Fall 2002

Pharmaceuticals in the Environment

Introduction

Recently the concerns about environmental contami-
nants has widened to include not just persistent organ-
ic pollutants like pesticides (POPs) but pharmaceuti-
cals and personal care products (PPCPs) as well.
PPCPs encompass a broad class of chemicals, rang-
ing from over-the-counter and prescription drugs, to
sunscreen and fragrances. Unlike priority pollutants,
most PPCPs are not lipophilic, so they do not bioaccu-
mulate in the environment [1]. While not persistent in
terms of a long half-life, these chemicals are constant-
ly entering the environment, resulting in long-term
exposure for the aquatic ecosystem. Little is known
about the toxicology of these compounds in aquatic
ecosystems, but there is enough concern to warrant a
proactive response. Too often, regulatory changes for
chemicals in the environment are implemented in
response to a problem. This newsletter will explore
PPCPs' potential for human health effects.

Life-Cycle of PPCPs

Although interest concerning pharmaceuticals and per-
sonal care products in the environment is fairly recent,
the problem cannot Dbe considered new.
Pharmaceuticals have found their way into the envi-
ronment for as long as they have been consumed.
Most ingested drugs are excreted primarily via the
feces and urine in varying amounts of meta-bolized
and unmetabolized forms. Metabolism may result in
chemicals that are either more or less biologically
active than the form in which they were consumed.
While chemicals excreted as conjugates (combined
with other chemicals in the body to make them water
soluble) are usually biologically inactive, once in the
environment, they can undergo hydrolysis, which can
render them active, again [2]. Sewage treatment facil-
ities, depending on their technology and the chemical's
structure, are not always effective in removing the
active chemical from waste-water. As a result, phar-
maceuticals find their way into the aquatic environ-
ment, where they directly affect organisms and can be
incorporated into food chains. Sources of input include
direct dumping of excess or expired medication, as
well as veterinary uses. With a growing population and
an increased demand for medicine, the amount of
PPCPs finding their way into the environment has
been steadily increasing.

Environmental Concerns
Although pharmaceuticals and personal care products
are subject to thorough testing before being approved

for human use, there is little research available on the
fate of pharmaceuticals once they have served their
medicinal purpose. Research conducted in Europe
has raised concerns as to the effects of pharmaceuti-
cals and personal care products on aquatic life and
human health [2-6]. These studies have shown vary-
ing levels of hormones, antibiotics, blood lipid regula-
tors, non-steroidal anti-inflammatory drugs, beta-
blockers, antiepileptics, anti-depressants, antitumor
agents, retinoids, impotence drugs, fra-grances, anti-
septics, sunscreen agents, and bioactive food supple-
ments in the aquatic environment.

Antimicrobials, natural and synthetic steroids, and over
50 other individual PPCPs have been identified in
samples taken from sewage, surface waters, and
ground waters [1]. Although their concentrations are
extremely low (ranging from hundreds of parts-per-bil-
lion to less than one part-per-trillion), we currently do
not know what impacts long-term exposure to these
compounds at low levels will have on people consum-
ing contaminated drinking water. The main areas of
interest focus on PPCPSs' role in endocrine disruption
and antibiotic resistance.

Many of these drugs have similar biological mecha-
nisms, so while individually the levels are low, when
grouped by modes of action, the biological effects may
be significant. Although these drugs are approved for
human use, they are not necessarily safe for all
humans. Effects on sensitive populations, such as
children and pregnant women, are still unclear.

One major issue of concern, especially for the Great
Lakes region, is hormone disruption in aquatic life
caused by natural and pharmaceutical estrogens. The
wildlife in this geographic area has long served as a
sentinel for human health effects, most notably for
PCBs. Exposure to estrogenic pharmaceuticals has
been at low levels for such a long time that multigener-
ational changes in species could easily go unnoticed
or ascribed to other sources. Tests for subtle but
important effects such as neurobehavioral changes
and inhibition of efflux pumps are needed to allow us
to understand the extent of this problem.

Even the smallest amount of inhibition can have signif-
icant consequences on organisms that depend on
extrusion pump protein systems to remove and pre-
vent the entrance of xenobiotics (foreign chemicals
such as man-made pesticides, pharmaceuticals, and
natural toxins). The cardiac drug verapamil, a calcium
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ion influx inhibitor, competitively binds to xenobiotic
transporter sites, thus preventing the removal of other
chemicals [1].

Antibiotic resistance is another major concern sur-
round-ing the issue of PPCPs. With better detection
methods and a growing population, it is not surprising
that antibiotics are turning up in the environment in
substantial quantities. Whether via excretion or dump-
ing of excess drug, the presence of antibiotics in the
environment selects for drug-resistant strains of bacte-
ria. At low doses, the bacteria develop a tolerance for
the antibiotics. Once the resistant bacteria find their
way into our bodies and cause infection, certain antibi-
otics are no longer effective for treatment [7]. Studies
in the U.S. and Europe have detected antibiotics and
drug resistant bacteria in drinking water supplies [8,9],
with resistance most commonly directed towards ampi-
cillin and cephalothin.

However, prescription anti-biotics are only part of the
problem. The use of quinolones in food animals has
also been an issue of recent concern [10-13].
Antimicrobial resistant strains of salmonella and
campylobacter have been isolated from poultry and
meat samples taken from grocery stores in the U.S.
Many of the drugs used in animal feed are the same as
those prescribed to humans, making treatment ineffec-
tive.

Perhaps the most important question concerns what
this means for public health? We have known for a
long time that people are exposed to a variety of envi-
ronmental contaminants via drinking water and fish
and seafood consumption. We now must add PPCPs
to the list. Unlike many other contaminants, however,
PPCPs are still largely unstudied and their possible
adverse effects still unknown. [1].

Acquiring new knowledge

Because of the complex chemical structure of PPCPs,
it would be unwise to confine our concern about health
effects to only a few areas. The US Environmental
Protection Agency investigates chemicals other then
antimicrobials and steroidal estrogens, with special
attention to selective serotonin reuptake inhibitors
(SSRIs like Prozac), efflux-pump inhibitors (another
class of anti-depressants), and calcium channel block-
ers [14]. The limited data available has shown notice-
able effects on non-target species of these chemicals.
The anti-depressants Luvox (fluvoxamine) and Prozac
(fluoxetine) alter the reproductive functions of molluscs
and crustaceans [15]. Calcium-channel blockers
cause inhibition of sperm activity in certain aquatic
organisms like the sea urchin and the Atlantic croaker
[16,17]. Other classes of chemicals like retinoids are
thought to play a role in amphibian deformities [1].
Chemotherapeutic agents, antiepi-leptics, and nitro
musks are also of current concern. Nitro musks are
used in nearly every commercial fragrance formulation
and persist in the environment, resulting in the bioac-
cumulation of these chemicals in fish and mussels, as
well as breast milk and human lipids [18, 19].

Data on the prevalence of PPCPs in the environment
are scarce, and enormous amounts of laboratory and
fieldwork are necessary in order to determine their role
in environmental health. The U.S. Geological Survey
recently published results of the first nationwide report
that measured ninety-five organic wastewater contam-
inants (OWC) in U.S. streams [20].

Although only a few of the regulated chemicals were
detected at levels exceeding health guidelines, many
of the pharmaceutical and personal care products do
not have similar guidelines to even make such compar-
isons. The study detected nonprescription drugs and
steroids with the greatest frequency, while repro-duc-
tive hormones, prescription drugs, and antibiotics were
among the least frequently detected. Over 75% of
tested streams identified at least one compound, reaf-
firming the fact that additional research is needed on
the toxicology of mixtures as well as individual mole-
cules.

A Proactive Approach

In the meantime, what should be done? With so little
known, policies to handle these chemicals are current-
ly the topic of debate. It is necessary to learn more
about PPCPs, and a number of studies are underway
to improve our understanding. The Great Lakes is a
sensitive area given the potential effects of endocrine
disruption on aquatic wildlife and has attracted the
attention of researchers.

Mark Servos, a research scientist for Environment
Canada, is currently studying the effects of exposure to
pharmaceuticals and estrogenic compounds in munic-
ipal and industrial effluents and runoff from intensive
agricultural practices on aquatic ecosystems [21,22].

Health Canada has funded a number of relevant stud-
ies including a project headed by Chris Metcalfe of
Trent University that investigates the effects of
endocrine disrupting PPCPs on fish reproduction [23-
25].

Current thinking promotes the idea that action can and
should be taken in the absence of certainty if there is a
risk of substantial adverse effects. Some actions will be
helpful in other ways as well. For example, policies
dealing with the general problem of antibiotic resist-
ance from the over use or inappropriate use of antibi-
otics will also be applicable to the water contamination
problem. Antibiotics should be prescribed only when
necessary and in amounts personalized to each
patient's needs in order to minimize excess. They
should not be used for purely economic reasons, as in
agriculture. The subtherapeutic use of antibiotics in
animal feed as growth promoters should be banned,
especially for those antibiotics that have significant
human uses [13]. Disposal methods for unused med-
ication should be made clear by physicians so that high
levels of these drugs are not routinely emptied into our
aquatic ecosystems. With new chemicals being devel-
oped everyday, the drug industry should consider the
biodegradability factor of their new products and
screen them for potential effects on non-target organ-
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isms. As we gain more knowledge it is likely we will
develop new strategies as well. At least we now recog-
nize there is a problem. The challenge is how to cope
with it before it becomes unmanageable.
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