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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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is defined as ‘a product containing UV
filters to protect the skin from solar dele-
terious UV-light, avoiding or minimizing
the damage from radiation on human
health’. Sunscreen products incorporate
different chemicals known as UV filters
that absorb/reflect UV radiations. The
effectiveness of marketed sunscreen
products is based on sun protection
factor (SPF).

SPF is a quantitative measure of the
effectiveness of a sunscreen formulation.
An individual SPF value for a sunscreen
is the ratio of the dose of UV radiations
required to produce a minimal erythema
in 24h after exposure in sunscreen-
protected skin to the dose required to
produce the same degree of erythema in
unprotected skin of the same subject™’.
According to the literature survey, in
vitro method available for determination
of SPF is as follows.

In vitro SPF can be determined for
diluted solution transmittance method
by UV spectrophotometer. SPF value is
calculated using the equation®

290

SPF = CFx ) (EE ;) x I3 x Abs)),
320

where CF is the correction factor =10;
EE; the erythemogenic effect of radia-
tion at a wavelength A; I; the solar
intensity spectrum A; Abs(;, is the
absorbance of sample at a wavelength A.
EE x I are constants and determined at a
particular wavelength.

Another in vitro method used for SPF
determination is the Transpore™ tape
method using UV transmittance ana-
lyser’®

400 nm
J' E,;-S,dA
280 nm
SPF = 400 nm
E}' 'S}’ : T}’ d/l
280 nm

where E; is the relative erythemal spec-
tral effectiveness, S; the solar spectral
irradiance and T} is the spectral transmit-
tance.

The UV transmittance analyser operates
by measuring the diffused transmittance
of a carefully prepared sample as a func-
tion of wavelength in the UV spectrum.

Several factors such as test subjects,
environment, radiation source, time bet-
ween sunscreen application and UV expo-
sure, sweating, concentration of sunscreen

and vehicle, thickness of applied film,
testing procedure, sunscreen type, etc.
affect SPF of a sunscreen product®'’.
Moving towards harmonization, the
international sun protection factor test
method (ISPF-2003) was updated in 2006
and the same was accepted by the Euro-
pean, Japanese, American and South
African associations of the cosmetics,
toiletry and fragrance industries'"'?.

Sunscreens are graded based on their
SPF as low (SPF value 2-15), medium
(15-30), high (30-50) and highest (SPF
value >50)"%. The current trend is to use
a sunscreen product with high SPF. Sun-
screen products with SPF varying from
15 to 35 are available in the market,
though products claiming SPF factor of
50 or higher are also available.

In major markets, SPF range varies
from country to country'®. In Australia it
is between 2 and 30+, Canada 2 and 30+,
EU 2 and 30+, Japan 50+, New Zealand
2 and 30+, South Africa 2 and 30+ and
USA 2 and 30+.

In India, sunscreens are regulated by
the Drug and Cosmetic Act, under the
category of cosmetics. But unlike the
guidelines mentioned by the Food and
Drug Administration (FDA) in the
United States and major markets, India
possesses no separate regulations for
sunscreen products available in the mar-
ket"’. Though safety testing is mandatory
for these products, efficacy testing is left
to the manufacturers in India. However,
on demand by regulatory authorities,
companies need to submit proof for
product claims. In the absence of specific
regulatory guidelines, sunscreen products
may not be stringently regulated or con-
trolled. Hence, to advertise aggressively
cosmetic companies may claim maxi-
mum SPF on the label to attract consum-
ers. Because of the absence of stringent
regulations, such false claims should not
become one of the marketing tools for
cosmetic companies.

The need of the hour is to frame spe-
cific regulatory guidelines by Indian
regulatory authorities for sunscreen pro-
ducts clearly mentioning about SPF
range to be claimed with efficacy proof,
active ingredients, uses, warnings, direc-
tions, expiry date and other necessary
information for the consumers.
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