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Overdose deaths in the United States involving
prescription opioid analgesics (POAs) increased
more than fourfold from 4030 in 1999 to
16 651 in 2010.1 Deemed an epidemic by the
Centers for Disease Control and Prevention,
drug-related overdoses are the leading cause of
injury death in the United States.2 Nonmedical
use of POAs is highly correlated with increases
in overdose deaths.3,4 Nonmedical use of
prescription drugs, or prescription drug abuse,
is defined by the National Institute on Drug
Abuse as “the use of a medication without
a prescription, in a way other than as pre-
scribed, or for the experiences or feelings
elicited.”5(p1) The Office of National Drug
Control Policy considers nonmedical pre-
scription drug use to be America’s fastest-
growing drug problem, and the 2013 National
Survey of Drug Use and Health data report
6700 initiates to nonmedical prescription
drug use daily.6,7

Tennessee experienced a 150% increase
(422 deaths in 2001, 1059 deaths in 2010)
in overdose deaths from 2001 to 2010, ac-
counting for 7% of the nation’s nearly 15 000
prescription drug overdose deaths nationally
despite comprising only 2.3% of the nation’s
population.8,9 Northeast Tennessee has partic-
ularly struggled with prescription drug abuse
and drug-related overdose deaths.10---13 If one
compares charges for hospital and emergency
department treatment of drug dependence,
drug abuse, and opioid-related poisonings
across all Tennessee counties, Sullivan and
Washington County (Northeast Tennessee’s
2 most populous counties), ranked first and
third with 10.8 bills and 7.9 bills per 1000
people, respectively (David Reagan, MD, PhD,
Tennessee Department of Health, e-mail com-
munication, July 12, 2013). For every 1000
county residents, between $56 000 and
$61000 is charged for drug treatment or
opioid-related emergency department visits per
year. In addition, in 2011, Sullivan County was
highest in the state, and Washington County

third highest at 27.6 and 22.3 diagnosed drug
poisonings per 1000 people in each county,
respectively.

National Survey of Drug Use and Health
data consistently indicate a large percentage of
individuals who use POAs nonmedically obtain
the medications from friends and family.7

Moreover, research indicates that a majority of
patients store unused, unwanted, or expired
medications, thereby increasing opportunities
for nonmedical use.14---17 Importantly, research
indicates that adolescents tend to have un-
supervised access to medications in the home,18

an indication that drugs with abuse potential
may not be stored in secure locations within
homes. McCauley et al. recently reported def-
icits in patient knowledge of safe POA storage
and disposal before a Web-based intervention
in a clinic setting.19 Whereas nationally repre-
sentative knowledge regarding prescription
drug storage in US homes is lacking, limited
data from the Netherlands support that unsafe
medication storage in homes is prevalent.20

From a primary prevention perspective, one
method of mitigating the nonmedical use of
prescription drugs is by providing means by
which individuals can safely dispose of un-
wanted, unused, or expired medications. In
2009, the Office of National Drug Control
Policy published guidelines that sought to
educate patients on the proper disposal of
medications.21 The following year, the Drug
Enforcement Administration (DEA) initiated
its national drug Take-Back campaign as
a temporary means of collecting medications
while legislative and regulatory action was
taken to develop permanent disposal methods
via enactment of the Secure and Responsible
Drug Disposal Act of 2010.22,23 National DEA
Take-Back events, which concluded in Sep-
tember 2014, resulted in collection of 2411
tons of pharmaceuticals over 4 years.24

Regional and community-level medication-
specific outcomes of Take-Back days have also
been reported, including the extent to which
controlled substances are collected.16,25

Objectives.We quantified controlled substance donations via permanent drug

donation boxes over 2 years in a region with high prescription abuse, assessing

medication characteristics, time between dispensing and donation, and weight

of medications donated per capita.

Methods. In partnership with Drug Enforcement Administration and local law

enforcement, we analyzed permanent drug donation box collections in 8

Northeast Tennessee locations from June 2012 to April 2014. We recorded

controlled substance dosage units along with the product dispensing date.

Results. We collected 4841 pounds of pharmaceutical waste, 4.9% (238.5

pounds) of which were controlled substances, totaling 106 464 controlled sub-

stance doses. Analysis of dispensing dates for controlled substances indicated

a median of 34 months lapsed from dispensing to donation (range = 1–484

months). The mean controlled substance donation rate was 1.39 pounds per

1000 residents. Communities with fewer than 10 000 residents had a statistically

higher controlled substance donation rate (P = .002) comparedwith communities

with 10 000 or more residents.

Conclusions. Permanent drug donation boxes can be an effective mecha-

nism to remove controlled substances from community settings. Rural and

urban community residents should be provided convenient and timely access

to drug disposal options. (Am J Public Health. 2015;105:e89–e94. doi:10.2105/

AJPH.2015.302689)
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In addition to national Take-Back days, DEA
regulations allow registered law enforcement
officials (e.g., local law enforcement personnel)
to take possession of and destroy controlled
substances at any time.26 Over the past 2 to
3 years, permanent drug donation boxes have
been installed in multiple law enforcement
offices across Tennessee and other states.
Whereas national Take-Back days occurred
biannually, permanent drug donation boxes
serve as a means by which medications can be
disposed of in a consistently accessible manner.
In a state that significantly exceeds average
US consumption of prescription medications
(18.4 prescriptions annually per capita in
Tennessee vs 12.3 prescriptions annually per
capita in United States)27 and in which more
than 275 million doses of hydrocodone-
containing medication, the most widely dis-
pensed POA medication, were dispensed in
2010,28 permanent drug donation boxes could
potentially prevent nonmedical use by de-
creasing the number of accessible medications.
However, to our knowledge, the extent to
which medications with abuse potential are
being donated in permanent drug donation
boxes has not been explored.

Over the past 2 years, we have collaborated
with law enforcement officials in 8 localities
representing 5 Northeast Tennessee counties
to characterize permanent drug donation box
donations. Our purpose was to describe (1)
donated controlled substance medication
characteristics (e.g., active ingredient, thera-
peutic category, and percentage of total dona-
tion weight), (2) time between dispensing and
donation across therapeutic categories, and
(3) weight of medications donated per capita
across study municipalities.

METHODS

The sampling area for this study consisted of
the Johnson City---Kingsport---Bristol, Tennessee,
combined statistical area. We selected 8 per-
manent drug donation box locations within this
area for research purposes.

Data Collection and Measurement

In partnership with the DEA and local law
enforcement, we collected data on permanent
drug donation boxes in 8 Northeast Tennessee
locations from June 2012 to April 2014. The

lead author recruited law enforcement
agencies to participate in the study and allow
assessment of permanent drug donation box
contents. Over the course of 2 years, the
research team traveled to 8 collection sites to
sort and collect data (37 total visits). Sorting
and data collection visits were typically con-
ducted every 60 to 90 days and took a team
of 4 approximately 2.5 hours per visit. Law
enforcement partners were able to initiate
study participation at any time during the
2-year study period. Site 7 had the longest
study participation (742 consecutive donation
days) and site 3 participated for the fewest
number of donation days. We also conducted
sorting and collection of data during the week
before DEA national Take-Back events.

The research team sorted all donated con-
trolled substances from noncontrolled sub-
stances under direct supervision of law
enforcement officers. Donation data collected
included total donation weight (pounds), con-
trolled substance weight (pounds), active in-
gredient (controlled substances only), quantity
of individual controlled substance unit doses,
the date each controlled substance was dis-
pensed and the donation location. Total
donation weight included the donated product,
labels, and containers when provided. All
weight measurements were taken with the
same portable medical-grade scale (Detecto
DR400, Detecto Scale Company, Webb City,
MO).

We visually identified medications outside
their original packaging by using drug identifi-
cation software (Lexicomp Drug ID, Hudson,
OH). We defined controlled substance sched-
ule according to Tennessee statutes.29 Sched-
ule I products have no approved medical use,
are not available via prescription, and were
thus not analyzed. Schedule II medications
have an accepted medical use, a high potential
for abuse, and severe physical and psycholog-
ical dependence potential. Examples of Sched-
ule II medications include fentanyl, methadone,
morphine, and oxycodone. Schedules III
through V have 1 or more accepted medical
uses but decrease relatively in their abuse
potential (i.e., Schedule V medications have the
least relative abuse potential). Briefly, examples
for each of these categories include Schedule
III: hydrocodone in combination with a non-
narcotic ingredient (Schedule II as of October

6, 2014), buprenorphine; Schedule IV: alpra-
zolam, tramadol; and Schedule V: pregabalin,
codeine in limited quantities in combination
with a nonnarcotic ingredient.

We recorded doses for each controlled
substance as 1 unit per tablet, capsule, milliliter,
film, patch, syringe, intravenous drip, nasal
spray device, topical application, suppository,
or lozenge. We grouped dose units by active
ingredient into 4 general pharmacologic cate-
gories: opioids, stimulants, sedative/hypnotics,
and miscellaneous. We defined time to dona-
tion in months as the number of days between
the dispensing date printed on the prescription
container and the date of the research team’s
onsite assessment. Assessment of time to do-
nation was limited to those medications with
a discernable dispensing date on the prescrip-
tion label (1808 of 2399 containers). The
research team collected and documented data
in a Microsoft Excel versions 2010 and 2013
spreadsheet (Microsoft Corp, Redmond, WA)
while onsite.

Analysis

We defined population density for each
municipality as the estimated 2012 population
per the US Census Bureau because 2012 was
the initial year of data collection.30 We sum-
marized total weight per municipality by using
a per capita calculation, generating an average
monthly rate per 1000 population. We calcu-
lated the monthly rate by first generating
a daily donation average across the entire
sample period for each collection site. This was
done based on the total number of site-specific
collection days, which ranged from 62 to 742
days. We extrapolated this amount to the
monthly per capita rate.

We destroyed all donations (contents, con-
tainers, and labels) by incineration after the
analysis. We used Microsoft Excel and SAS
version 9.2 (SAS Institute, Cary, NC) to analyze
data postcollection.

RESULTS

A total of 106 464 prescription controlled
substance dosage units were donated across 8
collection sites. Of those, 77 658 were POAs,
22 100 sedative/hypnotics, 1791 stimulants,
and 4915 miscellaneous controlled substances.
Total pharmaceutical donations weighed 4841
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pounds, 238.5 pounds (4.93%) of which were
controlled substances.

The time from dispensing to donation varied
by therapeutic category (Figure 1). Median
(mean) time to donation ranged from 36 (59.4)
months for POAs to 20 (38.4) months for
stimulant medications. We included donations
of controlled substances from 6 decades in the
mean and median calculations. The most

dispensed medication in the United States,
hydrocodone, was the most commonly do-
nated controlled substance (20 993 dosage
units) followed by tramadol (15 669 dosage
units), oxycodone (12 923 dosage units), and
alprazolam (6317 dosage units).31The10 most
common controlled substances donated are
listed in Table 1. Of those 10, 5 were POAs
and 5 were sedative/hypnotics.

The 8 permanent donation locations
encompassed an area in which 172 148
Tennesseans formally reside within city limits.
Of the 8 municipal locations, 4 contained
resident populations greater than or equal to
10 000 and 4 of them had fewer than 10000.
The municipalities with 10 000 or more pop-
ulation donated in aggregate 153 pounds of
controlled substance prescriptions compared
with 85.5 pounds for those cities with fewer
than 10 000 residents (Table 2). Collection
sites in geographic areas with fewer than
10 000 residents donated significantly more
controlled substances in pounds (P= .002)
and individual doses (P< .001) per capita
than collection sites with 10 000 residents or
more (Figure 2). In aggregate, residents from
the 8 donation sites donated 1.39 pounds or
618.5 units of controlled substances per 1000
residents.

DISCUSSION

A convenient medication Take-Back process
via law enforcement---based permanent drug
donation boxes has been established in many
communities nationwide. Our analysis of per-
manent drug donation boxes in our region of
South Central Appalachia indicated that a sub-
stantial amount of pharmaceutical products
was donated, including controlled substances.
Our collection analyses over the course of
approximately 24 months at 8 different sites
yielded on average 1.39 pounds or 618.5 units
of controlled substances per 1000 residents.
To our knowledge, this is the first report of
outcomes associated with permanent drug
donation boxes.

Residents who possess prescription medica-
tions in the United States are encouraged to
dispose of their medications in an environ-
mentally safe manner.26 Unfortunately, those
recommended methods for destruction via
incineration (live DEA Take-Back or perma-
nent drug disposal boxes) often require signif-
icantly more effort on the part of the owner
than much simpler methods of disposal at
home, including discarding medications in the
trash or by flushing. Moreover, patients may
be uninformed regarding appropriate disposal
methods. Thus, active communication between
patients and their providers and pharmacists
will be needed to improve patient awareness of
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FIGURE 1—Number of months from dispensing to disposal via permanent drug disposal box

by therapeutic category: Northeast Tennessee, 2012–2014.

TABLE 1—Ten Most Common Controlled Substances Collected From Permanent Drug

Donation Boxes, Northeast Tennessee, 2012–2014

Active Ingredient Therapeutic Category Controlled Substance Schedule Units, No.

Hydrocodone Opioid 3 20 993

Tramadol Opioid 4 15 669

Oxycodone Opioid 2 12 923

Alprazolam Sedative/hypnotic 4 6 317

Propoxyphene Opioid 4 4 724

Lorazepam Sedative/hypnotic 4 3 987

Diazepam Sedative/hypnotic 4 3 842

Morphine Opioid 2 3 728

Clonazepam Sedative/hypnotic 4 3 592

Zolpidem Sedative/hypnotic 4 2 081

Note. The sample size was n = 77 856 units.
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appropriate medication disposal practices in
addition to altering the patients’ established
disposal habits and motivations.

Evaluating outcomes of primary prevention
efforts is particularly important in states such
as Tennessee, where there is a high rate of
controlled substance prescribing and dispens-
ing, prescription drug abuse---associated mor-
tality, and neonatal abstinence syndrome cases

per capita.1,32,33 Prescribing rates for POAs in
Tennessee (143 opioid prescriptions per 100
residents per year) are among the highest of all
50 states and at a rate of nearly 3 times the
lowest prescribing state (Hawaii, 52 opioid
prescriptions per 100 residents per year).32

Thus, residents in our Tennessee-based col-
lection area are likely to have unused, un-
wanted, or expired POAs available for disposal.

Results from our analysis suggest that many
patients store their controlled substance pre-
scriptions at home for 3 or more years. Storage
of medications beyond the expiration date or
beyond the period of indicated use may con-
tribute to unintended diversion or accidental
poisonings. Furthermore, inconsistent storage
practices have been documented in patient
subgroups associated with high-risk controlled
substance use. Practices and differences across
controlled substance pharmacotherapy cate-
gories suggest a wide and difficult-to-predict
range in the number of months from dispens-
ing to donation.34 Multiple community and
individual factors are likely to influence drug
disposal behaviors, including but not limited to
regional prescribing patterns, relative morbid-
ity, community pharmacy access, convenience
of drug donation locations, placement of
twice-annual DEA-sponsored Take-Back
events, perceived anonymity at the donation
site, community-level messaging (e.g., coali-
tion activity, public service announcements),
and a patient’s perceived value of the med-
ications. Whereas increased exploration
of these factors is warranted, increased
emphasis on appropriate disposal messag-
ing when medications are prescribed and

TABLE 2—Total Pounds and Dosage Units of Prescription and Controlled Substances

Collected at Each of 8 Permanent Drug Disposal Box Collection Sites: Northeast

Tennessee, 2012–2014

Collection

Site

Population

(2012), No.

Local DEA Drug

Take-Back Event

Collection

Period, d

Total Collected,

lbs

Controlled Substances

Collected, lbs

Controlled Substances

Collected, Units

S3 2 512 Yes 62 42 2.5 2 628

S4 3 193 Yes 567 850 51 16 940

S2 4 397 Yes 225 95.5 9 3 826

S1 5 138 Yes 164 301.5 23 13 096

S8 14 204 Yes 216 401 16 7 796

S5 26 675 Yes 229 158.5 5.5 2 469

S7 51 501 No 742 2 048 89 39 899

S6 64 528 Yes 553 944.5 42.5 19 810

Total 172 148 4 841 238.5 106 464

Note. DEA = Drug Enforcement Administration.
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FIGURE 2—Average monthly controlled substance donations per 1000 residents by pounds and number of pills: Northeast Tennessee,

2012–2014.

RESEARCH AND PRACTICE

e92 | Research and Practice | Peer Reviewed | Gray et al. American Journal of Public Health | September 2015, Vol 105, No. 9



dispensed could serve as an effective pri-
mary prevention mechanism against non-
medical use.

Uniquely, rural communities with popula-
tions of fewer than 10 000 residents donated
medications at a higher rate per capita than
communities of 10 000 residents or more.
Factors associated with this dichotomy may
include prescribing patterns, relative access to
drug donation boxes, substance abuse coalition
activity, concern of environmental disturbance
by alternate disposal methods, and the value
a patient places on the medication itself. Per-
ceived value can be influenced by differences
in nonmedical demand or street value for the
controlled substance.

Medical practice screening patterns or dis-
pensing restrictions may also give the impres-
sion that the medications may be difficult to
replace. Donation metrics linked to live DEA
Take-Back events versus permanent drug do-
nation boxes are similar in that hydrocodone
is the most donated controlled substance,
nonprescription and noncontrolled prescrip-
tion substances represent more than 90%
of all donations, and controlled substances
are consistently donated for destruction via
incineration.16,25,35,36

Limitations

We based analysis and conclusions on the
collections from 8 sites over a defined period
in a single combined statistical area. Those 8
sites represented all but 1 recently installed
(2013) permanent drug donation collection
site in a 5-county geographical region. Because
of geographical limitations, results of our anal-
ysis cannot be generalized to other areas in
Tennessee or the United States.

The reliance on sorting of prescription
medication by hand may have slightly under-
represented the actual number of controlled
substance dosage units donated. However,
the research team was very familiar with the
identity of controlled substance medications.
Time from dispensing to donation in months
may be slightly inflated (1---3 months) as we
were not able to determine the exact date of
disposal for each medication. Population com-
parisons used formal population statistics for
each municipality, missing potential donors
from nearby county residences. Finally, data
are presented in aggregate form and should

thus be interpreted as such and not to be
applied to individuals.

Conclusions

Permanent drug donation boxes can be an
effective mechanism to collect controlled sub-
stances from communities, even if the same
community hosts biannual DEA Take-Back
activities. The prevalence of controlled sub-
stances donated in small population commu-
nities (fewer than 10000 residents) was higher
compared with more populous communities.
Future studies should compare the efficiency
of disposal mechanisms and investigate the
factors that influence the donation of con-
trolled substances across diverse regions and
municipalities. j
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