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The U.S. Environmental Protection Agency Meeting on Pharmaceuticalsin the Environment

MEETING SUMMARY

The U.S. Environmental Protection Agency
Meeting on Pharmaceuticalsin the Environment

U.S. Environmental Protection Agency
National Exposure Research Laboratory
Executive Building, Auditorium
Las Vegas, NV

August 23-25, 2005
SUMMARY OF IDEAS AND PERSPECTIVES

The Meeting on Pharmacetticalsin the Environment, organized by a cross-Agency planning group within
the U.S Environmenta Protection Agency (EPA), was the firg meeting to bring together the many div-
erse gakeholders and federa agencies that have a role in minimizing the occurrence of pharmaceuticals
and persond care products (PPCPs) in waste sreams, as well as those scientiss who are evauating the
occurence, fate, and effects of these compounds in the environment. All participants seemed very
appreciative of the opportunity to talk across communities and hear the perspectives and issues from
others pointsof view. Some highlights from the meeting dscussonsinclude the following items

? Many participants expressed the pergpective tha the information to date does not indcate an impact
to human hedlth. Clear evidence that PPCPs are in the environment and, in some cases may be
ubiquitous coupled with findings of reproductive effects to aquatic life, indcate a need for further
research.

? Addtional research is needed on the fate and effects of pharmaceuticals and their trandformation
products a levels detected in the environment.

? It was proposed that the federal government assist in targeting future ressarch efforts toward areas of
geates rik by developing a priority lig of PPCPs that occur and mogt likely are to have human
hedlth or ecologca effects

? It s was suggested that existing detection methods be validated and additional method devel opment
research be conducted (i.e., methodsthat can detect multiple PPCPsin different medatypes such as
sediments and weter, including sample preparation and concentration approaches).

There is much interest and activity in proper drug disposa o that unused pharmaceuticals do not enter
the solid waste or wasewater sreams Unused pharmaceLticals are those that currently are digposed of
because they are padt their expiration date or no longer needed

It was observed that federal involvement from many agencies might be needed to facilitate these efforts.
Those federa agencies that could become involved include: EPA, the Centers for Disease Control and
Prevention (CDC), the Drug Enforcement Adminigration (DEA), the U.S Food and Drug Adminigration
(FDA), the Nationd Ingitute of Environmenta Hedth Stiences the Nationa Oceanic and Atmospheric
Adminigration (NOAA), the U.S Geological Srvey (USGS, and the U.S Department of Agriculture
(USDA).

The Office of Research and Development’ s National Center for Environmental Research 1
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It aso was recognized that there is a large sakeholder community that coud contribute to these efforts.
Among these are the hedlthcare community, medica ocieties the medica insrance indugry, the
veterinary professon, pharmaceutical manufacturers, pharmacies, approved pharmaceutica “ reverse dg-
ributors’, g¢ate andloca governments and westeweter trestment plant (WWT P) operators

There was dscusson of the interes of local and gate governmentsto conduct take-back programsin an
attempt to reduce pharmacetical waste. Some participants proposed that efforts be made to remove bear-
riersto these typesof programsand encourage this pollution prevention approach.

Meseting participants posed the question of if there is a need for a new approach to address the issue of
emerging contaminants such as PPCPs. It wes proposed that such an approach could focus on collab-
oration with sakeholdersto undersand the issue and find the best solutions.

INTRODUCTION AND OVERVIEW

The EPA Meeting on Pharmaceticasin the Environment was held on August 23-25, 2005, in Las Veges,
Nevada. The workshop brought together researchersfrom academia, private industry, regulatory agencies,
and government to discuss ongoing research on pharmaceuticasin the environment. The workshop dso
served as a gimulus for increased collaborations among the various researchers and agencies and resulted
in improved knowledge of pharmacetticalsin the environment. Approximately 160 individuals attended.

Welcome and Introductory Remarks
Chrigtian Daughton, U.S. BPA

Dr. Daughton welcomed participants to the meeting and explained that there were two diginct but
interrdlated objectives of the meeting (1) provide a forum for the Nationa Center for Environmenta
Research’ s (NCER) Stience To Achieve Reauts (STAR) extramural grant program granteesto present
their readts on PPCPs and (2) focus on environmenta stewardship for pharmacetticals. This topic had
never been discussed at a public meeting in a concerted fashion, and the meeting brought together a broad
audience of scientigs engineers hedth care professonals and regulatory and enforcement professonas
The attendees were employed by a variety of organizations, including federd, sate, and loca agencies
public utilities univerdties consuting firms private laboratories pharmaceutical manufacturers, and
hedlth care and medical facilities He gave an overview of the format and rues of the meeting, thanked
the planning committee, and introduced Angela Page of EPA asthe next speaker.

Overview of the Office of Research and Development and Science To Achieve Results Program
Angela Page, U.S. BPA

Ms Page welcomed participantsto the meeting and thanked the ST AR granteesfor agreeing to share their
resdtsin this forum. She explained that the Office of Research and Development (ORD) is tasked with
providing credible, rlevant, and timely research reauts and technical support to inform EPA policy de-
cigons ORD is organized into 3 nationd laboratories, 4 nationa centers and 2 offices located in 14
facilities around the country and in Washingon, DC, and employs more than 1,950 personne. ORD’ s
annual intramural budget is approximately $700 million with a $100 million extramural research grant
program. In 2002, ORD egtablished the National Homeland Security Research Center and established the
Nationa Center for Computationa Toxicology in 2004. In line with the National Academy of Stiences

risk assessment and risk management paradigm, the three nationa laboratories focus on exposure research
in the following high-priority research areas human hedlth, particuate matter, drinking weter, clean
weter, gdobal change, endocrine dsruptors, ecological risk, pollution prevention, and homeland security.

The Office of Research and Development’ s National Center for Environmental Research 2
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NCER, ORD’ s extramural research arm, was established in 1995 as part of the ORD reorganization.
NCER, through its ST AR grants program, awards competitive grants to leadng researchers from the ac-
ademic and nonprofit communities NCER awards small contracts to for-profit organizations under the
Small Business Innovation Research Program. In addition, NCER dso egablishes both ST AR and non-
STAR research centers, such as the Hazardous Sibsance Ressarch Centers. Using the ORD Srategic
Plan, nationd environmentd research needs relevance to Agency misson, and research conducted in
ORD'’ s intramura program, ORD cooperates with other EPA offices includng Regiona Offices, to
slect topics for STAR licitations Each year, gpoproximately 3,000 to 3,500 grant applications are
received in reponse to 20 to 25 requestsfor applications 100 to 175 ressarch grantsand 125 to 150 fel -
lowships are awarded annually.

NCER' s Drinking Water Program began in 1996 with funding levels between $2.5 and $5 million per
year. Over the course of the Drinking Water Research Program, research has been funded to investigate
exposure and health impacts of microorganiams such as Cryptogporidium; exposure and risk from dis
infection byproducts, effects and occurrence of chemicas on or anticipated to be included on the
Contaminant Candidate List (CCL), including PPCPs, and epidemiological studies to study microbial
risk. NCER activities are communicated via online access and resources, publications, progress review
workshops and proceedings, scientific conferences and the NCER Web Ste at http://mww.epa.gov/ncer.

Overview Presentation From the U.S. EPA’ s Office of Water
Octavia Conerly, U.S. BPA

The Hedlth and Ecologica Criteria Divison of EPA’ s Office of Water provides the science behind EPA
reguations for water. EPA’ s enabling legidation can be avery diverse set of laws, not always consstent
with one another, that often require science-based decisions (e.g., the Safe Drinking Water Act [SDWA]
of 1996 requires EPA to use the best publicly available, peer-reviened science) and dictate how EPA
does busness. The mgjor legidative authorities for water include the DWA; the Clean Water Act
(CWA) of 1977; and the Food Quality Protection Act (FQPA) of 1996, which provides a ssfety sandard
for al pegicides used on food

EPA does not have a pecific program targeting the reguation of PPCPs Therefore, reguatory deter-
minations for PPCPs must be handed under one of EPA’ s exiging programs. One such program isthe
CCL process Under the DWA, the Office of Water (OW) is mandated to set maximum levels for
contaminantsin water delivered to users of public water sysems with an emphasis on the best availdde
peer-reviewed science and the protection of senstive popuations EPA isrequired to reguate at least five
contaminants every 5 yearsviathe CCL. Finalized February 2005, the current CCL (CCL2) contains no
PPCPs

Under the DWA, for acontaminant to be reguated, three criteriamust be met. Thethree criteriaare: (1)
The contaminant must adversdly affect public hedth. (2) The contaminant mugt be known to occur or
likely to occur in public water sysemswith afrequency and at levelsposng athreat to public hedlth. (3)
There must be present a meaningfu opportunity for health risk reduction if regdation occus Every 6
years EPA reviews exiging National Primary Drinking Water Sandards for drinking weter contaminants
Currently, there are no exiging reguations for specific PPCPs. Some PPCPs however, are pedticides
(e.g.,, nonyl phenol) or endocrine disruptors. In such cases, these compounds may be reguated within
these specific programs

Presently, there are various data gaps (e.g., andytica methods, hedlth effects data, national occurrence
data) for PPCPsthat limit their ability to beregulated a thistime. Another limitation isthe fact that under
DWA and CWA, OW cannot request toxicologica datafrom manufacturersor industry, unlike the pest-
icides program.

The Office of Research and Development’ s National Center for Environmental Research 3
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The CWA setswater quality criteria and guidelines, as well as technology-based standards for ambient
wetersto protect andrestore U.S waters. Satesand tribes set their own water quality gandardswith EPA
guidance. If the proposed sandards are not as protective and/or as scientificaly sound as EPA’ scriteria,
EPA may reject them. EPA publishesnational chemical and biological water quality criteria based on risk
asessments, allowing gates to desgnate appropriate use for their water bodies With the exception of
nonyl phenol (used as a pedticide and a surfactant), the Agency has not yet developed criteriafor PPCPs
astoxicsbut coudif given sufficient data and priority.

Other CWA approachesthat coud help control the levels of PPCPsin amhient watersinclude the Effluent
Guiddines program for the reguation of point sources (e.g., the pharmaceutica manufacturing industry
and the aguaculture industry), the Combined Animal Feeding Operations (CAFO) Rule, and the Fish
Advisory Program. In general, effluent guidelines are national standards for wasewater discharges to
surface waters and publicly owned treatment works (POT W), such as municipal sewage treatment plants
(STPs). The guidelines are based on the performance of treatment and control technologies and not on
risk or impacts upon receiving waters The Effluent Guiddines for the Pharmacewtical Manufacturing
Industry Rule reguates the discharge of PPCPs into navigade weters of the United Sates and into
WWTPs by pharmaceutical manufacturing facilities.

In the future, EPA would like to continue to collaborate with agencies such asthe FDA, USGS CDC, and
UDA to: (1) develop water quality standards and criteria; (2) develop drinking water reguations; (3)
assess increasng antibiotic resstance; (4) develop effluent guidelines, and (5) share technology,
including methods of development and treatment technologies Additiondly, interna collaboration of
EPA’ sProgram Officesand Regionsin the future isimportant to: (1) develop EPA-approved methods for
detection; (2) determine additional research needs and (3) develop guidance on how to move forward
wntil risk assessmentsfor these typesof contaminantsare availabe.

The EPA Regional Pergpective—Why Pharmaceuticalsin the Environment
Are an Emerging Science Issueto EPA’ sRegions
Bobbye (Barbara M.) Smith, U.S. BPA

Following the EPA National Regional Sience Council identification of PPCPs as a science need on
which EPA shoud focus, a cross-Regiona team on PPCPswasformed. The Regionsidentified examples
where research was currently underway to investigate PPCPs.

Region 1 (New Engdand) has developed a high performance liquid chromatography/tandem mass
spectrometry (HPLG/MSMS method for seroid hormones and other endocrine disrupting chemicals
(EDCs9) in water within the context of a sudy of 40 WWTPsin Connecticut, Maine, and Vermont. The
Region also has anvarded a grant to the Northeast Recycling Center to evaluate approachesto dgpose of
used consumer drugs and a grant to Hospitals for a Healthy Environment to address hospital pharm-
aceutical waste.

Region 3 (Mid-Atlantic) isworking with the Sate of Virginiato identify the potential causes of intersex
fish found in the south branch of the Potomac River. Stientigs are usng vitellogenin (VT G), a protein
normaly only expressed in egglaying females, gene expresson assays to assess the presence of
egrogenic EDCs T he presence of VT G gene expresson in the livers of malesand juvenile fish indicates
that the organism has been exposed to estrogenic EDCs Region 3, concerned about antimicrobia
veterinary pharmaceuticas and their effects on antibiotic resgance in environmenta bacteria, is
aupporting an ORD project to invedigate the environmenta consegquences of the ue of veterinary
antimicrobias

The Office of Research and Development’ s National Center for Environmental Research 4
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Region 5 (Great Lakes) is developing analytical methods for surfactants, goecificaly akyl and nonyl
phenolsand their ethoxylates, in collaboration with ORD. The Region is developing datathat will support
the weter quality criteriafor some Great Lakes sates Addtionaly, the Region isworking with ORD to
correlate chronic toxicity values usng classic toxicity bioassays, to the new generation of gene expression
assays, 0 that gene expression can be linked to whole organian toxicity. EPA, UDA, USGS and the
Metropolitan Water Reclamation Digrict of Greater Chicago (MWRDGC) are collaborating on a project
to characterize the levels of a number of perssent, bioaccumulative, or toxic substances in aqueous and
dudge samples throughout the Calumet Water Reclamation Plant. This sudy is funded through ORD’ s
Regionally Applied Research Effort program. The sudy’ s objectives aso include esablishing a collab-
orative partnership among EPA, UDA, USGS and MWRDGC and enhancing the analytical capahilities
of participating laboratories. The study will initially focus on mercury, poly chlorinated biphenyls (PCBs),
polybrominated dipheny! ethers akylphenol ethoxylates (APEOSs), PPCPs, and hormones. To date, two
intengve sampling events have taken place at the Calumet plant in March and August 2005. Sampling at
the Calumet plant will continuein late 2005 or eerly 2006.

Region 8 (Mountains and Plaing) is funding a sudy of the relaionship between WWTP effluent and the
effects of EDCs on the native fish popuation. In addtion to higology sudes tha have shown visua

evidence of reproductive disuption in native white suckers, stes downstream of certain WWTPs
deplayed a sx ratio skewed toward females that would not be expected in a natural popuation.

Addtionally, intersex fish were found only downstream from the sampled WWT Ps As areaut of this
research, amulti-agency, multi-gate, muti-stakeholder program entitled the Consortium for Research and
Education on Emerging Contaminants has been formed and will hold a workshop in the near future.
Anyoneinteresedin participating shoud contact Patti Tyler, the Regon 8 Regiona Sience Liaison.

Region 9 (Pacific Southwest) has been active in describing EPA’ s EDC and PPCP research agendas to
muitiple gakeholder groupsfor several years. In addition to training Region, Sate, and tribal personnel on
gene expression EDC exposure assays, the Region is currently participating in a technology transfer of
gene expresson expoaretoolsto the Sate of Cdifornia. Further, dschargersin Region 9 took part in an
ORD-gponsored VT G gene expression sudy of 50 WWTP effluents across the United Satesto explore
the efficacy of the new generation of gene expression exposure assays.

Region 10 (Pacific Northwest) is increasingly involved in assessing and dealing with impacts of rapidy
expanding large-scale agricultural CAFO facilities, eecidly in southern Idaho and rural areas of

Washington and Oregon. Detectable ground weater contaminants traceable to such CAFOs include
edradiol and sulfa drugs administered as veterinary pharmaceuticals. Agquaculture and mariculture also
are very important to Region 10. Medications and other chemicals used in such finfish and shellfish
culturing facilities are becoming a public perception issue regarding pollution of weter, as well as the
food products. T he large cruise ship industry has enjoyed extremely rapid growth in Region 10. At the
request of the Sate of Alaska, Region 10 took part in arecent scientific assessment of cruise ship westes
in Alaska weters, which utimately recommended that PPCPs be conddered as potentialy sgnificant

emerging contaminants of concern to marine recelving waters The Regond Laboratory dso is
developing the capacity to perform gene expression assays (e.g, for VT G).

The Regions need the science to ansner the following questions: (1) Isthere evidence of harm to human
hedlth or the environment a PPCPs levelsthat are detectable? (2) What are the sources of PPCPsin the
environment? (3) Can PPCP sources be controlled or reduced? (4) What are the mogt important PPCPsto
monitor? (5) What exiging analytica methods should be used? (6) What is known about PPCP fate and
trangoort? (7) Are there valid exposure andlor effects tes? To ansmer these quetions Regions need
methods to measure biological exposures and effects as well as analyze chemicals Addtionaly, the
ience of PPCP modes of action, pathways and fate and trangport needs to be explored. The links
between new tools and human hedlth and environmenta outcomes need to be developed.

The Office of Research and Development’ s National Center for Environmental Research 5
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Overview of Science Involved With Pharmaceuticals A Perspective From the U.S. EPA
Chrigtian Daughton, U.S. BPA

PPCPswere firg invedtigated as environmenta pollutantsin a concerted effort in Europe in the 1980s It
is important to note that PPCPs are not trdy “emergng’ pollutants it is the undersanding of the
sonificance of their occurrence in the environment that is beginning to develop. The overdl issue
comprises numerous facets that involve the expertise of a broad spectrum of distiplines ranging from
human hedth to ecology. There are thousands of diginct chemica entities with numerous (and
increasng) therapeutic classes and end uses, a large number of which possess very high hbiologica
activity. Two clases of thergpeutics that have received the mog atention are the antibiotics with the
potential for ressance sdlection among pathogens, and seroidal hormones, which overlap with EDCs
For the plethora of other clases however, little is known regardng the potentia for effects In generd,
PPCPs are not reguated water pollutants, and the few pollutantsthat are reguated are just a fraction of
the chemical stressorsto which organisms can be exposed on a continual bess

Although mog pollutants are not new to the environment, two magjor sources for pollutants are new: (1)
chemicals newly introduced to commerce (e.g, new medications or pegicides); and (2) new
anthropogenic processs (e.g., gallium arsenide quantum dots). Previoudy unrecognized pollutants can be
brought to the attention of researchers asareaut of new advancesin chemicd analyss (e.g., “ nontarget”

identification), the increased ddlity to detect exiging pollutants at ever-lower concentrations, and the
exploration of environmenta areas not previoudy consdered (e.g., foods as a sgnificant source of

acrylamide). There isno reason to believe that PPCPs have not exisged in the environment for aslong as
they have been used commercialy. Additionaly, conventiona priority pollutants (e.g., highly haogen-
ated organics such as DDT and PCBs) are only aamdl part of the potentid risk to the environment and
living organisms Lessthan 3 percent of commercialy available substances and lessthan 1 percent of the
known universe of 26 million chemicals currently are reguated or inventoried worldwide. Additionally,
the number of chemicasthat potentidly can be synthesized from known chemicasis virtudly limitless
Only compoundstargeted for monitoring have the potentia for being identified and quantified, and those
compounds not targeted will elude detection. T he spectrum of pollutantsidentified in a sample represent
only aportion of those present, and they are of unknown overal risk Sgnificance.

Environmentd expoare to PPCPs occus as a readt of excretion of the parent chemicds ther
metabolites or trandormation products disposal of expired or unwanted PPCPs into toilets drains and
trash; leaching from municipa landfills, CAFO runoff; agriculture spraydrift; direct discharge of raw
sewage; and tranggenic production of proteinaceoustherapeuticsby genetically dtered plants. The portion
of PPCPs in the environment originating from digposa versus excretion, however, is not known. There
are many ramificationsto the presence of PPCPsin the environment: (1) Exposire to nontarget organisms
coud be ggnificant. (2) Continual input via treated sewage allows PPCPs to be persgent despite short
haf-lives. (3) Aquatic organisms can suffer continual exposure. (4) The potentia exissfor subtle effects
(e.g., neurobehaviord change) at even ppblevels(?gL). (5) The potentia exigsfor inhikition of aguetic
defendve mechaniams (e.g., &fflux pumps). (6) There is a great chalenge in identifying the many un+
knowns asociated with effects from smutaneous expoare to low-levels of muitiple chemical sressors
over long periods of time. (7) The potential for addtive (i.e., cunuative) andinteractive (i.e., synergisic)
effectsfrom mutiple exposure exigs. Additionally, thetoxicity of complex environmental mixtures poses
major unansnered questions

Bioconcentration of PPCPs is a possble new paradigm. Although their higher polarity woud seem to
preclude bioconcentration for most PPCPs, certain medications, despite their low lipid solubilities, are
being detected in aguatic tissues in concentrations enriched from those in the ambient water. Thisis
perhaps partly aresut of drugs being desgned to take advantage of gainingintracelluar accessviaactive
trangport. Underganding the subtle effects of PPCPs on organismsisan important aspect of investigation.

The Office of Research and Development’ s National Center for Environmental Research 6
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Two important questionsto condder are: (1) Could immediate bhiological actions on nontarget species be
imperceptible but nonethelesslead to adverse impactsasareadt of continual accretion over long periods
of time? (2) Could suhtle effects accumuate so dowly (perhaps seeming to be part of naturd variation)
that major outward change cannot be ascribed to the origina cause? Effects that are sufficiently subtle
that they are undetectable or unnoticed present a challenge to risk assessment; therefore, advances in
developing and implementing new aquetic toxicity testhat can detect such changesare required.

Although there are growing presures to reuse wasewaters for drinking, there are increasngy smaller
recycle loops and the ever-shortening spatia and temporad hydraulic connectivity between point of
wastewater discharge and point of use for drinking will pose serious challengesfor ensuring human safety
and for framing how risk is perceived by the consumer. Negative imagesin the consumer’ s mind cannot
necessarily be erased or corrected by more or even better science; sudies show that additional supportive
data often serve to exacerbate preconceived negative images. Effective communication between scientits
and the public is another important factor in managing the chalenge of pharmacetticas in the envi-
ronment.

FATE, EFFECTS, AND OCCURRENCE OF PHARMACEUTICALS IN THE ENVIRONMENT
Session A

Moderator: Angela Page, U.S. EPA

Occurrence, Environmental Fate, and Exposure Assessment of Selective Serotonin Reuptake
Inhibitors (SSRIs) in Aquatic Environments
Kevin Armbrust, Office of the State Chemist, Mississippi State Chemical Laboratory

The Misissppi Sate Chemica Laboratory’ s research plan is to determine the environmentd fate of
pharmaceuticals via experiments smilar to those required for pedticide regigration (e.g., hydrolyss, pho-
tdyds, aquatic metaboliam, etc.), measure parent and magor degradation product occurrence in
westeweter effluent and downstream receiving weter, and determine acute and chronic impacts to
Ceriodaphnia and reproductive impactsto Gambusa in cooperation with scientigs a the Universty of
Ceorgia. The laboratory chose to focus on the five mos commonly prescribed SRIs fluoxetineg,
Frtraling, fluvoxamine, paroxetine, and citalopram. Srtraline is the mos heavily prescribed and at the
highes dose. The factorsthe laboratory investigated were solubility in weter, the octanol-water partition
coefficient, negative logarithm of the acid dssociation congant (pK,), and hydroxyl radica rate congant;
data support the assumption that volatility isnegligible. T he degradation experimentsincluded hydrolysis
(rate and products measured), aqueous photolyss (rate, quantum yield, and products measured), and
ready biodegradability (rate and products measured). Additionally, smulated sunlight was added to the
experiments because sunlight isimportant to degradation, egpecidly in shalowwater environments

The readtsof the experimentsindcated that al compounds, with the exception of paroxetine, were sable
under al condtions The common trend for al medications wes to rapidy partition into sediment and
gay perdgent in the sediment for 30 days Sertraine bhinds more srongly to soil than the other SRIs
tested, paroxetine was mog reactive to the hydroxyl radical, and citadlopram waesthe mogt interesting from
a degradation gandpoint. The general trend of the environmental fate of all SRRIsteded indcated that
they strongy adsorb to soil and sediment, are hydrolyticaly sable, and are relatively perdgtent; the
exception is paroxetine. Exposure assessment models, therefore, would be driven by sorption and gahility
for persgent SRIs Addtiondly, the laboratory monitored influent, effluent, and upstream and
downgtream weter and sediment of the Columbus Wasteweater Treatment Plant in Columbus, Missssppi,
using LC/MSMSanalyss. Citalopram, fluoxetine, and sertraline were detected in al samplesin various
concentrations a various time points over the course of severd months. Norfluoxetine wes detected in
oneinfluent sample. The next gepsfor the laboratory areto complete pK, measurements, assess exposure

The Office of Research and Development’ s National Center for Environmental Research 7
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based on physical and chemical properties and degradability, analyze sediments, and validate methods for
fish and musse! tissue.

Occurrence and Fate of Antibioticsand Other Pharmaceutically Active Compounds
During Trangport to and During Drinking Water Treatment
Howard W einberg, University of North Carolina

Chlorination is a common treatment process for drinking weter disinfection in the United Sates The
chlorine resdud that is maintained throughout the digribution sysem, however, can react with organic
contaminants in the weter. Hence, if the concentrations of the contaminants in drinking water are
required, the resdual must be quenched at the time of sample collection. This laboratory has developed
quality -controlled analytica methods for antibiotics in source and finished drinking wetersthat enable the
Oetection of concentrationsaslow as 20 nglL. Thelaboratory ismonitoring three drinking weter treatment
plants downgtream of CAFO and municipd WWT P discharges. There are low levels of antibiotics found
in the source weter for al stes and some antibiotics are persgent throughout the drinking water process.
At afourth drinking water plant, dfferent types of filtration were analyzed and compared. Sand filtration
has amog no effect in reducing the concentration of antibiotics whereas granuar activated carbon
(GAC) filtration showed a 9gnificant reduction for some antibiotics but not all of them. Antibioticswere
present in the finished water even after chlorination. A fifth trestment plant included two chlorination
gepsin its process. After the firg chlorination, there was no change in the trimethoprim concentration.
Erythromycin disgppears completely before the second chlorinaion gep. In addtion, the fae of
antibiotics as they move from WWTP discharges downgtream is being evaluated through a smulated
trangport and photolyss reactor. The laboratory’ s reactor design includes a photolytic cell that converts
some of the molecues into photodegradative products some proportion of which is found in the
sediment. By anayzing both the agueous phase and ssdiments, the laboratory is able to perform a
complete mass balance on the fate of the origina antibioticsin thissmuated environment.

Gven that antibiotics appear to persg into some drinking weters, the use of more advanced trestment to
effect their remediation is being explored. Thisincludesthe use of utraviolet (UV) photolysisat different
intengties and aso the addtive use of hydrogen peroxide to achieve a hydroxyl radica -initiated oxidation
process The rates of reaction determined under controlled conditions are pH dependent, as might be
expected from the mutiple pKa vaues of some of the pharmaceuticdly active compounds The
egadishment of rate congant curvesfor different pharmaceutical products may makeit possbleto adjust
thetrestment processto control, manage, and/or degrade these compounds

In sammary, in spite of photodegradation and sedment transfer, antibiotics are reaching drinking water
plants. Whereas GAC filtration is quite an effective measure for reducing the levels of these and other
active congituents during the treatment process, medium pressure UV, the mos commonly employed
mode of photolysisused for some remediative processes, isonly partialy effectivein reducing the levels
of the source compounds Subsequent chlorination in the trestment process produces some chlorination
byproducts that perss at low concentrations in tap water. Because of the presence of antibioticsin the
receiving sreams from WWT Ps the laboratory dso isinvestigating if, in addition to their perdgencein
downgream surface waters, the antibiotics may be contributing to antibiotic ressance in microbia
organisms particuarly if they arefoundto concentrate in the ssdment phase.

Occurrence and Fate of High Volume Pharmaceuticals in Wastewater Impacted Environments
Mark Benotti, State University of New York at Stony Brook

The objectives of this research project are to: (1) develop LC coupled with timeof-flight (ToF) MS
methodology for the analyss of pharmaceuticals in wastewater-impacted environments (2) determine
occurence of selected pharmacetticaly active compounds (PhACs) in Long Idand groundweter; (3)

The Office of Research and Development’ s National Center for Environmental Research 8
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elucidate processes governing compound mobhility (e.g., sorption or degradation); (4) compare PhAC
occurrence and fate between esuarine surface water and groundwater; and (5) determine which com-
pounds make the best westeweter tracersin either environment. LC-T oM Stechnology has been applied
to invegtigate: PhACs in groundweter, estuarine surface water, and effluent; estrogens and APEOs in
water and sedments the removal of emerging contaminants during reverse osmoss wasewater
treatment; and polyethoxylated homologous series of aurfactants and surfactant metabolites

In the groundwater component of this project, two sets of Long Idand groundweter wells were sampled
and anadyzed for PhACs The fird set was comprised of 52 wells with an average depth of 250 feet.
Snge samples anadlyzed from these wells and concentrations were generaly lower than median
concentrations of smilar compounds reported in the USGS National Reconnaissance Srvey of U.S
dreamsandrivers The notade exception to this wes fluoxetine, which isfoundin a higher concentration
in groundweter in Long Idand as compared to the national median. T he second set was comprised of 20
wells with an average depth of 66 feet and 5 wastewater effluents These wells and effluents were
sampled in triplicate and analyzed for the same PhACs In this shallower group of wells the mean
concentrations of the bettery of PhACsalso were lower than the USGSNationa Reconnaissance resuts,
whereas concentrations in STP effluent were higher. When comparing the firg and second st of wells
the median concentration of each PhAC wes dightly lower in the deep wells and roughly an order of
magnitude lower than the USGSNational Reconnaissance results.

Looking at the trangport of PhACs through a well-defined well-field a a nursng home with an on-site
westewater treatment plant and comparing observed occurrences to laboratory sorption sudes it was
found that: compounds that moved well with groundwater are not strongy adsorbed;, compounds
exhibiting the bes mohility through the well-field have low adsorption coefficients (Kps); PhACsthat do
not move well with groundweter are either strongly adsorbed or degraded;, and some negligibly trans
ported compounds have high Kos (suggesting adsorption) and some have low Kps (suggesting microbial
degradation). In Long Idand groundweter, sulfamethoxazole and carbamazepine likely make the best
molecular tracers of wastewater, as they are ubiquitous throughout the two sets of wells, migrate well
through the nursing home well-field, and do not strongly adsorbto acuifer material.

A parallel project invedtigated several sampling Stes in New York’ s Jamaica Bay, an estuary where
wastewater isthe primary source of freshweter during dry condtions. Smple mixing curves show that for
compounds with little remova, PhAC concentrations throughout the bay can predict effluent
concentrations (y intercept) and seawater endmember slinity (x intercept). For some compounds, mixing
curves plot below the linear mixing line, suggesting removal. Laboratory microbia degradation exper-
iments, however, showed that mos compounds are resstant to microbial degradation on the time scale of
water mixing within the bay. In Jamaica Bay, caffeine, cotinine, and paraxanthine make the best tracersas
their concentration range was highes, they ressed microbia degradation on the times scales of mixing
within the bay, and their dynamic range (i.e,, ratio of concentration to detection limit) wes highest.

The project conclusons are as follows (1) LC-ToRMSis a powerful tool for the analyss of PhACsin
wastewat er-impacted sysems (2) Pharmaceuticals are present in susceptible Long Idand groundweters at
concentrations typicaly lower than those previoudy reported for impacted U.S streams and rivers. (3)
Groundwater concentrations are highest in shallow wells and/or adjacent to point source discharge. (4)
Mohility in groundwater is limited by adsorption and degradation. (5) Compounds that migrate best
through groundweter have low Kps (measred) and biodegradation rates. (6) Carbamazepine and
aufamethoxazole appear to be the best tracers of wastewater in subsuface environments. (7) Caffeine
and paraxanthine are less perdgtent, but at certain Stes may serve as tracers because of their loca high
loading. (8) In JamaicaBay, mos PhACsarereatively persstent over the hydraulic resdence time-scale
of the bay. (9) Mog compounds do not degrade extensvely within 4 weeks (10) Caffeine, paraxanthine,
and cotinine are possble estuarine wasteweter tracers measured in greatest abundance.

The Office of Research and Development’ s National Center for Environmental Research 9
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Detection and Fate of Environmental Esrogensin Wasewater mpacted Surface and Groundwater
Bruce Brownawell, State University of New York at Stony Brook

Mammals excrete seroid estrogens primarily as water-soluble glucuronide. It is important to undersand
the digribution of free geroidsandtheir conjugatesin the aguatic environment, because glucuronide can
release free edrogens via hydrolyss in effluent; therefore, solubdle estrogen conjugates could act as a
source of esrogens in aquifers or groundweater-fed sreams. T he objectives of this research project were
to: (1) develop methodsfor determining intact conjugates of steroid estrogensin westewaters and weste
water impacted groundwaters, (2) asess persstence and mohility of conjugatesin sewage treatment sys
tems and groundwater environments, (3) assess the mohility of APEO metabolitesin groundwater; and
(4) develop methods to determine seroid esrogens in sediments and soils to better undersand fate and
transport.

Thelaboratory developed a method for analysisthat removes much of the background matrix at esch step
20 that thereisimprovement in matrix suppresson and isoberic interference. After loadingthe samplein
an Oasis® Hydrophilic-Lipophilic Balance cartridge, the free etrogens are extracted with ethylacetate.
Next, acidic and weakly basic interferences are removed and a slective extraction is performed. Another
cleanup over an anion exchange column is completed, and the sample is analyzed via reversed-phase
HPLC/MSMS The egtrogens undergo further purification by an immunosorbent method previoudy
developed in the laboratory. As a result of this method, detection limits are now useful. The findings
using thismethod indicate that there are not many ducuronides found in sewage influent, sgnifying that
they are hydrolyzedto form free exrogen before arriving at the plant.

Another project involved a Cape Cod muiti-family septic tank andillustrated that effluent from the septic
tank entered severa well clusters within a couple of daysto lessthan 1 week. Thisis short-term, short-
range trangport of a number of wastewater contaminants, including etrogens and APEOs. T he plume
extends dong the groundweater table. Additionadly, the laboratory developed a method for looking at
egrogens in solid samples and has applied it to ssdments that have a high organic matrix. The method
applies cleanup over an HPLC diol column before running the sample over an immunoaffinity column.
The laboratory analyzed sedimentsfrom a Jamaica Bay, New York, sewage esuary and found that there
was a good correlation between estrogens and nonylphenol polyethoxylates (NPEO) and tha the ratio is
about the sameratio seen in srface water. Additionally, the levels of esradiol and estrone were as potent
as NPEO.

In conclusion, seroid estrogen conjugates, egpecialy the gucuronides, are rapidy transformed (in part to
free estrogens) before reaching ST Ps, where they are further degraded; conjugates adso are rapidy
trandormed in anaerobic septic tanks It does not appear that conjugated estrogens represent a large
ource of geroid hormones to receiving waters, whether conjugates or other PhACs of interest are more
persgent ill needs to be determined. Measurements of glucuronide conjugates in wasewater require
immediate acidification of samples other poisons do not s activity of extracdluar hydrolases in
wadewater. Although neither geroid hormones nor APEO metabolites are observed to be mobile over
long disgancesin oxic groundweter, they do migrate, particuarly the APEO metaholites, tensof feet in an
anaerobic septic tank plume. The extent to which septic plumes act as a source of organic wastewater
contaminantsto nearby receptors (e.g., ponds and wells) merits further investigation. Understanding the
mechanism of rapid degradation of organic wastewater contaminants along oxic flowines closeto septic
tanks may help in better desgn of onste sawage treatment systems

The Office of Research and Development’ s National Center for Environmental Research 10
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FATE, EFFECTS, AND OCCURRENCE OF PHARMACEUTICALS IN THE ENVIRONMENT
Session B

Moderator: Cynthia Nolt-Helms, U.S. EPA

Mechanians of Tetracycline Resstance Development in the Environment
as Detected by Real-Time PCR
David Graham, University of Kansas

This laboratory combines molecular biology and multiple scale ecological biology to investigate: (1)
ressance genes at cattle feedots versus antibiotic use srategy; (2) in Stu development of ressance
verass antibiotic loading rate; and (3) resstance gene decay and organism die-off in surface waters. The
laboratory’ sexperimental program sudesthe fate and effects of tetracyclines and fluoroguinolones (FQs)
in aguatic systems and investigates how to combine water chemistry and classical microbiology with
various molecuar technigues to assess relevant scenarios. Poecific experiments with tetracycline have
included: (1) fate and ressance versus antibiotic use srategesin cattle feedots, which includes the ob
ervation of resgance in weters below feedots, (2) resgance development in mixed-community, non
flowing impoundments, investigeting potential impacts on microbial communities and plantsin surface
waters, and (3) ressance retention and decay in different receiving waters from watershedswith variable
land uses. The third experiment includes exploration of gene decay rates in aguetic sysems and factors
that affect decay rate.

Reautsindicated that there were two to three orders of magnitude more genes associated with tetracycline
resgance in high antibiotic-use feedots Satigica analyss was performed on more than 16 dfferent
parametersthat coud posshly affect the retention of resstance genesin aparticular lagoon. There wasa
positive correlation with increased resstance genes and the following parameters use rate and pattern; lot
sze; head count; and volatile sugpended sediments. Addtionally, there was a negative correlation
between length of day and sun hours. T he laboratory concluded that feedot operations srongly correlate
with resstance gene copy numbers in lagoons, athough they also found that measured ambient lagoon
tetracycline levels only weakly correlate with detected ressance gene numbers. These resuts led the
invegtigators to further explore where resstance is actudly developed in anima-to-water sysems, how
long resgance perdgs once in the environment; and if antibiotic use has ancillay affects on other
elements of aguetic ecosysems.

The major conclusons of the project, based on the tetracycline deta, are asfollows (1) Feedot antibiotic
use practices sgnificantly impact the ressance genes in downstream waters, but ressance is gained
primarily in the anima, not in weter. (2) Measured tetracycline levelstend not to correlate or only weskly
correlate with resstant gene or organism numbers. (3) Resisance genes and organisms decay rapidy in
natural weters, but ressance can trandently increase as a result of local ecological effects (4) Light
increasss the rate of decay of ressant organisms and genes. The management implications of this
research are as follows (1) Antibiotic use should be tightly controlled in agricutural operations because
use pattern affects ressance gene and organism numbers downstream. (2) Water and wastewat ers should
be contained ondte in treatment units that maximize mixing and light penetration (e.g., mixed lagoons).
(3) It isbeneficid to monitor genes (or organisms) ingead of the antibiotics themsavesto assess exposure
andimpacts.

Fate, Attenuation, and Effects of Fluoroquinolone Antibacterialsin Aquatic Sysems
Charles Knapp, University of Kansas

FQs are a class of broad-spectrum antibecterial agents that act through the drect inhibition of DNA-
gyrase in hog organisms and primarily target Gram-negetive bacteria, but dso affect Gram-postive

The Office of Research and Development’ s National Center for Environmental Research 11
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organisms to some extent. There are greater than 10 commercidly avaldde FQs that are generaly very
effective and include ciprofloxacin, used for human clinical purposes, and enrofloxacin, found in
agicuturd use. The oljectives of the research project are to: (1) develop new methods for detection of
FQs and effects of FQ exposure on resstance in the environment; (2) asseess FQ fate under different
aquatic condtions in laboratory-scae sysems (3) determine FQ fate and effects in mesocosn-scale
sysgems and (4) perform toxicity tess on aguatic organisms Toward these objectives, the laboratory
developed new methods usng LC/UV-MStechnigues for enrofloxacin and ciprofloxacin that have high
sengtivity and detection limits (< 1 ?g/L), which led to the discovery of new breakdown products One
key observation is that a primary breskdown product of enrofloxacin degradation is ciprofloxacin;
therefore, it isnecessary to monitor both to assessnet FQ exposurein effectsstudies

Four laboratory-scale sudies on enrofloxacin and ciprofloxacin fate were performed to aseessthe effects
of dissolved organic carbon (DOC), particulate organic carbon (POC), pH, light intendgty, and biotic
activity. Reauts reveded that enrofloxacin and ciprofloxacin are highly senstive to light but are not
impacted by DOC, indicating that it is necessary to reguate light supply in field-scale sudiesto control
expoare time. Additiondly, enrofloxacin and ciprofloxacin are affected by POC. Because ciprofloxacin
readly binds to particles it is possble to filter it out. The researchers extrapolated the laboratory -scae
results and applied their finding to dedgn fieldscde experiments In these experiments athough

enrofloxacin degraded as a function of light supply, some ciprofloxacin formed as a result of this
degradation but only sgnificantly in the tanks smulating a partialy shaded light source. A surprising
resut wes that there was no maor change in aguatic community diversity following addition of

enrofloxacin. The mgor findngs of the project include: (1) Enrofloxacin and ciprofloxacin are photo-
sendgtive and have low resdence times in light-exposed aguetic sysgems. (2) Point enrofloxacin addition
appears to have minima impact on water chemigtry and whole community condtions (3) No increased
FQ resstance was noted usng molecular techniques under the conditions assessed. (4) It ispossble that
effectsmay dffer in lesslight-exposed (i.e., deeper) aguatic systems or scenarioswith continuous release
andlor expoaure. (5) Effectscan be seen a higher concentrationsin some aguetic organisms

Adsrption of Beta-Blocker Anti-H ypertensve Pharmaceuticalsto a Range of Mineral Surfaces
Tohren Kibbey, University of Oklahoma

The oljectives of thisresearch project were to: (1) sudy the adsorption to individual mineral components
of acomplex natural materia to better undersand adsorption to the material asawhole; and (2) sudy the
adsorption of betablockers Beta blockershave been detected a ? g/l concentrationsin the environment,
but there has been little reported adsorption data for environmenta sorbents The three beta blockers
gudiedin the project—propranolol, metoprolol, and nadolol—all have very high agueous solubilities, but
vary in their hydrophohicity, with propranolol being moderately hydrophohic (as indicated by log K,,)
and the other two being moderately hydrophilic. All three compounds are postively charged a neutral
pH. Seven mineralswere selected for sudy based on the content of Canadian River Allwium (CRA), a
naturd materia collected from the dlwid channd of the Canadan River in Norman, Oklahoma. The
minerals selected included a quartz sand, two feldspars, ilmenite, magnetite, hematite, and tourmaline, all
componentsidentifiedin the CRA.

Experimenta resuts indcate that adsorption isotherms in the presence of the CRA and each of the
minerals sudied were near-linear for al three compounds. Adsorption affinity of propranolol wes greatest
for al but two of the sorbents a reaut that is consgent with the difference in hydrophohbicity of the
compounds. Comparison between the solution pH of each experiment and the point of zero charge (PZC)
for each minera indicated that eectrogatic effects do not completely predict dfferences between
adsorption on the sorbents examined: adsorption occurred to magnetite and hematite below their PZCs
(i.e., both mineral and beta blocker were postively charged), and adsorption to the quartz and feldgars
was generaly lower than adsorption to tourmaline and ilmenite, despite the lower PZCs of quartz and

The Office of Research and Development’ s National Center for Environmental Research 12
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feldspar relative to the experimenta condtionsfor those mineras Overal, reltsreved that adsorption
of betablockersto many of the surfaces sudied is high enough to influence trangport, and the adsorption
extent iscomparade to quinolone antibioticsat neutral pH.

Pharmaceuticals and Personal Care Products as Environmental Contaminants (1):
Preliminary Environmental Risk Calculations and Method Development for Analyss
in Environmental Media via GC/MS

Lynn Roberts (presented by Kevin Bisceglia), The Johns Hopkins University

The objectives of thisresearch areto: (1) conduct apreliminary environmental risk assessment (ERA) by
compiling data on pharmaceutical usage, occurrence and potential ecotoxic risk; and (2) develop GC/MS
methods for selected PPCPs that are easy to perform, highly reproducible, robust, and amenable to the
analyssof different matrices (e.g., surface water, drinking water, and wasteweter).

To achieve the firs objective, a detailed usage, occurrence, and ecotoxicity detabase was developed for
the highes volume (i.e, top 200) pharmaceuticas in the brand name, generic, over-the-counter, and
hogpital categories for the years 1999-2002. Usage data were used to compute expected introductory
concentrations (EICs) accordng to FDA guidelines and toxicity data, obtained from EPA’ s ECOT OX
databese or esimated usng EPA’ sEcologica Sructure Activity Relationships (ECOSAR) program, were
used to compute probable no-effect concentrations (PNECs). The preliminary ERA indicated that

pharmaceuticas are extremely diverss; more than 50 therapeutic classes are represented in the 800 drugs
congdered. No correlation exised between EIC and pharmaceutical sales ranking, suggesting that many
more pharmaceuticals coud be of potentia concern than were identified in thissudy. The mgjority (i.e.,
geater than 80%) of pharmaceuticasthat potentially are present a measurable concentrations (i.e., > 10
ng/L) have not yet been sought by environmental researchers EICs appear ussful in providing order-of-
magnitude estimates of concentrations encountered in sawage treatment plant influents Preliminary

caculations (usng experimental and ECOSAR-derived toxicity data) indicate that asmany as 10 percent
of the pharmaceuticals consdered in this sudy likely are to be of environmental concern. Our realts
ugoest that the current FDA “trigger” of 1 ?g/L for performing risk assessments on new pharmaceuticals
may be inaufficiently conservative, as some compounds exert chronic toxicity belowthat threshold.

In achieving the second objective, choice of derivatization agent, solvent, and reaction conditions were
sysematicaly tested, as were necessary sample clean-up procedures. SPE was explored as a pre-
concentration gep, and the selection of sorbent media, ssample pH, and dution solvent identity was
sysematicaly investigated, as well. Highlights are as follows (1) Two new muiti-compound GC/MS
methods were developed for atota of 52 acidic, besic, and neutra anaytes (2) The methods encompassa
wide range of analytes from several different therapeutic classes and provide high senstivity and good
reproducibility. (3) The new method for derivatization of acidic compounds is particuarly robust and
performs best in acetonitrilewater mixtures thus eiminating the need for solvent blowdown and
asociated loses (4) Good recoveries were found using newer, polymeric SPE cartridges. (5) The SPE
method has proven to be reproducible and exhibits minima interference when extracting target
compounds from waters high in natura organic matter. These methods have been demongrated to
perform well in highly complex matrices, such asraw and finished wasteweter, asindcated by recoveries
of isotopicaly labeled surrogates or laboratory-fortified field ssmples.

Pharmaceuticalsand Personal Care Productsas Environmental Contaminants(2):
Biodegradability Studiesand Occurrence in Sewage Treatment Plant Influent and Effluent
Lynn Roberts (presented by Jim Yu), The Johns Hopkins University

Two objectives of the ressarch project are to: (1) determine the occurrence and loading of pharma
ceuticas and antiseptics into municipd WWTPs and (2) evaluate the adeguacy of current westewater

The Office of Research and Development’ s National Center for Environmental Research 13
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treatment practices in removing pharmaceuticals and antiseptics Using the method described in the
previous presentation, the laboratory sampled four ST Ps with dfferent trestment technologies on the
Northeastern U.S seaboard (Yonkers, NY; Philadelphia, PA; Batimore, MD; and Washington, DC) with
collective influent flow grester than 1.5 hillion gallons per day. Results of these experiments indicated
that 38 of the 52 compounds in the andyte qite were detected in one or more of the WWTPs a
concentrations as high as 3,000 ng/L. Although mos compounds found in ST P influents were detected at
dl stes examined, concentrations dffered from ste to ste. Certain PPCPs (diclofenac, amitriptyline,
trimethoprim, labetaol, carbamazepine, metoprolol, primidone, propranolol, dltiazem, and acyclovir)
were relatively persgent, with little remova (< 50%) a the ST Ps sampled, and PPCP remova efficie-
ncies varied a dfferent ST Ps. Preliminary resutsindicate that removal efficiency correlates with STP
lidsretention time.

The ohjectives of the biodegradetion portion of the ressarch project are to: (1) examine the biodegra
dability of selected PPCPs and (2) examine biodegradation behavior under different environmentd con-
dtions (e.g., varied dectron acceptors and microbial communities). The experiments were conducted
under aerohbic and anaerobic condtions and invegtigated a suite of presription and over-the-counter
(OTC) medications as well as antiseptics It was found that valproic acid, ibuprofen, phenobarbita, and
acetaminophen exhibited biotransormation only under aerobic condtions, ketoprofen, naproxen, and
secobarbital were subgtantidly (> 60%) biotransformed under all condtions, and phenytoin, dclofenac,
and 5-fluorouracil do not readily hiotransorm (< 60%) under any condtion. All antiseptics readily bio-
trandormed (> 60%) under al conditions tesed. From the laboratory studies, it was concluded that:
arobic condtions are more favorabe for biotranformation than anaerohbic condtions iron-reducing
conditionswere the least favorable; biosorption did not play an important role for the compoundstested;
the dfferent aerobic microbid communities (activated versus primary) exhibited Smilar biotrans
formation behaviors whereas the dfferent anagrobic microbiad communities (nitrate versus iron) had
dsimilar behaviors for some compounds, and biotranformation efficiency was not sengtive to initia
concentrations

Endocrine Effects of Selective Serotonin Reuptake Inhibitors (SSRIs) on Aquatic Organisms
Marsha Bladk, University of Georgia

SRIs, such as fluoxetine, have been detected in surface waters, and fluoxetine, sertraline, and their
metabolites have been detected in fish tissues. Thisisproblematic because pharmaceuticals are designed
to have a hiological effect and these effects on nontarget organiams are mostly unknown. Not only are
aquetic organisms exposed throughout their lifetime, there is dso the potentiad for multigenerationa
expoaure. Although little isknown about the perastence andfate of pharmaceuticalsin the environment,
SRis are known to promote spawning in mollusks. Gven these facts the overal research plan was to
determine the environmenta fate of SRIs, measure parent and magjor degradation productsin waseweter
effluent and downstream receiving water, and determine acute and chronic impacts to aquatic organisms.
All toxicity testsfollowed EPA protocols

The readts of the experiments showed that SRIs are acutely toxic to Ceriodaphnia dubia (a
macroinvertebrate) and Western mosuito fish. Addtionally, fluoxetine affects fish behavior, including:
uncoordinated sMmming; lethargy and lack of regponse to gimuli; and decreased aggression and
interaction between indviduals. Fluoxetine delays sexual development in fish and aso delays devel -
opment, including forelimb formation and tail resorbtion, and metamorphosisin frogs. Reduced mass and
limb maformationsin frogswere observed with chronic exposaure to fluoxetine, and both effects occurred
a environmentally relevant concentrations. Implications of these observations include the posshility of
increased predation, desccation in frogs decreased reproductive success, and eventual population
decline.

The Office of Research and Development’ s National Center for Environmental Research 14
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HAZARDS FROM WASTE PHARMACEUTICALS: DETERMINING TOXICITY AND CHEMICAL
ANALYTICAL METHODS FOR DETECTION

Moderator: Tammy Jones-Lepp, U.S. EPA

Overview of a Framework for Assessing the Hazards of Human Pharmaceuticalsin the Environment
From a SETAC Pellgon Workshop
Marsha Black, University of Georgia

The members of a workgroup from a Society of Environmenta Toxicology and Chemigry (SETAC)

Pdlson Workshop were tasked with placing biologicd effectsinto an overall framework for assesing
pharmaceuticals and their impact on the environment. Higtoricaly, ecologicd risk assessmentsfor human
pharmacetticals were generally a prediction of potentia environmenta concentrations or short-term
lethdity assayswith little or no condderation of potentia long-term toxicity, secondary impacts(e.g., via
bioaccumulation), or the effects of metaholites T he chalenge is managing thousands of chemicals some
of which coud have sgnificant chronic toxicity, while trying to protect al microbia, plant, and anima
goecies, with uncertainty about the mog sendtive phyla The workgroup proposed a solution that

includes tesing a set of reference active pharmaceutical ingredients (API) with defined mechanisms of
action on microbes, plants, and animalsrepresentative of phylaof concern; defining logical suitesof tests
for untesed APIs to etimate risk; and conducting pogt hoc environmental monitoring to assess the
robustness of risk prediction. The overall approach comprises a ressarch phase, a hazard identification
phase, and a monitoring phase. A focused, technicaly rigorous approach emphaszes tesing based on
mechanism of action, including identification of atest “tool box” (e.g., species endpoints) usng mode
APIs and dverse phyla; sdlection of chemica -specific test suites based on physico-chemical properties
and asessment scenario; and application of routine followup monitoring.

Overview of ORD’ s Aquatic Toxicology Research on Endocrine-Active Pharmaceuticals
Joseph Tietge, U.S. BPA

ORD laboratories are engaged in variety of research projects with aguatic organisnsthat are relevant to
the assessment of pharmaceuticasin the environment, soecificaly asthey pertain to endocrine pathways.
The broad objectives of these projects are to assess effects of chemicas on endocrine pathways in fish
and amphibian eciesin laboratory sudiesand to evaluate exposure to endocrine active chemicasin the
environment wsing field gudies The effects of chemica expoare on molecuar, celuar, organ,
organismal, and population endpoints are assessed and linkages are developed to predict effectsat higher
levels of organization and to dagnose the mode or mechanism of toxicity a lower levels of organization.
When iterated, this information can be used to buld libraries of toxicity pathweys that cover various
physologica sysemsof interest.

There are three major approaches being used by ORD. In the firg approach, two short-term screening
assays are being developed to identify chemicals that affect hormone (e.g, estrogen, androgen, and
thyroid hormone) regulation and function usng a variety of organismal, biochemical, and hisologica
endpoints. One such assay utilizes the fathead minnow (Pimephales promeélas) in a 21-day protocol to
evauate the effect of tes chemicals on estrogen and androgen pathways, as determined by reproductive
success, circulating sex seroid concentrations, gonadal histology, secondary sexua characterigics and
other biochemica endpoints The basc protocol for this assay is complete and validation Sudies are
currently underway . T he other screening assay utilizesthe metamorphic phase of the African claned frog
(Xenopuslaevis) in a14 to 21 day assay to evauate the effects of tes chemicason thyroid function. Met-
amorphodgsis a thyroid hormone-dependent event and perturbetions of normd thyroid hormone homeo-
dadsdter developmenta rate and thyroid histology. This screening assay is do in the process of val -
idation. In the second approach, partia and full life cycle tess are being developed to evaluate the ef fect
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of chemicas on reproductive and developmenta endpoints in a fish, the Japanese medska (Oryzas
latipeg, and in an amphibian (Xenopus tropicalig. The intent of this research isto determine if EDCs
resut in transgenerationd effectsthat are not detectedin the preceding short-term screening assays These
tess when fully developed and validated, may be used to better undersand population-level effects In
the third approach, sdlected endpointsthat were developed in both the screening and testing protocols are
being used in field sudies where naive fish are exposed to surface water discharges, such as effluents
emanating from confined animal feeding operations and municipa westewater treatment plants These
gudies demondrate that androgenic and estrogenic activities can be detected in surface water discharges
using well-defined methods.

Taken together, these projects have advanced the basic understanding of endocrine dsruption in aguatic
organiams, help to meet Agency screening and tegting requirements mandated through the FQPA and
DWA, and provide the Agency with toolsto assess potentia endocrine disruption in aquatic speciesin
the environment. Additionally, the approach used by ORD for evaluating EDCsis amenable to assessng
theimpactsof pharmaceuticalsto aquatic organisms, includingidentification of toxicity pathways devel-
opment of diagnogtic endpointsrelevant to atoxicity pathway, and congructing arationae to undersand
ource-to-outcome relationships.

Analytical Methodsfor Measurement of Pharmaceuticalsin Drinking Water and in the Environment
Mike Meyer, U.S. Geological Survey

The USGSperformed a series of national reconnaissance sudies of sreams groundweter, drinking water,
and sreambed sedment to determine the prevaence of emergng contaminants in areas susceptibe to
contamination from sources of human and agricutural weste (e.g., WWTPSs livetock operations, etc.).
The USGSmethods to determine occurrence of PPCPs in the environment are very smilar to methods
used by EPA, FDA, UDA, and NOAA, including liquidtliquid extraction and SPE. USGS uses its own
gandard sample collection procedures, however, for collecting a uniform representative environmental
sample and has a meticuous QA/QC process in place. The ressarch team is currently conducting an in-
stream process sudy in two effluent-dominated streams (Boulder Creek, CO, and Four-Mile Creek, CO)
to examine the trangport and fate of pharmaceuticals and other emerging contaminants and determine
differences in fish community sructure and fish-hedth upsream and downgtream of the primary
contaminant source (i.e, WWTP). The nationa reconnaissance sudies have shown that emerging
contaminants are both a surface water and groundweter issue. In generd, however, mog classes of
compounds are found more frequently and in higher concentrations in sreams than in groundweter. In
addition, sreambed sediment dso is a resrvoir for emerging contaminants. Select compounds that were
rarely present in sream weter (e.g., fluoxetine, miconazole) were prevalent in sreambed sediment. All
WWTP effluents were found to contain a complex mixture of emerging contaminants, including
antibiotics and other prescription pharmaceuticals, nonprescription drugs, fragrances and other persona
care products.

A dudy was conducted to determine the digribution of pharmaceuticals in soils where reclaimed weter
was used as a source of irrigation. The objectives of this sudy were to: (1) determine if the emerging
contaminants present in the reclaimed water used for irrigation are also present in the receiving il; (2)
evaluate the behavior of pharmacetticds in these irrigated soil; and (3) evauate the potentia of this
practice for the dissemination of emerging contaminantsto groundwater. Results document that irrigation
with reclamed water does lead to the presence of emerging contaminants in receiving soils Concen-
trations can perd¢ from one season to the next.

The methods the USGS are using to anayze pharmaceuticals and other emerging contaminants in the
environment are generaly evolving to MSMS technology. The SPE-LC/MS method for human
pharmaceuticals that previoudy only was available on a limited basis within the USGSis being trans-
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tioned to become an agency-wide analytical method. In addition, the USGS method to analyze hiogenic
and synthetic hormones has evolved from gas chromatography (GC)/MSto GC/IMSMS and the USGS
antibiotic method has evolved from tandem SPE-LC/MSto online SPE. The USGS has also developed
analytica methods for analyzing emerging contaminants in solids (e.g., soil, bed sedment, biosolids,
etc).

T he USGSreconnaissance sudies documented awide distribution of emerging contaminantsin the envir-
onment. Fate sudes identified both conservative and nonconservative transport of emerging conta
minantsin sreams Irrigation with reclaimed water trandatedto concentrations of emerging contaminants
in buk soil. Further ressarch is needed to determine treatment technology that provides the greatest

reductions of emerging contaminants from solid and liquid westes. In addition, more research is needed to
identify and analyze environmenta degradates of emerging contaminants. Information of such degradates
will provide important information on the trangport and fate of emerging contaminants and a better under-
gandng of the utimate environmenta effectsfrom the use of these compounds

Environmental Risk Assessment of Pharmaceuticalsin the Environment
Chuck Hrkson, U.S. Food and Drug Administration

The FDA is the primary federa agency for reguating foods and food additives, human and animal
medications, cosmetics, and medica devices therefore, it isthe primary reguatory agency for PPCPs
The FDA’ s gatutory authorities include the Food, Drug, and Cosmetic Act of 1938; the Public Health
Service Act of 1944; and the Nationa Environmenta Policy Act of 1969. For mgjor actionstaken by the
FDA, a categoricad excluson, environmenta assesament, or environmenta impact gatement may be
needed. The Agency’ s roles and priorities are to review &l categorica exclusons and environmental
assessments and determine appropriate follow-up. T his coud include the preparation of an environmental
asessment, afindng of no dgnificant impact, or an environmentd impact satement.

Classss of actions that have been predetermined not to indvidually or cumul atively sgnificantly affect
the quality of the human environment are categoricaly excluded from preparing environmenta assess
ments Examples of categorical exclusons include action on origina and abbreviated new human and
animal drugs and biologics if there is no increase in use of the active moiety; approvds of origind and
abbreviated human drugs entry into aguatic environment of lessthan 1 ppb; action on medcations and
biologics for a naturaly occurring substance if there is no dgnificant change; and investigations on new
human and animal medications If, a the expected level of expoare, there is the potentid for serious
harm to the environment or if there is adverse effect on a gpecies or the critica hahitat of an endangered
or threatened ecies, thexe are considered extraordinary circumstances, and categorical exclusons do not
apply and an environmental assessment is necessary. Mogt FDA actions are categoricaly excluded. All
analyses are made public.

The focus of an environmenta assesment for the FDA includes. ecosystem protection; laboratory sudies
on invertebrates, fish, and plants at various trophic levels measurement endpoints such as mortality,
immohilization, reproduction, growth, and functiona responses and biogeochemica cycling (e.g., nit-
rogen, carbon trandormation). There is a tiered approach to human fate and effects tegting that incor-
porates vera different typesof sgudies Physical-chemica studiesinclude water soluhility, dissociation
condant, UV-vighle absorption spectrum, melting temperature, vapor pressre, and octanol/weter
partition. Environmenta fate sudes include s0il adsorption/desorption, degradation in soil, and deg-
radation in aguetic sysems Acute or chronic effects gudies may be conducted on avariety of organiams,
depending on the level of concern determined by the comparative analyss of conservative esimates of
exposure and effects. For veterinary products, aquatic effects sudies are conducted with agae, Daphnia,
andfish. Terredrid effect gudiesare performed with microorganisms, terrestria plants and earthworms
Risk management may be used as needed.
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The FDA has severa ongoing collaborationswith other agencies The FDA isworking with EPA’ s Office
of Clean Water on the review and reguation of anima medications in effluents from aguaculture fac-
ilities They are also collaborating with the USGS Toxic Program and EPA Field Offices on pharma
ceuticas in the environment. Addtionaly, the FDA co-gponsored the Veterinary Internationa Con-
ference on Harmonization, confers with pharmaceutical manufacturers on improved methods to etimate
environmenta exposure levels and monitorsliterature reports associated with PPCPsin the environment.
The FDA completed a SETAC workshop on human pharmacedticals and is working jointly with aca
demia, other government agencies and pharmaceuticals companies in planning another workshop with
SETACon veterinary medicationsin the environment. The FDA isaso evauating issues associated with
the dsposal of unused pharmaceuticds (i.e., pharmaceutical Sewardship). For the more genera issue of
pharmacewticas in the environment, it is necessary to acquire data on: background levels from natura
sources (including humans); levels of mimics from indugtrial sources, and the minimum effect levels of
pharmaceuticals Additionally, a comparison of predicted and actual levels of pharmaceuticalsis needed.
Soecific invedigations also are needed on the effects of sunscreens and triclosan on the aguetic
environment.

An Informatic Approach To Esimating Ecological Risks Posed by Pharmaceutical Use
Mitchell Kostich, U.S. EPA

When prioritizing invesigations of PPCPs in the environment, it is necessry to ask which
pharmaceuticals are likely to have detrimental effects at environmenta concentrations Currently, there
are more than 2,000 medications approved for ue in the United Sates, the vag mgjority of which have
little or no concentration or ecotoxological data availadble. Chemica analyds is expendve, and acquiring
chronic ecotoxologica dataiseven more rare and expendve; therefore, it istoo cogtly to thoroughly sudy
al pharmaceuticasin the near future. A rationa way to “triage” pharmaceuticals for further anayssis
needed. An informatics-guided approach breaks a problem down into components based on different deta
stsinvolved, dfferent routesinto the environment, and dfferent likely modes of environmenta impact
(i.e, drect or indrect, including microbial ressance). EPA’ s Ecologica Exposure Research Divison is
invedtigating the following areasin order of priority: human retail prescription medications, human OTC
medications, human medications used predominantly in ingitutions, agricuitural animals, aguaculture;
and companion animals.

T he approach being taken for prioritizingthe firs three categories (i.e., the human pharmaceuticals) isto
calcuatethelikely worg-case scenario for each drug, assuming that the mog likely toxicity is mechaniam
based. From this, the laboratory then predictsthe highest likely environmental concentration usng pubdic
usage data and physcal properties to esimate excretion, dlution, and partition between matrices
(asauming approximately 10 percent is flushed unchanged in every case). The data are normalized to
express concentrations as human dose equivaents per volume. To invedtigate the effect on the
environment, the laboratory cacuates the PNEC for fish based on public data. The ratio of the highest
likely environmenta concentration to the PNEC is used to rank pharmaceuticals for the sudy. Although
thismethod is semi-quantitative with subjective components it focuses effortson likely dangers and key
uncertainties. The system isdesigned to be an updateable matrix dat abese.

The pharmacattical that digplaysthe clearest scientific basis for concern appears to be ethynylestradiol
(EE2). In many ways, it serves as a prominent example for pharmaceuticas that are likely to have eco-
logical impact. For example, ecological concentrations are known to cause effects in the laboratory, and
laboratory effects resemble morphologica and reproductive changes occasondly seen in wild popua
tions. EE2, widely prescribed with frequent and regular use, is unusually potent with a well-conserved
method of action. Only part of tota EDC activity, however, isareaut of EE2; therefore, any remedation
would likely need to be aimed more broady. Furthermore, EE2 has several properties that st it gpart
from other pharmaceuticas and suggest that it might be a specia case and not a good representative of
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pharmaceuticalsin genera. EE2 isunusual in that it isdesgned to block acritical speciesfunction (i.e.,
reproduction). Indiscriminate adminigration of EE2 to the human popuation woud eventudly lead to
extinction. It is not surprisng, therefore, that indiscriminate adminigration to wild popuations in the
form of ecologica contamination might cause smilarly dragtic popuation effects Mog other pharma
ceuticals do not have thistype of inherent toxicity (possbly antineoplagtics and a few powerful teratogens
but not beta blockers, SIS or acetominophen); the few that do are not nearly aswiddly nor reguarly
prescribed. Another pharmaceutical to consder is carbamazepine. Although the usage gatigtics are not
particuarly high and only a very small percentage is excreted unchanged, it is perhaps the mogt ubi-
quitous drug in the environment and survives drinking water treatment. Despite the fact that it isnot one
of the mogt prescribed medications, it isprescribed in chronic, high doses Sudesindicate, however, that
the average consumption in drinking weter over a lifetime is the equivdent of two reguar doses there-
fore, the likelihood of impact isvery low.

Identifying Chemical Compounds From Wagewater Discharges
Susan Glassmeyer, U.S. BPA

It isadvantageousto use chemical indicatorsto identify chemical compoundsfrom westewater discharges
because of the rapid analyss times and the ablity to discriminate human from animal feca material. A
aite of compounds with various physica and chemical properties may be more impervious to hydro-
logical diversty; however, it isnecessary to enaure that they are perdstent enough to survive wasteweter
trestment, but not so recacitrant that they become ubiquitous.

Surface water and sedment sampleswere collected at locations near ssverd WWT Ps one upstream from
each WWTP, one drectly from the WWTP effluent, and two from downstream locations Addtionaly,
two control dtes, in Michigan and Montana, were sdlected. The experimenta approach included
microbia and chemical analyss Readtsindicated that becteria concentrations tended to be lower in the
WWTP effluent samples as compared to upstream and downstream samples, probably as a resut of
dsnfection procesees Both of the becterid drains tesed for were detected a both of the reference
locations, Enterococci a the Montana Ste exceeded recreationa water guidelines. Of the 110 chemicals
tededfor, 78 were found in at least one sample, and 6 chemicalswere foundin at least 75 percent of the
samples. The median number of chemicals detected in upstream sampleswas 10; in WWT P effluent, 35;
in the first downstream location, 32; and 24 in the second downstream sample. At the reference locations,
three chemicas with a very minute concentration were found in Michigan; none were detected in
Montana

Preliminary reaits demongrate that pharmaceuticals and other chemicals survive westewater treatment.
Upstream background levels of many of the pharmaceuticals and wastewater compounds are low
(especialy when compared to the indicator bacteria) and indicate that they are not too ubiquitous The
downgream samples decrease a different rates for the various chemicas Pharmaceuticas and other
westewater compounds may be ade to be utilized as chemica indicators of human fecal contamination.
Factors such as environmenta persstence must be consdered when preparing a CCL.

The Office of Research and Development’ s National Center for Environmental Research 19



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

The U.S. Environmental Protection Agency Meeting on Pharmaceuticalsin the Environment

Breakout Session 1A: What Chemical Methods Are Needed for MonitoringPharmaceuticalsin the
Environment? What Are the Barriersin Using Exigting Chemical Methodsfor Monitoring
Pharmaceuticalsin the Environment?

Moderator: Al Alwan, U.S EPA

Notes Don Betowks, U.S EPA

Rapportewr: Cynthia Nolt-Helms, U.S EPA

Attendees See Addendum

The breakout group determinedthat there wasaneedto:

? Develop awniversal procedure to analyze many chemicasat once.

? Prioritize which chemicals methods and matrices (e.g., weter, sediment, tissue samples) are mog
urgently needed.

? Determine when an EPA-approved method is necessary.

There wes a uggestion that EPA provide some prioritization by developing a new approach or usng an
gpproach amilar to the CCL approach.

As methods are developed, the group proposed the use of a round robin validation approach to ensure
methods are repeatade across laboratories and locations

Membersof the group identified the following concerns

? Many methods currently used require an “ dite” laboratory with extendve and/or expensve equip-
ment.

? Samplecollection isabarrier that will needto be addressed.

? It isimportant for researchersto report their methodsin a detailed manner so that the larger ressarch
community isable to work toward developing sandardized methods with comparable resuts.

The group suggested that a compendium of available detection methods be prepared, and EPA work with
the American Society for Teging and Materials (ASTM) in developing approved detection methods,
athough it isrecognized that the ASTM doesnot follow an approach asrigorous asthat of EPA.

Breakout Sesson 1B: What Chemical Methods Are Needed for Monitoring Pharmaceuticalsin the
Environment? What Arethe Barriersin Using Exigting Chemical Methodsfor Monitoring
Pharmaceuticalsin the Environment?

Moderator: Susan Gassmeyer, U.S EPA

Notes Wayne Sovocool, U.S EPA

Rapporteur: Susan Gasaneyer, U.S EPA

Attendees See Addendum

The group discussed which chemical methods EPA needs and wants and identified two ways of
approaching the problem of analyzing PPCPsin the environment:

? Develop very refined methodsfor a small number of compounds
? Develop lesssengtive methodsto detect alarge number of PPCPs and establish basdline data

Although LG/MSMSis an advantageous detection method in many way s, it is expensve and requires a
highly trained technician to carry out the tesing. The group specuated if LC/IMSMS could be used for
reguatory purposesand, if it could, if thisis something the research community would want.
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Breakout Session 2A: What Environmental Exposure and Effects M ethods
Are Needed for Ecologic Receptors?

Moderator: Bobbye Smith, U.S EPA

Notes Jen Jackson, Eas Bay Municipa Utility Digrict

Rapporteur: Chris Mackay, Exponent

Attendees See Addendum

Therewere four main topics of discusson during this breakout session.

Biomarkers versuswhole organiam assays The pointsto condder are:

NN N N

NN ) )

Biomarkers linkagesto popuation effects

Determination of the baseline ecological dgnificance.

Determination of what isasgnificant effect.

Manifesation of a postive hiomarker may or may not Sgna a dgnificant environmentd effect.

. Thefollowing POT W concernswere identified:

Water reuse.

Biosolids

Theimmedate need for treatment toolsand technologes
Tregtment of sormwater and water from nonpoint sources

I11. Which PPCPs should be investigated. In addition to EDCs the following substances were named as
candidates

?
?
?

Illicit substances.
Psychotropics
Antibiotics.

IV. The reengineering of compoundsto hiodegrade under specified circumgtances.

?

A ientig from a pharmaceutica firm was asked if a “trap door” coud be bult into
pharmaceutica molecuesto dlow their later destruction (via degradation or chemical trestment).
It wesindicatedthat these molecueswere very difficult to discover and develop andthat the very
properties that dlow ther gablity as a drug in sorage and through firg-pass metabolism
probably would minimize the potential for technical successin buildng in propertiesthat would
facilitate their degradation. Finding medicineswith human efficacy isdfficut and hasthe highest
priority. Bulding in ingability coud counter efficacy, resuting in a very low probahility of
technical success.

The Office of Research and Development’ s National Center for Environmental Research 21



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

The U.S. Environmental Protection Agency Meeting on Pharmaceuticalsin the Environment

Breakout Sesson 2B: What Environmental Exposure and Effects M ethods
Are Needed for Ecologic Receptors?

Moderator: Djanette Khiari, AWWA Research Foundation

Notes Jan Baxter, U.S EPA

Rapporteur: Joe Guly, County Sanitation Digricts of Los Angeles
Attendees See Addendum

Bioassays were discussedin this breakout group. The pointsto consder are;

? Thepotentia use determinesthe appropriate bioassay.

? In terms of nonreguatory uses the various Regiona needs are diverse; therefore, a great variety of
tools from which to select is necessary, as well as a comprehensve lig of available tools and their
applications

?  Many barriers ill exig for reguatory uses however, the EPA fish and frog hioassays appear to be
promising.

The group a0 discussed which pharmaceuticals should be apriority. The proposed criteriafor indicating
priority areidentifying pharmaceuticalsthat are:

? known to causeimpacts
? amenddeto an informatics approach; and
? identified as having a method-of-action based toxicity.

It isimportant to gart with known popuation effects and work from this point, obtain toxicity deta prior
to pharmaceutical use, and to dfferentiate the various possble sources Currently, the method gaps
include extrgpolation from the laboratory to the field and the lack of appropriate resources in the
appropriate locations

ENVIRONMENTAL STEWARDSHIP FOR PHARMACEUTICALS IN THE ENVIRONMENT
Session A

Moderator: Octavia Conerly, U.S. EPA

Research Needs and Gaps From the Pergpective of the Major Water Societies
Djanette Khiari, AWW A Research Foundation

The Aoba Water Research Codlition (GWRC) is a network of internationa water asociations that is
partnered with EPA and the CDC. The ohjectives of the GWRC are to facilitate the exchange of
information, knowledge, and know-how; develop research srategies for global issues; and coordinate
joint research efforts Water quality and emerging hazards are of importance for both drinking weter
(pudlic hedlth) and wasteweater (environmenta impacts) organizations, therefore, the GWRC research ag-
enda includes water quality (e.g., algal toxins, origin and fate of water-borne pathogens, and emerging
hazards), water quality in disribution sysems, asset management, membrane filtration, westeweter treat-
ment, water reuse, and water concepts of the future. GRWC identified EDCs and PPCPs as emerging
hazards in 2002.

Currently, the GRWC has performed an internationd review sudy and organized a research-planning
workshop to exchange knowledge and expertise by the members, identify knowledge gaps and research
needs, and conduct high-priority research projects. Additionally, they published the following two reports
in 2004: PhACs and PCPs in the Water Cycle: An International Review and PhACs and PCPs in the
Water Cycle: The Research Strategy Workshop. The GRWC has identified the following knowledge gaps
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on PhACsin the water system: use and emissions, analytica methods, occurrence; removal; and effects
The GRWC has determined that there is a need for a priority lig of pharmaceuticals an exchange of
information by experts a comparison of methods and round robins and harmonization and sandard-
ization. Trestment congderations include a balance of treatment goals hedth effects and the cog of
weter. Improved communication with the public aso isan important goa. Finaly, more information and
fundamental research on the environmenta impact of PPCPsis needed.

Severd member organizations have ongoing projects to establish a priority lig of pharmaceuticas
develop a guide to monitoring and evaluation of water treatment sysems activities evaluate anaytical
methods and determine the efficiency of wastewater treatment. The framework for preventing PPCPs
from entering the environment involvesamuti-barrier gpproach to source control.

Pergpectives From Drinking Water Suppliers
J.C. Davis, Southern Nevada W ater Authority

To sientigs PPCPsare atopic of great interest; to the public, they are an issue of great concern. Today’ s
municipa cusomers, with their exposure to media reports and supplemental water treatment sysem saes
tactics, are dready skeptica about tap weter quality. Generaly, the public dso has difficuty with the
concept of relative concentrations and ingtead presumes adverse hedth effectsif a contaminant ispresent.
Advancesin technology have exacerbated pubdic concern about tap weter safety, because the vaue “ zero”

israpidy disappearing from the scientific lexicon. The pudic perception of deteriorating drinking water
quality isthe opposte of redlity, gven advancementsin treatment. Utilities have a responshility to help
their cusomers understand these issues In the absence of hedth effects information, conveying rative
exposureiscritical.

The best way to address this issue is by identifying other, easily recognizable sources of exposure (e.g.,
phytoestrogen in oy sauce) and comparing the daily weter consumption equivaent of the contaminant at
agven concentration to asnge dose of the dternate expoare vehicle to provide context (e.g., exposure
to detary esrogens such asthose found in 0y products are esimated to contribute millions of times more
edrogen to humans than drinking weter containing trace concentrations of these compounds). This
comparison is not intended to discount the risk but to provide some level of context in the absence of
hedlth effectsinformation. Always use hedlth sandard comparisons, however, when they exig.

In termsof progress the publicisange mindedin that they Smply want the contaminant removed, and if
the contaminant does not warrant removal, the utility mus explain why without usng expense asareason
to avoid additiona trestment. Satements of progress should always use everyday, nonacademic language.
Utilities need a defined health effects sgnificance threshold and treatment options (e.g., municipa and
supplemental) from the scientific community. Addtionally, utilities should identify and prepare aprimary
contact (e.g., public information officer or technical saff) to discuss the issue with customers Utilities
as0 can be proactive by communicating with customers about these issues before they appear in the local
media by developing aWeb ste on the topic and including any related articlesin agency publications By
being proactive, utilities can convert potentia crises into opportunities to huld trust and credihility,

which can increase cutomers receptiveness to risk communication messages and mitigate cusomers

reaction to issues of high concern.

Wage Water Treatment Plant Perspectives. Preliminary Data Suggesting
Endocrine Disruptor Effects of Water Discharge Into the Pacific Ocean
Jeffrey Armstrong, Orange County California Sanitation District

The Orange County Sanitation Digtrict (OCD) isthethird largest POTW west of the Misissppi River,
serving 2.5 million people and treating 243 million gallons per day. Effluent is ocean discharged into a
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well-mixed 200-foot deep environment with strong currents 4.5 miles from land. The diffuser is 1 mile
long with 500 ports A tri-phase ocean monitoring program, including core monitoring, srategic process
gudies and regional monitoring, has become the mode for southern Cdifornia OC' s drategy,

because it isnot aresearch facility, isto collaborate with universities and other POT Wson EDC research
projects. In univerdty collaborations, OCD provides ecologica expertise, in-kind services (e.g., vessH,
crew, and suppliesfor field collection), page costsfor publications, and fundsfor graduate sudents. The
funded research projects examined four endpoints estrogenicity, sperm DNA damage, growth, and stress
response.

In the edrogenicity gudes it was found that 73 percent of male hornyhead turbot fish at the outfal
gation and 83 percent at the reference sation had detectable levels of plasma VT G and plasma estradiol.
The reference gaion concentrations were approximately one-half that found in the fish a the oufall
gation. Although a popuation-level effect isnot currently seen, thereis dgnificant evidence of exposure.
Theregresson anadyss of esradiol veraus VT Gweas datigically sgnificant. Estradiol versus sperm DNA
damage also wes datigicaly and biologically sgnificant. Despite the fact that the fish are showing
evidence of EDC exposure, the popuation of hornyhead turbot (flatfish) is gill predominately mae
(60%). A comet assay was Wtilized for the sperm DNA damage sudiesandillugrated that DNA damage
iscondgently greater at the outfall sation when compared to the reference sation. There also isasrong
correlation to degree of DNA damage and rainfall. In the gress reponse gudies, cortisol levels and the
inhibition of cortisol levels were invedtigated Reaults showed that outfall sation fish are chronically
exposed to some kind of sressor as comparedto reference ation fish, but it isunknown what the ecific
dresor or gresors are. When looking a the peptide (IGF-1) tha medates the effects of growth
hormone, it issgnificantly depressed (asaresut of inhibition by cortisol), in the English solefish at the
outfall gation as compared to those at the reference gation. Researchers have concluded that athough
there is evidence of EDC exposure from OCD wastewater outfal, curently no popuation-level effects
are evident. Definitive cause and effect sudeslinking effluent to receiving water impacts are needed.

Pergpectives From the Drug Enforcement Adminigration on What Can
and Cannot Be Done via Drug Take-Back Programs
Vickie Seeger, U.S. Drug Enforcement Administration

The misson of the DEA Diverson Control Program isto prevent the diverson of legtimately produced
controlled substances and listed chemicals while ensuring adequate supplies for legitimate needs The
Controlled Sibgtances Act of 1970 provides for a “ closed’ sysem of digribution; monitors controlled
pharmaceuticals from production to end use to limit diverson; ensures adegquate supply to meet legitimate
medical need, and derives its authority from three internationa drug treaties The three basc drug
categories are: OTC; noncontrolled prescription substances and controlled prescription substances,

including drugs that have abuse potential. The DEA is reponsble for the control of these substances.
Shedule | drugs have high-abuse potentia, no accepted medical use, and no accepted safe use, such as
heroin and marijuana. Schedule Il - V drugs have high to low abuse potential, regectively, accepted
medical use, and physical or psychic dependence. The DEA tracksthe flow of controlled substancesin a
closed sygsem that includes regdration requirements, record-keeping regurements inventory
requirements, and security requirements. Pointsof penetration within the sysem include practitionersand
pharmacisgswho illegally digribute or self-abuse drugs, employee pilferage from hospitals, practitioners

offices, nurang homes, retail pharmacies, and manufacturing and digribution facilities, and patients who
give or sl their medications to other indviduals or organized drug rings All handers of controlled
abgtances in the United Sates mug regiger with the DEA; patients pogage handers (eg, the U.S

Poga Srvice, FedEx, UPS etc.), and law enforcement agencies are exempt from reggtration.

Becaue of the regdration requirements drug take-back programs must be implemented via the
exemptionsor through registered reverse dgtributors, of which there are 40 in the United Sates Patients
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may legally discard their medications, but this is not a desrable solution from an environmenta
gandpoint. The DEA’ s reguations do not alow for anyone to collect medcations routinely. Law
enforcement agencies have been involved in drug take-back programs because they are regigration
exempt; however, they are gill responsble for record-keeping requirements, which includes identifying
the drugs collected and maintaining a record of the name of the drug, quentity, dete it was taken into
posesson, and method of digposal. The DEA would like to cooperate with take back programs but is
concerned with diverson. The DEA is willing to re-examine the reguations and work with interesed
partiesto addressthe environmenta concerns of dgposal of patients unused controlled substances

Pergpectives From the Pharmaceutical Indusry
Mary Buzby, Merck & Co.

From an industry perspective, a science-based approach is required to understand and address concerns
resuiting from the detection of pharmaceutical compounds in the environment and will identify gapsin
exiging knowledge that require further investigation regarding the potentia for impacts This type of
approach will provide confidence to the industry, communities and governments that the impact of

pharmaceuticasin the environment iswell understood, aswell as provide data needed to prioritize issues
requiring further invetigation. The Pharmaceutica Research and Manufacturers of America (PhRMA)
has published severa articles and letters to the editor in scientific journals and more are in progress
Additionally, PARMA member companies are currently invesigating reproductive hormones Many
municipalities in the United Sates are moving toward watershed based water quality management; in
reponse, PhARMA has developed a PRATE™ model approach involving watersheds that allows better
underganding of the cumuative impact of human activities The modd, developed by a PhRMA task
Force and AMEC Earth and Environmental, predicts concentrations of pharmaceuticals in the
environment asareaut of patient use. Eleven U.S watersheds representative of all climes with available
USGS monitoring survey data were identified, and POTWSs, removal plants, and weter characterigics
were al included in the model. Findingsindicated that PhATE™ predicted environmenta concentrations
(PECs) generdly had a good fit with USGS measured data. Comparing the PECs to the measured data,
however, identified some questionable analyticd findings PhATE™ PECs dlow the evduetion of

potentia effects & concentrations below detection limits, and comparing PECs to measured data alows
the evauation of the adequacy of POTW andin-sream remova mechanism data

A human hedlth screening analyss, performed on 26 USGS human health pharmaceuticals identified
measred environmenta concentrations (MEC) for compounds previoudy reported in published articles
ThePhATE™ screening mode was used to predict PECsand develop PNECs, for chemicasthat drinking
water and fish consumption were consdered exposure pathways Findly, the MEC.:PNEC and
PEC:PNEC ratioswere evaluated. T he resuts of human health assessment indicate that resdues of these
pharmaceuticals in water present no gpprecisble rik to human health. PRRMA also is developing an
Aquatic Life Database of English language peer-reviewed literature and historic data that includes chronic
and acute effectsin surface weter, fate andtrangport in the environment, and trestment removdl.

Addtionally, PhRMA is evaluating and consdering appropriate dsposal and management options for
expired and unused prescription medicinesin the context of information available through PRATE™, the
human hedth screening analysis, and the Aquatic Life Database. The organization aso has reviewed
other teke-back programs (e.g., lead-acid batteries). Decisons on take-back of prescription medicines
need to congder ongoing occurrence; relative contributions of PIE from various sources, the results of
fate and effects research; the effectiveness of the exigting municipal solid waeste infragtructure; locdl, sate
and federd reguatory requirements, rues and gandards of the national and gate boards of pharmacy; and
edimated recovery ratesand public acceptance.

The Office of Research and Development’ s National Center for Environmental Research 25



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

The U.S. Environmental Protection Agency Meeting on Pharmaceuticalsin the Environment

Environmental Stewardship of Waste Pharmaceuticals From a Hospital Perspective
Charlotte Smith, PharmBEcol ogy

Curently, the only federal reguation to deal with pharmaceutical weste generated in health care facilities
is the Resource Conservation and Recovery Act (RCRA), which was drafted for industrial settings and
bulk chemicals not for hedth care settings and pharmacetticals in finished dosage forms. Many drugs
curently causng concern are not reguated under RCRA, and certain RCRA drugs should be re-evaluated
to determine their actual environmental risk. Current RCRA regulations need to be clarified and enforced
uniformly, and a new paradigm for regulating pharmaceutical waste, which includes consumer take-back
programs, needs to be developed at the federal level. A didog needs to be facilitated between sate and
federal regulatory agencies, the pharmaceutical supply chain, hedth care organizations, and nonprofit
gakeholders.

More than 39 facilities in 21 dates act asreverse dgributors that accept outdated pharmaceuticals from
hedlth care facilities Reverse digribution generaly works because it centralizes outdated drugs into a
finite number of warehouses that can be monitored for compliant hazardous waste disposal procedures
and removes outdated drugs from the market in a sygematic fashion, thereby reducing diverson
possihilities.

There dso mugt be a method in place to dgppose of pharmaceutica weste that is not hazardous under
RCR, sxch as mogt chemotherapy medications, and other non-RCRA drugs, such as antibiotics and
endocrine dgruptors, that are of concern environmentally. Pharmaceuticals that meet the definitions of
hazardous waste under RCRA aswell asnon-RCRA hazardous pharmaceuticals should be segregated and
managed as hazardous waste and digposed via incineration at federally permitted RCRA treatment,
gorage, and dposal facilities EPA can assst in compliance efforts by: uniformly enforcing the current
reguations, creating a classfication sysem for pharmaceutica finished dosage forms in hedth care
sttings managing pharmaceuticals outdde the definition of RCRA that are of great concern
environmentally; developing a federal consensus document that al RCRA and state hazardous waste
agencies can u as a reference; and updating current hazardous waste ligs to reflect drug development,
possbly usngthe Nationa Ingitute for Occupationa Safety and Health moddl.

In conclusion, acomprehensive dialog needs to be undertaken to determine the mogt effective methods of
preventing drugs from entering the environment. Addtionally, representativesfrom hedlth care facilities,
the pharmaceutical supply chain, and the reguaory community need to ke intimately involved in the
dalog. New reguations may be needed to provide the mog rational and effective method of ensuring
environmentally sound management practicesfor waste pharmacewticas

Breakout Sesson 1: What Arethe Barriers To Using Exigting Bioassay Tools
To Assess Exposure and Effects of Pharmaceuticalsin the Environment?
Moderator: Bobbye Smith, U.S EPA

Notes Don Betowks, U.S EPA

Rapporteur: Cynthia Nolt-Helms, U.S EPA

Attendees See Addendum

| dentified barriersto usng exigting bioassay toolsinclude the following:

? Thereareno chemicd gandardsavailable for the chemical analyses of pharmaceuticals

? Although chemical detection methods are available, they are not eadly tranderable because they use
new, expendve analyticd technigues or because the methods have not been approved by EPA.

? Thereare 0 many contaminantsto consider with no sense of howthey rank relative to each other in
termsof therisk they pose.

The Office of Research and Development’ s National Center for Environmental Research 26



The U.S. Environmental Protection Agency Meeting on Pharmaceuticalsin the Environment

? Currently, EPA-approved biological methods do not exist and such methods are the only ones that
can be used for regulatory decisons.

? The utimate quesion that needsto be resolved iswhich anaytes shoud be targeted.

? It isimportant to know how hiological exposure methods such as gene-expresson assays, relateto
conventiona bioassaysthat tes for acute and chronic effects

? The lack of gecificity in linking organism-level effects to population-level effects needs to be
consdered.

? There must be a federa leadership role in determining if there is a problem, and it is necessary to
identify the problems about which communities are concerned. Because there is a “ pseudo-urgency”
to do something before it isknown if acompound truy presentsa problem or not, thereisthe concern
that methodswill be used before they are ready and may lead to action againg compoundsthat do not
present an actual problem. Although it is possble that there will not be federa legidation forth-
coming soon, there was a paralld concern that environmenta groups can lobby gate legidatorsfor
action before knowing if there actually isa problem.

? One of the biggest current barriers is the issue of reguation. The group proposed to develop a
cooperative gpproach, working together on usng tools and overcoming the trend of increased barriers
and decreased cooperation following the implementation of regulations.

? The issue of funding must be conddered. The group would like to see cooperation between the
federa government, academia, and research ingitutions to prioritize compounds, develop anadyses
and determine experimentd design.

The following are considerationsfor future research:

?  Any methods developed should be easy to perform by commercia laboratories at areasonable cos.

? Although some types of exposure methods are available (e.g., gene expression assays), their meaning
in abiologcal effectscontext isnot undersood.

? Itisnecessary to improve the link between laboratory effects and fieldwork, epecialy to investigate
therelationship to popuation effectsin aguetic species

? Research is needed to look at biological impacts of low levels of PPCPs over time and relate the
research to real biologica effects

? Theresearch quetionsmust be properly focused and related to the devel opment of newtools

Breakout Sesson 2A: What Are the Programmatic and/or Regulatory Condraints
To Reducing Pharmaceuticalsin the Environment?

Moderator: Chen Wen, U.S EPA

Notes Lauren Fondahl, U.S EPA

Rapporteur: Chen Wen, U.S EPA

Attendees See Addendum

The group used a process flow chart to brainstorm opportunities (Figure 1), discussed the resultant ideas,
andthen voted on the best opportunitiesfor EPA to consder. Thetop eight idess, in order, wereto:

1 clarify and expand RCRA to allow reverse distribution for individuals +—{ Formatted: Bulletsand Numbering
2. collect agditiona data on unused and weste pharmacedticals,

3._influence the DEA to relax the ruesto alow greater pharmaceutical take beck;
4. _improve RCRA;

5. increase consumer education and appropriate labeling;

6. educatethe public about pharmaceuticals and the environment;

7. _invedtigate the posshility of high temperature pharmaceutical destruction; and

8. _hold another PPCPsin the environment meetingin 2006.
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Fgure 1. Pharmaceuticad Waste Digposal Fow Chart

Addtional suggegtions that were proposed, but were consdered lower priorities given that they did not
receve any votes wereto:

investigate a producer regponshility program;

invedtigate the posshility of aproducer/customer incentive program;

atempt to change insurance company behavior regarding 90-day prescriptions
investigate ethnic soresas addtiona sourcesof pharmaceuticalsin the environment;
invegtigate the posshility of pharmaceutical reformulation for more complete absorption;
improve RCRA classfication and labeling;

improve degradetion a8 WWTPs and

increase sakeholder feedback to the DEA.

NN ) N ) ) ) )
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Breakout Sesson 2B: What Are the Programmatic and/or Regulatory Congraints
To Reducing Pharmaceuticalsin the Environment?

Moderator: Jan Baxter, U.S EPA

Notes Wend Shafir, U.S EPA

Rapporteur: Jan Baxter, U.S EPA

Attendees See Addendum

Thefird sep thisgroup took wasto determineif it is possble to decrease the amount of pharmacedticals
that escapeinto the environment. Two gpproaches include:

?

?

Implement pharmaceutical take-back programs. T hiswas viewed asthe most promising approach to
reducing pharmaceuticalsin the environment.
Encourage prescribersto reduce the number of pillsthey prescribe.

The group identified possble next stepsto decrease the amount of pharmaceuticas that enter the envir-
onment. Thesxeinclude;

N N ) N

Implement a prioritization processto decide which pharmaceuticals are analyzed fird.

Develop treatment optionsfor removal.

Sudy successful take-back programsin other countries

Educate consumers not to flush their unused and unwanted pharmaceuticals. This could be accom-
plished by:

0 ddributing educational materias;
o performing outreach to gpecia groups (i.e., hogpices); and
0 printing digposal ingructions drectly on prescription containers

Encourage pharmaceutical companies to explore ways to make their products more environmentally
benign. The group debated if it was posshle for pharmaceutica companiesto develop a method to
dlow consumersto render their unwanted pharmaceuticals unusable and unrecoverable at home for
safe disposal.

Develop a process, via a private company, that woud alow ongte destruction of unwanted
pharmaceticalsin designated locations, such as pharmacies, and the expanson of the curent incin-
eration proceduresto include unwanted pharmaceuticals

Thefollowing data gaps also were identified:

ESEECEESEEVEESEEN RN

analytical and hiologica methods,

treatment technologes

pilot projectsto examine options,

EPA guidance on the best trestment technologes,

the reverse oxidation method sremoval of nutrients

gormweater asapahway for pharmaceuticals, and

an expert sysem for determining which RCRA weste classes would apply to an unwanted
pharmacettical.

The grouwp identified the need for gudance from reguatory agencies, including the FDA, on proper
disposal.
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The group adso investigated what could be done before regulatory action istaken and was plit on whether
anything could or should be done, but the group agreed that it is necessary to demondrate that thereisa
problem via cause and effect.

ENVIRONMENTAL STEWARDSHIP FOR PHARMACEUTICALS IN THE ENVIRONMENT
Session A

Moderator: Mary Dever, U.S. EPA

Managing Emerging Contaminants A Practical Approach
Al Alwan, U.S. BPA

The present gpproach to dealing with pharmaceuticals in the environment is to demongrate hiological

effects before regulation occurs, which is a reactive approach with limited options for solutions The
proposed approach will lead to multiple, proactive solution options by working with the gakeholders to
undergand and find the best solution. The proposed approach will include the development of five tools
to address new contaminants T he five tools are common to al new chemicals a chemicd profile matrix,
analyticd methods new biologica endpoints monitoring and assessments and collaboration and
outreach. The chemica profile matrix will be utilized to select secific chemical priorities. The matrix
will utilize exiging data and lisgsto contain the following information on each chemicd: effect on human
health and ecology; amount produced and used; producers and users, fate and trangportation; and waste
treatment efficiency. The Regionsand/or ORD will develop new analytical methods before waiting for a
regulated trigger. The method and its application will then be published, compiled into EPA Sandard
Operating Procedures, and shared as guidance. T he Regions and ORD will collaborate with stakeholders
and academia to uilize al available technology to focus on senstive new hbiological endpoints To

accomplish monitoring and assessment, Regions and ORD will collaborate with stakeholders and

academia to work on specific projects together, focusng on target monitoring and conducting base-line
monitoring. Collaboration and outreach will be achieved between Regions and Headquarters, as well as
with other agencies (e.g., USGS and UDA), dakeholders, and academia. This practica approach

provides a proactive framework to address the emerging contaminants issue by identifying tools

providing local solutions, and utilizing partnerships and collaborations

The Metropolitan Water Reclamation Didrict of Greater Chicago’ sEfforts To Reduce
Pharmaceuticals That Enter the Water Reclamation Plants
Catherine O’ Connor, Metropolitan W ater Redamation District of Greater Chicago

The MWRDGC' s mission isto protect Lake Michigan, Chicago’ s prime drinking water supply, from
pollution and to properly treat sewage to avoid contamination of the Chicago, Des Plaines, and Illinois
Rives The MWDRGC has taken action on pharmaceuticals in the environment by: pubishing the
“Report on Digposal of Unused Pharmaceuticals’ in 2004; following scientific literature on the isug;
entering into cooperative research with a number of agencies and universities, congtructing a molecular
hiology laboratory; and corresponding with the FDA, PhRMA, and the American Medicd Asociation. In
partnership with the Chicago Police Department, Department of Pudic Hedlth, and Department of Aging;
the Cook County Sheriff’ s Department; and the Illinois Attorney Generd’ s Office, the MWRDGC coor-
dnated an unwanted medication digposal program a 24 suburban and city locations that collected 1.5
tons of pharmaceuticalsfor proper dsposal. Additionaly, the MWDRGC, in a cooperative effort with the
Ilinois EPA, participates in household hazardous weste collection eventstwice a year. The events each
average gpproximately 2,200 households and collect 380 55-gallon drum equivaents of unwanted pharm:
aceuticals
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The MWRDGC cooperated with EPA Region 5' s initiative to: identify the potential nonresidentia
ources of APEOs, determine the appropriate APEO sampling protocol; and esablish the fate in the
activated dudge process and in the environment. Sampling was focused on paint, pharmaceuticals,
pedticides, detergent, and emulsfier manufacturing plants. Only one APEO, hisphenyl-A, was detected at
one of the stes (pharmaceutica plant). The MWRDGC analyzed effluent, dudge, and target industry
samples for five types of APEOs. Additionally, the MWRDGC implemented a sudy to undersand
antibiotic resstant bacteria and the influence of westewater treatment on these bacteria; data currently are
being analyzed. Additionaly, MWRDGC is involved with the Region 5 Regiona Applied Research
Effort to investigate perssent bioaccumulative toxics. The MWRDGC a0 hasanayzed the biosolids at
two weater reclamation plants and submitted the resuts to the Univerdty of Georgia and Purdue
Universty for analyss In summary, the MWRDGC hastaken sepsto limit pharmaceuticals that enter
the collection sysem and cooperates with agencies and universties regarding the fate and effects of
pharmaceuticasand EDCsin the environment.

Collecting Unwanted M edicationsfor Appropriate Digposal
Lynn Rubinstein, Northeast Recyding Coundil

The Northeast Recycling Council has held unwanted-pharmaceutical collections in conjunction with a
household hazardous waste event, with a senior citizen event, in a pharmacy, and as a gand-aone event.
Because of DEA controlled substance reguations it isvery important that pharmacewtica take-back be
gand-alone events and not a continuous collection. At each collection event, the presence of a law
enforcement agent to take cusody of controlled substances and provide security is mandatory. A
pharmacig to identify and inventory medications is srongy recommended. A hazardous weste digposa
company issrongy recommended—and mandatory in some sates—to manifed, trangoort, andincinerate
non-controlled substances. T he following medications should be accepted: prescription; OT C, including
vitamins, and veterinary.. Sharps and thermometers should not be accepted unless separately eguipped for
this. Accepted medications shoud gay in their origina containers Aerosols inhalers, and any items
under pressure should be packed separately. The hazardous waste hauler should pick up and remove
medcations on the same day as the collection; law enforcement shoud say until medcetions are
trangported off the dte. For controlled substances law enforcement must ensre that there is DEA-
witnessed destruction. All consumer medications should be managed as hazardous waste because: a high
percentage of medcations can be conddered hazardous weste; it meets the intent of RCRA; it is
logigicaly difficut to separate medicationsongte; and the tighter security and tracking involved helpsto
prevent dverdon. The average weight of medication collected per person a each event the NERC held
was 0.47 pounds with an average of 31 items collected from each person. When surveyed as to why the
medi cations were unwanted, dmog one-hdf of repondents gated that the medications were expired.

Maine: Firg U.S. Legidation for Unused Pharmaceutical Returns
Stevan Gresstt, Maine Assodation of Psychiatric Physidans

Maine passed the firg gate legidation regarding unused pharmaceuticals as a result of a proposa that
orignated at the 2002 Maine Benzodiazepine Sudy Group Annual Meeting, where concerned physicians
discussed how to reduce abuse or misuse of benzodiazepines. Although rates of use, misuse, and abuse
were difficult to obtain, the National Drug Intelligence Center released statisics on the sates where
pharmaceuticals contribute mog to property crime and to violent crime. Maine was number one on both
ligs with rates 14 to 17 times higher than the nationd average. The rationde for the legdation conssts
of the following four points (1) accidental ingestion, particdarly among children and the elderly; (2)
“pharming’ or theft; (3) unnecessary accumuaion and waste; and (4) environmenta impact. Criginaly,
the legidation as written did not alow for public funding of unused pharmaceutical returns, including
public grants, but has subsegquently been updated and will allow for public funding after July 1, 2006.
Although the legidation isin place, it was recognized that it was incomplete and an implementation group
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was established to make recommendations to move the digposal program forwerd. The implementation
goup has recommended a mail-in system for returning unused pharmaceuticals and suggested that
manufacturers ponsor the cog to initiate the program and write the necessary regulations, approximately
$15,000.

Another approach to reducing pharmaceutical waste isto reduce the number of unnecessary prescriptions
to increase patient compliance in taking medications Insurance companies woud have to be included in
this approach, as well as prescribing physicians. Currently, insurance companies encourage a 3-month
prescription length for chronic medications and dso charge a co-pay fee per each prescription filled,
making it dfficut for doctorsto gve their patients a short-duration trial precription to enaure that the
patient will not have an adverse reaction and be able to take the full course of the medication. Asaresult,
adgnificant number of prescriptions do not get used

Washington State and King County’ s Perspective on Pharmaceutical Stewardship
David Galvin, King County, Washington

Locd data near Seattle, Washington, confirm the presence of pharmaceuticas in sreams groundweter,
and wasewater. The population of King County is highly environmentally conscious and has a high
precautionary interes in this phenomenon. Snce 2003, nearby Cark County, Washington, has been
collecting unwanted pharmaceticas at household hazardous waste facilities and local retail pharmacies
and controlled substances at the loca sheriff’ s office; there has been low participation and quantitiesto
date. A dmilar retall pharmacy program is being developed in Seattle in conjunction with aloca chain of
pharmacies and a local hedlth maintenance organization. The immedate challenges to implementing the
program were congderations of who should take possession of waste pharmacetticas (e.g., pharmacigt,
wholesaler, reverse digributor, waste management authority, or sheriff); what type of container design to
redrict access Hedlth Inaurance Portahility and Accountahility Act of 1996 condderations, how to hande
controlled substances (i.e., a DEA pilot waiver or sheriff-owned containers); if it isnecessary to separate
out hazardous wastes from nonhazardous wastes how to best destroy generated waste; and how best to
obtain funding.

King County haslooked at severa modelsfor guidance. The Product Sewardship Ingitute hasinitiated a
new project to involve nationa stakeholdersin a meaningful dialogue to creste a product stewardship-
based action plan. Additionaly, Australia and British Columbia, Canada, have successful medication
return programs that can serve as models. The British Columhbia program is based on a regulation that
requires manufacturers of a product to be reponshble for any necessary take-back programs The British
Columbia moddl is not government operated, and it is posshble to take any pharmaceutical back to any
pharmacy in the province. In summary, a comprehensve U.S solution to pharmaceutica waste man-
agement is necessary, and it shoud not be left up to loca government to solve and fund. A product
sewardship approach (i.e., retail take-back or mail-in funded by the pharmaceutical industry) is essentia
in attaining this solution. Additionally, EPA and the DEA mug provide leadership to help solve this
national problem.
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FACILITATED DISCUSSION

What Are the Next Steps To Addressthe Issue of Pharmaceuticalsin the Environment?

How Can EPA Be Part of the Solution?

Moderator: Bobbye Smith, U.S EPA

Panel Members Al Alwan, U.S EPA; Catherine O' Connor, MWRDGC,; Lynn Rubingein, Northeast
Recycling Council; Sevan Gresstt, Maine Asociation of Psychiatric Phydcians David Galvin,
King County Washington; Mary Buzby, Merck & Co.; Charlotte Snith, PharmEcology

The format for this discusson was a series of questionsthat were posed to the paneligs for ansmering.
Duringthe course of discussion, meeting participantsaso commented.

Isthere demonsdtrated evidence that it is not environmentally sound for a consumer to crush their own
pillsbefore placing them in the garbage and sending them to a landfill?

Panel Response: Ms Rubingein responded that placing pillsin the garbage is not so much an environ-
mental issue asit isavery serious public health and safety issue. Pets have died from medications being
placed in trash, and “ pharming’ medications from garbage is a large source of crime. Even crushed pills
can be recongituted if thereisawill.

Isthere evidence that pharmaceuticals come out in the leeching of landfills?

Panel Response: Ms. Rubingtein responded that athough she knew of no evidence of that, the pubic
safety and hedlth issues environmental consequences not withgtanding, were reason enough not to ad-
vocate placing pharmaceuticasin housshold trash.

Audience Discussion: It coud be argued from an environmenta sandpoint that OT Cs have gotten into
ground and source weter from landfills

Isit necessary, when executing pharmaceutical take-back programs to take back the medication con-
tainers?

Audience Discussion: If the containers could be separated, autoclaved, and digposed of, it would de
crease the volume and weight of the pharmaceutical waste, thereby dleviating one obstacle to pharma
ceutica take-back programs.

Panel Response: Ms. Rubingtein reponded that it was necessary to take the containers so that there was
knowledge of exactly what is in the container. Additionally, there was the safety issue involved with
pouring loose pills.

Panel Response: Dr. Smith added that it wasworth the extra expense to haul anay because of the added
liahility that would occur without having medication containers.

What happensif medications were placed into clearly labeled bags?

Panel Response: Dr. Snith sated that thiswoud take up so much of the pharmacig’ stimethat it woud
not beworth the effort.
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Panel Response: Dr. Galvin added that in a pilot sudy in Forida, pharmacists placed the consumers
pillsin acid to render them unrecoverade, and the consumerstook their own containers home to digpose
of. Another participant commented that there is technology available to incinerate both the pharma
ceuticd andthe container a the sametime.

A condraint to implementing pharmaceutical take-back programs includes the pharmaceutical
indudry’ s reluctance to fund the program. Would a take-back program modeled after bottle depost
return programs be a solution to digposing of the containers?

Panel Response: Dr. Snith respondedthat the plastics concern of medication bottlesisa separate issue.

Panel Response: Dr. Gresstt added that there wes a proposal in the lag Congressional sesson to
implement a surcharge per pill to pay for dsposa but it waswithdrawn to keep costs down.

Medications, including RCRA designated hazardous medications, mug be disposed of safely.

Audience Discussion: A participant sated that incineration isthe best, ssfes method of dgposal veras
chemica destruction. Another participant commented that if a container contains a RCRA-hazardous
medication, the container itself is conddered hazardous waste until it has been triple rinsed. Following the
triple rinsg, the rinse weter isthen conddered hazardous weste. The argument to separate containers from
medications, therefore, is moot unless al containers are triple rinsed. Another participant added tha
household medications are categoricaly exempt from RCRA reguations

Panel Response: Dr. Galvin regponded that during his take-back events, the consumer directly digposed
of the medications under spervison 0 that the consumer remained the generator of the wage and
continued to be RCRA-exempt.

Panel Response: Dr. Smith responded that the federal government has excluded take-back programs
from RCRA reguations.

The average person needs incentive to do jug about anything, especially pharmaceutical take back,
therefore, it is necessary to get society to take possession of the issue and the problem.

Panel Response: Dr. Gressitt replied that the incentive isthe savingsin health care cogts. The programs
in British Columbia and Augtralia are successful with no consumer incentives. One possble incentive is
for the pharmacy to gve the consumer a voucher with each prescription to encourage return.

Panel Response: Ms. Rubingtein sated that CVSwas pleased because 23 percent of the individualsthat
participated in the in-pharmacy collection event were not regular CVScusomers.

Pharmaceutical companies produce a great amount of medication samplesthat the public did not treat
asmedication. What isthe fate of these medication samples?

Panel Response: Dr. Snith regponded that samples are not used effectively and often become outdated.
In these cases, hospitals must send them for reverse digribution, which isnot appropriate, or bear the cost
of digposal. She suggested that one way to get pharmaceutical companiesto maximize sampleswould be
to give doctorsvouchersfor free samplesthat their patients coudtaketo their pharmacid.
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Panel Response: Dr. Buzby added that patient compliance is very important to this issue; if pharma
ceuticals are not being used, it is necessary to determine why. Dr. Buzby sated that understanding the
reasons pharmaceuticals are not used by patients and acting to decrease unused pharmaceuticals is an
gpproach that shoud be considered.

Panel Response: Dr. Gressitt agreed that patient compliance is extremely important. Dr. Gressitt added
that agricutura use of pharmaceuticals sends sgnificantly more weste to the environment than does
human consumption and waste.

There is a need to educate people on different levels, including the general public on one level and
doctorson another; doctorsare encouraged to overprescribe asa reault of indusry incentives

Panel Response: Dr. Gressitt responded that consumers themselves ask doctorsfor medications by name
and then the doctors prescribe that medication. Additiondly, the ability to order medications over the
Internet without aprescription isagrowing problem.

Panel Response: Dr. Gdvin gated that, from a pollution standpoint, it is necessary to encourage people
to decrease weste. For example, anew regulation gatesthat paint companies mugt take back unused paint
from consumers. Ingtead of tryingto oversell their product, they are nowworking with the consumersto
determine their true need. A smilar model for pharmaceuticals could be a possble solution.

The laws governing reverse digribution are unclear and even conflicting, impeding reverse digributors
from efficient take-back. Better, more clear laws are necessary.

Panel Response: Dr. Smith reppondedthat if the regulatory requirementswere set up differently, it woud
be possible for the pharmaceutical companiesto see which of their productswere not being used and for
the insurance companies to see how much vaue they were losing by the 90-day prescription requirement,
which contributesto noncompliance and waste. Although thistype of sysem hasmany barriersto it, there
would be a pogtive outcome if it coud be implemented. For example, Ford Motor Company receives
incentive to manage their chemicalswithout sending them into the environment.

Audience Discussion: A participant commented that reverse digributors aready have large-scale waste
disposal permitsin place and are able to fully comply with RCRA.

What approach should be used to bring doctorsinto the pharmaceuticals-in-the-environment dialogue
20 that they decrease the number of prescriptions they write?

Audience Discussion: Another participant asserted that when local dentistswere to be reguated by local
government concerning mercury discharge, the American Denta Asociation immedately became in-
volved; therefore, if physicianswere affected by regulation, the American Medical Asociation probably
woud get involved. Another participant added that drug reactions often make patients noncompliant,
which isnot aresut of overprescribing, and asked what could be done about that Stuetion.

Panel Response: Dr. Gressitt ansnered that the firg prescription shoud be short to enare this does not
happen. T his practice, however, increases the patient’ s co-pay and the insurance does not like the extra
vist to receive another prescription.
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Can you clarify whether hospitals fed that it is too expensive to reduce medial waste and to do 0
would cause them to go out of busness? In the pad, Southern California agencies have worked
together in an effort to compel hogpitalsto decrease wage.

Panel Response: Dr. Smith repliedthat a number of hospitalsare compliant and are gill in busness

Audience generated next steps: (1) plan another meeting next year in Washington, DC, and ensure that
the RCRA personne can be present; (2) encourage networking between stakeholders, (3) plan a pardle
meetingwith the medica community; (4) follow up with EPA and the FDA regarding possble changesin
reguations, (5) collaborate ressarch efforts (6) invite pharmaceutica benefits managers and insurance
companies to any future meetings, (7) sreamline legidation for reverse digribution; (8) make a lig of
rdevant grant programs availdd e; (9) generate chemica profile information; (10) plan an annua round
robin to compare methods, (11) eaborate a consensus report <0 that reguators know exactly what is
desred and needed; (12) utilize product stewardship groups as an outlet to communicate with and
coordnate efforts (13) utilize externa organizations (e.g., Nationa Asociation of Sate Conservation
Agencies); and (14) target ST AR grantsto develop methods.

Angela Page thanked participantsfor their helpfu comments and suggetions and adjourned the meeting.
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ADDENDUM: BREAKO UT-SESSION PARTICIPANTS

Wednesday Morning Breakout Sesson 1A: Chemical Methods
for Monitoring Pharmaceuticals in the Environment
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Name Affiliation

Armbrust, Kevin Missssppi Office of the Sate Chemist
Arnold, Wallace New York Sate Department of Environmental Conservation
Benotti, Mark Sony Brook University

Bisceglia, Kevin Johns Hopkins University

Conerly, Octavia U.S EPA

Debroux, Jean Kennedy/Jenks Consultants

Delgado, Israel AdraZeneca

Edwards, Rick Pfizer

Fundahl, Lauren U.S EPA

Gdlvin, Dave King County, Washington

Kogich, Mitch U.S EPA

Lei, Dawn Southern Nevada Water Authority
Meyer, Mike U.S Geological Survey

Mowbray, Sam Orange County Sanitation Department
Nettesheim, Todd U.S EPA

O Connor, Catherine Metropolitan Water Reclamation District of Grester Chicago
Page, Angela U.S EPA

Patel, Ra Abbott Laboratories

Pineda, Pete City of Philadelphia Water Department
Rosal, Charlita U.S EPA

Solvie, John City of LasVegas

Veley, Ron U.S Ceological Survey

Weinberg, Howard

Universty of North Carolina

Wednesday Morning Breakout Sesson 1B: Chemical Methods

Name

for Monitoring Pharmaceuticals in the Environment

Affiliation

Boorse, Howard
Brownawell, Bruce

Columbia Analytical Srvices, Inc.
Sony Brook University

Buzby, Mary Merck & Co., Inc.

Carr, Seve Los Angeles County Sanitation Digrict

Cas=l, Karen Wes VirginiaHigh Technology Consortium Foundation
Cunningham, Virginia GaxoSnithKline

Forres, Kesha U.S EPA

Moody-Bartel, Cheryl Lawrence Livermore National Laboratory

Os=mwengie, Lantis U.S EPA

Philbrock, Peter U.S EPA

Reynolds, Jm EXP Pharmaceutical Services Corporation

Russall-DeMaster, Pam
Sott, Dean

Soear, Kim
Sibramaniam, Puri
Trenholm, Rebecca
Watson, John

Woods, Amy
Yamamoto, Hiroshi

V.A. Medical Center

Bureau of National Affairs

City of Roseville

Department of Veteran' s Affairs
Southern Nevada Water Authority

City of Phoenix

Metro Wastewater Reclamation District
Universty of Tokushima
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Wednesday Morning Breakout Sesson 2A: Environmental
Exposure and Effects Methods for Ecologic Receptors
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Name Affiliation
Armgrong, Jff Orange County Sanitation Digrict
Barton, Carlita Los Angeles County Sanitation Digtrict
Benson, Bob U.S EPA
Bergdale, Amy U.S EPA
Bilbo, Arline U.S Pharmacopeia
Black, Marsha University of Georga
Blasius, Becky Bureau of Reclamation
Daniels, Rebecca U.S EPA/Asociation of Public Hedlth Shools Fellow
Eirkkson, Charles U.S Food and Drug Administration
Ferrano, Ricardo Slano County
Gressitt, Sevan Maine Association of Psychiatric Physcians
Jackson, Jen East Bay Municipal Utility District
Kennedy, Laura Kennedy/Jenks Consultants
Key, Peter Nationa Oceanic and Atmospheric Adminigration
LeBlanc, Norm Hampton Roads Sanitation Digtrict
Lee, G. Fred G. Fred Lee and Associates
Mackay, Chris Exponent
Meyerhoff, Roger Eli Lilly and Company
Perez, Algjandro Union Sanitary Digtrict
Snith, Charlotte PharmEcology Associates
Vidal, Doris Southern Cdifornia Coastal Water Research Project
Wen, Chen U.S EPA
Yu, Jm Johns Hopkins University
Wednesday Morning Breakout Sessons 2B: Environmental
Exposure and Effects Methods for Ecologic Receptors
Name Affiliation
Brown, Juliane U.S Geological Survey
Ceraham, David Universty of Kansas
Coyle, IJm U.S Geological Survey
Dever, Mary U.S EPA
Fischer, Dan City of LasVegas
Garamone, Matt Pfizer
Guly, Joe Los Angeles County Sanitation Digtrict
Heriegel, Dana U.S EPA
Hill, Penny Los Angeles County Sanitation Digtrict
Knapp, Charles Universty of Kansas
Kuder, Beryl Merck & Co., Inc.
Lavelle, Jm CDM

McGnn, Nature
McGovern, Tricia

Bodega Marine Lab
Patricia McGovern Engineers

Myers, Alex EXP Pharmaceutical Services Corporation
Nelson, Pat CH2M HILL

Orsak, Erik U.S Fisheriesand Wildlife Service
Sdtmiras, David Brigtol-Myers Syuibb Company

Sibramaniam, Vaiyapuri

Tietge, Joe
Weiss, Jie

Department of Veteran' s Affairs
U.S EPA
City of Palo Alto
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Wednesday Afternoon Breakout Sesson 1: Barriers To Using Existing Bioassay
Tools To Asess Exposure and Effects of Pharmaceuticalsin the Environment

Name Affiliation
Bergdale, Amy U.S EPA
Black, Marsha Universty of Georga
Blasus, Becky Bureau of Reclamation

Brown, Juliane
Brownawell, Bruce
Carr, Seve

Coyle, Im
Cunningham, Virginia
Edwards, Rick
Guly, Joe
Kennedy, Laura
Key, Pete

Khiari, Djanette
Kogtich, Mitch
LaVelle, Im

Lei, Dawn
Mangaraj, Raj
McGnn, Nature
Nettesheim, T odd
Reynolds, Jm
Veley, Ron
Weizberg, Howard
Yamamoto, Hiroshi
Yu, Jm

U.S Ceological Qurvey

Sony Brook University

Los Angeles County Sanitation Department
U.S Geological Survey

Gaxo9nithKline

Pfizer

Los Angeles County Sanitation Department
Kennedy/Jenks Consaulting

Nationa Oceanic and Atmospheric Adminigration
AWWA Research Foundation

U.S EPA

CDM

Southern Nevada Water Authority

Battelle Stience and Technology International
Bodega Marine Laboratory

U.S EPA

EXP Pharmaceutical Services Corporation
U.S Geological Survey

Universty of North Carolina

Universty of Tokushima

Johns Hopkins University

Wednesday Afternoon Breakout Sesson 2A: Programmatic and/or
Regulatory Constraints To Reducing Pharmaceuticalsin the Environment

Name Affiliation

Arnold, Wallace New York Sate Department of Environmental Conservation
Buzby, Mary Merck & Co., Inc.

Conerly, Octavia U.S EPA

Dever, Mary U.S EPA

Eirkson, Charles U.S Food and Drug Administration

Ferrano, Ricardo Solano County

Fondahl, Lauren U.S EPA

Galvin, Dave King County, Washington

Garamone, Matt Pfizer

Glassmeyer, Susan U.S EPA

Gressitt, Sevan Maine Association of Psychiatric Physcians
Heriegel, Dana U.S EPA

Hill, Penny Los Angeles County Sanitation Digrict

Lee, G Fred G. Fred Lee and Asociates

Mackay, Chris Exponent

Mangara), Raj Battelle Stience and T echnology International
Mowbray, Sam Orange County Sanitation

Myers, Alex Myers, Haney, Morley, Myers & McDonnell
Nelson, Pat CH2M HILL

Page, Angela U.S EPA

Perket, Cary Envirobiz Group
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Wednesday Afternoon Breakout Session 2A: Programmatic and/or
Regulatory Congraints To Reducing Pharmaceuticalsin the Environment (continued)

Name Affiliation

Quapp, Bill INEnTec Medical Srvices, LLC
Russell-DeMaster, Pam V.A. Medica Center

Sott, Dean Bureau of National Affairs

Snith, Charlotte PharmEcology Associates

Solvie, John City of LasVegas

Watson, John City of Phoenix

Weiss, Jlie City of Pdo Alto

Wilkes, Vernon Veterans Heath Adminigtration
Woodis, Amy Metro Wastewater Reclamation Digrict

Wednesday Afternoon Breakout Sesson 2B: Programmatic and/or
Regulatory Congraints To Reducing Pharmaceuticalsin the Environment

Name Affiliation

Armgrong, Jff Orange County Sanitation Digrict
Benson, Bob U.S EPA

Benson, James Vesara

Bilbo, Arline U.S Pharmacopeia

Bisceglia, Kevin Johns Hopkins University

Cassl, Karen Wes VirginiaHigh Technology Consortium Foundation
Childress, Roosevelt U.S EPA

Daniels, Rebecca U.S EPA/Asxociation of Public Health Shools Fellow
Davidner, Alan Vestara

Debroux, Jean Kennedy/Jenks Conautants

Delgado, |srael AdtraZeneca

Donnelly, Sandra Clark County Water Reclamation Digrict
Forlini, Michael STEPs

Forrest, Kesha U.S EPA

Jackson, Jen East Bay Municipal Utility District
Johnson, Seve Vestara

Kuder, Beryl Merck & Co., Inc.

LeBlanc, Norm Hampton Roads Sanitation Digrict

Lee, G Fred G. Fred Lee and Asociates

Mallett, Sott Vestara

Meyerhoff, Roger Eli Lilly and Company

Neuman, Reed O’ Connor and Hannan

Patel, Ry Abbott

Pineda, Pete City of Philadelphia Water Department
Reynolds, Jm EXP Pharmaceutica Services Corporation
Sdtmiras, David Brigtol-Myer Syuibb Company

Sampath, Sam U.S EPA

Shafir, Wendi U.S EPA

Spear, Kim City of Rosville

Sibramaniam, Vaiyapuri Department of Veterans Affairs

Tran, Jane Orange County Sanitation Digrict
Watson, Michael U.S EPA
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