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ON MARCH 23, 
2007, regulatory 
officials briefed 

congressional staff on 
“compounds of emerging 
concern.” Dana Kolpin, 
a scientist for the U.S. 
Geological Survey (USGS), 
offered particularly dramatic 
evidence of “intersex” and 
“feminized” fish downstream 
of a wastewater treatment 
plant in Boulder, Colo. 
According to USGS 
sampling, fish upstream 
of the Boulder treatment 
plant are distributed in the 
roughly 50/50 sex ratio 
that scientists expected to 
see; downstream, however, 
researchers observed roughly 
80 percent female fish, 10 
percent male fish, and 10 
percent intersex fish (i.e., 
fish with at least some 
reproductive tissues of both 
genders). Presentations from 
this briefing are available at 
http://www.wef.org/GovernmentAffairs/Legislative. 

Good news, perhaps, for the 10 percent of the population that are males, 
or for some piscatorial dating service matching the scarce males with 

the desperate female fish in 
Boulder Creek. Nevertheless, 
such anecdotal observation 
garners the attention of 
legislators, regulators, and 
environmental organizations, 
and may prompt new 
regulatory burdens for a 
whole host of already heavily 
regulated entities.

What may be causing 
these intersex fish? Chief 
suspects include substances 
found in birth control 
pills and products such as 
perfumes, colognes, and 
scented soaps. Ironically, 
the  same compounds 
increasingly used with the 
rise of the metrosexual 
trend may literally (i.e., 
physically) be feminizing 
male fish; similarly, birth 
control, which some say has 
triggered “sexual freedom” for 
humans may inadvertently 
impose quite the opposite 
on aquatic organisms. The 
Environmental Protection 
Agency (EPA) refers to 
these suspected compounds, 
called “pharmaceuticals  
and personal care products” 

(often abbreviated as PPCPs), 
as emerging contaminants  
of concern. 

The  pharmaceut i ca l 
portion of PPCPs include 
a n t i b i o t i c s ,  h o r m o n e s  
taken by humans in the 

form of birth control or replacement therapy, 
cholesterol-lowering d rug s  such  a s  s t a t in s ,  
anti-depressant drugs, other drugs prescribed 
for human therapeutic use, as well as veterinary pharmaceuticals 
used primarily in agriculture. Personal care products include  
soaps, sunscreens, perfumes and colognes, hair sprays, and other 
cosmetics that may contain compounds such as musks, oxybenzone, 
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nanomaterials, triclosan, etc., that could have 
environmental effects. 

How do PPCPs enter the environment? 
If congressional lawmakers at the March 23 
briefing thought transgendered fish and birth 
control provided enough salacious material, 
the answer to this question would surely upset 
them: The primary source is scatological. Some 
PPCPs enter the environment directly from 
manufacturing plants or from discarding of 
unused pharmaceuticals at hospitals, nursing 
homes, and pharmacies; the vast majority of 
PPCPs, however, enter the environment after 
“incomplete metabolism” of pharmaceuticals 
(i.e., human excretion) or a washing off of 
personal care products in sinks or showers. 
Thus, these compounds enter the sewers 
and municipal wastewater treatment plants 
(WWTPs), which were not historically designed 
to handle such compounds. As a result, these 
chemicals generally flow right through biological 
treatment and disinfection and are released to 
rivers and streams, where they potentially affect 
the aquatic ecosystem. 

This article will attempt—only in broad 
brush—to identify: 1) actions of the federal 
government: regulations, guidance, and 
planned research; 2) how, and in what 
quantity, PPCPs enter the environment; 3) 
the potential magnitude of the problem; and 
4) the identity of regulators’ potential targets 
and a few illustrative examples of how those 
targets could act proactively.

Current Federal Action
At the March 23 congressional briefing, 

Ed Ohanian, an official in the EPA Office 
of Water, outlined EPA’s plan of action to 
House staff. Two actions in particular signaled 
increased regulatory interest: 1) amending 
the Resource Conservation and Recovery 
Act universal waste provision to include 
pharmaceuticals and 2) White House guidance 
on pharmaceutical disposal. 

Following through on Mr. Ohanian’s 
announcement, EPA formally declared its 
intent to regulate pharmaceuticals on April 
30, 2007, in its semiannual regulatory agenda in 
the Federal Register. 72 Fed. Reg. 23155. The 
agenda specifically identifies the addition of 
pharmaceuticals and consumer products to the 
EPA’s Universal Waste Rule as a planned long-
term action under the Resource Conservation 
and Recovery Act (RCRA), the federal statute 
governing hazardous wastes. The universal 
waste rule currently covers products such 
as batteries, pesticides, mercury-containing 
products, and lamps. 40 CFR Part 273. 
Because this is a “long-term action,” EPA 
does not plan on taking any regulatory action 

before March 2008. Nevertheless, it is evident 
that this planned regulatory action has the 
potential to affect a wide range of businesses: 
EPA explained in the regulatory agenda that 
“[t]his incorporation is appropriate because 
these wastes are produced by a various and 
vast community of generators.” 

Similarly, the White House has recently 
addressed concern with the proper disposal of 
pharmaceuticals. On Feb. 20, 2007, the White 
House Office of National Drug Control Policy, 
the Department of Health and Human Services, 
and the EPA jointly released new prescription 
drug disposal guidelines that are designed to 
both reduce the abuse of prescription drugs 
and protect the environment. Specific to 
environmental concerns, Stephen Johnson, 
Administrator of the EPA, stated: “While 
EPA continues to research the effects of 
pharmaceuticals in water sources, one thing is 
clear: improper drug disposal is a prescription for 
environmental and societal concern. Following 
these new guidelines will protect our Nation’s 
waterways and keep pharmaceuticals out of the 
hands of potential abusers.” The press release is 
available at: http://www.whitehousedrugpolicy.
gov/news/press07/022007.html. 

The White House guidelines include 
recommendations to take advantage of 
pharmaceutical take-back programs when 
possible and to flush prescription drugs only 
if the product label specifically instructs one to 
do so. The entire set of guidelines is available 
on the Office of National Drug Control Policy 
Web site (http://www.whitehousedrugpolicy.
gov/drugfact/factsht/proper_disposal.html). 
State and city governments may provide more 
take-back programs in light of this guidance.

The EPA Office of Water is currently 
conducting three studies of PPCPs. The 
first is a study of fish tissue samples for the 
presence of 37 pharmaceuticals, and results 
are expected in December 2007. Second, the 
EPA will finish a study of discharges from 10 
WWTPs in early 2008 and will use this data 
to determine whether to require treatment 
of pharmaceuticals. The third study involves 
sampling of biosolid sludge for the presence of 
75 contaminants. Originally, the results were 
due in December 2008; because of high-profile 
media reports, however, EPA added PPCPs to 
an ongoing study of biosolids so that results 
could be released this month, with a final 
version in September 2007. 

Detectable Presence
As stated above, PPCPs are component 

chemicals from pharmaceuticals and 
personal care products. This is a diverse class 
of chemicals, with a plethora of potential 

effects in the environment based on different 
mechanisms of action. Garnering the most 
concern and publicity is a subset of PPCPs that 
reportedly act as endocrine disruptors, meaning 
that they interfere with the synthesis, secretion, 
transport, binding, action, or elimination 
of natural hormones in the body that are 
responsible for the maintenance of normal 
cell metabolism, reproduction, development, 
behavior, or some combination of the above. 

Not all PPCPs are suspected endocrine 
disruptors, and regulators do not fear only 
reproductive effects. PPCPs include antibiotics; 
release of antibiotics to the environment 
occurs not only from human use but also from 
agriculture, where many animals are given 
antibiotics to grow and to stave off disease 
at concentrated animal feeding operations 
(CAFOs). Public health officials are worried 
that the ubiquitous presence of antibiotics 
in the environment will selectively favor 
“superbugs,” i.e., microbes that have evolved 
resistance to traditional antibiotics. 

Regulators and scientists are concerned 
that the risk from PPCPs could be increasing 
over time. Companies are manufacturing more 
personal care products than ever before, and 
household products may contain more than 
a few PPCPs. Similarly, pharmaceutical 
consumption is on the rise. Not only is 
the population increasing, offering more 
individuals using prescriptions, but per capita 
pharmaceutical use is also increasing as drugs 
are prescribed for different uses, at different 
ages, and as the population ages. 

While the potential sources of this 
contamination may be increasing, the 
phenomenon may not be entirely new. 
It is possible that these chemicals have 
been present in the environment for many 
years, but that scientists have been able 
to detect them only in the last few years. 
Increased analytical capabilities have 
allowed researchers to detect chemicals at 
vanishingly small levels, at concentrations 
as low as one part per trillion (often 
designated in nanograms per liter, or ng/L) 
or even lower. Mere presence of a chemical 
in the environment may be irrelevant if 
concentrations are below threshold levels 
where effects occur.

Dana Kolpin, the same USGS official 
who briefed Congress on intersex fish, is 
the primary author of one of the key studies 
measuring the presence of PPCPs in rivers. 
Along with other USGS officials, he published 
a study “Pharmaceuticals, Hormones, and 
Other Organic Wastewater Contaminants 
in U.S. Streams, 1999-2000: A National 
Reconnaissance.” Environmental Science & 
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Technology, 36(6): 1202-11 (2002). Mr. Kolpin 
et al. found one or more of their target organic 
wastewater contaminants in 80 percent of the 
139 streams that they sampled; they found 82 of 
the 95 target compounds in at least one stream. 
Researchers acknowledged that their study was 
biased because it sampled areas downstream 
of large cities or large agricultural areas and 
therefore was not representative of American 
surface water as a whole. 

Nevertheless, many researchers have 
conducted environmental monitoring or 
ecotoxicity studies to attempt to discern the 
effects, if any, of these compounds. Difficult 
questions abound: Can these chemicals cause 
toxic effects at such low levels, even assuming 
chronic exposure? Because many chemicals 
may be present at the same site, what might 
the additive, synergistic, or antagonistic effects 
of certain combinations of PPCPs be? Are 
the chemicals mobile? Are they persistent? 
Are effects in fish relevant to human health? 
Researchers are only starting to tackle these 
questions, and attempts to answer them will 
affect future regulatory developments and  
legal obligations.

Is There Cause for Concern?
To date, the main PPCP-associated 

phenomenon observed involves correlation—
and, importantly, not necessarily causation—
between reproductive effects in fish populations 
and the presence of PPCP endocrine disruptors. 
At the March 23 briefing, Mr. Kolpin 
provided sampling data in Boulder Creek 
that he thought could explain the differing sex  
ratios. Immediately upstream of the Boulder 
WWTP, 17b-estradiol (a common metabolite 
of birth control pills) was not detected; 
immediately downstream of the WWTP, 
the compound was measured at 2.9 parts per  
trillion and concentrations decreased gradually 
moving downstream. 

Although the Boulder Creek data may 
be the most dramatic evidence of suspected 
endocrine disruption, USGS researchers have 
observed intersex fish elsewhere. In fact, the 
March 23 hearing was not the only one held 
on Capitol Hill to respond to intersex fish 
observations. On Oct. 4, 2006, the Director 
of USGS, Mark Meyers, briefed the House 
Committee on Government Reform in a 
hearing titled “Ova-Pollution in the Potomac: 
Egg Bearing Male Bass and Implications for 
Human and Ecological Health.” A transcript of 
the testimony is available at http://www.fws.gov/
laws/Testimony/109th/testimony_109.htm. 

As the hearing’s name implies, discovery of 
intersex bass in the Potomac and Shenandoah 
Rivers prompted congressional attention and 

concern. At the hearing, Mr. Meyers stated that 
in addition to the Chesapeake Bay Watershed, 
the USGS “has found such fish in the Mississippi 
River, the Rio Grande and Colorado Rivers, 
the Columbia River, the Missouri River, the 
Las Vegas Wash and many other locations 
throughout the country.” He also told the 
House Committee that potential causes included 
conventional pollutants such as pesticides but 
also “an emerging group of chemicals including 
personal care products and pharmaceuticals that 
may act as endocrine disruptors in fish and other 
organisms.” 

It is important to stress that, to date, no 
human effects have been attributed to exposure 
to low levels of PPCPs, nor is there conclusive 
evidence that PPCPs are in fact the cause of 
adverse effects in aquatic organisms. Many, if 
not all, of the detectable PPCPs may be present 
at levels below thresholds above which effects 
occur. Nevertheless, many health officials and 
regulators are concerned that PPCPs could cause, 
both indirectly (creating an environment ideal 
for the natural selection for antibiotic resistant 
microbes, as mentioned above) and directly, 
human health effects. The same surface water 
to which WWTPs release effluent might be 
intake for another municipality downstream. 
In other words, low levels of PPCPs may find 
their way into drinking water. Thus, in the face 
of uncertainty (coupled with dramatic effects 
in other vertebrates), regulators may act out 
of caution. 

Who Will Regulators Target?
Perhaps the most efficient way to prevent 

the release of PPCPs into rivers and streams 
would be to require WWTPs to install 
the appropriate technology (potential 
options include ozone, reverse osmosis, and 
membranes) to remove or render inert the 
PPCPs present in the effluent. Currently, 
there is no panacea: PPCPs are a diverse 
class of compounds and some PPCPs may 
respond to one technology but not another 
and vice versa. Nevertheless, EPA could use 
its authority under the Clean Water Act to 
require such treatment. 

The main benefit is that such regulatory 
action would target the greatest emitter of 
PPCPs into the environment. The obvious 
drawback, however, is that such regulations 
target municipalities that are already 
challenged for funds. Most WWTPs are 
currently struggling to meet other, very basic 
challenges in design and capacity (particularly 
combined stormwater/sewer systems) and are 
likely to balk at expensive measures without 
tangible human health benefits. 

Other potential targets of new regulations 

include hospitals, long-term care centers 
such as nursing homes, and pharmacies. 
These entities handle large quantities of 
pharmaceuticals, often adhering to a policy of 
flushing expired pharmaceuticals. Therefore, 
they will be directly affected by an amendment 
adding pharmaceuticals to the universal waste 
regulations. Although the universal waste rule 
is less stringent and more streamlined than 
other provisions of RCRA, pharmaceuticals 
were formerly unregulated by the EPA, and 
many hospitals, long-term care facilities, and 
pharmacies may be surprised by the imposition 
of environmental regulations on medications. 
At this time, they should follow the White 
House Drug Policy’s guidance while preparing for 
increased regulation when pharmaceuticals are 
covered by the RCRA universal waste rule. 

Pharmaceutical (and cosmetic) companies are 
more removed from most actual environmental 
releases of PPCPs. Their products pass through 
a pharmacy or store, then (commercially and 
metabolically) through consumers, and finally 
through a WWTP before being released to the 
environment. Nevertheless, EPA may require 
companies to obtain a permit for their direct 
releases from manufacturing facilities under 
the Clean Water Act National Pollutant 
Discharge Elimination System program. 
Companies could act proactively by including 
labeling regarding proper disposal of any unused 
medication. Additionally, they could partner 
with municipalities to assess risk and examine 
potential treatment options to remove their 
products from wastewater effluent. 

Conclusion
Long regarded as different from other 

chemicals for purposes of environmental 
regulation because of Food and Drug 
Administration jurisdiction, changes are 
looming for the pharmaceutical and cosmetic 
industries. Environmental sampling studies 
reveal that minute amounts of certain 
PPCPs are present in rivers and streams; some 
researchers have correlated the presence of 
some PPCPs with observations of intersex 
fish. Regulators, scientists, and environmental 
activists have sharpened their focus on these 
“emerging contaminants,” and with that may 
come more regulations for the pharmaceutical 
and cosmetic industries, for hospitals, long-term 
care operations, pharmacies, and wastewater 
treatment plants. 
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