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Pollution: past, present and future – an Indian 
perspective 
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The term ‘pollution’ which was hardly in existence a few decades back, has now gained a place in 
everyday discussions. Presently, not a single living biota, including human beings has remained 
unaffected from its harmful effects. Pollution is a global problem and according to the World 
Health Organization, the world’s top worst affected cities are in India. Therefore, there is an  
urgency to give priority to control pollution. The adverse effects of pollutants are affecting human 
health, economy and progress in various ways. Pollutants alone or in combination with other  
factors have the potential to cause serious damage to the DNA, cell(s) and organ(s). There is a high 
possibility that future generations may inherit undesirable traits and suffer from unpredictable con-
sequences. Therefore, there is an urgent need to have reliable and constant monitoring bioassay 
systems all over the country in order to protect the present biota and future generations from unde-
sirable harmful consequences caused by pollution. In this article, we briefly discuss the various 
sources of pollutants which are constantly affecting all living biota, including human beings and  
future perspectives to protect human health.  
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THE term ‘pollution’ has become a common nomencla-
ture in today’s life with a special association with human 
health. Just a few decades ago, viz. 1970–1980 this term 
was identified only in the academic and scientific litera-
ture, while the term ‘ecosystem’ has been well recorded 
for long. The present study aims to highlight the sequen-
tial genesis of pollution and its seriousness in our lives, 
which has totally disturbed the well-established ecosys-
tem. Thus we need to restore the healthy ecosystem and 
prevent future damages before it is too late. 

Realizations in the past  

The seriousness of pollution of River Ganga was realized 
in 1982–1983. However, knowledge of the probable pol-
lution of other essential components of the environment, 
namely air, soil, surface and underground water reser-
voirs, food and noise was lacking. Given the seriousness 
of this problem, the Government of India (GoI) set up the 
Department of Environment and assigned it the ‘Ganga 

Action Plan’ to make the Ganga pollution-free. Further, 
to support this plan state-level Pollution Control Boards 
were also set up. In the wake of this problem, the  
Supreme Court of India has taken steps to ensure the pro-
tection and safety of India’s precious monument, the Taj 
Mahal. However, the desired outcomes have not been 
achieved so far.  

Pollution obscured present  

Since the establishment of the Department of Environ-
ment and State Pollution Control Boards, the Ganga has 
not been made pollution-free. Rather, there is no water 
reservoir, land area or living biota which have not been 
affected by pollution. To assess the severity of pollution-
related hazards, the following facts need serious consid-
eration.  
 (a) According to the global air pollution observatory 
maintained by the World Health Organization (WHO), 13 
of the 20 of the world’s most polluted cities are in India, 
with the capital New Delhi leading the list. The report on 
the Global Burden of Disease (GBD) has estimated that 
nearly two million premature deaths occur annually in 
India due to ambient air pollution1. Moreover, it is a 
widely acknowledged fact that air pollution increases the 
incidence rates of multiple diseases such as cardiovascu-
lar disease, lung cancer, respiratory symptoms, asthma, 
pregnancy outcomes, infertility, and several other adverse 
medical conditions (Figure 1)2–7. Malhotra et al.8 reported 
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Figure 1. Impact of pollution on human health and evolution. 
 
 
consistent enhancement in the rate of lung cancer in New 
Delhi from 1988 to 2012. Additionally, the International 
Agency for Research on Cancer (IARC) has classified 
outdoor air pollution as a carcinogen or cancer-causing 
agent.  
 (b) During the 19th century when the term ‘pollution’ 
had just entered the Indian curriculum, there was only 
one cancer treatment centre, which was providing cancer 
treatment to patients from all over the country. Similarly, 
there were very few cardiac health institutes. During that 
time, GoI was spending huge resources on family plan-
ning because there were very few infertile or childless 
couples. The increase in disease incidences associated 
with pollution can be assessed from the fact that in the 
present scenario, most mid-level cities have fully 
equipped hospitals/facilities with well-trained and com-
petent manpower to treat such patients. This fact itself 
proves that during the last few decades there have been 
some drastic changes in our ecosystem and living style, 
which are posing a big threat to all living organisms.  
 (c) It is unreasonable and unscientific that the discus-
sions and planning remain centred on ‘air pollution’ only. 
A lot of hue and cry is made when the environment be-
comes hazy due to air pollution especially with the onset 
of winter in India; otherwise, it is an ignored subject. The 
presence of pollutants in water, soil and food seems to be 
of no significance. Scientifically, this concept is wrong 
because the entry of a pollutant in the living biota from 
any source will definitely have a hazardous impact on all 
the connected life forms. From this point of view, a brief 
outline of various types of pollution is given below.  

Air pollutants – sources and impact  

The major components of air pollution are outdoor and 
household pollutants, and to smaller extent ozone in the 
troposphere which is the lowest layer of the atmosphere. 
The source(s) of outdoor pollutants are fossil fuels, car-
bon and metallic particles from industrial and automobile 
emissions, toxic gases, tobacco smoke and chemicals 
used for various purposes, including ozone. The indoor 
household pollutants include toxic gases produced from 
kitchen fuels, commonly used chemicals such as insect 
repellents and tobacco smoke. Depletion of the ozone 
layer due to the release of some environmental chemicals 
also exposes human beings to lethal ultraviolet radiation 
in sunlight.  
 In its list of the world’s most affected countries due to 
air pollution, the WHO has ranked China first followed 
by India9. Studies have also indicated that air pollution 
impacts life expectancy in India10,11. According to a 
study12, it has been estimated that one out of every eight 
deaths in 2017 in the country was associated with air  
pollution, and it was the second major threat causative to 
infection load after undernourishment in 2016.  

Water pollution – worrying trends  

Water is one of our most abundant natural resources 
which is essential to sustain life on earth. It has been es-
timated that only 0.26% of the earth’s water is available 
for human consumption13. Access to safe water and sani-
tation, and sound management of freshwater ecosystems 
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are essential to human health, environmental sustainabi-
lity and economic prosperity14.  
 According to a report, 70% of available water in India 
is polluted15. It has been further estimated that in India, 
36% of the urban and 65% of the rural population do not 
have access to safe drinking water and are consuming 
contaminated water16. Pollution of natural water starts 
from the point of origin itself, when it comes down to the 
earth in the form of rain along with pollutants present in 
the atmospheric air. Further, in the course of flowing on 
the surface, it gets enriched with more pollutants which 
are introduced in the aquatic system by different ways 
such as weathering of rocks, leaching of soils, anthropo-
genic activities such as mining, processing, discharge of 
untreated waste of industries, agriculture and human-used 
products of metal-based materials17,18. According to a re-
port of CAG, sewage and industrial waste discharged 
constitute the main polluting sources of aquatic systems 
in the country and of all the wastewater generated, only 
about 10% is treated before being discharged into the  
water bodies19. Approximately 30% of the garbage gener-
ated is not collected, the remaining 70% collected is 
dumped in landfills or the space available in nearby habi-
tats, which is washed away and mixes with nearby water 
bodies during heavy precipitation in the monsoon sea-
son20. Only 18% of the collected garbage is treated. The 
amount of sewage generated every day is 38 billion litres 
and installed capacity to treat wastewater is around 12 
billion litres. Thus the remaining 26 billion litres of  
sewage is dumped into rivers on a daily basis19. Due to 
consumption of contaminated drinking water, the human 
population suffers from various types of waterborne dis-
eases as summarized below.  

Waterborne bacterial diseases 

Cholera is caused by Vibrio cholerae through contami-
nated water. This bacterium produces toxins in the diges-
tive tracts which cause watery diarrhoea, nausea, 
vomiting and may lead to dehydration and renal failure. 
Campylobacter jejuni is the causal pathogen for diarr-
hoea, affecting 4–15% of the world’s population. Shigel-
losis is another bacterial disease caused by Shigella. It 
affects the digestive tract of humans and damages the  
intestinal lining. Salmonellosis infection occurs in the  
intestinal tract by the ingestion of Salmonella and results 
in the intestinal inflammation.  

Waterborne viral diseases  

Hepatitis is one of the most common viral diseases due to 
contaminated water and infects the liver leading to jaun-
dice, loss of appetite, fatigue, discomfort and high fever. 
If it persists for long, it may even result in death. Ence-
phalitis is another viral inflammatory disease spread by 

the infected mosquitoes. Culex mosquitoes lay their eggs 
in contaminated water. Generally infected people do not 
show any symptoms, but some symptoms include head-
ache, high fever, muscle stiffness, and convulsions, 
which may lead to coma and paralysis. Poliomyelitis is 
also a waterborne disease due to the Poliovirus affecting 
children in developing countries and, if severe, may 
sometimes cause paralysis. Gastroenteritis is caused by 
different viruses including Rotavirus, Adenovirus, Calci-
virus, and Norwalk virus. The sickness can be dangerous 
among infants, young children and disabled persons. 
Vaccines are available for hepatitis and polio, but not for 
encephalitis.  

Waterborne parasitic diseases  

Malaria is one of the most common diseases in India 
caused by Plasmodium. The infection causes severe dam-
age to the liver. Cryptosporidiosis is a parasitic disease 
caused by Cryptosporidium parvum. It is a worldwide 
disease and symptoms are similar to those of diarrhoea. 
Cryptosporidium is resistant to disinfection and affects 
the immune system. Galloping amoebiasis is caused by 
Entamoeba histolytica and affects the stomach lining. 
The infection occurs when cysts found in contaminated 
water are swallowed causing symptoms such as fever, 
chills, and watery diarrhoea. Giardiasis is caused by Giar-
dia lamblia, which damages the cells of the intestinal  
lining.  

Agriculture-associated pollution  

The use of chemicals such as fertilizers and pesticides has 
increased tremendously during the last few decades. A 
major quantity of these chemicals enters into the food 
products consumed by humans, cattle providing dairy 
products, and underground and surface water bodies. The 
burning of agricultural waste also introduces huge quanti-
ties of pollutants in the air and environment. Brainerd and 
Menon21 have reported that exposure to such pollutants in 
women during conception followed by delivery increases 
infant mortality, and affects height and weight for the 
corresponding age. Several studies have reported negative 
health effects such as increase in infant mortality,  
enhanced asthma cases, and pre-term births due to wild-
fires in Indonesia22,23, USA24 and Australia25.  

Noise pollution  

Ears are a hypersensitive part of the human body that  
perform vital functions in the defence mechanism.  
According to a study26, sounds affect our state of mind 
differently depending on whether they are pleasant or not. 
In this respect, the major findings of some other impor-
tant studies are alarming. 
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 Münzel et al.27 found that stress and disturbance during 
sleep time due to noise pollution may lead to cardiovas-
cular disease. Harding et al.28 estimated that the exposure 
to noise pollution above levels recommended by WHO 
led to additional 542 cases of heart attack, 788 cases of 
stroke and 1169 cases of dementia in the UK in a single 
year. The study concluded that these health impacts to-
gether caused a burden of £1.09 billion (€1.34 billion). 
Schmidt et al.29 reported that repeated exposure to air-
craft noise can lead to constant stress, permanently high 
blood pressure, and thereby leading to cardiovascular dis-
ease. Another study highlighted that school-going child-
ren exposed to noise from aircraft and road traffic 
experience learning and comprehension difficulties30. 
Tiesler et al.31 observed hyperactivity and behavioural 
problems in children exposed to high levels of noise pol-
lution. According to WHO estimates, 10% of the global 
population is currently exposed to noise levels that could 
lead to hearing impairment32. Not surprisingly, it has 
been reported that the quality of life increases with a  
decrease in noise levels33. The study also revealed that 
health-related quality of life was highest in a quiet rural 
location. In India, the problem of noise pollution has  
already reached alarming levels. Firdaus and Ahmad34 
found that noise pollution is assuming serious proportions 
in Delhi. Some studies have warned that the noise level in 
metropolitan cities has exceeded the specified standard 
limits and may be responsible for the rising incidence of 
deafness among people35.  

Heavy metal-associated pollution  

Minor elements such as copper, based on their require-
ment, influence the biological pathways through metal-
binding proteins and enzymatic reactions in living organ-
isms. These elements play a vital role in human physiology. 
On the other hand, some heavy metals such as cadmium, 
lead, mercury and arsenic have been classified as pollu-
tants given their bio-toxicity36,37. The source of their con-
tamination is natural, industrial, domestic and medicinal. 
Heavy metal-associated pollution has been found to affect 
flora and fauna38, impairing the functions of enzymes  
at the cellular level and thereby causing damage to the 
organ systems such as nervous, hemopoietic, renal, cardi-
ovascular and reproductive system37,39–42.  

Effect of pollution on food  

Food products may get contamination of pollutants from 
various sources. Food (e.g. crops, fruits, vegetables) 
grown in polluted soils, untreated waste-accumulated 
fields or areas with polluted groundwater; irrigation with 
polluted water; growing of food crops in areas with  
polluted air; agricultural treatments with pesticides, in-
secticides, and/or herbicides; agricultural application of 

sewage sludge and/or polluted fertilizers, e.g. ash from 
power plants; consumption of polluted water and/or food 
by fish or other animals; food processing, packaging, and 
handling; and propagation and concentration of pollutants 
through the food chain.  
 Thus, any source which pollutes the air, water and soil 
may further become a source of food pollution and there-
by reach the human body. Pollutants that have the poten-
tial to affect human cell(s) or systems can also affect 
other biota of the chain in unnoticed ways.  

Synergistic effect of electromagnetic field  
radiation and pollutants  

In addition to the pollutants from various sources, human 
populations are constantly being exposed to radiation in 
the form of electromagnetic fields (EMFs) which are sur-
rounding us from various sources like electrical ap-
pliances, microwave ovens, cell phones, mobile base 
stations, Wi-Fi connections, etc. It has been reported that 
EMFs may affect the human system in various ways43,44. 
Synergistic action of EMFs along with other chemicals 
like pesticides and heavy metals has been found to affect 
human systems at DNA and cellular level45,46. Exposure 
to magnetic resonance imaging and EMFs from mobile 
phones have been observed to release mercury from den-
tal amalgam fillings47. 

Future – are we prepared?  

At present, pollution has already reached an alarming 
stage in just a few decades. Pollutants alone or in syner-
gistic action are affecting the whole ecosystem, including 
humans in various ways. Some of the damages may cause 
permanent heritable changes in the genome of living  
organisms, which may be disastrous. Further, climate 
change that is also inter-related with pollution may alter 
geological factors, which may further affect the environ-
mental conditions. 
 It is apparent from the above discussion that pollution 
has become the most serious problem of today’s ad-
vanced world. It is time to solve this problem in a scien-
tific manner. First, there is a need to consider this as the 
‘global and national crisis’, and not as a local, occasional 
or seasonal situation. The problem cannot be solved only 
by framing laws, rules, regulations and guidelines, as is 
evident from the audit study report of the Central Pollu-
tion Control Board48, conducted on automobile pollution 
check centres in Delhi. It was found that manpower at 
most of the centres was poorly trained and unaware of 
protocols for testing; the equipment was mostly not well 
maintained and was rarely properly calibrated. The audit-
ing team also documented instances of unauthorized offi-
cials passing vehicles, and software being used to 
generate dummy measurements. The auditing report has 
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suggested for greater scrutiny of the pollution centres. 
Thus, the desired outcomes of the ‘Automobiles Pollution 
Control Certificate’ law could not be achieved because of 
inadequacy in the implementation itself. The best way to 
control pollution is to develop and implement scientific 
methods to restrict the release of pollutants at the source 
itself. This needs the dedicated involvement of scientists 
and experts from various disciplines (biotechnologists, 
medical professionals, engineers, sociologists), who 
could jointly work out the strategy in a scientific manner. 
This was proven to be possible during the recent nation-
wide lockdown imposed in India from 22 March 2020 
onwards. This lockdown halted almost all industrial  
activities and mass transportation, which prevented the 
release of pollutants in the environment and thereby a 
significant reduction in pollution levels in 88 cities across 
the country49,50. Further reduction in pollution levels was 
evident from the visuals of snow-covered peaks of the 
Himalaya from Saharanpur which is at a distance of about 
200 km; this was possible only because of the absence of 
pollutants in the environment51.  
 No advancement, growth and prosperity is possible 
without modern industrialization and technology. How-
ever, simultaneous safe exposure and preservation of the 
ecosystem are of prime importance. There is a need to 
have effective constant monitoring of the biota and eco-
systems to protect and preserve the same from the consis-
tent harmful impact of pollutants causing massive 
damage to the level of DNA. Such damage may be irre-
parable and might lead to the transmission of undesirable 
traits in the future progenies. One of the basic principles 
of science mentions that, ‘Nothing is impossible but 
needs a definite goal which can be achieved by systematic 
planning and execution’, which seems valid in this situa-
tion. The target can be achieved by collective positive ef-
forts of every concerned individual.  
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