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Abstract- Pharmaceuticals and cosmetic products are an
essential component of contemporary healthcare systems
and are dispersed into the environment in a variety of
ways. Their presence in soil and the aquatic environment
offers a number of eco-toxicological issues due to their
innate biological activity. Numerous international
organizations, including the WHO and EPA, have
acknowledged that antibiotic contamination of soil and
water sources is contributing to the emergence of
microbial resistance to antibiotics. The pharmaceutical
industry and healthcare professionals need to follow
green and sustainable pharmaceutical practices, and
better remediation/bioremediation techniques are
among the effective actions that need to be implemented
in this regard. This chapter describes the many predicted
pathways of pharmaceutical exposure to the
environment, as well as the harmful outcomes, destiny,
and degradation in aquatic systems.
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INTRODUCTION

Modern society uses pharmaceutical substances for a
variety of good reasons, but at the same time, the
pharmaceutical industry releases extremely harmful
toxins into the environment either directly or after
chemical alterations. [1] Additionally, pharmaceutical
substances could enter the environment through
numerous channels, including runoff, seepage from
landfills, sewer systems, and discharge of treated
wastewater the feces of animals, etc. Despite the fact
that there are many physical and biological processes
in aquatic trace amounts of human and pharmaceutical
substances may decrease due to environmental
changes. Different types of water contain veterinary
medicinal chemicals and their metabolites present.
Bodies including drinking  water  supplies,
groundwater, and surface water.[2]
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The revelation of waste pharmaceuticals in the
environment poses threats to humans, aquatic life, and
wildlife around the world and is developing into a
significant issue. Equally for the pharmaceutical
industry's regulators. Significant progress on this topic
simply isn't possible. given the existing state of
knowledge on environmental transit, fate, and impacts,
this is only about pharmaceuticals. Consideration must
be given to potential pharmacological adverse effects
that could worsen. Risk assessment of pharmaceutical
compounds entails the detection of the same receptors,
inherent dangers at every level and a projection of the
risks brought on by these risks.[3]

Classification of India's biomedical waste regulations
from 1998 [4-6]

What is biomedical waste?

The trash produced during diagnostic or vaccination of
people or animals, in scientific experiments, in the
creation, biological product testing, or biological
analysis

Ownership by the operator

The manager of any hospital or facility that houses
animals make sure BMWSs are managed so there is no
negative impact on Environment and human health.

Endorsed authority

State and territorial State Pollution Control Boards
(SPCBs) and Pollution Control Committees,
respectively, are in charge of approving and enforcing
the Biomedical Waste Rules' requirements.[7]

Common locations for disposal and burning

The operators of such facilities must abide by the
Biomedical Waste Rules, and local public entities
must provide common disposal/incineration sites.[8]
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Risks in the pharmaceutical industries

Installations for formulation and production. handling
and storing dangerous chemicals in facilities like
warehouses, the Lord's, and tanks in docks, fuel
depots, and ports.[9]

Transportation (road, rail, air, water, pipelines) (road,
rail, air, water, pipelines).

Pollutant emissions include the following: sulphur
dioxide (SO2), volatile organic compounds (VOCSs),
particulate matter of 10 millimetres or smaller
(PM10), total suspended particulate matter (SPM),
carbon monoxide (CO), and nitrogen dioxide (NO2)
(VOCs). The most prevalent VOCs are acetonitrile,
dichloromethane, toluene, ethylene glycol, and N, N-
dimethyl formamide. Effluents, especially those that
are poisonous and difficult to biodegrade. [10-12]

PHARMACEUTICALS IN ENVIRONMENT

The effluent emissions could reach lakes, rivers,
oceans, streams, or other bodies of water immediately.
Releases brought on by runoff, such as storm water
runoff, may also pose a risk. Water
and soil are contaminated by hundreds of active com
pounds that are employed in human and/or animal tre
atments, as well as by their metabolites and degradati
on products. Some of these medications are persistent
, While others, known as pseudoPersistent medication
s, are constantly present in the environment due to th
eir frequent and extensive release. Pharmaceuticals ¢
ontain a wide range of side effects, some of which are
endocrine disruptors (such as synthetic hormones) an
d others of which are intended to kill microorganisms
(eg. antibiotics). [13-16]

Pharmaceuticals in rivers can endanger aquatic life
and sources of drinking water.

In heavily polluted rivers (and also in groundwaters),
levels can range from nanograms per litre (ng/L) (or
parts per trillion 1012) to milligrammes per litre (mg/
L) (or parts per million 106). Pharmaceuticals, howev
er, are often more expensive in the EU. Almost
everyone has taken medications that were either
purchased over the counter in a drugstore or were
prescribed by a doctor. In the EU, medications are
presently consumed in enormous amounts. At retail
pricing in 2007, the market for prescription and over-
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the-counter pharmaceuticals for human use in the EU
was estimated to be worth approximately €214 billion
(£169.7 billion), up from €48 billion (£38 hillion) in
1990. [17] As the world's population ages, the trend of
rising per capita consumption is expected to continue
[18]. The quality of life we enjoy is frequently greatly
improved by medications, yet little is known about the
long-term effects these drugs' residues will have on
both humans and wildlife.

There are still many knowledge gaps regarding how
pharmaceuticals affect the diverse range of organisms
in the environment, despite several research projects
that have raised some concerns. This is especially true
because the potential effects cannot always be
predicted from the therapeutic effects on humans or
from tests on a few species. Along with this issue,
there is the challenge of figuring out whether the
"cocktail effect,” or the simultaneous exposure to low
levels of numerous such chemicals and other
environmental pollutants like pesticides, may have
negative effects.[19-20]

Antibiotics (for infections), anti-cancer medications
(for cancer), antidepressants (for depression), anti-
parasitics (for parasites), NSAIDs (nonsteroidal anti-
inflammatory drugs for reducing inflammation to ease
joint pain and stiffness), betablockers (for
hypertension and heart problems), lipid regulators, and
others are among the pharmaceutical products raising
concern due to their potential effects on wildlife. The
effects of our current reliance on medications on the
environment are the main subject of this briefing. The
necessity to safeguard animals is particularly
highlighted, yet because so many rivers and ground
waters are also used for human use.[21]

ROUTES TO THE ENVIRONMENT

In general, between 30 and 90% of the oral dose is
eliminated as active substance in the urine or faeces of
both animals and people. This indicates that a sizeable
part of the original drug can be excreted intact. This
indicates that major pathways for drugs to enter the
environment include hospital and municipal sewage
works emissions. In fact, when it comes to human
pharmaceutical pollution in the EU, routine usage and
improper disposal of medications down the toilet are
more likely to cause issues than discharges from
manufacturing facilities. In contrast, very high
amounts of pharmaceutical residues have been found
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downstream of some production sites in

underdeveloped nations like India.[22]

Aquaculture and extensive animal husbandry can

cause  large  environmental  discharges  of

pharmaceuticals when it comes to veterinary
medications. Particularly animal medications can
contaminate land through the use of manure and
slurries. In a similar vein, some human drugs can also
enter the environment by the usage of sewage sludge
on agricultural land. For instance, it has been
demonstrated that a number of medications created
from sewage sludge can spread to crops likewise,
antibiotics have been discovered in food plants

(lettuce, corn, and potato) planted with animal

manure.[23]

However, for those drug residues that do wind up in

the soil, little is known about their destination,

behaviour, and in particular, the effects of these

compounds on soil microbes. Composting does have a

tendency to diminish the levels of these medicines.

Sewage sludge landfills may also create leachate that

contains a considerable amount of medicines.[24]

However, the three main ways that human medications

contaminate waterways widely are as follows:

1. As aresult of improperly disposing of unwanted
medications into the toilet or drain (and then via
STWs).

2. Asaresult of the medication being taken, either it
or a metabolite excreted and then released by a
STWs, or from STWs after dermal applications
are washed off the skin during a bath.

3. From manufacturing facilities for
pharmaceuticals or healthcare institutions, either
directly or through direct discharges from
wastewater treatment plants (WWTPs).

REGULATION OF PHARMACEUTICALS AS
WATER POLLUTANTS

Directive 2000/60/EC of the European Parliament of
the Council establishing a framework for Community
action in the field of water policy (the Water
Framework Directive (WFD)), as amended by its
daughter directives, the Environmental Quality
Standards Directive (EQSD) (2008/105/EC) and the
Priority Substances in Water Directive (2013/39/EC)
[25-17]

Pharmaceuticals in water have received little attention
from European regulators thus far. To address
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chemical water contamination, the original Water
Structure Directive (WFD) offers a framework. In
order to priorities substances for action based on risk
to or via the aquatic environment, the Environmental
Quality Standards Directive (EQSD) alters the Water
Framework Directive (WFD). 'Priority compounds'
must be monitored in water at regular intervals and
gradually removed from sediments and biota. There
are currently 45 "previous compounds" listed in
Annex X of the WFD, as updated by the EQSD in
2013, none of which are active medicinal
ingredients.[28]

A proposal from the European Parliament to assess
four medications with the possibility of putting them
on the priority substance list was put off for a while.
Amidotrizoate, carbamazepine, lopamidol, and
diclofenac were those substances, however, as will be
noted below, the last has at least been placed on the
"watch list". Three prescription drugs were suggested
by the Commission to be included to the list of
"priority substances” in 2012. These included
diclofenac, 17-estradiol (endogenous oestrogen used
in hormone replacement therapy), and 17-ethinyl
estradiol (used in the contraceptive pill) (a painkiller).
after significant industry pressure.[29]

This was not agreed upon, and as a result of the
compromise made during political negotiations, these
3 drugs were added to the first "watch list," which was
created to collect monitoring data to support future
reviews of the priority list and "for the specific purpose
of facilitating the determination of appropriate
measures to address the risk posed by these
substances." The "watch list" system was required by
Directive 2008/105/EC (EQSD) in order to provide
high-quality monitoring data on potentially harmful
compounds in the aquatic environment to facilitate
future prioritisation. The compounds that are being
targeted include those for which there aren't enough or
poor-quality monitoring data to determine the risk
posed across the EU. In addition to diclofenac, 17-
estradiol, and 17-ethinyl estradiol, which have already
been approved on the "watch list," a report from the
EU Joint Research Centre (JRC) suggested include an
additional seven drugs. Erythromycin, an antibiotic,
and trichlorfon, a pesticide that is still used in
veterinary medicine despite being banned as a
pesticide, were two of the additional drugs it suggested
Every four years, the priority list is reviewed, and as a
result, compounds on the "watch list" that have a
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confirmed considerable danger at the EU level may be
added in the upcoming version.[30]

"Priority hazardous substances" refer to compounds
for which Member States should take the appropriate
steps to stop or gradually reduce emissions,
discharges, and losses, whilst "priority substances"
still need to have their levels gradually decreased. [31]
This would require a significant increase in the level
of care at some STWSs in EU Member States, including
the UK, for the contraceptive pill and other pollutants.
Such investment is essential since the cumulative
exposure to hormone-disrupting drugs in some rivers
endangers fish and perhaps other species.

The required changes at STWs must be put into place
if wildlife is to be protected and the advantages of
contemporary medicine are to be realised.

However, advancing STWs will call for rapid research
and the creation of new technologies. Water policy
priority compounds are governed under Directive
2013/39/EU. The European Commission is given
instructions in this Directive to further investigate the
issue of water pollutants, and in particular to develop
solutions to deal with the issue of pharmaceuticals in
the environment.[32]

Drinking water standards

According to EU law, Member States must take the
steps necessary to protect drinking water from
contaminants, with a focus on the precautionary
principle, to ensure that water intended for human use
is free from pollutants in quantities that pose a possible
threat to human health. However, monitoring the
amounts of drugs in drinking water is not a necessity
under EU law.[33]

Pharmaceuticals as contaminants of the soil

The issue of pharmaceutical items contaminating soil
is not addressed at the EU level, and the majority of
national regulations in Member States do not address
this particular issue either. There is no requirement to
monitor or regulate pharmaceutical residues in sewage
sludge, despite the fact that UK law relates to heavy
metals in sewage sludge applied to land However, all
7 medicines that were searched for in the sewage
sludge from UK STWs were discovered to be present.
Ibuprofen (0.27), propranolol (0.14), erythromycin
(0.06), ofloxacin (0.22), oxytetracycline (7.63), and
fluoxetine were six substances that were monitored in
sludge from 28 STWs and discovered to be present at
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the mean amounts in mg/kg dry weight stated in
parenthesis (0.13).[34]

Research Tasks

Additionally, there are EU research projects
examining the environmental impacts of many of the
older medications that were available on the market
before an ERA was required. For instance, the
Innovative Medicines Initiative, a joint initiative of the
European Union and the pharmaceutical industry
association (EFPIA), is working on a project called
Ecorisk Prediction that aims to create a science-based
methodology to support ERA by using information
from preclinical and clinical studies as well as
information about the mode of action to forecast how
drugs will affect wildlife. It intends to resolve
regulatory and public concerns about outdated
pharmaceutical goods and to give the many unassessed
medications top priority for a future assessment
program.[35]

PHARMACEUTICALS IN THE ENVIRONMENT

Numerous substances have been detected in rivers,
many of which have been found at low concentrations.
The paper "Global occurrence of pharmaceuticals in
the environment” contains the most thorough
examination of the current level of knowledge
regarding environmental pollution by medicines
globally. While the full publication of this work won't
likely be finished until the middle of 2015 (see IWW
& Adelphi), it was done for the German Environment
Agency (UBA) in order to support SAICM
deliberations. The research examined consumption
data and anticipated changes in each of the five United
Nations (UN) regions while compiling measured
environmental concentrations of human and veterinary
medications reported there. on the environmental
effects of pharmaceutical emissions. On the global
significance of drugs in the environment, a database
with numerous maps has been created . [36] According
to this global study, 631 medicines—of which 127 are
transformations products—were discovered to be
above their detection thresholds out of 713
pharmaceuticals that were searched for in the
environment (IWW, 2014). Pharmaceuticals have
been found in the environment in 71 different nations.
Surface samples contained sixteen pharmaceutically
derived compounds.
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In each of the UN regional groups, water can be
surface water, groundwater, or drinking water.
Diclofenac  (for pain  and inflammation),
carbamazepine (for epilepsy), ibuprofen (for pain and
inflammation), sulphamethazole (for an antibiotic),
naproxen (for pain and inflammation), trimethoprim
(for an antibiotic), paracetamol (for pain), clofibric
acid (from the lipid-lowering  medication),
ciprofloxacin (from an antibiotic), ofloxacin (from an
antibiotic), nor (IWW, 2014).

Diclofenac has undergone the greatest monitoring of
these and has been found in water in about 50 different
nations.[37]

In the end, a lot of medications will be shipped to
aquatic environments. For instance, it has been
reported that various medications have been found
along the Baltic Sea coast off Germany. There are
several of these, including 17-ethinyl estradiol,
clofibric acid, ibuprofen, carbamazepine, gemfibrozil,
diclofenac, bezafibrate, naproxen, and
propyphenazone. The Swedish Medical Products
Agency is currently leading a strategy to establish the
Baltic Sea Region as a leader in pharmaceutical
sustainable development. When analysing the
outcomes of various targeted monitoring activities,
[38] it is important to keep in mind that only a small
number of the thousands of manufactured
pharmaceuticals have analytical detection methods,
and that these methods are not yet standardised
globally. As a result, detection limits may differ.
Despite the fact that drugs have also been discovered
in soil and manure.

CONCLUSION

The current system of regulations for their discharge
is unable to manage the untreated or partially treated
pharmaceutical effluents, which are currently being
released into the environment in extraordinarily large
quantities on a regular basis. Ecosystems, biota, and
people are all being affected by drug use. Thorough
safety and toxicological research must be conducted to
fully understand the side effects on human, aquatic,
and animal health. Sincere efforts are needed to lessen
the issue, as well as some suitable rules to track or
manage them. The most frequently used
pharmaceutical substances in drinking water sources
must be analyzed as part of the water quality
regulations that are enforced in India. Moreover,
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wastewater treatment plants of pharmaceutical
industrial units must widely implement the most recent
corrective methods.
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