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PHARMACEUTICAL POLLUTION: A GRAVE CONCERN!!
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ABSTRACT
Since the advent of human life the chemicals in the form of drugs and pharmaceuticals have been
the life line. The advancements over centuries have led to discovery of pharmaceuticals from
various sources like chemicals and from nature (plant, sea, animals). The innovation in screening
methods introduces thousands of chemical entities for pharmaceutical use on daily basis. This has
exponentially increased the presence of chemicals in the environment and have posed a concern
across the globe. Humans, animals and plants are the major contagion. The metabolic profile of the
pharmaceuticals has shown that many chemicals get disseminated and eliminated from the body
in the unchanged form. These get continuously discharged in the ecosystem at high percentage.
Some of the pharmaceuticals have long elimination half-life. Due to this, these get accumulated
and get detected on reaching active levels. Eco toxicological studies have shown that there is an
incomplete elimination of pharmaceuticals at sewage treatment plant. This has led to detection of
varying concentration (high to low level) of drug chemicals in the environment. Due to the
pollution of pharmaceuticals there is a pharmacological effect on microorganisms. Resistance get
developed in bacteria and other microorganisms
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INTRODUCTION
A pharmaceutical medicinal product, also known as
a drug, medication or medicine is usually defined
as any chemical substance proposed to be used in
the treatment, diagnosis, cure, or in the prophylaxis
of disease. Pharmaceuticals comprise of active
pharmaceutical ingredients with a number of other
recipients which are also chemical in nature.
Pharmaceutically active compounds are produced
and used in very large volumes. A survey by
Quintiles (2016) has estimated that by 2021 global
pharmaceutical market will reach nearly USD 1,485
billion. Globally there are approximately more than
14000 pharmaceuticals for human use and more
than 3000 pharmaceuticals for veterinary use. The
main contagion that poses risk to the environment is
the active pharmaceutical ingredient. Studies on the
human health risk assessment and on overall
ecosystem have given rise the emergence of global

issue due to the presence of these chemicals into the
pharmaceuticals and personal care products.
Modern research work in the corrosion sciences has
also made use of potentially efficacious and
trustworthy corrosion inhibitor(s) derived from
various sources including but not limiting to
pharmaceutical preparations such as drugs. The
studies conducted by Mutiyar et al. (2018) and
Sharma and Singh, 2011 has further explored these
corrosion inhibitors to corroborate these aspects . In
various studies, conducted by Kümmerer, (2009);
Touraud et al. (2011) and Cesen et al. (2015) the
residues from medicinal products of different
categories for example anti-cancer, antiinflammatory,
antibiotics,
hormones,
antidepressants etc. have been detected in soil,
surface water, groundwater, air, and in sewage
(wastewater) at concentrations ranging from subng/L levels to µg/L. Recently pharmacovigilance
legislations across the globe have become more
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focused on the issue of pollution of pharmaceuticals
in the ecosystem and its adverse impact on the
human and veterinary health. This has also leaded
to the introduction of new branch of
pharmacovigilance, i.e. Ecopharmacovigilance. The
present review identifies the concern related to the
risk associated with the pharmaceutical product to
the entire ecosystem.
Life Cycle of a Medicinal Product
An active pharmaceutical ingredient after being
discovered has to undergo various stages that
constitute the life cycle for a pharmaceutical
product. These stages are:
1. Research and Development: The active
pharmaceutical ingredients are screened using
different techniques of high throughput
screening and other methods. Preclinical studies
are conducted on the identified potential
candidate (drug molecule) who include
pharmacodynamics and dose derivation studies.
Clinical Studies are conducted involving various
phases of clinical trials. The drugs with positive
benefit risk profile are manufactured and
marketed based on the regulatory approvals and
stipulated conditions associated with such
approvals.
2. Consumption of Drugs: Drugs are prescribed in
the indications or in the off label use for
prevention, nutritional, diagnosis or prophylaxis.
Although consumption of medicines for human
use differ between countries but there is an
average consumption of 15 grams of APIs per
capita per year at global levelas assessed in
Knappe project (2008). As compared to human
use veterinary medicinal products are used in
smaller quantities as these are widely used in
farming for therapeutic and metaphylactic
purposes (Kools et al., 2008).
3. Pharmaceutical waste management: The waste
from pharmaceutical products as reported by
Castenson (2008) include unused human or
veterinary medicinal products, other
contaminated materials including packaging
materials and other form of liquids that get
produced at the time of administration and
manufacturing. In one of the project, Start Project
(2006) a global amount of 5700 tonnes /year of
unused medicinal products was assessed.
Entry of Pharmaceutical product in the Environment
The original pharmaceutical substances and their
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residues, for example, metabolites, Active
Pharmaceutical Ingredients and other transformed
products get discharged in the environment during
their life cycle as these can be released through
leakages during manufacturing (Holm et al., 1995
and Halling –Sorensen et al., 1998).
Drugs get metabolized after administration in the
body and generally get excreted as parent
compounds and metabolites. These excretory
products get emitted in the sewage system.In a case
study conducted by Jabin et al. (2020) it was
reported that through sewage effluent, the
compounds get released in the surface waters or
enter terrestrial systems. This had been reported
earlier by Shore et al. (1993) that hormones,for
example estrogen compounds are found in
significant concentrations in sewage. Further in a
study conducted by Fick et al., (2009) it has been
reported that the disposal of unused medicines also
contribute to the presence of pharmaceutical
compounds to the environment.
Environmental Hazard of Pharmaceuticals
The environmental hazards of pharmaceuticals are
the ecotoxicological effects. These toxic effects may
be acute and chronic which may further lead to
carcinogenicity, mutagenicity, genotoxicity,
hormonal interference, interference with immune
system (pharmacological effects) and resistance
development of micro-organisms. The studies
conducted on the extensive use of antibiotics have
shown that up to 95% of antibiotic compounds can
be released unaltered into the sewage system. This
phenomenon may be a cause of the accelerated
resistance of bacterial pathogens to antibiotics (Qin
et al., 2006; Van den Bogaard et al., 2001; Wegner,
2003). Antibiotics at high concentration alters
structure of microbial community and affect food
chain. The studies have shown that antibiotics, for
example Erythromycin, Sulfamethoxazole,
Trimethoprim, get effluxed into the water and
become resistant to antibiotics. On exposure to low
doses of antibiotics, the bacteria develop tolerance
for same drugs. Subsequently few antibiotics
become in effective when humans get infected with
these drug-resistant bacteria. This poses a grave
concern as approximately 14,000 death have been
reported annually because of antibiotic resistance
(Reckhow, 2007).
Green et al. (2004) reported that the
pharmaceutical exposure leads to drastic
ecotoxicological effect. For example, in Indian
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subcontinent a decline of vulture populations due to
ecotoxicological effect of Diclofenac poisioning is
the most important case study. The vulture birds got
exposed to diclofenac after feeding on carcasses of
cattles previously treated with Diclofenac and then
died of renal failure. The effect of Ethinylestradiol
(EE2) a contraceptive which alters the reproduction
exposed populations of fish is another example of
ecotoxicological effects of pharmaceuticals as
studied by Kidd et al. (2007). In another study,
Porsbring et al. (2009) and Brosche, Backhaus (2010)
reportedthe effect on communities of algae at
picomolar concentration of anti-mycotic agent
Clotrimazole and the effects of various antibiotics
on environmental bacteria and algae; the effect of
Oxazepam (a Benzodiazepine anxiolytic drug) on
planktivorous fish was studied by Brodin et al.,
(2017); and the effects of the parasiticide Ivermectin
on dung faunawas studied by Jean –Pierre et al.,
(1993). In Sweden, the pharmaceutical surface water
concentrations were measured and evaluated. A
comparison was made by Fick et al. (2011) to study
critical environmental concentrations expected to
elicit a pharmacological effect in fish. The
observation in the samples showed that five
medicinal products are expected to cause a
pharmacological response in fish exposed to these
waters.

in the air, effluent in waste streams and the cost of
purchasing chemicals. Now a day’s aqueous-based
cleaning solutions are more popular and are used
more frequently for equipment cleaning instead of
solvent-based solutions.

Prevention of pollution from Pharmaceuticals
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The pharmaceutical pollution can be reduced by
preventing the pharmaceutical products during
manufacturing. Major pharmaceutical companies
owing to their responsibility and concern towards
ecosystem have implemented techniques of
prevention of pollution. These techniques improve
efficiency, resulting profits and minimize impact on
environment. The introduction of prevention of
pollution at the beginning of new drug
development process is more economical, efficient,
and environment friendly. A large number of
pharmaceutical companies have introduced and
implemented pollution prevention techniques and
programs in their manufacturing facilities.
Although prevention of pollution will not be a
substitute for control technologies, however it is
often viable and always remain a popular method
for adherence to compliance requirements. For
example in the tablet coating process the
substitution of material (methylene chloride and
other chlorinated solvents with aqueous based
coating films) reduces the hazardous waste content

CONCLUSION
The pharmaceutical products are ubiquitous
especially in aquatic environment. The existing
sewage treatment systems cannot remove them.
Therefore it becomes imperative to prevent harm in
the ecosystem. The pharmaceutical compounds
such as endocrine disrupting compounds are
known to elicit serious chronic effects even at low
concentrations. Hence detection and monitoring of
impact of pharmaceutical product on environment
is the need of hour. Not only India but the advanced
regulatory markets are also facing menace of
multidrug-resistant bacterial infections. Studies on
environmental impact of majority of pharmaceutical
compounds have not been well studied as their
disposal is not regulated. Further studies on effects
of exposure to pharmaceutical compounds are
valuable to determine health risk assessment and
ecotoxicological risk assessment.
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