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Research continues to show that pharmaceutical environmental contamination has caused 

adverse environmental effects, with one of the most studied effects being feminization of fish 

exposed to pharmaceutical endocrine disruptors.  Additionally, there are also public health risks 

associated with pharmaceuticals because in-home reserves of medications provide opportunities 

for accidental poisoning and intentional medication abuse.  Pharmaceutical take back programs 

have been seen as a remedy to these concerns; however a thorough review of peer-reviewed 

literature and publicly available information on these programs indicates limited research has 

been conducted to validate these programs as a purported solution.  Furthermore, there are 

significant data gaps on key factors relating to take back program participants.  The purpose of 

this dissertation was therefore to address these gaps in knowledge and ultimately determine if 

take back programs could actually improve public and environmental health.  This was 

accomplished by conducting social and scientific research on a take back program called Denton 

Drug Disposal Day (D4).  Socioeconomic, demographic, and geographic characteristics of D4 

participants were investigated using surveys and geographic analysis.  Impacts on public health 

were determined by comparing medications collected at D4 events with medications reported to 

the North Texas Poison Center as causing adverse drug exposures in Denton County.  Impacts to 

environmental health were determined by monitoring hydrocodone concentrations in wastewater 

effluent released from Denton’s wastewater treatment plant before and after D4 events.  Data 

collected and analyzed from the D4 events and the wastewater monitoring suggests D4 events 



were successful in contributing to improvements in public and environmental health; however 

there was insufficient evidence to prove that D4 events were exclusively responsible for these 

improvements.  An additional interesting finding was that willingness to travel to participate in 

D4 events was limited to a five to six mile threshold.  This geographic information, combined 

with other findings related to socioeconomic, demographic, and risk perception characteristics of 

D4 participants, has the potential to help improve the effectiveness of future take back events.  

This would allow these programs to better meet their common goals of improving both public 

and environmental health, which this study has shown is achievable to some degree. 
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CHAPTER 1 
 

PHARMACEUTICAL TAKE BACK PROGRAMS: OBJECTIVES, MEASURES OF 
SUCCESS, GAPS, ROADBLOCKS AND CASE STUDIES 

 
Introduction 

Prior to September 2010 the U.S. national policy for the proper disposal of 

pharmaceuticals was limited to published guidance provided by several federal agencies; 

however, on September 25, 2010 the U.S. Drug Enforcement Administration (DEA) established 

the National Take Back Initiative.  This program is designed to provide citizens an opportunity to 

safely dispose of medications they no longer need or want.  In 2010 two of these DEA events 

were held during which 309 tons of medications were collected at thousands of take back sites 

across the country.  Additionally, the Secure and Responsible Drug Disposal Act of 2010 signed 

by President Obama on October 12, 2010, provided the means for the Controlled Substance Act 

(CSA) to be amended to allow the DEA to develop a procedure for individuals to safely dispose 

of their unwanted medications, including medications considered controlled under the CSA 

(DEA, 2011b).  This legislation will ensure future DEA events and other take back events are 

legally able to dispose of controlled medications, which is critical as these medications have a 

high potential for diversion or abuse.   

For individuals unable to participate in National Take Back Initiative events, the DEA 

and other national agencies advise individuals to dispose of their unused, unneeded, or expired 

pharmaceuticals by removing them from their original containers, mixing the medications with a 

deterring substance, such as coffee grounds or used cat litter, placing the mixture in non-descript 

containers like sealable bags, and then placing the bags in the household garbage.  Flushing is 

only recommended when the label or patient information for the prescription drug specifically 

calls for such a disposal method (U.S. FDA, 2012).  Beyond this basic medication disposal 
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information, several environmental stewardship organizations and U.S. federal agencies, such as 

the Environmental Protection Agency (EPA) and the Fish and Wildlife Service (FWS), provide 

information to the general public on the impacts pharmaceuticals can have on the environment 

and provide suggestions of actions individual can take to minimize this growing environmental 

threat.   

Even with strict observance to the DEA guidance for medication disposal, residues from 

pharmaceuticals disposed of in sanitary landfills can accumulate in leachate and escape the 

facilities to nearby receiving waters (Ahel and Jelicic, 2001; Eckel et al., 1993; Holm et al., 

1995; Metzger, 2004).  Additionally, residuals of medicines are also reaching surface waters 

through post-consumer excretion of pharmaceuticals and their metabolites in human and animal 

urine.  Studies have found detectable concentrations of pharmaceuticals ranging from low end 

parts per billion (ppb) to parts per trillion (ppt) in both wastewater effluent (Fent et al., 2006) and 

drinking water (Kotchen et al., 2009; Stackelberg et al., 2004; Webb, 2004; Webb et al., 2003).  

Though there are concerted research efforts aimed at investigating the impact of pharmaceuticals 

on the environment, these efforts are greatly complicated by the conglomeration of 

pharmaceuticals and other man-made chemical products being released into the environment.  

Beyond considering the impact of mixtures of pharmaceuticals with other man-made chemicals 

and products on the environment, research is further complicated by the concept of low-dose 

toxicity, which stresses that levels of pharmaceuticals below what are traditionally considered 

harmless may have subtle or even pronounced acute and chronic toxic effects on aquatic 

organisms that are living in ecosystems that receive a continuous stream of these chemicals from 

wastewater effluent discharges or industrial outfalls (Daughton and Ternes, 1999b). 
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Through the dedicated efforts of toxicological and environmental research, an ever 

increasing volume of scientific evidence is building support for the concept that pharmaceutical 

residues in the environment are having a deleterious impact on the quality of the aquatic 

environment.  Though knowledge and complete understanding of this emerging environmental 

threat may not be widespread among the general population, awareness of this issue is increasing 

steadily in the American and global population through news and media coverage and public 

health outreach campaigns.  As public consciousness of the environmental health implications of 

pharmaceuticals in water resources increases, so too has the public increased their expressed 

interest in policies and programs to mitigate some of the documented negative environmental 

impacts caused by pharmaceuticals in the environment.   

Events such as the newly developed DEA Initiative are one promising type of program 

that have been implemented as a means to mitigate or minimize the impacts of pharmaceuticals 

on natural resources.  Within the U.S., pharmaceutical take back programs have been 

implemented at the local, state, and, with the advent of the DEA Initiative, the national level.  

There is a vast array of resources available now that provide information on the various different 

local, national, and international programs that have been instituted with success and community 

support (Boehme et al., 2007).  The purpose of this chapter is provide a comprehensive overview 

of the concept of pharmaceutical take back programs by examining integral components of  the 

programs such as typical objectives, methods for evaluating success, gaps or weaknesses of 

many take back programs, and potential or realized obstacles facing take back programs.  These 

concepts will be further explored through the examination of successful take back programs and 

their results.   
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Objectives of Take Back Programs 

 Take back programs are gaining considerable popularity within communities in the U.S. 

and European nations as the public becomes increasingly aware of their individual and collective 

impact on the environment.  However, these programs rarely are single-minded in their focus on 

environmental protection and most often these programs strive to address several other health 

issues resulting from excess pharmaceuticals.  The following section will present a discussion on 

how some take back programs have expanded their objectives beyond that of protecting the 

environment from contamination associated with pharmaceutical products to include objectives 

that address individual and public health issues. 

 One public health issue that many take back programs have attempted to address is the 

opportunity for accidental poisoning due to excess and unused pharmaceuticals being stored in 

the home.  The following discussion will focus on the data available on U.S. poisonings and how 

it pertains to take back programs.  

 The American Association of Poison Control Centers (AAPCC) releases annual reports 

on the data submitted by local poison control centers (PCC) to the National Poison Data System 

(NPDS).  The NPDS is a valuable tool for researchers, policy makers, and many others because 

it is the only comprehensive poison surveillance system in the U.S. and because it collects real-

time data from the 61 PCCs across the nation.     

According to AAPCC the total number of human exposures to poisons in 2009 was 

2,479,355.  The majority of these exposures (82.4%sic) were unintentional (Bronstein et al., 

2010).  A particularly revealing trend disclosed in the 2010 report was that the majority of 

fatalities reported in children 5 years old and younger were unintentional,  whereas most 

fatalities in adults (20 years or older) were intentional.  Additionally, of all the human exposures 
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reported in 2009, 93.8% were exposures occurring at a residence.  Unfortunately the data are not 

partitioned to provide a frequency of the types of poisons causing death in these age groups or by 

the location of incidence (residence or other); however, the report does list the top 25 substance 

categories associated with the largest number of fatalities.  This listing indicates that sedatives, 

hypnotics, and antipsychotics are grouped together and rank as the number one substance 

category leading to poison-related fatalities, with groups including cardiovascular drugs, opioids, 

acetaminophen combinations, and acetaminophen alone following sequentially (Bronstein et al., 

2010).  As these are all medications, it seems reasonable to presume the fatalities caused by these 

substances likely occurred in the home.  This data provides evidence to suggest that medication 

home storage may provide opportunities for poisoning incidences in children and adults.     

The 2010 AAPCC report also revealed that among the 2,043,155 unintentional poisoning 

in 2009, 276,694 (11.2%) were attributed to therapeutic error and 125,742 (5.1%) were attributed 

to misuse.  Specific therapeutic errors resulting in poisonings included unintentional double-

dosing (31.4%), taking or being administered the incorrect medication (14.7%), taking or being 

given multiple doses within a shorter time period than recommended (9.6%), and accidental 

exposure to a medication belonging to someone else (9.0%) (Bronstein et al., 2010).  The 

AAPCC reports the number of poison related fatalities in 2009 as 1,158, and although children 

ranging in age from newborn to under six years old were involved in the majority of 2009 

exposures, this age group constituted only 1.8% of the poison related fatalities.  The majority of 

individuals reported as dying as a result of poisoning were between the ages of 20 and 59, with 

this age group comprising 70.9% of all poison related fatalities (Bronstein et al., 2010). 

The summary statistics provided in the 2010 AAPCC report are important in our review 

of take back programs for several reasons.  To begin with, one may speculate from the 
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therapeutic error statistics presented in the 2010 AAPCC report that the presence of excess or 

expired medications in the home may be one of the leading causes of misuse of medication, 

ultimately resulting in avoidable deaths by accidental poisoning.  Though the statistics presented 

by the 2010 AAPCC report on the frequency of death due to poisoning for age group do not 

indicate the type of poison, an argument can still be rationally made that the presence of excess 

and expired medicines in the home could be a threat to all members of the household.  This may 

be especially true for adults between 20 and 59, because this age group has the highest poison 

fatality rate, and for young children, whose curiosity and playfulness may lead to danger if 

medications in bottles or containers they can open are left in places accessible to them.  

Additionally, although the fatalities in people aged 60 to over 90 years old only account for 

20.4% of the poison related fatalities (Bronstein et al., 2010), concern can still be voiced for this 

age group as they tend to have more medicines prescribed to them, age-related memory loss is 

common among this group, and diminishing eyesight may hinder reading small labels on 

medication bottles.     

In addition to reducing the occurrence and opportunity for accidental poisoning and 

misuse of pharmaceuticals, some take back programs have also been launched to address another 

public health problem resulting from the presence of excess pharmaceuticals in the home.  An 

alarming trend that is gaining attention in the U.S. media and which is the subject of numerous 

national studies and programs is the growing popularity of prescription and over-the-counter 

(OTC) drug abuse among teenagers and young adults.  The common term for this dangerous 

behavior is “pharming.”  The nonprofit organization the Partnership for a Drug-Free America 

(Partnership) details in a tracking study that one in five teens (19% or 4.5 million) report abusing 

prescription medications to get high and one in ten teens (10% or 2.4 million) report abusing 



7 

cough medicine for the same purpose.  The abuse of OTC and prescription medications has 

become so prevalent that the Partnership refers to the current generation of teenagers as 

Generation Rx (Partnership for a Drug-Free America, 2006).     

The Partnership’s report also reveals that the abuse of prescription and OTC medications 

is now as prevalent as or more prevalent than illegal drugs such as Ecstasy, cocaine/crack, 

methamphetamine, and heroin (Partnership for a Drug-Free America, 2006).  This trend is also 

supported by the 2010 National Survey on Drug Use and Health (NSDUH) which reports non-

medical use of prescription drugs was second in 2010 U.S. drug abuse cases only to marijuana.  

Comparing data from other NSDUH studies dating back to 2002, the current NSDUH study 

highlights that although there has not been a significant overall increase in abuse of prescription 

pain relievers, there are other troubling signs that indicate there is a significant prescription drug 

abuse problem in the U.S.  These indicators include increases in individuals dependent taking 

pain relievers, increases in the number of people seeking substance abuse treatment, and 

increases in emergency room visits attributed to prescription drug abuse.  From 2002 to 2010 the 

number of individuals with dependence problems rose from 936,000 to 1.4 million, and while 

57% of these people were adults (26 years old or older), over 30% were between 18 and 25 years 

old.  Additionally, between 2009 and 2010 attendance in specialty pain reliever substance abuse 

treatment programs doubled from 199,000 to 406,000 (SAMHSA, 2011).   

One possible explanation for this new social dilemma is because some American 

teenagers and other medicine abusers have a false perception of the safety of prescribed drugs.  

The Partnership’s study found that two out of five teens believe that prescription drugs are 

“safer” than illegal drugs, even if they are not prescribed to them.  Other prevalent 

misconceptions about prescription drugs held by teenagers surveyed were that there was no harm 
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in occasionally using prescription medication without a prescription and that prescription pain 

medications, even those not prescribed by a doctor, were not addictive.  The Partnership’s study 

also found that teenagers believed that widespread availability and easy access to medications is 

a leading cause of the “pharming” problem.  Three out five teens reported that they could easily 

steal prescriptions from their parents’ medicine cabinets.  Additional views held by teenagers 

surveyed were that it was easy to acquire other people’s medicine or that prescribed pain 

medicine was widely available, and that prescribed medicines, when purchased illegally, were 

cheap (Partnership for a Drug-Free America, 2006).  

Though not specifically reported on by the Partnership, it is reasonable to presume from 

the youths’ survey responses to questions on the accessibility of prescription and OTC 

medication that there is some degree of black market buying and selling of these medications.  

Drug abuse, whether it be with pharmaceuticals or illegal drugs, is a trend that has the potential 

to bring about disastrous future effects for those involved as individuals and our nation as a 

whole.  Additionally, beyond the public health issue of American teenagers abusing and potential 

dealing prescription medications, there is clearly an economic cost to this public health problem 

in the form of black market sales.  Developing an effective method for estimating the economic 

costs of black market transactions of prescribed and OTC medications could provide very useful 

information necessary for estimating the additional costs and benefits of take back programs 

beyond those aimed at reducing environmental risks.  

The presence of stored prescription and OTC medications in the home appears to have 

serious implications beyond the accidental misuse by adults or accidental poisoning of children 

as discussed previously.  In addition to increased efforts to educate both parents and teenagers on 

the dangers of abusing prescription medications, reducing and/or eliminating teenagers’ access to 
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OTC and prescription medications could help reduce the problem.  Though not a commonly 

stated objective of take back programs, pharmaceutical take back programs have the opportunity 

to play a meaningful role in helping to address this troubling social drug use trend by providing a 

safe and effective means for adults to dispose of their unused or unwanted pharmaceutical that 

are usually stored in their homes.  Though the campaigns and organizations designed for 

addressing drug abuse among the youth of this nation are not usually thought of in conjunction 

with pharmaceutical take back programs and environmental awareness and action programs, the 

potential for these philanthropic and environmental missions to unite to improve the health of our 

nation’s population and environment are very promising and could prove to be a productive 

partnership.     

 In addition to providing a possible solution to the public health issues that arise from 

excess pharmaceuticals in the home, another objective take back programs may also address, 

either purposefully or inadvertently, is improving medicine management strategies.  This could 

be accomplished through improving public knowledge awareness and through gathering data 

necessary to investigate the costs and risks individuals and society are incurring from 

mismanagement of OTC and prescription medications.  The following discussion highlights how 

various elements of take back programs can address potential costs or losses in benefits society 

may be experiencing due to wasted pharmaceutical resources.  Some of these losses may be 

hidden or unrealized by most people as they may not impact consumers directly or they may not 

be self-evident.  Despite the seeming transparency of these costs and losses of benefits, it is 

possible that they may be a key factor in estimating the benefits, costs, and risks associated with 

pharmaceuticals in the environment and water.   

One very effective means of investigating hidden costs or losses of benefits resulting 



10 

from excess pharmaceuticals is to collect and analyze data gathered from pharmaceutical take 

back events.  This has been accomplished in many individual take back programs through 

participation surveys.  These surveys are designed to obtain data necessary to evaluate the 

overall effectiveness of the take back program and, in some cases, to estimate the various costs 

or losses of benefits associated with the accumulation of excess pharmaceuticals in homes and/or 

releases of these products in the environment.  Survey questions usually inquire as to 

demographic information, name or type (drug category or class) of medication being returned, 

reason for return of medications, participant satisfaction or perceptions of the take back program, 

and other event specific information.  This type of information, along with participation rates for 

a particular take back event, can then be analyzed to reveal trends regarding pharmaceutical use, 

disposal patterns, and consumer behavior related to pharmaceuticals.  For example, the value of 

returned medication can be determined by researching the market value of the medication and 

multiplying it by the unused portion returned.  Singularly, this value may only be significant to 

the person returning the medicine; however, when this method is used to estimate the value of all 

medications returned at a take back event, it provides potentially useful insight into the financial 

costs of wasted pharmaceutical resources for a particular geographic area.  The market value of 

wasted medications, as well as other information that may be available from participation 

surveys, is essential to meeting the objective of investigating costs or losses of benefits that may 

be burdening society as a result of poor medicine management strategies.     

 An additional objective that has been included in a handful of take back program is 

protection of patient privacy.  As the majority of prescribed medicines are labeled with 

information specific to the patient that may be sensitive, simply throwing expired or unused 

medications in the trash may compromise the personal security of the patient.  Just as privacy 
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information can be stolen from mail in household trash, so too can private health information be 

pilfered from thrown-out medicine bottles.  Pharmaceutical take back programs offer security of 

identity and health information for individuals because medication packaging and bottles are 

collected and secured from general public access at take back events.        

 Take back programs are gaining attention in the U.S. and, as has been discussed, they can 

have far reaching objectives that cover a wide range of public health issues in addition to the 

goal of environmental protection through proper disposal of pharmaceuticals.  However, though 

the objectives of preventing accidental poisoning, combating teenage medication abuse, 

improving medication management strategies, and protecting patient privacy are admirable and 

worthwhile goals, the number of programs that realize the potential to address these issues are 

still very limited.  Yet take back programs as a whole are still in their youth and as more 

communities, regulators, and social and environmental activists become aware of these 

programs, it is very likely these individuals and groups will also come to realize that these 

programs can not only provide an effective means of achieving safe disposal of medications, but 

they can also help to address a variety of public health issues.  

 

Measuring Success 

Of the many examples of current and past pharmaceutical take back programs reviewed 

for this work, relatively few included quantifiable and defined means of measuring the success of 

the program.  Typical methods of measuring success include calculating the amount of 

prescription and OTC medications collected and counting the number of participants at a take 

back event.  Another useful but inconsistently reported dataset concerns the monetary value of 

returned medications.  Due to widely varying take back programs, unique in terms of their target 
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audience, participation levels, frequency, duration, and several other factors, it is difficult to 

compare and evaluate individual programs based on data relating to the volume and value of 

returned medications and overall participation.  However, when this information is available it 

can be very useful for understanding and assessing, to a limited degree, the success and the 

outcomes of a particular program.   

As an example, Washington state operates their Unwanted Medicine Return Program 

Pharmaceuticals from Households: A Return Mechanism (PH:ARM) year-round and reports 

having collected and disposed of 35,000 pounds of pharmaceuticals since 2009 and when it 

began operating in October of 2006 (Grasso, 2009) while the Bay Area Pollution Prevention 

Group (BAPPG) in Chicago, Illinois reports collecting over three tons of expired and unused 

medicines between 2004 and 2007 during annual single day events (Boehme et al., 2007).  

Though both programs provide the duration and volume of medications collected by their 

respective programs, the subtle details such as exactly what they accepted, how many locations 

they established for collection sites, and many other unique factors of each program, limit the 

ability to determine if one program was more successful than the other while also limiting the 

ability to evaluate how successful each individual program was in its own sphere.   

Although available information on the success of individual take back programs 

conducted throughout the U.S. and abroad is highly variable, a list of several take back programs 

that have made the details and outcomes of their programs available to the public has been 

complied in Appendix A.  This appendix provides a review of many current and past take back 

programs within the U.S. and other nations and, when available, information on the outcome of 

the project (e.g. volume collected, value of medications collected, cost of program, etc.).  

Perhaps as the need for take back programs becomes more apparent and the concept gains 
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national momentum as a means for managing excess and unused pharmaceuticals, more 

programs will begin to recognize the importance of identifying and quantifying measures of 

success for their programs.  Examples of some questions take back program operators may ask 

themselves as they expand the scope of evaluating the success of their programs include: “Are 

my program’s marketing and advertising methods reaching my target audience?”; “Is there an 

especially needful subpopulation within our area that is not participating due to lack of 

knowledge of the program?”; and “Are participants of our program better educated about the 

issues surrounding excess and unused medications following their participation in the program?”  

Improved measures of success would be very helpful to take back programs because if definitive 

measures of success are not identified it is difficult to assess where improvements can be made 

so that a program can be modified or expanded to be more effective and worthwhile. 

 

Identifying Gaps or Weaknesses in Take Back Programs 

Although quantifying the volume and value of medications collected at take back events 

does provide some indication as to the success of a program, the key motivating factors driving 

many take back programs can include various other reasons beyond collecting unused and excess 

medications.  These motivating factors include issues discussed previously such as avoiding 

accidental poisonings and abuse of prescription drugs.  While these endeavors are assuredly 

beneficial, it is the author’s belief that the true potential of take back programs has yet to be fully 

realized due to several gaps or weaknesses in the basic model of take back programs.  This basic 

model consists of organized take back events that simply collect and dispose of medications.  

Beyond collecting and disposing of medications, some take back programs also survey 

participants.  However, based on an intensive literature review, it does not appear that many take 
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back programs critically analyze, report or otherwise publish the results from their surveys.  As 

will be discussed in the following subsections, take back programs could be enhanced by 

expanding the program scope to address some of the gaps in the program model.      

 

Scientific Justification  

One significant gap of take back programs is that of scientific justification.  The question 

that still remains after innumerable take back programs have been conducted is do these 

programs improve or mitigate the current state of the water resources and the environment in 

regard to pharmaceutical residues?  Furthermore, are there certain classes of medications that are 

more harmful to the environment than others and therefore should be targeted as key classes of 

medications during take back events?   

One promising method that may be used to estimate potential harmful impacts of 

pharmaceuticals to fish was developed by a team of researchers at Pfizer Global Research and 

Development.  Their model is based on the fact that there are similar enzyme and receptor 

systems in both fish and mammals.  Based on these similarities, their model can use existing data 

from toxicological and pharmacological studies on mammals to predict pharmacological 

responses in fish.  The model compares the measured human therapeutic plasma concentration of 

a medication (HTPC) to the predicted steady state plasma concentration (FSSPC) in fish with the 

result being an effect ratio (ER).  In this model there is an inverse relationship between the ER 

and the potential for a pharmacological response in fish, meaning the lower the ER the greater 

the likelihood there will be a pharmacological response in fish and thus the more likely that 

additional testing needs to be conducted to determine if the medication poses a threat to fish  

(Huggett et al., 2003; Huggett et al., 2004).  It can be time-consuming and very difficult to obtain 
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data on environmental responses to all of the human pharmaceuticals on the market.  This model 

overcomes that hurdle by capitalizing on the vast amount of mammalian pharmacological data 

available and applying it in a new and innovative way.  Using this model, it may be possible to 

determine if a certain class of pharmaceuticals poses a greater threat to fish than another class of 

pharmaceuticals.  The information gained from application of this model could make take back 

programs more efficient and cost effective because it could educate take back program 

organizers as to which medications pose the greatest environmental risks and therefore should be 

the ones they target for return and proper disposal.  

 The presence, potential impacts, and known detrimental impacts of pharmaceuticals in 

aquatic environments has been researched and publicized by the professional scientific 

community.  The mainstream media has also reported on the adverse impacts of pharmaceuticals 

in the environment.  However, despite the widespread coverage of the effects of pharmaceutical 

residues on the environment, to date, the author is unaware of any research projects or other 

efforts designed to investigate if water quality or aquatic life in areas instituting take back 

programs has improved as a result of the program.  One worthwhile option for filling this gap of 

information is to conduct biological and chemical monitoring of streams and other receiving 

water bodies in areas where take back programs are in place.  Biological monitoring, or 

biomonitoring, is a well-established environmental monitoring method which relies on the use of 

living organisms as sensors for water quality surveillance.  Chemical monitoring utilizes proven 

water quality measuring techniques and instruments to measure the chemical characteristics of 

the water which may be altered by pharmaceutical loads.  Biological and chemical monitoring 

can provide the critical data necessary to determine if water quality and aquatic life have 

improved due to a measurable decrease in the pharmaceutical load released into the environment 
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as a result of a take back program.  Unfortunately to the knowledge of the author, the 

incorporation of this type of analytical investigation before, during, and/or after a take back event 

to provide scientific justification for these programs has not been attempted or even suggested by 

any take back program.   

 

Risk Perception   

 Risk perception is generally regarded as the intuitive assessments of risks people face 

based on a variety of information sources, personal experiences, and an assortment of other 

contributing factors.  Risk perceptions are naturally developed by individuals; however, 

collectively groups may also cohesively form their own distinct risk perceptions, giving rise to 

the concept of public risk perception. Though the relationship between risk perception and 

behavior is very complicated, it has been shown that subjective risk perceptions may influence 

the actions of individuals.  However despite the seemingly obvious impact risk perception is 

likely to have on pharmaceutical disposal behavior, the author is unaware of any take back 

program which has incorporated risk perception.  To address this weakness in take back 

programs, this subsection will present some of the key concepts and areas of interest of risk 

perception, discuss relevant research findings in this field, and discuss the applicability of these 

concepts and findings to pharmaceutical take back programs. 

One reoccurring criticism of industry, government, scientists and other experts with 

professional knowledge of risks is the wide discrepancy that exists between their objective 

assessments of risk and the general public’s perception of risk.  This disparity may be 

attributable in part to the complexity of factors and inputs that individuals process as they 

develop their personal risk perceptions.  Influential factors may include such characteristics as 
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the control individuals have over the risk, their willingness to engage or be subject to the risk, 

and their knowledge or understanding of the risk (Slovic, 1987; Slovic et al., 1985).  Other inputs 

that influence risk perceptions include, but are not limited to, probabilities, biased news reports, 

confusing personal experiences, and apprehension over gambles encountered in daily life.  The 

complex nature of these factors and inputs can confuse individuals and cause them to deny 

uncertainty, to over- or under-estimate risks, and to assertively hold opinions relating to risks that 

they are unable to defend (Henrion and Fischhoff, 1986; Kahneman et al., 1982).          

Another possible cause for the disparity between public risk perception and experts’ 

objective risk assessments is that there seem to be varying definitions of risk.  Studies have 

shown that lay individuals vary in how they define risks.  When defining risks, lay individuals 

may include the rich array of risk characteristics that they relied upon for the formation of their 

risk perception.  In addition to those previously mentioned, these risk characteristic may include 

concepts such as the potential for catastrophe and the potential for impacts to future generations.  

This is a dramatic departure from experts’ definition of risk which typically relies on a single, 

defined, quantifiable measure of risk such as annual fatalities (Slovic, 1987).  Due to the 

complex nature of risk perception it is unlikely that there is a single explanation for the cause of 

the divergence in lay individuals’ subjective risk perception and experts’ objective assessments 

of risk; however, given the current knowledge of risk perception formation, it is likely that the 

inconsistent definitions of risk and the complexity of variables which influence risk perceptions 

are contributing factors to this anomaly.  

Another characteristic of risk perception that has been consistently observed in risk 

research studies is that the lay public generally believes the current level of risk for most 

activities is objectionably high, indicating the perceived level of risk is beyond that of the desired 
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level of risk and that regulatory efforts to maintain these risks are not producing acceptable 

results.  Despite the public being dissatisfied with the level of risk management provided by 

regulatory mechanisms, research shows that people are willing to accept higher levels of risk for 

activities they may consider beneficial.  Some of the characteristics shown to influence this 

trade-off of high risk for perceived benefit include voluntariness, familiarity, control, potential 

for catastrophe, knowledge of the risk, and fairness; however no single characteristic has proven 

to be the sole determining factor (Fischhoff et al., 1978; Slovic et al., 1980).  These findings are 

noteworthy because government officials and other professionals involved in managing hazards 

could very likely increase the overall effectiveness of their risk management strategies if they 

addressed some of these factors in their public policies and educational campaigns.   

In addition to investigating factors influencing risk perception and possible explanations 

for the divergence between subjective and objective risk assessments, risk research has also 

focused on how risk perceptions influence behavior.  However despite the seemingly obvious 

connection between risk perception and behavior and the wide array of studies that have 

investigated the relationship between these two elements, for many reasons results from these 

studies vary widely and are difficult to compare.  One possible explanation for this 

nonconformity of results is that many studies focus their efforts on a single risk and due to the 

unique characteristic of individual risks, the risk perceptions and subsequent behavioral 

responses to specific risks are difficult to compare across a wide spectrum of different risks.  

Investigation methods also vary widely which can make it difficult to compare studies and 

results.  Another possible explanation for variation in results of these studies is that individuals 

usually have multiple motivations for engaging in certain actions, with risk perception being only 

one of many contributing factors.  Regardless of the reason behind the variation in results, there 
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are several recent risk perception studies that provide valuable insight into the complex 

relationship between risk perception and behavior and which may be very useful when 

considering the potential impact risk perception may have on pharmaceutical disposal behavior 

and participation in pharmaceutical take back programs.      

For an example of a study investigating risk perception and behavior consider a United 

Kingdom (UK) survey of students which found that knowledge and risk perception had very 

little influence over select behaviors (Cook and Bellis, 2001).  It is however important to note 

that this study was limited to a very selective subpopulation of university students with health or 

environmental backgrounds at two universities in the UK and the majority of risks respondents 

were questioned on were voluntary risks that have specific and direct consequences to the person 

engaging in the behavior (e.g. smoking, alcohol use, illegal drugs, etc.).  Similarly, a study 

investigating risk perception and smoking behavior in Swedish teenagers found that risk 

perception of lung cancer did not affect the number of cigarettes smoked (Lundborg and 

Lindgren, 2004).  This finding entirely contradicts another smoking study that found risk 

perception of lung cancer to be a significant factor in the number of cigarettes smoked (Viscusi 

et al., 2000).  The Swedish study speculates that limiting the study to lung cancer risks may have 

introduced a bias that would explain this divergence (Lundborg and Lindgren, 2004).  The lack 

of evidence to support a link between risk perception and behavior in the UK and Swedish 

studies may also be because these studies examined risks where the individuals’ choices had a 

direct impact on their health and it is quite possible that human and environmental health risks 

resulting from excess and unused pharmaceuticals may be very different due to the greater 

separation between the behavior and consequence and due to the appeal for social and 

environmental responsibility on the part of the individual (Bound et al., 2006). 
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To demonstrate the vastly different conclusions of some risk research studies consider 

also the far different conclusion of Jakus et al. (2009) compared to the previously mentioned 

survey of UK students and the Swedish smoking survey.  Jakus et al. (2009) found that for 

respondents living in areas with arsenic-contaminated drinking water, perceived risk was a 

statistically significant factor in the decision of how much bottled water to purchase (Jakus et al., 

2009).  Another significant factor in risk decision making may be an individual’s knowledge of a 

particular problem.  A Swedish study investigating the concept of environmental awareness as a 

factor in decision making found that individuals accounted for environmental factors such as air 

pollution when making decisions about personal car use (Nordlund and Garvill, 2003).  Though 

the risks of air pollution and excess and unused pharmaceuticals may be different in many ways, 

similar characteristics between these two risks such as delayed effects, non-catastrophic effects, 

and potential impacts to future generations may make the findings of these studies very 

applicable to the study of the public health and environmental problems resulting from excess 

and unused pharmaceuticals.  Reviewing the studies highlighted here, it seems that one possible 

factor affecting the strength of the relationship between risk perception and behavior may be the 

specific risk itself.  As such, take back programs aspiring to address the weakness of not 

including risk perception in their program structure would be wise to consider studies addressing 

the risks associated with the improper disposal or access to excess and unused pharmaceuticals 

or studies of risks with similar characteristics.            

 As has been illustrated here, risk perception is a complicated concept, shifting and 

changing with specific risks and not entirely understood yet.  However the complexity of risk 

perception is not a viable reason for excluding it as a key element in take back programs.  Due to 

the need to motivate local citizens to participate in take back programs, the inclusion of risk 
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perception in these programs may have the potential to make measurable improvements in the 

success of individual programs.  Therefore, to bridge this gap of the exclusion of risk perception 

in the framework of take back programs it would be advisable for take back programs to evaluate 

motivations of individuals participating in the program, investigate risk perceptions of their 

target audience, and then design their programs to account for the specific risks their target 

audience perceives, whether these risks are environmental, social, or a combination of many 

factors.     

 

Improving Medication Management Strategies 

A final powerful idea that take back programs as a whole have generally overlooked is 

the potential to impact healthcare costs over the long term through improving medication 

management strategies.  As previously mentioned, data gathered from surveys completed during 

take back programs can yield information needed to determine the value of unused medication 

and the amounts and types of medications that are going unused.  What remains to be seen is if 

this information, which may not be currently available by any other means, can lead to a 

reduction in healthcare costs through improved use of the medical resource of pharmaceuticals.   

Though the economic value of unused pharmaceuticals is important information, unless 

this information is communicated to doctors, pharmacists, healthcare officials and regulators, this 

information is not achieving its full potential.  If communicated and acted upon properly, this 

information could have powerful implications to improve current practices of healthcare 

providers and thereby possibly improving healthcare as a whole.  For example, by understanding 

which types of medications are going unused, it may be possible to determine if certain 

medications are being over-prescribed.  This information could then be used to determine the 



22 

value of the unused medication resources and could possibly be used as an incentive to promote 

more efficient prescribing practices.  Improving prescribing practices has the potential to reduce 

the amount of a prescription drug that go unused (which may ultimately be improperly disposed 

of), reduce the time a doctor spends prescribing medicine that goes unused, and/or reduce the 

time a patient spends visiting a doctor to receive a prescription for which a portion may go 

unused.  As we consider the further reaching implications of reducing pharmaceuticals in the 

environment by implementing pharmaceutical take back programs, it is possible to also 

anticipate additional benefits society may gain in the form of improved medicine management 

strategies.  In addition to the benefits previously mentioned, individuals and society could also 

benefit from these improved strategies through reductions in the time and money spent dealing 

with the consequences of non-use and misuse of prescription and OTC medications. 

A scientific investigation into the value of unused pharmaceutical resources and the 

economic and social implications resulting from this idle resource was recently conducted in 

Barcelona, Spain.  In this study 38 randomly selected pharmacies were surveyed as they accepted 

returned medicines, medical care equipment, and other items available at a pharmacy (e.g. 

personal care products, nutrition products, etc.).  As background information, in 2002 

communities and the pharmaceutical industry in Spain collaborated to develop an industry-

funded program called SIGRE to facilitate the collection and disposal of unused and expired 

medications and medication packaging.  In the Barcelona study, selected pharmacies were 

surveyed for 7 consecutive working days with the survey period beginning on the first day a 

return was made.  During the survey period, which spanned from February to April of 2005, 

1,176 packages of medicine were returned.  Due to missing information and other complications 

associated with determining the volume or amount of a medication remaining in a returned 
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package, the value of the returned drugs was based on 1,119 packages and came to €8,539.90, 

which at the exchange rate in April of 2012 of 1€ to 1.32 U.S. dollars equaled $11,303.80.  

Researchers determined that 75% of this cost or €6,463.90 ($8,549.86) (XE, 2012) was covered 

by the public health care system.  The researchers from this study noted that the returns they 

valued during the event represent a significant unnecessary expense to the healthcare system of 

Spain.  The authors recommended these financial losses arising from unused pharmaceuticals be 

addressed in the future by developing improvements to prescribing, dispensing, and use of 

medicines in Spain (Coma et al., 2008).  Although Spain has a different national healthcare 

policy than the U.S., which would account for differences in the value of returned medicines that 

would be covered under the U.S. healthcare system, this study is still applicable to take back 

programs in the U.S. because it illustrates that medications returned equate to idle or unused 

medical resources.  If returned medications are from individuals on federal healthcare programs, 

these unused resources may ultimately be wasted taxpayer money.  Due to these similarities, the 

solutions of improving prescription, dispensing, and consumption practices this study puts forth 

could also be applied in the U.S. to address the problem of inefficient management of medicine 

resources.  

Although the concept of improving medicine management strategies through 

pharmaceutical take back programs is not a widely circulating concept as of yet, there is one 

broad based initiative in the U.S. gaining support within the healthcare provider community.  

Practice Greenhealth™ was originally established in 2004 by an EPA grant as Hospitals for a 

Healthy Environment (H2E) and now is a vast network of member healthcare institutions and 

organizations that are committed to environmentally sustainable healthcare practices. The 

original purpose of H2E was to establish a national program devoted to promoting and 
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developing environmental sustainable practices for the healthcare system which would serve to 

improve efficiency, health, and regulatory compliance within individual communities.  As part of 

this program Practice Greenhealth™ has developed a comprehensive management plan to reduce 

pharmaceutical waste on a national level.  Though not a take back program in itself, Practice 

Greenhealth™ recognizes that significant costs and risks are associated with disposing of 

pharmaceutical wastes, and as a part of the solution to this problem, Practice Greenhealth™ 

provides healthcare professionals with education, information, and resources on environmental 

management strategies that address this concern as well as other environmental concerns related 

to healthcare (Boehme et al., 2007; Practice Greenhealth™, 2012).  With the resources, tools, 

and contacts within the Practice Greenhealth™ network, there seems to be the potential for a 

mutually beneficial relationship between local take back programs and Practice Greenhealth™ 

that could truly help to promote the objective of improving healthcare costs and medication 

management strategies.              

Another example of a North American program that acknowledges the fundamental 

connection between take back programs and improving medicine management strategies is the 

Canadian-British Columbia Medication Return Program (MRP).  MRP, originally named British 

Columbia EnviRx, was established in 1996 as a voluntary program; however, it was the 

pharmaceutical industry itself that eventually lobbied for mandatory product stewardship for 

pharmaceuticals through the establishment of the Post-Consumer Residuals Stewardship 

Regulation.  MRP’s primary objective is to protect and improve the health of the environment, 

economy, and consumers.  MPR is supported by Canada’s National Association of Pharmacy 

Regulatory Authorities (NAPRA) due to the program’s commitment to improving consumer and 

child safety, reducing costs, improving therapy treatment results, and preventing detrimental 
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impacts to the environment.  One way MRP advances the cause of reducing pharmaceutical costs 

is through promoting the prescription and distribution of manageable medication amounts that 

can be completed by the patient (Boehme et al., 2007; Post Consumer Pharmaceutical 

Stewardship Association, 2012).  This strategy could just as easily be incorporated into the U.S. 

healthcare system to reduce pharmaceutical costs, wastes, and other problems associated with 

excess pharmaceuticals.                

While take back programs themselves are a relatively new concept, just emerging within 

the last decade or so, the idea that these programs could be used to improve medicine 

management strategies by reducing the amount of medications that go unused is an even more 

novel concept with few if any U.S. take back programs mentioning this as an objective.  

However, with the expanding interest and popularity in promoting environmentally and 

economically sustainable practices into more business practices and industry standards, it seems 

logical that the cost savings potentially available through improving medicine management 

strategies and medical practices will become increasingly obvious to healthcare providers, 

industry leaders, and regulators.  Unfortunately, the degree to which healthcare costs could be 

reduced due to take back programs may remain unanswered for some time, as there will likely be 

considerable lag time before improved efficiency with medication management is translated into 

actual cost savings in the healthcare industry.  Additionally, in order for these improvements in 

healthcare and prescription practices to be realized, an effective communication strategy would 

need to be established to educate doctors, pharmacists and others involved in medicine on the 

implications of unused pharmaceuticals and the data that is revealed through take back program 

surveys.  
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Potential Roadblocks 

There is yet another facet of pharmaceutical take back programs that needs to be 

considered to complete the overview of these programs.  Though these programs may provide 

valuable services to the community and the environment, organizers of these programs may 

struggle against a variety of barriers as they proceed with the planning and implementation 

process.  The following provides brief examples of some obstacles take back programs have 

encountered in the past and potential solutions to these problems.   

The first and possibly most obvious roadblock for these programs is lack of adequate 

funding.  Cost is not featured as one of the program attributes in the table in Appendix A, which 

features a comprehensive list of example take back programs, because this information is not 

reported on a consistent basis and when it is reported it is usually not provided in a format that 

accommodates comparison between programs.  For those programs that do report their costs, it 

seems most appropriate to consider each on a case-by-case basis due to the wide variances in 

program characteristics.  For example, the Washington PH:ARM state-wide continuous drop-off 

program reports the estimated cost of their project as a lump sum of $3.3 million, whereas the La 

Crosse, Wisconsin continuous drop-off program, like many other programs, reports the costs of 

select components of their program without an annual estimate for total program operation.  

Examples of program components reported include: cost of disposal of medicine waste, 

advertising, general staffing, security, and time and services of pharmacists and law enforcement 

officials.  For many of the examples listed in Appendix A, local pharmacies, public works 

departments, and businesses donated their time and services for take back programs operating 

within their communities.  The estimated value of these in-kind services is rarely reported.  
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Many programs also received direct funding from federal, state, or local government programs 

and community organizations (Boehme et al., 2007). 

Even when programs secure adequate funding, the best of efforts can be thwarted 

unexpectedly by local, state, and federal laws, regulations, and ordinances.  The most common 

legal obstacle encountered by take back programs is the Controlled Substances Act (CSA), 

which is administered by the Drug Enforcement Administration (DEA).  The Secure and 

Responsible Drug Disposal Act of 2010, however, was designed so that individuals who have 

legal possession of controlled medications would encounter less hurdles when they tried to 

properly dispose of these medications.  Medications considered to be controlled substances by 

the CSA include narcotics and other medications like Valium, amphetamines, Ritalin, morphine, 

methadone, and oxycodone.  Prior to the Secure and Responsible Drug Disposal Act, federal law 

mandated that once controlled substances were prescribed to the patient, the only individuals that 

could maintain possession of them were the patient and law enforcement officers.  This 

restriction required take back programs wanting to include collection of controlled substances at 

their events to either have law enforcement officials present at collection events to take 

possession of controlled substances or to coordinate with police stations and sheriffs’ offices to 

allow citizens to bring controlled substances to these facilities for proper disposal.  Now the law 

states that individuals who legally obtain controlled medications can dispose of them through 

agents authorized to collect and dispose of medication, so long as the disposal process is in 

accordance with regulations established by the U.S. Attorney General (OpenCongress, 2011).  

However, at the time of this writing the regulations required to be set forth by the U.S. Attorney 

General had yet to be established or announced, so there is still some uncertainty as to the 

procedures future take back programs will need to follow in order to be in compliance with the 
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CSA and the Secure and Responsible Drug Disposal Act.  Given the security and safety issues 

surrounding controlled medications, it is anticipated these rules will include some stringent 

requirements to prevent diversion of controlled medications being collected at take back events.   

Finally, though public awareness and support may not be an initial hurdle to overcome 

for organizing and launching a take back program, community involvement with both individual 

citizens and community groups, such as businesses and public works programs, will very likely 

be an important factor that influences the success of the program.  Education and communication 

may play key roles in take back programs, because if citizens are unaware of the risks of 

improper medication disposal or in-home storage of excess medication or they are unaware of 

the opportunity to dispose of their excess medicines, the program will not fulfill its basic goal of 

ensuring proper disposal of pharmaceuticals and protecting the health of individuals and the 

environment.  Though there are many factors which may influence the success of a particular 

take back program, a well prepared and implemented informational campaign which informs 

citizens about the risks associated with excess pharmaceuticals in the home, the impact of 

pharmaceuticals on the natural environment, and the details of how to participate in their local 

take back program may prove invaluable in increasing citizen participation and mustering 

community support.   

 

Pharmaceutical Take Back Program Case Studies 

 Specific details of individual take back programs vary depending on such factors as the 

resources, goals, and policies of the entity organizing the program or the area in which the 

program will operate; however, the overall structure and operation of most take back programs 

are strikingly similar.  In general, citizens are given the opportunity to return unused or unwanted 
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medications to a collection center.  Collection centers have been located at local participating 

pharmacies, hospitals, general practitioners’ offices, and local police stations.  Collected 

medications may be sorted into controlled medications and non-controlled medications, or by 

some other sorting scheme, and then sorted medications are placed in a clearly marked container.  

The collection container may contain a deactivating liquid which renders the medications 

useless.  This serves as a precautionary measure to ensure that in the event of a breach of security 

no medicinally active medications would be retrievable from the container.  Filled collection 

containers are then transported to a certified hazardous waste site for disposal, which is usually 

accomplished via incineration.  Pharmaceutical take back programs may be stand-alone 

collections operated as one-day events or they can be operated on a more frequent basis such as 

seasonally or year-round.  Pharmaceutical take back programs have also been launched in 

conjunction with household hazardous waste collection events sponsored by local agencies or 

government service departments such as sanitation or environmental services.   

Though there are many examples of successful take back programs, this chapter is not 

intended to provide an exhaustive review of all take back programs, but rather to highlight 

unique features and successes of a variety of programs.  This section provides a review of one 

widely publicized and documented program.  This program was selected for this review due to 

the wide availability of information on the program and the innovative ideas integrated into the 

program in its efforts to promote the concept of sustainable medicine.  A brief summary of 

additional programs in the form of a table is featured in Appendix A.     

The Teleosis Institute Green Pharmacy Program (Teleosis) is one example of a unique 

pharmaceutical take back program.  The Teleosis Institute is an organization dedicated to 

promoting sustainability and environmental stewardship within the healthcare industry.  As a 



30 

continuation of these ideals, Teleosis operated a take back program as a pilot program in 

Berkeley, California for one year between June 1, 2007 and June 1, 2008.  For this pilot project, 

Teleosis partnered with a local pharmacy—Elephant Pharm.  Drop-off locations for the Green 

Pharmacy Program were located at participating pharmacies, dentist offices, an animal hospital, 

the Teleosis Institute, and a healthcare facility.  The Green Pharmacy Program was designed as a 

product stewardship model take back program.  For this program all participants involved in 

pharmaceutical products, from the manufacturers, to healthcare providers, retailers, patients, and 

finally those who dispose of the products, were brought together as partners, equally responsible 

for ensuring the products were safely disposed of to reduce the impacts of pharmaceuticals on 

the environmental (Teleosis Institute, 2007).   

With the ultimate goal of promoting and encouraging the adoption of the tenants of 

sustainable medicine, this program developed some very unique features.  Incorporation of some 

of these sustainability-guided program features may have the potential to enhance other take 

back programs aimed at reducing environmental and human health risks associated with excess 

pharmaceuticals in the home.  For example, pills collected by the Green Pharmacy Program were 

removed from their bottles and incinerated, while the bottles were shredded and recycled to 

protect patient information.  The program attested that the separate disposal method had the 

advantages of significantly reducing both the environmental impact and cost of incineration, as 

fewer materials need to be incinerated.  An additional advantage the program touted was that 

their separate disposal method was more attractive to participants because it protected their 

sensitive medical information (Elephant Pharm, 2009).  The Green Pharmacy Program also 

incorporated a public education campaign that provided information on the take back program, 
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proper disposal methods of pharmaceuticals, and the impact of pharmaceuticals on the 

environment (Teleosis Institute, 2007).   

To facilitate future analysis of the program, data on all medicines collected were recorded 

in a national registry.  This registry is known as the Unused and Expired Medicine Registry and 

was developed by the Community Medical Foundation for Patient Safety.   Data collected was 

used to determine which category of medications were the most unused medicines, which 

medications were most often returned, the monetary value of the returned medicines, and to 

estimate the environmental impacts of the returned pharmaceuticals.  Preliminary results of the 

Green Pharmacy Program from its inception on June 1, 2007 to December 31, 2007 indicate that 

a total of 690 pounds of medicines were returned through the program with an estimate of 

101,359 returned pills, capsules, and tablets.  The total wholesale value of these medicines was 

estimated to be $159,778 and total retail value was estimated to be between $228,254 and 

$399,445.  The majority of returned medicines (60.43%) were prescriptions as opposed to OTC 

medicines (39.14%).  Table 1.1 and Table 1.2 provide the ten most frequently returned class or 

category of pharmaceuticals and the ten most frequently returned medications by brand or 

generic name, respectively (Teleosis Institute, 2007).  

Although summary statistics were provided in the Teleosis’ Preliminary Data Report and 

their Green Pharmacy Final Report, published in fall of 2008, no data, summary statistics, or 

other results are readily available from Teleosis to explain their results or findings aimed at 

achieving their final goal of the estimating environmental impact of returned medicines.  

Additionally, the Unused and Expired Medicine Registry website is still in progress and as of 

this writing does not have publicly available data to share with the public (CRG Medical 

Foundation, 2006).  
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The Green Pharmacy Program is just one example of a successful take back program.  It 

should be noted that the concept of pharmaceutical take back programs has been embraced by 

many communities and there are many exceptional and successful programs both here in the U.S. 

and abroad.  Although complete summaries of all the existing and past take back programs 

would be informative, that extensive of a review is not necessary for understanding the role these 

programs can play in potentially reducing the amount of pharmaceuticals in the environment.  

Rather a more efficient method of providing a comprehensive overview of the breadth of take 

back programs would be to examine a selection of past and existing programs instituted across 

the U.S. and in foreign nations and to consider a selection of key elements comparable between 

the programs.  Appendix A provides a list of example programs and their comparable or 

distinguishable features.  This appendix includes information from the previously discussed 

program as well as information adapted from the Illinois-Indian Sea Grant (IISG) resource guide 

designed to assist communities in managing pharmaceutical disposal programs (Boehme et al., 

2007). 

Though the internet provides a vast array of information on pharmaceutical take back 

programs both in the U.S. and worldwide, this information can be regarded mainly as general in 

character and lacking the scientific analysis that is necessary for a deeper understanding of these 

programs.  The possible implications resulting from this lack of scientific analysis may be that 

researchers are limited in their understanding of the effect take back programs may have on the 

environment, society, the pharmaceutical industry, and other groups involved either directly or 

indirectly with pharmaceutical manufacturing, distribution, consumption, and disposal.  One peer-

reviewed article that touches on the environmental and social problems that prompted the 

development of take back programs and that conducted a detailed analysis of the outcomes of a 
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pharmaceutical take back program launched in the UK is “An Analysis of Returned Medicines in 

Primary Care,” published in Pharmacy World and Science in 2005 by Langley et al.  This study is 

unique in that it touches on many of the subjects previously mentioned in the “Objectives” and 

“Identifying Gaps” sections of this chapter.   

As a scholarly introduction into the concept of take back programs, the authors of this 

article provide a discussion of some of the potential impacts of unused and surplus medications, 

many of which were discussed at length previously in this chapter.  These potential impacts 

include such things as the minimization for accidental poisoning and medicine misuse, prevention 

of detrimental effects on the environment, and accounting for costs associated with wasting a 

resource.  The authors of this study also point out that although take back programs provide a 

potentially effective method for reducing or eliminating the risk of accidental poisoning, 

medication misuse, and detrimental environmental impacts, these programs do not directly 

address the need to reduce the amount of pharmaceutical resources that are going unused.  As a 

budding solution to this problem, this study was conducted to investigate the type and quantity of 

returned pharmaceuticals and the reasons given for their return.   

To collect the necessary data on pharmaceutical returns and reasons for returns, two 4-

week long take back programs were conducted in East Birmingham in the UK; one during 

August 2001 for returns to pharmacies and one in March 2002 for returns to general 

practitioners’ (GP) offices.  Returned medicines were cataloged by therapeutic category and the 

number of doses remaining and information concerning the person returning the medicine 

including age, gender and reason for the return were collected by a pharmacist or GP.  Where 

appropriate, additional information from patient notes or pharmacy records was acquired.  The 

study made no efforts to advertise the take back program within the community.  During the two 
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4-week collection events there were 114 returns which equated to a total of 340 items.  The 

majority of returns both in number of returns (90 of 114 or 78.9%) and total items returned (298 

of 340 or 87.6%) came from the pharmacy collection event as opposed to the GP collection 

event.  A change in doctors’ prescription orders was the reason given for return of the majority of 

medicines.  Other reasons cited included, in order of frequency, clean-out of excess home 

medicine supplies, clean-out following a patient’s death, and because the medication was 

expired.  The value of returned medicines was estimated at £3,986 which, at the exchange rate in 

April of 2012 of 1 GBP to 1.32 U.S. dollars, equaled $5,272.40 (Langley et al., 2005; XE, 2012).  

In their discussion, the authors recognized that judging by the responses given for the 

return of medicines, in many cases there is unnecessary waste of medicine.  The authors 

provided several suggestions for minimizing or eliminating this waste such as modifying 

prescription practices by reducing the supply of medicines provided throughout therapy, 

providing limited test supplies during initiation or during a change of therapy treatment, and 

judicious review of a patient’s reaction and preference for a medicine.  They also suggested 

establishment of more efficient use of electronic prescribing systems that are capable of tracking 

patterns in patients’ medicine use.  These systems could also be utilized to track a patient’s 

medicine supply and prevent at-home stockpiling.  The authors also expressed concern over the 

quantity and monetary value of the unused medicines returned during their study.  In addition to 

the limited size and scope, this study also excluded healthcare facilities, which may make a 

significant impact on medicine use and wastage data.  These excluded facilities included such 

places as elderly care centers, elderly assisted living centers, and hospitals.  Langley et al. (2005) 

advise that this data should not be used to extrapolate costs to the entire nation due to these 

limitations; however, they did recognize the significant results of this study in terms of the 
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quantity of unused medicines and the considerable financial burden this waste placed on the 

national healthcare system of the UK (Langley et al., 2005).   

 The Green Pharmacy Program and the Langley et al. (2005) study are just two examples 

of take back programs that have achieved success in not only the fundamental goal of providing 

a safe and proper pharmaceutical disposal option for individuals, but also in other areas such as 

estimating the value of returned medicines and promoting the concept of product stewardship.  

The inclusion of these two examples however should not distract from the fact that there are a 

wealth of other noteworthy take back programs in the U.S. and abroad, a selection of which are 

featured in Appendix A.  The intention of this section rather was to demonstrate that the 

highlighted programs incorporated some innovative ideas and promoted the expansion of take 

back programs to address many of the social problems discussed previously in this chapter.  By 

examining The Green Pharmacy Program and other programs featured in this section and 

Appendix A it should be evident that take back programs themselves can have a great deal of 

diversity.  If applied and utilized, this diversity has the potential to enrich future take back 

programs and provide them with information and ideas needed to expand their causes to address 

both public and environmental health problems associated with excess and unused 

pharmaceuticals.   

 

Conclusion 

 Though the pervasiveness and consequences of pharmaceuticals in the natural 

environment is not entirely understood at this point, there is increasing evidence that there are 

significant impacts to the environment and public health resulting from excess and unused 

pharmaceuticals.  One commonly understood principal in toxicology and science in general is the 
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precautionary principal which advocates that when in doubt one should proceed conservatively.  

In regard to pharmaceuticals in the environment, few would argue that adopting such an ideology 

would be anything but beneficial to society and the environment.  Take back programs appear to 

be a very logical means of applying the precautionary principal to address the social and 

environmental problems individuals and communities are now facing as a result of excess and 

unused pharmaceuticals.   

Provided they are properly planned, coordinated, and they can overcome potential road 

blocks, take back programs may help combat the many consequences of excess and unwanted 

pharmaceuticals.  These consequences include not only detrimental environmental impacts, but 

also public health and other social issues such as accidental poisoning, abuse of pharmaceuticals, 

patient privacy issues, and inefficiencies in the healthcare system due to inefficient management 

of pharmaceutical resources.  However, despite the far reaching impacts of take back programs, 

few programs have developed methods to evaluate the success of the program beyond tallying 

the amount of medications collected or the number of people participating in a program event.  

Additionally few programs have realized the full potential that take back programs have to offer, 

leaving substantial gaps in the take back program framework.  In this regard, there are several 

elements that may enhance the take back program framework including:  

• Addressing  the need for scientific justification through biological and chemical 
monitoring before, during, and after take back program events;  

• Accounting for public awareness and risk perception of pharmaceuticals in the 
environment and in the home and using this information to promote a change in 
disposal behavior through risk communication and education strategies; and  

• Improving medication management strategies by developing a communication 
strategy to educate doctors and pharmacist as to the types and quantities of 
medications going unused and being returned to take back programs.     
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It is unfortunate that for many of the environmental challenges we are currently battling, 

such as climate change, urban sprawl, and dwindling biodiversity, we as a society only became 

aware of the issues and took decisive action after the problems were widespread and precariously 

endangering the balance of the environment.  Rather than repeat this pattern with 

pharmaceuticals, why not take proactive action to prevent what is a looming environmental and 

social problem by promoting and establishing programs such as take back programs that can help 

reduce the amount of unused and excess pharmaceuticals that pose both a threat to public health 

as well as a threat to the health of the environmental.  We cannot afford to continue to knowingly 

engage in irresponsible management of our medical resources because the impacts of such 

actions are bound to have serious consequences not only for the environment but also for society 

and individuals.  

Table 1.1 
 
Top 10 categories of pharmaceuticals returned in green pharmacy program  
(Teleosis Institute, 2007). 
 
Category of Pharmaceutical Percent  

Central nervous system (CSN) 22.62 

Nutritional products  14. 29 

Psychotherapeutic  12.51 

Gastrointestinal  8.99 

Cardiovascular  8.77 

Respiratory  6.00 

Anti-infectives 6.00 

Alternative medicines  5.69 

Hormones 4.60 

Immunologic  2.85 
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Table 1.2  
 
Top 10 leading brand name or generic products returned in green pharmacy program (Teleosis 
Institute, 2007). 
 
Generic Medication Name Category of Pharmaceutical  

Acetaminophen  Analgesic, antipyretic   

Aspirin  Analgesic 

Tylenol  Analgesic, antipyretic   

Vitamin E Supplement 

Prednisone  Corticosteroid/steroid  

Ibuprofen  Nonsteroidal Anti-inflammatory (NSAID) 

Warfarin Anticoagulant   

Topamax Anticonvulsant  

Etodolac NSAID 

Gabapentin  Anticonvulsant 
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CHAPTER 2 
 

SOCIOECONOMIC, DEMOGRAPHIC AND GEOGRAPHIC ANALYSIS OF 
PHARMACEUTICAL TAKE BACK EVENTS AND THEIR PARTICIPANTS:  

A METHOD OF IMPROVING PUBLIC HEALTH THROUGH  
AN INTERDISCIPLINARY AND APPLIED APPROACH 

 
Introduction 

 
Pharmaceuticals in the Environment 
 

In 2007 the sales for over-the-counter (OTC) and prescription pharmaceuticals in the U.S. 

exceeded $208 billion, making the U.S. the largest market for pharmaceuticals in the world.  

These U.S. sales are nearly equal to the pharmaceutical sales of twelve other countries where 

pharmaceutical sales are monitored (IMS Health, 2008).  Beyond the staggering volumes of 

medications sold in the U.S., the occurrence, fate, and effects pharmaceuticals have on the 

environment are also of profound importance as these compounds are designed to be persistent 

and biologically active.  Due in part to these attributes, the U.S. Environmental Protection 

Agency (EPA) has classified pharmaceuticals as containments of emerging concern (CECs)  

(U.S. EPA, 2010) .  Environmental and toxicological research on pharmaceuticals in the 

environment continues to support this classification because results from a wealth of studies 

indicate these CECs pose serious threats to aquatic organisms (Daughton and Ternes, 1999; Fent 

et al., 2006).   

 The three main routes by which pharmaceuticals enter the environment are (1) improper 

disposal of excess or unwanted pharmaceuticals, which consists of flushing pharmaceuticals 

down the toilet or sink, (2) through excretion of pharmaceuticals and their metabolites by the 

consumer, and (3) wash-off of medicated lotions or creams during bathing  (Ruhoy and 

Daughton, 2007).  Although quantitative methods are not currently available to determine the 

percentage each pathway contributes to the overall pharmaceutical residues in the environment, a 
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theoretical modeling approach developed by GlaxoSmithKline and applied by the Texas 

Commission on Environmental Quality (TCEQ) estimates that about 80-90% of pharmaceutical 

residues in the environment are due to excretion and 10-20% due to improper disposal (TCEQ, 

2010).  Regardless of the pathway by which pharmaceuticals enter the sewage system, each of 

these routes ultimately results in pharmaceuticals being carried through municipal sewage lines 

to a local wastewater treatment plant (WWTP) facility.  As the majority of these facilities were 

not designed to remove pharmaceuticals or their active metabolites from wastewater, these 

compounds are subsequently discharged into surface waters that receive effluent from WWTPs.  

Due in part to the removal inefficiencies of WWTPs, pharmaceuticals have been detected in 

surface waters, groundwater and treated drinking water in the U.S. and in many other countries 

worldwide (Daughton, 2008; Hua et al., 2006; Hummel et al., 2006; Lajeunesse et al., 2008; 

Rodriguez-Mozaz et al., 2004; Scheytt et al., 2004; Snyder et al., 2007; Stackelberg et al., 2007; 

Verstraeten et al., 2005; Yoon et al., 2010).  In addition to detection of pharmaceuticals in water 

resources, research continues to provide evidence that these contaminants may cause adverse 

environmental effects with the most studied response being feminization of fish due to exposure 

to estrogen and other endocrine disrupting compounds  (Jobling et al., 1998; Lange et al., 2001).  

Other documented effects include the induction of the female egg yolk precursor protein 

vitellogenin in male fish (Nash et al., 2004), fish population collapse (Kidd et al., 2007) and 

changes in aggression and territorial behavior important to reproduction in coral reef fish 

exposed to fluoxetine (Perreault et al., 2003).  A more complete review of the environmental 

impacts of human and veterinary pharmaceuticals can be found in Fent et al. (2006) and 

Daughton and Ternes (1999).  
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Public Health Risks of Excess Pharmaceuticals  

As was discussed in the “Objectives of Take Back Programs” section of Chapter 1, 

pharmaceuticals can pose serious public health threats due to their widespread availability and 

abundance.  Personal in-home reserves of excess and unused OTC and prescription medications 

provide the opportunity for accidental poisoning and intentional misuse or abuse.  In addition to 

the adults and teenagers who are negatively affecting themselves by choosing to abuse 

medications, recent studies have shown that another segment of society is being adversely 

affected by the abuse of medications.  An alarming increase in the number of babies born with 

neonatal abstinence syndrome (NAS) has been documented by recent medical researchers.  This 

syndrome is essential postnatal withdraw in infants born to mothers who over-used or abused 

opioids or other drugs during their pregnancies.  Between 2000 and 2009 the number of U.S. 

children born with NAS more than tripled from 2,920 to 9,674.  In that same time, the number of 

mothers who had used opioids prior to giving birth increased five-fold.  NAS can be a serious 

problem because infants with this syndrome are more likely to be under-weight and more likely 

to have respiratory problems (Patrick et al., 2012).  This is just one example of how the problem 

of opioid medication abuse is becoming more and more prevalent and beginning the creep into 

previously unaffected subpopulations.   

The National Survey on Drug Use and Health (NSDUH) studies and the Partnership for a 

Drug-Free America (Partnership) studies mentioned in Chapter 1 and mounting evidence from 

other sources, such as the U.S. Drug Enforcement Administration (DEA) and the Office of 

National Drug Control Policy (ONDCP), provide irrefutable evidence that prescription drug 

abuse is prevalent among U.S. teenagers and young adults and as such poses serious risks to 

public health (DEA, 2011a; ONDCP, 2007).  Pharmaceutical take back events have the potential 
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to be an effective means of improving the public health problems of accidental poisonings and 

intentional misuse and abuse of medicines because they provide a free and convenient method of 

reducing or eliminating in-home stocks of OTC and prescription medicines.  It may easily be 

argued this proactive and preemptive approach to tackling this public health crisis is socially and 

economically preferable to the alternative of treating the aftereffects of these problems in 

hospitals and rehabilitation centers.  

 

Risk Perception and Issue Awareness 

A thorough review of the literature and past pharmaceutical take back programs reveals 

that few if any programs have investigated the influence public risk perception associated with 

pharmaceuticals can have on the success of a take back program.  Since these programs rely on 

influencing individuals’ behavior and decision-making in regard to choosing a pharmaceutical 

disposal method, to overlook individuals’ ideas and beliefs about pharmaceuticals seems to 

compromise the potential success of a take back program.  Research designed to investigate 

individuals’ risk perception and issue awareness in regard to pharmaceuticals has the potential to 

improve participation rates at take back events because information gained from take back 

program research could be used to modify or improve existing marketing and advertising for the 

event.   

One area of risk research applicable to take back programs is the study of how risk 

perceptions influence behavior.  The influence of risk perception on behavior was covered in 

Chapter 1, within which several example studies were discussed.  Building upon that base of 

knowledge, this section will briefly review an additional risk study that is particularly applicable 

to addressing the risk perception weakness in the majority of take back programs.   



46 

Using surveys, Bound et al. (2006) gathered information on pharmaceutical disposal 

practices from about 400 households in Southeast England.  The data collected was then cross 

examined with survey respondents’ demographic information and their responses to risk 

perception questions relating to pharmaceuticals.  The purpose of this study was to investigate 

the relationship, if any, between risk perception and pharmaceutical disposal behavior.  

Ultimately, Bound et al. (2006) concluded there was no definite correlation between these two 

factors; however, despite this conclusion there are still important results from the Bound et al. 

(2006)  study that should be considered here.  To begin, the authors of the Bound study 

speculated that respondents may not have felt that the risks posed by pharmaceuticals in the 

environment were great enough or their choice of disposal method was significant enough to 

make a difference, thus the individuals surveyed did not have enough incentive to change their 

disposal behavior.  Despite the fact that a direct link between disposal behavior and risk 

perception was not found, the Bound et al. (2006) study did reveal very interesting public 

perceptions about the impact of pharmaceuticals on both personal health and the environment 

which may in turn provide valuable insight for future take back programs.  For example, the 

majority of survey participants indicated they strongly agreed or simply agreed that 

pharmaceuticals used inappropriately could be potentially harmful to their personal health and 

more than half agreed that improper disposal of pharmaceuticals could threaten fish or plants.  

There was also a high degree of uncertainty associated with the impacts to the environment.  The 

authors speculated that this high degree of uncertainty regarding the environmental impacts of 

pharmaceuticals may be because survey participants were likely to be less knowledgeable about 

toxicology and environmental processes.  Respondents also indicated they perceived a lower 

threat from medications that were more familiar to them, such as pain-killers and antihistamines, 
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compared to less well-known medications such as antiepileptic medication and lipid regulators.  

OTC medications and commonly prescribed drugs are often viewed as less potent and therefore 

less of a risk to the environment.  This view that familiar and less potent medications pose less of 

a risk to the environment than prescription medications is likely due to familiarity, which tends 

to make risks either more acceptable to individuals and/or causes individuals to under-estimate 

risks (Bound et al., 2006).  The perception that that non-prescription drugs are less potent and 

therefore less harmful to the environment was also evident in a Canadian study that  found that 

the percentage of respondents who believed OTC pharmaceuticals needed an appropriate 

disposal method was 81% while the percentage believing that unused and expired prescribed 

pharmaceuticals needed to be disposed of in an appropriate way was 90% (Bound et al., 2006; 

COMPAS, 2002).   

Although the Bound et al. (2006) study did not find a statistically significant relationship 

between risk perception and pharmaceutical disposal behavior, it is important to consider that 

other motivations may influence disposal behavior.  There have been innumerable take back 

programs conducted over the past ten years and from these programs it has become evident that 

there are effective motivations for individuals to participate in take back programs.  In some 

cases, individuals may participate in environmental stewardship events and other activities that 

are altruistic in nature because they can see and understand the benefit of their individual efforts 

(Bound et al., 2006; Harrison et al., 1996).     

Risk perception studies investigating how risk perception and issue awareness influences 

individuals’ behavior, such as the Bound et al. (2006) study and other studies discussed in 

Chapter 1, may provide insightful ideas for future take back programs.  However, it may be over 

generalizing to assume that results from one risk study could be directly applied to a particular 
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take back program because risk perceptions can be a function of a variety of inputs such as 

gender, demographics, personal and cultural histories, education, and issue awareness (Lai and 

Tao, 2003; Slovic, 2000).  These factors can vary significantly from location to location, so it is 

probable that behavior of respondents, as influenced by risk perception, would be unique to 

specific geographic regions.  It may be therefore more advisable to view the results of risk and 

behavior studies generally as guidelines for how behavior may be affected by risk perception and 

issue awareness in relation to pharmaceuticals, rather than as examples of risk perceptions and 

behaviors to expect from participants of future take back programs conducted in different 

locations.  

 

Pharmaceutical Take Back Programs 

As was previously discussed in Chapter 1, one strategy many communities are using to 

address the suite of environmental and public health challenges brought on by excess and unused 

medications is to organize pharmaceutical take back events.  These events provide citizens an 

opportunity to dispose of their excess and unused pharmaceuticals in a way that will not only 

prevent improper disposal via flushing them down the toilet or sink, but that will also prevent 

drug diversion and accidental poisonings.  Though the exact name of these events may vary 

(some other names include “medication disposal” and “medication cleanouts”), the majority of 

these types of programs consist of a local advertising campaign, a single day or continuous 

collection event, and finally destruction of collected medications through incineration.   

Although there are many national programs outside of the U.S. that have been operating for 

many years, such as Canada’s Medication Return Program which began in 1996 and Australia’s 

Return Unwanted Medications Program which began in 1998 (Boehme et al., 2007), U.S. 
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versions of these programs have largely been grassroots efforts by individual city and state 

communities.  This grassroots approach was strengthened in September of 2010 when the U.S. 

DEA established the National Take Back Initiative.  In 2010 the DEA hosted two of these events, 

during which a total of 309 tons of unwanted medications was collected at thousands of local 

take back sites operated in conjunction with the DEA Take Back Initiative (DEA, 2011b).   

Prior 2010 the only efforts made to address the problem of pharmaceutical disposal, by 

this and other federal agencies, was to provide guidance on disposal options.  In addition to the 

DEA events, another U.S. national advancement recently taken to address the issues associated 

with excess and unused pharmaceuticals was the enactment of the Secure and Responsible Drug 

Disposal Act of 2010 (SRDDA) which was signed by President Obama on October 12, 2010.  

This law amends the Controlled Substance Act (CSA) to allow the DEA to develop procedures 

for individuals to safely dispose of their controlled medications by delivering them to 

organizations authorized by the U.S. Attorney General to accept and destroy unwanted controlled 

medications from the patients they are prescribed to (DEA, 2011a).  Controlled medications 

include prescriptions such as Ritalin and Adderall for attention deficit hyperactivity disorder 

(ADHD), Ambien for insomnia, and Darvocet, Vicodin and other opioid pain relievers.  Due in 

part to the powerful medicinal effects of these medications, and thus the high potential for abuse 

and misuse of these medications, the CSA requires that once these medications are filled, only 

the patient they are prescribed to or a law enforcement officer can be in possession of them.  This 

CSA statute requires any take back event wanting to accept controlled medications to have a law 

enforcement officer present.  The new SRDDA legislation allows the DEA to establish a 

procedure to address this requirement to make it easier for law-abiding citizens to dispose of 

their controlled substances at recognized pharmaceutical take back events.  At the time of this 
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writing, the DEA had not yet established these new procedures and had announced they would 

continue to operate the National Take Back Initiative events until they finalized alternative 

methods of disposal of medications (DEA, 2011a).   

Although the DEA National Take Back Initiatives and other take back events provide 

citizens with an opportunity to dispose of their medications in an environmentally and socially 

responsible manner, studies have shown that the most frequent disposal methods used for 

pharmaceuticals are the sink, toilet, and trash (BAPPG, 2006; Boivin, 1997; Kuspis and 

Krenzelok, 1996; Seehusen and Edwards, 2006; Zero Waste Washington, 2006).  The preference 

among these methods can to be influenced by age.  In one survey conducted in Washington, 

older respondents (55 years old and older) were 31% more likely than younger respondents to 

flush their medications down the sink or toilet.  The younger respondents were more likely to use 

the household trash to dispose of their excess or unwanted medications.  Despite these disposal 

practices, when asked if they would be willing to participate in a pharmaceutical take back 

program, nearly 75% indicated they would be willing to travel to a convenient location to 

dispose of their medications properly.  When asked what location would be most convenient for 

pharmaceutical disposal, the overwhelming majority (84%) voted for a local pharmacy as the 

host location for a take back service.  Other options included a local community medication 

collection event or a municipal hazardous waste site, however these received only 5% and 2% of 

the votes for convenience, respectively (Zero Waste Washington, 2006).  These survey results 

illustrate that although individuals still may have pharmaceutical disposal practices that are less 

than ideal, there is a willingness to participate in take back programs, if the participation will be 

convenient.  Although understanding of the emerging threat pharmaceuticals pose to the 

environment or the threat pharmaceuticals pose to public health may not be widespread among 
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the general population yet, the advent of the DEA’s National Take Back Initiative and other 

smaller take back events are raising awareness and increasing public support for these programs.    

Take back programs are still fairly new to the American public as well as to the research 

community, and as such limited research has been conducted in regards to take back programs.   

One study conducted in southern California surveyed residents to gather information about 

individuals’ issue awareness, methods of pharmaceutical disposal, and willingness to pay for and 

participate in a take back program.  Similar to the Washington survey, this survey found strong 

support for take back events located at a local pharmacy, with 68% of respondents indicating 

they would be willing to take their medications to a pharmacy for proper disposal.  An additional 

similarity between the Washington and California surveys was that older California survey 

respondents were more likely than younger respondents to dispose of their medications down the 

toilet or sink.  One point of difference was discovered between the two studies though; all 

California respondents, regardless of age, indicated their primary preference for pharmaceutical 

disposal was the household trash.  Using a contingent valuation question, the California survey 

also determined respondents’ willingness to pay for a national pharmaceutical disposal program.  

Respondents were asked the amount they would be willing to pay in the form of a fee added to 

each filled prescription.  Fee amounts ranged from $0.50 to $2.50.  Several logit models were 

compared to determine factors influencing individuals’ willingness to pay for a national 

pharmaceutical disposal program.  The most conservative estimate of willingness to pay 

established by this study was $1.53.  Age, gender, issue awareness, political affiliation 

(Democrat vs. Republican), and proposed fee amount were all found to influence willingness to 

pay.  Older respondents were less likely to support the prescription fee while females and those 

identifying themselves as Democrats were more likely to support the fee.  Respondents aware 
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that traces of medical compounds were present in water were 7.5% less likely to support the fee.  

The fact that issue awareness regarding pharmaceuticals in the environment decreased 

willingness to pay for a pharmaceutical disposal program may seem counterintuitive, however 

the authors propose two explanations for this observation.  The first explanation for why 

awareness may have deterred willingness to pay for a take back program was that these 

respondents may have been aware of greater environmental threats and therefore they did not 

feel pharmaceutical disposal programs were as important as other environmental programs.  The 

second proposed explanation for this observation was that respondents with issue awareness may 

also have been aware that excretion of pharmaceuticals is another route for these compounds to 

enter water and therefore they may be unconvinced a pharmaceutical disposal program would 

significantly improve environmental levels of pharmaceuticals (Kotchen et al., 2009).   

While the California study does answer some questions regarding willingness to pay for 

pharmaceutical disposal programs, there are still some unanswered questions.  For example, the 

authors mentioned that willingness to pay for these programs may differ in other parts of the 

country.   Additionally, one question that remains unaddressed is how closely a respondents’ 

behavior is aligned with their responses.  Specifically, respondents who were asked if they were 

willing to participate in hypothetical take back program may have said “yes” without real intent, 

a behavior referred to as “yeah-saying” by Kotchen el al (2009).  These authors suggested “yeah-

saying” could be a source of bias because respondents gave an answer they believed was the 

“correct” answer (Kotchen et al., 2009).  Finally, another question that has yet to be addressed by 

take back program research deals with the question: “what are the characteristics of actual take 

back program participants?”  Information regarding participants’ education, socio-economic 

status, household composition, patterns of pharmaceutical disposal, reason for participating, and 
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their geographic location relative to the take back event location could provide a wealth of 

information which could be used to improve future take back event participation rates and 

advertising strategies. 

 

Objectives and Hypotheses 

To address the gaps in take back program research this chapter reports on geographic, 

social, economic and demographic findings from an intensive study of pharmaceutical take back 

events conducted in Denton, Texas called Denton Drug Disposal Days (D4).  The D4 program is 

a pharmaceutical take back event program that was developed and launched through a 

partnership between City of Denton officials and University of North Texas (UNT) researchers 

in April of 2010.  To date four D4 events have been hosted.  The City of Denton has largely 

taken on the role of organizing and running the events, while UNT has focused on collection and 

analysis of data and support of the City where possible.  The inaugural D4 event was on April 

24, 2010.  Subsequent events were held in October of 2010, May of 2011 and October of 2011.  

Each event was held at Denton Regional Medical Center (DRMC) in Denton, Texas.  The event 

held on October 2011 also had an additional collection site operated by the Denton County 

Health Emergency Alert Response Team (HEART) at Providence Elementary School in Aubrey, 

Texas.  Each event was advertised to the community using a variety of methods including 

through the local newspaper; flyers at pharmacies, doctors’ offices, and other public locations; 

through a city of Denton webpage; and through television and radio news announcements.  The 

main purpose of the D4 program was to provide data for this dissertation research and to provide 

Denton, Texas residents with a valuable public service.  The main objectives of the social portion 

of this dissertation were to evaluate factors influencing participation in take back programs; 
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determine characteristics of actual take back program participants; and to evaluate the public 

health benefits of take back programs.   

Prior to the first D4 event in April of 2010, a county-wide phone survey (hereafter 

referred to as the pre-event phone survey) was conducted to gather information on the public’s 

understanding of the fate of medicines in the environment, their medicine disposal practices, and 

their willingness to participate in a take back program.  At each D4 event a random sub-sample 

of medications collected was inventoried to determine the types and volumes of medications 

being returned to each event.  Furthermore, in addition to the pre-event phone survey, during 

each of the four D4 events held between April 2010 and Oct 2011, event participants were 

surveyed to gather information on how they heard about the event, how they dispose of 

pharmaceuticals when D4 programs are not available, why they were disposing of their 

medications, and several other points of interest (hereafter these surveys will be referred to as the 

D4 participant surveys).  One of these additional points of interest was participants’ street name 

and zip code.  In addition to conducting statistical analysis with the information gathered in both 

the pre-event phone survey and the D4 participant surveys, street names and zip codes of 

participants were used to conduct a geographic analysis of D4 participants using Geographic 

Information Systems (GIS) software.  At the current time, the author is unaware of any study 

using GIS to analyze participants at other pharmaceutical disposal programs or any other type of 

environmental stewardship program for that matter.      

Data gathered from the pre-event phone survey, the D4 participant surveys and from D4 

returned medications was used to evaluate several hypotheses.  Pre-event phone survey data was 

used to evaluate three hypotheses which related to factors affecting willingness to pay for a take 

back program, factors motivating take back program participation, and risk perception and 
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averting behavior in regard to pharmaceuticals.  Specifically, Hypothesis 1 stated that certainty 

of human health risks would not be a statistically significant factor influencing willingness to pay 

for a take back program.  Hypothesis 2 was that an individual’s decision to participate in a take 

back program would not be statistically significantly influenced by 1) their certainty of the 

human health risks arising from pharmaceuticals in water, 2) their decision to change the amount 

of tap water they drank if they were aware there were trace levels of medications in the water, 

and 3) whether or not children lived in their home.  Hypothesis 3 stated that the decision to 

change the amount of tap water consumed, if the consumer was aware there were trace levels of 

pharmaceuticals in the drinking water, would not be statistically significantly influenced by an 

individual’s certainty of the risks to human health arising from pharmaceuticals in water.  

Finally, Hypothesis 4 was that that there would be no similarities between North Texas Poison 

Center (NTPC) data on adverse drug exposures and tallies of medication collected at D4 events.  

Hypothesis 4 was tested by determining the types and quantity of individual medications 

returned during the D4 events and then comparing this information to data on potentially adverse 

drug exposures in Denton County reported to the NTPC.  

 

Standardization of Methods 

 During the project planning portion of this dissertation both social and scientific research 

methods were evaluated to determine the most rigorous methods of analysis for this unique 

dissertation project.  In addition to planning the methods for analysis of social based data, 

method validation was also planned and executed for an additional environmental monitoring 

portion of this dissertation.   

 Data necessary for the evaluation of the hypotheses mentioned in the previous section 
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were gathered through a series of surveys and through inventorying medications returned to D4 

events.  A wastewater monitoring program was also implemented in 2011 to evaluate a fifth 

hypothesis relating to the impact D4 events would have on the concentration of hydrocodone in 

wastewater effluent released from the Pecan Creek Water Reclamation Plant in Denton, Texas 

(See Chapter 3).   

 Two separate surveys were conducted for this dissertation.  The first survey was a pre-

event phone survey conducted prior to the first D4 event.  The purpose of this survey was poll 

Denton County residents to determine their risk perceptions regarding pharmaceuticals in the 

water, their willingness to pay for and participate in a take back program, their willingness to 

travel to participate in a take back program, and their issue awareness regarding pharmaceuticals 

in the water.  The Survey Research Center (SRC) at UNT was contracted to assist with the 

development of survey questions and to administer the survey through computer-aided software 

using random digit dial.  The strengths of this survey were that it was conducted by an 

experienced organization and surveys were conducted at various times during the days and on 

weekdays and weekends in an attempt to diversify the demographics of survey respondents.  One 

of the limitations of this survey was that due to financial restrictions the sample size was 

constrained to 400.  This sample size yielded a percent error of 4.9%.  Although this percent 

error is slightly higher than the 4.4% error that would have been achieved with at sample size of 

500, the director of the SRC, Dr. Paul Ruggiere, informed the author that 400 was a reasonable 

sample size for Denton County (Ruggiere, 2012).  An additional limitation of this research was 

that a planned Follow-Up Survey, which was intended to be conducted following the fourth D4 

event, could not be conducted due to a lack of sufficient funding. 

 The second survey conducted for the social analysis of take back program participants 
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was the D4 participant survey.  This survey was conducted at each of the four D4 events.  The 

main strength of the D4 participant survey was that the questions asked at each event were 

identical in nearly all respects.  The first of two exceptions to the conformity of the D4 

participant surveys was that following the first D4 event participants were asked for both their 

zip code and the street name of their residence, whereas at the first D4 event only zip code was 

recorded.  The second exception to survey conformity was that at the last D4 event an additional 

question was added to the survey.  This question was “Is this your first time to participate in any 

medication disposal event?”  The main limitation of the D4 participant survey was that 

incomplete addresses for D4 participants limited the strength of the geographic, socioeconomic, 

and demographic analysis of event participants.  

 The final data source for the social analysis of the D4 program was obtained through 

sorting and inventorying a random sub-sample of medications returned to the D4 events.  The 

strength of this dataset was that it facilitated a comparison between the top medications returned 

to the D4 events and the top medications reported to the NTPC as causing adverse drug 

exposures in Denton County.  A limitation of this dataset is that due to limited time and 

volunteers qualified to sort and inventory returned medications, individual pills, tablets, or other 

remaining portions of medication doses were not counted individually.  Rather, a single bottle, 

regardless of the contents inside, was counted as one tally mark on a tally sheet.  Volunteers who 

were deemed qualified to sort and tally medications included pharmacy technicians, nurses, 

graduate students with pharmacology knowledge, and older adults (40 years or older) working 

directly with these trained individuals as assistants.  An additional limitation of the D4 returned 

medication data was that some medication were not identifiable and therefore could not be 

inventoried.  The main reasons a medication was not identifiable was either because the name of 
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the medication had either been crossed out or worn out on the medication label or because D4 

participants emptied the contents of a variety of medication bottles into one single sealable bag 

and provided no labels or information regarding the specific medications in that bag.   

Procedures employed to validate the environmental monitoring of this project included 

evaluating the performance of the high performance liquid chromatography (HPLC) mass 

spectrometry (MS) method developed for the detection of hydrocodone in wastewater.  

Performance of the method was evaluated using quality control (QC) samples and standard 

solutions.  Specific characteristics examined included linearity, precision, accuracy, and 

quantification limits.  Linearity of calibration curves was determined by analyzing calibration 

standards of increasing analyte concentration.  The calibration standard curve consisted of 9 

standards and had an upper and lower bound of 1000 ppb 3.9 ppb, respectively.  Internal 

standard spikes within the 9 point calibration curve remained constant throughout the curve at 

100 ppb.  A weighted linear regression was used to determine the correlation coefficient (R2), the 

slope, and the intercept of the calibration standard.  Hydrocodone sample concentrations were 

determined using the linear regression equation obtained from the calibration curve and the 

peak/area ratios.  In addition to these validation measures, a lower limit of quantitation (LLOQ) 

of the HPLC method was determined by analyzing the results from 4 replicate runs of the 9 point 

calibration curve conducted twice over the span of 7 days.  After several LLOQ replication tests, 

a lower limit of quantitation of 3.9 ppb was achieved.  This concentration corresponds with the 

lowest point on the standard curve.   

 

Survey Design and Data Collection 

Pre-Event Phone Survey 

Prior to the first D4 event on April 24, 2010 a phone survey of Denton County residents 
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was conducted from April 16 through April 23.  The pre-event phone survey was planned for this 

time period to avoid bias from respondents who may have attended the first D4 event.  The 

Survey Research Center (SRC) of UNT was contracted to assist in survey instrument design, to 

conduct the survey, and to enter the survey data into spreadsheets.  Analysis of the data was 

completed by the author.  After an explanation of the project and intention to gather data from 

Denton County residents using a phone survey, the SRC recommended a sample size of 400.  

This sample size was the recommended because it provided a reasonable margin of error (4.9%), 

in the opinion of the director of the SRC (Dr. Paul Ruggiere), and due to budgetary limits 

(Ruggiere, 2012).  Survey questions were the product of collective collaboration between Dr. 

Duane Huggett (the chair of the committee reviewing this dissertation), Kati Stoddard (the 

author), and Dr. Paul Ruggiere.  The SRC conducted the phone survey using a Sawtooth Ci3 

Computer-Assisted Telephone Interviewing System (Ci3/CATI).  This is an interactive 

interviewing system that allows for the survey instrument to be uploaded into the program.  

Experienced SRC interviewing staff read each survey question and logged the interviewee’s 

response directly into a computer database.  One benefits of this interactive system is that any 

skips or branches incorporated into the survey instrument are automatically processed by the 

system, eliminating the chance for confusion on the interviewer’s part when skips or branches in 

the survey instrument arise.  Additionally, the computerized database is programed to eliminate 

incorrect entries, thus eliminating the possibility of one source of error.  Throughout the entire 

survey an experienced SRC supervisor was on duty to ensure quality control was maintained and 

to ensure the survey was administered correctly.  Call-backs of numbers that were not answered 

were organized by a rotating schedule that guaranteed a number would be tried at various times 

during the day and evening, and on the weekend.  A random digit dialing sample of 20,000 
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phone numbers in Denton County was generated by SCR sample selection software.  Invalid 

phone numbers were eliminated using a screening device provided by Marketing Systems Group 

and any remaining invalid numbers were screen out by SRC interviewers.  Of the 20,000 

numbers generated, 13,384 numbers were invalid.  A total of 362 numbers were classified as 

refusing to participate.  There were a total of 3,336 numbers classified as pending or no response 

and 27 numbers did not complete the survey in its entirety.  After eight days, the target goal of 

400 valid responses was obtained.  The survey was completed the Friday night immediately 

preceding the first D4 event.             

To ensure a variety of respondents had the opportunity to participate in the survey 

telephone interviews were conducted on weekdays between 1:00 pm and 4:30 pm, Sunday 

through Friday evenings from 5:30 pm to 9:00 pm, and Saturday afternoon from 12:00 pm to 

4:00 pm.  Surveys were conducted in English only and lasted for an average of 6.1 minutes.  The 

two conditions for survey participation were that the respondent was 18 years old or older and 

the respondent lived in Denton County.  Respondents not meeting these criteria were thanked for 

their time but not allowed to proceed with the survey.  A total of 121 phone numbers called did 

not meet the survey requirements.   

Respondents were asked a set of 14 questions during the survey.  Some of the 

information gathered from respondents in this survey included: 

• What their typical medication disposal practices were  

• What their certainty of the risks pharmaceuticals in water posed to the environment 
and to human health  

• Whether or not they would change the amount of tap water the consumed if they were 
aware there were trace levels of medications in the water 

• What their understanding was of how effective various water treatment technologies 
were at removing pharmaceutical from water 
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• If they would be willing to participate in a local take back program  

• How far they would be willing to travel to participate in a local take back program  

• If they would be willing to pay a yearly rate to help support a continuous local take 
back program   

The purpose of this survey was to gather information on the public’s awareness and risk 

perception regarding pharmaceuticals in the environment, their medication disposal behaviors, 

their understanding of technologies used to remove trace amounts of pharmaceuticals from 

water, and to gather data to determine the level of support this type of program would have in the 

area prior to launching a local take back program.  Institutional Review Board (IRB) approval 

was obtained from UNT prior to the initiation of the phone survey.  A copy of the pre-event 

phone survey instrument is available in Appendix B.           

 

Denton Drug Disposal Day Participant Surveys 

Each D4 event was set up as a drive-through so that participants could drive under a 

building awning to drop off their medications.  This location was selected because the awning 

would provide cover to D4 participants and volunteers in the event of inclement weather.  D4 

volunteers collected medications from participants, gave participants a packet of information on 

poison prevention (provided by the NTPC) and each participant was asked if they would be 

willing to participate in a survey.  Willing D4 participants were asked:  

• For their zip code (and street name at all but the April 2010 event)  

• Why they were disposing of their medications  

• How they learned about the event  

• How they would have disposed of their medications had they not come to the D4 
event 

• Where they normally store medications in their homes  
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• The age of people living in their homes   

Before asking for participant’s zip codes, D4 volunteers explained that their personal information 

would remain private and that their geographic information would only be used for research 

purposes and would not be released to outside parties.  The D4 participant survey instrument was 

developed by the as a joint effort between the City of Denton and the author.  The City of Denton 

assumed the responsibility of ensuring survey participants’ rights were honored and protected, so 

no UNT IRB approval was sought for the D4 participant surveys.  A copy of the D4 participant 

survey instrument is available in Appendix C.     

 

Denton Drug Disposal Day Returned Medication Data   

In addition to collecting survey data from D4 participants, at each D4 event a sub-sample 

of the returned medications was inventoried to gather information on the types and quantities of 

medications being collected.  Medications were collected from participants and transported to 

sorting and inventorying tables onsite.  Pharmacy technicians, school nurses, and UNT graduate 

students sorted controlled medications from non-controlled medications and inventoried a 

random sub-sample of each category.  All D4 volunteers were required to read and sign a 

statement explaining the City of Denton’s strict policy of zero diversion of medications from the 

site.  An additional legal safeguard put in place was the presence of a law enforcement officer 

throughout all D4 events.  Having a law enforcement office onsite during D4 events also served 

to satisfy the requirements of the CSA.   

Due to the volume of medications returned and time constraints, inventorying all 

medications was not possible.  Individual pills were not counted for each bottle inventoried, 

rather each bottle of a particular medication qualified as 1 tally mark on an inventory sheet.  At 

the first event, D4 volunteers tallying medications listed all the medications they sampled and 
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tallied the number of bottles, packets, etc., of each.  This list was then used to make a master 

sheet for the subsequent events.  The master sheet listed the brand and generic name of 

medications inventoried at the previous D4 event and included a space for the volunteer to tally 

the number of medication bottles of each item on the list encountered during the inventorying 

process.  To evaluate the potential public health benefits of pharmaceutical take back programs, 

the data obtained from these medication tallies at each D4 event were then compared to data on 

adverse drug exposures in Denton County reported to the NTPC to determine if D4 events may 

have contributed to a reduction in incidents of accidental poisonings.   

 

Results and Discussion 

Pre-Event Phone Survey 

A basic frequency analysis of data from the pre-event phone survey data revealed 65.5% 

of all respondents were female and 24.8% of all respondents lived in the City of Denton.  Data 

from the U.S. census indicates that in 2010 50.8% of Denton County residents were female (U.S. 

Census Bureau, 2012).  Comparing distribution of females in Denton County in 2010 to the 

distribution of females in the pre-event phone survey reveals that the pre-event survey sample 

has a slightly higher percentage of females compared to the county as a whole; however it should 

be noted that strides were taken to ensure a variety of participants could be reached by calling at 

different times of the day and evening and by calling on weekends.   Results from the pre-event 

phone survey also indicated that the majority of respondents (47.3%) normally disposed of their 

excess and unused medications by putting them in with their household trash.    

The pre-event phone survey also revealed interesting information about risk perceptions 

in relation to pharmaceuticals in the environment.  When asked about their certainty that 
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pharmaceuticals in the water posed a threat to the environment and the human health, the greatest 

percentage of respondents were completely sure of these threats while the second greatest 

percentage of respondents chose a middle ground between very unsure and completely sure 

(Table 2.1).  Additionally, despite the high percentage of respondents indicating they were 

certain of the environmental and public health threats of pharmaceuticals in the water, nearly one 

third of all respondents gave a response of “don’t know” or no response at all when asked about 

effectiveness of different treatment technologies for removing pharmaceuticals from water.  

Specifically, respondents were asked if they believed chlorination, home refrigerator filtering 

systems, ozonation, reverse osmosis, nanofiltration, distillation, granulated active carbon, and 

water softener systems were “very effective”, “somewhat effective”, “somewhat ineffective”, or 

“very ineffective” at removing medications from water.  Chlorination and home refrigerator 

filtering systems were viewed as somewhat effective treatments by 30.0% and 26.8% of 

respondents, respectively, however the majority of respondents did not know if ozonation or 

nanofiltration were effective treatments for removing pharmaceuticals from water.  Furthermore, 

the largest percentage of responses for reverse osmosis, distillation, and granulated active carbon 

were also “don’t know” or no response (42.8%, 35.0%, and 48.0%, respectively).  One 

interpretation that could be made from the results from these treatment methods questions is that 

the majority of respondents were unaware of what technologies could be used to remove 

pharmaceutical from water.  It is also important to point out that the largest percent of responses 

for chlorination and home refrigerator filtering systems were for the category of “somewhat 

effective”.  This is despite the fact that these methods are not effective pharmaceutical removal 

technologies (Dolar et al., 2012; Heberer, 2002; Shane et al., 2003; Snyder et al., 2008; Ternes et 

al., 2002).  It may be reasonable to conclude that one reason why individuals were able to make a 
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statement about the effectiveness of these methods as treatment options was because chlorination 

and home refrigerator filtering systems may be more familiar to lay individuals than technologies 

such as reverse osmosis and ozonation.    

In regard to participation in a pharmaceutical take back event, the pre-event phone survey 

revealed that the vast majority (75.3%) of respondents would be willing to participate.  There 

was however a geographic limitation associated with willingness to participate because the 

greatest percent of respondents (51%) indicated they would only be willing to travel less than 

five miles to participate.  This willingness to travel finding is critical information for any take 

back program because the chosen location of the event may greatly influence participation due to 

unwillingness of individuals to travel more than 5 miles to participate in the event.  Another 

important trend discovered through the pre-event phone survey was that the two most popular 

places to fill prescriptions were chain pharmacies, such as CVS and Walgreens, and pharmacies 

in supermarkets (e.g. Kroger, Wal-Mart, and Target).  This information was not applied for the 

first D4 event, however once D4 organizers became aware of this information regarding a 

threshold travel limit and locations where prescriptions are most frequently filled, they were able 

to apply this information to try to improve D4 participation rates.   

Although the location of the D4 event was not flexible due to logistics and arrangements 

made between the City of Denton and DRMC, by knowing how far people were willing to travel, 

D4 organizers distributing flyers were able to concentrate the distribution of advertising 

materials to a smaller geographic range than was used for the first event.  Additionally, by 

knowing where the majority of respondents filled their prescriptions, the D4 organizers were 

confident in the decision to place a greater proportion of advertising materials at chain 

pharmacies.  Each D4 event did see an increase in participation from the previous event (Table 
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2.2), and although it is not possible to fully attribute these improvements to adjustments made in 

the advertising methods, it is worth mentioning that resources were more efficiently utilized and 

time was better spent preparing for each event following the adjustments.   

Although the D4 events are currently free to participate in, the costs associated with 

operating this type of program can be a challenge for some organizations desiring to host a take 

back event.  Additionally, many local governments may still be feeling the effects of a lengthy 

economic recession and may be struggling to fund current popular programs and services they 

provide to their citizens.  Given these financial demands, local governments and other entities 

hosting pharmaceutical take back events may need to identify additional sources of funding for 

their events.  One option may be to impose a minimal tax or fee on citizens to support the take 

back events.  To investigate the public support for this option, data gathered from the pre-event 

phone survey was used to build two linear regression models to investigate factors that 

influenced the amount individuals were willingness to pay (WTP) per year for a continuous and 

local take back program.  Table 2.3 presents results from these two models regressing WTP on 

several potential influential factors.  Model 1 regresses WTP on survey respondents’ certainty of 

the environmental risks (ENV_RISK) and human health risks (HUMAN_RISKS) associated 

with pharmaceuticals in the water, the presence of children 18 years or younger living at home 

(KIDS), and respondents’ decision to change the amount of tap water they drink based on their 

awareness of trace levels of pharmaceuticals in drinking water (MEDS_TAP).  To investigate if 

pharmaceutical disposal practices changes the significance of the other potential predictors of 

WTP for a take back program, WTP Model 2 regresses willingness to pay on ENV_RISK, 

HUMAN_RISK, KIDS, and TAP_MEDS and four dichotomous variables measuring 

respondents’ stated past pharmaceutical disposal practices (FLUSH for flushing medications 
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down the toilet or sink, STORE for continually storing medications, TRASH for putting 

medications in the household trash, and OTHER_DISPOSE for any other medication disposal 

method).   

According to Model 1, controlling for the effects of HUMAN_RISK, KIDS, and 

MEDS_TAP, certainty of the environmental risks resulting from pharmaceuticals in the water 

has a statistically significant effect on the amount Denton County, Texas residents were willing 

to pay per year for a take back program (p ≤ .01).  Specifically, with each 1 unit increase in a 

respondents’ level of certainty, beginning at “not certain at all” and advancing to “completely 

certain” within four ordinal increments, the amount Denton County residents were willing to pay 

per year for a take back program increased by $0.280 (b = 0.280).  The variables measuring 

certainty of human health and environmental health risks, the presence of children in the home, 

and a respondents’ decision to change the amount of tap water they consume in light of 

awareness of trace levels of pharmaceuticals in drinking water only account for about 4% of the 

variation in WTP (R2 = 0.040 *100 = 4.0%); however, when pharmaceutical disposal options 

were added to the model, the percent of variation in WTP explained by the independent predictor 

variables increased to 6.3% (R2 = 0.063 *100 = 6.3%).  Although R2 values of 0.040 and 0.063 

may seem rather low, they should not be disregarded because few such analyses have been 

conducted regarding factors influencing willingness to pay for take back programs.  Furthermore, 

these R2 values are similar to those reported by Kotchen et al. (2009), the only other study the 

authors are aware of that has performed a similar analysis.   

With the addition of the disposal predictor variables (FLUSH, STORE, TRASH, and 

OTHER_DISPOSE) in WTP Model 2, certainty of environmental health risks associated with 

pharmaceuticals in the water remained the only variable to have a statistically significant effect 
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on WTP; however the amount respondents were willing to pay for a take back program increased 

slightly to $0.317 (b = 0.317) for each successive 1 unit increase in the level of certainty 

respondents had for the environmental risk posed by pharmaceuticals in the water, controlling for 

the effects of the other independent variables.  Using WTP Model 2, the amount pre-event phone 

survey respondents were willing to pay for a local and continuous take back program ranged 

from $1.37 to $2.64 (Fig. 2.1).  The results of these two models indicate that risk perception 

regarding the environmental health threats brought on by pharmaceuticals in the water had a 

statistically significant effect on an individuals’ WTP for a take back program, regardless of their 

past pharmaceutical disposal behavior.  It should be noted here that the results reported in Table 

2.3 are from regressions conducted with the inclusion of outliers.  Results from identical 

regressions for WTP Models 1 and 2 that exclude outliers differ slightly for WTP Model 2.  

When this model was executed with the exclusion of the outliers STORE gained statistical 

significance at the p < 0.05 level.   

The results of these WTP models, which indicate that certainty of environmental health 

risks associated with pharmaceuticals in the environment influence willingness to pay for a take 

back program, provide evidence to support Hypothesis 1, which that stated that certainty of 

human health risks would not be a statistically significant factor influencing willingness to pay 

for a take back program.  Information regarding what motivates individuals to support a take 

back program could be very influential in shaping a campaign designed to rally financial support 

for a local and continuous take back program within a city.  For example, should the City of 

Denton choose to introduce a nominal fee to fund the D4 program, their efforts to build support 

for imposing this fee might be more effective if they focused their communication efforts with 

citizens on the benefits the local environment would reap from the D4 program.   
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  As mentioned previously, little if any research has been dedicated to investigating the 

influence issue awareness or risk perception has on the success of a take back program.  

Furthermore, little research has been conducted to determine the influence these and other factors 

have on public participation in these programs.  Although each take back program defines 

success in its own way, for the majority of programs success is largely based on participation 

rates and volumes of medications returned.  Given the heavy dependency take back program 

success has on citizen participation, a thorough review of possible factors that may influence an 

individual’s participation in a take back program seems critical to the overall and long-term 

success of these programs.  To better understand the role risk perception and other variables play 

in take back program participation, a logistic regression was conducted using willingness to 

participate (PARTICIPATE) as the dependent variable and ENV_RISK, HUMAN_RISK, KIDS, 

TAP_MEDS, FLUSH, STORE, TRASH, and OTHER_DISPOSE as the independent variables.  

Table 2.4 presents the results from this logistic regression.  The model χ2 indicates that at least 

one of the independent variables included in this model had a statistically significant effect on 

the decision to participate in a take back program among Denton County residents, controlling 

for the effects of the other independent variables (p ≤ .05).  Specifically the PARTICIPATE 

Model indicates that FLUSH has a statistically significant effect on the decision to participate in 

a take back program (p ≤ .05) with the predicted odds of participation increasing by a factor of 

2.5 for respondents indicating they flush their medications, all else equal.  In other words, 

controlling for the effects of other independent variables, the odds of participating in a take back 

program are expected to increase by about 151% ( = (exp0.921-1)*100) for respondents who have 

flushed their medications in the past.  Additionally, though the p-values for STORE and TRASH 

(0.069 and 0.066, respectively) were not significant, these values are only slightly beyond the 
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cut-off value for significance at the 0.05 level.  The pseudo R2 value of 0.045 indicates 

approximately 4.5% of the variation in the decision to participate in a take back program is 

explained by the variables included in this model.   

These findings provide evidence to support Hypothesis 2.  The model provides sufficient 

evidence to show that the decision to participate in take back program is not influenced by an 

individual’s certainty of human health risks brought on by pharmaceuticals in the water, by their 

avoidance of drinking tap water due to issue awareness, or by having children living in their 

home.  Although it may seem counterintuitive that flushing medications as a method of disposal 

would significantly influence take back program participation, perhaps the correlation is due to a 

sense of guilt or wrong-doing on the part of those who have flushed their medications.  The 

majority of pre-event phone survey participants (70%) indicated that they had never received 

instructions on proper medication disposal, so perhaps those who flushed their medications have 

since learned that flushing medications is not the current recommended disposal method and thus 

have decided to change their behavior.  It should be noted here that when the PARTICIPATE 

model was executed with the omission of the outliers, FLUSH was no longer statistically 

significant and no other variables in the model were found to be statistically significant.        

One of the shortcomings in the scientific literature concerning take back programs is the 

lack of attention or acknowledgment given to risk perception and how it influences individuals’ 

behaviors.  As was shown by the WTP models, respondents’ certainty of environmental risks 

posed by pharmaceuticals in the water had a statistically significant effect on willingness to pay 

for a take back program (p≤ .01).  To further investigate the influence risk perception has on 

behaviors associated with pharmaceuticals in the environment, the decision to change the amount 

of tap water an individual consumes if they were aware there are trace amounts of medicines in 
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the drinking water (TAP_MEDS) was regressed on ENV_RISK, HUMAN_RISK, KIDS, 

TAP_MEDS, FLUSH, STORE, TRASH, and OTHER_DISPOSE.  The results from this logistic 

regression are displayed in Table 2.5.  Similar to the PARTICIPATE Model χ2, the TAP_MEDS 

Model χ2 indicates that at least one of the independent variables included in this model had a 

statistically significant effect on TAP_MEDS (p ≤ .001).  According to the TAP_MEDS Model, 

controlling for the effects of the other independent variables, HUMAN_RISK had a statistically 

significant effect on this decision (p ≤ .001).  Specifically, the odds of making this decision are 

expected to increase by approximately 79% ( = (exp0.581-1)*100) for each successive 1 unit 

increase in a individuals’ level of certainty of the human health risks resulting from 

pharmaceutical in the water, controlling for the effects of other independent variables.  The 

pseudo R2 value of 0.076 of this model indicates that approximately 7.6% of the variation in the 

TAP_MEDS is due to the relationship between TAP_MEDS and the independent variables 

included in the model.  Though 7.6% is a fairly small percent, it is the largest percent variation 

explained out of all four models explored.  No statistically significant differences were observed 

when this model was run with the exclusion of outliers.  Overall, the findings from the 

TAP_MEDS model provides evidence to reject Hypothesis 3, which stated that individuals’ 

certainty of the human health threats associated with pharmaceuticals in the water would not be a 

statistically significant determining factor in their decision to change the amount of tap water 

they consume, if they were aware there were trace levels of pharmaceuticals in drinking water.  

The results from this particular model are not entirely surprising considering a similar past risk-

related study have found people willingly and consciously engaged in averting behavior to avoid 

personal health consequences (Jakus et al., 2009).  
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Despite the findings of statistically significant factors within each model used to analyze 

the pre-event phone survey, it should be noted that although the initial sample size was 

reasonable at 400, after listwise deletion of cases with incomplete or invalid responses for 

variables included in the different models, sample sizes were reduced to about 250 for the WTP 

models and about 330 for the PARTICIPATE and TAP_MEDS models.  An additional limitation 

specific to the PARTICIPATE model was that there was very little variation in the dependent 

variable as over 75% of respondents indicated they would be willing to participate in a take back 

program.  This lack of variability in the dependent variable may also have had a negative effect 

on the model.  The impact of these limitations is difficult to assess and may not be strong enough 

to overcome the strengths of the study.  These strengths included a carefully planned and worded 

survey, professional survey development guidance by a facility specializing in phone surveys 

(SRC), and phone survey execution by the same specialists who took care to call at various times 

during the day and on various days of the week to capture a diversity of respondents within the 

Denton community.  

 

Denton Drug Disposal Day Participant Surveys 

Analysis of the participant surveys for the all D4 events reveals that an overwhelming 

majority of participants at all events live in area codes that include the city of Denton (75% in 

April 2010, 87% in October 2010, 85% in May 2011, and 76% in October 2011).  Given that the 

pre-event phone survey revealed that most individuals were only willing to drive less than 5 

miles to participate in a take back event, it is not unexpected to find the vast majority of D4 

participants live in and around the city of Denton.  Another trend that was observed between all 

four events was that each event had a high percentage of participants with individuals aged 60 or 
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older living in their households.  With the exception of the May 2011 event, the percentage of 

respondents with individuals 60 years old or older in the home was greater than 60% and even at 

the May event this statistic was still elevated with 46% of participants indicating this age group 

resided in their homes.       

Similarly, analysis of the participant surveys from all events revealed the most popular 

reason D4 participants chose to participate in the D4 event was because they wanted to dispose 

of expired medications.  Other frequently mentioned reasons were because the person the 

medication was prescribed to had passed on, a doctor had discontinued the medication, or 

because the person did not want to take the medication anymore (Table 2.6).  Respondents at all 

events answered the question “How would you have disposed of these medications had you not 

come to this event today” similarly; across all events the top two alternative disposal methods 

were long-term storage and household trash disposal (Table 2.7).  While it is reassuring from an 

environmental health standpoint to find a small minority would chose to flush their excess and 

unused medications, it is alarming from a public health perspective to see so that many 

individuals continually store their mediations at home because access to in-home stores of 

medications can lead to accidental misuse or intentional abuse.  What further amplifies this 

public health risk of excess stores of medications in Denton homes is that across all events the 

most frequently cited in-home location for medication storage was the medicine cabinet.  Other 

popular locations included the kitchen counter, the bathroom counter and the kitchen.  This data 

on home medication storage indicates that D4 participants are storing their medicines where 

children or teenagers may be able to gain access to them.  Although a handful of survey 

participants indicated they kept their medications in a locked cabinet, this storing habit was not 

widespread among the participants of D4 events.  One question that participants of the October 
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2011 event who went to the DRMC site were asked that was unique from the other events was 

whether or not they had attended a previous medication disposal event.  The purpose of this 

question was to determine what percentage of D4 participants were return visitors.  Of the 319 

participants surveyed at the DRMC October 2011 event, 53 (16.6%) indicated they had come to 

a previous D4 event.  This information suggests the D4 program may have the potential for long-

term public interest and support and shows some individuals are thinking critically about their 

medication disposal options and making responsible medication disposal a habit as opposed to a 

one-time occurrence.                 

In addition to the above frequency analysis, bivariate relationships for a variety of 

variables included in the D4 participant surveys were also evaluated using cross tabulation 

analysis (crosstab) in SPSS.  Specifically the relationship between age and advertisement 

method, reasons given for disposing of pharmaceuticals at a D4 event, and choice of 

pharmaceutical disposal method if participants could not have attended the D4 event were 

explored.  Due to the high percentage of respondents at D4 events indicating that individuals 60 

years of age or older lived in their residence, the age variable in all the crosstab analyses was 

formulated into a dichotomous variable (AGE_60+) with valid responses consisting of either a 1 

to indicate a person 60 years old or older lives in the residence of the participant (60+) or 0 to 

indicate the participants’ residence does not have an individual 60 years of age or older living 

there (<60).  Given the heavily skewed distribution of ages towards the 60 years old and older 

category, it is anticipated this method most accurately captured the age distribution of the sample 

population.      

Separate crosstab analyses including the above mentioned variables were conducted for 

each of the separate D4 events using the D4 participant survey data.  The crosstab analysis of all 
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D4 events revealed a statistically significantly positive relationship between newspaper as a D4 

advertisement method and individuals aged 60 or older (p ≤ .01 or greater) (Table 2.8).  This 

relationship was observed across all events and varied from moderate to strong in terms of the 

strength of the relationship.  For a specific example, at the April 2010 D4 event 57.3% of 

participants with individuals 60 years old and older living in their home learned about the D4 

event through the newspaper compared to 17.9% of participants who learned about it through the 

newspaper but did not have this age group in their homes.  This finding does not come as too 

much of a surprise considering the current anecdotal social trend of younger individuals relying 

on the internet and other digital devices for their information and entertainment and older 

individuals relying on printed news.  Further evidence that demonstrated this generational media 

dichotomy was occurring among D4 participants was provided through bivariate tables 

comparing AGE_60+ and learning about the event through a website (ADVT_WEBSITE) for the 

April 2010, May 2011 and October 2011 D4 events.  D4 participant survey data for each of these 

revealed a statistically significant moderate to strong negative relationship between learning 

about the D4 event through a website advertisement and individuals 60 years or older (p ≤ .05 or 

greater) (Table 2.9).       

Crosstab analysis also revealed another strong positive relationship between age and a 

specific reason for medication disposal.  At the October 2010 D4 event 15% of older participants 

(60+) reported they were disposing of medications at the event because their doctors ordered new 

medicine whereas only 3.5% of younger individuals cited this reason for disposal (p ≤ .05, 

gamma = 0.658).  Additionally, 47.7% of younger (<60 years old) respondents in this survey 

reported they would dispose of their medications in household trash if they could not participate 

in D4 events compared to only 27.0% of older individuals (p ≤ .05, Gamma = -0.417).  The 
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moderate negative relationship between age and choice of household trash for disposal of 

pharmaceuticals may suggest that older individuals disposed of their medications in ways other 

than through the household trash.  This difference may be attributable to older individuals having 

received guidance decades ago to flush their medications, long before it was known that this 

could cause environmental problems.   

The results from these crosstab analyses indicate that increasing newspaper 

advertisements will probably not improve D4 participation rates among younger Denton 

residents.  However, there may have been other factors at play that contributed to low 

participation rates among younger residents.  As it is generally expected that older individuals 

are prescribed more medications to manage illnesses and conditions associated with aging, 

perhaps the low participation rate among younger individuals could be explained simply by the 

fact that they may not have medications to dispose of.   Additional research could be conducted 

to determine participation willingness and in-house expired medications stores by age to 

determine if younger Denton residents should be targeted in take back advertising campaigns.  If 

this research did determine the younger demographic was in need of medication disposal 

services, take back organizers would likely have more success attracting younger participants by 

investing more resources into digital and social media advertising.  These advertising methods 

could include creating attractive and interactive websites, using Facebook and Twitter, and 

expanding advertising to other online avenues attractive to younger audiences.  Although an 

informative website and a Facebook page were created to advertise the D4 program to young 

adults, these digital and online advertising methods as well as others, such as Twitter, could have 

been more aggressively pursued by the D4 program.  Beyond attracting younger participants, 

results from the crosstab analysis on medication disposal and age suggests that it may be 
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advantageous for communities and local newspapers to publish public service announcements or 

other types of advertisements that inform older citizens on proper medication disposal when take 

back events are not available.  An additional method of informing citizens about proper 

medication disposal options would be to attach flyers with disposal information or dates for 

upcoming local take back programs to patient bags with filled prescriptions at pharmacies.  This 

type of flyer was used as an advertising method for the D4 program for the October 2011 D4 

event.    

 

Denton Drug Disposal Returned Medication Data 

At each D4 event a sub-sample of returned medications was sorted and inventoried to 

determine the types and frequencies of individual medications returned during the D4 events and 

as a means of evaluating the public health benefits of pharmaceutical take back events.  Table 2.2 

provides a comparison of the participation numbers and the mass of medications returned at each 

D4 event.  The top 10 medications returned at the each D4 event is provided in Table 2.10.  

Table 2.11 shows the top 10 compounds associated with adverse drug exposures in Denton 

County between 2008 and 2011, as was reported to the NTPC (Texas Poison Center Network, 

2012).  What is striking from the table depicting top D4 medication returns is that at each D4 

event the semi-synthetic opioid pain reliever hydrocodone, which is a controlled medication, was 

in the top five overall medications returned and that at the last three D4 events, this medication 

was the number one medication returned.  Overall controlled medications made up nearly a tenth 

of all inventoried medications at all D4 events.  Specifically, the percent of all medications 

returned that were controlled for the April 2010, October 2010, May 2011 and October 2011 

events were 7.3%, 11.4%, 9.3%, and 10.2%, respectively.  The October 2011 saw a particularly 
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high level of hydrocodone returned.  At this event, hydrocodone comprised 4.2% of all 

medications returned.  The high rate of return for hydrocodone may be partially due to high 

prescribing rates for this medication.  The top medication by dispensed prescriptions in 2010 and 

every year since 2004, which is as far back as data is readably available, was the hydrocodone-

acetaminophen drug combination (IMS Health, 2009, 2011).  Comparing Tables 2.10 and 2.11 

revealed that there were multiple medications that ranked in the top 10 of returned D4 

medications that were also medications ranked in the top 10 for adverse drug exposures in 

Denton County.  These medications included acetaminophen, ibuprofen, diphenhydramine 

(Benadryl), and the combination medication acetaminophen and hydrocodone (Vicodin).  This 

qualitative assessment indicates that Hypothesis 4, which stated there would be no similarities 

between the D4 returned medications and Denton County poison data, is not supported.  The 

finding that there are similarities between the D4 return medication data set and the NTPC 

dataset however does not necessarily indicate that the D4 program was able to help prevent 

potential accidental poisonings or intentional medication abuse in Denton County because the 

NTPC dataset indicates that incidences of adverse drug exposure to acetaminophen, ibuprofen, 

diphenhydramine, and Vicodin fluctuate from 2008 to 2011.  What may be said is that the D4 

program was able to eliminate the source of compounds frequently reported as causing adverse 

drug exposure incidences in Denton County from some homes, which may have helped to 

prevent accidental poisonings or intentional abuse; however, there is not statistical evidence to 

empirically support this latter statement.   

  While it is promising that hydrocodone is being brought in large quantities to D4 events, 

it is also troubling because it indicates that a powerful pain reliever, which can become addictive, 

is being over prescribed and going unused.  As has been discussed previously, excess 
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hydrocodone stored in home medicine cabinets could lead to or contribute to intentional abuse of 

the medication.  In addition to continuing take back events, a public service announcement or 

education campaign designed to inform citizens about the dangers of storing medications in their 

homes in easy access locations should be considered.  Another potentially useful remedy to 

address the over-abundance of hydrocodone in Denton homes might be to provide local 

prescribing physicians with the data on the amount of hydrocodone collected at D4 events.  If 

local doctors were aware of the high rate of return of hydrocodone, perhaps they might consider 

changing their prescribing practices for this medication.        

       

Geographic Analysis  

Reviewing reports and published information on past and current take back programs 

reveals that most programs have not invested in research to understand the social attributes of 

their participants or the areas where their participants live.  This information may be important 

because it has the potential to influence the success of their programs through participation rates.  

To account for this research shortcoming this dissertation project investigated social, economic, 

demographic and geographic characteristics of D4 participants using GIS.  The purpose of this 

analysis was to gather information about D4 participants that could be used to improve 

participation at future events.   

  Geographic data used for this analysis were obtained from a variety of sources.  To 

begin, data specific to D4 participants were collected at each D4 event using the D4 participant 

survey.  In the April 2010 D4 participant survey, geographic information was limited to zip code, 

however at all subsequent events participants were also asked for the name of the street they 

lived on.  ArcGIS was used to build a map of Denton, Texas and the surrounding area that 
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included roads, highways, zip code boundaries, census geography boundaries, and county 

boundaries.  Geographic based information files called shapefiles were retrieved from the North 

Central Texas Council of Governments (NCTCOG) GIS Data Clearinghouse 

(http://www.nctcog.org/ris/GIS/ [last accessed on 03.1212]) and from UNT’s Center for Remote 

Sensing (CRS) server (http://www.ias.unt.edu/crs/CRShome.htm [last accessed on 03.12.12]).  

CRS retrieves the majority of its geographic data from ESRI, a leading company in GIS software 

and data.  Street names and zip codes were used to identify the street corresponding to each D4 

participant that provided their geographic information.  Street shapefiles often will split one 

continuous street into multiple segments, so where multiple street segments comprised the road 

corresponding to where a participant stated they lived, the segments were merged into one 

continuous segment.  Streets segments which spanned across more than one zip code were 

merged only within the bounds of the zip code which corresponded to the zip code the 

participant indicated they lived within.  A point representing each D4 participant which gave a 

valid street name and zip code was placed at the midpoint of the merged street, or as close to the 

midpoint as possible.  These points will be referred to as representative points (RPs) for the 

remainder of this chapter.  In many instances multiple RPs were associated with the same street.  

In cases such as this, the first point was placed on the midpoint of the line and subsequent RPs 

were placed on either side of the initial point.  In the majority of cases the distance between RPs 

on the same street was less than 300 ft.  The ArcGIS snapping tool, which can be configured to 

find the midpoint of a selected feature, was used to find the midpoint and place each RP.  

Additionally, when editing lines and other features in ArcGIS, an “x” will appear at the midpoint 

of a selected line.  This “x” was also used confirm the midpoint of the line found by the snapping 

tool.   Each RP was labeled with a unique D4 participant ID number and other information such 

http://www.nctcog.org/ris/GIS/
http://www.ias.unt.edu/crs/CRShome.htm
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as the event the participant attended, the name of the street the point was on, and the zip code the 

point was within.   

In addition to adding the RPs to the map to determine and display the approximate 

geographic location of D4 participants, points for both of the D4 event locations were also added 

to the map.  Google Earth was use used to find the location of the Denton Regional Medical 

Center (DRMC) and the Providence Elementary School.  The distance from the center of these 

sites to distinguishable nearby intersections was measured and recorded.  This information was 

then used to approximate the location of the D4 event sites on the ArcGIS map.  To determine 

the distance D4 participants traveled to attend D4 events concentric rings were created around 

each of the two D4 sites.  The first rings were positioned to create a 0.5 mile radius around each 

site.  Subsequent concentric rings were added at 0.5 mile intervals until a ring with a 10 mile 

radius was established (Fig. 2.2).  The number of RPs in each concentric ring was determined for 

each of the two sites.  This analysis revealed that the majority of D4 participants traveled no 

more than 6 miles to attend an event at the DRMC, which is similar to the pre-event survey 

finding regarding willingness to travel.  This trend was observed for the October 2010, May 

2011, and October 2011 events held at the DRMC site.  Data were not available to analyze the 

distance April 2010 D4 participants traveled.  GIS analysis of participants of the Providence 

Elementary School site revealed an even smaller distance threshold of travel for participants.  

For this site, the number of D4 participants that attended the Providence event appears to 

decrease significantly for distances beyond 4 miles (Fig. 2.3).  This decrease in travel distance 

indicates that Providence D4 participants’ behavior mirrored the pre-event phone survey results 

more closely than that of the DRMC D4 participants.  Possible explanations for why Providence 

D4 participants traveled less may be that the area where the Providence site was located is not as 
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densely populated as the DRMC site and because only 40 participants attended the Providence 

site event compared to 319 that attended the DRMC site on the same day.  Overall, these results 

provide real-world support for the finding in the pre-event phone survey which revealed that the 

greatest number of respondents indicated they would only be willing to travel less than 5 miles to 

participate.  Although the distances are slightly different, this geographic analysis confirms the 

pre-event survey findings that revealed there was a maximum distance individuals were willing 

to travel.  Combining the survey and geographic analyses reveals that the threshold distance 

individuals are willing to travel to participate in an event is approximately between 5 to 6 miles.  

Census data was also used to analyze the D4 participants.  To ensure clarity regarding 

census data geographies a brief explanation of the census geographic hierarchal units and their 

organization is warranted here.  The smallest geographic unit within the census geographic 

hierarchy is the census block (CB).  CBs are combined to form census block groups (CBGs) and 

CBGs are combined to form census tracts.  Figure 2.4, taken from the U.S. Census website, 

illustrates this hierarchy and the relationship between different types of census geographic units.  

Lines connecting geographic types indicate that there is a definite and predictable relationship 

between the two types of geographic units (U.S. Census Bureau, 2010).  Of particular interest for 

this analysis were CBGs and Zip Code Tabulation Areas, also known as ZCTAs.  ZCTAs are 

Census Bureau statistical entities that were first created in conjunction with the 2000 census.  

These unique geographic units are created by examining each CB and determining the zip codes 

of addresses within that CB.  The most frequently occurring zip code within that CB is then 

assigned as the ZCTA code for that CB and a ZCTA unit is built from CBs with the same ZCTA 

codes.  One important characteristic of ZCTAs is that they do not follow the United States Postal 

Service (USPS) zip code maps precisely.  Additionally, unlike other Census Bureau geographic 
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units, ZCTAs are dynamic and can change over time.  ZCTAs could change if the zip codes with 

a CB changed from the time of one census to the time of the next census (U.S. Department of 

Commerce, 2001).     

Two options were available for analyzing the socioeconomic and demographic 

characteristics of the RPs.   The first option was to determine the CBGs that the RPs fell within 

and then use census data on social, demographic and economic characteristics of those CBGs to 

describe the D4 participants that lived within each CBG.  The second option was to use the same 

social, demographic and economic data on a ZCTA scale rather than a CBG scale.  For the latter 

option, characteristics of D4 participants would be analyzed based off of the zip codes they 

reported in the D4 Participation Survey rather than their RP on the map.  Although the first 

option of using CBG data was preferable because the scale is smaller and would therefore be 

more accurate in terms of describing D4 participants, this route of analysis was not selected due 

to extrapolation errors that would have resulted.  To begin, there is inherent error in the precise 

location of each RP because the exact address was not known and was therefore standardized for 

each point by placing each RP on the midpoint of the line.  Another problem was discovered 

when CBG shapefiles (obtained from the Census Bureau at 

http://www.census.gov/geo/www/tiger/tgrshp2010/tgrshp2010.html, last accessed 03.20.12) 

were added to the ArcGIS map of D4 participants.  Upon close examination it became evident 

that some streets with RPs passed through multiple CBG.  For example, three RPs are on Bell 

Ave in the zip code 76209.  The street segment of Bell Ave, which was merged only within the 

bounds of zip code 76209, passes through or straddles 6 separate CBG (Fig. 2.5).  Comparing the 

Z-scores of an economic variable across these 6 CBGs revealed drastic differences between the 

CBGs.  Additional comparisons with other street segments that passed through more than one 

http://www.census.gov/geo/www/tiger/tgrshp2010/tgrshp2010.html
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CBG produced similar results.  For these reasons, it was not possible to statistically show that 

adjacent CBGs were similar enough to be grouped together for the street segments that 

transected through them.  The conclusion was reached that an unacceptable level of error and 

bias would be introduced into the analysis of D4 participants if CBGs were used as the 

geographic unit of analysis due to assumptions made about the precise geographic location of 

RPs.  Therefore, the alternative analysis method of using ZCTA level census data was selected 

and executed.  The benefits of this method are that none of the inherent errors or bias associated 

with the geographic location of RPs would be introduced into the analysis.  However, this 

method is also not without some bias because, as was mentioned before, ZCTAs do not 

necessarily match perfectly with USPS zip code geography.  Another potential source of error is 

that the ZCTA census data used for the D4 participant analysis was based off zip codes within 

CBs in 2000; however, the zip codes provided by D4 participants are from 2010 and 2011, so 

there may be some geographic areas where zip codes changed over the course of a decade.  

ZCTA data from the 2010 census would have eliminated this problem; however this data was not 

available at the time of this analysis.  Given the limitations of the data and the options available, 

these potential sources of error were judged to be more acceptable than errors which would have 

resulted from CBG based analysis.  Future studies could avoid the problems discussed here and 

conduct a more precise analysis of event participants by asking survey respondents for their full 

street address and zip code.  Procedures would need to be established to ensure survey 

respondents’ identities and personal information remained protected.  Additionally, many 

individuals may not be comfortable with sharing this information with surveyors so it is 

suggested a well-worded disclaimer describing how individuals’ information would protected be 

crafted prior to the event so individuals’ concerns can be directly addressed immediately.   



85 

ZCTA based census data was obtained from the U.S. Census Bureau’s American 

FactFinder database available online at http://factfinder2.census.gov.  Variables included in the 

D4 participant analysis included (1) highest level of education obtained by adults 25 years old 

and older, (2) language spoken at home, (3) median household income (in 1999), (4) percent 

Hispanic or Latino, and (5) race of the head of the household.  Prior to the 2010 census, this 

demographic, social, and economic data was found in Summary File 3 (SF3) of each census.  

SF3 data was obtained from long survey forms sent out with censuses conducted before 2010 

and was only available down to the CBG level.  This data is also available at the ZCTA scale.  

For the 2010 Census, the long form was replaced by the American Community Survey (ACS), 

and although this data is more current than data from SF3 of the 2000 census, the 2010 ACS data 

was not available at the ZCTA level at the time of this writing.  Analyses of D4 participants were 

therefore conducted using 2000 SF3 census data.   

Combining all reported zip codes from D4 participants revealed a total of 32 unique and 

valid zip codes.  Of these 32 zip codes, 7 did not have a corresponding ZCTA code in the census 

data.  Zip codes lacking corresponding ZCTA codes included 5 zip codes which covered parts of 

the city of Denton, Texas, as well as one zip code for the city of Arlington, Texas and one zip 

code for the city of Rosston, Texas.  This discrepancy between reported zip codes and ZCTAs 

may be attributable to the fact that some zip codes may not have been the dominate zip code 

within a particular CB and were therefore not chosen as the ZCTA code for that CB.  For the zip 

codes that did have corresponding ZCTAs data associated with them, data for each of the five 

variables of interest were linked to D4 participants based on their reported zip codes in D4 

participant surveys.  For the purpose of this analysis, the zip code provided by each D4 

http://factfinder2.census.gov/faces/nav/jsf/pages/searchresults.xhtml?refresh=t
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participant was assumed to be their ZCTA code as well.  Social, economic and demographic 

ZCTA data was organized and analyzed for each event separately.   

Analysis of highest level of education attained by respondents based off of ZCTA level 

census data revealed that in the top 3 ZCTAs reported at each event, in terms of the number of 

participants that came from these ZCTAs, at least 21.1% of the population within the ZCTA had 

a Bachelor’s degree or higher and a minimum of 22.4% had some college education.  

Furthermore, the most frequently cited ZCTAs at each individual D4 event were associated with 

a minimum of 34.0% of the population with at least a Bachelor’s degree, a maximum of 37.7% 

obtaining the same level of education, and 22.4% of the population with some college education 

(Table 2.12).  This analysis of education attainment by of D4 participants by ZCTA indicates 

that the most well represented ZCTAs at the D4 events are associated with individuals living in 

areas where at least some college education has been achieved by 22.4% of the population and at 

least a Bachelor’s degree has been obtained by at least 34% of the population.  Considering the 

2000 census reports that the percent of all Denton County residents with at least a Bachelor’s 

degree is 36.6%, the findings from the analysis of D4 ZCTAs indicates that the educational 

attainment of D4 participants does not differ greatly from the county as a whole (U.S. Census 

Bureau, 2000b).  

Analysis of median household incomes for ZCTAs representing zip codes provided by 

D4 participants was also conducted.  Comparing median household incomes for ZCTAs 

represented by zip codes D4 participants gave at all D4 events revealed that incomes ranged 

from $30,231 to $109,351, based on the reported median household income of 1999.  This range 

of median household incomes excludes two different ZCTAs that were over 200 miles from 

Denton, Texas which both had extreme values.  With these exclusions, the overall median and 
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average median household income for all ZCTAs representing zip codes provided by D4 

participants was $52,701 and $56,834, respectively.  The range of median household incomes 

was slightly smaller ($30,231-$90,942) for the top represented ZCTAs at each D4 event (Table 

2.13).  The wide spread of median household incomes represented at each D4 event suggests that 

advertising methods reached a diverse audience because individuals who live in areas with a 

median household income of $87,000 are not likely to live immediately next to individuals with 

median household incomes of $30,000.  This diversity of household incomes also provides 

evidence to suggest that the D4 program attracted a wide range of types of individuals from 

different economic classes.  The success of D4 event attracting a diversity of household incomes 

is a reassuring finding since the vast majority of individuals, regardless of income, consume 

some type of medication and in many cases need to dispose of unused medications.    

           According the 2000 census, approximately 12.2% of Denton county residents identified 

themselves as Hispanic or Latino, regardless of race, and 10.1% of county residents indicated 

they spoke Spanish in their homes (U.S. Census Bureau, 2000a, b).  Despite these seemingly 

lower percentages, Hispanics and Latinos in North Texas make up a growing population and, for 

this reason it is important to evaluate the social and demographic characteristics of D4 

participants to estimate how well Hispanics and Latinos are represented at D4 events.  All 

ZCTAs reported as zip codes by D4 participants were pooled together and compared to evaluate 

the percent of households participating in D4 events that spoke Spanish in the home.  Overall, 

two of the ZCTAs (76201 and 76208) that were in the top 5, in terms of having the greatest 

percentage of D4 participants at each event, were also ZCTAs with the greatest percentage of 

household speaking Spanish and heads of households identifying themselves as Hispanic or 

Latino, compared to all D4 ZCTAs (Tables 2.14 and 2.15).  Given that these values exceed the 
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county averages and both the county wide data and the D4 participant data are based off of 2000 

census data, these results suggest D4 events attracted participants from areas where a higher 

percentage of the population speaks Spanish and/or has a higher percentage of the population 

that considers themselves Hispanic or Latino.  The results from this analysis suggests that 

Spanish outreach advertising efforts were effective.  Spanish outreach efforts consisted of 

distributing flyers and posters printed in Spanish around the City of Denton.  The only difference 

between the Spanish outreach effort and the English outreach effort was that less Spanish 

materials were distributed.  Additional evidence that the Spanish advertising materials attracted 

Spanish speaking individuals is the fact that several D4 participant surveys had to be translated 

for Spanish speaking participants who attended the event.             

 Further demographic analysis of D4 participants revealed the two most common races 

among D4 ZCTAs were White and African American or Black (Table 2.16).  The distribution of 

races among the top zip codes, in terms of the number of participants indicating they lived within 

each zip code, did not seem to differ substantially from the distribution of all races in all ZCTAs 

represented by D4 participants.  Although the ZCTAs represented by D4 participants are 

overwhelmingly dominated by Whites (79.7% or greater), this high percentage of Whites does 

not differ substantially from the overall racial composition of Denton County, which was 81.7% 

White and 5.9% Black at the time of the 2000 census (U.S. Census Bureau, 2000a).  It would 

appear that D4 participants at each event lived in areas where the distribution of races was 

similar to that seen on the county level.  The similarities in racial distribution in ZCTAs reported 

by D4 participants and Denton County census data helps to explain why representation of 

minority races was so low among the top zip codes listed by D4 participants.  The best probably 

explanation is that the representation of minorities within the zip codes is low to begin with, so it 
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would therefore be unfounded to expect higher percentages of Blacks, Asians, or other minority 

groups at D4 events.       

 

Conclusion 

With the introduction of the U.S. DEA’s Take Back Initiative program, which organizes 

nationwide pharmaceutical take back events, more and more of the general public is becoming 

aware of the need for proper pharmaceutical disposal.  However, despite increasing public 

awareness and participation in such programs, very few studies have investigated the social, 

demographic, economic or geographic facets that essentially drive take back programs.  The 

purpose of this chapter was to report on research that was conducted to narrow these knowledge 

gaps.  This chapter reported findings from a study designed to illuminate factors that motivated 

individual willingness to pay for and participate in take back programs.  Additionally this portion 

of the dissertation investigated socioeconomic, demographic and geographic characteristics of 

take back program participants.   

A semiannual take back event called Denton Drug Disposal Day (D4) was organized and 

established jointly by researchers at University of North Texas and by City of Denton officials to 

facilitate this study and to provide City of Denton residents with an opportunity to dispose of 

their expired or unwanted medications.  A Denton County phone survey was conducted before 

the first D4 event took place to collect data on the knowledge and risk perception of county 

residents in regard to pharmaceuticals.  Data on take back program support was also gathered 

using this survey.  This survey revealed that 75% of county residents were willing to participate 

in a local take back program.  The term “local” was revealed to be very significant because the 

majority of respondents indicated their threshold of travel to participate was less than 5 miles.  
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These results regarding take back program support and travel restrictions for participation were 

very interesting because they indicate there is a strong level of support for a take back program 

in Denton County; however this support is limited by distance individuals are willing to travel to 

participate in such a program.  Analysis for the pre-event phone survey also revealed that 

individuals’ certainty regarding the environmental health risks posed by pharmaceuticals in the 

water is a significant factor influencing their willingness to pay for a take back program.  

Statistical analysis of pre-event phone survey data also revealed that the past medication disposal 

behavior of flushing medications down the toilet or sink was a statistically significant factor 

influencing willingness to participate in a take back program.  Risk perception analysis of the 

pre-event phone survey data showed that certainty of the human health risks posed by 

pharmaceuticals in the water significantly influenced an individual’s decision to change the 

amount of tap water they drank, if they were aware there were trace levels of pharmaceuticals in 

the drinking water.  The results from models investigating factors influencing willingness to pay 

and factors influencing the averting behavior of changing tap water consumption provide 

evidence to suggest that an individual’s level of awareness demonstrates action or behavior 

changes on their part.         

Characteristics of take back program participants were investigated using data collected 

from surveys given to D4 participants at each of the four D4 events conducted over two years.  

Data from each D4 event was analyzed using cross tabulation analysis and revealed a significant 

relationship between age of residents in the household of D4 participants and D4 advertisement 

methods.  A very strong to moderately strong positive relationship was observed between older 

individuals (60 years old and older) and hearing about the D4 event through newspaper 
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advertisements.  On a similar but opposite note, a very strong to moderately strong negative 

relationship was observed between older individuals and D4 website advertisements.  

 Inventories of random sub-samples of medications collected at D4 events revealed that 

hydrocodone was among one of the top five medications returned at all D4 events.  Since 

hydrocodone is a controlled medication with known abuse potential, this information reveals that 

there is an excess of a commonly abused pain reliever in Denton residents’ homes.  Data from 

the inventories of the sub-samples of medications collected at D4 events were compared to data 

from the North Texas Poison Control Center, which lists the types of substances reported as 

causing potentially adverse drug exposures to North Texas residents.  Similarities between these 

two data sets indicate that the D4 program collected medications which were also common 

sources of poison cases in Denton County.          

Additional analysis of D4 participants was conducted using Geographic Information 

Systems (GIS) and street names and zip codes D4 participants disclosed in the D4 participant 

surveys.  GIS analysis of D4 participants’ approximate home locations revealed the majority of 

participants traveled 6 or fewer miles to attend a D4 event.  Although the distance revealed in the 

pre-event phone survey differs from the distance revealed in the GIS analysis by about a mile, 

the GIS analysis still provides confirmation for the limit of travel stipulation revealed by 

respondents in the pre-event phone survey.  Geographic data obtained from the D4 participant 

surveys was also analyzed with census data to investigate social, economic and demographic 

characteristics of D4 participants.  Analysis of census education attainment data for the most 

frequently cited zip codes by D4 participants revealed that at least 22.4% of the population had 

some college education and 34% had at least a Bachelor’s degree.  D4 participants lived in areas 

where the median household income ranged from $30,231 to $109,351.  When comparing the 
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areas D4 participants lived to the county as a whole, D4 participants lived in zip code areas 

where a higher percentage of the population spoke Spanish and where a higher percentage of the 

population identified themselves as Hispanic or Latino.  Finally, based on census data on race, it 

appears that zip codes from which D4 participants came from did not differ substantially, in 

terms of racial diversity, from Denton County as a whole.     

 The results from the analyses of the surveys, the medications collected at D4 events, and 

the geographic analysis of D4 participants provided some new insight into take back programs 

and their participants.  Beyond just investigating the characteristics of individuals that participate 

in take back programs, this chapter provided some evidence to suggest that these programs may 

help to improve public health by eliminating excess and unused medication stored in local 

homes.  Given that the Secure and Responsible Drug Disposal Act that was passed in 2010 

which requires that a system be set up for citizens to safely and securely dispose of their 

controlled medications, it is likely that the DEA’s National Take Back Initiative and other local 

take back programs will continue to operate to provide pharmaceutical disposal options for 

concerned citizens.  Organizers of future take back programs and events may be able to improve 

their programs by incorporating some of the key findings from this research, such as the 

willingness to travel to participate threshold.  Overall, the results of this study have the potential 

to help address some of the public health concerns of accidental poisoning and medication 

misuse and abuse by helping to reduce or eliminate excess stores of in-home medications. 
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Table 2.1 
 Percentage of pre-event phone survey respondents that think medicines in the water pose a 
threat to the environment or public health.  

  

Think that medicines in the 
environment pose a threat to 

the environment 

Think that medicines in the 
environment pose a threat to the 

human health 
Certainty Percent Percent 
Very unsure 8.5 7.3 
Middle ground 22.3 21.5 
Completely sure 41.8 42.5 
Don’t know 3.5 2.5 

 
 

Table 2.2  
Comparison of participation and pounds of medications collected at all D4 events. 

 April 2010 Oct 2010 May 2011 Oct 2011 Percent Increase 
from 1st to 4th Event 

Participants   113 183 192 359 217.7% 
Pounds Returned  368 514 524 1150 212.5% 
 
Table 2.3 
Linear regression estimates predicting willingness to pay for a pharmaceutical take back program 
in Denton, Texas. 

Variable 
Model 1 Model 2 

b Beta b Beta 
ENV_RISK (ordinal scale)a  0.280** (.111)  0.250 .317** (.112) 0.282 
HUMAN_RISK (ordinal scale)a  -0.88 (.120)  -0.074 -.072 (.120) -0.061 
KIDS (1 = Yes; 0 = No)  -0.076 (.187)  -0.025 -.122 (.191) -0.041 
TAP_MEDS (1 = Yes; 0 = No) 0.005 (.201) 0.002 -.052 (.204) -0.017 
FLUSH (1 = Yes; 0 = No) -- -- .281 (.294) 0.078 
STORE (1 = Yes; 0 = No) -- -- -.534 (.341) -0.117 
TRASH (1 = Yes; 0 = No) -- -- .116 (.268) 0.039 
OTHER_DISPOSE (1 = Yes; 0 = 
No) -- -- -.087 (.320) -0.022 
Constant   1.238   1.053   
F 2.591*   2.048*   
R2  0.040   0.063   
Adjusted R2  0.025   0.032   
Se  1.463   1.457   

a A higher value indicates more certainty of risk. Note: N = 254; Model 1 df = 4; Model 2 df = 8; 
b = unstandardized regression coefficient with standard error in parentheses;   Beta = 
standardized regression coefficient. *p ≤.05; **p ≤ .01; ***p ≤ .001 (one-tailed test)  
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Table 2.4 
Logistic regression estimates predicting Denton County, Texas residents’ willingness to 
participate in a pharmaceutical take back program. 

Variables b Odds Ratio 
ENV_RISK (ordinal scale)a 0.126 (.162) 1.134 
HUMAN_RISK (ordinal scale)a 0.131 (.165) 1.141 
KIDS (1 = Yes; 0 = No) 0.009 (.287) 1.009 
TAP_MEDS (1 = Yes; 0 = No) 0.448 (.283) 1.565 
FLUSH (1 = Yes; 0 = No) 0.921* (.444) 2.511 
STORE (1 = Yes; 0 = No) 1.055 (.581) 2.873 
TRASH (1 = Yes; 0 = No) 0.701 (.381) 2.016 
OTHER_DISPOSE (1 = Yes; 0 = No) 0.372 1.450 
Constant  -0.658  
-2 log likelihood 334.777  
Model χ2 15.472*  
Pseudo R2 0.045  
N 328  

a A higher value indicates more certainty of risk 
Note: df = 8; b = unstandardized regression coefficient with standard error in parentheses 
*p ≤ .05; **p ≤ .01; ***p ≤ .001 (two-tailed test)  
 
Table 2.5 
Logistic regression estimates predicting Denton County, Texas residents’ decision to change the 
amount of tap water consumed due to awareness of trace pharmaceutical levels in drinking 
water. 

Variables b Odds Ratio 
ENV_RISK (ordinal scale)a -0.136 (.156) 0.873 
HUMAN_RISK (ordinal scale)a 0.581*** (.160) 1.787 
KIDS (1 = Yes; 0 = No) 0.002 (.247) 1.002 
FLUSH (1 = Yes; 0 = No) 0.658 (.375) 1.931 
STORE (1 = Yes; 0 = No) -0.089 (.441) 0.915 
TRASH (1 = Yes; 0 = No) 0.181 (.328) 1.199 
OTHER_DISPOSE (1 = Yes; 0 = No) 0.127 (.395) 1.135 
Constant  -1.390  
-2 log likelihood 416.894  
Model χ2 27.571***  
Pseudo R2 0.076  
N 337  

a A higher value indicates more certainty of risk 
Note: df = 7; b = unstandardized regression coefficient with standard error in parentheses;    
*p ≤ .05; **p ≤ .01; ***p ≤ .001 (one-tailed test) 
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Table 2.6 
Participants' reasons for medication disposal at D4 events. 
Reasons for disposing of medications April 2010 Oct 2010 May 2011 Oct 2011 
Expired 61.0% 41.9% 56.6% 50.6% 
Dr. discontinued 2.7% 13.3% 6.1% 10.8% 
Dr. ordered new medicine 3.4% 6.7% 4.4% 6.9% 
Felt better 4.8% 4.8% 0.4% 1.0% 
Adverse side effects or allergic reaction 1.4% 2.6% 2.2% 1.7% 
Person medicine prescribed to passed on 11.0% 8.2% 5.7% 9.8% 
Did not want to take 1.4% 5.2% 7.9% 2.2% 
Prevention of intentional misuse or accidental 
poisoning 2.7% 4.1% 5.3% 5.2% 

Other 11.7% 13.3% 11.4% 11.8% 
 
Table 2.7  
D4 participants’ alternative disposal choice if D4 was not available. 
Alternative disposal behaviors April 2010 Oct 2010 May 2011 Oct 2011 
Flush  8.3% 6.0% 7.0% 10.0% 
Dispose of in household trash 18.2% 29.5% 24.0% 26.3% 
Continually store them 55.4% 48.1% 43.5% 46.0% 
Don't know 2.5% 8.2% 12.5% 10.6% 
Other 15.7% 8.2% 13.0% 7.1% 

 
Table 2.8 
Crosstab of age and newspaper advertisement. 

      April 2010a Oct 2010b May 2011c Oct 2011d 
Age_60+ Age_60+ Age_60+ Age_60+ 

      0 1 0 1 0 1 0 1 
ADVT_NP: 0 Count 32 32 40 44 84 49 87 92 

    
% within 
AGE_60
+  

82.1% 42.7% 70.2% 44.0% 84.8% 59.0% 74.4% 47.2% 

  1 Count 7 43 17 56 15 34 30 103 

   
% within 
AGE_60
+ 

17.9% 57.3% 29.8% 56.0% 15.2% 41.0% 25.6% 52.8% 

Total  Count 39 75 57 100 99 83 117 195 

    
% within 
AGE_60
+ 

100% 100% 100% 100% 100% 100% 100% 100% 

a p ≤ .001(two-tailed test), Continuity Correction p-value, Gamma = 0.720; b p ≤ .01(two-tailed 
test), Continuity Correction p-value, Gamma = 0.499; c p ≤ .001(two-tailed test), Continuity 
Correction p-value, Gamma = 0.591; a p ≤ .001(two-tailed test), Continuity Correction p-value, 
Gamma = 0.529 
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Table 2.9 
Crosstabs of age and website advertisement. 

      
April 2010a May 2011b Oct 2011c 
Age_60+ Age_60+ Age_60+ 

      0 1 0 1 0 1 
ADVT_ 
WEBSITE: 0 Count 30 69 76 78 105 188 

    
% within 
AGE_60+  76.9% 92.0% 76.8% 94.0% 89.7% 96.4% 

  1 Count 9 6 23 5 12 7 

    
% within 
AGE_60+ 23.1% 8.0% 23.2 6.0% 10.3 % 3.6% 

Total  Count 39 75 99 83 117 195 

    
% within 
AGE_60+ 100% 100% 100% 100% 100% 100% 

a p ≤ .05(two-tailed test), Continuity Correction p-value, Gamma = -0.551 
b p ≤ .01(two-tailed test), Continuity Correction p-value, Gamma = -0.650 
c p ≤ .05(two-tailed test), Continuity Correction p-value, Gamma = -0.509 
 
Table 2.10 
Top 10 medications returned at D4 events. 

April 2010 October 2010 May 2011 October 2011 
Acetaminophen  *Hydrocodone *Hydrocodone *Hydrocodone 
Ibuprofen  Potassium chloride Acetaminophen  Gabapentin 
Acetylsalicylic acid Levothyroxine Albuterol  Acetaminophen  
Hydrocortisone *Propoxyphene 

(Darvon) 
Ibuprofen  Promethazine  

Diphenhydramine Fluticasone propionate Amlodipine Albuterol  
*Acetaminophen and 
hydrocodone 

Ibuprofen Diphenhydramine Lisinopril 

*Hydrocodone Cyclobenzaprine Loperamide Prednisone 
Guaifenesin Promethazine Promethazine *Acetaminophen 

and hydrocodone 
Albuterol Acetaminophen Naproxen Potassium chloride 
Promethazine Atorvastatin Propoxyphene Amoxicillin 

*Controlled 
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Table 2.11 
Top 10 medications attributed to adverse exposures in Denton County. 

2008 2009 2010 2011 
Ibuprofen Ibuprofen Ibuprofen Acetaminophen 
Multivitamins  Acetaminophen  Acetaminophen  Ibuprofen 
Acetaminophen Multivitamins Multivitamins Multivitamins  
Diphenhydramine Diphenhydramine Diphenhydramine Diphenhydramine 
Alcohol Cetirizine Cetirizine *Acetaminophen 

and hydrocodone 
Zinc oxide Calcium carbonate *Acetaminophen 

and hydrocodone 
Cetirizine 

Cetirizine Zinc oxide Zinc oxide Zinc oxide 
Cocaine Loratadine Alprazolam Clonazepam 
Clonazepam Alprazolam  Calcium carbonate Alprazolam 
*Acetaminophen and 
hydrocodone 

Montelukast  Loratadine Loratadine 
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Table 2.12  
Education attainment by ZCTA.
ZCTA Percent of D4 

Event 
Participants by 
Event  

Less 
9th 
Grade 

9-12 (No 
Diploma
) 

HS 
Graduate 
or Equal 

Some 
College (No 
Degree) 

Associate
s Degree 

Bachelor’
s Degree 

Graduate 
or 
Professiona
l Degree 

Bachelor’s 
Degree or 
Higher 

April 2010 
76205 24.62 6.4 5.6 18.9 25.4 6.0 24.6 13.1 37.7 
76201 13.85 7.8 10.2 20.0 22.4 5.7 20.6 13.4 34.0 
76207 10.77 2.9 7.2 21.6 23.1 6.0 25.7 13.5 39.2 
76208 10.77 7.7 12.6 29.1 26.3 3.3 14.6 6.5 21.1 
75077 7.69 1.1 2.7 15.5 25.8 7.1 36.1 11.7 47.8 
Oct 2010 
76205 26.14 6.4 5.6 18.9 25.4 6.0 24.6 13.1 37.7 
76201 23.86 7.8 10.2 20.0 22.4 5.7 20.6 13.4 34.0 
76208 14.77 7.7 12.6 29.1 26.3 3.3 14.6 6.5 21.1 
76207 12.50 2.9 7.2 21.6 23.1 6.0 25.7 13.5 39.2 
May 2011 
76201 21.21 7.8 10.2 20.0 22.4 5.7 20.6 13.4 34.0 
76205 19.19 6.4 5.6 18.9 25.4 6.0 24.6 13.1 37.7 
76207 16.16 2.9 7.2 21.6 23.1 6.0 25.7 13.5 39.2 
76208 16.16 7.7 12.6 29.1 26.3 3.3 14.6 6.5 21.1 
76226 6.06 1.7 5.5 21.1 25.5 5.5 29.9 10.7 40.6 
76227 6.06 4.6 10.0 29.9 28.8 5.2 15.0 6.5 21.5 
Oct 2011 
76205 18.18 6.4 5.6 18.9 25.4 6.0 24.6 13.1 37.7 
76207 17.11 2.9 7.2 21.6 23.1 6.0 25.7 13.5 39.2 
76201 14.44 7.8 10.2 20.0 22.4 5.7 20.6 13.4 34.0 
76208 11.76 7.7 12.6 29.1 26.3 3.3 14.6 6.5 21.1 
76227 11.76 4.6 10.0 29.9 28.8 5.2 15.0 6.5 21.5 
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Table 2.13 
Median household income (1999) by ZCTA. 

ZCTA  

 Percent of D4 Event 
Participants by 
Event 

 Median HH Income 
(1999) 

April 2010 
76205 24.62 $54,433 
76201 13.85 $30,231 
76207 10.77 $47,014 
76208 10.77 $39,428 
75077 7.69 $86,988 

Oct 2010  
76205 26.14 $54,433 
76201 23.86 $30,231 
76208 14.77 $39,428 
76207 12.50 $47,014 

May 2011  
76201 21.21 $30,231 
76205 19.19 $54,433 
76207 16.16 $47,014 
76208 16.16 $39,428 
76226 6.06 $90,942 
76227 6.06 $51,542 

Oct 2011  
76205 18.18 $54,433 
76207 17.11 $47,014 
76201 14.44 $30,231 
76208 11.76 $39,428 
76227 11.76 $51,542 
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Table 2.14 
Language spoken at home and percent Hispanic or Latino by ZCTA. 

ZCTA 

Percent of D4 
Event Participants 
by Event 

Percent Speaking 
English Only 

Percent 
Speaking 
Spanish  

Percent 
Hispanic or 
Latino 

April 2010  
76205 24.62 87.5 9.5 7.46 
76201 13.85 79.7 14.8* 12.08* 
76208 10.77 82.7 15.9* 14.00* 
76207 10.77 86.1 8.6 7.30 
75077 7.69 90.6 4.5 4.82 
Oct 2010  
76205 26.14 87.5 9.5 7.46 
76201 23.86 79.7 14.8* 12.08* 
76208 14.77 82.7 15.9* 14.00* 
76207 12.50 86.1 8.6 7.30 
May 2011  
76201 21.21 79.7 14.8* 12.08* 
76205 19.19 87.5 9.5 7.46 
76207 16.16 86.1 8.6 7.30 
76208 16.16 82.7 15.9* 14.00* 
76226 6.06 94.9 3.3 1.93 
76227 6.06 91.2 7.8 5.70 
Oct 2011  

76205 18.18 87.5 9.5 7.46 
76207 17.11 86.1 8.6 7.30 
76201 14.44 79.7 14.8* 12.08* 
76208 11.76 82.7 15.9* 14.00* 
76227 11.76 91.2 7.8 5.70 

* Denotes highest percentage among listed ZCTAs 
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Table 2.15 
Language spoken at home for all D4 represented ZCTAs. 

All ZCTAs  
Percent Only 
English 

Percent 
Other 

Percent 
Spanish 

75211 29.3 70.7 69.2 
76127 83.6 16.4 16.4 
76208 82.7 17.3 15.9* 
76201 79.7 20.3 14.8* 
75068 84.4 15.6 14.4 
75067 80.3 19.7 13.6 
76258 85.6 14.4 13.2 
76205 87.5 12.5 9.5 
76065 89.9 10.1 8.8 
76207 86.1 13.9 8.6 
75065 88.1 11.9 8.0 
76227 91.2 8.8 7.8 
76249 91.5 8.5 7.4 
76266 92.2 7.8 6.9 
76259 91.9 8.1 6.6 
76233 93.1 6.9 5.8 
75022 90.8 9.2 5.4 
76247 93.1 6.9 5.1 
77345 90.3 9.7 4.8 
76028 94.1 5.9 4.6 
75077 90.6 9.4 4.5 
75028 90.8 9.2 4.4 
76226 94.9 5.1 3.3 
73062 92.6 7.4 2.0 
56209 98.0 2.0 1.2 
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Table 2.16 
Racial composition by ZCTA. 

ZCTA  

Percent of 
D4 
Participants 
by Event  White Black 

Alaskan Native 
/American 
Indian Asian 

Native Hawaiian/ 
Other Pacific 
Islander Other  

April 2010 
76205 24.62 84.65 7.00 0.58 1.69 0.00 4.36 
76201 13.85 79.74 7.17 0.42 4.39 0.11 5.97 
76207 10.77 81.25 6.42 0.71 2.22 0.00 4.66 
76208 10.77 85.78 2.76 1.39 0.33 0.00 8.23 
75077 7.69 89.96 3.83 0.31 2.32 0.08 1.84 
Oct 2010 
76205 26.14 84.65 7.00 0.58 1.69 0.00 4.36 
76201 23.86 79.74 7.17 0.42 4.39 0.11 5.97 
76208 14.77 85.78 2.76 1.39 0.33 0.00 8.23 
76207 12.50 81.25 6.42 0.71 2.22 0.00 4.66 
May 2011  
76201 21.21 79.74 7.17 0.42 4.39 0.11 5.97 
76205 19.19 84.65 7.00 0.58 1.69 0.00 4.36 
76207 16.16 81.25 6.42 0.71 2.22 0.00 4.66 
76208 16.16 85.78 2.76 1.39 0.33 0.00 8.23 
76226 6.06 97.02 0.25 0.84 0.25 0.00 0.67 
76227 6.06 93.35 0.29 1.16 0.00 0.00 4.05 
Oct 2011 
76205 18.18 84.65 7.00 0.58 1.69 0.00 4.36 
76207 17.11 81.25 6.42 0.71 2.22 0.00 4.66 
76201 14.44 79.74 7.17 0.42 4.39 0.11 5.97 
76208 11.76 85.78 2.76 1.39 0.33 0.00 8.23 
76227 11.76 93.35 0.29 1.16 0.00 0.00 4.05 
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Fig. 2.1. Estimated willingness to pay for a local take back program. 
 
 

 
 

Fig. 2.2. Geographic distribution of D4 participants. 
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Fig. 2.3. Distance traveled to D4 events. 
 

  
 

Fig. 2.4. Census geographic units (taken from U.S. Census Bureau, 2010). 
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Fig. 2.5. Bell Ave transecting multiple CBGs.
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CHAPTER 3 
 

HYDROCODONE IN WASTEWATER EFFLUENT AS AN INDICATOR OF DENTON 
DRUG DISPOSAL DAY SUCCESS 

 
Introduction 

As has been discussed in previous chapters, a great deal of research has been devoted to 

evaluating the extent of environmental pharmaceutical contamination and to determining the 

wide spectrum of effects these compounds have on aquatic and terrestrial organisms.  

Pharmaceutical take back programs have been implemented at local, state and national levels as 

a potential method to improve environmental health by reducing pharmaceutical loads released 

into the environment, however despite the fact that many of these programs have been successful 

in collecting and properly disposing of excess and unused pharmaceuticals, to date little to no 

research has been dedicated to evaluating whether or not these programs actually improve 

environmental health.  To address this research gap the wastewater effluent concentration of the 

pharmaceutical hydrocodone was measured before and after Denton Drug Disposal Day (D4) 

events in Denton, Texas over a period of 9 months to determine if the D4 program was 

successful in improving local environmental health.  Hydrocodone was selected because this 

medication was in the top ten medications collected at D4 events prior to the start of the 

wastewater monitoring portion of this dissertation project and because it was in the top ten drugs 

reported to the North Texas Poison Center for causing a potential adverse drug exposure in 

Denton County every year since 2008 (Texas Poison Center Network, 2012).     

Hydrocodone is a heavily prescribed semi-synthetic opioid medication derived from 

naturally occurring opioids, such as codeine.  Like other opioids, hydrocodone is a central 

analgesic that relieves pain by binding to the opioid receptors in the brain and dorsal horn of the 

spinal tract to reduce the physical reaction to pain.  Once bound to the opioid receptors (mµ, 
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kappa and delta), opioids mimic endogenous analgesic peptides, such as endorphins, to prevent 

nociceptor signals from reaching the spinal cord.  This interaction leads to a reduction in the 

ability to excite nerves and to changes in pain perception which together provide pain relief.  

Hydrocodone also acts as a very effective antitussive agent by suppressing the cough reflex 

(Nagle and Hitner, 2005).  The effectiveness of hydrocodone as an analgesic and antitussive is 

very likely one of the significant factors contributing to the wide spread use of this medication.  

From 2006 to 2010 the common hydrocodone-acetaminophen combination medication was not 

only the most frequently prescribed opioid analgesic prescribed in the United States, but it was 

also the overall top pharmaceutical product prescribed with 3,995.2 million prescriptions being 

filled in 2010 (IMS Health, 2011).  Common trade names of the acetaminophen-hydrocodone 

combination medication include Vicodin, Lortab, and Lorcet.       

In addition to being a heavily prescribed medication, hydrocodone diversion and abuse 

has been on the rise for several years.  Due to the addictive nature of this medication, it, like all 

other narcotic medications, is regulated by the U.S. Drug Enforcement Administration (DEA).  

DEA records indicate that in 2008 hydrocodone was one of the second most frequently reported 

opioid medications to be submitted to the state or national government for evidence by the 

National Forensic Laboratory Information System, the DEA’s drug forensic laboratory reporting 

system (DEA, 2011).  Additionally, the U.S. Department of Health and Human Services (HHS) 

Drug Abuse Warning Network (DAWN) reports that between 2004 and 2008 emergency room 

(ER) visits resulting from non-medical use of hydrocodone, as well as four other narcotic pain 

relievers, increased over 100%.  During that same time period the percent of ER visits due to 

suicide attempts using hydrocodone rose 66%.  In 2008 hydrocodone alone accounted for 9.2% 

(89,051) of all ER visits brought on by non-medical use of pharmaceuticals (SAMHSA, 2011).  
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Given the knowledge about how pharmaceuticals enter the environment and the widespread use 

and abuse of hydrocodone, it should not be unexpected that hydrocodone has been detected 

within a wide range of concentrations in environmental water samples of varying degrees of 

wastewater influence.  A summary of the environmental concentrations of hydrocodone reported 

in the literature is provided in Table 3.1.  

Although hydrocodone has been detected in the environment, to the knowledge of the 

author, no study has investigated whether or not the environmental concentration of this 

pharmaceutical, or any other pharmaceutical for that matter, could be reduced by implementing a 

pharmaceutical take back program.  These programs provide citizens the opportunity to properly 

dispose of their medications, thereby preventing the improper disposal of medications down the 

toilet or sink.  Improper disposal of medications and post-consumer excretion of pharmaceuticals 

are the two main pathways by which pharmaceutical residues are released into the environment.  

The main objective in this portion of the dissertation project was therefore to determine the 

loading of the representative pharmaceutical hydrocodone to the environment before and after 

two D4 events as a measure of environmental health.  This data was then used to evaluate the 

Hypothesis 5 which stated that the average concentration of hydrocodone in Pecan Creek Water 

Reclamation Plant (PCWRP) effluent will not differ significantly between sampling events that 

take place before a D4 event and sampling events that take place after a D4 event, thus showing 

that the D4 events had no significant impact on environmental health as measured by a reduction 

in the average concentration of hydrocodone in the effluent discharged from the PCWRP. 

 

Materials and Methods  

Chemicals and Materials 

Standards obtained for this research included a hydrocodone standard and a deuterated 
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hydrocodone (hydrocodone-d3) standard.  Hydrocodone-d3 was used as the internal standard for 

hydrocodone.  Both standards were purchased from Cambridge Isotope Laboratories (Andover, 

MA, USA).   Standards arrived dissolved in methanol at 1,000 ppm (hydrocodone) and 100 ppm 

(d3) and were subsequently diluted to 1 ppm working stocks.  Original stocks and working stocks 

were stored at 4°C between uses.  High-performance liquid chromatography (HPLC) quality 

grade methanol (MeOH), acetonitrile (ACN), and methyl tert-butyl ether (MTBE) were 

purchased from Fisher Scientific (Pittsburgh, PA, USA).   Oasis hydrophilic-lipophilic-balanced 

(HLB) solid-phase extraction (SPE) cartridges with a reversed-phased sorbent bed were 

purchased from Water Corporation (Milford, MA, USA).   

 

Wastewater Treatment Plant Effluent Sampling  

Effluent samples from the Pecan Creek Water Reclamation Plant (PCWRP) in Denton, 

Texas were collected over a 9 month period beginning in April of 2011 and terminating in 

December of 2011.  The PCWRP is the main Wastewater Treatment Plant (WWTP) serving 

Denton, Texas.  Wastewater entering the PCWRP first passes through a bar-screen, a grit 

removal system, and then a primary clarifier to remove solids from the water.  Wastewater is 

then directed towards an activated sludge basin or aeration basin which uses bacteria, rotifers and 

protozoa to decompose organic material.  Following this, wastewater is processed through a final 

clarifier and then a sand filter to remove any remaining particles.  Ultraviolet radiation (UV) 

light is used as the tertiary treatment to neutralize bacteria remaining in the water.  After this 

process is complete, treated effluent is discharged into Pecan Creek which then flows into Lake 

Lewisville (Hunter, 2012).   Lake Lewisville, along with Lake Ray Roberts, serves as the main 

drinking water reservoirs for Denton and other surrounding municipalities.  The PCWRP has an 
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average plant capacity of 21 million gallons per day (mgd) and a maximum capacity of 46 mgd 

during peak flow conditions (City of Denton Texas Public Utility Board, 2009).        

At each sampling event, wastewater effluent from the PCWRP was collected at the 

discharge point of the plant.  Samples were carefully collected so that they were comprised only 

of PCWRP effluent.  Pure effluent samples were obtained by collecting samples directly from 

the mouth of the discharge pipe.  Samples were collected just below the surface of the effluent by 

hand from a strategic position on a constructed dock at the mouth of the effluent pipe.  Pre-

washed and dried 1 L amber bottles were used to collect samples.  Each sample bottle was rinsed 

three times with effluent before collecting the sample.  Sample bottles were stored on ice for 

transportation from the PCWRP to the laboratory.  Samples remained on ice until they were 

processed, which in all cases was within 1 to 3 hours.  This short window of storage time falls 

well within the Environmental Protection Agency’s (EPA) recommended storage time of 40 

hours for samples intended for the analysis of pharmaceuticals in water by HPLC-mass 

spectrometry (MS) (U.S. Environmental Protection Agency, 2007).    

 

Sample Preparation 

Effluent samples were vacuum-filtered through a series of progressively finer Whatman 

filters, beginning with a 60 µm filter.  Subsequent filters included a 20-25 µm filter and an 11 

µm filter.  Whatman filter papers were purchased from Fisher Scientific (Pittsburgh, PA, USA).  

Filtered effluent was divided into 500 mL aliquots and transferred to 1000 mL flasks.  For each 

sampling event, one 500 mL effluent aliquot was designated to serve as a matrix quality control 

(QC) and was spiked with 500 µL of a pre-made solution of internal standard (hydrocodone-d3) 

and hydrocodone standard.  A method quality control, which used Milli-Q water (MQ), was also 
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prepared in the same manner as the matrix QC for each sampling event.  In addition to the two 

QC samples, three replicate 500 mL effluent samples were spiked with 500 mL of internal 

standard only.         

Spiked effluent and QC samples were concentrated by passing them through pre-

conditioned Oasis HLB SPE cartridges (Waters Corporation, Milford, MA, USA) at a rate of 3-5 

mL/minute using an SPE manifold and a vacuum pump set-up.  HLB SPE cartridges were 

conditioned using sequential elution of 10 mL MTBE, 10 mL of MeOH, and 10 mL of MQ.  

When possible, leads, consisting of PTFE tubing connected to a SPE cartridge adapter head, 

were used to efficiently transfer samples to the SPE cartridges.  Prior to their use, all leads were 

cleaned using several flushes of acetone.  Once the entire sample had passed through the SPE 

cartridge, the flask containing the sample was rinsed with a 50/50 solution of MQ/MeOH and the 

rinse was passed through the cartridge.  A final rinse of 10 mL of MQ was used to rinse the 

cartridges after the 50/50 rinse.  While continuing to run the vacuum on the SPE manifold, the 

SPE manifold valves holding cartridges were opened fully.  SPE cartridges were allowed to dry 

in this state for 2 to 3 hours.  Dried cartridges were eluted with 10 mL of MTBE-MeOH mixture 

(9:1, v/v) followed by 10 mL of MeOH.  Eluates were reduced to dryness using a RapidVap 

Nitrogen Evaporation System (Labconco, Kansas City, MO, USA) set to 45°C and a rotation 

speed of 35%.  Dried eluates were reconstituted to 1 mL in a MQ-MeOH solution (95% MQ with 

0.3% formic acid and 5% MeOH with 0.15% formic acid) in a HPLC autosampler vial.  

Reconstituted samples were stored at -20°C until HPCL analysis, which occurred within 48 

hours of sample preparation.   

 

Liquid Chromatography-Mass Spectrometry  

Wastewater extracts were  analyzed using a Waters 2695 HPLC coupled with a 
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Micromass Quattro Ultima triple-quadrapole mass spectrometer (MS) equipped with 

electrospray ionization (ESI) capabilities (Waters Corporation, Milford, MA, USA).  A Sunfire 

C18 column (5.0 cm, 100 mm, 2.1 internal diameter (i.d.), 3.5 µm particle size) was used for 

chromatographic separation (Waters Corporation, Milford, MA, USA).  All samples were 

analyzed using ESI+ mode and multiple-reaction monitoring (MRM) acquisition mode.  The 

mobile phase used for chromatographic separation consisted of two solvents: solvent A (MQ 

with 0.3% formic acid) and solvent B (MeOH with 0.15% formic acid).  The initial starting 

conditions of the gradient used for chromatographic separation were 95% of solvent A and 5% of 

solvent B.  These conditions were held for 1 minute.  The gradient was then gradually adjusted to 

75% of solvent A and was held for 2.5 minutes, after which solvent A was further reduced to 

30% and held at this level for 1.5 minutes.  At 6.5 minutes into the gradient, solvent A was 

reduced to 0% and maintained at this level for 1.5 minutes.  Following this 100% solvent B flush 

of the column, the initial conditions were restored and held for a total of 10 minutes.  Total run 

time for the entire gradient was 18.5 minutes.  Throughout the entire gradient the flow rate was 

maintained at 200 µL/min.  An injection volume of 5 µL was used for each sample.     

A custom MS tune file with optimized settings for detecting hydrocodone and its 

deuterated internal standard were developed for this portion of the dissertation project.  Ultrahigh 

purity argon gas was used in the hexapole collision cell to achieve collision-induced dissociation 

of the parent hydrocodone ion.  This collision energy was optimized at 30 eV.  The capillary 

voltage was optimized at 4.00 kV and the cone voltage was optimized at 50 V.  The temperature 

of ion source and the desolvation temperature were set to 130 °C and 350 °C, respectively.  

Nitrogen gas was used for both cone gas and desolvation gas and was set at approximately 170 

L/Hr and approximately 650 L/Hr, respectively.  Retention time of hydrocodone was 6.4 
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minutes.  The multiple-reaction monitoring (MRM) transition (m/z) for used hydrocodone and 

hydrocodone-d3 were 299.9>198.5 and 303.00>198.5, respectively.  Figure 3.1 provides an 

example chromatogram of hydrocodone and hydrocodone-d3.      

 

Method Validation 

Procedures employed to validate the hydrocodone method that was developed for this 

project were similar to methods described in Zhang et al (2009).  Performance of the method was 

evaluated using QC samples and standard solutions.  Specific characteristics examined included 

linearity, precision, accuracy, and quantification limits.  Linearity of calibration curves was 

determined by analyzing calibration standards of increasing analyte concentration.  The 

calibration curve was prepared in a solution of MQ-MeOH (95% MQ with 0.3% formic acid and 

5% MeOH with 0.15% formic acid) by serial dilution of the hydrocodone standard.  The upper 

bound of the standard curve was 1000 ppb.  Each subsequent standard in the calibration curve 

was half the concentration of the previous standard, so that within 8 subsequent standards, the 

lower bound calibration standard had a concentration of 3.9 ppb.   Internal standard spikes within 

the 9 point calibration curve remained constant throughout the curve at 100 ppb.  The calibration 

curve was constructed by plotting the peak area ratio of the signal obtained from the analyte 

(hydrocodone) to the signal obtained from the internal standard (hydrocodone-d3) versus 

concentration.  A weighted linear regression was then used to determine the correlation 

coefficient (R2), the slope, and the intercept of the calibration standard.  Hydrocodone sample 

concentrations were determined using the linear regression equation obtained from the 

calibration curve and the peak/area ratios.  All of these calculations were conducted using the 

data analyzing software QuanLynx (Waters Corporation, Milton, MA, USA).   
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The lower limit of quantitation (LLOQ) of the HPLC method developed for hydrocodone 

was determined by analyzing the results from 4 replicate runs of the 9 point calibration curve 

conducted twice over the span of 7 days.  The LLOQ was determined in a similar manner as 

Zhang et al. (2009) by selecting the step on the standard curve below which acceptable precision 

(≤20%) and acceptable accuracy (≥80%) could not be obtained (Zhang et al., 2009).  The LLOQ 

determination method was repeated four times during method development stage of the project 

to determine if gains had been made over the course of several months in terms of precision and 

accuracy of the HPLC in quantifying the target analyte.  The first two LLOQ determination 

events yielded a lower limit of 7.8 ppb, while the third determination event yielded a limit of 

15.6 ppb.  After increasing the internal standard concentration from 50 ppb to 100 ppb, a final 

LLOQ test was run to establish a lower limit of quantitation of 3.9 ppb, which corresponds with 

the lowest point on the standard curve.  The method accuracy, calculated by the equation: (mean 

measured concentration/nominal concentration) x 100, and the method precision, as determined 

by the relative standard deviation, were calculated for each of the 4 LLOQ determination tests.  

The average method accuracy and precision, calculated from the 2-day data sets from all four 

LLOQ determination tests, were 95.4% and 13.1%, respectively.  Given that the environmental 

concentration of hydrocodone has been shown to be between 13 and 210 ppt (Batt et al., 2008; 

Chiaia et al., 2008; Hummel et al., 2006; Vanderford et al., 2003) (Table 3.1), the final LLOQ of 

3.9 ppb was determined to be significantly low enough for the needs of this project.  Additionally 

the method and accuracy were well within the acceptable standards used in Zhang et al. (2009) 

and acceptable standards put forth in the EPA’s guidance document for the development and 

validation of methods for the Resource Conservation and Recovery Act (RCRA) (U.S. EPA, 

2012)  
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Methods for evaluating extraction recovery of the target analyte were similar to procedures used 

by Miao et al. (2002).  Filtered wastewater and pure MQ were spiked with hydrocodone and 

hydrocodone-d3 to serve as a matrix QC and a method QC, respectively.  QCs were spiked such 

that the concentration of both hydrocodone and hydrocodone-d3 in the final 1 mL prepared 

sample was 100 ppb.  Extraction recoveries were determined by comparing the nominal spike 

concentrations to the calculated concentration of the analytes in the QC samples, as was 

determined using the calibration curve following HPLC analysis.  Average percent recovery for 

matrix and method QC samples over the 9 month sampling period was 113.8% and 110.2%, 

respectively.   

In addition to these method validation procedures, the precision of the extraction method 

was evaluated by spiking a matrix QC sample at 1 ppb.  This sample was processed using the 

same extraction and sample processing protocol developed and used for all other samples 

analyzed during this project.  HPLC analysis revealed a 101.0% recovery rate for hydrocodone in 

this low concentration spike.  This procedure demonstrated that the extraction method developed 

for this research was sufficiently robust and precise to accommodate the needs of this project.  

Table 3.2 provides a summary of the results of the quality control measures and method 

validation parameters.           

 

Detection and Quantification  

Positive identification of ions was based off of precursor and product ions produced from 

the MRM phase of the MS analysis (m/z) and the retention time of the ions.  Identified target 

analytes were quantified based off of the linear equations generated from the 9 point calibration 

curve that ranged from 3.9 ppb to 1000 ppb.  Regressions calculated from calibration curves over 
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the course of the study had correlation coefficients (R2) that reliable varied between 0.994 and 

0.999.  A calibration curve was run prior to the analysis of samples from each sampling event to 

ensure method precision and accuracy.  Figure 3.2 provides an example calibration curve 

obtained from one of the effluent sample runs conducted over the nine month sampling plan.   

 

Results and Discussion 

Average monthly concentrations of hydrocodone were determined through bimonthly 

sampling of PCWRP effluent over a nine month sample period, during which time two D4 events 

were conducted.  This sampling plan began on April 19, 2011, approximately one month prior to 

the third D4 event, and continued until December 28, 2011, approximately two months following 

the final D4 event in October of 2011.  Due to circumstance beyond the control of this project, 

data was only available for one sampling event in July and no data was obtained for the months 

of August and September.  In July, although two sampling events were conducted, only one 

event yielded viable data due to an error with the internal standard.  During the months of August 

and September the HPLC used to process samples was being repaired, so samples could not be 

processed during that time.    

Data from the bimonthly monitoring program was analyzed to determine if the D4 events 

may have contributed to an improvement in local environmental health as measured by a 

decrease in the environmental loadings of hydrocodone in PCWRP effluent.  Hydrocodone was 

detected in the all the PCWRP effluent samples collected over the nine month monitoring period 

with an overall average concentration of 48.4 ppt.  Average sampling event concentrations 

ranged from 37.0 ppt to 56.1 ppt and standard deviations ranged from 0.2 to 4.5 (Table 3.3).  

These values are consistent with hydrocodone levels reported in several other similar studies 
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(Batt et al., 2008; Chiaia et al., 2008; Hummel et al., 2006; Vanderford et al., 2003) (Table 3.1).   

The potential environmental effects of hydrocodone at the concentration detected in PCWRP 

effluent are not known at this time due to a lack of research on the ecotoxicological effects of 

hydrocodone at environmental relevant concentrations.   

A one-way analysis of variance (ANOVA) with a post-hoc Bonferroni’s Multiple 

Comparison Test was conducted to determine if there was a significant difference between the 

average hydrocodone concentrations obtained on different sample dates throughout the nine 

month monitoring program.  The ANOVA yielded a p-value of <0.0001, which indicated at least 

two sampling dates were significantly different from each other.  The reported R2 value for this 

test was 0.9226.  Although each of the thirteen sample dates were compared to each other in 

every possible combination, only the comparisons of immediately sequential dates were 

considered, with particular interest in sample dates before and after D4 events.  This selection of 

dates was important because the objective of this project was to determine if D4 events could 

have contributed to a reduction in the concentration of hydrocodone in PCWRP effluent.  It was 

therefore unnecessary to compare hydrocodone concentrations from sample dates months apart 

because this would not provide useful information in terms of addressing the objective of this 

project.  Adhering to these analysis conditions, the post-hoc test revealed the only significant 

differences observed in sequential sample dates were with those dates proceeding and following 

the two D4 events.  Specifically, the hydrocodone concentration detected on May 16, 2011, the 

first sample date following the 3rd D4 event which was held on May 7, 2011, was significantly 

different from the hydrocodone concentration detected on sampling dates that bounded this 

sample event on either side.  On May 16th the average concentration observed was 37.0 ppt, 

while the average concentrations observed on April 26th and May 31st were 51.7 ppt and 44.6 
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ppt, respectively.  Similarly, the hydrocodone concentration detected on November 8, 2011, 

which followed the 4th D4 event conducted on October 29, 2011, was 45.9 ppt.  This value was 

significantly lower than the hydrocodone concentration of 54.8 ppt detected on the previous 

sampling date, which took place on October 25, 2011 (Fig. 3.3).  These results provide evidence 

to reject the first portion of the hypothesis that stated the average hydrocodone concentration in 

PCWRP effluent will not differ significantly between sampling events that take place before and 

after a D4 event.  There is however insufficient evidence to reject the latter part of the original 

hypothesis, which stated the D4 events would have no significant impact on environmental 

health.   The reduction in hydrocodone observed after D4 events must be examined with the 

consideration of many other factors that could also have contributed to the reductions in 

hydrocodone loading observed after D4 events.   

To begin, only a very small percentage of the city of Denton population attended the D4 

events.  At the 3rd event there were 192 participants and at the 4th event there were 359.  While 

the data demonstrates a 87.0% increase in participation (City of Denton population was 113,383 

in 2010) (U.S. Census Bureau, 2010), the last two D4 events only attracted between 0.17 % and 

0.32% of the city’s population.  Given this low percentage of participation when considering the 

entire city population, it is likely over-presumptuous and narrow-sighted to assume the observed 

reductions in hydrocodone were entirely attributed to D4 events.  Other factors that may have 

influenced this reduction may have included local seasonal city events and local weather.  For 

example, the spring undergraduate and graduate commencement at the University of North 

Texas (UNT), which is in the city of Denton, took place on May 13, 2011.  This date was six 

days before the 3rd D4 event and three days before the subsequent sampling event.  Following 

graduation and the end of a college semester, it is very common for students leave town for 
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summer vacation or to pursue employment elsewhere following graduation.  With a UNT student 

population of approximately 36,000 (University of North Texas, 2011), if the vast majority of 

these students left during the week leading up to commencement, this would constitute a 

substantial reduction in the population in the city.  Such a reduction in the population may also 

reduce the amount of pharmaceuticals in the sewage received by the PCWRP, because there 

would be less people contributing to post-consumer excretion of pharmaceuticals.  A previous 

study investigating the seasonal concentration of estrogenic compounds in the effluent of the 

City of Denton also observed a reduction of effluent pharmaceutical concentrations at the onset 

of summer at UNT.  Specifically, estrogenicity compounds (ethinylestradiol (EE2) and 17β-

estradiol (E2)) were present in Denton effluent during the fall and spring semesters of UNT, but 

estrogenicity of effluent was not detected during the summer.  This study also concluded that 

demographic changes associated with the outflow of thousands of students at the end of the 

spring semester at UNT was a contributing factor the lack of estrogenicity of Denton effluent 

(Brooks, 2002).      

One final factor that may have contributed to the reduction in hydrocodone levels 

observed between October 25, 2011 and November 8, 2011 is weather.  The night before the 

November 8th sampling event the PCWRP received one-fourth of an inch of rain.  Prior to 

sampling on the morning of November 8th, the PCWRP on-call plant operator was contacted for 

information regarding the status of the plant and potential impact the rain may have had on 

effluent that day.  This personal communication revealed that although the operator indicated the 

rain may have had an effect on the effluent concentration, the PCWRP had decided to increase 

the flow of water to the plant to keep flow rates at normal operating levels.  Given this additional 

information about plant operational flow changes, it was determined that the rain likely had 
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minimal impact on plant operations because the plant operator decided to increase the flow 

through the system.  For these reasons, the scheduled sampling event was conducted as planned.  

Although it cannot be quantified, there is the possibility that either the rain or the PCWRP 

intentional increase in flow could have influenced the hydrocodone concentration in the effluent 

sampled that day.   

Despite these additional factors that had the potential to influence the reduction in 

hydrocodone concentrations observed on the two sampling dates following the 3rd and 4th D4 

events, it is important to note that at both of these D4 events, the medication most frequently 

returned, as determined by inventorying a sub-sample of all returned medications, was 

hydrocodone (Table 2.10).  D4 participants who disposed of their excess and unused 

hydrocodone by participating in the D4 program were therefore unable to flush this medication, 

and others they brought to D4 events, down the toilet or sink.  Likewise, these participants were 

also not able to consume these medications and subsequently excrete the medication residues 

into the Denton sewage system.  While the proportion of the hydrocodone detected in PCWRP 

effluent cannot be partitioned out to determine which sources of hydrocodone residues are 

contributing to the overall effluent hydrocodone concentration, there is strong evidence to 

suggest that the D4 program could have been one contributing factor leading to the reduction in 

the hydrocodone effluent concentration observed following the D4 events.              

              

Conclusion 

The purpose of this chapter of the dissertation project was to determine if Denton Drug 

Disposal Day (D4) pharmaceutical take back events were successful in improving environmental 

health.  Success was determined by measuring the concentration of hydrocodone in wastewater 
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effluent before and after D4 events and analyzing the results to assess if there were significant 

reductions in hydrocodone loadings in the effluent following D4 events.  Wastewater samples 

were prepared for analysis using hydrophilic-lipophilic-balanced solid-phase extraction 

cartridges.  Prepared samples were analyzed using a Waters 2695 HPLC coupled with a triple-

quadrapole mass spectrometer.  Average hydrocodone concentration detected in samples over a 9 

month period ranged from 37.0 to 56.1 ppt.  Comparing sample events to each other revealed the 

only significant differences observed in sequential sample dates were with those dates 

proceeding and following two D4 events.  Specifically, sampling events following D4 events had 

significantly lower hydrocodone concentration levels than sampling dates proceeding D4 events.  

These results provide evidence to reject the hypothesis that stated there would be no difference in 

the concentration of hydrocodone in PCWRP effluent before and after D4 events.  However, 

despite the observed reduction in hydrocodone in PCWRP effluent, there was insufficient 

evidence to reject the latter portion of Hypothesis 5 which stated that the D4 events would have 

no significant impact on environmental health.  Other potential influential factors could have 

contributed to the reduction in hydrocodone levels observed after D4 events and must be 

considered here.  Among the most likely contributors to this observed reduction include rainfall 

prior to a sampling event, adjustments in PCWRP operational flow levels, and a reduction in the 

City of Denton population due to the start of the summer vacation.  Despite these potential 

factors, there is still significant evidence to suggest that D4 events contributed to some extent to 

the reduction of hydrocodone concentrations in effluent discharged from Pecan Creek Water 

Reclamation Plant (PCWRP) into Pecan Creek.  In conclusion, though many factors or variables 

could not be held constant, the observed reductions in the concentration of hydrocodone in 

PCWRP effluent after D4 events provides evidence that take back programs may have the 
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potential to improve environmental health by reducing pharmaceutical loadings to the 

environment. 
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Table 3.1 
Literature summary of environmental detection of hydrocodone. 
Study Matrix Concentration (ppt) 

(Hummel et al., 2006) 
Wastewater influent Maximum: 95 
Wastewater effluent Maximum: 47  

Surface water Maximum: 28 

(Vanderford et al., 2003) Wastewater effluent Mean: 19 
Surface water Mean: < 1.0  

(Batt et al., 2008) Wastewater effluent Range: 28 to 190 
Mean: 100 

Surface water 10 

(Chiaia et al., 2008) Wastewater influent Range: 13 to 210 
Mean: 70 
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Table 3.2 
Summary table of QC measurements and method validation parameters.  
Average percent recovery of matrix QC 113.8% 
Average percent recovery of method QC 110.2% 
Percent recovery for 1ppb matrix QC 101.0% 
LLOQ 3.9 ppb 
LLOQ average accuracy  95.4% 
LLOQ average precision  13.1% 
Example linear regression equation and 
corresponding R2 

Y = 1.96912 *x +2.87761 
R2 = 0.998754 

 
Table 3.3 
Mean hydrocodone concentration in PCWRP WWTP effluent. 
Date Mean WWTP effluent conc. (ppt)  Standard deviation  
4/19/2011 56.995 1.680 
4/26/2011 51.697 1.000 
5/16/2011 36.985 3.196 
5/31/2011 44.578 1.556 
6/14/2011 47.151 2.565 
6/28/2011 52.072 1.677 
7/26/2011 50.793 1.434 
10/11/2011 54.690 1.006 
10/25/2011 54.791 4.480 
11/8/2011 45.867 0.757 
11/23/2011 43.467 0.306 
12/7/2011 42.111 0.206 
12/28/2011 48.025 0.877 
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Fig. 3.1. Example chromatogram of hydrocodone and hydrocodone-d3.  
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Fig. 3.2. Example calibration curve. 
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Fig. 3.3. Wastewater hydrocodone concentration. 

3rd D4 
  

4th D4 
  

** 

** Significantly different from bounding sampling events 
* Significantly different from upper bound sampling events 
 
 

* 
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CHAPTER 4 

CONCLUSIONS  

Discussion  

In 2010 the Drug Enforcement Administration (DEA) developed the National Take Back 

Initiative as a method of helping to establish pharmaceutical take back events across the nation to 

ensure proper pharmaceutical disposal (DEA, 2011).  Innumerable similar pharmaceutical take 

back programs have been conducted or continue to be conducted in the U.S., Canada, and 

elsewhere.  However, despite the seemingly growing popularity of these programs, very little 

investigative and quantitative research has been conducted to study the social and scientific 

aspects of take back programs.  Therefore the purpose of this dissertation was to provide the first 

attempt to address these previous research shortcomings in take back programs by investigating 

social and scientific factors that could impact the success of take back programs.   

In line with this research purpose, the ultimate objectives of this dissertation were to 

determine if take back programs could actual accomplish their commonly stated or implied goal 

of improving public and environmental health.  Based on results from interdisciplinary research 

conducted in conjunction with four local take back events, the author concluded that this 

dissertation provides the first evidence to suggest that take back programs may contribute to 

improvements in public and environmental health through the collection and disposal of 

individuals’ excess and unused medications.  This dissertation also provides evidence that 

suggests there are several scientific and social attributes of take back programs that have the 

potential to influence the success of these programs. The following conclusion section provides 

more detailed results of this research.  
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Conclusion 

To investigate the social and scientific elements of pharmaceutical take back programs 

researchers at the University of North Texas (UNT) partnered with City of Denton officials to 

organize and launch a local take back program.  The program was called Denton Drug Disposal 

Day (D4) and was operated as single day events held semiannually.  The author conducted 

research in conjunction with the D4 events to determine the scientific validity of the D4 events 

and to investigate social factors of D4 participants.  Scientific validity was determined by 

assessing whether or not the D4 events were capable of improving local public and 

environmental health.    

The assessment of D4 events’ possible contribution to environmental health 

improvements was achieved by measuring concentrations of hydrocodone in wastewater before 

and after D4 events to determine if these take back events were able to contribute to a reduction 

of pharmaceutical residues released into the environment.  If reductions in pharmaceutical 

loading to the environment were observed following take back events, this could be interpreted 

as measure of success for take back events because such a reduction could signify an 

improvement to local environmental health.  The assessment of D4 events’ possible contribution 

to public health improvements was determined by comparing North Texas Poison Control 

(NTPC) data to  inventory lists of medications collected at D4 events. Similarities between the 

NTPC data and D4 medication data could interpreted as a success in terms of improving public 

health because eliminating or decreasing in-home stores of excess prescription and over-the-

counter (OTC) medications associated with poisonings in Denton County could in turn reduce 

the potential for accidental poisonings and medication misuse or abuse.  Social characteristics of 

take back programs were also investigated for this dissertation project.  These characteristics 
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included factors influencing individuals’ willingness to pay for and participate in take back 

programs, risk perceptions associated with pharmaceuticals in the water, and socioeconomic, 

demographic and geographic characteristics of take back program participants.  Analysis of data 

collected from a survey conducted prior to the first D4 event, from D4 participant surveys, from 

tallies of medications collected at D4 events, and from a wastewater monitoring program 

revealed some interesting results.  Some of the most potentially influential and noteworthy 

findings are highlighted below.  A more detailed explanation of methods and results follows the 

dissertation result highlights: 

• A phone survey revealed 75% of respondents were willing to participate, but the 
majority of respondents indicated that they were only willing to travel less than 5 
miles to participate 

• Certainty of environmental health risks arising from pharmaceuticals in the water was 
a significant factor influencing willingness to pay for a take back program (p ≤ .01) 

• The past pharmaceutical disposal behavior of flushing medications was a significant 
factor influencing willingness to participate in a take back program (p ≤ .05) 

• Newspaper advertisements were strongly associated with older (60 years old and 
older) respondents learning about D4 events 

• Geographic analysis revealed the majority of participants traveled a maximum of 6 
miles to attend a D4 event 

• Socioeconomic and demographic analysis revealed D4 participants lived in areas 
where 34% of the population had a least a Bachelor’s degree, the range of household 
incomes was $30,231 to $109,351, and compared to the Denton County as a whole, 
D4 events attracted participants from areas where a higher percentage of individuals 
either spoke Spanish or identified themselves as Hispanic or Latino 

• Similarities observed between medications returned to D4 events and medications 
called into the NTPC indicate that D4 events may have contributed to the prevention 
of some accidental poisonings or intentional abusive use of medications 

• Results from analysis of wastewater effluent sampled before and after D4 events 
indicates that the D4 events may have been one factor that reduced hydrocodone 
loading to Pecan Creek, which indicates the D4 program may have contributed to 
improvements in local environmental health 
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To gather information on Denton County residents’ awareness about pharmaceuticals in 

the environment, their risk perceptions, their medication disposal habits, and their preferences for 

a local take back program a phone survey was conducted prior to the first D4 event.  Analysis of 

the pre-event phone survey data revealed 75% of respondents were willing to participate in a 

local take back program; however a stipulation was discovered because the majority of 

individuals indicated they were only willing to travel less than 5 miles to participate in a take 

back program.  This caveat for participation could drastically affect the participation rates of take 

back programs depending on the location organizers choose for their events.  A linear regression 

built using data from the pre-event phone survey found individuals’ level of certainty of the 

environmental health risks caused by pharmaceuticals in the water was a significant factor in 

willingness to pay for a pharmaceutical take back program (p ≤ .01).  The willingness to pay 

model revealed that as certainty of environmental health risks increased, the amount individuals 

were willing to pay increased to a maximum estimated yearly fee of $2.64.  A logistic regression 

investigating factors influencing willingness to participate found that disposal of medications by 

flushing them down the toilet or sink was a statistically significant factor influencing the decision 

to participate in a take back program (p ≤ .05).  A separate logistic regression found that an 

individual’s certainty of the human health risks arising from pharmaceuticals in the water was a 

significant factor influencing the decision to change the amount of tap water an individual 

drinks, if the individual becomes aware there are trace levels of medications in the water (p ≤ 

.001).       

To investigate D4 participants themselves, surveys were conducted at four consecutive 

D4 events beginning at the April of 2010 event and continuing until the October of 2011 event.  

D4 events occurred approximately every 6 months.  Cross tabulation analysis of these surveys 
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revealed evidence of a generational media divergence.  Specifically, there was a moderate to 

strong positive relationship between older individuals (60 years old and older) and learning about 

the D4 event through the newspaper and a moderate to strong negative relationship between 

older individuals and learning about the D4 event through a website.  Given that the age 

classification of 60 years or older was the best represented age group at each D4 event and the 

cross tabulation results, it is reasonable to presume increased efforts in digital and online 

advertisement methods would be more effective at attracting younger D4 participants.  Future 

take back programs may find this information useful; however, these future programs should also 

consider investigating whether or not younger citizens need or want pharmaceutical disposal 

services before they commit resources to marketing campaigns designed to attract a younger 

demographic.       

 At each D4 event a sub-sample of all collected medications was sorted and inventoried to 

gather information on the types and quantities of medications being returned to D4 events.  

Results indicate that hydrocodone was consistently one of the top 5 medications returned at D4 

events (Table 2.10).  This finding suggests that hydrocodone, which is a controlled medication 

used to treat intense pain, is being overprescribed and stored in Denton homes.  Similarities 

observed between D4 medication returns and medications associated with adverse drug 

exposures in Denton County reported to the NTPC suggest that the D4 events may have 

contributed to the prevention of accidental poisonings or intentional abuse incidences.  To help 

further address this problem citizens should be educated about how to prevent accidental 

poisonings and intentional mediation abuse.  Another action that could help address the source of 

the problem is to notify local doctors that an addictive pain medication is being returned in large 

quantities at pharmaceutical take back events.  Perhaps this notification would motivate doctors 
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to adjust their prescribing practices to prevent over-stocks of hydrocodone in Denton residents’ 

medicine cabinets.    

 Geographic Information Systems (GIS) technology was used to analyze geographic 

characteristics of D4 participants.  A map was created using local roads and highways and 

geographically referenced points were placed on the map to represent each D4 participant that 

provided their zip code and street name in D4 participant surveys.  Analysis of this geographic 

data revealed the majority of respondents only traveled 6 miles to attend the D4 events (Fig. 2.3).  

Although this is slightly greater than the 5 mile threshold observed in the pre-event phone 

survey, these distances are fairly similar.  Furthermore, this GIS analysis provides real-world 

evidence for stated intentions of individuals who indicated they were only willing to travel a 

given distance to attend a pharmaceutical take back event.  This information could possibly 

benefit future take back events by helping event organizers to select an event site that is centrally 

located and within the demonstrated 5 to 6 mile threshold for their target audience.  D4 

participants were also analyzed using social, economic and demographic census data tied to each 

participant based off of their reported zip code.  This analysis revealed D4 participants lived in 

areas where at least 22.4% of the population had some college education and 34% had at least a 

Bachelor’s degree.  Median household income of areas where D4 participants lived ranged from 

$30,231 to $109,351, which demonstrated that D4 events were successful in attracting a wide 

array of individuals from different economic classes.  Analysis of D4 participants’ zip codes also 

revealed that compared to the county as whole, D4 participants were coming from areas where a 

higher percentage of the population spoke Spanish and where a higher percentage of the 

population identified themselves as Hispanic or Latino.  These data provide evidence to suggest 

that the Spanish advertising materials were effective in attracting this demographic to D4 events.   
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 The objective of evaluating whether or not take back programs could improve 

environmental health was accomplished by monitoring hydrocodone concentrations in 

wastewater effluent from the Pecan Creek Water Reclamation Plant (PCWRP) in Denton, Texas 

for a period of nine months, during which time two D4 events took place.  The average 

concentration over the sampling period was 48.4 ppt and ranged from 37.0 ppt to 56.1 ppt.  A 

one-way analysis of variance (ANOVA) with a post-hoc Bonferroni’s Multiple Comparison Test 

was used to determine if any there were any statistically significant differences between 

sequential sample dates over the 9 month sampling period.  The only statistically significant 

differences observed among all sequential sample dates were for those dates surrounding D4 

event dates.  The hydrocodone concentration in wastewater effluent on May 16, 2011, the 

sampling event following the May 7, 2011 D4 event, was significantly lower than the 

concentration detected on the sampling events before and after the May 16th sampling event.  

Furthermore, the hydrocodone concentration detected in wastewater effluent on November 8, 

2011, the sampling event conducted after the October 29, 2011 D4 event, was significantly lower 

than the hydrocodone concentration detected in the sampling event conducted prior to the 

October 2011 D4 event (Fig. 3.3).  Although, these results provide evidence to reject the 

hypothesis that there would be no significant difference in the average hydrocodone 

concentration detected in PCWRP effluent before and after D4 events, it does not provide 

conclusive evidence that the D4 events were solely responsible for the reduction in the loading of 

hydrocodone to the environment.  Other factors that may have played a role in the observed 

reduction include rain events, PCWRP operational flow adjustments, and seasonal population 

changes in the City of Denton.  Despite these stipulations, hydrocodone was the most frequently 

returned medication at the majority of D4 events (Table 2.10), which combined with the results 
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from the wastewater monitoring program, suggests that the D4 events may have been one factor 

that contributed to the reduction in the amount of hydrocodone released into the environment at 

the PCWRP.         

In summary, this dissertation project incorporated an interdisciplinary research approach 

to shed a great deal of light on previously unknown and unquestioned aspects of take back 

programs.  The results detailed in this dissertation provide potentially important information for 

future take back program organizers which could be incorporated into their events to potentially 

improve participation and possibly help to provide some funding for these program in the future.  

Additionally, results from this research indicate that take back programs may also help address 

the public health problems of accidental poisonings and intentional abuse of medications by 

eliminating or reducing the source of the problem—the home medicine cabinet filled with excess 

or unused medications.  Finally, the results from the wastewater monitoring program conducted 

in conjunction with the ongoing take back program indicate that the D4 events may have been 

one factor that contributed to the improvement of local environmental health by reducing the 

amount of the pharmaceutical hydrocodone released into the environment.  Overall this project 

accomplished its objectives, provided a unique scientific and social perspective to 

pharmaceuticals take back programs, and showed that these programs may potential serve to 

mitigate some environmental and public health problems associated with excess and unwanted 

pharmaceuticals.   

 

Future Research Needs 

Although this dissertation provided the first evidence to suggest take back programs may 

contribute to reductions in environmental pharmaceutical loadings and may also contribute to 
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reductions in cases of accidental poisonings and intentional abuse, this dissertation also revealed 

that there are several remaining research needs for take back programs.  Furthermore, there are 

several lessons which were learned during this dissertation that deserve mention here.  These 

lessons may provide future researchers and take back program operators with information that 

could potentially improve future events and related research. The following is a list of suggested 

take back program improvements and areas of focus for future research in this field: 

1. As a whole, take back programs have the potential to provide a wealth of meaningful 

data for industries, the public sector, and researchers; however the lack of standardization of 

methods and objectives for take back programs across the country greatly limits this potential.  It 

is therefore recommended that a standard model for operating take back events within the U.S. 

be established to more effectively meet a common set of objectives and to provide the 

opportunity for researchers to effectively evaluate and compare different programs.   

2. Although an online medication registry for reporting data on medications collected 

at take back events does already exist in the form of the Unused and Expired Medicine Registry 

(CRG Medical Foundation, 2006), this registry has not been publically accessible since at least 

2009.  It is highly recommended a functional registry be developed so that researchers and take 

back program operators can share data and conduct analyses of medications collected at various 

take back events across the nation.     

3. One challenge the D4 program coordinators experienced was that of developing 

meaningful and effective local partnerships.  Partnerships may provide the opportunity for 

additional funding, manpower, innovative new ideas and other useful benefits derived from 

teamwork and networking.  Future take back programs may want to consider identifying and 

building partnerships with local entities.  If standard take back program goals are not already 
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established, take back program partners may want to consider developing common goals that 

balance the objectives of all partners involved;        

4. Analysis of D4 participant surveys revealed low representation of young adults (18-

30 years old) at each D4 event.  For this reason, it is recommended that local take back program 

research include investigations into the preference and need for pharmaceutical disposal 

programs among young and middle aged adults.  If the results of such an investigation reveal a 

willingness and desire among various age groups to participate in take back programs, it is 

suggested that methodologies for attracting different age groups be developed for future take 

back programs.  One specific suggestion to attract a younger audience would be to develop a 

partnership with a local school district and advertise the program to parents of students through 

flyers sent home with students; 

5. The geographic, socioeconomic, and demographic analysis of D4 participants was 

restricted by data availability.  Future research aimed at similar analyses would therefore benefit 

from developing methods to safely, securely, and legally obtain the full addresses of take back 

program participants.  The collection of this type of data would improve take back program 

research by facilitating a more complete geographic analysis of program participants; 

6. The results from this dissertation revealed take back programs have the potential to 

reduce environmental loading of pharmaceuticals.  Future take back program research could 

expand on this finding by conducting long-term monitoring programs for hydrocodone and other 

medications frequently returned to take back events.  Additionally, ecotoxicological studies 

focused on determining the environmental impacts of pharmaceuticals at environmental 

concentrations observed following take back events could be the focus of future take back 
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program research.  Such ecotoxicological research could build an even more complete 

understanding of the environmental health benefits of take back programs. 

7. Qualitative analysis of D4 medication data revealed similarities between medications 

returned to D4 events and medications reported to the NTPC as causing adverse drug exposures.  

These similarities, and the recurrence of hydrocodone as the top medication returned at D4 

events, suggest that there may be over-prescribing of some medication in Denton, Texas.  It is 

suggested than additional research be conducted on this facet of take back programs to further 

investigate the public health benefits of take back programs.  Furthermore, future take back 

programs may want to consider developing more effective communication methods to inform 

local doctors of the types and quantities of medications going unused in local areas.  Reducing 

medications from the source (i.e. prescribing physicians) may contribute to improvement in 

public health, however the physicians must first be informed about excess medications being 

collected at take back events. 
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APPENDIX A 
 

EXAMPLE TAKE BACK PROGRAMS 
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Program Name 
or Location 

Category of 
Programa 

Operation 
Length 

Organizing 
Body 

Level of 
Implementation 

Outcome Long-Term 
Plans 

Green Pharmacy1 Continuous drop-
off 

1 year Teleosis Institute Regional-Northern 
California 

Over 2,000 lbs 
unwanted 
medicines 
collected; 
Educational 
material 
developed, 12 
collection sites 
and 4 single-day 
events 

No 
pharmaceutical 
waste in 
environment; 
Sustainable 
medicine; 
Develop support 
for take back 
programs 
nationwide 
 

Northwest Product 
Stewardship 
Council2 

Education 
Campaign 

1998 to present Coalition of 
government 
organizations in 
Oregon and 
Washington 

State level Website2a Foster cooperation 
among 
governments, 
businesses, and 
nonprofit groups 
to facilitate the 
incorporation of 
product 
stewardship 
principals into 
public policy 

Smarxt Disposal3  Education 
Campaign 

Unknown U.S. Fish and 
Wildlife Service, 
American 
Pharmacists 
Association; 
Pharmaceutical 
Research & 
Manufactures of 
America 

Nationwide Website3a  Raise awareness 
and provide 
practical guidance  
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Program Name 
or Location 

Category of 
Programa 

Operation 
Length 

Organizing 
Body 

Level of 
Implementation 

Outcome Long-Term 
Plans 

Washington State 
Unwanted 
Medicine Return 
Program: 
Pharmaceuticals 
from Households: 
A Return 
Mechanism 
(PH:ARM)4  

Continuous drop-
off 

Pilot program 
operating from 
October 2006 to 
October 2008 

PH:ARM 
Coalitionb  

Statewide in 
Washington 

Collected and 
disposed of 
35,000 lbs as of 
March 11,20094a; 
Statewide 
program projected 
cost $3.3 million 
or ~ $5.60/lbs 
medicine 
collected4 
Website4a 

Long-term 
sustainability 
through 
establishing 
partnerships with 
pharmaceutical 
manufacturers  

Regional Excess 
Medication 
Disposal Service 
(RxMEDS) 5 

Continuous drop-
off 
 

18 months EPA and 
RxMEDS 
Partnersc 

St. Louis Metro 
Region  

Collected and 
disposed of 
296,650 doses of 
medication from 
892 participants 
over a 12 month 
period, consisting 
of 220 collection 
days; 
Program cost of 
$137,849 covered 
by EPA grant  

Increase public 
awareness; 
Reduce threat 
posed by 
improperly 
disposed of 
medicines to 
environment and 
public health; 
Improve 
pharmaceutical 
advertising for 
proper disposal of 
unused 
medications  

Clark County, 
Washington 
Unwanted 
Medications Take 
Back Program6 

Continuous drop-
off 

2003 to 2010  Collaboration 
between local 
pharmacies, state 
board of 
pharmacy, the 
DEA, and the 
county sheriff’s 
office  

Countywide, but 
required statewide 
cooperation  

Exact quantity of 
collected 
medications 
unknown but 23 
lbs of controlled 
medications were 
collected in 2006 

Continue program 
at pharmacies and 
police and sheriff 
offices year round  
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Program Name 
or Location 

Category of 
Programa 

Operation 
Length 

Organizing 
Body 

Level of 
Implementation 

Outcome Long-Term 
Plans 

La Crosse, 
Wisconsin7  

Continuous drop-
off 

2007 to present  La Crosse County 
Solid Waste 
Department  

Multiple counties  Estimated annual 
cost of $12,000-
$15,000; 
No data available 
on quantities 
however 
participation 
reported as 
increasing with 
awareness of the 
program and very 
small quantity 
generators of 
hazardous waste 
expressing interest 
in utilizing the 
program as well 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Information not 
available; 
presumed program 
will continue 
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Program Name 
or Location 

Category of 
Programa 

Operation 
Length 

Organizing 
Body 

Level of 
Implementation 

Outcome Long-Term 
Plans 

(California) Bay 
Area Pollution 
Prevention Group 
(BAPPG) “Safe 
Medicines 
Disposal Week” 8 

 

Single-event 
collection 

1 week in May 
2006 

BAPPG  Collections held at 
39  Waste 
Treatment Plants 
(WTP)  from 
surrounding cities 
but regional 
coordination was 
required  

3,634 lbs 
pharmaceutical 
waste collected 
from 1,500 
participants; 
Collection method 
determined not 
cost effective 

Collaborate with 
DEA to develop a 
cost-effective and 
legal collection 
system; 
Develop long term 
and sustainable 
solution for 
disposal of unused 
pharmaceuticals 
such as 
developing a 
continuous drop-
off program at 
pharmacies;  
Also considering 
pre-paid mailers 
as a return method 
for unused 
medications   
 

Unwanted 
Medication 
Disposal Drive9 

Single-event 
collection 

Annually one day 
collection event 

Event sponsored 
by a variety of 
local public 
service agenciesd 

1-day event 
consisting of 25 
collection sites in 
areas surrounding 
Chicago 

Approximately 
6,000 lbs OTC 
and prescription 
medications 
collected in 4 
years;  
Installed 
permanent 
collection 
containers at 5 
police stations and 
collected ~1,000 
lbs in 1 year. 

Information not 
available; 
presumed program 
will continue 
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Program Name 
or Location 

Category of 
Programa 

Operation 
Length 

Organizing 
Body 

Level of 
Implementation 

Outcome Long-Term 
Plans 

Earth Keeper 
Initiative 10 

Single-event 
collection 

1 day- Earth Day 
2007 

Earth Keeper 
Initiative (an 
affiliation of a 
variety of  
religious groups), 
Cedar Tree 
Institute & 
Keweenaw Bay 
Indian 
Community     

19 collections 
sites scattered 
across 15 counties 
in Michigan’s 
upper peninsula 

Over 1 ton of 
medicines 
collected from 
2,000 participants;  
Estimated street 
value of controlled 
substances: 
$500,000 

Information not 
available; 
presumed program 
will continue  
 
 
 
 

Safe Medicine 
Disposal for ME11 

Mail-back  Year-round 
operating since 
2007 

Coordination and 
administration of 
program provided 
by University of 
Maine Center on 
Aging  

Statewide in 
Maine  

See Tables A.1 & 
A.2 for 
preliminary 
findings (before 
program went 
statewide); 
1 envelope of 
returned narcotics   
estimated to have 
a $7,000 street 
value;  
Many envelopes 
contained full 
bottles of unused 
medications from 
mail-order or VA 
pharmacies; 
Received full 
bottles of 
antiretroviral 
(HIV/AIDS) 
drugs, which have 
a very high value  
 

Continue program 
through funding 
provided by 
EPA’s Aging 
Initiative 
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Program Name 
or Location 

Category of 
Programa 

Operation 
Length 

Organizing 
Body 

Level of 
Implementation 

Outcome Long-Term 
Plans 

Denton Drug 
Disposal Day12 

Single-event 
collection and 
continuous drop-
off 

Semi-annually 
since April 2010 

City of Denton, 
Texas and 
University of 
North Texas; 
Event sponsored 
by a variety of 
local public and 
private entitiese  

1-day event held 
at area hospital in 
Denton, Texas and 
permanent 
medication drop-
off kiosk  

Over 2,500 lbs 
collected during 4 
separate events; 
Has earned 
regional, state, and 
national awards; 
Established a 
permanent drop-
off kiosk at local 
police station;  
1st take back event 
in Texas approved 
by the DEA and 
the Texas 
Commission on 
Environmental 
Quality 
Website12a 

Continue hosting 
semi-annual single 
day events; 
possible 
expansion to 
multiple collection 
sites 
 

National Take 
Back Initiative13  

Single-event 
collection 

Since September 
2010 

U.S. DEA Nationwide 
(USA) 

During 3 events 
499 tons of 
medications were 
collected 
 
 
 
 
 
 
 
 
 
 
 
 

Continue 
operating single 
day national 
collections events 
one or more times 
a year 
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Program Name 
or Location 

Category of 
Programa 

Operation 
Length 

Organizing 
Body 

Level of 
Implementation 

Outcome Long-Term 
Plans 

British Columbia 
Medications 
Return Program 
(formerly British 
Columbia 
EnvirRx)14 

Foreign 
continuous drop-
off  

Since 1996 Administered by 
Post-Consumer 
Pharmaceutical 
Stewardship 
Association 
(PCPSA) 
Regulated by 
Post-Consumer 
Residual 
Stewardship 
Program 
Regulation   

Nationwide 
(British 
Columbia) 

From January 
2007 to December 
2007 52,635 lbs  
medicines 
returned; 
Participation rate: 
93%; 
Access at 913 
pharmacies  

Increase public 
awareness and 
motivate citizens 
to dispose of 
excess and unused 
medications 
through the 
program 

Australia’s Return 
Unwanted 
Medicines (RUM) 
Project15 

Foreign 
continuous drop-
off 

Since 1998 The 
Commonwealth 
Department of 
Health  

Nationwide 
(Australia) 

From 1998-2002 
1,675,513 lbs of 
pharmaceuticals 
were collected and 
destroyed; During 
2005 the RUM 
project served 21 
million citizens 
and collected and 
destroyed  
696,241 lbs of 
pharmaceuticals 

Information not 
available; 
presumed program 
will continue 

a. Program categories include: Continuous drop-off, Single-event collection, Mail-back, Education campaign, and foreign continuous drop-off.  

b. PH:ARM (Pharmaceuticals from Households: A Return Mechanisms) coalition includes: Interagency Resource for Achieving Cooperation (IRAC), King 
County Local Hazardous Waste Management Program, Northwest Product Stewardship Council, Pacific Northwest Pollution Prevention Resource Center, Public 
Health Agencies in King and Seattle County, Snohomish County Solid Waste Division, Washington Citizens for Resource Conservation, and Washington State 
Department of Ecology.   

c. Regional Excess Medication Disposal Service (RxMEDS) partners include: Areas Resource for Community and Human Services (ARCHS), Schnuck Markets, 
Inc., Cintas Corporation, St. Louis College of Pharmacy, Missouri AARP, Mid-East Area Agency on Aging, St. Louis OASIS, Senior Services Plus, WK Health, 
Stericycle, St. Louis University, St. Louis City on Aging, MO Environmental Water Association, Metropolitan Sewer District, Living Lands and Waters, 
PhRMA, STL County Waste Management Program, and American Water Company.   



151 

d. Partners in Unwanted Medication Disposal Drive in Chicago, Illinois include: Cook County Sheriff’s Police, Chicago Police Department, Chicago Department 
on Aging, Chicago Department of Public Heath, Illinois Attorney General’s Office, Illinois TRIAD, and the Metropolitan Water Reclamation District of Greater 
Chicago. 

e. Partners in Denton Drug Disposal Day Program: The City of Denton Texas, University of North Texas, Denton Independent School District, Denton Police 
Department, Denton County Sherriff’s Dept; and Denton Regional Medical Center 
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Table A.1 
Safe medicine disposal for ME: returned medicines data16. 
Category of Medicine Percent  
Prescription  90 
Controlled medicines 10 
Over the counter 10 
Total  73,000 pills, creams, 

patches, etc.   
16. (Crittenden et al., 2008) 
 
Table A.2 
Safe medicine disposal for ME: top 4 categories of medicines returned16. 
Medication Category Percent  
Pain/anti inflammatory 35  
Heart, blood or 
cholesterol medicine 

34 

Sleep or anti-anxiety 
medicine 

19 

Antibiotics 18 
16. (Crittenden et al., 2008) 
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APPENDIX B 
 

PRE-EVENT PHONE SURVEY INSTRUMENT



155 

Pre Pharmaceutical Take-Back Event Survey  
Hello, my name is _____________ from the University of North Texas Survey Research Center. 
We are conducting a survey in cooperation with the City of Denton about your opinions on 
several matters and I need to speak to someone over the age of 18.   
TO RESPONDENT: Your participation is voluntary. Your responses to our questions will be 
reported to the public only as percentages so your individual answers will remain confidential. 
The survey will take about 10 minutes to complete. This project has been approved by the UNT 
Institutional Review Board. If you have any questions you may call 1-800-687-7055.  
To begin, thank you for participating in this survey.  The purpose of this survey is to gather 
information on the public’s understanding of the outcomes of medicines in the environment and 
the medicine disposal practices of the general public.   
Q: S1 --------------------------------------------------------- 
Which city do you live in?  

MOST COMMON  19. Frisco 
1.  Arlington   20. Garland 
2.  Dallas   21. Grand Prairie 
3.  Denton   22. Grapevine 
4.  Fort Worth   23. Haltom City 
5.  Lewisville   24. Highland Village 
6.  McKinney   25. Hurst 
7.  Plano    26. Irving 
    27. Justin 
LESS COMMON  28. Keller 
8.  Allen   29. Lancaster 
9.  Argyle   30. Mesquite 
10. Aubrey   31. Murphy 
11. Bedford   32. NRH 
12. Carrollton   33. Richardson 
13. Coppell   34. Sanger 
14. Corinth   35. Southlake 
15. DeSoto   36. The Colony 
16. Duncanville  37. Wylie 
17. Farmers Branch  38. Other (Specify) 
18. Flower Mound  99. NR/DK 
 

Q: S2 --------------------------------------------------------- 
What county is that in?  

1. DALLAS 
2. DENTON 
3. COLLIN 
4. TARRANT  
5. OTHER  
9. NR/DK 

IF (ANS = 1)  or IF (ANS > 2) SHOW "Sorry, this study is interviewing people who live in 
Denton County"  
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Issue Awareness  
8. How do you normally dispose of your unused and excess medications? 

o Continually store them 
o Flush them down the toilet or put them down the sink 
o Dispose of in household trash 

Other (please explain) 
 
 
Please answer the following questions using the scale provided.   
1. On a scale of 1 to 5, with 1 being very unsure and 5 being completely sure, please indicate if 

you think medicines in the water pose a threat to the environment. 

o 1 Very Unsure 
o 2 
o 3   
o 4 
o 5 Completely Sure 

 
2. On a scale of 1 to 5, with 1 being very unsure and 5 being completely sure, please indicate if 

you think medicines in the water pose a threat to human health.  

o  1 Very Unsure 
o 2 
o 3   
o 4 
o 5  Completely Sure 

 
3. Please tell me if you think the following treatment methods are very effective, somewhat 
effective, somewhat ineffective or very ineffective at removing medicines from water:  
 
RANDOMIZE 
 
a. Chlorination  

1.  Very effective 
2. Somewhat effective 
3. Somewhat ineffective 
4. Very ineffective 
9.    NR/DK 

 
    b. Home refrigerator filtering system 

1. Very effective 
2. Somewhat effective 
3. Somewhat ineffective 
4. Very ineffective 
9.    NR/DK 
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 c. Ozonation  
1. Very effective 
2. Somewhat effective 
3. Somewhat ineffective 
4. Very ineffective 
9.    NR/DK 

 
 d. Reverse osmosis  

1. Very effective 
2. Somewhat effective 
3. Somewhat ineffective 
4. Very ineffective 
9.    NR/DK 

 
 e. Nanofiltration  

5. Very effective 
6. Somewhat effective 
7. Somewhat ineffective 
8. Very ineffective 
9.    NR/DK 

 
 f. Distillation 

1. Very effective 
2. Somewhat effective 
3. Somewhat ineffective 
4. Very ineffective 
9.    NR/DK 

 
 g. Granulated activated carbon 

1. Very effective 
2. Somewhat effective 
3. Somewhat ineffective 
4. Very ineffective 
9.    NR/DK 

 
 h. Water softener system  

1. Very effective 
2. Somewhat effective 
3. Somewhat ineffective 
4. Very ineffective 
9.    NR/DK 

 
4. Have you ever received instructions on how to dispose of medicines safely? 

o Yes 
o No 

IF (ANS > 1) SKP Q6 
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5. If yes, please specify who gave you these instructions.  
1. DOCTOR 
2. PHARMACIST 
3. MEDIA (Radio, newspaper, TV) 
4. INTERNET 
4. OTHER ___________________________ 

 
6. Which of the following individuals or groups would you trust the most for correct information 
on proper medication disposal methods? 
ROTATE RESPONSES  

o Primary care physician 
o Pharmacist 
o Environmental Protection Agency (EPA) 
o U.S. Food and Drug Administration (FDA) 
o Other (please specify) 

 
7. Do you have stores of medications in your home you do not need or do not plan on using? 

o Yes 
o No 

 
9. I am going to ask you a question about “traces” of medication. The term “traces” here means 
traces of medicines that are tens of thousands of times lower than a normal medication dose.  
If you knew there were traces of medicines in your drinking water would you change how much 
water you drink from the tap?   

o Yes 
o No 

 
Unused Medicine Tack-Back Event Participation 
10. Would you be willing to participate in a local unused medicine take-back event where 
medicines are collected, then treated and properly disposed of? 

o Yes 
o No 
if (ans > 1) skp Q13 

11. What is the most you would you be willing to pay per year for an unused medicine take-back 
program that was local and continuous?   

o One to three dollars? 
o Three to five dollars? 
o Five to seven dollars? 
o Seven dollars or more? 
o or are you not willing to pay 

 
12. How far would you be willing to travel to participate in an unused medicine take-back event? 

o <5 miles 
o 5-10 miles 
o 10-20 mi 
o Other distance (please specify)  
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13. Where do you fill your prescriptions?  Would you say mostly at a .... 
o Chain pharmacy (e.g. CVS, Walgreens, etc.) 
o Pharmacy in a supermarket such as Kroger, Wal-Mart, or Target 
o Mail-order 
o Other (please specify)  

 
Demographics 
14. What is your zip code? 

o 75008 o 75057 o 76202 o 76210 

o 75010 o 75065 o 76203 o 76226 

o 75022 o 75068 o 76204 o 76247 

o 75027 o 75077 o 76205 o 76259 

o 75028 o 76052 o 76206 o 76262 

o 75029 o 76092 o 76207 o 76299 

o 75034 o 76177 o 76208  

o 75056 o 76201 o 76209  

 
o Other then please specify:   

15. Do you have any children under the age of 18 living in your home?  
1. YES (ASK 16) 
2. NO (GO TO END) 
9. DK/NR (GOTO END)  

16a. Do you have children age 5 or younger living in your home?  
1. YES  
2. NO  
9. DK/NR  

16a. Do you have children age 6-10 living in your home?  
1. YES  
2. NO  
9. DK/NR  

16a. Do you have children age 11-15 living in your home?  
1. YES  
2. NO  
9. DK/NR  

 
16a. Do you have children age 16-20 living in your home?  

1. YES  
2. NO  
9. DK/NR 
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APPENDIX C 
 

DENTON DRUG DISPOSAL DAY PARTICIPANT SURVEY INSTRUMENT
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Denton Drug Disposal Day   
April 24, 2010, October 23, 2010, May 7, 2011, and October 29, 2011  

1. What is your street name and zip code? _____________________ 

2. Did you bring any sharps to us today? 
Yes   No 

 
3. Is this your first time to participate in any medication disposal event?  (Asked at the 

Oct 29, 2011 DRMC Event only) 
 

4. How did you learn about this event? 
� Newspaper 
� TV 
� Radio 
� Friend/Family  
� Website (specify) _________________________ 
� Flyer  (where) _____________________________ 
� My doctor or pharmacist 
� Other (please specify) ____________________ 

 
5. You probably have several reasons, but what is the main reason for disposing of these 

medications? 

� Expired or outdated 
� Doctor discontinued  
� Doctor ordered new medicine  
� Felt better 
� Adverse side effects or allergic reaction 
� The person this medicine was prescribed to has passed on 
� Did not want to take it  
� Prevention of intentional misuse or accidental poisoning 
� Other_______________________________ 

 
6. What would you have done with these products if this event had not taken place? 

� Flushed down the toilet or down the sink 
� Disposed of in household trash 
� Continually store them 
� Don’t know 
� Other (please specify) ____________________ 

 
 

7. Age groups of people living in your residence? 

� Children 0-5  Children 6-10 
� Children 11-15   Teenagers 16-20 
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� Adults 20-30  Adults 31-45 
� Adults 31-45  Adults 46-60 
� Adults 60+ 

 
8. Where do you store medications? 

� Medicine cabinet 
� Closet 
� Pantry 
� On your dresser 
� On kitchen/bathroom counter 
� Other _____________________________ 

 
 

 


	ACKNOWLEDGEMENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1  PHARMACEUTICAL TAKE BACK PROGRAMS: OBJECTIVES, MEASURES OF SUCCESS, GAPS, ROADBLOCKS AND CASE STUDIES
	Introduction
	Objectives of Take Back Programs
	Measuring Success
	Identifying Gaps or Weaknesses in Take Back Programs
	Scientific Justification
	Risk Perception
	Improving Medication Management Strategies

	Potential Roadblocks
	Pharmaceutical Take Back Program Case Studies
	Conclusion
	References

	CHAPTER 2  SOCIOECONOMIC, DEMOGRAPHIC AND GEOGRAPHIC ANALYSIS OF PHARMACEUTICAL TAKE BACK EVENTS AND THEIR PARTICIPANTS:  A METHOD OF IMPROVING PUBLIC HEALTH THROUGH  AN INTERDISCIPLINARY AND APPLIED APPROACH
	Introduction
	Pharmaceuticals in the Environment
	Public Health Risks of Excess Pharmaceuticals
	Risk Perception and Issue Awareness
	Pharmaceutical Take Back Programs

	Objectives and Hypotheses
	Standardization of Methods
	Survey Design and Data Collection
	Pre-Event Phone Survey
	Denton Drug Disposal Day Participant Surveys
	Denton Drug Disposal Day Returned Medication Data

	Results and Discussion
	Pre-Event Phone Survey
	Denton Drug Disposal Day Participant Surveys
	Denton Drug Disposal Returned Medication Data
	Geographic Analysis

	Conclusion
	References

	CHAPTER 3 HYDROCODONE IN WASTEWATER EFFLUENT AS AN INDICATOR OF DENTON DRUG DISPOSAL DAY SUCCESS
	Introduction
	Materials and Methods
	Chemicals and Materials
	Wastewater Treatment Plant Effluent Sampling
	Sample Preparation
	Liquid Chromatography-Mass Spectrometry
	Method Validation
	Detection and Quantification

	Results and Discussion
	Conclusion
	References

	CHAPTER 4 CONCLUSIONS
	Discussion
	Conclusion
	Future Research Needs
	References

	APPENDIX A  EXAMPLE TAKE BACK PROGRAMS
	APPENDIX B  PRE-EVENT PHONE SURVEY INSTRUMENT
	APPENDIX C  DENTON DRUG DISPOSAL DAY PARTICIPANT SURVEY INSTRUMENT

