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Abstract

Active pharmaceutical ingredients (APIs) from mediens can enter the environment as trace
contaminants, at individual concentrations gengtadlow a part per billion (ug/L). APIs enter
the environment primarily via the discharge of ravd treated sewage. Residues of
unmetabolized APIs from parenteral and enteral slarg excreted in feces and urine, and
topically applied medications are washed from skining bathing. These trace residues may
pose risks for aquatic life and cause concern weitfard to subsequent human exposure.

APIls also enter the environment from the disposahevanted medications directly to sewers
and trash. The relative significance of this racgepared with excretion and bathing is poorly
understood and has been subject to much specul@tianmajor aspects of uncertainty exist:
the percentage of any particular API in the enviment originating from disposal is unknown,
and disposal undoubtedly occurs from a varietyigfpersed sources. Sources of disposal, along
with the types and quantities of APIs resultingrireach source, are important to understand so
that effective pollution prevention approaches lbamesigned and implemented.

Accumulation of leftover, unwanted drugs poseseghmajor concerns: (i) APIs disposed to
sewage or trash compose a diverse source of palteh@émical stressors in the environment. (ii)
Accumulated drugs represent increased potentialrioy diversion, with its attendant risks of
unintentional poisonings and abuse. (iii) Leftodeugs represent wasted healthcare resources
and lost opportunities for medical treatment.

This paper has four major purposes: (1) Defingptioeesses, actions, and behaviors that control
and drive the consumption, accumulation, and needigsposal of pharmaceuticals. (2) Provide
an overview of the diverse locations where drugsused and accumulate. (3) Present a
summary of the first cataloging of APIs disposedalmefined subpopulation. (4) Identify
opportunities for pollution prevention and soureduction.

Keywords: Pharmaceuticals; Medications; APIs; Accumulatiorsgdsal; Environmental
pollution; Pollution prevention
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Introduction

Pharmaceuticals have myriads of uses for both haraad animals, including therapy,
disease prevention, diagnosis, cosmetics, andylileRResidues from hundreds of widely used
active pharmaceutical ingredients (APIs) can gatnygo the environment via a complex
network of sources and pathways, interspersed glraumerous parts of society. These
potential contaminants make their way into the emment primarily as a result of their
intended use — as caused by excretion or bathiisgoBal of unwanted, leftover medications to
sewage and trash is another source of entry, butlative significance is unknown with respect
to the overall levels of APIs in the environmentldhNfe and humans can then experience long-
term or intermittent exposure to APIs as traceytalits, primarily via contaminated water and
foods.

Of the research accomplished to date regardingseufate and transport, exposure,
biological effects, waste treatment, and pollujoevention, very little has been directed at the
role played by the APIs in the environment origingtfrom disposal of leftover medications
compared with APIs introduced into the environntenbugh excretion and bathing. Leftover,
unwanted pharmaceuticals (both human and vetejitamyg to accumulate after being set aside,
stored, or forgotten - - and this occurs at justalany location where people live, work, or visit.
Accumulated or stockpiled leftover medications ewentually disposed either through formal
collection programs (with disposal generally atdrdous waste landfills or by incineration) or
simply by the end-user discarding directly into seage or trash. During storage and imprudent
disposal (e.g., leaving leftover drugs visible aedessible to others), a leftover drug can be
inadvertently diverted to those for whom the metilicawas never intended. This can lead to
poisoning of humans and pets, or can further abndeaddiction. Well-designed, efficient
disposalprograms hold the potential for preventing unneamsgssuman (and animal) exposure
and poisonings, as well as for reducing environaguallution.

Many factors cause medications to remain unusedtiag leftover drugs that can
accumulate. A wide spectrum of forces underlieggérgeration of leftover drugs, ranging from
inefficiencies and certain practices of manufagtyrdistributors, prescribers, dispensers, and
patients themselves. Although design of environagnprudent and safe disposal programs is
currently being pursued (Reid, 2007), much of teedhfor drug disposal in the first place could
be eliminated by focusing corrective actions orséhmajor causes of accumulation with the
design and implementation of pollution preventiogasures. Such practices would be part of a
larger program that oversees all the aspects otemied, adverse consequences of medications.
Such a program has been termed pharmEcovigilangegton and Ruhoy, 2008).

Leftover medications pose an acute exposure hdaalbth humans and the
environment. Opportunities are lost for optimalivksly of healthcare, and valuable healthcare
resources are squandered. The likelihood alsolgreateases for drug diversion and
environmentally unsound disposal. These latterlimlities can pose acute and chronic
poisoning risks for humans and wildlife alike (Datan 2007).

This paper focuses on two major aspects of thetaapic of pharmaceuticals as
environmental pollutants: (i) the processes, astiaetivities, events, and behaviors that cause
drug wastage (leading to accumulation and dispoaad) (i) the many and diverse physical
sources from which stored and accumulated drugeictar the environment as a result of
disposal. Such information should prove usefultf@ design of pollution prevention measures
that encompass a significant portion of the lifeleyof medications. This paper presents the first
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comprehensive examination of why medications acdataand the many potential sources or
locations from where leftover drugs are disposeztté® understanding of the many and varied
origins and sources of leftover drugs will allow the design of pollution prevention actions
best tailored to minimize or eliminate these acclatnans, and therefore eliminate or reduce the
need for disposal. This paper also presents a suyrwhéhe first comprehensive cataloging of
the types and quantities of APIs disposed by anddfsubpopulation into known sewage
treatment plants; these first-ever data providgyhs regarding what classes of drugs most
commonly accumulate and require eventual disposal.

Background

The use of human and veterinary pharmaceuticalhér intended purposes is
accompanied by a very complex network of routewbich APIs eventually gain entry to the
environment or result in unintended direct expostioehumans and wildlife (see Daughton,
2008, Figure 1; 2007, Figure B.holistic, integrated view of the life-cycle of @hmaceuticals
includes not just the intended uses of drugs, lsattaeir unintended consequences. A broad
spectrum of unanswered questions surrounds theoemvental lifecycles of drugs (Daughton,
2004). The accumulation and disposal of leftovegd is but one of their routes to the
environment. In contrast to excretion, howevess toute of release is more amenable to
moderation by environmental stewardship prograsseeally those designed around pollution
prevention (Daughton, 2002, 2003a, b). To desighgauge the success of such pollution
prevention programs, the origins and sources af delease need to be defined, and the absolute
or relative contributions of these sources to therall loadings of APIs in the environment need
to be known. The individual percentages probably daamatically among APIs and among the
types of packaging (for example, unit-packaged @ite probably not frequently disposed via
toilets, whereas liquids are probably routinely goudown drains). In particular, disposal could
prove to be a significant source for those API$ wauld otherwise have been extensively
metabolized.

Of the major sources and routes by which drugs gairy to the environment, the types
and quantities of APIs introduced to sewage asnamentional result of their intended use
(primarily as a result of excretion and bathingd amenable to estimation using modeling based
on usage data combined with parameters such asypbakinetics (portion of parent API
excreted unchanged) and known efficiencies of reahftem sewage treatment; such an
approach has been used by Kostich and Lazorch&Y20n contrast, gaining an understanding
of the types and quantities of APIs introducedalyeand purposefully to the environment by
the disposal of unwanted, leftover drugs has beearm problematic because of a dearth of
comprehensive or reliable data. Of the total logsliof a particular API in the environment, it is
unknown what fraction results from drug disposak Wad previously presented a new
methodology for obtaining comprehensive and aceuwtaig disposal data at the community
level by the use of existing drug inventories aciibel during corondnvestigations. These
unique data can then be used for a variety of mapas outlined by Ruhoy and Daughton
(2007).

Another aspect of drug disposal is the locatiowlath leftover, unwanted medications
accumulate. Probably more than for any other peabkh) non-food item consumed by humans,
medications are used and stored at a vast ardagations throughout society, including schools
and nurseries, hospitals, nursing homes, hospieecesters, emergency shelters, humanitarian
organization locations, doctor and dentist offiqaghlic-use first aid kits, veterinarian offices,
farms, military bases, and prisons, among othdres@& products are frequently prescribed,
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dispensed, or purchased in excess or are notdafigumed as directed (e.g., as a result of poor
compliance among patients), leading to the accutunlaf unwanted, leftover drugs. A variety
of other factors also promote drug wastage; butik@ging of certain OTC drugs in quantities
that cannot be consumed before expiry is one exanplese factors have been categorized by
Daughton and Ruhoy (2008).

Accumulated, leftover medications pose several majablems with respect to both
human health and safety and the integrity of therenment. These problems result from the
diversion of accumulated drugs to those for whoey tivere not intended (leading to accidental
or purposeful poisonings of infants, children, asiuhnd pets) and from the disposal of
accumulated drugs to trash and sewage, from wherARIs can then enter the ambient
environment, posing risk of exposures for wildlflieeventually for humans via drinking water
supplies or food (Daughton, 2007, 2008; Ruhoy aaddhton, 2007).

Unused pharmaceuticals pose unknown risks fortke@ment and take a toll on
human health. Based on data obtained in 1999 frearias of retirement communities, Morgan
(2001) roughly estimated that the annual value agted medications just for adults older than
65 years in the U.S. could exceed $1B; this reptesie2.3% of total medication costs. The
accumulation of non-utilized pharmaceuticals desigto treat human maladies as well as to
treat and care for both domestic and farm-rear@dala is emblematic of a society-wide
problem that affects both human and ecologicalthetlis also one whose prevention could
lead to immediate benefits for both.

The existence and extent of unused pharmaceutioald be adopted as a direct measure
of non-compliance and poor adherence by the pati@malation. Non-compliance is often a
significant factor in reducing the physician’s @Wito treat and can lead to poor therapeutic
outcomes. The collective volumes of excess andedhoeedication can lead to unintentional
pharmaceutical poisonings of children (resultingnorbidity and mortality), facilitate abusive
use, and promote emerging social problems suckeasige "pharming"” (the theft and communal
sharing and abuse of pharmaceuticals by teena@sjJHSA, 2007). In addition, the
subsequent imprudent disposal of unwanted drugdonaestic trash (e.g., in unsecured
containers) encourages and facilitates their reateom by others (especially addicts) for non-
medical purposes,

A better understanding of medication usage cowd te the design of processes that
could reduce or eliminate the very need for drigpdsal. Two aspects must be considered: (1)
the factors that lead to the generation of leftouewanted medications, causing them to
accumulate unused, eventually becoming wastes(Zride many and varied locations and sites
in society where medications accumulate (the redagignificance of each source of
accumulation is currently not known). The firstgste to catalog the sources and assess why
drugs accumulate at these locations

In this paper, we ask whether the disposal of doaggd be controlled by implementing
any number of pollution prevention or stewardshgasures. What causes or drives the need for
disposal, and can the incidence or magnitude @iodl be better understood and reduced or
eliminated?

Note that the current approach to preventing poltutrom drug disposal is to implement
various means for collecting leftover drugs anghdssng of them in the most prudent manner
available (primarily as hazardous waste). For tlomsetries (e.g., Australia, Canada, France,
New Zealand, Sweden, UK) having formal collectisagrams for unwanted drugs (those no
longer in the commercial distribution/sales systetimg most common approach is for consumers
to return their medications to local pharmacies;cfalection practices in the U.S., see
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discussion of Glassmeyer et al (2008) and exangited by [ISG (2007). These “down-stream”
approaches are generically termed consumer "tag&le:loa "return” programs. In the U.S., the
design of take-back programs is much more comglitaas medications cannot be returned to
operational pharmacies (unless a formal FDA rdtad| been issued); several federal regulations
currently make any type of universal collectiongraim extremely complex and inefficient (see
background presented in Daughton, 2007). This, ledupith the growing imperative in the U.S.
to prevent drug diversion, prompted the White HoD#fece of National Drug Control Policy
(ONDCP, in conference with the FDA and EPA) to iempknt guidance for consumers for
disposing of drugs in a manner that reduces erffitAPds to the environment while also
protecting public (and animal) health by minimizidigersion and accidental exposure
(Daughton, 2007).

Regardless of whether efficient collection prograras be developed for public use,
none will ever capture all medications that acclateils wastes; no type of disposal process
(whether landfilling as hazardous waste, incinergtor other type of complete destruction) is
free of the potential to generate hazardous byymisdor release pollutants in the future; and all
have energy costs for transportation, storageesirdction. Instead, the optimal approach could
be to prevent the need for disposal in the firatel- - an “up-stream” approach that maximally
protects the environment and at the same timeheagdtential to improve health-care outcomes,
reduce healthcare costs, and lessen the incidémaerbidity and mortality caused by human
(and animal) exposure to unsecured, unwanted drugs.

Numerous factors play roles in the accumulatiodrafys by end-users, whether they are
healthcare professionals, physicians, patients skémas, veterinarians, farmers, or humanitarian
relief workers. Some of these factors are expiagigmt non-adherence (hon-compliance), and
over-prescribing or excessive purchase; these beee summarized by Daughton and Ruhoy
(2008). Patients will discontinue taking medicatéhre to, among other reasons, intolerable or
adverse effects, inconvenience in dosing scheduteange in therapy as prescribed by their
physician, forgetfulness, or even a poor percepticthe severity of their illness. Expiration is
an oft-cited reason for accumulated drugs; howestber numerous factors play a significant
role (see Pound et al. 2005). Poor adherence amdarpliance continues to be a major source
of public health concern (DHHS, 1990). Significgnthe numbers of consumers who do not
follow medication regimens in the U.S. continud&substantial, and addressing the causes
could improve outcomes and reduce morbidity andafity (Bosworth et al., 2006; O’'Donohue
and Levensky, 2006).

Sites of drug accumulation extend far beyond theskhold medicine cabinet. Some
drugs are simply forgotten by consumers at a disteation (i.e., hotels, workplace, and
hospitals) and some are intentionally abandonegsiBilan and dentist offices have supplies of
drugs on hand for intra-office procedures and sardf@pensation. However, some areas of
substantial drug wastage are independent of theidhudl consumer as a patient. These locations
are associated with the demands and expectatiahe giublic for the easy accessibility and
availability of medications. Public buildings, véica areas and marine vessels, and societal
institutions such as prison systems and militaigelaare all locations where drugs are stored in
significant quantities in case the need arisess plophylactic approach increases the probability
of eventual expiration or simply non-use of the moations, thus necessitating their disposal.

The effort to address unused pharmaceuticals exashine all aspects of licit drug use
and non-use. While consumer non-compliance israfgignt factor, a strategy to combat
pharmaceutical waste should include preventativasumes that encompass all facets of drug
accumulation and waste.
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An overview of the diverse spectrum of many of ltteations where drug buildup and
eventual disposal could occur is presented in Eiduit begins with the actual production of the
pharmaceutical and traces the many places a drygenthup in following its purchase, whether
by prescription, over-the-counter, or by other ngesunch as the gray market. Each rectangular
box shown in three dimensions in the flow chartespnts a particular site where accumulated
human and animal medications might be found.

This paper presents a descriptive narrative fefflbhw chart. For each location
represented, discussion is presented on where damgseside, possible causes for their
accumulation at each particular site (e.g., exmwer-prescribing, etc.), the method by which
they accumulate (e.g., abandoned, orphaned, stedkpand the problems posed by their
accumulation (e.g., diversion, disposal, etc.).

Leftover drugs can indicate medical therapy wasgneompleted, the medication was
the incorrect choice of treatment, or that healthcasources have been wasted. The
accumulation of these leftover drugs can furthadl® or promote diversion to others, resulting
in drug abuse or purposeful human poisonings, cidaatal poisonings in humans (especially
children and the elderly) or pets because of uneecstockpiling. Eventual disposal of the
accumulated drugs may maximize the introductioAls to the environment by circumventing
natural physiological processes that ordinarilymigave reduced their amounts via excretion.
Disposal may also result in acute wildlife poisgsr{Daughton, 2007).

Discussion

The origin of all pharmaceuticals is probably threest part of the puzzle.
Pharmaceuticals are manufactured and producedwiahilities owned or contracted by the
individual pharmaceutical company. Following the@anufacture and production, the drugs are
transported to those entities that are then changgddistribution of the drugs. These entities
include both traditional brick-and-mortar pharmaciad online e-commerce pharmacies (some
of which operate illegally as “rogue” pharmacies)d distribution companies (often a subsidiary
of the pharmaceutical company itself); distributmmpanies stock other locations that may
manage their own internal pharmacies, which magg®sves become points of accumulation.

Currently, database and inventory technology alltwsery efficient manufacture and
distribution. Manufacturing companies are abledcuaately estimate demand and potential
orders from their various customer retailers andlegalers. This allows them to produce
exactly what is needed, when it is needed, aneétber produce very little, if any, unused and
unwanted medications that can accumulate. Forcuskson on waste generation during the
medication production process itself, which is adbpic of this paper, see Velagaleti and Burns
(2007).

The following discussion is organized in two Tablés 2) that describe and evaluate:
(1) the factors that lead to the generation obledt, unwanted medications and (2) the many and
varied locations and sites in society where meninataccumulate and from where they are
subject to disposal.

Actions designed to control the many factors teatllto drug wastage and accumulation
clearly could help in reducing the types and quistiof APIs that are eventually introduced to
the environment by way of disposal. These are suimaetdhin Tables 1 and 4. Note that while
these factors can also play roles in increasingitietended release of APIs to the environment
via excretion (improving patient compliance is @xample), a wide spectrum of other factors
contribute more to the over-usage of drugs, regyliti the unnecessarily higher excretion rates
of APIs. Many of these factors have been summaitigedaughton (2003 a, b); two examples
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include the manufacture of racemic drugs (wherg onk optical isomer is the therapeutic
entity) and the use of unnecessarily high dosedarations of treatment (which often are
established expressly for clinical trials in ort@maximize the chances of favorable outcomes
but which are never reevaluated or adjusted dowshwace the drug reaches final approval). In
fact, downward-adjustment of doses by the patiggit-fegulation) is a major factor in “non-
compliance,” and is caused by patients’ concergartBing the medications themselves (Pound
et al. 2005).

Figure 2 demonstrates the many factors that inflaehtug usage - - and therefore
pharmaceutical wastage and accumulation. Idengfgimd assessing these parameters is an
important first step in recognizing the points wdpollution prevention efforts could be
designed and implemented.
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Table 1. Factors Leading to the Generation ofdwft, Unwanted Medications

Promotionals

York University (2008) researchers estimate the. gtfarmaceutical industry spends almost twice ashmu
on promotion as it does on research and developreninotional items and programs put forth by both
pharmaceutical sales representatives (“sales reps!manufacturers and distributors target botlyéresral
population or specific sub-populations and carppaitive message with regard to the use and berufit
consuming prescribed pharmaceuticals. Manufacudéstributors, and sales reps use various appesdor
promotionals to induce, entice, or convince physisiand other healthcare professionals of thetaféeess and
the appropriateness of prescribing their drug paricular patient population. These promotionals be in the
form of advertising in medical journals, continuimgdical education (CME) credits in exchange fatipipation in
a marketing program, and hosting various confergnoeetings, and workshops. Furthermore, an aggeess
campaign of “sampling” (providing sample packagethe medication at no cost to the physician) ashetdiling”
new, as well as older, products can influence iters to which a healthcare professional will cdesia drug
product in treating a particular patient and/oedse.

Consumers and physicians both report that pregmmipirug advertisements are increasingly influéntia
Surveys of patients and physicians have concluigidpiatients have asked their doctor about a migglicsolely as
a result of direct-to-consumer (DTC) marketing, phgisicians then consider prescribing such medinatas a
result of the patient’s request (Rosenthal, 20@33.probable that DTC advertising brings moregas into a
doctor’s office seeking a prescription for a partée drug (Donohue and Berndt, 2004).

Concerns regarding conflicts of interest - - foaewle, a particular manufacturer hosting a CME seur
(which physicians and other professional are regiuio obtain on a yearly basis in order for thedrcticing license
to remain in effect) - - have been discussed biouarlaw and health groups but no consensus cadii@gtion has
been reached. If these promotionals were limitetiragulated, there would be much less direct iotéra and
correspondence between those that produce anthaseltug and those who can alter its rate of pigtszn and,
hence, consumption. Indeed, the recently reautbdirescription Drug User Fee Act (PDUFA) provigesater
authorization and resources for the FDA to evalaatt assess the safety of new medications as svplilalic
advertising (U.S. FDA, 2007). Furthermore, sevacademic medical centers across the country atiguiirsg
policies of their own with regard to the relatioipshbetween doctors and relevant industries. Famgte, the
University of Pittsburgh School Of Medicine hasabdished a program that provides for the prohihit gifts and
free lunches, addresses faculty speaking and dorgutvolvements, and disallows the presence afpiaceutical
representatives from patient areas (http://wwwpitbiedu/IndustryRelationships/index.htm) (also: Seegaskis,
2008).
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Counteracting Promotions (programs that attempt tocounter-balance promotionals)

Counter-promotion involves programs and intervergito teach health professionals or students to
critically assess drug promotion - - to teach Hepfbfessionals how to interact with sales repriadimes and
interpret promotional information. Norris et al0@5) describes programs that are intended to quettte claims
made by drug manufacturers in advertisements anda¢idnal materials directed at both patients angigians.
The effect of these counter-promotional activitiestill unknown for they are still far outnumberegthe
promotional programs.

In the U.S., the American Medical Association haglglines about gifts from the pharmaceutical indus
incorporated in its Code of Ethics (http://www.aassn.org/ama/pub/category/5689.html). These sutjugsyifts
to doctors should primarily benefit patients andwtl not be of substantial value. Further guideifeg regulating
interactions between healthcare practitioners kst doctors are needed to establish positivebandficial
relationship with regard to the proper use andquileimg of medications.

Prescribing
Prescribing medications to treat disease is sihale and straightforward procedure. There areyman

factors and considerations, not all of which astified by the literature (especially by evidentgained from
double-blind randomized controlled trials), thatuance decisions to prescribe and what to prescrib

As already discussed, DTC advertising has a de#ett on the knowledge base, and therefore the
perspective and desires, of a patient. A doctor beagersuaded to consider a specific medicatidherface of an
ardent patient. In addition, if a physician weralisagree with a patient’s request and prescribatamative
medication, this may affect the adherence of thiepeto the medication, as well as adversely afiee
relationship between physician and patient (Pourad. 005; van Dulmen et al. 2008).

Direct-to-physician marketing may play a role adlwPharmaceutical manufacturers not only advetts
physicians via conventional methods (i.e., medimainals), but also dispatch representatives ottimpany to
regularly visit and educate physicians, physiciamgaining, and office staff on their products etlv old and new.
These visits (referred to as “detailing”) oftenlirde boxes of free samples (referred to as “samjliof the
pharmaceutical product as well as meals and makétinkets such as pens, clipboards, and cups.diumature as
it is, it is easy to believe this communicationlstynay play a role in the physicians awarenesskangledge of
medications to be used to treat a particular aitnrfdanchanda et al. (2005) outlined the variougaesh on
physician and patient learning about drugs.

Optimal prescribing behaviors are complicated tamé-consuming. While much of medicine is practice
using algorithms and protocols, often there isara perfect method of treating a chronic ailment, each patient
needs to be regularly monitored and managed. Gemetilicine (sometimes called “efficacy pharmacoties® is
teaching us that each individual may have a differesponse to treatment as well as a differentssoof disease.
Drugs can have many polymorphic mechanisms andt iastarious physiological effects and changedifferent
individuals (Foxhall, 2008). Yet, treatment is ofterrived at based on the conventional generic oastiof
treatment of a disease as well as experience gftthgician with beneficial responses in other pasieRegardless,
without careful adherence to evidence-based meglimiipled with individualized therapy and treatmémgre is
the potential for increased misuse, mismanagemedtnon-compliance with the medication.
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Dispensing

Dispensing practices can affect medication usaggddsing refers to the method and form by which a
prescription is filled for a patient. Many pharmateals are offered in multiple forms — pill (whichay be
swallowable, chewable, or sublingual), liquid, artruscular injection, spray (which may also be ustdorally or
intranasally), creams or gels (dermally or intramatly), suppositories (intravaginal or intraanalglivery devices
(e.g., patches, intravaginal rings), aerosols (atian), or drops (eye or ear); each of these ame mifferent
challenges with regard to disposal; used delivemiaks, in particular, can contain large amountsrzhanged
API. The form of drug delivery can greatly affegbatient’s perception, willingness, and comfortamsuming the
medication. In addition, these forms can be prbsdriand dispensed in different quantities and udiffigrent
methods. For example, chronically used drugs cgoréscribed in quantities sufficient for one coumsih
approved refills) or multiple months (normally 98ydsupply). Indeed, many pharmacy chains have ptionsthat
encourage increased purchase of certain medicadipoffering lower prices for a 90-day supply ordffering
additional OTC medications at drastically reducddgs. While certainly this is a convenience tot¢basumer who
will theoretically not have to travel to the phaeyas often to retrieve prescribed medications|ahger supply
stored in their homes increases the quantity osedumedication in the case of altered treatmetidiy doctor or
in the event of their death. Indeed, some mailHopdegrams send automatic refills of 90-day supplieading to a
continuing accumulation of unused medications up@atient’s death.

Some medications are dispensed using methodsrthattanded to improve medication usage. For
example, birth control pills, usually some combioatof estrogens and progestagens, are dispensaitidose
packaging. This serves to assist the user in atthévithe once-a-day regimen. Unit-dose dispensiamgoriginally
designed for hospitals to help reduce medicatispatising errors. However, there are some medicatiat are
prescribed in the out-patient setting in unit-dpaekaging. The commonly prescribed “Z-Pak” (azithyain) is
prescribed in a pack of individually wrapped tableteach corresponding to a day of the week, wikithe extent
of the course of treatment. Methylprednisone, eogtaised to treat chronic inflammatory diseasas, lwe
prescribed in unit-of-use packaging (Lipowski e@02) to encourage proper weaning of the patiem steroid
use and avoid the complications of incorrect, abdigrontinuation. Technology for pharmacy repadkg@f bulk
drugs in unit-dose, unit-of-use, or multi-dosepsritogether with day and time reminders (caletalzling) is now
available (as one example, see Parata Systemgiviattpv. parata.com/adhere/index.php).

Finally, dispensing of medication may sometimes lwenfusing task in light of the many drugs thateha
similar sounding (and similar spelled) names. Bial{€008) reports that greater than 1,400 commepndgscribed
drugs are implicated in drug errors due to simaking drugs or similar sounding names. This iswfattributed
to poor phone communication, poor facsimile quaktyd poor penmanship on the part of the physidéspensing
incorrect drugs can lead to pharmaceutical accuinalérom cessation of therapy due to poor respangbe
awareness of the error. Much of this confusion @dod eliminated with widespread adoption of elatdtro
prescribing (“e-prescribing”).
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Non-adherence and Non-compliance

Non-adherence and non-compliance to prescribethiszd regimens is a significant and widespread
public health issue. Poor compliance and adhereoctnues to thwart and retard efforts by healthgaactitioners
to effectively and efficiently treat symptoms andgression of a wide spectrum of diseases (NCRIE7R While
these terms are often used interchangeably, noaradbe is when a patient attempts to follow thedtions of the
physician but is unable to adhere to all instruwifor proper use and consumption. Non-compliaonehe other
hand, is when a patient, for any number of reaswiliingly chooses to not comply with treatmentmsscribed by
the healthcare practitioner. There remains a suliffierence and that difference is often disregdrnethe
literature. This paper uses the words synonymaislye the end-result is very similar.

Research on compliance indicates a wide rangemtompliance rates. Reported non-compliance rate
are specific for the disease being treated anttréagment itself. For example, there is a higheidience of non-
compliance for clinical depression and for drugs #ire prescribed for long-term treatment of a wierdisorder.
The World Health Organization’s (WHO) 2003 repantariherence to long-term therapies states that&0%
patients treated for chronic diseases in the WoShal take their medication properly (and a portbthis is from
failure to complete a course of treatment), 30%lbfefillable prescriptions are never filled, ahd-20% of all new
prescriptions are never filled. While failure tb &r refill a prescription does not add to the amailation of leftover
drugs, it is possibly an indirect indicator of tai to complete the prior prescription or failupeully consume free
samples; it might also, however, simply reflecthggician’s recent change in treatment, which wastlost
frequent cause of returned drugs reported by Lgreflal. (2005).

Certainly the important factors associated with-nompliance that have been identified are the sgvef
the condition, salience of the condition, and @wst misconceptions regarding the therapy. Additios@sons why
patients intentionally and unintentionally ceagatment are varied as well. They include drugs difticult or
awkward delivery systems (i.e., intramuscular docstianeous injections), adverse and side effeatagnous
psychosocial factors (e.g., fear of reliance or@dxh), and even sensory aversion. Worthingtord{d@iscusses
the positive effect on compliance from a drug’stlaesics, such as its taste, smell, appearanceoacth.tPound et
al. (2005) provide a thorough synthesis of mucthefextensive literature on why patients resisbjdvignore,
forget, or alter directions for prescribed medigasi. The reasons are countless and highly compdexevidenced
by the fact that non-compliance persists in beimgx@remely perplexing and refractory problem fabgdnedicine.
The critical importance of better understanding addressing the numerous aspects of non-complenece
emphasized by Rosenow (2005), who has referredamthe “sixth vital sign.”

Patients may decide they do not really need thegatdn due to misjudgment of their health stafitss
is a difficult obstacle, as many factors can leaddnfusion. Misjudgment of health status and tednfor a
medication can also result from diseases that dexiubit obvious signs or symptoms; this can lésacentive
for continued treatment. There also may be a b@akdn communication between the prescriber ang#tent.
While a physician may believe they have explaiteddisease and the relevant physiology of the siésaad drug’s
mode of action, in reality, the patient may noterstand and become fearful, intimidated, or todars<to ask the
appropriate questions. Another reason for poorgpian is the overall patient-doctor relationshfdherence
partly depends on the prescriber’s ability to comioate the need and utility of the intended treattméhis is turn
would depend on the patient’s perception of thespfign’'s concern, sincerity, and competence.

2
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Table 2. Locations and Sites in Society Where thns Accumulate

First Aid Kits

First-aid kits are probably present in nearly eyauplic building. The Occupational Safety and Healt
Administration (OSHA) requires first aid kits to beadily available to the public. Therefore, depegdipon the
size of the location and the estimated public icathere may be multiple kits present in the binigdat any given
time. First-aid kits are no longer simply bandagesle supports, and some gauze. Today, any comsume
business organization can purchase first-aid ks ¢ontain anti-diarrheal medications, antiemetcsihistamines,
analgesics and antipyretics (e.g., NSAIDs, ibugrpéspirin), antiseptics and biocides (which inelashtibiotics),
cold tablets, cough syrups and drops, antacidseisas medication for motion sickness, menstruahps, and
stomach upsets. First aid kits are also ubiquitdweswide spectrum of other venues, such as alitatilities,
camps, all forms of transportation (cars, truckains, boats, airplanes, etc.), and travelerstasgs.

First-aid kits can be specific to the type of indton in which they reside. For example, Henrgale{2006)
recommends a school first-aid kit for asthma. Gitrenincreasing incidence of asthma diagnosesiidreh, it is
most certainly prudent for educators to be familéh the disease, it signs, and its managemerg.rébommended
“asthma first-aid kit” includes a bronchodilatoread. Since first-aid kits are usually used sportictheir
contents often reach expiry. Furthermore, kitsrofteust be stored in locations that experience tégiperatures
and therefore their contents can reach expiry fasty Kits supplied by companies are routinely edrgf expired
contents, while others are replenished on an adagis. Regardless, the expired drugs are disgmskit-provider
personnel usually via the sewerage.
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Physician Samples

Dispensing and use practices contribute directthéogeneration of leftover, unwanted pharmacelstica
and may therefore provide opportunities for redgehre quantity of waste. One practice that is ofteerlooked,
and often considered only beneficial to the patpapulation, is the use of physician samples. Sasyulften called
“starter packs,” are specifically packaged sampfedrugs provided free by pharmaceutical represeetto
doctors (a practice termed “sampling”), often ag pha marketing strategy or as a means of gaiagwess to the
doctor. The intention is to provide patients wittstarter” supply that will serve to treat in thearim of receiving
the prescription at the physician’s office and luthig prescription is filled at the pharmacy. lalso considered a
cost-saving measure since a sample sometimes prothid entire course of a short-term treatmerti@course of 3
testing period to assess how the patient will redpo the drug before a full prescription is gi@mereby avoiding
the prescribing of larger quantities that mightesthise never be fully consumed).

Firm figures regarding the dollar value of promasdn the U.S. are not available. In 1999, drug
companies gave doctors free medications worth iane U.S. $7.2B (billion: one thousand millionyetail
(nearly 10% more than the year before) (Peterd#80)2 The most current analysis, however, indictitas
promotions in 2004 alone may have a market valoging up to U.S. $57.5B, or roughly $61,000 pergitign.
Samples alone may represent about $15B (Gagnohexwtin, 2007).

Samples have a number of negative aspects, imgymirsonal use by prescribers and their families,
creation of bias on prescribing habits for neweremmostly agents, and inappropriate record keemiggrding
delivered and dispensed samples (Pai, 2000). Aoaptd an American Medical Student Association rephe use
of samples is associated with an influence on thequiption choices and behaviors of the physi¢iahia, 2007).
Studies have demonstrated that the availabilifyesf medications is considered by physicians wheamidihg upon
a treatment regimen for a patient (Groves et 8D32. Such an effect on physician prescribing befravould most
likely serve to sustain or expand the use of samgpdractices.

Physician samples represent opposing forces wiflrdeto medication waste. On the one hand, they cgn
eliminate the dispensing of larger quantities oflimation that may have gone unused. They alsoinbrido
provide treatment and economic benefits to theepatBut on the other hand, they have the poteotibking a
significant source of unused pharmaceutical accatiour at the physician’s office or other healthdamelities and
have an important potential for drug diversion (LD®J, 2006). Not only do the sample drugs remaiumsed and
eventually expire in physician offices, they canuoulate in the possession of the patients as Rilisicians have
no incentive to decline sampling, often acceptith¢hat are offered during detailing. At the sarmed, patients
have little incentive to decline the offer of fre@mples from the physician, even if they doubt thilyever use
them. There is no requirement for physicians tontaém an inventory and therefore, as opposed tonpdcies,
there is no real measure of how many samples qréreel for the number of patients and types of diaaseen in
a particular physician office. Consequently, sampiél go unused and will eventually expire in fhi@ysician’s
sample closet. Pharmaceutical representatives tdaceept the return of the samples, so they muesiteally be
disposed of by the office. The disposal will maktlly be via the trash because the packaging (wisicisually of
unit-dispense design) would impede easy and coauedisposal via the sewage system. Few publistuelies
have assessed the extent of accumulation of expaegble medication or the means of disposal byipiays
offices. In a single Canadian study, the poputatiba single hospital was invited to return metimss over a 2-
day period, during which time 47 kg of medicatiovere collected from 25 people (Nguyen et al., 200R)er 87%
of the wholesale value of the collected medicaticarme from physician samples (valued over C$1,400 p
physician); the bulk of these samples were medinatfor treatment of cardiovascular, CNS, and wdsnleealth.
At least in one instance, the "Code of Marketingdices" for Canada’s Research-Based Pharmaceutical
Companies (Rx&D, 2004), guidance does exist fordisposal of "clinical evaluation package" (CEPS):
"Companies are responsible for making sure thaaless and/or expired CEPs of their own manufacite
returned to the company’s storehouse or head dffice

When samples are dispensed to patients they todmadgstined for accumulation and eventual disposga
Samples are given so that a patient may “try outieglication, often with unclear instructions. Thiglear
directive compounded by the distinct differencaghysician’s formal “prescription,” in that it adten given in
random amounts, may prompt the patient to not rsacig consume as directed. In fact, sample packagaally
do not have directions on how to take the drugmmosed to the labels on dispensed medication®er®atinay not
understand how to properly consume the drug andthexgfore be discouraged to use them. These uminsegd
accumulate in household medicine cabinets and raacbessible to others for whom the medication trhgh
contraindicated. While there is no research regagrthie extent to which drug samples accumulata/ loaroner
data (Ruhoy and Daughton, 2007) has revealed #mepce of unused sample packages with almost $k& of
decedents (unpublished).
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Long-Term Care Facilities

Pharmacists and other healthcare personnel emply&ihg-term care facilities (LTCFs) have expande
responsibilities with regard to dispensing pharméicals to residents (and in disposing of leftoyelrs addition to
providing chronic maintenance medications on aydaslsis to most, if not all, facility residentsygennel must be
able to supply drugs in acute (i.e., pain contigitation) and emergency situations (i.e., advareediac life
support), stock emergency medical kits for uselbfaeility healthcare personnel, and collect aceiwe expired,
deteriorated, or recalled medications for propspdsal. Thus, pharmacy systems that cover LTCF$ maisitain a
different type and level of inventory than retailgpmacy locations. Because of the comprehensiwtdison
system, and by virtue of the quantities of pharmécals required by this population, LTCFs are ptitdly an
important source of accumulated and unwanted mealica

Driven by federal and state requirements and stasd®aughton, 2007), LTCFs often dispose of
unwanted medications via sewage. There are prgsefelv studies underway to examine and assesstaat|
discharge of these healthcare institutions, esfhgdiam disposed pharmaceuticals. The U.S. EPAdefbf Water
2008 Effluent Guidelines Program (U.S. EPA, 2008)sato complete a health services industry survethe
disposition of unused pharmaceuticals in LTCFsenearian offices, and hospitals. In an effort tmlerstand the
extent of discharge of pharmaceuticals into water @ossible environmental effects, this study ptangquest that|
these facilities submit data on the quantitiestgpds of medications disposed, and the frequendidisposal via
the sink, toilet, or trash. Analysis of this infation could eventually be used to inform a natietahdard for
disposal and treatment of unused pharmaceutictifese types of facilities.
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Prison Pharmacy Services

In an effort to service the greater than 2.2 millpyvisoners in federal, state, and local incardamat
facilities (U.S. DOJ, 2005), prescription medicasavere the third largest healthcare cost for pristitutions in
2002, behind hospital care and physician and @irgervices (DHHS, 1990). Pharmaceuticals for iematre
provided by either an on-site pharmacy at the @aletr facility or an outside pharmaceutical comptrat services
correctional facilities. The private companies es@nt a “closed-loop” system in which they do rftagraetail
pharmaceutical services to the public or non-ingaated individuals. This system is not differentnfrthe non-
incarcerated public per se, but it is importanth@ sense that it maintains its own inventory aisttidution system.

In an audit of the Federal Bureau of Prisons Phayrs®rvices (U.S. DOJ, 2005), prescription medicati
costs associated with waste were estimated at $2il8an in 2004. This represented 2.54% of the & of
Prison’s total medication costs. Almost half of tlust associated with pharmaceutical waste wasdthes transfer
of inmates. Transferred inmates are not requirddke their medication with them to their new fagilThese
medications are often abandoned in an inmate’socéticker. In addition, upon transference, withmgard to
whether the inmate’s drugs have been sent alonignaate automatically receives an additional weskigply of
each of their prescribed medications. The abandanmegsed drugs are disposed of since they canneidyeled
and dispensed to another inmate.

Another reason for discarded medications in thegorsystems is from regular searches of an inmate’s
belongings. Expired medications, and illicit drugee confiscated during these searches and thposdid. In
addition, a Bureau of Prison’s policy states thatlioations are only valid 90 days from date oféssagardless of
the manufacturer’s expiration date. This resultsore frequent and greater quantities than norinditums
requiring disposal.

The categories of medications taken by incarcenatgailations are dominated by anti-depressants.
Research indicates that approximately one in sprisbners in western countries have psychoticskénar major
depression and a greater number suffer from mole peiychiatric illnesses, such as personality disos (Fazel
and Danesh, 2002). In a 2006 Bureau of JusticésstatSpecial Report (U.S. DOJ, 2006), it wasneated that at
midyear 2005, greater than half of all inmates &awdental health problem, defined as major depressiania, or
psychosis. This assessment represented 56% ¢atlmisoners, 45% of all federal prisoners, affib ®f all local
jail inmates. The report further indicates that826.of state prisoners, 19.5% of federal prisoremnd, 14.8% of
local jail inmates were given prescription drugsréat their mental iliness. The frequency of pribsieg of these
drugs rose 3% from 1997 to 2004. While the repodsdnot specify which drugs were prescribed, mkskyl the
drugs administered were anti-depressants, antiqasigs, and benzodiazepines.
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Household Medicine Cabinets

That drugs accumulate in the ubiquitous househ@diome cabinet is common knowledge. The medic
cabinet usually serves as the focal point for omdions and agencies attempting to develop saistior unwanted
drug disposal. Obviously, the ultimate reasonsafoy drugs go unwanted and accumulate in the homéerause
consumers choose or are told to not consume theatiah, or forget they have them. Why they chamseot
consume the medications is varied and some reaswmisate from the healthcare practitioner, sonoerfthe
patient, and yet still others from the medicatitself. As much as 60% of all medication prescrilsethken
incorrectly, or not at all (NCPIE, 1995). This ncompliance (see Figure 2) includes behaviors sadbrgetting to
take the medication, deliberate under-dosing, aatding medications to take later. Medications tizate the
highest rate of non-compliance include gastroimastagents (84%), osteoporotic agents (82%), amkiythmics
(80%), pulmonary agents (80%), and Alzheimer'sttremts (75%) (ScriptAssist, 2007).

Although the scope and magnitude of drug stockgilinthe home are largely unknown, there is one ne
source of data that can lend some insight as ttyfres and quantities that occur. This sourcelisrer inventory
data - - first described and discussed by Ruhoyauhton (2007). One cause of stockpiling isléihge numbers
of drugs (including OTC medications) sometimes lgtded by addicts entering addiction recovery tneat
(Lessenger and Feinberg 2008); these stocks mus# disposed of at once.

An emerging indicator of the significance of housdhmedicine accumulation as a cause and source g
drug disposal is the increasing implementationrafaed-drug “take-back” events and programs in vargiates in
the U.S. These take-backs are becoming increaspglular as a local means to collect and disposmwanted
drugs, taking the responsibility out of the hanfihe consumer. In contrast to the U.S., many otbentries have
had large-scale consumer drug “returns” progranmaoe for quite some time (Daughton, 2003b).

At these local take-back events, organizers wikfattempt to record some sort of measure of the
guantities of medications that have been colledtisthally the measure is simply the bulk weight olume of the
complete medications (often including the packapipgoviding little idea of the associated quaastof APIs.
These bulk measures might be useful in roughly @ing the success of one take-back event to anbtlighey
provide little data relevant to environmental issuehe types and masses of each API are the sdhémt Take-
back programs could be designed to assess theociaegnd dosage amounts of the APIs being retumedhis
requires substantial time, effort, and resourcesatculations must be made for every API in egpk bf
medication (Ruhoy and Daughton, 2007). The worBmafund et al. (2007) is one of the few exampledeatéiled
API-based cataloging that can be done at take-backs

Regardless of their limitations, take-back eventseto highlight the need for prudent disposal of
accumulated household medications. Each take-baahk nvariably collects numerous types of medaati For
example, an event held in Sonoma County, Califodoigng November 2007 collected 128 non-controliachan
medications during a 2-hour local event. An evesititon June 9, 2007 in the city of Milwaukee caiet2,387
pounds, including some packaging, of non-controdledstances. This event, which was done in coripmetith
law enforcement and therefore could accept themetficontrolled substances, collected 985 corddll
prescriptions. Group Health pharmacies in Seatillected 2 tons of returned drugs from patientsraur
approximately a one-month period (Ervin, 2008). Séhevents and others are summarized by an Illindistna Sea
Grant project (11ISG, 2007). Many other medicatigspdsal programs are underway in communities a¢hess
nation.

The take-back events also reveal the difficultresriganizing collections at the local level andhags the
infeasibility of collections becoming a standangstainable method of removal of accumulated meidieatfrom
households. Pharmacies are sometimes reticenttioipate, law enforcement must be present to aftow
collection of controlled substances, the publierisouraged to perhaps make trips that would otlsermot be
made, and hazardous waste handling are requiradtiiorate disposal (via incineration or landfillng hese all
impose monetary and labor costs and add to theamaental footprint of the overall process.

Perhaps more importantly, state governments amgnézing the need for guidance and regulation aad
discussing the establishment of state product stishigp programs. Several states, such as Washifig®r2600:
http://wastenotwashington.org/HB2600summary.pdfié (HB 411), Minnesota (HB 1959), and lowa (1A}
have passed legislation that authorizes and gsidie® form of a pharmaceutical collection and diappeoject.
Other states, while specific legislation has natbgen enacted, have issued public guidelines dncatgional
materials. An example of such is the GuidelinesPimper Disposal of Household Medicatisaued by the New

W
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Jersey Department of Environmental Protection (Httvw.state.nj.us/dep/dshw/rrtp/disposal.pdf).
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Physician and Dental Offices

Beyond samples given to patients, physician andlatieffices maintain particular inventories of
pharmaceuticals on-site for intra-office procedyredormed on patients. There are many types afquiores that
can be done in the office or clinic setting, anel type of procedure performed depends on the meafickental
specialty of the office. The types of drugs neefledhese procedures usually consist of anestheti@gesics,
anti-pyretics, anti-microbials, steroidals, anfilammatories, immunosuppressives, and cardiovaséwlsch are
usually reserved for emergency scenarios).

Although over time a physician or dentist might elep a reliable assessment of the quantities and
categories of drugs that are necessary to havé@sesas to avoid having excess, each office tably has some
level of expired drug or drug that is no longeruiegd that needs to be disposed. The method obséhistorically
has been sewerage, office trash, hazardous wastkarps disposal.

Veterinarian Offices

As described for physician and dental offices, ireéian offices also maintain an onsite inventofy
drugs for intra-office procedures. There are, havetwo main differences. First, veterinary officdso serve as
surgical centers for animals. So the procedurefopeed are more invasive and intensive and theeedften
require at least greater quantities of most ofctitegories of pharmaceuticals required for humaragy (but often
the APIs are unique and specific for veterinary) uae well as additional categories and highermputelrugs;
veterinary offices also employ unique categorieshsas medications for euthanasia. Second, vet@&imaffices
usually maintain their own pharmacies for fillingtpatient prescriptions. So they face the samelpnad) as do
human consumer pharmacies. Veterinary officesphattice animal euthanasia can inadvertently dispds
hazardous anesthetics by way of improper dispdsadrecasses, which can lead to acute poisoningspddrs and
other scavengers (Daughton, 2007).
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Cruise Ships

Cruise ships generate and discharge multiple tgpasste to the aquatic environment, including speya
graywater, hazardous wastes, oily bilge wateralaivater, and solid waste (CRS, 2005). These sjaéteot
properly treated and disposed of, can be a sodraguatic contaminants with the potential to theeatuman health
and damage aquatic life. While there are many difpers of shipping industries that generate pdeiowaste
streams, with regard to public consumption andaiiggharmaceuticals, cruise ships are the majorcgoux 2005
Congressional Research Service (CRS) report osecaliip pollution for Congress categorized pharmuntaca
waste from cruise ships as hazardous pollution éGomw, 2005).

In 2000, a volunteer, independent science panelartad by the Ocean Conservation and Tourism
Alliance (OCTA) was asked to evaluate the manageémrctices for cruise ship wastewater discharged,to
recommend guidelines for good and improved prastioghe International Council of Cruise Lines (IGCTheir
report recognized prescription and non-prescriptinrgs as a class of water contaminants of groeinmgern and
recommended the Council establish procedures thatangruent with the U.S. Environmental Proteci@ency’s
policies for waste disposal.

Waste generated from cruise liners has been repagjim the past. The ICCL set forth 2001 industaste
management practices and procedures in the ICGid8itd E-1-01 (Revision 3), revised in 2005 (Cope)&005).
The Standard recognized that cruise ships storeamy various pharmaceuticals, depending on tlsérdgion and
passenger population; they usually consist of pbotiscribed and over-the-counter medications. Tloaicent
further describes particular handling methods:distament of a reverse distribution system for meig
unexpired, unopened, non-narcotic drugs to therigstendor, witnessed destruction of narcotic drogeying
state waste regulations for disposal of unuseddabgard the ship at time of docking, and onbaasthération of
other non-narcotic drugs.

Currently, there are no accessible data regartimgtiantities or categories of the pharmaceuticals
commonly onboard cruise ships and to what extest go unused and are in need of disposal or retiowever,
the nature of the cruise line business is suchitiaiuld not be unexpected that a large amouthedrugs
maintained onboard would go unused since they @lsewesent for health-care exigencies with passend he
onboard pharmacies are not intended to treat oagenhronic disease, but mainly to support acutdicakneeds
of their passengers.

Abandoned Pharmaceuticals

Many of the sites and locations so far discusseglais® be subject to the intentional or uninterdion
abandonment of pharmaceuticals by their intended Eor example, vacationers may forget to rephek t
medications after their cruise experience, andiobil may bring their medicines to school and fotgetturn them
home at the end of the day.

In addition, patients often have medications orir fherson when being admitted for a hospital staty b
hospital policies dictate that the patient musttheemedication administered by hospital pharmaeyise and
hospital personnel. This is to ensure safety anggrtreatment for the acute illness, as well gscainonic illness
the patient may suffer from. At the time of disaigra patient will often forget to retrieve theiedicinal
belongings and effectively abandon these drugseahospital.

Perhaps more commonly are the drugs unintentiofefiyoehind at various vacation spots. While there
no reportable data on the subject, hotels, madeld Jodges undoubtedly find and dispose of medinatieft behind
from vacationers.
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Armed Forces

The U.S. Department of Defense (DoD) maintainsyis pharmaceutical supply and distribution and its
own process for return and disposal of unused raéidits to support and serve the military populat&hDoD
facilities, including the fleet, purchase pharmaials from the Defense Supply Center PhiladelbBi&CP) prime
vendor program. DSCP contracts with wholesalemrdwide the drugs and delivery to the customers.

Expired, unopened, and unused drugs are shippezhteactors specializing in the recovery of creftits
unused or unopened expired drugs and subsequesetihase credits to replenish their stock. Thetanifi
customers receive partial credit for the returthese drugs. Opened and unused drugs, on thehathdr are
incinerated by licensed contractors, who contratlt @SCP. If the drugs are considered hazardoeswirolled
substances, the contractors are required to praddementation of where and when the destructiok pdace.
Classes and doses of the drugs are not documd#eduse the military maintains its own closed amggduized
system, sewerage and landfill disposal appareitdys chot take place on a regular basis at militaeg.sWhile this
system seems to not significantly contribute togreblem of the accumulation of unwanted medicatjdiis
important to acknowledge the potential of its cilmition. There are approximately 1.4 million activembers of
the military (http://www.census.gov/Press-Releasef2003/cb03-ff04se.html). If there were no effeetsystem
for removing unused pharmaceuticals, the quanfitynased drugs that would potentially accumulateildde
significant. It may be a helpful exercise to coesithe implementation of the military system foused medicine
disposal in civilian sites as well. The ongoing DBDA Shelf Life Extension Program (SLEP) perforrasting on
various products to effectively extend shelf-lifedahereby reduce the need for disposal
(https://slep.dmsbfda.army.mil/portal/page? pagesj220138& dad=portal& schema=PORTAL).

Coroner Offices

Coroner offices were recently shown to perhapsibeonhly ready source of data on drug disposaléen th
U.S. (Ruhoy and Daughton, 2007). They also reptesereviously unrecognized source of disposal geves.
We have compiled a rich data set on the typesuéeges, and quantities of APIs found by medica¢#tigators
and then disposed into sewage. These data areydarty valuable because they represent known ifgyut
individual APIs over a defined time frame to pastar sewage treatment plants (STPs). This alloarsthie first
time, calculations of influent concentrations (aged over time) for STPs. A detailed expositiothef data
collected to date will be published (Ruhoy and Oreag, in preparation). In Table 3, however, we présome
summary data showing the therapeutic-class distobwf nearly 400 distinct APIs that had been digl to
several known STPs over a defined period of tintés i the first time that a sufficiently rich setdata have been
compiled to allow for meaningful categorizationdata according to therapeutic class (accordingacdnatomical
Therapeutic Chemical system: ATC). A major unknamd point of debate is the extent to which dispos$al
medicines contributes to the levels of APIs detdatevaterways, which is a function of the typed gnantities of
medications disposed, the route of disposal, theerof administration (topically applied drugs d¢enefficiently
washed from the body and essentially serve as skshdrugs), type of packaging, and the extent ichwdiny given
API is metabolized (which dictates the relative teitnutions by excretion). An even greater unknowihie relative
contributions of APIs among the various types cilions from which they are disposed. In orderrtpprly
examine this question, reliable and verifiable datnecessary for each of these variables. Histityj it has been
difficult to determine what drugs, if any, weredaisded into the toilet or trash, and in what alisofund relative
guantities. The lack of information is mainly deetthe absence of any reporting system. Historictiy advice
from healthcare personnel and pharmacists hastbesmply discard unwanted medications via the sewéhe
garbage. This practice took place consistentlymadistently without any perceived need to repofil®
information regarding the details of this behavior.
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Discussion

A frequent criticism of focusing on drug disposslaasource contributing to APIs in the
environment is the lack of understanding of itsrallesignificance¥ but which is believed by
many to be inconsequential. This is primarily autesf the absence of data regarding the types
and quantities of APIs that are actually disposathg defined periods of time, coupled with a
lack of appreciation for the many sources that oute to disposed drugs. This data gap was
the primary driver behind our proposal to use ceronventory data to begin collecting real-
world disposal data from known segments of the fagjmn (Ruhoy and Daughton, 2007).

Regardless of what fraction of individual or to#dls in the environment originate from
disposal of unused drugs, it is important to nbé it is not just the quantities of APIs
introduced to the environment that would be impartaith regard to their potential
environmental impact. Also of importance, but ramaentioned, would be any temporal or
spatial characteristics of their release that dsffeom the continual but low-level releases
resulting from intended use by the general popaatbisposal holds the potential to introduce
transiently high quantities of APIs into sewage ((Blaton and Ruhoy "The Afterlife of Drugs
and the Role of PharmEcovigilance,” Environmentedlkth Perspectives, submitted 2008).
These spikes in concentrations could lead to ise@&xposure for aquatic organisms, for
example, should the APIs survive sewage treatmisks could also be increased with respect to
the homeostasis of the unique assemblages of nati@nsortia that exist at each activated
sludge sewage treatment facility.

There are several aspects unique to the purpadisfudsal of drugs by flushing compared
with the unintentional release (via excretion aathing) of APIs resulting from their designed
therapeutic usage that could prove significant wegpect to environmental exposure (see Table
5). These aspects serve as additional imperatoresnkuring that the disposal of drugs is
environmentally sound.

From our evaluation and analysis of the many asp#aiirug accumulation and storage, it is
clear that the factors controlling drug wastage leading to disposal are numerous, varied,
widespread, and complex. Although our analysisabel used to ensure that the design of
programs for collecting leftover drugs is bettdommed, approaches for leftover drug control
such as local take-backs or other types of loaalléctions” may not succeed in efficiently
capturing stored medications in a timely mannerdthuce accidental poisonings). These
programs also have significant sustained costgefepred approach would prevent the
accumulation (and need to dispose) of medicatiof®gin with — an up-stream “green”
approach to preventing pollution as opposed toocavidstream” approach directed at controlling
pollution. An effective and efficient approach aniret pollution prevention would obviate the
need for drug collection programs. Of significaiméhat a holistic pollution prevention
approach could also potentially afford a numbeadfantages for healthcare, including
improved therapeutic outcomes, reduced healthegrenses, and lower incidence of drug
diversion (which facilitates abuse and poisoninigsuwmans and animals). The accumulation of
medications is a rare instance where human headtlsafety is linked directly with
environmental integrity. These ideas are embodiedhat we term pharmEcovigilance
(Daughton and Ruhoy, 2008).

Take-back events, however, do have the potenti@mdribute substantial data relevant to
the general population. Take-backs can be heldsihgbout any geographic area under the
appropriate circumstances. They can also be hdkfimitely, for as long as the organizers are
able and willing to participate. These events hreedistinct advantage of surveying the
consumer and inquiring as to why the medicine acdatad as well as other parameters
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regarding the history of the use and non-use ofrtbdication. These drugs can be categorized
and counted, and the information can be compilealdatabase. As mentioned earlier, these
events usually simply record the weight of therentbllected medication, which often includes
packaging. While weight can be useful to comparetake-back to another, it does not provide
information regarding the constituent APIs. Arestimajor limitation of data collected from
take-backs is that it does not necessarily reptakerfrequency or rate at which drugs would be
disposed on a sustainbdsis (because consumers often stockpile theircawsahs over long
periods of time for one-time disposal at take-baeknts). Considering the importance of this
information, a standardized methodology for collegdata from take-back events or returns
programs would be useful to environmental sciesitist the healthcare and insurance industries,
and to regulators. For future studies, we reconthtlbat data for APIs from collected drugs be
coded according to therapeutic class (e.g., usiaghnatomical Therapeutic Chemical [ATC]
system: http://www.fmrc.org.au/atc/index.htm), whigould greatly facilitate the sharing and
intercomparison of data; our summary data preseantédble 3 provides an example.

By categorizing the coroner drug-disposal dataectdid by Ruhoy and Daughton (2007,
unpublished) using the ATC system, it becomes imately clear that the bulk of the APl mass
disposed (>94%) represented only five of the 14 A€ apeutic categories: Alimentary Tract,
Nervous System, Cardiovascular System, Antiinfestj\and Musculo-Skeletal System (Table
3). The other nine categories therefore were nisdgigontributors to the total mass of APIs
introduced to the environment by the coroner; abarsitions of potency would need to be
evaluated, however, to eliminate these categorms playing roles with respect to overall
hazard in the aquatic environment.

The major opportunities for pollution preventioe aummarized in Table 4. These
opportunities are based on minimizing the typesaurahtities of drugs dispensed to consumers
(or how they are made available OTC) as well aialj the consumption and behaviour
patterns of consumers. Unit dispensing, as opptsbdlk dispensing, has the potential to
deliver the correct dosage of drug at the coriedhy. Already in widespread use in healthcare
institutions, such as hospitals and LTCFs, uniirdpsot only has the potential to reduce the
inventory of medications in a patient’s possesdiut,can also reduce medication errors —
whether it is the amount or time of consumption pEofect a method of unit dosing in the retail
market may be a perceived obstacle, but techndadready exist regarding unit dose re-
packaging (e.g., see: Parata Systems: http://wwatgpaom/adhere/index.php) suitable for use
in doctor offices and pharmacies. At a minimum,guantity prescriptions coupled, if needed,
with more frequent refills could be encouraged wtienneed for an ongoing course of treatment
is not clear, especially when longer-term (e.g-dé) prescriptions are being considered.

Trial prescriptions and increased monitoring ofgrats can only have the benefit of
improved health outcomes, improved physician-patielationships, and a reduction in the
guantities of unused, unwanted, ineffective, anpired medications. Identifying poor
compliance and reasons for lack of adherence eip) healthcare personnel to adjust treatment
or to better counsel the patient accordingly. Iditoh, identifying good compliance can serve to
allow the healthcare team to assess effectiverfdssabment and adjust as necessary. These
steps will assist in reducing the accumulation emehtual disposal of unused medications.

The information and evaluation provided here cdaddised to design the framework for
a holistic pollution prevention program for medioat. Such a program would serve an integral
role in pharmEcovigilance as conceptualized by Déwugand Ruhoy (2008). Designing an
effective program will also afford the unusual ogpaity for collaborations among
professionals from the healthcare and environmegiahce communities, which could yield
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various unanticipated beneficial outcomes.

Numerous factors play roles in the accumulatiodrafys by end-users, whether they are
healthcare professionals, physicians, patients sbbkms, veterinarians, farmers, or humanitarian
relief workers. Expiration is an oft-cited reason &ccumulated drugs, but numerous other
factors play significant roles, including patiewinradherence and over-prescribing or excessive
purchase; these have been summarized by DaughtoRwdmoy (2008). Poor adherence and non-
compliance continues to be a major public healticemn (NCPIE, 2007). Significantly, the
number of consumers who do not follow medicatiagimens in the U.S. continues to be
substantial, and addressing the causes could irah@rapeutic outcomes and reduce morbidity
and mortality.

Patients will imprudently discontinue medications & wide variety of reasons, including
adverse effects, the perceived absence of berledftémts, inconvenience in dosing schedules,
change in therapy as prescribed by their physicdaeyen a poor perception of the severity of
their illness. See Pound et al. (2008) for an iptdeliscussion of compliance.

Sites where wasted drugs accumulate extend wgtinokthe household medicine
cabinet. Some drugs are simply forgotten by conssiaiea distant location (i.e., hotels,
workplace, and hospitals), some are lost traclke@f.{ when stored in obscure, alternative places
to secure them from others), and some are intesitipabandoned. Physician and dental offices
have supplies of drugs on hand for intra-officecegures and sample dispensing. However,
some areas of substantial drug wastage are indepeafithe individual consumer as a patient.
These locations are associated with the demandexaettations of the public for the easy
accessibility and availability of medications shbthiey be needed. Public buildings, vacations
areas and maritime vessels, and societal institsisoich as prison systems and military bases are
all locations where drugs are stored in large dtiastin case the need arises. This ready-as-
needed approach maximizes the chances that theatiedi will not be needed, eventually
leading to expiration and the necessity for thespdsal.

The flow chart in Figure 1 represents an overvaéhe various locations where drug
buildup and eventual disposal may prove to be Sagmit. It begins with the actual production of
the pharmaceutical and traces the many placesichvehdrug may end up following its
purchase, either by prescription, OTC, importafrem a foreign country, illegal web-based
pharmacy, or by other means.
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Table 3. Summary of API Masses Disposed to Sewedmgiga Coroner Office during a 12-
Month Period: Categorized by Therapeutic Class

ézge ATC Main Group Qu;gg%’gggg) #of APIs % of Total
A Alimentary Tract 18,685,271 56 34.6
N Nervous System 16,510,963 95 30.6
C Cardiovascular System 6,331,976 71 11.7
J Antiinfectives 5,608,735 45 10.4
M Musculo-Skeletal System 3,851,949 21 7.1
R Respiratory System 984,780 16 1.8

B Blood 721,450 9 1.3
\Y, Various 622,800 1 1.2

P Antiparasitics 236,269 2 0.44

L Antineoplastics 186,013 14 0.34

G GU System & Sex Hormones 146,440 23 0.27

H Hormonal Preparations 50,601 10 0.09

S Sensory Organs 4,375 1 0.008

D Dermatologicals 3,420 3 0.006

TOTAL 53,945,042 367

" Data acquired January-December 2005 from Las Végdswith a resident population of approximatel$ illion,
and annual visitors of over 38 million.

Given the thousands of APIs in commercial userfeating a wide spectrum of conditions in both husnand
animals, it is critical to have a framework thagamizes this large expanse of potential environateftemical stressors in a
standardized way that enhances communication actthege of data among scientists and also the lsaadtftommunities.
There are two systems in wide use for categoridings, primarily for the continual studies thatreund drug utilization. One
of these, adopted for the study here, is the Anatlitherapeutic Chemical (ATC) system
(http://mww.fmrc.org.au/atc/index.htm), which is si@ommonly used outside the U.S. but has the aadgarin that it uses a
more detailed hierarchical system that allows belistinguishing between closely related drugse AT C system parses all
drugs into 14 different major groups (excluding'ather" category) according to the primary orgamplysiological system for
which they are prescribed; more detailed, loweelein the hierarchy classify according to theieriical or pharmacological
properties (such as mode or mechanism of actiomamalogous system (ATCvet) is in place for vetamrdrugs. The ATC
system is maintained by the WHO Collaborating Gefdr Drug Statistics Methodology. Every medicatisclassified
according to its primary therapeutic use - - cfasgions composing 14 primary anatomical groupsl(iding the category

"various" and an additional 15th category for vigi@ry drugs), followed by succeeding detailed sabgs. Every API is listed
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by only one name - - the International Nonproprietdame (INN), which is the official non-proprieyeor generic name
assigned by WHO to each API (http://www.who.int/neétes/services/inn/en/). An analogous classifaragystem (ATCvet
system: http://www.whocc.no/atcvet/database/) iglate for classification of veterinary medicinEsr most APls, the ATC
code is used to classify a veterinary producthese instances, the ATCvet codes are created sbypgiiacing the letter Q in
front of the ATC code; new ATCvet codes are creatalg for veterinary products whose indicationsroarbe mapped onto
analogous human APIs.
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Table 4.Major Opportunities for Preventing the Wastage Andumulation of Medications

Unit dosing

Unit dose (and unit-of-use) dispensing absolutalyimizes the
guantity dispensed. The evidence that it improgept adherence
(and therapeutic outcomes), by ensuring that itheilconsumed (and
that wastage thereby minimized), is at best mardireasen and
Haugbglle 2007) but still equivocal (Connor et24104); this is an
important area for further investigation. Ensuresppr dosing for
optimal healthcare outcome. Automated unit dosdemand
dispensers have been expensive and only suiteshithbare within
facilities. But new technologies are becoming ald#; as one
example, see: Parata Systems: http://www.paratdacirare/index.phj

L4

Trial scripts

Allow for management of ineffective treatment, adbeeeffects, or poor
compliance. Necessary before prescribing multi-inauipplies.

Low-quantity packaging of
OTC medications

Lessens chance of expiration. Allows consumer peerment before
deciding whether a larger quantity is warranted.

Increased monitoring of
patient

Improve patient care and health status by assesffiegts of treatment
on both disease and patient’s disposition. Helpdentify compliance
issues early in treatment.

Implement practice of
concordance

The concept of concordance was developed in theltdkhrust is to
actively involve the patient in the treatment psx;aleveloping mutual
trust with the intent of improving compliance (Pdugt al. 2005);
actions include selecting medication and dose tomize side effects
(and clearly explaining potential side effects aridht to do to reduce
their occurrence); minimizing numbers of medicasiosimplifying
dosage regimens; allowing patient to make adjustsrtertherapeutic
regimens (e.g., self-regulation). Indeed, involvihg patient seems to
be a major avenue toward improving patient compkajvan Dulmen ef
al. 2008). Interaction with the patient (espegiathen multiple
physicians are involved) is one of the only waysnderstand the extent
of polypharmacy, a concern that continues to g(@orard 2006).

Free samples & Donations

Types and quantities maintained at healthcareitiasilcan be carefully
evaluated for need prior to acceptance. Assegsatent’s dedication tg
actually using the samples before providing théiote that physician
samples can be donated to charitable institutigriscénsed
practitioners if the samples meet certain critégig., expiry, packaging
set forth in CFR Title 21 (CFR 200). The barriergsibnation of leftover
drugs by consumers is covered by McKee (2006).0¢arstate
legislation pertinent to drug reuse has been prexpos passed since
2006 (NCSL 2008).

Reduce incentives for
excessive purchasing

Implement procedures that would encourage insuraogwanies and
pharmacies to re-evaluate procedures for dispefasigg quantities of
medication that later are never used. Better cbatrimmatic refills,
especially for the deceased.
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Table 5.Unique Aspects of Drug Disposal via Flushing (imn@ast with Excretion/Bathing)
that Could Prove Environmentally Significant

Episodic release

Release by disposal from just one or a few indigiglumight result in brief,
episodic, transient spikes in concentrations ofsARIsewage - - significantly
higher than the more constant "ambient” levelsltiesufrom the more continual
low-level release of APIs via excretion from numerdndividuals living in
communities served by the same sewage treatmentt pla

Type of API

The types and quantities of APIs released by dedped favor certain drugs
compared with their release by excretion/bathinge @xample is those drugs
subject to abuse and which are recommended tospesid via flushing.
Another example is those medications that haveeusally poor compliance
rates (e.g., anti-depressants).

Bypassing ADME

Disposal by flushing of those APIs that would ottiee undergo extensive
metabolism before excretion could be a significantrce for these particular
APIs in the environment. The disposal of one ddssmhamazepine (CBZ), for
example, could contribute the mass of CBZ in tharenment comparable to
what would result from roughly 29-87 ingested ddsesculated from data in
Ruhoy and Daughton 2007).

Timing of
disposal

The times of drug disposal can be "compressed" eoeapwith those for
excretion/bathing. Certain locations (such as LT)Gf®n dispose of drugs en
mass on particular days or times of day after segaantities have accumulatedl.
A confluence of similar facilities (such as LTCHsat practice routine drug
disposal - - and which the same STP serves - damublify episodic releases.
The season of the year could also make disposa significant when those
medications that tend to be taken during certais@es are disposed during
seasons when their usage is lowest.

Location of
disposal

[72)

Certain drugs are used disproportionately at agettaations (e.g., antipsychotig
at LTCFs). A confluence of similar facilities (suak LTCFs) that routinely
practice drug disposal and which are served bgainge STP could amplify
episodic releases.
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Figure 1. Accumulation and Disposal of Pharmaceutals
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Figure 2. Factors Influencing Drug Consumption
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