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Pharmaceutical residues in India: impact on aquatic environment

India is the world’s third largest manu-
facturer of pharmaceuticals, with exports
to over 65 countries'. By 2020, the coun-
try would be ranked in top 10 largest
pharmaceutical markets in the world?.
Typically, pharmaceutical drugs (anti-
inflammatory, antiepileptic, lipid lower-
ing agents, pf-blockers, antibiotics,
diuretics—antihypertensive,  androgens,
estrogens, etc.) are widely produced and
prescribed for human and veterinary, ag-
riculture and aquaculture purposes for
protection against various diseases and
further to improve human health®*. The
large-scale production and extensive use
of these compounds as well as their dis-
posal from medical centres and discharge
of domestic wastewaters has resulted in
environmental contamination™®. These
compounds are not completely degraded
in the environment and as a result a
number of pharmaceuticals are being re-
ported. Globally, in recent times, the
presence of these active ingredients and
their metabolites has been detected®™® in
various segments of the environment
such as treated and untreated sewage
effluents, groundwater, surface water,
drinking water, lakes, rivers, reservoirs,
estuaries and seas, at concentrations
ranging from ng ™' to pug 1. Such low
concentrations also cause public health
problems® " (Figure 1). Therefore,
pharmaceutical contamination is an
emerging concern worldwide and called
as emerging pollutants by many scien-
tists.

Pharmaceutical drugs contaminating in
the environment have been reported in
various countries like USA, UK, Ger-
many, France, Spain, Canada, Australia,
Ireland, Belgium, Switzerland, Italy,
China and South Korea. However, there
are no sufficient data on the occurrence
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and fate of pharmaceutical drugs in
India'>. There are many possibilities for
the occurrence of pharmaceuticals in the
water sources of India. Further, because
of a large population and with many hos-
pitals located in big cities, pharmaceuti-
cal drugs can easily be discharged to the
nearby water system daily. So far, very
few studies have been done in this
regard, even though India has been in-
creasingly producing and consuming
pharmaceutical drugs. For instance,
Larsson ef al."® have reported elevated
concentrations of pharmaceutical drugs
such as ciprofloxacin, losartan, cetiriz-
ine, metoprolol, enrofloxacin, citalp-
pram, norfloxacin, lomefloxacin,
enoxacin, ofloxacin and ranitidin (range
between 90 and 31,000 pgl™") in the
effluent of sewage treatment plant in
Patancheru Enviro Tech Ltd (PETL),
Patancheru, Hyderabad, India. In addi-
tion, Fick er al.'* reported that ciproflox-
acin, enoxacin, cetirizine, terbinafine and
citalopram were detected at more than
1 mg 1" in several wells close to PETL.
Very high concentrations of ciproflox-
acin (up to 6.5 mg/l), cetirizine (up to
1.2 mg/l), norfloxacin (up to 0.52 mg/l)

Human pharmaceuticals

l

Veterinary medicine

and enoxacin (up to 0.16 mg/l) were also
detected in the two lakes in the proximity
of PETL. Diwan et al."> quantified high
concentrations of ciprofloxacin (218—
236 ug 1", norfloxacin (6.4-22.8 ug 1,
levofloxacin (5-8.8 pg 1) and ofloxacin
(4.5-7.5 pg 1) in hospital wastewaters
in Ujjain, India. Ramaswamy er al.'®
reported carbamazepine (antiepileptic
drug) at 28.3 ng 1" in the Kaveri, a major
South Indian river. Recently, the occur-
rence of non-steroidal anti-inflammatory
drugs such as diclofenac, ketoprofen,
naproxen, ibuprofen, and acetylsalicylic
acid was examined in Kaveri, Vellar, and
Tamiraparani rivers in southern India'?.
Research has shown that the environ-
mentally relevant concentrations of
pharmaceutical drugs cause toxicological
health impacts on various aquatic organ-
isms. Therefore, occurrence and toxicity
of pharmaceuticals and their derivatives
in the aquatic environment are now a
growing concern>'®.

The rapid growth of pharmaceutical
industry in India has posed an elevated
risk of environmental contamination with
residual pharmaceuticals. However, only
a limited number of studies can be found

Aquaculture medicine (others)
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Figure 1.

Major source and route of the pharmaceutical drugs to humans.
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regarding the status of pharmaceutical
contamination in India'’. These emerging
environmental pollutants in aquatic envi-
ronment may affect the biological
systems of terrestrial and aquatic ecosys-
tems'®!"”. Further, it may act on mole-
cules, cells and organs and pose a serious
threat to aquatic organisms through un-
expected modes of action®”’. Therefore,
their potential effects on all segments of
aquatic systems, fauna and flora warrant
the biomonitoring of these emerging
environmental contaminants in India.

More importantly, studies on the
potential adverse ecological impacts of
pharmaceutical drugs and their residues
on the physiology of aquatic organisms
are scarce in India’’. For instance,
Malarvizhi et al** found significant
alterations on enzymes in gill, liver and
muscle of a freshwater fish, Cyprinus
carpio exposed to Carbamazepine. Sara-
vanan and co-workers®'®!""*! reported
toxicological effects of clofibric acid
(lipid regulating pro-drug), diclofenac
(non-steroidal anti-inflammatory drug)
and ibuprofen (analgesic, antipyretic and
anti-inflammatory) in an Indian major
carp, Cirrhinus mrigala and C. carpio.
Ambili et al®? observed significant
alterations on hematological and enzy-
mological responses of an Indian major
carp Labeo rohita exposed to oxytetracy-
cline (antibiotic). Oaks er al** found
dramatic decrease in vulture (Gyps sp.)
populations in the Indian subcontinent
due to diclofenac toxicity. Thus, detailed
and targeted investigations are required
to study the sources, pathways and fate
of the pharmaceutical drugs'’.

To remove these harmful pharmaceuti-
cals from wastewater many scientific
innovations are being implemented
throughout the world. Such facilities are
scarce in India and they need to be de-
veloped for a healthy environment. Big
cities such as Delhi, Mumbai, Kolkata
and Chennai may witness health impacts
in near future due to pharmaceutical
drugs and their residues. Because of con-
tinuous discharge of pharmaceuticals

higher concentrations of their residues
may be expected in surface water and
groundwater. Hence, extensive research
activities are needed to monitor the
human pharmaceutical drugs in various
segments of aquatic environments and on
non-target organisms for better under-
standing of the toxicological end-point of
pharmaceutical drugs.
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Sun protection factor: science or advertising?

The sun has both good and bad effects on
human beings. It provides warmth and
light which are critical to human physical
and psychological well-being. From
health point of view, the sun provides

support through vitamin D synthesis,
kills pathogens, phototherapy, etc.'. The
electromagnetic spectrum emitted by the
sun contains 5% of UV radiations. It is
essential to prevent human skin from the
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deleterious effects of such radiations.
There are a number of ways to do so —
Sun avoidance, wearing protective cloth-
ing, hats, glasses, applying sunscreen and
systemic photoprotection’. A sunscreen
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