2 Reformed tracking
The effect and issues related to the emerging contaminants are still unknown and difficult to assess hence a
new approach of analytical methods capable of detecting diverse quantity of contaminants which posses
risk to ecology has to be devised.
4.3 Development of novel remediation techniques
In recent years, it has been found that traditional technologies, such as Chemical Oxidation, Adsorption on
Carbon etc, for the remediation are inefficient on numerous ECs (for instance, perfluorooctane sulfonate,
perfluorooctane acid, antibiotics etc). Therefore new restorative technologies will have to be developed in
order to fix the enigma associated with ECs. Nanotechnology got a lot of attention in the past few years
owing to its exceptional physical properties of very high surface area to volume which enhanced its
reactivity comparison to their bulk counterparts. Many researchers have shown (Robert W. Gilham et al,
1994; Lowry and Johnson,2004; Liu et al,2005 to name a few) that nano-scale zero-valent iron particles can
degrade organic matter specifically which contain chlorine (such as pesticides, solvents and metals). It is
commonly used for the remediation of the environment due to its wide availability, high reaction rate, life
long stability and environmental acceptance. In spite of its various properties these particles seems to be
ineffectual on remedying some ECs such as polyfluoroalkyl chemicals which indicates that further
development is required in this field.
V. CONCLUSION
Human intervention on different sectors of the nature has led to the emergence of unknown contaminants
and the extents to which these can harm our environment are yet to be evaluated. Studies reveal that the
severity of these contaminants mixture is more harmful and difficult to assess its precise quantity when
compared to evaluating traditional contaminants. The paper has thus analyzed the different sources of
contamination and has classified them as point source and non point sources. The different effects of the
contamination thus caused were identified with a plot on their pathways and how these affect the
environment as well as the human health. To identify and mitigate the adverse effect of contaminants on the
environment, better handling techniques need to be employed and use of green alternatives should be
encouraged.
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