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Scientists have documented extensive infiltration of these chemicals in U.S.
streams. At least seven kinds of contaminants were found in half the streams
tested by the U.S. Geological Survey in 1999 and 2000.
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Streams across the country are laced with prescription and over- the-counter drugs, and
researchers Wednesday called for further study to see whether the contaminants pose a risk to
wildlife or people through drinking water supplies.
Common drugs -- from heart medications and anti-depressants to ibuprofen and diabetes drugs
-- are chemicals that warrant a closer look, according to a team of researchers from Johns
Hopkins University in Baltimore.
The scientists have compiled a list of chemicals likely to infiltrate the environment. They
presented their findings in Orlando at the annual meeting of the American Chemical Society.
Scientists say they don't know whether the drugs are causing problems, but the possibility
demands further attention.
"We know that this is an important problem to look at," said Padma Venkatraman, a chemist
involved in the analysis at Johns Hopkins. "But we don't have any answers yet, because it's
very much an evolving area" of study.
The work builds on interest generated recently by a government study that documented low
levels of drug contamination in 139 streams nationwide. The tiny levels of drugs may affect
aquatic life, or even people whose drinking water is from such sources.
The drugs are reaching the environment in various ways. People often flush expired or
unneeded medication down the toilet, and traces of medication also linger in human waste.
Sewage-treatment plants cannot filter out the drugs completely, and they are released with
treated waste back into the environment.
Runoff from industry or farms, where antibiotics commonly are used to treat animal feed,
contribute to the contamination as well.
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Scientists speculate the drugs could affect wildlife and people who drink the water or eat fish
that swam in it. Developing babies may be particularly vulnerable, though scientists can't say
for sure, because very few drugs have been tested for their potential effects on a fetus.
"There are a lot of drugs for which we simply do not have enough information to answer that
question," said A. Lynn Roberts, an associate professor in geography and environmental
engineering at Johns Hopkins. "There very well could be some pharmaceuticals that pose a
human health risk to certain segments of the population such as developing fetuses."
Scientists have documented extensive infiltration of these chemicals in U.S. streams. At least
seven kinds of contaminants were found in half the streams tested by the U.S. Geological
Survey in 1999 and 2000.
Their study was not limited to pharmaceuticals. They also looked for veterinary drugs,
insecticides and fire retardants along with drugs such as antibiotics and acetominophen, an
over-the-counter painkiller.
Scientists say identifying the contamination was the first step, and now researchers need to
look at whether the drugs are doing damage. The USGS study was completed last month.
"We're not trying to scare anybody here. The whole point was to see if these compounds were
getting into streams to begin with, and we found that they are definitely out there," said Dana
Kolpin, the USGS research hydrologist who led the study.
Though many different chemicals were found in the streams, each individual contaminant
existed at very low levels, often in the range of 1 part per billion. For example, one chemical
commonly found in the streams was caffeine -- the stimulant that keeps much of America
going every day in soda, coffee and tea.
"You'd have to drink about 10,000 liters of [stream] water to get the amount of caffeine in a
cup of coffee, so we're talking about very, very low levels," said Michael Meyer, a USGS
scientist who also worked on the research.
One of the challenges will be to determine whether low levels of many different substances
interact over time to cause problems.
"It's hard enough to isolate the effect of a single compound, but when a fish is swimming
around in 30 different things, it's even harder to determine what combinations might cause
problems," Kolpin said.
Hopkins' researchers looked at sales data, rates of metabolism in the human body, dilution and
other factors in determining which drugs need to be targeted in future studies. They listed anti2

convulsant medications, cancer drugs, medications for heart disease, diabetes drugs, antidepressants and painkillers such as ibuprofen as some candidates.
"We have tried to make an intelligent guess as to what may be out there," Venkatraman said.
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SCIENCE NEWS ONLINE
March 21, 1998
DRUGGED WATERS
Does it matter that pharmaceuticals are turning up in water supplies?
By JANET RALOFF
Chemists at an agricultural research laboratory run by the Swiss government
were screening lake water for pesticide contamination when they ran across a
puzzling result. Their instruments turned up a compound that resembled
mecoprop, an herbicide they had been looking for, but it wasn't a perfect
match.
Treated municipal wastewater entering a Swiss stream. Treatment plants
have not been designed to remove excreted drugs before releasing their
effluent into public waterways.
Suspecting that they might have found the pesticide in an early stage of
degradation, Hans-Rudolf Buser and Markus D. Müller probed further. To their
surprise, the pollutant turned out to be clofibric acid, a widely used
cholesterol-lowering drug.
Immediately, the pair began scouting for the drug elsewhere -- and they
found it everywhere, from rural mountain lakes to rivers flowing through
densely populated areas. Concentrations, ranging from 1 to 100 nanograms
per liter of water, seemed to correlate with how densely a region was inhabited.
While barely detectable, these concentrations resemble those of other, more
conventional pollutants found in the environment, Buser notes, such as a
persistent, toxic ingredient of the pesticide lindane (SN: 3/15/97, p. 157).
The ubiquity of clofibric acid, which is not even manufactured in Switzerland,
argued against the possibility that the contamination stems from some
industrial accident or spill, Buser says. The only reasonable explanation, he and
Müller conclude in the Jan. 1 Environmental Science & Technology, is that it
comes from human wastes.
Though the body tends to break down any medicine it uses, how effectively
it does so can vary widely -- by individual and by drug. As a result, in some
cases, 50 to 90 percent of an administered drug may be excreted from the
body in its original or its biologically active form. In other cases, partially
degraded drugs are converted back into their active form through chemical
reactions with the environment.
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Seven years earlier, environmental chemists Thomas Heberer and HansJürgen Stan of the Technical University of Berlin had stumbled upon clofibric
acid while looking for agricultural chemicals in groundwater beneath a German
sewage treatment farm. Heberer suspects that he and Stan would have missed
the drug if it hadn't resembled a common pesticide. The drug's structural
similarity, he says, "proved the key to its detection."
Like the Swiss team, the Berlin scientists went on to find clofibric acid
throughout local waters. It laced some groundwater at concentrations of up to
4 milligrams per liter, or 4 parts per million (ppm), they will report in an
upcoming issue of the International Journal of Environmental Analytical
Chemistry. It also turned up in all the Berlin tap water they sampled -- at up to
0.2 ppb.
When it comes to waterborne drugs, however, clofibric acid is just the tip of
the iceberg. Heberer and Stan are part of a Berlin research team that has found
drugs for regulating concentrations of lipids in the blood (such as phenazone
and fenofibrate) and analgesics (including ibuprofen and diclofenac) in
groundwater beneath a sewage treatment plant. This aquifer serves as a source
of drinking water. Other researchers have detected chemotherapy drugs,
antibiotics, and hormones in bodies of water that supply drinking water.
What do low concentrations of these drugs in water mean? asks
ecotoxicologist Bent Halling-Sørensen of the Royal Danish School of Pharmacy
in Copenhagen. Do they pose a health risk to people? Can they harm wildlife or
substantially alter aquatic ecosystems? Do they foster the buildup of resistance
to antibiotics?
For now, there are no answers, he and his colleagues conclude in the January
(No. 2) Chemosphere. After reviewing more than 100 published reports on
drug residues in the environment, they found "practically zero" data for
gauging the potential toxicity of chronic exposures to low doses of these
compounds in the environment.
Most countries have regulatory agencies explicitly charged with protecting
the environment from pesticides and other potentially toxic industrial
chemicals.
Drugs, however, have come to be regulated by health departments, which
possess little expertise in protecting natural ecosystems and water supplies.
Moreover, they tend not to look at pharmaceuticals as potential pollutants -2

even though up to 90 percent of a delivered drug may leave the body in urine
and feces.
One reason for medicines' low visibility in environmental regulations is their
low concentrations in water. Until recently, most drugs in public water supplies
would have been undetectable.
Regulators have attempted to cope with this problem by asking
manufacturers to model a new drug's projected concentration in public water
supplies, based on what was known about company projections for how much
of the compound might be sold, the quantities of lake and stream water into
which the excreted drug would be flushed, and laboratory information on the
rate at which it would break down in the environment. They were also asked to
predict its accumulation in wildlife.
In the United States, an environmental assessment containing such estimates
would be submitted to the Food and Drug Administration as part of the
approval process for a new drug. If such an assessment suggested that
worrisome levels of a drug might build up, a manufacturer would have to
prepare a more detailed investigation. Such an environmental impact statement
might even explore possible mitigation measures, explains Daniel C. Kearns of
FDA in Rockville, Md.
So seldom did an environmental assessment for a new drug suggest a
hazard, however, that the FDA decided last July to reduce a manufacturer's
environmental reporting requirements. The agency concluded that excreted
drugs "are probably not having a significant environmental effect," Kearns says.
"So unless modeling data suggest a drug's concentrations would reach 1 ppb, a
manufacturer no longer must submit an environmental assessment.
"We've never seen a situation where we believe you would have an actual
impact upon the environment if [drug] concentrations were under that," he told
Science News.
Though modeling provided a useful surrogate for water monitoring when
laboratory analyses were too crude to detect low drug concentrations in the
environment, chemists today routinely detect parts per trillion (ppt) of many
waterborne pollutants.
When asked whether FDA requires any monitoring of water supplies to see
whether concentrations in the real world match the predictions of drug
manufacturers' models, Kearns said no.
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If they had, many German chemists now believe, regulators might have
received a rude awakening -- as Thomas A. Ternes did.
A chemist with the municipal water research laboratory in Wiesbaden, Ternes
realized that tons of medicines are prescribed each year in Germany, "but
nobody knows what happens to those compounds after they are excreted." So a
few years ago he launched a water-monitoring project to look for drugs in
sewage, treated water, and rivers.
He expected to find a few medicinal compounds. Instead, he detected 30 of
the 60 common pharmaceuticals for which he tested. These included lipidlowering drugs, antibiotics, analgesics, antiseptics, and beta-blocker heart
drugs. He has even found residues of drugs to control epilepsy and ones that
serve as contrast agents for diagnostic X rays. A report of his findings will
appear later this year in Water Research.
Ternes detected parts-per-billion concentrations of these drugs in both raw
sewage and the water leaving treatment plants. "We also found these
compounds in nearly all streams and rivers in Germany," he says. Though
concentrations in streams usually fall in the parts-per-trillion range, he notes
that for some compounds "you can have maximum concentrations of up to 3
[ppb]."
The highest concentrations tended to show up in the smallest rivers, where
50 percent of the water could be sewage treatment effluent. Residues of up to
10 different drugs have been found in such water at concentrations totaling 6
ppb.
Ternes notes that finding these drugs "is very hard work." For instance,
chemists usually identify a compound by comparing it against a standard
sample of that compound. These standards often are not available for sale, he
finds.
Adding to the problem, Heberer observes, is that almost all excreted drugs
dissolve easily in water. Because conventional methods of separation take
advantage of differences in the effectiveness of several solvents, it is difficult to
segregate the drugs for analysis. That's a problem Shane Snyder at Michigan
State University in East Lansing has been wrestling with in his study of
estrogens in sewage effluent.
While analyzing Las Vegas wastewater flowing into Lake Mead, Snyder found
that "all of the estrogenicity was coming out of the very water-soluble fraction."
To isolate the chemicals responsible, he had to repeat the separation
4

procedure 30 times or more. Though estradiol, the primary natural female sex
hormone, appears to be the major estrogenic compound in this water, there is
evidence that a synthetic hormone in birth control pills may also be a
contributor. Further investigation of that possibility is now under way.
"These findings are not all that surprising," observes James F. Pendergast,
acting director of the Environmental Protection Agency division that regulates
what comes out of sewage treatment plants. For quite a while, he notes, water
quality engineers have recognized that one of the highest-volume
contaminants emerging in effluent -- especially early in the morning -- is
caffeine, a drug excreted by all those people who down a cup or two of Java to
jolt their bodies awake.
Although he was unfamiliar with the new European studies documenting
drugs in water, Pendergast says that he has no reason to doubt their findings
or the possibility that they might herald what could be found in U.S. waters, if
anyone were to look.
He's also not surprised that European chemists have stumbled onto the issue
before U.S. scientists. A number of environmental issues -- from methyl
mercury buildups in acidified lakes to reproductive risks from hormonemimicking pollutants -- became hot research topics in Europe before U.S.
researchers jumped on the bandwagon, he says.
The issue of drugs in water, he concludes, "is certainly an area where we
could use a lot more science." The critical issue is whether existing
concentrations pose any hazard to wildlife or to people. To date, he notes,
"information on hazards at the nanogram level just hasn't been developed."
A few laboratories stand poised to try. Snyder's assays, for instance, indicate
that estradiol in water can reach 20 ppt -- a concentration that can cause some
male fish to produce an egg-making protein normally seen only in reproductive
females. In upcoming experiments in Lake Mead, he plans to cage fish within a
plume of effluent from an upstream sewage treatment plant.
Using a bacterial test that gauges a pollutant's potential to damage DNA,
Andreas Hartmann of the Swiss Federal Institute of Technology in Zurich has
been studying effluent from hospitals and municipal wastewater treatment
plants. In the March Environmental Toxicology and Chemistry, he reports
finding fluoroquinolones, a class of broad-spectrum antibiotics, to be the
leading source of a hospital wastewater's toxicity to DNA.
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"We're finding 0.5 microgram per liter of fluoroquinolone antibiotics in
sewage treatment plant water," Hartmann told Science News. Tests have
tentatively identified the drug as ciprofloxacin. Once the antibiotic is more
firmly identified, he plans to study "whether it -- alone or in combination with
other antibiotics -- has an influence on the developing resistance to these
compounds that we're finding in pathogenic organisms in the environment."
"If [he's] finding fluoroquinolone antibiotics at that level in water and they're
not breaking down, that would be a problem," says Stuart Levy, who directs the
Center for Adaptation Genetics and Drug Resistance at Tufts University in
Boston. Parts-per-trillion concentrations of these drugs can affect Escherichia
coli and other bacteria, he notes. The 1,000 times higher concentrations
reported in German wastewater suggest to Levy that "these antibiotics may be
present at levels of consequence to bacteria -- levels that could not only alter
the ecology of the environment but also give rise to antibiotic resistance."
Halling-Sørensen is also studying waterborne antibiotics, though his focus is
their potential toxicity to algae, crustaceans, and other aquatic residents. By
quantifying the potential ecological effects of individual compounds, he says,
"we may get information that's useful for decision making.
"For instance, if we have five medicinal compounds that can treat the same
disease, we might now identify which is most friendly to the ecosystem -- and
choose to use that one."
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Pharmaceuticals, Hormones, and
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1999-2000: A National
Reconnaissance
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rarely exceeded drinking-water guidelines, drinking-water
health advisories, or aquatic-life criteria. Many compounds,
however, do not have such guidelines established. The
detection of multiple OWCs was common for this study, with
a median of seven and as many as 38 OWCs being
found in a given water sample. Little is known about the
potential interactive effects (such as synergistic or
antagonistic toxicity) that may occur from complex mixtures
of OWCs in the environment. In addition, results of this
study demonstrate the importance of obtaining data on
metabolites to fully understand not only the fate and transport
of OWCs in the hydrologic system but also their ultimate
overall effect on human health and the environment.
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To provide the first nationwide reconnaissance of the
occurrence of pharmaceuticals, hormones, and other
organic wastewater contaminants (OWCs) in water resources,
the U.S. Geological Survey used five newly developed
analytical methods to measure concentrations of 95 OWCs
in water samples from a network of 139 streams across
30 states during 1999 and 2000. The selection of sampling
sites was biased toward streams susceptible to contamination (i.e. downstream of intense urbanization and livestock
production). OWCs were prevalent during this study,
being found in 80% of the streams sampled. The compounds
detected represent a wide range of residential, industrial,
and agricultural origins and uses with 82 of the 95
OWCs being found during this study. The most frequently
detected compounds were coprostanol (fecal steroid),
cholesterol (plant and animal steroid), N,N-diethyltoluamide
(insect repellant), caffeine (stimulant), triclosan (antimicrobial
disinfectant), tri(2-chloroethyl)phosphate (fire retardant),
and 4-nonylphenol (nonionic detergent metabolite). Measured
concentrations for this study were generally low and
* Corresponding author phone: (319)358-3614; fax: (319)358-3606;
e-mail: dwkolpin@usgs.gov.
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Introduction
The continued exponential growth in human population has
created a corresponding increase in the demand for the
Earth’s limited supply of freshwater. Thus, protecting the
integrity of our water resources is one of the most essential
environmental issues of the 21st century. Recent decades
have brought increasing concerns for potential adverse
human and ecological health effects resulting from the
production, use, and disposal of numerous chemicals that
offer improvements in industry, agriculture, medical treatment, and even common household conveniences (1).
Research has shown that many such compounds can enter
the environment, disperse, and persist to a greater extent
than first anticipated. Some compounds, such as pesticides,
are intentionally released in measured applications. Others,
such as industrial byproducts, are released through regulated
and unregulated industrial discharges to water and air
resources. Household chemicals, pharmaceuticals, and other
consumables as well as biogenic hormones are released
directly to the environment after passing through wastewater
treatment processes (via wastewater treatment plants, or
domestic septic systems), which often are not designed to
remove them from the effluent (2). Veterinary pharmaceuticals used in animal feeding operations may be released to
the environment with animal wastes through overflow or
leakage from storage structures or land application (3). As
a result, there are a wide variety of transport pathways for
many different chemicals to enter and persist in environmental waters.
Surprisingly, little is known about the extent of environmental occurrence, transport, and ultimate fate of many
synthetic organic chemicals after their intended use, particularly hormonally active chemicals (4), personal care
products, and pharmaceuticals that are designed to stimulate
a physiological response in humans, plants, and animals (1,
5). One reason for this general lack of data is that, until
recently, there have been few analytical methods capable of
detecting these compounds at low concentrations which
might be expected in the environment (6). Potential concerns
from the environmental presence of these compounds
include abnormal physiological processes and reproductive
impairment (7-12), increased incidences of cancer (13), the
development of antibiotic-resistant bacteria (14-17), and
the potential increased toxicity of chemical mixtures (18).
For many substances, the potential effects on humans and
aquatic ecosystems are not clearly understood (1, 2, 19).
The primary objective of this study is to provide the first
nationwide reconnaissance of the occurrence of a broad suite
of 95 organic wastewater contaminants (OWCs), including
10.1021/es011055j Not subject to U.S. copyright. Publ. 2002 Am. Chem.Soc.
Published on Web 03/13/2002

FIGURE 1. Location of 139 stream sampling sites.
many compounds of emerging environmental concern, in
streams across the United States. These OWCs are potentially
associated with human, industrial, and agricultural wastewaters and include antibiotics, other prescription drugs,
nonprescription drugs, steroids, reproductive hormones,
personal care products, products of oil use and combustion,
and other extensively used chemicals. The target OWCs were
selected because they are expected to enter the environment
through common wastewater pathways, are used in significant quantities, may have human or environmental health
implications, are representative or potential indicators of
certain classes of compounds or sources, and/or can be
accurately measured in environmental samples using available technologies. Although these 95 OWCs are just a small
subset of compounds being used by society, they represent
a starting point for this investigation examining the transport
of OWCs to water resources of the United States.
This paper describes the analytical results available from
139 streams sampled during 1999-2000 (Figure 1). The results
are intended to determine if OWCs are entering U.S. streams
and to estimate the extent of their co-occurrence in susceptible waters. In addition, this study provides a focal point
for the development and testing of new laboratory methods
for measuring OWCs in environmental samples at trace levels,
an interpretive context for future assessments of OWCs, and
a means for establishing research priorities and future
monitoring strategies. More complete interpretations, including an evaluation of the role of potential sources of
contamination, will follow in subsequent papers.

Site Selection and Sampling
Little data were available on the occurrence of most of the
targeted OWCs in U.S. streams at the onset of this investigation. Therefore, the selection of sampling sites primarily
focused on areas considered susceptible to contamination
from human, industrial, and agricultural wastewater. The
139 stream sites sampled during 1999-2000 (Figure 1)
represent a wide range of geography, hydrogeology, land
use, climate, and basin size. Specific information on the
individual sampling sites is provided elsewhere (20).
All samples were collected by U.S. Geological Survey
personnel using consistent protocols and procedures de-

signed to obtain a sample representative of the streamwaters
using standard depth and width integrating techniques (21).
At each site, a composite water sample was collected from
about 4-6 vertical profiles which was split into appropriate
containers for shipment to the participating laboratories.
For those bottles requiring filtration, water was passed
through a 0.7 µm, baked, glass-fiber filter in the field where
possible, or else filtration was conducted in the laboratory.
Water samples for each chemical analysis were stored in
precleaned-amber, glass bottles and collected in duplicate.
The duplicate samples were used for backup purposes (in
case of breakage of the primary sample) and for laboratory
replicates. Following collection, samples were immediately
chilled and sent to the laboratory. To minimize contamination
of samples, use of personal care items (i.e. insect repellents,
colognes, perfumes), caffeinated products, and tobacco were
discouraged during sample collection and processing.
Each stream site was sampled once during the 19992000 study period. Samples collected in 1999 were analyzed
for a subset of the OWCs based on the watershed land-use
characteristics. Samples collected in 2000 were analyzed for
the complete suite of OWCs. The analytical results for each
stream sample are available elsewhere (20).

Analytical Methods
To determine the environmental extent of 95 OWCs (Table
1) in susceptible streams, five separate analytical methods
were used. Each method was developed independently in
different laboratories, with somewhat different data objectives, such as identifying hormones versus identifying
antibiotics. As a result of these differing objectives, varying
approaches were used in the development of the five
analytical methods. For example, select methods (Methods
1-3 below) used filtered water for solid-phase extraction
(SPE) with liquid chromatography/mass spectrometry positive-ion electrospray (LC/MS-ESI(+)) analysis, while others
(Methods 4 and 5 below) used whole-water continuous
liquid-liquid extraction (CLLE) with capillary gas chromatography/mass spectrometry (GC/MS) analysis.
All methods use selected ion monitoring (SIM) for
improved sensitivity, thus, only the target compounds were
reported with no attempt to report data for nontarget
VOL. 36, NO. 6, 2002 / ENVIRONMENTAL SCIENCE & TECHNOLOGY
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TABLE 1. Summary of Analytical Results of Streams Sampled for 95 Organic Wastewater Contaminantsi

RL
freq
(µg/L) (%)

max
(µg/L)

med
(µg/L)

CASRN

N

carbodox (1)
chlortetracycline (1)
chlortetracycline (2)
ciprofloxacin (1)
doxycycline (1)
enrofloxacin (1)
erythromycin-H2O (1)

6804-07-5
57-62-5
57-62-5
85721-33-1
564-25-0
93106-60-6
114-07-8

104
115
84
115
115
115
104

0.10
0.05
0.10
0.02
0.1
0.02
0.05

0
0
2.4
2.6
0
0
21.5

ND
ND
0.69
0.03
ND
ND
1.7

ND
ND
0.42
0.02
ND
ND
0.1

lincomycin (1)
norfloxacin (1)
oxytetracycline (1)
oxytetracycline (2)
roxithromycin (1)
sarafloxacin (1)
sulfachloropyridazine (2)
sulfadimethoxine (1)
sulfadimethoxine (2)
sulfamerazine (1)
sulfamerazine (2)
sulfamethazine (1)
sulfamethazine (2)
sulfamethizole (1)
sulfamethoxazole (1)
sulfamethoxazole (3)
sulfathiazole (1)
sulfathiazole (2)
tetracycline (1)
tetracycline (2)
trimethoprim (1)
trimethoprim (3)
tylosin (1)
virginiamycin (1)

154-21-2
70458-96-7
79-57-2
79-57-2
80214-83-1
98105-99-8
80-32-0
122-11-2
122-11-2
127-79-7
127-79-7
57-68-1
57-68-1
144-82-1
723-46-6
723-46-6
72-14-0
72-14-0
60-54-8
60-54-8
738-70-5
738-70-5
1401-69-0
21411-53-0

104
115
115
84
104
115
84
104
84
104
84
104
84
104
104
84
104
84
115
84
104
84
104
104

0.05
0.02
0.1
0.10
0.03
0.02
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.023
0.10
0.05
0.05
0.10
0.03
0.014
0.05
0.10

19.2
0.9
0
1.2
4.8
0
0
0
1.2
0
0
4.8
1.2
1.0
12.5
19.0
0
0
0
1.2
12.5
27.4
13.5
0

0.73
0.12
ND
0.34
0.18
ND
ND
ND
0.06
ND
ND
0.12
0.22
0.13
1.9
0.52
ND
ND
ND
0.11
0.71
0.30
0.28
ND

0.06
0.12
ND
0.34
0.05
ND
ND
ND
0.06
ND
ND
0.02
0.22
0.13
0.15
0.066
ND
ND
ND
0.11
0.15
0.013
0.04
ND

albuterol (salbutamol) (3)
cimetidine (3)
codeine (3)
codeine (4)
dehydronifedipine (3)
digoxin (3)
digoxigenin (3)
diltiazem (3)
enalaprilat (3)

18559-94-9
51481-61-9
76-57-3
76-57-3
67035-22-7
20830-75-5
1672-46-4
42399-41-7
76420-72-9

84
84
46
85
84
46
84
84
84

0.029 0
ND
0.007 9.5 0.58d
0.24
6.5 0.019
0.1
10.6 1.0d
0.01 14.3 0.03
0.26
0
NDd
0.008 0
ND
0.012 13.1 0.049
0.15
1.2 0.046d

ND
0.074d
0.012
0.2d
0.012
NDd
ND
0.021
0.046d

fluoxetine (3)
gemfibrozil (3)
metformin (3)
paroxetine metabolite (3)

54910-89-3
25812-30-0
657-24-9
-

84
84
84
84

0.018
0.015
0.003
0.26

0.012d
0.79
0.15d
NDd

0.012d
0.048
0.11d
NDd

ranitidine (3)
warfarin (3)

66357-35-5
81-81-2

84 0.01
84 0.001

acetaminophen (3)
caffeine (3)
caffeine (4)
cotinine (3)
cotinine (4)
1,7-dimethylxanthine (3)
ibuprofen (3)

103-90-2
58-08-2
58-08-2
486-56-6
486-56-6
611-59-6
15687-27-1

84
84
85
84
54
84
84

1,4-dichlorobenzene (4)
2,6-di-tert-butylphenol (4)
2,6-di-tert-butyl-1,4-benzoquinone (4)
5-methyl-1H-benzotriazole (4)
acetophenone (4)
anthracene (4)
benzo[a]pyrene (4)
3-tert-butyl-4-hydroxy anisole (4)
butylated hydroxy toluene (4)
bis(2-ethylhexyl) adipate (4)
bis(2-ethylhexyl) phthalate (4)

106-46-7
128-39-2
719-22-2
136-85-6
98-86-2
120-12-7
50-32-8
25013-16-5
128-37-0
103-23-1
117-81-7

chemical (method)

use

Veterinary and Human Antibiotics
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
erythromycin
metabolite
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic
antibiotic

-

-/1
88000a/3
88000a/3
-/0
-/0
40b/29
665000b/35

-

-/0
-/6
102000a/46
102000a/46
-/0
-/0
-/0
-/5
-/5
100000c/17
100000c/17
100000c 17
100000c/17
-/0
-/0
-/0
-/0
-/0
550000b/3
550000b/3
3000c/4
3000c/4
-/0
-/0

antiasthmatic
antacid
analgesic
analgesic
antianginal
cardiac stimulant
digoxin metabolite
antihypertensive
enalapril maleate
(antihypertensive)
metabolite
antidepressant
antihyperlipidemic
antidiabetic
paroxetine
(antidepressant)
metabolite
antacid
anticoagulant

-

-/0
-/0
-/0
-/0
-/0
10000000a/24
-/0
-/0
-/0

-

-/0
-/0
-/0
-/0

-

-/0
16000c/ 33

antipyretic
stimulant
stimulant
nicotine metabolite
nicotine metabolite
caffeine metabolite
antiinflammatory

-

6000a/ 14
40000e/ 77
40000e/ 77
-/0
-/0
-/0
-/0

75
0.2
400
6

1100c/190
-/2
-/0
-/0
155000e/21
5.4e/188
1.5a/428
870c/14
1440a/15
480a/9
7500a/309

Prescription Drugs

1.2
3.6
4.8
0

1.2 0.01d
0
ND

0.01d
ND

Nonprescription Drugs
0.009
0.014
0.08
0.023
0.04
0.018
0.018

23.8 10
61.9 6.0
70.6 5.7
38.1 0.90
31.5 0.57
28.6 3.1d
9.5 1.0

0.11
0.081
0.1
0.024
0.05
0.11d
0.20

lowest LC50 for the
most sensitive
indicator species
MCL or
HAL (23) (µg/L)/no. of aquatic
(µg/L) studies identified (24)

Other Wastewater-Related Compounds
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85
85
85
54
85
85
85
85
85
85
85

0.03
0.08
0.10
0.10
0.15
0.05
0.05
0.12
0.08
2.0
2.5

25.9 4.3
3.5 0.11d
9.4 0.46
31.5 2.4
9.4 0.41
4.7 0.11
9.4 0.24
2.4 0.2d
2.4 0.1d
3.5 10f
10.6 20f
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0.09
0.06d
0.13
0.39
0.15
0.07
0.04
0.1d
0.1d
3f
7f

deodorizer
antioxidant
antioxidant
antiocorrosive
fragrance
PAH
PAH
antioxidant
antioxidant
plasticizer
plasticizer

TABLE 1. (Continued)

chemical (method)

CASRN

N

RL
(µg/L)

freq
(%)

max
med
(µg/L) (µg/L)

use

Other Wastewater-Related Compounds
bisphenol A (4)
carbaryl (4)
cis-chlordane (4)
chlorpyrifos (4)
diazinon (4)
dieldrin (4)
diethylphthalate (4)
ethanol,2-butoxy-phosphate (4)
fluoranthene (4)
lindane (4)
methyl parathion (4)
4-methyl phenol (4)
naphthalene (4)
N,N-diethyltoluamide (4)
4-nonylphenol (4)

80-05-7
63-25-2
5103-71-9
2921-88-2
333-41-5
60-57-1
84-66-2
78-51-3
206-44-0
58-89-9
298-00-0
106-44-5
91-20-3
134-62-3
251-545-23

85
85
85
85
85
85
54
85
85
85
85
85
85
54
85

0.09
0.06
0.04
0.02
0.03
0.08
0.25
0.2
0.03
0.05
0.06
0.04
0.02
0.04
0.50

41.2
16.5
4.7
15.3
25.9
4.7
11.1
45.9
29.4
5.9
1.2
24.7
16.5
74.1
50.6

12
0.1d
0.1
0.31
0.35
0.21
0.42
6.7
1.2
0.11
0.01
0.54
0.08
1.1
40g

0.14
0.04d
0.02
0.06
0.07
0.18
0.2
0.51
0.04
0.02
0.01
0.05
0.02
0.06
0.8g

4-nonylphenol monoethoxylate (4) -

85 1.0

45.9 20g

1g

4-nonylphenol diethoxylate (4)

-

85 1.1

36.5 9g

1g

4-octylphenol monoethoxylate (4)

-

85 0.1

43.5 2g

0.2g

4-octylphenol diethoxylate (4)

-

85 0.2

23.5

1g

0.1g

phenanthrene (4)
phenol (4)
phthalic anhydride (4)
pyrene (4)
tetrachloroethylene (4)
triclosan (4)

85-01-8
108-95-2
85-44-9
129-00-0
127-18-4
3380-34-5

85
85
85
85
85
85

11.8
8.2
17.6
28.2
23.5
57.6

0.53
1.3f
1f
0.84
0.70d
2.3

0.04
0.7f
0.7f
0.05
0.07d
0.14

tri(2-chloroethyl) phosphate (4)
tri(dichlorisopropyl) phosphate (4)
triphenyl phosphate (4)

115-96-8
85 0.04
13674-87-8 85 0.1
115-86-6
85 0.1

cis-androsterone (5)
cholesterol (4)
cholesterol (5)
coprostanol (4)
coprostanol (5)
equilenin (5)
equilin (5)
17r-ethynyl estradiol (5)
17r-estradiol (5)
17β-estradiol (4)
17β-estradiol (5)
estriol (5)
estrone (5)
mestranol (5)
19-norethisterone (5)
progesterone (5)
stigmastanol (4)
testosterone (5)

53-41-8
57-88-5
57-88-5
360-68-9
360-68-9
517-09-9
474-86-2
57-63-6
57-91-0
50-28-2
50-28-2
50-27-1
53-16-7
72-33-3
68-22-4
57-83-0
19466-47-8
58-22-0

0.06
0.25
0.25
0.03
0.03
0.05

57.6 0.54
12.9 0.16
14.1 0.22

0.1
0.1
0.04

plasticizer
insecticide
insecticide
insecticide
insecticide
insecticide
plasticizer
plasticizer
PAH
insecticide
insecticide
disinfectant
PAH
insect repellant
nonionic detergent
metabolite
nonionic detergent
metabolite
nonionic detergent
metabolite
nonionic detergent
metabolite
nonionic detergent
metabolite
PAH
disinfectant
plastic manufacturing
PAH
solvent, degreaser
antimicrobial
disinfectant
fire retardant
fire retardant
plasticizer

700
2
20
0.6
0.2
0.2
2
20
-

-

66000b/8
3600b/9
280c/66

urinary steroid
plant/animal steroid
plant/animal steroid
fecal steroid
fecal steroid
estrogen replacement
estrogen replacement
ovulation inhibitor
reproductive hormone
reproductive hormone
reproductive hormone
reproductive hormone
reproductive hormone
ovulation inhibitor
ovulation inhibitor
reproductive hormone
plant steroid
reproductive hormone

-

-/0
-/0
-/0
-/0
-/0
-/0
-/0
-/22
-/0
-/0
-/0
-/0
-/11
-/0
-/0
-/0
-/0
-/4

Steroids and Hormones
70
85
70
85
70
70
70
70
70
85
70
70
70
70
70
70
54
70

0.005
1.5
0.005
0.6
0.005
0.005
0.005
0.005
0.005
0.5
0.005
0.005
0.005
0.005
0.005
0.005
2.0
0.005

14.3
55.3
84.3
35.3
85.7
2.8
1.4
15.7
5.7
10.6
10.0
21.4
7.1
10.0
12.8
4.3
5.6
2.8

0.214
10d
60h
9.8d
150h
0.278
0.147
0.831
0.074
0.2d
0.093
0.051
0.112
0.407
0.872
0.199
4d
0.214

0.017
1d
0.83
0.70d
0.088
0.14
0.147
0.073
0.03
0.16d
0.009
0.019
0.027
0.074
0.048
0.11
2d
0.116

lowest LC50 for the
most sensitive
indicator species
MCL or
HAL (23) (µg/L)/no. of aquatic
(µg/L) studies identified (24)
3600e/26
0.4a/1541
7.4b/28
0.1a/1794
0.56a/1040
2.6c/1540
12000c/129
10400e/7
74e/216
30c/1979
12a/888
1400a/74
910c/519
71250c/9
130e/135
14450a/4
-

5500a/6

-

-/0

-

-/0

400
5
-

590a/192
4000c/2085
40400c/5
90.9a/112
4680c/147
180e/3

a Daphnia magna (water flea) - 48 h exposure LC . b Other species and variable conditions. c Oncorhynchus mykiss (rainbow trout) - 96 h
50
exposure LC50. d Concentration estimated - average recovery <60%. e Pimephales promelas (fathead minnow) - 96 h exposure LC50. f Concentration
estimated - compound routinely detected in laboratory blanks. g Concentration estimated - reference standard prepared from a technical mixture.
h Concentration estimated - value greater than highest point on calibration curve. i Compounds suspected of being hormonally active are in bold
(4, 22). CASRN, Chemical Abstracts Service Registry Number; N, number of samples; RL, reporting level; freq, frequency of detection; max,
maximum concentration; med, median detectable concentration; MCL, maximum contaminant level; HAL, health advisory level; LC50, lethal
concentration with 50% mortality; ND, not detected; -, not available; PAH, polycyclic aromatic hydrocarbon.

compounds. Target compounds within each method were
selected from the large number of chemical possibilities based
upon usage, toxicity, potential hormonal activity, and
persistence in the environment. Some compounds that fit
the above criteria, however, could not be included (such as
amoxicillin, roxarsone, polybrominated diphenyl ethers)
because they were either incompatible with the corresponding method or reference standards were not available. Positive
identification of a compound required elution within the
expected retention time window. In addition, the sample

spectra and ion abundance ratios were required to match
that of the reference standard compounds. The base-peak
ion was used for quantitation, and, if possible, two qualifier
ions were used for confirmation. After qualitative criteria
were met, compound concentrations were calculated from
5 to 8 point calibration curves (generally from 0.01 to 10.0
µg/L) using internal standard quantitation. Methods 1 and
2 process calibration standards through the extraction
procedure, which generally corrects concentrations for
method losses but not matrix effects. Methods 3-5 do not
VOL. 36, NO. 6, 2002 / ENVIRONMENTAL SCIENCE & TECHNOLOGY
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extract calibration standards, thus the reported concentrations are not corrected for method losses. Reporting levels
(RLs) were determined for each method by either an
evaluation of instrument response, calculation of limit of
detection, or from a previously published procedure (25).
RLs were adjusted based on experience with the compounds
in each method, known interferences, or known recovery
problems.
The following descriptions are intended to provide a brief
overview of the five analytical methods used for this study.
More comprehensive method descriptions are provided
elsewhere (26-28) or will be available in subsequent publications.
Method 1. This method targets 21 antibiotic compounds
(Table 1) in 500-mL filtered water samples using modifications from previously described methods (26, 29). The
antibiotics were extracted and analyzed by tandem SPE and
single quadrapole, LC/MS-ESI(+) using SIM. To prevent the
tetracycline antibiotics from complexing with Ca2+ and Mg2+
ions and residual metals on the SPE cartridges, 0.5 mg of
disodium ethylenediaminetetraacetate (Na2EDTA; C10H14O8Na2N2-H2O) was added to each water sample. Sample pH
was adjusted to 3 using concentrated H2SO4. The tandem
SPE included an Oasis Hydrophilic-Lipophilic-Balance
(HLB) cartridge (60 mg) followed by a mixed mode, HLBcation exchange (MCX) cartridge (60 mg) (Waters Inc.,
Milford, MA). The HLB and MCX cartridges were conditioned
with ultrapure H2O, CH3OH, and CH3OH with 5% NH4OH.
The HLB cartridge was attached to the top of the MCX
cartridge, and the sample was passed through the SPE
cartridges using a vacuum extraction manifold. The cartridges
were eluted with CH3OH, and the MCX cartridge was eluted
separately using CH3OH with 5% NH4OH. The eluate was
spiked with 500 ng of 13C6-sulfamethazine (internal standard),
vortexed, and evaporated to 20 µL using N2 and a water bath
of 55° C. Three hundred µL of 20 mM of NH4C2H3OO (pH 5.7)
was added to sample eluate, vortexed, transferred to a glass
chromatography vial, and frozen until analysis. Samples were
extracted as a set of 11 environmental samples, one duplicate
sample, two fortified ultrapure water spikes (check standards),
and two ultrapure water blanks.
Method 2. This method targets eight antibiotic compounds (Table 1) in filtered water samples. Complete details
of this method have been described previously (26). The
antibiotics were extracted and analyzed using SPE and SIM
LC/MS-ESI(+). Samples were prepared for extraction by
adding 13C6-sulfamethazine and meclocycline as surrogate
standards, Na2EDTA, and H2SO4. Target compounds were
extracted using 60-mg HLB cartridges preconditioned with
CH3OH, NHCl, and distilled H2O. Target compounds were
eluted with CH3OH into a test tube containing the internal
standard, simatone. The extracts were then concentrated
under N2 to approximately 50 µL, and mobile phase A (10
mM NH4H2O2 in 90/10 water/CH3OH with 0.3% CH2O2) was
added. The resulting solutions were transferred to amber
autosampler vials to prevent photodegradation of tetracyclines (30). Mobile phase conditions are described in detail
elsewhere (26).
For each compound, the proton adduct of the molecular
ion (M + H)+ and at least one confirming ion were acquired
using LC/MS-ESI(+). All mass spectral conditions are described in detail elsewhere (26). Quantitation was based on
the ratio of the base peak ion (M + H)+ of the analyte to the
base peak of the internal standard. Standard addition was
used for quantitation where each sample was analyzed with
and without the addition of a 0.5 µg/L spike to correct for
suppression of the electrospray signal.
Method 3. This method targets 21 human prescription
and nonprescription drugs and their select metabolites (Table
1) in filtered water samples. Compounds were extracted from
1206
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1 L water samples using SPE cartridges that contain 0.5 g of
HLB (flow rate of 15 mL/min). After extraction, the adsorbed
compounds were eluted with CH3OH followed by CH3OH
acidified with C2HCl3O2. The two fractions were reduced
under N2 to near dryness and then combined and brought
to a final volume of 1 mL in 10% C2H3N:90% H2O buffered
with NH4H2O2/CH2O2.
Compounds were separated and measured by highperformance liquid chromatography (HPLC) using a polar
(neutral silanol) reverse-phase octylsilane (C8) HPLC column
(Metasil Basic 3 µm, 150 × 2.0 mm; Metachem Technologies).
The compounds were eluted with a binary gradient of mobile
phase A (aqueous NH4H2O2/CH2O2 buffer; 10 mM, pH 3.7)
and mobile phase B (100% C2H3N).
Method 4. This method (27, 28) targets 46 OWCs (Table
1) in unfiltered water. One-liter whole-water samples were
extracted using CLLE with CH2Cl2. Distilled solvent was
recycled through a microdroplet dispersing frit to improve
extraction efficiency. Samples were extracted for 3 h at
ambient pH and for an additional 3 h at pH 2. The extract
was concentrated under N2 to 1 mL and analyzed by capillarycolumn GC/MS. Available standards for the 4-nonylphenol
compounds were composed of multiple isomers, and thus,
laboratory standards for these compounds as well as octylphenol ethoxylates were prepared from technical mixtures.
Method 5. This method (28) targets 14 steroid compounds
including several biogenic and synthetic reproductive hormones (Table 1). The CLLE extracts from the previously
analyzed samples of Method 4 were derivatized and reanalyzed. Analysis of steroid and hormone compounds by GC/
MS is enhanced by derivatization to deactivate the hydroxyl
and keto functional groups. The technique used in this study
is the formation of trimethylsilyl (TMS) ethers of the hydroxyl
groups and oximes of the keto groups. Samples were stored
in a silanizing reagent to prevent hydrolysis of the derivatives
back to the free compound. Surrogate standards (d4estradiol
and d7cholesterol) were added to the samples prior to
derivatization to evaluate method performance. After derivatization, the samples were analyzed by GC/MS.
Quality Assurance Protocol. At least one fortified laboratory spike and one laboratory blank was analyzed with each
set of 10-16 environmental samples. Most methods had
surrogate compounds added to samples prior to extraction
to monitor method performance. A summary of recoveries
for target compounds and surrogate compounds in environmental samples (Table 2) indicates the general proficiency
of the methods. The RL (Table 1) is equivalent to the lowest
concentration standard that could be reliably quantitated.
The compound concentrations reported below the RL or the
lowest calibration standard were estimated as indicated in
Figure 2. The concentration of compounds with <60%
recovery, routinely detected in laboratory blanks, or prepared
with technical grade mixtures, was also considered estimated
(Table 1).
The laboratory blanks were used to assess potential sample
contamination. Blank contamination was not subtracted from
environmental results. However, environmental concentrations within twice the values observed in the set blank were
reported as less than the RL.
A field quality assurance protocol was used to determine
the effect, if any, of field equipment and procedures on the
concentrations of OWCs in water samples. Field blanks, made
from laboratory-grade organic free water, were submitted
for about 5% of the sites and analyzed for all of the 95 OWCs.
Field blanks were subject to the same sample processing,
handling, and equipment as the stream samples. To date,
one field blank had a detection of coprostanol and testosterone, one field blank had a detection of naphthalene
and tri(dichlorisopropyl)phosphate, and one field blank had

TABLE 2. Summary of Quality Assurance/Quality Control
Results for Target and Surrogate Compoundsb
spike concn
(µg/L)

mean
% recovery

% RSD

target compounds

Method 1
1.0

99.0

12.1

target compounds
6-sulfamethazine
meclocycline

Method 2
1.0
1.0
1.0

97.5
80.0
80.0

12.2
20.0
20.0

target compounds
C13-phenacetin

Method 3
0.5
1.0

85.1
96.8

11.6
14.0

target compounds
d21-BHT
n-nonylphenol

Method 4
1.0
2.0
2.0

81.0
63.0
83.0

11.0
25.0
20.0

target compounds
d4-estradiola
d3-testosteronea
d7-cholesterola

Method 5
NA
0.047
0.051
0.053

NA
128.8
148.5
116.9

NA
42.0
47.3
55.9

compound

13C

a Surrogate standard added after CCLE extraction but prior to
derivitization. b RSD, relative standard deviation; NA, not currently
available.

a detection of naphthalene, 4-nonylphenol, phenol, 4-tertoctylphenol monoethoxylate, and ethanol,2-butoxy-phosphate. Most of these detections were near their respective

RLs verifying the general effectiveness of the sampling
protocols used for this study. In addition all field blanks had
low level concentrations of cholesterol being measured using
Method 5 (median concentration ) 0.09 µg/L) documenting
its ubiquitous nature in the environment. Cholesterol
concentrations from 0.005 to 0.18 µg/L obtained through
Method 5 were set to less than the RL.
Compounds that were measured by more than one
analytical method (Table 1; Figure 3) also were used to
evaluate the results for this study. The presence or absence
of these compounds were confirmed in 100% of the determinations for sulfamerazine, and sulfathiazole; 98.8% for
oxytetracycline, sulfadimethoxine, sulfamethazine, and tetracycline; 98.6% for cholesterol and coprostanol; 97.6% for
chlortetracyline; 95.7% for 17β-estradiol; 94.4% for cotinine;
94.0% for trimethoprim; 89.1% for sulfamethoxazole; 86.4%
for codeine; and 83.3% for caffeine. The comparisons for
codeine, caffeine, and cotinine may have been affected by
the differing extractions (SPE versus CLLE) as well as differing
types of sample (filtered versus whole water).
An interlaboratory comparison of Methods 1 and 3 was
conducted using two reagent water blanks and 24 reagent
water spikes prepared at concentrations ranging from 0.5 to
1.1 µg/L for two frequently detected antibiotics (sulfamethoxazole and trimethoprim). The results demonstrated that both
methods are accurately confirming the presence of sulfamethoxazole and trimethoprim in water, with the measured
concentrations being within a factor of 3 or better of the
actual concentrations for these compounds. No false positives
or false negatives occurred for this experiment.

FIGURE 2. Measured concentrations for the 30 most frequently detected organic wastewater contaminants. Boxplots show concentration
distribution truncated at the reporting level. Estimated values below the reporting level are shown. Estimated maximum values for
coprostanol and cholesterol obtained from Method 5 (Table 1) are not shown. The analytical method number is provided (in parentheses)
at the end of each compound name. An explanation of a boxplot is provided in Figure 3.
VOL. 36, NO. 6, 2002 / ENVIRONMENTAL SCIENCE & TECHNOLOGY
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FIGURE 3. Comparison of concentrations of select compounds that were measured using two different methods with significantly different
reporting levels. Boxplots show concentration distribution truncated at the reporting level. Estimated values below the reporting level
are shown. Estimated maximum values for chloesterol and coprostanol obtained from Method 5 (Table 1) are not shown. The analytical
method number is provided (in parentheses) at the end of each compound name.

Results and Discussion
One or more OWCs were found in 80% of the 139 streams
sampled for this study. The high overall frequency of detection
for the OWCs is likely influenced by the design of this study,
which placed a focus on stream sites that were generally
considered susceptible to contamination (i.e. downstream
of intense urbanization and livestock production). In addition, select OWCs (such as cholesterol) can also be derived
from nonanthropogenic sources. Furthermore, some of the
OWCs were selected because previous research (28) identified
them as prevalent in the environment. Thus, the results of
this study should not be considered representative of all
streams in the United States. A previous investigation of
streams downstream of German municipal sewage treatment
plants also found a high occurrence of OWCs (31).
A large number of OWCs (82 out of 95) were detected at
least once during this study (Table 1). Only eight antibiotics
and five other prescription drugs were not detected in the
samples analyzed (Table 1). Measured concentrations were
generally low (median detectable concentrations generally
<1 µg/L, Table 1), with few compounds exceeding drinkingwater guidelines, health advisories, or aquatic-life criteria
(Table 1). The concentration of benzo[a]pyrene exceeded its
maximum contaminant level (MCL) of 0.2 µg/L at one site
and bis(2-ethylhexyl)phthalate concentrations exceeded its
MCL of 6.0 µg/L at five sites. In addition, aquatic-life criteria
were exceeded for chlorpyrifos (Table 1) at a single site.
However, many of the 95 OWCs do not have such guidelines
or criteria determined (Table 1). In fact, much is yet to be
known about the potential toxicological effects of many of
the OWCs under investigation (1). For many OWCs, acute
effects to aquatic biota appear limited because of the low
concentrations generally occurring in the environment (24,
32-34). More subtle, chronic effects from low-level envi1208
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ronmental exposure to select OWCs appear to be of much
greater concern (1). Such chronic effects have been documented in the literature (34-38). In addition, because
antibiotics are specifically designed to reduce bacterial
populations in animals, even low-level concentrations in the
environment could increase the rate at which pathogenic
bacteria develop resistance to these compounds (15-17,
39).
The 30 most frequently detected compounds represent
a wide variety of uses and origins including residential,
industrial, and agricultural sources (Figure 2, Table 1). Only
about 5% of the concentrations for these compounds
exceeded 1 µg/L. Over 60% of these higher concentrations
were derived from cholesterol and three detergent metabolites (4-nonyphenol, 4-nonylphenol monoethoxylate, and
4-nonylphenol diethoxylate). The frequent detection of
cotinine, 1,7-dimethylxanthine, erythromycin-H2O, and other
OWC metabolites demonstrate the importance of obtaining
data on degradates to fully understand the fate and transport
of OWCs in the hydrologic system. In addition, their presence
suggests that to accurately determine the overall effect on
human and environmental health (such as pathogen resistance and genotoxicity) from OWCs, their degradates should
also be considered. The presence of the parent compound
and/or their select metabolites in water resources has
previously been documented for OWCs (40, 41) as well as
other classes of chemicals such as pesticides (42, 43).
Many of the most frequently detected compounds (Figure
2) were measured in unfiltered samples using Method 4.
Thus, their frequencies of detection may be somewhat higher
because concentrations being measured include both the
dissolved and particulate phases, whereas concentrations
measured by Methods 1-3 include just the dissolved phase.
For example, about 90% of the coprostanol discharged from

FIGURE 4. Frequency of detection of organic wastewater contaminants by general use category (4A), and percent of total measured
concentration of organic wastewater contaminants by general use category (4B). Number of compounds in each category shown above
bar.
sewage effluents has been shown to be associated with
particulate matter (44). Thus, the concentration and frequency of detection for select compounds would likely have
been reduced if sample filtration had taken place.
Variations in RL also influence the frequency of OWC
detection (Figure 2). For example, the detection of 4-nonylphenol would likely have been much greater if an order of
magnitude lower RL (similar to other OWCs) could have been
achieved. The effect of RL on frequencies of detection is more
clearly demonstrated by comparison of concentrations of
select compounds that were measured using multiple
analytical methods (Figure 3). As expected, the frequency of
detection for a given compound was higher with the lower
RL. The only exception being caffeine, where filtration of
Method 3 may have reduced caffeine concentrations compared to that of the unfiltered Method 4. Figures 2 and 3 also
demonstrate the importance of estimated values (45) below
the RL. Clearly the numerous estimated concentrations
illustrate that the current RLs are not low enough to accurately
characterize the total range of OWC concentrations in the
stream samples and that the frequencies of detection for this
study are conservative.
To obtain a broader view of the results for this study, the
95 OWCs were divided into 15 groups based on their general
uses and/or origins. The data show two environmental

determinations: frequency of detection (Figure 4A) and
percent of total measured concentration (Figure 4B) for each
group of compounds. These two views show a vastly different
representation of the data. In relation to frequency of
detection, there were a number of groups that were frequently
detected, with seven of the 15 groups being found in over
60% of the stream samples (Figure 4A). However, three groups
(detergent metabolites, plasticizers, and steroids) contributed
almost 80% of the total measured concentration (Figure 4B).
For those groups of compounds that have received recent
public attentionsnamely antibiotics, nonprescription drugs,
other prescription drugs, and reproductive hormones (1, 2,
10)snonprescription drugs were found with greatest frequency (Figure 4A). Antibiotics, other prescription drugs,
and reproductive hormones were found at relatively similar
frequencies of detection. The greater frequency of detection
for nonprescription drugs may be at least partially derived
from their suspected greater annual use compared to these
other groups of compounds. When toxicity is considered,
measured concentrations of reproductive hormones may
have greater implications for health of aquatic organisms
than measured concentrations of nonprescription drugs.
Previous research has shown that even low-level exposure
(<0.001 µg/L) to select hormones can illicit deleterious effects
in aquatic species (7, 46, 47).
VOL. 36, NO. 6, 2002 / ENVIRONMENTAL SCIENCE & TECHNOLOGY
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additional research also needs to be focused on those OWCs
not frequently detected in this stream sampling. Select OWCs
may be hydrophobic and thus may be more likely to be
present in stream sediments than in streamwater (65, 66).
For example, the low frequency of detection for the tetracycline (chlortetracycline, doxycycline, oxytetracycline, tetracycline) and quinolone (ciprofloxacin, enrofloxacin, norfloxacin, sarafloxacin) antibiotics is not unexpected given
their apparent affinity for sorption to sediment (66). In
addition, select OWCs may be degrading into new, more
persistent compounds that could be transported into the
environment instead of (or in addition to) their associated
parent compound.

Acknowledgments
FIGURE 5. Relation between total concentration (summation from
all detections) and number of organic wastewater contaminants
found per water sample (Spearman’s rank correlation coefficient
) 0.94, P < 0.001).
Mixtures of various OWCs were prevalent during this
study, with most (75%) of the streams sampled having more
than one OWC identified. In fact, a median of seven OWCs
were detected in these streams, with as many as 38
compounds found in a given streamwater sample (Figure 5).
Because only a subset of the 95 OWCs were measured at
most sites collected during the first year of study, it is
suspected that the median number of OWCs for this study
is likely underestimated. Although individual compounds
were generally detected at low-levels, total concentrations
of the OWCs commonly exceeded 1 µg/L (Figure 5). In
addition, 33 of the 95 target OWCs are known or suspected
to exhibit at least weak hormonal activity with the potential
to disrupt normal endocrine function (4, 7, 8, 10, 12, 22, 36,
37, 48-50), all of which were detected in at least one stream
sample during this study (Table 1). The maximum total
concentration of hormonally active compounds was 57.3 µg/
L. Aquatic species exposed to estrogenic compounds have
been shown to alter normal hormonal levels (7, 48, 51). Thus,
the results of this study suggest that additional research on
the toxicity of the target compounds should include not only
the individual OWCs but also mixtures of these compounds.
The prevalence of multiple compounds in water resources
has been previously documented for other contaminants
(52, 53). In addition, research has shown that select chemical
combinations can exhibit additive or synergistic toxic effects
(54-56), with even compounds of different modes of action
having interactive toxicological effects (57).
The results of this study document that detectable
quantities of OWCs occur in U.S. streams at the national
scale. This implies that many such compounds survive
wastewater treatment (1, 6, 58) and biodegradation (59).
Future research will be needed to identify those factors (i.e.
high use and chemical persistence) that are most important
in determining the occurrence and concentration of OWCs
in water resources.
Although previous research has also shown that antibiotics
(60), other prescription drugs (1, 2, 19, 61-63), and nonprescription drugs (1, 40, 62, 64) can be present in streams,
this study is the first to examine their occurrence in a wide
variety of hydrogeologic, climatic, and land-use settings
across the United States. Much is yet to be learned pertaining
to the effects (particularly those chronic in nature) on
humans, plants, and animals exposed to low-level concentrations of pharmaceuticals and other OWCs. Furthermore,
little is known about the potential interactive effects (synergistic or antagonistic toxicity) that may occur from complex
mixtures of these compounds in the environment. Finally,
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What's in that Water?
USGS Releases First Nationwide Look At
Pharmaceuticals, Hormones And Other Organic
Contaminants In U.S. Streams
Report available at: http://toxics.usgs.gov/regional/emc.html
The U.S. Geological Survey (USGS), today, unveiled the first-ever study of pharmaceuticals,
hormones and other organic waste water-related chemicals in streams across the nation. And
while the findings are significant in their own right, the work points to the need for more
research in the future.
Published today in the journal Environmental Science & Technology, the study shows that
pharmaceuticals, hormones, and other organic wastewater-related chemicals have been
detected at very low concentrations in streams across the Nation. Many of the chemicals
examined (81 of 95) do not have drinking-water standards or health advisories. Measured
concentrations of compounds that do have standards or criteria rarely exceeded any of them.
Limited information is available on the potential health effects to human and aquatic
ecosystems from low-level, long-term exposure or exposure to combinations of these
chemicals. These new data can guide future research in these areas.
"Little is known about the environmental occurrence of many chemicals we use to maintain and
improve the quality of our daily lives," said Dr. Robert Hirsch, USGS Associate Director for
Water. "This study begins a process of exploring the occurrence of these chemicals in our
nation's streams. The new techniques for measuring these chemicals will be very helpful for
the many scientists who study contaminant movement, impacts on ecosystems, and human
health effects."
The USGS study found that chemicals used in households, agriculture, and industry can enter
the environment through a variety of wastewater sources, according to Dana Kolpin, a USGS
research hydrologist and head of this national study. Those compounds include human and
veterinary drugs (including antibiotics), natural and synthetic hormones, detergents,
plasticizers, insecticides and fire retardants.
The most frequently detected compounds included: coprostanol (fecal steroid) cholesterol
(plant and animal steroid) N-N-diethyltoluamide (insect repellant) caffeine (stimulant) triclosan
(antimicrobial disinfectant) tri (2-chloroethyl) phosphate (fire retardant) 4-nonylphenol
(detergent metabolite).
"Overall, steroids, non-prescription drugs and a chemical found in insect repellants were the
chemical groups most frequently detected," Kolpin said. "Detergent metabolites, steroids and
plasticizers were generally measured at higher concentrations than the other chemical groups,
but concentrations measured in this study generally were very low (less than 1 part-perbillion)."
In addition, this study found that wastewater chemicals often mixed in the streams sampled.
In half the streams sampled, seven or more compounds were detected and in one stream, 38
chemicals were present in a single water sample.

As part of this study, new laboratory methods were developed in five USGS research
laboratories, providing the ability to measure the concentrations of 95 wastewater-related
chemicals in water samples. During 1999 and 2000, a network of 139 streams in 30 states
were sampled and analyzed for the presence of these chemicals. The streams drain watersheds
of varied climate, geology, land use, and size. Most sites were located downstream of areas of
intense urbanization and livestock activity, where wastewater is known or suspected to enter
the streams.
Because this study is the first to explore the occurrence of these chemicals in the United
States, the sites were selected based on where the chemicals are most likely to occur. Thus,
this reconnaissance study sets the stage for future studies that can answer questions such as:
how far downstream from their sources do these chemicals remain present in the stream, how
do the concentrations of these chemicals vary as a function of factors such as climate, land
use, flow rates, or waste characteristics or treatment methods.
The paper "Pharmaceuticals, hormones, and other organic wastewater contaminants in U.S.
streams, 1999-2000: A national reconnaissance" can be found in the March 15 issue of
Environmental Science & Technology, or on the web at:
http://toxics.usgs.gov/regional/emc.html.
The water-quality data from this study will be available in a companion report "Water-quality
data for pharmaceuticals, hormones, and other organic wastewater contaminants in U.S.
streams, 1999-2000", USGS Open-File Report 02-94 on the internet at http://toxics.usgs.gov/.
This investigation was conducted as part of the USGS Toxic Substances Hydrology Program. As
the Nation's science agency for natural resources, hazards and the environment, the USGS is
committed to meeting the health, safety and knowledge needs of the changing world around
us.
This press release and in-depth information about USGS programs may be found on the USGS
web page: http://www.usgs.gov. To receive the latest USGS news releases automatically by
email, send a request to listproc@listserver.usgs.gov. Specify the listserver(s) of interest from
the following names: water-pr: geologic-hazards-pr; biological-pr; mapping-pr; products-pr;
lecture-pr. In the body of the message write: subscribe (name of listserver) (your name).
Example: subscribe water-pr joe smith.
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Index of USGS News Releases
-----------------------------------------------------------------------U.S. Geological Survey, MS119 National Center, Reston, VA 20192, USA
URL http://www.usgs.gov/public/press/public_affairs/press_releases/pr1569m.html
Contact: hbuxton@usgs.gov
bkinerney@usgs.gov
Last Modification: 3-13-2002@10:04am(KW)

Pharmaceuticals.org, Inc.

Project Description: Pharmaceuticals and Personal Care Products

”, U.S. Environmental Protection Agency, February, 2001, Christian G. Daughton, U.S. EPA,
Las Vegas
The business model after funding will be both simple and unique, with all of the parts
serving to eliminate any down side risk, give greater assurance of substantial profits,
and yield a vertically integrated business that will become one of the largest
pharmaceutical waste management and pharmaceutical re-marketers of life saving
drugs in the United States.

Interdiction of Pharmaceuticals in the Ecosystem
We have developed and patented a proprietary concept that facilitates the
interdiction and harvesting of catalytic or non-catalytic pharmaceutical agents
from human wastes before they enter the eco-system.

Patent Number is #6317900
Process Accomplishments:
Interdiction of pharmaceuticals before they enter the eco-system
Reduces litigation exposure
Improves water and air quality
Allows for the recovery and recycling of pharmaceuticals
Cost Effective
Achieves Economies of Scale
Enhances Public Perception of the Pharmaceutical Industry
The technology generally includes the use of a portable waste containment unit configured
to serve as a toilet for an individual who has been treated with a pharmaceutical agent. The
waste containment unit is preferably configured as a self-contained unit with a separate
removable reservoir, such that it is capable of being sealed for transporting as a unit to a
facility where human wastes contained within the waste containment unit or its separate
reservoir can be appropriately segregated and processed. An outer, upper surface of the waste
containment unit forms a seat equipped with a cover for sealing the waste containment unit.
The waste containment unit includes a reservoir whose capacity is preferably sufficient to hold
human waste produced over an approximate period in which pharmaceuticals and their
metabolized byproducts are typically eliminated from the body of an individual.

The waste containment unit will be of different configurations to fit the patients’ needs
in the hospital, in the home, and for use while the patient is mobile and being treated
as an outpatient.
The purpose of the different types of waste containment units is to interdict
the pharmaceuticals before they enter the ecosystem through a municipal
sewage system or a septic tank system.
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These processes may be viewed on the Internet by clicking on the Web Addresses
shown below.

http://toilets.com/pharmaceuticals.htm
http://toilets.com/pharm_production.htm
http://toilets.com/pharm_recovery.htm
The Company will utilize an existing portable sanitation franchise operation to place the
Waste Collection Units (WCU’s) in hospitals and with outpatients and subsequently pick
up the WCU according to directions. This will be a substantial profit center for the
Company.
The Company, upon receiving the WCU’s, will then segregate the waste by
pharmaceutical product and utilize current FDA approved methods of processing to
properly dispose of or reclaim the product for remarketing.

2

This an E-mail response from the EPA
To Earl: Yes, I'm aware of your work. In fact, there are referrals to your
web site from our EPA web site on "pharmaceuticals as pollutants.
(http://www.epa.gov/nerlesd1/chemistry/pharma/index.htm).
>From the PPCPs home page, locate the bullet for "Relevant and Useful
Websites" (towards the bottom of the home page). This will take you to:
http://www.epa.gov/nerlesd1/chemistry/ppcp/relevant.htm
>From there, clicking on the category "Disposal and New Ideas in PPCP
Recycling & Pollution Prevention" takes you to:
http://www.epa.gov/nerlesd1/chemistry/ppcp/relevant.htm#Disposaland
New Ideas
In that category, you'll see the following reference:
Drug "mining" from human excreta (an illustrative proposal)
http://www.toilets.com/pharm_recovery.htm
http://www.toilets.com/pharmaceuticals.htm
I've also got some references to your work on some of the many other pages that comprise our web
site. If my memory serves me, I've also highlighted your work in my review articles as illustrative of
what can be done with regard to pollution prevention.
If you have some technical publications that you'd like for me to include in the cited references, let me
know.
====================
Christian Daughton, Ph.D.
Chief, Environmental Chemistry Branch
Environmental Sciences Division
National Exposure Research Laboratory
U.S. EPA
944 East Harmon Ave.
Las Vegas, NV 89119
702-798-2207
fax 702-798-2142
daughton.christian@epa.gov
Environmental Aspects of Pharmaceuticals
and Personal Care Products (PPCPs):
http://www.epa.gov/nerlesd1/chemistry/pharma/index.htm
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Worldwide there are over 14,000 government approved pharmaceuticals
manufactured by all of the pharmaceutical companies that are toxic and pollute the
environment.
The hospitals and pharmaceutical companies detail the proper method of disposing of
the trace amounts of their toxic pharmaceuticals in syringes and intravenous
packages and totally ignore the majority (estimated to be 97%) of the toxic
pharmaceuticals in the patient. The majority of toxic pharmaceuticals enters the
ecosystem and poisons all of us through the patients’ normal daily elimination of
their bodily waste. The data for each toxic pharmaceutical entering the ecosystem
through the human urine and faeces elimination is readily available. Some examples
of the rate of elimination are as follows:
A Partial List of the Toxic Oncology Drugs Secreted in Human Body Waste
Bleomycin. . . . . . . . . . . . . . . .
Busulfan. . . . . . . . . . . . . . . . .
Carmustine. . . . . . . . . . . . . . .
Chlorambucil. . . . . . . . . . . . . .
Cistplatin . . . . . . . . . . . . . . . . .
Citrate. . . . . . . . . . . . . . . .
Chlorambucil. . . . . . . . . . . .
Cyclophosphamide . . . . . . . . .
Cytarabine
hydrochloride. . . . . . . . .
Dacarbazine. . . . . . . . . . . .
Dactinomycin. . . . . . . . . . .
Daunorubicin . . . . . . . . . .
Doxorubicin. . . . . . . . . . . .
Epirubicin Hydo . . . . . . . . . . .
Etoposide. . . . . . . . . . . . . .
Fluorouracil. . . . . . . . . . . .
Floruridine. . . . . . . . . . . . .
Hydrochloride. . . . . . . . . .
Hydroxyurea. . . . . . . . . . .
Ifosfamide . . . . . . . . . . . .
Limustine. . . . . . . . . . . . .
Mechlorethamine
hydrochloride . . . . . . . . . . . . .
Megestrol Acetate. . . . . . .
Melphalan . . . . . . . . . . . . . . . .
Mercaptopurine . . . . . . . . . . .
Methotrexate. . . . . . . . . . . .
Mitomycin. . . . . . . . . . . . . .
Mitoxantrone
hydrochloride . . . . . . . . . . . . .
Plicamycin. . . . . . . . . . . .
Tamoxifen. . . . . . . . . . . . .
Thiotepa. . . . . . . . . . . . . .
Thioguanine . . . . . . . . . . . . . .
Streptozocin. . . . . . . . . . . .
Vincristine sulfate. . . . . . . .
Vinblastine Sulfate. . . . . . .

excreted in urine 72 hrs. 50% in first 24 hrs
excreted in urine 12-24 hrs.
excreted in the urine over 96 hours
excreted in urine in 48 hrs.
excreted in urine in 7 days
excreted in feces and urine
excreted mostly in urine 60% in 24 Hrs.
excreted in urine 72 hrs (i.v.)
excreted in the urine within 24 hours
excreted in the urine 30-46% within 6 Hrs.
excreted in urine in 5 days 20% in first 24 hrs.
excreted in feces 7 days 48 hrs.
excreted in feces 7 days urine 6 days
excreted in urine 7 days and feces 5 days
excreted in urine in 4 days feces in 7 days
excreted in urine in 48 hrs
excreted in the urine
60% excreted in urine 40% in feces with bile
excreted in urine
excreted in urine 48 hrs.
excreted principally in the urine
excreted in urine in 48 hrs
excreted in urine 57-78% within 10 days
excreted in urine 48 hr feces 7 days
excreted in urine 48-72 hrs 50% in first 24 hrs.
excreted in the urine 72 hrs. feces 7 days
excreted in urine first 24 hrs
excreted in urine 6 days feces 7 days
excreted in urine 40% in 15 Hrs.
Not completed
excreted in urine in 72 hrs.
excreted in urine in 72 hrs.
excreted Principally in Urine
excreted in urine 4 days feces 7 days
excreted in urine 4 days - feces 7 days
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Sample Product Listing:

Candidate for Disposal Fee Revenue

Floxin® By Injection
Antibiotic -A broad spectrum fluoroquinolone
Ofloxacin exerts its bactericidal effect by inhibiting bacterial DNA gyrase enzyme.
This in turn prevents bacterial replication. The spectrum of activity includes such
organisms as gram-positive bacteria including penicillin-resistant staphylococci;
gram-negative aerobic bacteria like Enterobacteriaceae and P. Aerugonisa;
Mycoplasma; and Chlamydia among others. The drug is widely distributed into
body fluids and tissues following administration, including the CSF. Ofloxacin
is metabolized to some degree in the liver, with elimination via the urine and
feces. The elimination half-life averages 4-8 hours.

Sample Product Listing:

Candidate for Re-manufacturing and Re-

marketing
Tenormin®
Cardiovascular – Beta-Blocker
Atenolol is a relatively cardioselective beta-1-adrenergic receptor blocker which
results in: (1) decreased heart rate and cardiac output; (2) a decrease in systolic and
diastolic blood pressure; (3) inhibition of isoproterenol tachycardia; and (4) a
decrease of reflex orthostatic tachycardia. Atenolol does not cross the blood brain
barrier. Oral bioavailability is approximately 50%. Peak plasma levels after and oral
dose are reached in 2-4 hours with a half-life of 6-7 hours. Onset of action occurs in 1
hour and lasts for 24 hours. E xcre tio n of un chan ged dru g occur s in the ur ine .

5

Frogs, fish and pharmaceuticals a troubling brew
Prozac, other drugs detected in streams and their inhabitants
By Marsha Walton CNN

(CNN) --A number of aquatic and amphibian species are being exposed to small
amounts of everything from Prozac to perfume to birth control pills that make their
way into U.S. rivers and streams.
And scientists now have evidence that this "cocktail" of pharmaceuticals, in high enough quantities; can
lead to problems that may be serious enough to prevent wildlife from reproducing. It's not yet clear how
the build-up over time could affect the species.
In 2002, 80 percent of streams sampled by the U.S. Geological Survey showed evidence of drugs,
hormones, steroids and personal care products such as soaps and perfumes. The U.S.G.S. tested 139
rivers in 30 states.
To give an idea how many drug remnants make their way into ponds, creeks and streams, after being
passed through humans, sent into sewer systems and released from wastewater treatment plants:
More than 61 million prescriptions for anti-depressants were prescribed by U.S. doctors in 2001,
according to the National Centre for Health Statistics at the CDC. Because prescriptions like antidepressants are for chronic conditions, patients often take them for months and years at a time, making
them more likely to build up in wastewater
Researchers are working on several fronts to determine how big the problem is and just what short- and
long-term ecological effects there might be on wildlife.
Bryan Brooks, a toxicologist at Baylor University in Texas, discovered evidence of Prozac, an antidepressant, in the brains, livers, and muscles of bluegill, caught downstream from the Pecan Creek
Water Reclamation Plant in Denton, Texas, near Dallas.

Unintended Consequences
Anti-depressants have the same effect on fish that they do on people: they tend to relax them. That's
not necessarily a good thing for the fish, though.
"We need to ask the question, 'what does accumulation in fish tissue actually mean to the organism's
ability to live, grow, or reproduce?'" said Bryan Brooks, a Baylor University toxicologist.
While he and his colleagues discovered those medications in fish in the wild, scientists are now studying
aquatic species in the lab, to see just how specific amounts of pills and potions affect them.
Marsha Black, an aquatic toxicologist at the University of Georgia in Athens, found that low levels of
common anti-depressants, including Prozac, Zoloft, Paxil and Celexa, cause development problems in
fish, and metamorphosis delays in frogs.
"In mosquito fish, markers of sexual maturity were delayed in both males and females," said Black.

Metamorphosis in frogs was also delayed significantly, she said.
In the mosquito fish, sexual development in males was delayed by two to four weeks.

Timing is Crucial

Black says that timing is crucial to the survival of many water creatures. For example, frog eggs are
often laid in ponds and wetlands that are temporary. If tadpoles have not completed metamorphosis by
the time the water disappears, they will die before reaching adulthood.
In the next phase of her study, funded by the Environmental Protection Agency, Black will look at the
reproductive tissue of the fish affected by the anti-depressants.
Sewage treatment plants are not equipped to filter out any of the hundreds of different prescription
drugs that are present in wastewater. And it's not clear just how they would approach the cost or
technology of such a challenge.
Michael Smith is manager of the R. M. Clayton wastewater treatment plant in Atlanta, the largest such
facility in the southeast. The facility treats about 80 million gallons of water each day.
"Trying to enhance this facility to remove those items would probably require some reverse osmosis or
some kind of further ultra filtration system," said Smith. "It would require a lot more construction and a
lot more cost to remove those items," he said.
**************************

Scientists begin measuring pollution in human bodies
By PAUL ELIAS, AP Biotechnology Writer
Last Updated 10:23 a.m. PST Friday, December 26, 2003
SAN FRANCISCO (AP) - Davis Baltz shops for organic food and otherwise tries to live as healthy as he
can.
So he was shocked to learn that the pollutants collecting inside his body sounded much like a Superfund
cleanup site: pesticides, flame retardants and other nasty, man-made chemicals turned up in a recent
test.
"What that told me is that no matter what I tried to do, the plumes of chemicals that we are passing in
and out of everyday give us exposure," said Baltz, who works for Commonweal, an environmental group
in Bolinas.
For decades, researchers have sampled the air, land and sea to measure pollution from power plants,
factories and automobiles.
Now, in a process called bio-monitoring, scientists are sampling urine, blood and mother's milk to
catalogue the pollutants accumulating in humans. They call the results "body burden." Commonweal and
the Washington-based Environmental Working Group funded tests for Baltz and eight others at $5,000
apiece.
Though the tests are yielding scary lists of contaminants found in the body, their links to disease are less
clear. Nonetheless, proponents say such testing will help researchers learn what role the environment
plays in causing disease and how to treat it.
Many chemicals such as PCB and DDT, both banned decades ago, remain in the environment for years
and build up in the body over a lifetime.
It's not a new phenomenon. Rachel Carson wrote about the poisons in her 1962 book "Silent Spring,"
which is widely credited for jump-starting the environmental movement.
But until now, researchers were left mostly to guess exactly how much and how many of the toxins
lingered in our bodies.
Few of the estimated 75,000 chemicals found in the United States have been tested for their health
effects, Baltz and other bio monitoring proponents say.

But several studies have been completed:
- In March, California researchers reported that San Francisco-area women have three to 10 times as
much chemical flame retardant in their breast tissue as European or Japanese women.
- Indiana University researchers reported at the same time that levels in Indiana and California women
and infants were 20 times higher than those in Sweden and Norway, which recently banned flame
retardant.
- The Centres for Disease Control and Prevention earlier this year released data from 2,500 volunteers
tested for 116 pollutants and found such chemicals as mercury, uranium and cotinine, a chemical broken
down from nicotine.
The CDC also reported that Mexican-American children were found to have three times the amount of a
chemical derived from DDT compared with other children. Scientists suspect that Mexico and Latin
American countries may still be using the banned chemical.
There's still a debate among advocates over which of the 75,000 chemicals to look for when bio
monitoring. And even when chemicals are found, there's little an individual can do.
Next month, state Sen. Deborah Ortiz plans to renew calls for California's polluters to finance testing of
contaminants in mother's milk.
"This will allow women to better make informed decision about their health," said Ortiz, a Democrat.
"And the information will help researchers and public health officials."
But some fear that bio monitoring results could be misinterpreted and frighten new mothers from
breast-feeding their babies.
"We are clearly concerned about what effects the stories of bio monitoring will have," said Barbara
Brenner, executive director of the San Francisco-based Breast Cancer Action non-profit advocacy group.
"Any rational woman will say to herself, 'Should I be breast-feeding?'"
Others see political motives behind some of the tests.
"Everyone's exposed to substances and there's no evidence that the low levels people are exposed to
are harming anybody," said Steven Milloy, author of "Junk Science Judo: Self Defence Against Health
Scares and Scams." "It's a waste of time and money that only serves to scare people."
On the Net:
Baltz's test results: http://www.bodyburden.org
CDC: http://www.cdc.gov
California Sen. Ortiz: http://democrats.sen.ca.gov/senator/ortiz
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Scientists begin measuring pollution in human bodies
By Paul Elias, Associated Press
SAN FRANCISCO — Davis Baltz shops for organic food and otherwise tries to
live as healthy as he can.
So he was shocked to learn that the pollutants collecting inside his body
sounded much like a Superfund cleanup site: pesticides, flame retardants and
other nasty, man-made chemicals turned up in a recent test.
"What that told me is that no matter what I tried to do, the plumes of chemicals
that we are passing in and out of everyday give us exposure," said Baltz, who
works for Commonweal, an environmental group in Bolinas.
For decades, researchers have sampled the air, land and sea to measure
pollution from power plants, factories and automobiles.
Now, in a process called biomonitoring, scientists are sampling urine, blood
and mother's milk to catalogue the pollutants accumulating in humans. They
call the results "body burden." Commonweal and the Washington-based
Environmental Working Group funded tests for Baltz and eight others at $5,000
apiece.
Though the tests are yielding scary lists of contaminants found in the body,
their links to disease are less clear. Nonetheless, proponents say such testing
will help researchers learn what role the environment plays in causing disease
and how to treat it.
Many chemicals such as PCB and DDT, both banned decades ago, remain in the
environment for years and build up in the body over a lifetime.
It's not a new phenomenon. Rachel Carson wrote about the poisons in her 1962
book "Silent Spring," which is widely credited for jump-starting the
environmental movement.
But until now, researchers were left mostly to guess exactly how much and how
many of the toxins lingered in our bodies.
Few of the estimated 75,000 chemicals found in the United States have been
tested for their health effects, Baltz and other biomonitoring proponents say.
But several studies have been completed:

•In March, California researchers reported that San Francisco-area women have
three to 10 times as much chemical flame retardant in their breast tissue as
European or Japanese women.
•Indiana University researchers reported at the same time that levels in Indiana
and California women and infants were 20 times higher than those in Sweden
and Norway, which recently banned flame retardant.
•The Centers for Disease Control and Prevention earlier this year released data
from 2,500 volunteers tested for 116 pollutants and found such chemicals as
mercury, uranium and cotinine, a chemical broken down from nicotine.
The CDC also reported that Mexican-American children were found to have
three times the amount of a chemical derived from DDT compared with other
children. Scientists suspect that Mexico and Latin American countries may still
be using the banned chemical.
There's still a debate among advocates over which of the 75,000 chemicals to
look for when biomonitoring. And even when chemicals are found, there's little
an individual can do.
Next month, state Sen. Deborah Ortiz plans to renew calls for California's
polluters to finance testing of contaminants in mother's milk.
"This will allow women to better make informed decision about their health,"
said Ortiz, a Democrat. "And the information will help researchers and public
health officials."
But some fear that biomonitoring results could be misinterpreted and frighten
new mothers from breast-feeding their babies.
"We are clearly concerned about what effects the stories of biomonitoring will
have," said Barbara Brenner, executive director of the San Francisco-based
Breast Cancer Action nonprofit advocacy group. "Any rational woman will say to
herself, 'Should I be breast-feeding?'"
Others see political motives behind some of the tests.
"Everyone's exposed to substances and there's no evidence that the low levels
people are exposed to are harming anybody," claims Steven Milloy, author of
Junk Science Judo: Self Defense Against Health Scares and Scams. "It's a waste
of time and money that only serves to scare people."
Davis Baltz's test results are online at bodyburden.org.

http://www.nrdc.org/OnEarth/06fal/waters1.asp
by Elizabeth Royte

How An Aging Population And Our Growing Addiction
Pharmaceuticals May Be Poisoning Our Rivers

To

Norman Leonard moved to Heritage Village, a sprawling retirement
community in western Connecticut, 11 years ago. Its green-gabled
condominiums and Capes were well maintained, and the landscapers hadn't
skimped on the rhododendrons. A retired CPA, Leonard considers himself,
at age 80, to be in pretty decent shape: He plays platform tennis on the
grounds and hikes often in nearby forests and reserves. But still, he
takes five different drugs a day to manage his blood pressure, acid
reflux, and high cholesterol. Heritage Village is home to about 4,000
residents with similar medical profiles, who take an average of six drugs
a day.
And that's a healthy population. In a convalescent home a few miles away,
Patricia Reilly, age 88, wheels herself each morning toward a low shelf.
With a glass of water and small cups of applesauce at the ready, she
prepares to take her morning medicines: nine different types that treat
heart disease, acid reflux, renal stones, a chronic urinary-tract
infection, chronic constipation, migraine headaches, depression, allergic
rhinitis, degenerative arthritis, and intermittent vertigo. The 120
residents of River Glen Health Care Center, where the average age is 90,
take an average of eight drugs a day; the most common among them target
high cholesterol, high blood pressure, depression, and diabetes. Once
swallowed, Reilly's medications will bring her some relief, but their
biological activity won't stop once they leave her body.
When residents of Heritage Village and two other nearby retirement
communities flush their toilets, wastewater laced with traces of
prescription drugs rushes through a series of pipes into the Heritage
Village treatment plant. This flushing is the main pathway by which
pharmaceuticals enter the environment. Hospitals and nursing homes
routinely dump unused or expired pills down the toilet, and consumers
have been advised to do the same; effluent from pharmaceutical
manufacturers also ends up at municipal wastewater treatment plants.
Through a process of settling and aeration, the Heritage Village plant
separates
liquids
from
solids,
treats
the
liquid
portion
with
disinfectant, and then discharges this effluent into amini-creek that
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meanders between the third green and the seventh tee of the Heritage
Village golf course. Making its way through a riparian band of oaks and
maples, the creek fans out into the Pomperaug River, which loops without
further interruption through the town of Southbury.
The Pomperaug looks no different upstream or down, but studies by the
U.S. Geological Survey (USGS) on other rivers suggest that the Pomperaug
below the effluent creek carries the signatures of drugs consumed by
anyone plumbed into the Heritage Village system. The effect of those
drugs on the environment, and possibly on those who drink water pumped
from those streams, is only beginning to be understood.
We are a nation obsessed with pharmaceuticals. We spend vast sums to
manage our health, and we pop pills to address every conceivable symptom.
Some elderly Americans take as many as 30 drugs a day, some of them
merely to counteract the effects of others. Prescription drug sales rose
by an annual average of 11 percent between 2000 and 2005. Americans now
fill more than three billion prescriptions a year; nationwide, more than
10 million women take birth-control pills, and about the same number are
on hormone-replacement therapy.
The rate at which prescriptions are dispensed is only going up as the
population ages. Already, those over 65 fill twice as many prescriptions
per year as do younger Americans. Inevitably, more drugs will be headed
into waterways like the Pomperaug. Our rivers -- already stressed by
pollutants,
groundwater
pumping,
reduced
flows,
and
overburdened
wastewater treatment plants that dump raw sewage -- will be ever less
able to cope.
Alarmed by data that showed trace levels of pharmaceuticals in European
streams, researchers in the United States have begun to survey our
nation's waterways. In 2002, the USGS published the results of its firstever reconnaissance of man-made contaminants. Using highly sensitive
assays, the agency found traces of 82 different organic contaminants -fertilizers and flame retardants as well as pharmaceuticals -- in surface
waters across the nation. These drugs included natural and synthetic
hormones,
antibiotics,
anti-hypertensives,
painkillers,
and
antidepressants.
Now
that
science
has
documented
the
presence
of
free-flowing
pharmaceuticals, researchers are faced with another, far more difficult,
pair of questions:
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What does this mean for the environment, and what does it mean for us?
Early evidence of harm to aquatic organisms is giving researchers grounds
for real concern.
On a dull November morning, two graduate students from the University of
Connecticut shiver on the steep banks of the Pomperaug. Monotonously,
repetitively, they plunge plastic jars two feet down into the beercolored water. Five-minute intervals tick away on a stopwatch. "Is it
here yet?" asks Dan Seremet. He's now midstream, his fleece cuffs
dripping onto his chest waders. Raquel Figueroa, squatting in a drift of
crisp oak leaves, slips a vial of water into a portable fluorometer,
closes the gizmo's cover, taps a button, and answers, "Point one nine."
So, no. It isn't here yet.
Five minutes pass, Raquel shouts in her tiny voice, "Go!" and Dan,
maneuvering over slippery rocks, dips his jar again. Two hours pass, in
five-minute chunks, and the fluorometer, which detects and measures
specific particles in the water, rises only to 0.65 parts per billion
(ppb). "Maybe we're in the wrong river," Dan sighs. Raquel doesn't bother
to answer. She logs the time and the concentrations. She dumps out
samples. She painstakingly removes a bittersweet vine holding her leg
prisoner. "Next time we should bring pruners," she says to no one in
particular. Then, "Go!" Dan dips.
In 30 minutes, the fluorometer rises to 2.45. Nothing to get excited
about: When the half cup of fluorescent magenta dye -- poured into the
Pomperaug two miles upstream and two hours earlier -- flowed past the
previous monitoring station, the reading peaked at just over 4 ppb.
"Uhoh," says Raquel when she takes the next reading. "We're down to
2.301." In another five minutes it is 2.25.
"I guess that was the peak," says Dan, his voice the opposite of a peak,
as he clambers out of the streambed. He and Raquel pack up their bottles
and log books, the fluorometer, a tape measure, and a flow meter
(basically a pair of spinning blades on a stick, used to measure the
water's velocity), then drive downstream to do it all again with the
boss, at the last of four monitoring stations.
The boss is Allison MacKay, an environmental engineer who specializes in
aquatic chemistry at the University of Connecticut. MacKay had risen at
four o'clock in the morning and loaded her car with gear, plus the sleepy
3

Dan and Raquel, then drove west to Southbury. By eight, she had poured
her dye into the Pomperaug at the point where it receives the Heritage
Village effluent. (Invisible to the naked eye, the dye is nontoxic and
will degrade in sunlight over three days.) With her grad students MacKay
is tracking the dye's progress down a six-mile stretch. The concentration
of the dye, read by the fluorometer, will tell her both the rate at which
the Pomperaug flows and the rate at which a particular contaminant is
diluted as it flows downstream -- two useful bits of information when
you're studying the movement of contaminants from a single source. MacKay
and her helpers are also taking water samples that will later be analyzed
for the presence of the same 82 organic contaminants originally assayed
by the USGS.
In a turquoise parka and insulated pants, MacKay kneels on the sandy
bank. Her cheeks are pink in the cold air. If there is any fun to be had
along a New England river in November, this crew refuses to acknowledge
it. There are no observations on flora or fauna, no chitchat, no stone
skipping or stick building. MacKay is all business, and her students
follow her lead. For eight hours (no lunch break) they collect water and
measure the river's depth, width, and velocity.
"The USGS does grab samples," says MacKay, rapidly punching a series of
numbers into her calculator and plotting points on a hand-drawn graph.
Grab samples are like snapshots, a single moment in a single place in a
stream.
"Their studies established the presence of drugs in our waterways, but no
one in this country has looked at the temporal and spatial distribution
or the environmental degradation rates of pharmaceuticals in surface
water. That's what I'm doing." Among the factors that influence the
compounds' fate are sunlight, temperature, flow rate, microorganisms in
the
sediment,
minerals,
and
other
chemicals
in
the
water.
If
concentrations of any particular contaminant decrease, MacKay explains,
she'll set up controlled lab experiments to see where, when, and how it
happened: Was it the sun degrading the compound, a change in temperature,
or an organism that might have consumed it? If aquatic life is suffering,
she continues, researchers will need to know what concentrations they're
being exposed to at different points in the stream.
This stretch of the Pomperaug makes an ideal laboratory for MacKay's
study: It is wadeable, and it has only one significant input of both
water and prescription compounds -- the Heritage Village treatment plant.
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The river is also a paradigm of the nation's threatened waterways, of the
large- and small-scale changes that our growing population has wrought.
Still, to drive the country roads of Southbury and its neighboring
villages is to marvel at what hasn't changed in the past 200 years. Wellkept colonial houses still flank water mills; nineteenth-century farm
fences decorously sag. The stream banks are, for the most part, intact.
Trout congregate in deep pools. Though some of its meanders and oxbows
were mechanically straightened more than half a century ago, the river
still flows past horse farms and hemlock glades and rolling hills.
One can't help thinking the Pomperaug is privileged to run through a
stronghold of the well-to-do. All American rivers are, at some level,
endangered, but this one's remaining virtues are particularly obvious.
Not only is there plenty worth saving here, there are also plenty of
stakeholders eager to do the saving, among them a mild-mannered, semi
retired internist named Marc Taylor, who happens to live just a few miles
downstream from MacKay's sampling sites.
Taylor is the medical director of the River Glen Health Care Center,
where Patricia Reilly lives, but he spends an inordinate amount of time
fretting -- in public meetings and in private telephone calls with
scientists, politicians, city planners, and conservation groups -- about
the health of his river. "I'm concerned about pharmaceuticals in the
river because I am a doctor," says Taylor, who speaks in precisely
measured sentences, "and because I know these drugs are bioactive." That
is, they can enter the bioprocesses of aquatic organisms.
As chairman of the Pomperaug River Watershed Coalition, Taylor has
watched with increasing concern as developers cut streets into nearby
hillsides, shopping centers supplant farms and orchards, and waves of the
elderly flock to four planned communities within the town limits. "As the
population of the watershed goes up," says Taylor, sitting in his
basement office surrounded by maps of the region, "more groundwater is
being pumped. We've got three public water companies drawing water from
wells sunk near the Pomperaug." With a few computer keystrokes, Taylor
pulls up real-time data from a gauging station on the river. This
afternoon's flow is 250 cubic feet per second. Last summer it dropped to
8 cubic feet per second -- one of the lowest flow rates in the river's
recorded history. Some small streams in the Pomperaug watershed now
completely disappear in the summer.
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The Pomperaug's peril is not unique. "Across the nation rivers are
stressed," says Katherine Baer, advocacy director for American Rivers,
which is based in Washington, D.C. "As drought becomes more common, there
is less water in streams for aquatic life. Everywhere we see more
development, sprawl, and increased population. So we get higher pollution
loads. Pharmaceuticals, which become more concentrated with low water,
are only increasing the burden."
At the present time, in a project unrelated to its study of contaminants,
the USGS is making hydrologic models of how water enters, moves through,
and leaves the Pomperaug watershed. The Pomperaug River Watershed
Coalition is studying water quality, the dilution of treated wastewater,
and, with the help of Allison MacKay, the environmental fate of compounds
left behind after drugs have been metabolized by our bodies, as well as
that portion of the drugs that passes through us without being absorbed.
According to the Environmental Protection Agency, which is putting
together a database of literature on so-called emerging contaminants,
those metabolites are virtually everywhere, from the iconically dirty
Chicago River to the iconically pristine headwaters of Boulder Creek in
Colorado. They're in the intakes and outflows of water facilities in both
urban and rural areas, in groundwater, mountain streams, surface water,
and domestic wells. And while levels of pharmaceuticals are sometimes
infinitesimally low, their supplies are continually replenished. As a
result, organisms that constantly bathe in a chemical broth are beginning
to reveal some alarming abnormalities.
In Boulder Creek, David Norris, an environmental endocrinologist at the
University of Colorado at Boulder, found that female white suckers,
bottom-feeding fish that grow up to a foot long, outnumber males by more
than five to one, and that 50 percent of males have female sex tissue.
Similar intersex changes have been found in flat-head chubs and
smallmouth bass. The cause, Norris suspects, is exposure to estrogen.
Like most pharmaceuticals, hormones aren't designed to break down easily.
They're supposed to have an effect at low dosages with chronic use, and
they only partly dissolve in water.
"I'm
worried
for
fish
populations,
and
I'm
worried
for
human
populations," says Norris. "The levels found in Boulder Creek are low in
absolute terms, but they aren't low on the biological level. You could
have six chemicals below the no-effect level, but all together they are
above the no-effect
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level." In lab tests, frogs and rats have developed infections and
deformities after being exposed to multiple pollutants at extremely low
levels. Since exposure to only one compound is rare in the modern world,
sorting out "mixture effects" is a daunting but critical research area.
The estrogenic compounds in drinking water, Norris says, are "adding to
the general exposure of the human population to environmental estrogens
in our foods, and in containers that hold our foods. They all work
through the same mechanisms." In the United Kingdom, hormones in the
environment have been linked with lowered sperm counts and gynecomastia - the development of breasts in men.
A Baylor University researcher found tiny amounts of Prozac in liver and
brain tissue of channel catfish and black crappie captured in a creek
near Dallas that receives almost all of its flow from a wastewater
treatment plant. The creek also connects to a drinking water supply. A
University of Georgia scientist found that tadpoles exposed to Prozac
morphed into undersize frogs, which are vulnerable to predation and
environmental stress.
The EPA reports that antidepressants can have a profound effect on
spawning and other behaviors in shellfish and that calcium-channel
blockers (used to relieve chest pain and hypertension) can dramatically
inhibit sperm activity in some aquatic organisms. Even at extremely low
levels, ibuprofen, steroids, and anti-fibrotics -- a class of drugs that
helps reduce the development of scar tissue -- block fin regeneration in
fish. According to a report by the Scientific Committee on Problems of
the Environment, a worldwide network of scientists and scientific
institutions, and the International Union of Pure and Applied Chemistry,
more than 200 species -- aquatic and terrestrial -- are known or
suspected to have experienced adverse reactions to such endocrine
disruptors as estrogen and its synthetic mimics. (See "Hundreds of ManMade Chemicals Are Interfering With Our Hormones and Threatening Our
Children's Future" by Gay Daly, On Earth, Winter 2006.)
Experts say pharmaceuticals have probably been in the environment for as
longas we've been using them. We're discovering them now because
analytical methods sensitive at the parts-per-trillion level and lower
were only recently developed. Surely the technology is a boon to society,
but it opens a Pandora's box of questions. We know that low
concentrations of some pharmaceuticals are affecting aquatic organisms,
but what are they doing to humans? What happens when organisms are
exposed to multiple chemicals at the same time? What happens when they
bio-concentrate in living creatures or accumulate in sediment?
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Traditionally, toxicologists have assessed environmental and health risks
one chemical at a time, focusing on such end points as birth defects or
cancer. More recently, scientists have begun to examine effects from
combinations of chemicals, an approach that more closely mimics the way
organisms are exposed to chemicals in the environment. Looking at end
points that include immune and reproductive system dysfunctions and
neurological, cognitive, and behavioral effects, researchers are finding
that mixtures of chemicals can lead to effects at much lower levels than
do single chemicals, and that low-level exposure can often induce results
not seen at higher levels. Nearly every week, results of new studies on
emerging contaminants appear in toxicology and environmental health
journals.
"It may seem impossible to figure out what's happening," says Christian
Daughton, chief of the environmental chemistry branch of the EPA's
National Exposure Research Laboratory in Las Vegas, "but technology has a
way of leapfrogging. Less than a decade ago no one thought you could map
the human genome. Analytical chemistry progresses at a fast rate.
Remember, we're only talking about this now because we developed the
technology to find these compounds."
Parsing the downstream effects of pharmaceutical compounds is an
exceedingly complicated task. For one thing, more than 100 new drugs -both prescription and over-the-counter -- are introduced each year.
Researchers are confronted with long latency periods for some human
diseases, making it difficult to connect an illness or disorder with
long-ago exposures. Some of the drugs in our waterways act upon more than
one hormonal pathway; some may end up in humans through multiple
exposures (for example, antibiotics from both food and water); and
exposure to mixtures of contaminants may lead to an adverse effect using
one particular recipe, but produce a different effect when the ratio of
those same ingredients is changed. "For many of these drugs, the
mechanism of action for humans is unknown," says Daughton. "So it's
difficult to anticipate what's going to happen to them after they've
entered the environment. There isn't even a database for all published
work to show their presence, their location, and their concentration."
This fall, when water flows are at their lowest, Allison MacKay,
accompanied by Raquel and another grad student, hopes to inch down the
riverbanks once again to capture small pieces of the Pomperaug. MacKay
knows her study is just the beginning of a very long process, but it is
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fundamental to an understanding of drugs in our waterways. "The power of
knowing about the fate of these compounds is to use it in a predictive
way," MacKay says. "Once we know what's happening, we can say, 'I'm going
to release this, and this is when it will degrade.' I don't know about
drugs, but pesticides have been reformulated to degrade faster and be
less bio-accumulative in water-ways."
Could manufacturers reformulate pharmaceuticals in a similar way?
"There's a trade-off in terms of having molecules break down readily
versus having a stable molecule that does its work as a medicine and has
a reasonable shelf life," says Thomas White, a technical consultant to
the Pharmaceutical Research and Manufacturers of America (PhRMA), which
represents brand-name drug manufacturers and accounts for 80 percent of
all drug sales in the United States. "We've looked at studies of 26
compounds and there doesn't appear to be any human health risk." Because
there is no accepted methodology for evaluating interactions among active
pharmaceutical ingredients, the studies that PhRMA reviewed, which came
from a variety of sources, considered drugs singly, not in combination.
The PhRMA review included antibiotics, cardiovascular drugs, and
antidepressants, but not estrogen or steroids. "Hormones," White
concedes, "are a class of drug that would be a problem: They're designed
to affect the human endocrine system. Their fate effects are under study
now."
Marc Taylor, like many health-care professionals, thinks a good first
step for getting drugs out of waterways is to persuade hospitals and
nursing homes to abandon their policy of flushing unused drugs down the
toilet.
A
handful
of
states
and
municipalities
have
launched
pharmaceutical take-back programs, in which consumers bring unwanted or
expired medications to an official collection site. Drugs are then either
returned to manufacturers or disposed of by incineration. But creating a
national return policy is more complex than it sounds. "You've got
federal and state regulations, the governing boards of pharmacies, and
the Drug Enforcement Agency," says Daughton. "Everyone has to get
together."
Even if the federal government did devise such a policy, it would deal
only with unused drugs, not with those actually swallowed and then
flushed, which is the primary pathway to the environment. If redesigning
drugs to break down sooner in the environment is a non-starter, then what
about improving wastewater treatment? "We already have the tools and
technology to take out everything," says Lynn Orphan, former president of
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the Water Environment Federation, which represents operators of municipal
wastewater treatment plants. "We can use activated carbon or membrane
filters, which have tiny pores. There's reverse-osmosis filtration [which
removes organic contaminants] and exposure to ozone or to ultraviolet
light. Sometimes it's just a matter of extra retention time in holding
tanks."
But Hugh Kaufman, a senior policy analyst on waste issues at the EPA,
says, "Some of those technologies have been demonstrated to work in a
laboratory, but they haven't been scaled up for day-to-day use. The cost
of putting them in place, plus their operation, is astronomical -hundreds of millions over the lifetime of a plant."
Standing in his backyard, Marc Taylor can, with little effort, toss a
stone into the riffles of the Pomperaug. The water is so clear that he
could, if he wanted, easily retrieve it. He continues to swim in the
river and to drink from it -- his well water comes from the Pomperaug
aquifer.
As he awaits the results of MacKay's study, Taylor says, "I'll keep
prescribing the medications that Patricia Reilly and my other patients
need." In a philosophical mode, he continues, "The public will have to
get used to the reality that the drugs and chemicals we use all go
somewhere and have potential effects. The environmental fate of all
consequential drugs and chemicals should be known. It's worth studying
because this problem is only going to get worse as the population ages."
For now, he says, "we'll have to rely on the health of the fauna in our
rivers to get hints about the consequences to people. The fish and the
amphibians are our canaries."

Laurie J. Tenace
Environmental Specialist
Florida Department of Environmental Protection
2600 Blair Stone Road, MS 4555
Tallahassee, Florida 32399-2400
PH: (850) 245-8759
FAX: (850) 245-8811
Laurie.Tenace@dep.state.fl.us
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Assessing the risks to people from pharmaceutical waste is a high priority, but ecologists are
also concerned about what these drugs could do to other organisms. There is no question that at
least some drugs move from wastewater into the food chain: the invasive zebra mussels of US
freshwater lakes contain detectable amounts of fluoxetine, for instance, as do at least some
species of freshwater fish. Other compounds, particularly steroid hormones, could be responsible
for feminizing some male fish and disrupting reproduction3.
Researchers in the field are also starting to ask how the ecosystem affects the drugs, and
whether the chemicals might break down into dangerous compounds.
"The analytical methods are pretty much focused on the parent [compound], so if there are
conjugates or if there are other degradation products, you're not going to see those," notes
William MacCrehan, a research chemist at the US National Institute of Standards and Technology
in Gaithersburg, Maryland.
MacCrehan and his colleagues have discovered that acetaminophen—one of the most abundant
drugs in wastewater streams and the active ingredient in the fever reducer Tylenol—reacts
readily with the chemicals in standard chlorine-based water treatments4.
The byproducts include benzoquinone, a compound the US Occupational Safety and Health
Administration warns "may be fatal if swallowed, inhaled or absorbed through the skin." The
researchers note, however, that the complete treatment might further degrade the chemicals
into hydroquinone, which is commonly prescribed as a topical skin-bleaching agent.
Turning a nonprescription painkiller into a prescription dermatology drug is certainly a novel use
for a sewage plant, but the bigger question is what happens to the breakdown products after
they are released into streams. "It's so early in the game nobody knows what they're going to
do in the environment," says MacCrehan.
At least one entrepreneur is taking an unusual tack and trying to harness the drugs in waste
streams (see sidebar), and other groups are trying to find ways to cut down on this source of
pollution. For instance, researchers at the Swiss institute are working on a product they call the
NoMix toilet, which would separate urine into its own waste stream. Because urine carries the
majority of secreted drugs, the approach would allow cities to isolate the chemicals more

easily.
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Each and every one of us contribute to water pollution. "Not I," you say?
Well, if you use personal care products, such as shampoos, lotions, or
antiperspirants, you do.
If you take any kind of medication, over-the
counter or prescription, you do. Each year, thousands of tons of
chemicals from pharmaceuticals and personal care products (PPCPs)
infiltrate our environment with little or no resistance. PPCPs include
all drugs, over-the-counter and prescription, and any products used for
personal care, such as fragrances, cosmetics, sunscreens, antiseptics,
and soaps. In the United States, the top prescribed drug in 2005 was
hydrocodone with more than 100 million prescriptions, and according to
the American Academy of Dermatology, and the average adult uses at least
seven different skin-care products each day. And many households
disposeof expired or unwanted medication by simply flushing them down the
toilet.
A Big Do se of Reality
PPCPs live a double life. We need many of them to stay hygienic and
healthy, but they are believed to adversely affect the environment.
Whenever we pop a pill, its effects continue long after the ailment is
alleviated. In fact, up to 90 percent of oral me dicati on s pass
througho ur bod ies unchange d, and those compounds end up at water
treatmen t facilities that are not equipped to remove them. The same is
true for chemicals from personal care products. Aside from the aesthetic
results, chemicals from products that are applied topically are easily
washed off and end up in the environment. Researchers at the Johns
Hopkins Bloomberg School of Public Health found 75 percent of
triclocarban, an ingredient found in antibacterial hand soap, which is
toxic when ingested, remained intact after treatment in a wastewater
facility. It accumulates in wastewater sludge, which is then used to
fertilize citrusfruit, soy bean and carrot crops.
"Typical wastewater treatment facilities, secondary, and tertiary
treatment plants are not designed to remove PPCPs from wastewater," said
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Karin
North,
associate
engineer
with
the
City
of
Palo
Alto's
Environmental Compliance Group. PPCPs are currently unregulated, and with
no means of specific removal, municipal wastewater, health, and
environmental professionals are concerned. PPCPs are constantly flowing
into the environment with unknown cumulative and synergistic effects.
They are designed to produce biological effects, even at therapeutic
doses, which means that even at low concentrations, they remain active
and may deviate from their original intent and cause different reactions
in the environment.
Mounting Evidence
Recent monitoring studies have found low trace levels of PPCPs in the
parts-per-trillion and -billion, comparable to one drop in an Olympicsized swimming pool, in soils, sewage treated effluent, surface water,
groundwater, and even drinking water around the world. In Canada,
researchers at Edmonton's Enviro-Test Labs, found carbamazepine, an
epileptic drug, and emfibrozil, a cholesterol reducing drug in the
drinking water of four cities. Germany has been studying PPCPs for the
past decade. Thirty-one different PPCPs were found in 40 German rivers
and streams. The antidepressant, fluoxetine, better known as Prozac, was
found in trace amounts in groundwater in England. The most notable stateside study was conducted by the U.S. Geological Survey (USGS) in 19992000, where 139 rivers in 30 states were tested and found that 80 percent
of streams contained 31 different drugs. U.S. studies have also confirmed
the presence of PPCPs, such as naproxen, estrone, and clofibric acid in
drinking water. Thanks to new technology capable of detecting low
concentrations, it is no longer a question of if these compounds are in
our waters -- they are. A flood of new questions has emerged with no
answers; most importantly, what are their effects?
Side Effects
We are ingesting low traces of medication we don't need or want.
Sensitive populations, particularly pregnant women and children, are
believed to be most susceptible to any negative effects, but studies have
not shown any impacts on human health as of yet. The Biogeochemistry
Research Group at Harvard School of Public Health is currently studying
PPCPs to develop a ranking system to identify which compounds pose the
most significant threat to humans and the environment.
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To date, most of the research has been focused on aquatic environments.
There's a lot we don't know yet, but what we do know is that PPCPs are
blamed for various negative effects on marine life. Populations of male
fish are being feminized when exposed to wastewater containing low
concentrations of estrogen from oral contraceptives. They are growing
ovaries, suffering from low sperm count, producing egg proteins usually
found only in females, and in some cases, trying to lay eggs.
Antidepressants, including Prozac, Zoloft, and Paxil have been linked to
significantly delayed metamorphosis in amphibians, which may seriously
impact their survival rate. Fish and amphibians are sensitive to subtle
environmental changes and serve as biological indicators that may predict
future effects on other species.
Increased use of antibiotics has created antibiotic-resistant pathogens,
and trace compounds from antibiotics may exacerbate the problem. USGS
found ampicillin-resistant bacteria in every U.S. river tested in 1999.
Combating drug-resistant bacterial strains will require more expensive
and more toxic alternatives, which, without PPCP removal, will only cause
a cyclical, snowballing effect.
What Wor ks and What Doesn't
Municipal wastewater treatment facilities are not always successful in
removing PPCPs from wastewater. "There are thousands of PPCPs, each
chemical with different characteristics, some are water soluble, some
tend to sorb into solids, and some are a little of both. Therefore, some
PPCPs are removed or degraded during the normal treatment process and
some are not," North said. "Many PPCPs sorb into solids which are often
land applied. The sheer volume and constant input of PPCPs to the
wastewater treatment plant results in a constant discharge of PPCPs to
the environment, which results in a pseudo-persistence."
The EU project, POSEIDON, was formed to assess technologies for PPCP
removal. Participants in this project included researchers from various
European countries, such as Germany's Federal Institute of Hydrology and
ECT Ecotoxicology Gmbh; Eawag; the Swiss Federal Institute of Aquatic
Science and Technology; France's Suez Environment and universities from
Finland, Austria, Spain, and Poland. The final results were published in
June 2005. They indicate:

3

Biological degradation and sorption are the main mechanisms for PPCP
removal during municipal wastewater treatment.
Ozonation of treated effluent substantially reduces PPCP content.
Some PPCPs are degraded significantly during anaerobic sludge digestion.

Removal by sorption onto suspended solids is an important mechanism for
hydrophobic and positively charged compounds.
Stripping is not relevant for PPCP removal in state-of-the-art municipal
wastewater treatment.
A rough estimate of PPCP concentration in raw was tewater i s
directly proportiona l to the amount of PPCPs sold .
During irrigation and soil passage, most of the PPCPs (more than 80
percent) are absorbed or degraded. However, the irrigation can lead to a
pollution of groundwater with iodinated contrast media (ICM).
Ozonation
or
advanced
oxidation
processes
(AOPs)
are
able
to
substantially reduce the contamination of groundwater prior to irrigation
of treated wastewater.
Acidic drugs, such as diclofenac, bezafibrate, and ibuprofen that are
removed easily during wastewater treatment are subject to additional
removal during post- treatment steps like polishing lagoons, gravel
filters, or infiltration ponds. Conversely, neutral substances, such as
diazepam and carbamaze pine, that show poor removal rates during
wastewater treatment, remain stable during post-treatment steps as well
as in the groundwater. The polycyclic musks tonalide and galaxolide were
significantly removed during wastewater treatment and post-treatment
steps, but showed no significant further reduction during groundwater
flow.
With few exceptions, coagulation and flocculation are
inapprop riate to rem ove PPCPs.
Ozonation is a very effective treatment process to oxidize PPCPs
Currently, there is no indication that the formed oxidation products are
toxic.
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Disinfection with chlorine and chlorine dioxide does not lead to
general oxidation/removal of PPCPs. Only a few PPCPs were transformed.

a

Activated carbon is a powerful process to remove PPCPs. Only a limited
number of PPCPs, such as iodinated contrast media and the antibiotic,
sulfamethoxazole show insufficient affinity to activated carbon.
Nano-fil tration and ultra-filtration/powdered act ivated ca rbon
(PAC) ar epowerful pr ocesses to remove PPCPs.
What Can We Do Today ?
Most was tewater prof ession als agree that the first step is
source contr ol. One way to accomplish this is by educating the public
about how to properly disposal of medication. "We must first look at the
low-hanging fruit, which is the unwanted or expired medication that
people have historically and traditionally been told to flush down the
toilet as poison control measures, North said. "Now, we would rather
people bring them to their health hazard waste site or to a collection
event."
Currently, pharmacies in the United States are not allowed to accept
unwanted or expired medication, but in May 2006 the Bay Area Pollution
Prevention Group (BAPPG) held Safe Medicine Collection Events at 32
locations throughout the San Francisco Bay area. More than 3,500 pounds
of unused or expired medications were collected at senior centers, city
hall, and pharmacies, mostly Walgreen's. "The goal is to provide
residents with an easy disposal option and to increase public awareness,"
North said.
As the United States is still in the pilot-program stage, Europe,
Australia, and Canada are leading the way in instituting permanent
medication-return programs at pharmacies. The National Return and
Disposal of Unwanted Medicines, known as the RUM program in Australia,
allows the return of unwanted or expired medication to any pharmacy, at
any time. The medicines are then incinerated. The government pays for
disposal and advertising. The RUM program started in 1998 and
collected696,241 pounds of unwanted or expired medication in 2005. Canada
has a similar program that collected 52,800 pounds in 2004.
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Unknown Fate
The U.S. Environmental Protection Agency (EPA) began formally tracking
pharmaceuticals and PPCPs in 2002 and is conducting research to determine
potential negative effects.
"The EPA formed the Federal Inter-Agency Task Group on Pharmaceuticals in
the Environment in January 2006, with a goal is develop research
strategies by 2007," said EPA spokesperson Enesta Jones. "PPCP research
has also been identified as one of the top 14 short-term, cross-regional
priorities." PPCPs are on the map, but it will be years until we learn
the results of all these studies. As we wait, the use of PPCPs will
certainly continue, if not increase, only adding to a larger problem to
clean up years from now.
Is My Wa ter Sa fe to Drink ?
With the public becoming more aware of PPCPs, municipal utilities will be
receiving calls from concerned residents. Though there are not a lot of
answers yet, utilities have a responsibility to calm their concerned
customers. Here are some suggestions, courtesy of Southern Nevada Water
Authority, for representatives of municipal drinking water and wastewater
treatment plants when communicating with the public:
Keep in mind, to the average person "parts per billion/trillion" means
contaminants are present, and that causes concern. They feel as though
water should be contaminant-free. This is impossible, so if a contaminant
doesn't warrant removal, the reason must be explained.
Due to the lack of answers, the public needs to feel that utilities are
taking a serious, proactive approach. Use lay terms and everyday language
instead of technical jargon to describe current measures. For example,
"We're working hard to find out whether or not these compounds are
harmful at low levels, and if they are, we will try to figure out the
best way to remove them."
Give them real-world examples of other sources of exposure. For example,
soy products such as tofu, soy milk, and soy sauce contain millions of
times more estrogen than drinking water containing trace concentrations,
or stress how someone would need to drink hundreds of thousands of
gallons of water every day to match one Advil tablet.
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Never use cost as
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Assign a primary contact who is knowledgeable and friendly to discuss
the issue with the public.
Develop and maintain a Web site on the topic and include articles from
agency publications. Customers will feel their utility is staying current
and wishes to serve as a source of information.
U.S. Uni versities In volved in PPCP Studies
Harvard University
Columbia University
Duke University
Johns Hopkins University
Tulane University
Villanova University
Carnegie Mellon University
State University of New York at Stony Brook
Washington State University
Baylor University
University of Cincinnati
University of Washington
University of Delaware
University of North Carolina
University of Alaska Anchorage
University of Kansas
University of Arizona
University of Hawaii
University of Georgia
University of Tennessee
University of New Mexico
University of Minnesota
University of Oklahoma
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Antidepressant drugs found in drinking water; pharmaceuticals have now
become environmental pollutants
http://www.newstarget.com/001891.html
Thursday, August 19, 2004 by: Mike Adams
Pharmaceuticals are now being found in drinking water, according to a study conducted in
England. The study looked at 12 pharmaceuticals thought to pose an environmental threat,
including painkillers, antibiotics, and antidepressants, and it found traces of these
pharmaceuticals in both sewage waters and drinking water. It also found traces in the rivers
downstream from the sewage treatment plants.
This is shocking information -- apparently we are dosing ourselves with such high levels of
pharmaceuticals that we are now collectively polluting the rivers, streams and even the
drinking water for the mass public. Even though this study was conducted in the U.K., there's
little doubt that much of the same story would be found here in the United States as well.
Why? Because in the United States, these drugs are also being prescribed at alarming levels,
and after people take these drugs, they are, of course, entering the sewage treatment centers
and being dumped into the rivers and streams that later on are used to make drinking water
for people downstream. (Which reminds me, check out a book entitled, "Living Downstream" if
you want the details on what's really going on with our rivers these days...)
All of this comes down to the mass medication of the public with trace amounts of prescription
drugs. In another words, if you're drinking tap water that's tainted with these drugs, you're
getting a little bit of Prozac whether you like it or not. And since we now know that
antidepressant drugs promote violent behavior, including suicides and homicides, there's
justified alarm at the idea that we're going to medicate the entire country with trace amounts
of antidepressant drugs in one grand experiment. Maybe we'll just dump all of these drugs into
the water supply, and step back and see what happens. There's already been talk of dumping
statin drugs into the water supply because they are presumably so good for your health that
everyone should be taking them whether they like it or not.
All of this brings up an issue that has been largely ignored by the pharmaceutical companies,
and that is: what is the environmental impact of the mass prescription and mass consumption
of their drugs? If millions upon millions of people are taking these drugs, then the
environmental impact is potentially quite large. These drugs are, of course, synthetically
produced, highly toxic chemicals that not only impact the health of human beings, but also
potentially compromise the health of fish and creatures in our oceans. This could be one of the
reasons why ocean life is continuing to decline around the world, and it seems like it won't be
very long at all before these prescription drug pollutants start showing up in shrimp, crab,
lobsters and perhaps someday, even in seaweed. If you thought mercury poisoning was bad,
just wait until you hear the announcement that shrimp is contaminated with Prozac.
Interestingly, most pharmaceutical chemicals are not regulated by the Environmental
Protection Agency, and thus there is no enforced limit of pharmaceuticals in the drinking water.
In fact, in the United States, there is no government agency that is even testing the level of
pharmaceuticals in public drinking water on a regular basis. So it is possible, and in fact likely
that these levels will continue to rise in the years ahead without being detected or reported to
the public at all.

1

Of course, as I've often said on this site, if you're drinking tap water, you're probably quite
foolish to begin with. Most people reading this aren't drinking tap water, and thank goodness
for that, because prescription drugs are just one of the many potential toxic pollutants in tap
water. You certainly don't want to be consuming this stuff -- instead, you want to be drinking
spring water or filtered water, using a quality water filter such as a carbon block filter or a
reverse osmosis filter. Distilled water is also good for drinking.
If you're not drinking tap water, the potential for exposure to these toxic pharmaceutical
chemicals in the water is remote. If you're showering in water that has some tiny amount of
Prozac in it, for example, chances are you're not going to be absorbing a very high dose of
Prozac, or at least not high enough to the point where it would be biologically active.
But sadly, most of the population is drinking tap water, and that's where this is a real concern.
Just as America Online is now being increasingly questioned over the environmental impact of
their tens of millions of free CDs each year that are distributed all over the country, I think it is
reasonable now for pharmaceutical companies to answer to the justified accusation that they
are manufacturing and releasing toxic chemicals into the environment through human
customers. The fact that these toxic chemicals move through the bodies of human first doesn't
make them any less toxic to our environment. They should be regulated by the EPA, and they
should not be allowed in our rivers and streams, and in a very real sense, pharmaceutical
companies should be held financially responsible for the environmental damage caused by their
chemical products.
Another interesting thought on all of this is that many plant fertilizer products and soil products
contain treated bio-sludge, which also contains, of course, human waste. These bio-sludge soil
and fertilizer products will also undoubtedly be found to contain levels of pharmaceuticals such
as Prozac, Viagra, statin drugs, and antidepressant drugs. The question then becomes, what
happens when you start growing crops in these soils? Are these drugs neutralized by the
plants, or are they in some way absorbed by the plants where they once again enter the food
chain when human beings consume those plants? Is there any regulation of the use of biosludge fertilizers that contain toxic pharmaceutical chemicals?
Sadly, we are increasingly living in a world that is polluted not only by heavy metals, PCBs, and
emissions from gasoline engines, we are now living in a world where even our water is polluted
with pharmaceutical chemicals which is a direct result of the reckless and widespread
prescription of pharmaceuticals by practitioners of conventional medicine. Once again, it seems
that as long as there are profits to be made, everybody in the pharmaceutical industry is
happy, regardless of the negative impact on the environment. In fact, I don't think you even
hear much talk at all these days about pharmaceutical companies working to protect the
environment. It's pretty much just, "Here, take this drug, pay us $100 a pill, and then flush it
down the toilet. After that, we don't want to think about it anymore."
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