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harmaceuticals are the major

method of treating human dis-

ease in Western medicine, with
hundreds of tons being produced,
dispensed, and consumed annually.
Use of pharmaceuticals in veterinary
medicine is also common. After ad-
ministration, or if they are discarded
by patients or health care profession-
als, many drugs and their metabolites
make their way into the environment
through a variety of mechanisms.
The past few decades have brought
increasing concern about the pres-
ence of these pharmaceutical com-
pounds in the environment and their
potential effects on human and envi-
ronmental health.

In August 2004, the British Broad-
casting Corporation reported on the
presence of fluoxetine in drinking
water in the United Kingdom.' The
story was subsequently commented
on by major media outlets in the
United States and created a minor
stir among the public.? While the
presence of prescription drugs in the
environment may be initially star-
tling, little reason to panic exists. The
effects of certain key classes of drugs,
such as hormones, antidepressants,
and antibiotics, on nonhuman spe-
cies are concerning and should be
further investigated, but no direct
harm to humans has been reported
or is likely. Pharmacists and other
health professionals should reassure
the public that only minute concen-
trations of pharmaceuticals are de-
tectable in the environment and
should help to minimize the pres-
ence of drugs in the environment by

encouraging the appropriate disposal
of unwanted medications.

Many reasons for the increasing
awareness of pharmaceuticals in the
environment exist. The burgeoning
human population, coupled with
growing demands on existing fresh-
water supplies due to increased agri-
cultural use, is requiring that larger
amounts of wastewater be treated
and reused. This is particularly true
in Europe, where a high population
density necessitates greater use of
treated water.” Because existing
wastewater-treatment methods are
inefficient at removing many phar-
maceuticals, more consumers are be-
ing exposed to drugs that remain in
treated water. Additionally, the rise
in per capita medication use in the
United States and western Europe
has resulted in more pharmaceuticals
being excreted into the environment.

In the United States, the Office of
Research and Development (ORD) of
the Environmental Protection Agency
(EPA) has taken the lead in monitor-
ing this issue and since April 2000 has
maintained a Web site containing a
large amount of useful information.*
The ORD term “pharmaceuticals and
personal care products” includes
prescription drugs, nonprescription
medications, drugs used in veteri-
nary care, neutraceuticals, sun-
screens, perfumes, and other similar
products.

This commentary focuses prima-
rily on prescription and nonpre-
scription drugs used in humans, al-
though, because many medications
are used in both humans and ani-
mals, determining their origin is gen-
erally not possible when drugs are
detected in the environment. Excipi-
ents and propellants contained in
pharmaceutical preparations are also
not discussed, as virtually no data ex-
ist regarding their presence in the en-
vironment or their potential health
ramifications.

Pharmacokinetics. The absorp-
tion, metabolism, and elimination
characteristics of drugs in general are
relevant when considering the intro-
duction of drugs into the environ-
ment. The majority of drugs used in
humans and animals are administered
orally for convenience. To be absorbed
from the gastrointestinal tract, drugs
must be at least somewhat water solu-
ble, although a certain amount of lip-
id solubility is needed for penetra-
tion of lipid membranes. While
drugs may be eliminated from the
body by a variety of routes, most are
excreted in the feces or urine.

Drugs are most frequently metab-
olized before they are excreted. Me-
tabolism has two main effects. First,
it generally makes the compound less
physiologically active. However,
many drugs have active metabolites,
some of which are more potent than
the original or parent drug. Second,
metabolism makes lipid-soluble drugs
more water soluble and hence more
easily eliminated by the kidneys.

Drugs usually go through two me-
tabolism phases. Phase I reactions
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are oxidation-reduction reactions in
which the chemical structure of the
molecule is altered. These are gener-
ally followed by phase II reactions in
which the drug or metabolite is con-
jugated to a water-soluble molecule,
such as through glucuronidation or
sulfation. In addition to increasing
water solubility, phase II reactions
typically make the substance phar-
macologically inert. These two fac-
tors, high water solubility and exist-
ence of conjugated metabolites, have
important ramifications when com-
paring drugs with other common en-
vironmental contaminants.
Differences between drugs and
other wastes. Pharmaceuticals in the
United States, unlike virtually all
other new chemicals, are specifically
tested for safety in humans before
reaching the market because of the
requirement of the Food and Drug
Administration (FDA) that they be
proven “safe and effective” before
they are approved for marketing.
While this provides some assurance
of safety, it does not preclude the
possibility of problems. Studies per-
formed to gain FDA approval are
performed with doses resulting in
predictable effects over relatively
short periods of time and in highly
selected populations. The results of
exposing a much broader popula-
tion, including people who may be at
particular risk of adverse effects, to
the drug at low doses and for pro-
longed periods are not known at the
time of marketing. Also, safety is test-
ed only in a small number of mam-
malian species; effects on other
mammals or nonmammalian organ-
isms are generally not determined.
FDA also requires drug manufac-
turers to conduct an environmental
assessment to be submitted as part of
a new drug application and in certain
other circumstances if the expected
introduction concentration of the
drug into the aquatic environment is
at least one part per billion.” In prac-
tical terms, the amount of active drug
expected to be produced over the
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next five years determines whether
this threshold is reached.

Unlike most other environmental
pollutants, drugs are specifically de-
signed to be biologically active. Typi-
cally, very small amounts—often a
few milligrams or less—may exert an
overt effect in a typical patient. Be-
cause of this potency, the risk of ad-
verse effects in humans and other
species may be higher than with sub-
stances that are not designed to in-
teract with specific receptors.

Also, most drugs and their metab-
olites are water soluble and are not
stored to a large extent in fat. Because
of this, the phenomenon of biomag-
nification, in which lipid-soluble
substances are passed up the food
chain in increasing amounts at each
step, is not typically an issue with
pharmaceuticals. Biomagnification is
a major reason why substances that
are present in the environment in
minute quantities, such as DDT or
certain industrial chemicals like the
polychlorinated biphenyls, may be
found in much larger concentrations
in living organisms than in the sur-
rounding environment.

Pharmaceuticals in the environ-
ment. Most pharmaceuticals present
in the environment are believed to
arrive there by discharge into munic-
ipal sewage systems after excretion of
drugs and metabolites via the renal
and fecal routes. However, medica-
tions that are not consumed are often
disposed of by flushing them into the
sewage system. This bypasses the
body’s metabolic pathways that gener-
ally make drug molecules less physio-
logically active and more polar.

In less urbanized settings, sewage
may be released into the environ-
ment with no treatment or after pass-
ing through a septic system. Other
routes of drug entry into the envi-
ronment include animal manure and
urine, runoff from landfills, and in-
dustrial waste.

Several studies have investigated
the presence of pharmaceuticals in
the environment in Europe. In the
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most highly publicized of these, re-
searchers sampled drinking water,
river water, and river sediments at
nine locations in Italy and tested for
the presence of 16 drugs or metabo-
lites at each site.® Thirteen of the 16
drugs were detectable in river water
from at least one location, while 7
were detectable in river sediment and
only 3 in drinking water. Among the
substances present in measurable
concentrations were diazepam,
atenolol, erythromycin, lincomycin,
oleandomycin, ibuprofen, and cyclo-
phosphamide. When detectable at
all, they were present in nanogram-
per-liter concentrations, which are
far below those necessary to exert
their known effects in humans.

The most comprehensive infor-
mation about pharmaceuticals in the
environment in America comes from
a group at the U.S. Geological Sur-
vey.” Over a two-year period, the re-
searchers tested for 95 organic com-
pounds, including several drugs and
metabolites, at 139 stream sampling
sites. Commonly discovered drugs
included an erythromycin metabolite
(found in 22% of samples), lincomy-
cin (19%), sulfamethoxazole (19%),
trimethoprim (27%), caffeine (71%),
and acetaminophen (24%). Various
forms of estrogen and corticosteroids
similar to cortisol were also identi-
fied at several sites. Overall, 80% of
the streams tested positive for at least
one drug, and a median of seven sub-
stances were found at each site. Simi-
lar to what was observed in Italy, most
drugs were present in concentrations
of nanograms per liter, or at least two
orders of magnitude less than the con-
centration necessary to produce overt
effects in humans.

Effects of pharmaceuticals on the
environment and human health. At
present, the greatest concern about
pharmaceuticals in the environment
is their potential effects on small
aquatic organisms. This is mainly
because short generation times mean
multiple generations are easily ex-
posed. Furthermore, when water is
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prepared for human consumption, it
is treated, removing additional traces
of pharmaceuticals and thus further
limiting human exposure. Concen-
trations in drinking water are almost
invariably lower than those in the
environment.®

Research on the environmental
hazards of pharmaceuticals has
largely focused on antibiotics and
hormones. The release of antibiotics
into the environment exposes mas-
sive numbers of microorganisms to
sublethal concentrations, allowing
for the development of resistance.
Also, because the digestive tracts of
humans and other animals contain
huge amounts of bacteria that were
not killed by exposure to adminis-
tered antibiotics, discharging this
waste into the sewage system releases
these resistant organisms directly
into the environment.

The effects of hormones, particu-
larly estrogens, have been studied in
a variety of species. Evidence exists
that high concentrations of estrogens
in aquatic environments can cause
feminization of male fish and may
cause behavioral changes in both
sexes.® What is less clear is whether
these hormones are present as the re-
sult of excretion of pharmaceuticals
into the environment or are present
naturally, since endogenous hor-
mones and metabolites are typically
eliminated via the urine.

In terms of other specific drugs or
drug classes, several researchers have
investigated the effects of very low
levels of pharmaceuticals on various
nonhuman species. For example,
verapamil impairs the efflux pumps
by which certain aquatic microor-
ganisms move toxic substances out-
side the cell.” This could potentially
increase the toxicity of otherwise in-
nocuous substances that the organ-
isms could easily handle when the
drug is not present. In addition to
their antibacterial effects, certain an-
tibiotics may kill algae.'” Fluoxetine
affects spawning behavior in both
male and female mussels at very low
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concentrations.' Fluvoxamine is one
of the most potent bivalve spawning
inhibitors ever discovered. Even a
drug as commonplace as acetamin-
ophen may have detrimental effects.
Very low concentrations of acetamin-
ophen cause immobilization of
Daphnia species (water fleas), which
are an important source of food for
freshwater fish. Diazepam has similar
effects.”?

Pharmaceuticals identified in the
environment are generally present in
concentrations two or more orders
of magnitude below those required
to exert their known effects in hu-
mans. This makes direct toxicities
unlikely but does not rule out the
possibility of more subtle, longer-
term changes that are harder to de-
tect. Exposure to multiple agents
over decades may have previously
unseen effects, particularly on tissues
other than those on which the drugs
were designed to act. Currently, no
definitive evidence exists linking the
presence of drugs in the environment
to human health risks. However,
much work remains to be done in
this area.

One particular area of concern is
substances that have been termed en-
docrine disrupters, such as com-
pounds acting as agonists or antago-
nists at estrogen, progesterone, or
androgen receptors. Colborn et
al.”!"* argue that dozens of com-
pounds present in the environment
alter fetal development. Among the
substances mentioned are the pre-
scription drugs ketoconazole and
lindane. Clearly the relationship be-
tween endocrine disrupters that are
pharmaceuticals or their metabolites
and the effects on fetal development
requires further study.

Fate of pharmaceuticals in the
environment. Existing sewage treat-
ment plants do a relatively poor job
of removing pharmaceuticals, and
none are specifically designed with
this goal in mind. The best available
data come from Germany, where the
removal of 14 drugs by a sewage
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treatment plant was quantified.'® For
most of the drugs tested, the facility
removed about half of the original
concentration, but this ranged from
only 7% for carbamazepine to 96%
for propranolol.

While this information is useful, it
should be interpreted cautiously.
First, sewage treatment plants are not
uniform in design or operation, so it
should not be expected that similar
results would be found at other
plants. Second, only the concentra-
tions of parent drugs were measured.
Pharmacologically active metabo-
lites, or inactive metabolites that
could be converted back to active
drugs by microorganisms inside and
outside the treatment plant, were not
measured. Finally, conditions such as
the amount of rainfall or changes in
water demand could affect drug re-
moval by altering the rate at which
water enters or leaves the facility.
One thing is clear, however: Sewage
treatment plants do not purify treat-
ed water with respect to pharmaceu-
ticals. By law, sewage treatment
plants are required to test for and
remove only a small number of sub-
stances; no drugs are included in
these regulations.

Even though almost all drugs are
eventually broken down by light, mi-
crobial, or other processes, a contin-
ual release of additional amounts
into the environment leads to what is
known as pseudo-persistence. One
interesting phenomenon that has
been observed is the reactivation of
drug metabolites by microorgan-
isms. As mentioned previously,
many drugs are conjugated by the
body to make them more water solu-
ble and less pharmacologically active.
Some bacteria in sewage treatment
plants have been shown to cleave the
portion of the metabolite that was
added during conjugation, thus con-
verting it back to active drug.

An additional interesting area of
research on the fate of drugs in the
environment involves pharmaceuti-
cals that become trapped in the



sludge layer at sewage treatment
plants. This sludge is often used as
fertilizer, and it is possible that drugs
are eventually taken up by the plants
the sludge is used to fertilize. Fortu-
nately, the lack of lipid solubility of
most drugs and metabolites generally
prevents biomagnification.

Minimizing pharmaceuticals in
the environment. The release of
pharmaceuticals into the environ-
ment after they are eliminated from
human or animal bodies is inevita-
ble. In the United States, both EPA
and FDA regulate waste pharmaceu-
ticals and other byproducts that re-
sult from drug manufacture, so only
limited quantities reach the ecosys-
tem by this method. One area in
which consumers and health care
professionals need to be educated is
in the appropriate disposal of un-
wanted medications.

Many individuals flush expired or
unneeded medications down the toi-
let. While this method has some ad-
vantages, such as keeping the drugs
away from rummaging children and
pets, it is no longer preferred because
of the inability of sewage treatment
plants to efficiently remove pharma-
ceuticals. The best method of dispos-
al is taking unwanted drugs to house-
hold hazardous waste collection sites
or destroying them in medical waste
incinerators.'®” Many households
do not have access to the latter, how-
ever, and drugs that are controlled
substances cannot be legally trans-
ferred to anyone other than the per-
son for whom the prescription was
written. In some cases, obtaining the
assistance of law enforcement offi-
cials in disposing of controlled sub-
stances may be appropriate. If dis-
posal by one of these methods is not
possible, making the drugs unpalat-
able by mixing them with cat litter or
a similar substance and putting them
in a sealed container in the trash is
acceptable.!®

Discussion. Although the direct
threat to human health is probably
small, publicizing the presence of
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even tiny amounts of prescription
medications—particularly psychoac-
tive agents, hormones, and cytotoxic
agents—could elicit an exaggerated
response from the public."? The abil-
ity to understand risks, particularly
those due to environmental issues, is
often poor among even otherwise
well-educated citizens.

The limited data on this topic are
published primarily in the environ-
mental rather than health science lit-
erature. While it appears to be an en-
vironmental rather than a human
health concern at this point, more
information published in the main-
stream medical literature would be
beneficial, as it would draw attention
to the possibility of the problem
worsening in the future. Also, health
professionals should be aware of rel-
evant issues related to drug disposal
so that they may get rid of unwanted
drugs safely and advise their patients
to do the same.

Pharmacists should take particu-
lar notice of how drugs are being dis-
posed of. State and local regulations
vary, but clearly it is desirable to
carefully consider how waste and ex-
pired pharmaceuticals are handled.
Pharmacists who work in health sys-
tems should collaborate with those
responsible for waste management at
their facilities to devise a policy to
determine which medications and
parenteral solutions may be drain-
wasted and which require more envi-
ronmentally friendly disposal.

In summary, while many pharma-
ceuticals are present in the aquatic
and soil environments in measurable
concentrations, the amounts present
are too low to exert overt effects on
humans. Whether long-term, low-
level exposure to drugs results in
long-term adverse effects is un-
known, and the multitude of drugs
present in the environment makes
finding cause-and-effect relation-
ships nearly impossible. The primary
threat of drugs in the environment
currently appears to be to aquatic or-
ganisms. Still, it is refreshing that this
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issue is being investigated before
large environmental or health effects
are seen. Concentrations of pharma-
ceuticals in the environment can be
monitored over time, and, with luck,
any adverse effects on the health of
humans and other species can be rec-
ognized sooner rather than later. At
present, far more questions than an-
swers exist.

Conclusion. Pharmaceuticals are
introduced into the environment by
various routes but currently appear
to pose little risk to humans.
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