Waters

Does it matter -
that pharmaceuticalsg

are turning up.in

water supplies?

By JANET RALOFF

waterways.

laboratory run by the Swiss govern-

ment were screening lake water for
pesticide contamination when they ran
across a puzzling result. Their instru-
ments turned up a compound that resem-
bled mecoprop, an herbicide they had
been looking for, but it wasn’t a perfect
match.

Suspecting that they might have found
the pesticide in an early stage of degrada-
tion, Hans-Rudolf Buser and Markus D.
Miiller 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 popu-
lated 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 resem-
ble those of other, more conventional pol-
lutants found in the environment, Buser
notes, such as a persistent, toxic ingredi-
ent 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 industri-
al accident or spill, Buser says. The only
reasonable explanation, he and Miiller
conclude in the Jan. 1 ENVIRONMENTAL Sck
ENCE & TECHNOLOGY, is that it comes from
human wastes.

c hemists at an agricultural research
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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.

Seven years earlier, environmental che-
mists Thomas Heberer and Hans-Jiirgen
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 pesti-
cide. The drug’s structural similarity, he
says, “proved the key to its detection.”

Like the Swiss team, the Berlin scien-
tists' went on to find clofibric acid through-
out local waters. It laced some ground-
water at concentrations of up to 4 mil-
ligrams per liter, or 4 parts per billion
(ppb), they will report in an upcoming
issue of the INTERNATIONAL JOURNAL OF ENVI-
RONMENTAL 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
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diclofenac) in groundwater beneath a
sewage treatment plant. This aquifer serves
as a source of drinking water. Other re-
searchers 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 ecotoxicolo-
gist Bent Halling-Sgrensen of the Royal
Danish School of Pharmacy in Copen-
hagen. Do they pose a health risk to peo-
ple? Can they harm wildlife or substan-
tially alter aquatic ecosystems? Do they
foster the buildup of resistance to antibi-
otics?

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.

ost countries have regulatory
M agencies explicitly charged with

protecting the environment from
pesticides and other potentially toxic
industrial chemicals.

Drugs, however, have come to be regu-
lated by health departments, which pos-
sess little expertise in protecting natural
ecosystems and water supplies. Moreover,
they tend not to look at pharmaceuticals
as potential pollutants—even though up
to 90 percent of a delivered drug may
leave the body in urine and feces.
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Some male fish in Lake Mead (dark blue waters) produce an egg-yolk protein
normally made only by reproducing females. Scientist have tracked human estrogens
from a sewage treatment plant, down the Las Vegas Wash (the light blue stream on

the center right), and into the lake.

One reason for medicines’ low visibili-
ty in environmental regulations is their
low concentrations in water. Until recent-
ly, most drugs in public water supplies
would have been undetectable.

Regulators have attempted to cope
with this problem by asking manufactur-
ers to model a new drug’s projected con-
centration in public water supplies,
based on what was known about compa-
ny projections for how much of the com-
pound might be sold, the quantities of
lake and stream water into which the
excreted drug would be flushed, and lab-
oratory information on the rate at which
it would break down in the environment.
They were also asked to predict its accu-
mulation 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 assess-
ment suggested that worrisome levels of a
drug might build up, a manufacturer would
have to prepare a more detailed investiga-
tion. Such an environmental impact state-
ment might even explore possible mitiga-
tion measures, explains Daniel C. Kearns of
FDA in Rockville, Md.

So seldom did an environmental assess-
ment for a new drug suggest a hazard,
however, that the FDA decided last July to
reduce a manufacturer’s environmental
reporting requirements. The agency con-
cluded 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
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we believe you would have an actual
impact upon the environment if [drug]
concentrations were under that,” he told
SCIENCE NEWS.

surrogate for water monitoring

when laboratory analyses were too
crude to detect low drug concentrations
in the environment, chemists today rou-
tinely 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 manufac-
turers’ models, Kearns said no.

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 pre-
scribed 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-moni-
toring 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 lipid-
lowering 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 con-

Though modeling provided a useful
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centrations 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 Ger-
many,” 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 compar-
ing it against a standard sample of that
compound. These standards often are not
available for sale, he finds.

Adding to the problem, Heberer ob-
serves, is that almost all excreted drugs dis-
solve 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 procedure
30 times or more. Though estradiol, the
primary natural female sex hormone,
appears to be the major estrogenic com-
pound 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.

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

“These findings are not all that

Unlike facilities today, these old-style
settlement ponds on a sewage
treatment farm south of Berlin rely on
light and natural bacteria to cleanse the
water. However, drugs and other
undegraded contaminants can seep
from them into groundwater.
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have recognized that one of the highest-
volume contaminants emerging in efflu-
ent—especially early in the morning—is
caffeine, a drug excreted by all those peo-
ple 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 pos-
sibility 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 envi-
ronmental issues—from methyl mercury
buildups in acidified lakes to reproduc-
tive risks from hormone-mimicking pollu-
tants—became hot research topics in
Europe before U.S. researchers jumped
on the bandwagon, he says.

The issue of drugs in water, he con-
cludes, “is certainly an area where we
could use a lot more science.” The criti-
cal issue is whether existing concentra-
tions pose any hazard to wildlife or to
people. To date, he notes, “information
on hazards at the nanogram level just
hasn’t been developed.”

few laboratories stand poised to
Atry. 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 exper-
iments 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 ToOXI-
COLOGY AND CHEMISTRY, he reports finding
fluoroquinolones, a class of broad-spec-
trum antibiotics, to be the leading
source of a hospital wastewater’s toxici-
ty to DNA.

“We're finding 0.5 microgram per liter of
fluoroquinolone antibiotics in sewage treat-
ment plant water,” Hartmann told SCENCE
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 antibi-
otics at that level in water and they're
not breaking down, that would be a prob-
lem,” says Stuart Levy, who directs the
Center for Adaptation Genetics and Drug
Resistance at Tufts University in Boston.
Parts-per-trillion concentrations of these
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While many of the drugs being
detected in water are
prescribed only for people,
others may also be used in
veterinary medicine or animal
husbandry. For instance,
aquaculture uses high volumes
of antibiotics. These medi-
cations can stem infection in.
fish such as the coho and
Chinook salmon being raised in
pens here in the Puget Sound.
When delivered directly into
water, as they are in the long
string of open pens, antibiotics
may also affect other wildlife. In
contrast, drugs added to closed
containment systems like the

- ring-shaped one are filtered out
before the water is returned to

- the open environment.

drugs can affect Escherichia coli and oth-
er bacteria, he notes. The 1,000 times
higher concentrations reported in Ger-
man wastewater suggest to Levy that
“these antibiotics may be present at lev-
els of consequence to bacteria—levels
that could not only alter the ecology of
the environment but also give rise to
antibiotic resistance.”

Halling-Serensen is also studying water-
borne antibiotics, though his focus is

their potential toxicity to algae, crus-
taceans, and other aquatic residents. By
quantifying the potential ecological effects
of individual compounds, he says, “we
may get information that’s useful for deci-
sion making.

“For instance, if we have five medicinal
compounds that can treat the same dis-
ease, we might now identify which is
most friendly to the ecosystem—and
choose to use that one.” O

n the widely acclaimed

Higher Superstition, Paul R.

Gross and Norman Levitt

offered a spirited response
to the “science bashers,” rais-
ing serious questions about the
growing criticism of scientific
practice from some humanists
and social scientists.

Now, in The Flight from Sci-
ence and Reason, Gross and
Levitt join Martin W. Lewis in
bringing together a diverse
and distinguished group of
scholars, scientists, and oth-
er experts to engage these
questions from a wide vari-
ety of perspectives.

The authors take on critics of science whose views range
from moderate to extreme, including both social constructivists
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and deconstructionists, creationists, feminists, and Afro-

centrists. They discuss the rise of “alternative medicine” and
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radical environmentalism (skewered here as “ecosenti-

mentalism”). They explain why the uncertainty principle does

Address

not work as a metaphor for ambiguity and why chaos theory

cannot be invoked without an understanding of mathematics.
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Throughout, they grapple with the paradox inherent in arguing

with opponents who contend that reason itself, and thus logic,
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