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Abstract

The presence of endocrine disrupting compounds (EDCs) and pharmaceuticals and personal care products (PPCPs) in the
aquatic environment and their impact on the ecosystem and humans are emerging issues in environmental health. Many scientists
fear that these chemicals may be detrimental even in minute concentrations (ng/L to pig/L). Due to inappropriate uses, uncontrolled
disposal of chemicals and lack of regulations, the risk of exposure to chemicals is probably greater in the developing world. Con-
ventional drinking water treatment technologies have shown insufficient removal of EDCs and PPCPs. Advanced treatment tech-
nologies, such as ozonation, may seem a luxury for developing countries where there are more immediate problems such as water
supply and sanitation. However, it would not be pragmatic to ignore the long-term dangers. An awareness of EDCs and PPCPs
removal techniques in developing countries could help prioritise research to respond to perceived risks and develop appropriate
technologies and policies.
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1. Introduction combating a wide range of water quality problems
from microbial contamination to toxic chemicals, and
are doing so in an environment where economic pro-
gress is severely limited [1]. Also, the frequent limited
applications of the scientific knowledge base together
with lack of skilled labour make water quality pro-
grams in these countries grossly inefficient [1]. The
detection of endocrine disrupting compounds (EDCs)

Water quality is one of the fundamental deter-
minants of public health and it greatly enhances or
complements economic progress and sustainable
development of a country. Developing countries are
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Table 1

Definition

An endocrine disrupter is an exogenous agent that interferes with the synthesis, secretion, transport, binding, action or
elimination of natural hormones in the body that are responsible for the maintenance of homeostasis, reproduction,

development and/or behaviour [3]
Suspected EDCs

Certain natural and synthetic hormones, alkylphenols, pesticides, herbicides, organochlorines, polyaromatic hydrocarbons

(PAHs), dioxins

Pharmaceuticals and personal care products (PPCPs) such as cosmetics, sunscreens, detergents, shampoos can also act as

EDCs
Sources

Sewage treatment plants, agricultural and cattle feedlot runoffs, household disposal, industrial uses and spills, atmospheric

deposition
How do they work?

EDCs can mimic hormones (agonistic) or block hormones (antagonistic) or do both [2]

Is there any definitive list of EDCs?

No. Most chemicals have not been tested for endocrine disrupting activity and for some there are limited or controversial

data [4,5]
Important physicochemical properties

Water solubility, adsorption coefficient (log Koc), bioaccumulation potential (log Kow), Henry’s law constant [2,6]
Despite their short half lives some PPCPs are persistent due to their continuous disposal and release in water [7]

and pharmaceuticals and personal care products
(PPCPs) in the aquatic environment has added a new
dimension to water quality programs in developing
regions of the world.

The occurrence of EDCs and PPCPs in the aqua-
tic environment has been receiving increasing atten-
tion in recent times, notably in the industrialized
countries. These chemicals, at their reported trace
level concentrations (ng/L to pg/L), are thought to
be harmful to public health. Although exposure to
pesticides and other endocrine disrupting chemicals
are probably higher in developing countries, this
issue has received very little attention in those coun-
tries. The fact that many of those countries are deal-
ing with more immediate problems, would probably
explain why emerging problems of toxic micropol-
lutants have received little attention. In this paper,
we list some challenges that aquatic occurrence of
EDCs and PPCPs present to developing countries
and how research could address the issue in those
countries. We also hope that this article would raise
awareness among researchers from those regions
and encourage them to undertake research to evalu-
ate the extent of the problem and minimize overall
long-term risks.

2. EDCs and their impacts

EDCs are a diverse group of natural or synthetic
chemicals that interfere with the functioning of
hormone systems resulting in unnatural responses in
the receiving organism [3]. Table 1 presents a sum-
mary of EDCs, their potential sources and important
properties.

Research and published data are increasingly
showing evidence of deleterious impacts of EDCs and
PPCPs on the ecosystem. Feminizations of fishes and
gulls and sexual abnormalities in alligators due to
exposure to organochlorines have been reported
[8,9]. Worldwide increases of hormone related can-
cers have often been attributed to EDCs and PPCPs.
In recent years usage of herbicides and pesticides in
developing countries to boost the agricultural produc-
tivity has been escalating alarmingly. For example,
Pakistan has seen an increase of 1169% of pesticide
use in the last 20 years [10]. Such increases have led
to acute exposure of different groups to those chemi-
cals, agricultural workers in particular and may result
in hormone-dependent cancers as well. Ejaj et al. [10]
reported the detection of elevated levels of endocrine
disrupting pesticides in serum among the farmers of
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Punjab, Pakistan and, also, increased incidences of
cancer in the same area. Pocar et al. [11] noted that
EDCs may cause infertility, pregnancy loss, birth
defects, ovarian failure, growth retardation. Declined
sex ratios in Canada and the United States have also
been reported [9,12]. However, impact data on
humans are not conclusive.

Sex hormones and some xenoestrogens can affect
various non-reproductive tissues, especially, the
immune system [13,14]. It is evident now that these
estrogens are almost ubiquitous in the environment
and, as such, exposure to them is almost unavoidable.
Estrogens have the potential to bio-accumulate in
body fat and may subsequently achieve a considerable
dose [14]. They may be released from body fat during
starvation and can also enter infants during pregnancy
or through breast milk. Sustained low-level intake of
EDCs may lead to a bi-directional interaction between
the immune system and the endocrine system. EDCs
may alter the reproductive system, which in turn may
affect the immune system and vice versa [14].

3. Persistent organic pollutants (POPs),
antibiotics, anti-neoplastics and steroid hormones

Of the various classes of chemicals, POPs, anti-
biotics, anti-neoplastics and steroids probably need
special attention. Most POPs are organochlorine com-
pounds (e.g. DDT, DDE, toxaphene, dieldrin, mirex)
mainly used for industrial and agricultural applica-
tions. Following the revelation of the persistent nature
of these chemicals, their bioaccumulation potentials
and adverse impact on humans, their use have been
restricted or banned in industrialized countries. How-
ever, some developing countries still use these chemi-
cals, as they are cheap. POPs can undergo long
transport via water and air to new areas far from their
sources such as the Arctic where they have never been
used or produced [6,15]. Voldner and Li [16] reported
that the cumulative global usage (in metric tons) is
450,000 for toxaphene, 1,500,000 for DDT, 550,000
for HCH and 720,000 for lindane. Often these pesti-
cides, which are banned in industrialized countries,
are exported to developing countries. Moreover,
many countries do not keep records of pesticide use
and, in some countries, this information is classified

[19]. Thus, the actual usage of organochlorines is
probably higher than what is being reported.

Antibiotics in water could increase the resistance
in the natural bacterial population. There is a recent
concern with the increased sales and use of antiviral
“Tamiflu”, which has been found to be effective
against the avian influenza. It was found that sewage
treatment plants (STPs) cannot remove Tamiflu and
even ultraviolet (UV) radiation cannot substantially
degrade them [17]. Thus, Tamiflu might be released
in the aquatic environment and lead to the increased
resistance of the HS5N1 virus. Okeke et al. [18]
reported the acquired bacterial resistance to antibio-
tics in developing countries. Poor quality antibiotics
including degraded and expired antibiotics, misuse
and overuse of antibiotics by physicians in clinical
practice, misuse by the public, over the counter avail-
ability of antibiotics together with crowding and
improper sewage disposal contribute to the develop-
ment of antibacterial resistant strains in developing
countries [18].

Comparison between daily or life intake of phar-
maceuticals via drinking water with therapeutic doses
indicate that the exposure levels are low and well
below the dosage that can cause pharmacological
effects [19]. However, cytotoxic drugs like anti-
neoplastics (e.g. cyclophosphamide), which are carci-
nogenic, are hazardous at any concentration [19].
Thus, the use of therapeutic doses to estimate the risk
may not be applicable to genotoxins like cyclopho-
sphamide [19]. Sex steroid hormones as stated above
can alter the reproductive health and development of
the receiving organisms. Consequences of prenatal
exposure to diethylstilbestrol have been attributed to
reproductive disorders, cognitive impairment and
miscarriage have been reported [13,15]. Ethinyl-
estradiol originating from contraceptives was
assumed to be accountable for the feminization of
rainbow trouts caged and placed in STP effluents
[20].

4. EDC:s in drinking water and their removal

Insufficient removal by STPs and subsequent
disposal of effluents contribute to the occurrence of
chemicals in surface waters. The same water body
(for example, river or lake) might be serving as a
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drinking water source. Also, contamination of drink-
ing water might arise from the leaching of chemicals
to groundwater or water supply lines [21]. However,
to date, occurrence data of EDCs and PPCPs in drink-
ing water are sparse.

EDCs such as bisphenol-A (BPA), alkylphenols,
phthalates and polyaromatic hydrocarbons (PAHs)
may leach into drinking water when plastics pipes are
used in supply lines. Also BPA might leach from
infant bottles and coatings in food cans [21,22].
Drinking water supply mains that are coated with coal
tars to prevent corrosion can leach PAHs in drinking
water and are the main source of PAHs in drinking
water. A physical damage of the tar coating in the dis-
tribution line or recent repair works may increase the
concentration of PAH [23]. Disinfection with chlorine
might also leach PAH from coal tar pitch [24]. PAH
concentrations of 190-302 ng/L in chlorine treated
water have been reported [21].

Removal of an EDC or a PPCP is dependent upon
its intrinsic chemical properties such as molecular
weight, relative hydrophobicity, aromatic carbon
content and functional group composition [7,25].
Conventional treatments such as coagulation, sedi-
mentation and filtration have been found to remove
less than 25% of most EDCs and PPCPs [5,25].
Advanced water treatment technologies such as ozo-
nation, granular activated carbon (GAC) adsorption,
and UV irradiation have been reported to be efficient
in removing trace organic contaminants. For UV treat-
ment, a typical disinfection dose of (>5-40 mJ/cm?)
was found to be several orders of magnitude lower
than for the removal of most micropollutants
[26,27]. USEPA recommends GAC as the best avail-
able treatment for removal of many EDCs including
methoxychlor, endosulfan, DDT and polychlorinated
biphenyls [3]. However, there are several drug com-
pounds with high water solubility and/or poor degrad-
ability that can be resistant to GAC [28]. The X-ray
contrast medium iopromide, analgesics ibuprofen,
naproxen and dichlofenac, sulfamehtoxazole and
meprobamate are some compounds that were found
to be recalcitrant for activated carbon removal [26].
Ozonation and ozone/hydrogen peroxide based
advanced oxidation processes (AOPs) have been
found to be very effective in removing drugs like
carbamazepine, dichlofenac, ethinyl-estradiol and

benzafibrate at ozone doses of 0.5-3 mg/L [29].
Compounds like iopromide, the pesticide atrazine and
clofibric acid have been found extremely recalcitrant
to ozone alone even at higher ozone doses. In ozone
treatment, ozone (O;) attacks the organic contami-
nants either by direct reaction (as molecular Os), or
through the formation of free radicals, such as the
hydroxyl radical (¢*OH). O; is a selective oxidant;
some organic contaminants are oxidized readily and
others are not oxidized at all [30]. On the other hand,
the *OH radical is not selective and is a stronger oxi-
dant. In the advanced ozonation process, hydrogen
peroxide (H,O,) initiates and propagates the decom-
position of ozone, which in turn generates *OH
radicals, and may improve the removal of the recalci-
trant compounds [30,31]. Research studying the
removal of selected target compounds from drinking
water using O3/H,0, is underway at the University
of Western Ontario, Canada. If satisfactory removals
are obtained, this treatment process can be applied to
drinking water treatment for EDCs and PPCPs
removal. The proposed treatment process is also
expected to bring secondary benefits such as better
inactivation of micro-organisms (giardia, viruses),
removal of taste and odor, and removal of iron and
manganese. However, given that advanced ozonation
processes are highly expensive, water programs in
most developing countries would probably not be
interested in using these processes at the present time.
Some other issues that would have to be considered
are discussed later.

5. EDCs and PPCPs in the environment:
implications for developing countries

World Health Organization (WHO) estimates
show that developing countries consume about 20%
of the pesticide produced worldwide [10]. Yet due
to lack of knowledge, absence of regulatory frame-
work and appropriate pesticide market control policy,
people in those countries are probably exposed to
higher levels of toxic pesticides. Estimates show that
there are about 20,000 deaths each year around the
world due to acute pesticide intoxications 99%
of which probably occur in developing countries
[32,33]. Moreover, organochlorine pesticides are still
being used in a number of developing regions to fight
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Fig. 1. Concentration of DDTs in human milk in different countries in between 1995 and 2002 adapted from Kunisue et al.

[35] and Wong et al. [36]).

diseases such as malaria. High levels of organochlor-
ine pesticides have been identified in the environment
and also in human breast milk in many developing
countries [34,35]. Fig. 1 shows concentration of
DDTs observed in breast milk in some developing and
industrialized countries in between 1995 and 2002
(adapted from [35,36]). Clearly concentration of
DDTs in human milk in countries like Zimbabwe,
Mexico, Turkey, Uzbekistan are much higher com-
pared to the industrialized countries. Thus, infants in
those countries are exposed to higher levels of DDTs
through lactation. Due to poor waste disposal prac-
tices and insufficient sanitary landfills, the possibility
of groundwater pollution with EDCs is also poten-
tially high in the developing countries [34]. More-
over, often chemicals or drugs that are expired or
banned from the market or fail to register in the indus-
trialized countries find their way to the markets of
developing countries [18,33]. For example, between
1987 and 1989 manufacturers in the United States
produced and exported nearly 5,000,000 pounds of
insecticides chlordane and heptachlor which were
already banned in the United States [33]. Significant
portions of the population in developing countries
already being under the stress of malnutrition and
infectious diseases have aggravated the scenario even
more. Environmental toxins would interact with mal-
nutrition and infectious disease to magnify their indi-
vidual impact and also affect the immune system [33].
Thus, people in developing countries are often more

vulnerable to chemical pollution leading to adverse
health effects [37].

Industrialized nations, along the pathway of their
development, have observed a shift from the epide-
miological transition to the suite of chronic illness
such as asthma, learning disabilities, congenital mal-
formations and cancers as the leading causes of death
[38]. It is probably synthetic chemicals in air, water,
soil and food chain that are contributing to the chan-
ging patterns of paediatric diseases, especially the
increasing incidences of the chronic diseases in
children [38]. It can be presumed that these chronic
diseases in children also prevail in developing and
under-developed countries but are probably not
reported widely. Availability of cheap child labour,
lack of occupational and environmental protection
in conjunction with constant export of hazardous
chemicals and toxic wastes from industrialized
nations to the developing regions have placed chil-
dren in those countries at a two fold risk of infectious
diseases and chemical hazards [38]. Reports have
indicated frequent occurrence of abortions, childhood
cancers, and congenital malformations among chil-
dren, whose parents had occupational exposure to
pesticides. Health implications of toxic chemicals
for children are considerably higher compared to
the adults as their developing systems are more
delicate and they might not be able to repair the
damage that is triggered by early exposure to toxi-
cants [38].
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Global rise in antibiotic resistance have increased
the overall medical costs of communities due to
frequent hospitalization, longer hospital stays and
elevated treatment costs. This is of even greater
repercussion in developing countries where the econ-
omy is already overburdened. Political unrest, mass
migration and unhygienic environment with lack of
health care facilities, all these nurture the antibiotic
resistance in those countries [39].

Although perils of chemicals causing endocrine
disruption are significantly higher in developing
countries, little has been done towards addressing this
issue. Partly because many developing nations are
still fighting with more immediate problems such as
infectious diseases, water supply, sanitation, waste
disposal, war and famine. Thus, in many developing
countries, long-term risks of EDCs may not be seen
as a pressing issue at the current time [40]. There is
also a significant gap in scientific knowledge and
awareness regarding the potential adverse impacts
of EDCs and their handling technologies. Another
challenge the water industry in developing countries
will face is the lack of information on advanced water
treatment technologies. Installation of advanced water
treatment technologies would require significant
capital investment and skilled labour. The cost of
operation might seem expensive even in some com-
munities in the developed world. Also, analytical
costs would be significant. Furthermore people might
not be willing to pay for removal of compounds,
adverse impacts of which are yet to be proven. Thus,
advanced water treatment technologies for the
removal of EDCs and PPCPs might seem a luxury for
most developing countries at the present time. Despite
the fact that indirect human exposure via drinking
water is relatively low, there is a need for assessment
of long-term low-level synergistic effects of EDCs
and PPCPs, their metabolites and degradation pro-
ducts via drinking water. It would simply not be prag-
matic to ignore long-term hazards these chemicals
pose to a large population in developing regions.
Therefore, research on EDCs should not be limited
to the industrialized countries only. It should be pro-
moted in developing countries as well. This would
help characterize the extent of the problem in those
regions and will help researchers and scientists in
those regions to learn more about advanced water

treatment technologies and to develop appropriate
technologies to remove EDCs and PPCPs in water.
For example, Vieno et al. [41] noted that removal of
EDCs and PPCPs can occur through natural photo-
transformation or Dbiotransformation, which is
increased considerably during summer. For many hot
climate countries where adequate sun is available for
a longer period of the year, this could be a viable
option for removal of EDCs and PPCPs in lagoons.

6. Concluding remarks

The occurrence of synthetic chemicals in the
aquatic environment is of much concern in terms of
the global health. Although adverse effects on aquatic
and other wildlife are established, long-term threats
of these chemicals on human health are yet to be
confirmed and are being debated [42]. Extensive
environmental health research, carried out mostly in
developed countries, has obviously benefited devel-
oping countries in fostering environmental awareness
and in enacting more stringent environmental legisla-
tions than what the developed countries had in the
past in similar situations. However, often the absence
of proper social, economic and infrastructural consid-
erations have led to the failure of strict enforcement in
developing countries [43]. Even some of the under-
developed communities in many developed countries
are not well served by the health research and inter-
ventions [44]. Each society perceives and manages
the risks according to its own values and priorities
[37]. It can be speculated that technologies to handle
emerging contaminants such as EDCs and PPCPs
would fail if passed to developing countries without
building the capacity to identify and perceive their ill
effects. Thus, timely and appropriate technical assis-
tance from industrialized countries is essential. The
global nature of many environmental problems is
becoming more and more evident. Concerted interna-
tional effort and research towards characterizing the
risk and, also, co-ordination among governmental and
other agencies for appropriate chemical usage policies
is therefore urgent. Effective communication and
translation of hazards of EDCs and PPCPs in terms
of individual regions or cultures, education and for-
mulation of policies that are compatible with local
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conditions would probably lessen the vulnerability in
developing countries and the globe at large.
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