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Abstract: Household pharmaceuticals are ubiquitous and untold quantities are wasted annually. Most often, people dispose of household 
pharmaceuticals by flushing them down the toilet, pouring them down the drain, or throwing them away in the trash. Pharmaceuticals 
disposed in this manner compromise the safety of our environment. This article provides a comprehensive review on the public health 
issue of household pharmaceutical waste, describing its epidemiology, explaining its effects on aquatic and human life, estimating its 
cost burden, and discussing strategies for reducing environmental exposure to it. In doing so, this article proposes two key objectives 
for our nation: (1) reduce the amount of household pharmaceuticals wasted and (2) devise environmentally friendly and cost-effective 
ways for handling this waste once it has been generated.
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Introduction
Prescription and non-prescription drugs, herein 
referred to as pharmaceuticals, are critical to main-
taining health and improving the quality of life for 
 millions of Americans. Not all pharmaceuticals dis-
pensed to or purchased by people are consumed or 
used. Unconsumed or unused pharmaceuticals fre-
quently are wasted. For example, it has been estimated 
that hospitals and long-term care (LTC) facilities waste 
at least 125 million pounds of pharmaceuticals per 
annum.1 Although many health services researchers 
have addressed various issues related to pharmaceuti-
cal waste generated by the health services industry, 
there are currently no articles that fully address issues 
related to pharmaceutical waste generated by house-
holds. This article provides a comprehensive review 
on the public health issue of household pharmaceuti-
cal waste, describing its epidemiology, explaining its 
effects on aquatic and human life, estimating its cost 
burden, and discussing strategies to reduce environ-
mental exposure to it.

epidemiology of Household 
pharmaceutical Waste
Pharmaceutical use in the  
United States
In the United States, the use of prescription drugs, 
as measured by the number of prescriptions pur-
chased and the annual rate of growth in prescription 
drug spending, increased considerably over the last 
15 years. From 1993 to 2003, the number of pre-
scriptions purchased increased 70% (from 2.0  billion 
to 3.4 billion).2 Between 1995 and 2004, the annual 
rate of growth in prescription drug spending was, 
on average, 13.4% per year.3 In 2005, approxi-
mately 3.6 billion prescriptions were purchased in 
the United States,4 and in 2006, prescription drug 
spending increased 8.5% from the prior year to reach 
$216.7 billion.3 The use of non-prescription drugs 
has also increased appreciably over time.5–9 How-
ever, accurate estimates of non-prescription drug 
use are comparatively limited because many stud-
ies that approximate use of pharmaceuticals either 
exclude non-prescription drugs or categorize over-
the- counter (OTC) drugs and dietary supplements 
into one category.

At any given period in time, most U.S. adults 
 consume or use at least one pharmaceutical, and many 
consume or use multiple pharmaceuticals. Using 
data from the National Social life, Health and Aging 
Project (NSHAP), researchers studied pharmaceuti-
cal use among a nationally representative probability 
sample of community-residing individuals aged 57 
through 85 years.10 Key findings from the NSHAP 
are summarized in Table 1. Among 2,976 individu-
als, 81% used at least one prescription drug on a 
regular schedule and 29% used at least five. Overall, 
91% of U.S. older adults regularly used at least one 
pharmaceutical. This rate translates into approxi-
mately 50.5 million adults aged 57 to 85 years in the 
United States.10

An on-going telephone survey of a random sample 
of the non-institutionalized U.S. population (The Slone 
Survey) showed that among 2,590 individuals aged at 
least 18 years, 51% used at least one prescription drug 
during the preceding week and 7% used at least five. 
Use of non-prescription drugs was also widespread; 
40% used one or more vitamin or mineral supple-
ments and 14% used at least one herbal/ supplement 
during a given week.11 Overall, 81% of U.S. adults 
used at least one pharmaceutical and 25% used at 
least five. These rates translate into approximately 
169 million and 52 million adults aged 18 years and 
over, respectively, in the United States.11

Pharmaceutical waste  
in the United States
Reasons pharmaceuticals are wasted
Pharmaceuticals designed for humans often are wasted 
for a variety of reasons. These reasons include, but 
may not be limited to: the person’s medical condi-
tion resolves before the pharmaceutical is completely 
consumed or used; the person experiences an intoler-
able adverse effect from the pharmaceutical and must 
stop taking or using it; the person refuses to take or 
use the pharmaceutical as instructed by his/her pre-
scriber; the pharmaceutical is not effective and the 
prescriber discontinues or changes it; the pharma-
ceutical expires or spoils before it is completely con-
sumed or used; or the person dies and leaves behind a 
supply of pharmaceuticals.12,13 Some of these reasons, 
such as refusing to take or use the pharmaceutical as 
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instructed, represent potential targets for intervention 
to reduce pharmaceutical waste.

Scope and magnitude of household 
pharmaceutical waste
Because U.S. consumers do not keep data on the 
waste they generate, national estimates of household 
pharmaceutical waste do not exist. However, in stud-
ies performed in and outside the United States, enor-
mous quantities of household pharmaceutical waste 
have been documented.14–16 In a U.S. pilot study, for 
example, approximately 17,000 drugs were returned 
to a community pharmacy located in Houston, Texas 
over a six-month period.14 In disposal programs in 
Alberta, Canada, more than 204 tons of unused drugs 
were collected over an eight-year period.15

Two relatively new approaches to acquire data to 
assess the scope and magnitude of household phar-
maceutical waste are to measure the quantity of drugs 
wasted by hospice programs and the inventories of 
drugs maintained by coroner offices. Hospice pro-
grams provide compassionate care for people living 
with life-limiting illnesses or injuries. In 2008, the 

last year for which complete data are available, an 
estimated 1.45 million patients enrolled in  hospice 
 programs; of those, 963,000 (66.4%) died,  representing 
 approximately 38.5% of all deaths in the United 
States.17 Patients aged 65 years or older are the domi-
nant users of hospice services, accounting for more 
than 80% of all hospice enrolees.17 These patients 
are also the dominant users of drugs, with nearly half 
using five or more drugs; among those, the most fre-
quently used drugs are opioid analgesics,18,19 which 
are classified as controlled substances. When a hos-
pice patient dies, most unused drugs are wasted, usu-
ally without violating state or federal regulations.20 As 
the U.S. population ages, the quantity of drugs wasted 
by hospice programs is expected to grow, yet there 
are few data documenting the extent of this waste.

To begin to acquire data to assess the scope and mag-
nitude of drugs wasted by hospice programs in the United 
States, a group of researchers performed a retrospec-
tive chart review of 100 hospice patients who died con-
secutively between November, 2004 and March, 2005. 
After exclusion criterion was applied, the final sample 
was comprised of 51 hospice patients with a mean age 

Table 1. weighted prevalence estimates of pharmaceutical use by sociodemographic characteristics.

characteristic

estimated prevalence, %
Overall sample 
(n = 2,976)

no drug 
(n = 259)

prescription 
drug 
(n = 2,455)

OTc drug 
(n = 1,253)

Dietary 
supplement* 

(n = 1,425)
Overall 100  9.0 81.0 42.0 49.0
Age, y
 57–64 42.0 13.3 74.3 36.1 43.6
 65–74 35.0  6.0 84.2 46.0 53.2
 75–85 24.0  4.9 89.7 47.3 54.2
Gender
 Men 49.0 11.0 76.6 42.6 43.1
 women 51.0  6.6 86.0 41.9 55.4
Race/ethnicity†

  white, 
non-Hispanic

81.0  8.0 82.0 44.1 51.7

  Black, 
non-Hispanic

10.0  8.5 84.0 36.1 37.3

  Hispanic, 
any race

 7.0 18.1 71.4 30.6 41.9

 Other  3.0 11.1 76.9 37.1 43.7

Reprinted from Qato DM, Alexander GC, Conti RM, Johnson M, Schumm P, Lindau ST. Use of prescription and over-the-counter medications and dietary 
supplements among older adults in the United States. Journal of the American Medical Association. 2008;300(24):2867–2878.10 Copyright © (2008) 
American Medical Association. All rights reserved. 
*Includes the use of nutritional products and alternative therapies; †excludes 12 respondents who refused to answer or answered “don’t know”.
Abbreviation: OTC, over-the-counter.
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of 73.3 years (standard deviation [SD], 14.1). At the 
time of death, the mean number of drugs per patient 
was 9.7 (SD, 4.2).21 The top 10 drugs wasted following 
the death of these patients are listed in Table 2. With the 
exception of haloperidol, all of the top 10 drugs wasted 
were controlled substances. The quantity of drugs 
wasted totalled 4,762  milliliters, 2,496 tablets, and 67 
patches. The average cost of wasted drugs per patient 
was between approximately $100 and $200.21 With 
963,000 patients dying in U.S. hospice programs per 
year, this may mean that up to $192,600,000 of drugs 
are being wasted by hospice programs nationally.

In 2007, another group of researchers performed 
a retrospective chart review of 105 hospice patients 
(mean age, 78 years) who died between April, 2007 
and June, 2007. Patients were included if they had 
a completed controlled substance waste destruction 
record. At the time of death, the overwhelming majority 
of hospice patients had unused controlled substances in 
the home. The most commonly unused controlled sub-
stances were morphine concentrated solution (99.0% 
of patients), lorazepam solution or tablet (64.8% of 
patients), fentanyl transdermal patch (9.5% of patients), 
and roxicodone solution (6.7% of patients). Among 
those, more than three liters (3,184 mL) of morphine 
concentrated solution, 397 milliliters of lorazepam 

solution, 990 tablets of lorazepam, 57 fentanyl trans-
dermal patches, and 382 milliliters of roxicodone solu-
tion were  wasted.20 These findings, coupled with those 
of Hauser et al21 indicate that a sizeable quantity of 
unused drugs are wasted when a hospice patient dies. 
The fact that countless quantities of wasted drugs are 
not recorded by hospice programs or have not been 
measured by researchers suggests that pharmaceutical 
waste generated by hospice programs in the United 
States may be grossly underestimated.

As aforementioned, one approach to acquire data 
to assess the scope and magnitude of household phar-
maceutical waste is to measure the inventories of 
drugs maintained by coroner offices. These invento-
ries, which are compiled as standard protocol by most 
coroner offices in the United States, are an accurate 
record of drugs wasted by decedents.22 Data from a 
pilot study conducted by the Clark County Coroner’s 
Office (CCCO) in Clark County, Nevada demon-
strates proof of this concept.

In 2005, the death rate for Clark County, Nevada 
was 0.008, which was also the death rate for the United 
States during 2005.22 Among the 13,761 deaths reported 
in Clark County in 2005, 10,135 deaths were reported 
to the CCCO. The total number of cases accepted 
by the CCCO was 3,393; of those, 1,574 (46.4%) 

Table 2. Cost of the top 10 drugs wasted by the Northwestern Memorial Home Hospice Program.

Drug
Quantity wasted Total cost of drugs wasted*

Generic name Brand name
Diazepam solution or tablet (valium®) 60 mL + 32 tablets $110.16 $244.20
Fentanyl transdermal patch (Duragesic®) 67 patches $2,179.00 $3,201.90
Haloperidol solution or tablet (Haldol®) 776 mL + 165.5 tablets $239.66 $2,143.59
Hydrocodone/APAP tablet (vicodin®) 325.5 tablets $149.47 $285.42
Hydromorphone solution or tablet (Dilaudid®) 40 mL + 280 tablets $274.54 $390.24
Lorazepam solution or tablet (Ativan®) 160 mL + 879.5 tablets $711.73 $1,395.78
Morphine concentrated solution (Roxanol®) 1721 mL $653.98 $971.86
Morphine eR tablet (MS Contin®) 94 tablets $288.30 $363.80
Oxycodone eR tablet (OxyContin®) 82 tablets $126.90 $148.34
Roxicodone solution (Oxydose®) 280 mL $369.97 $447.97
Total wasted† 4,762 mL + 2,495.5 

tablets + 67 patches
$5,558.75 $10,535.85

Average cost per patient‡ $109.00 $206.59

Reprinted from Hauser JM, Chen L, Paice J. Down the drain: the cost of medications wasted in hospice. Journal of Pain and Symptom Management. 
2006;31(5):379–380.21 Copyright © (2006), with permission from elsevier.
*Cost of unused drugs following the death of 51 hospice patients. Costs were calculated using the price per mL, patch, or tablet, which was obtained from 
a national chain drug-store, multiplied by the quantity wasted.†Totals are slightly greater than the sum of either quantity wasted or total cost of drugs wasted 
because totals include other drugs not in the top 10; ‡Average cost was calculated using the total wasted divided by the number of hospice patients; thus, 
it includes other drugs not in the top 10.
Abbreviations: APAP, acetaminophen; eR, extended-release; mL, milliliters. 
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included drug inventories. During the calendar year of 
this pilot study, at least 325,000 doses of a wide array 
of drugs, not including liquids, powders or delivery 
systems (such as inhalers, patches, and syringes), 
were collected and disposed of by the CCCO. These 
doses represented greater than 102 kilograms of active 
pharmaceutical ingredients (APIs) disposed into the 
environment. Extrapolating these data to the entire 
U.S. deceased population, the CCCO estimated that at 
least 17.9 metric tons of APIs are disposed of by coro-
ner officers annually.22 If this new approach to acquire 
data about drugs wasted by decedents was applied on 
a nationwide basis, it could increase our understand-
ing of the scope and magnitude of household pharma-
ceutical waste in the United States.22

Household pharmaceuticals  
in the environment
How household pharmaceuticals  
enter the environment
Household pharmaceuticals enter the environment in 
three major ways: (1) they are excreted by the human 
body, (2) they wash off the human body, or (3) they 
are disposed. After consumption, pharmaceuticals are 
metabolized in the body and excreted as either the 
unaltered parent compound or metabolites, some of 
which are active compounds. These byproducts are 
flushed down the toilet and subsequently released 
into sewage water.23 After topical application, some 
pharmaceuticals are washed off during bathing, 
thereby also entering the domestic sewage system. 
Thus, a certain amount of environmental pollution 
from pharmaceuticals is inevitable. Another source of 
environmental pollution, however, is the disposal of 
unconsumed or unused household pharmaceuticals.

One method of disposal of unconsumed or unused 
household pharmaceuticals is to flush them down the 
toilet or pour them down the drain. In  February 2007, 
the White House Office of National Drug Control 
Policy (ONDCP), in collaboration with the U.S. Food 
and Drug Administration (FDA) and the Environmen-
tal Protection Agency (EPA), published federal guide-
lines for the proper disposal of drugs.24 The guidelines 
recommended that 13 specific drugs with a high 
potential for abuse or acute toxicity be flushed down 
the toilet (see Box 1). In October 2009, the guidelines 
were updated25 and the list of 13 specific drugs to be 

flushed down the toilet was removed. Instead, the 
guidelines refer consumers to a new website launched 
by the FDA for an updated list of drugs that should 
be flushed down the toilet or poured down the drain 
(see Box 2).26 For a description of U.S. governmental 
agencies discussed in this article, see Appendix A.

The Drug Enforcement Administration (DEA; see 
Appendix A) requires most LTC facilities to dispose 
of unused controlled substances directly, which usu-
ally means flushing them down the toilet.12 Following 
the death of a hospice patient, the U.S. Code of Fed-
eral Regulations 42 CFR 418.96 states: “The hospice 
must have a policy for the disposal of controlled drugs 
maintained in the patient’s home when those drugs 
are no longer needed by the patient.”33 Previously 
described research has shown that hospice programs 
commonly dispose of unused controlled substances in 
the home by flushing them down the toilet or pouring 
them down the drain.20 Similarly, the most common 
method used by coroners to dispose of pharmaceuti-
cals remaining in the household following a person’s 
death is to flush them down the toilet.22

Disposal by flushing down the toilet or pour-
ing down the drain is not recommended for the vast 
majority of pharmaceuticals. With the exception of 
the drugs listed in Box 2, it is recommended that most 
unconsumed or unused pharmaceuticals be disposed 
of in the household trash. Specifically, the ONDCP 
and FDA recommend that most pharmaceuticals be 

40

Actiq (fentanyl citrate)
Daytrana Transdermal Patch (methylphenidate)
Duragesic Transdermal System (fentanyl)
OxyContin Tablets (oxycodone)
Avinza Capsules (morphine sulfate)
Baraclude Tablets (entecavir)
Reyataz Capsules (atazanavir sulfate)
Tequin Tablets (gatifloxacin)
Zerit for Oral Solution (stavudine)
Meperidine HCl Tablets
Percocet (oxycodone and acetaminophen)
Xyrem (sodium oxybate)
Fentora (fentanyl buccal tablet)

Box 1. Original list of drugs recommended for disposal by flushing down 
the toilet.24
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disposed of in the household trash by: (1) taking 
them out of their original containers; (2) mixing them 
with an unpalatable (or undesirable) substance such 
as used coffee grounds or kitty litter; (3) putting the 
mixture into an impermeable, non-descript disposable 
container with a lid such as an empty coffee can or 
into a sealable plastic bag; (4) concealing or remov-
ing any personal information from the empty original 
containers; and, (5) throwing the sealed container or 
plastic bag with the mixture, and the empty original 
containers, in the household trash.24–26

Of the two disposal methods, disposal of house-
hold pharmaceuticals by flushing them down the toilet 
or pouring them down the drain is the most signifi-
cant contributor to water pollution. Pharmaceuticals 
disposed in this manner are released directly to the 
environment after passing through wastewater treat-
ment plants or domestic septic systems, which often 
are not designed to remove pharmaceuticals from the 
effluent.34 The result is that small concentrations of 
pharmaceuticals can end up in drinking water.12

Disposal of household pharmaceuticals by throw-
ing them into the household trash can also contribute to 

water pollution. Pharmaceuticals disposed in this man-
ner are delivered to landfills. If these pharmaceuticals 
are not protected from environmental exposure and 
not biodegraded, they may leach into groundwater 
and eventually end up in streams, rivers, or drink-
ing water. Certain antibiotics (e.g. tetracyclines), 
for example, have a strong tendency to bind with 
sewage sludge, soils and sediments and, therefore, 
take months to biodegrade.35–41 Generally, however, 
throwing pharmaceuticals into the household trash, 
especially in impermeable containers, results in less 
water pollution than flushing pharmaceuticals down 
the toilet or pouring them down the drain because 
landfills do not empty directly and immediately into 
waterways like some sewage.12

Quantity of household pharmaceuticals 
in the environment
Over time, the use of pharmaceuticals in the United 
States has been steadily increasing, driven by both 
pharmaceutical development and an aging popula-
tion. As a result, the amount of household pharma-
ceutical waste that is generated and thus the quantity 
of household pharmaceuticals in the environment is 
also increasing.42 Only recently, though, has improved 
testing equipment been capable of detecting phar-
maceuticals at low concentrations, which might be 
expected in the environment.43 Even with improved 
testing equipment, however, it has been difficult for 
scientists to determine the exact sources of pharma-
ceuticals in the environment and their correlations to 
the quantities of unconsumed or unused pharmaceuti-
cals in the home.22 Nevertheless, pharmaceuticals are 
increasingly being detected in our nation’s water and 
the massive amount of pharmaceuticals being flushed 
down the toilet, poured down the drain and thrown in 
the trash by consumers might aggravate an emerging 
public health problem.

The U.S. Geological Survey (USGS) provided the 
first and largest nationwide investigation of the occur-
rence of organic wastewater contaminants, including 
pharmaceuticals, in streams.43 During 1999–2000, 
USGS personnel sampled water from 139 streams 
across 30 states to determine if organic wastewater 
contaminants are entering U.S. streams and to esti-
mate the extent of their occurrence in these waters. 
One or more of the 95 organic wastewater contami-
nants evaluated were detected in 80% of the streams 

Actiq (fentanyl citrate)

Daytrana (methylphenidate)

Duragesic (fentanyl)*

Diastat/Diastat AcuDial (diazepam)

Demerol (meperidine hydrochloride)*

Dolophine hydrochloride (methadone hydrochloride)*

Dilaudid (hydromorphone hydrochloride)*

Methadose (methadone hydrochloride)*

Avinza (morphine sulfate)

Morphine sulfate (morphine sulfate)

MS Contin (morphine sulfate)*

Onsolis (fentanyl citrate)

Embeda (morphine sulfate-naltrexone hydrochloride)

Fentora (fentanyl citrate)

Kadian (morphine sulfate)

Methadone hydrochloride (methadone hydrochloride)*

Opana/Opana ER (oxymorphone hydrochloride)

Oramorph SR (morphine sulfate)

OxyContin (oxycodone hydrochloride)*

Percocet (oxycodone hydrochloride-acetaminophen)*

Percodan (oxycodone hydrochloride-aspirin)*

Xyrem (sodium oxybate)

Box 2. Updated list of drugs recommended for disposal by flushing down 
the toilet or pouring down the drain.26

note: *These drugs have generic versions available or are only available 
in generic formulations.
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sampled for this study, with most (75%) of the streams 
having mixtures of various contaminants. Among the 
human pharmaceuticals detected, non-prescription 
drugs were found with greater frequency than pre-
scription drugs. The most commonly detected non-
prescription drug was acetaminophen and the most 
commonly detected prescription drug was the antibi-
otic class, including erythromycin, lincomycin, sul-
famethoxazole and trimethoprim. Collectively, these 
specific drugs comprised 16.7% of the 30 most fre-
quently detected organic wastewater contaminants. 
The levels of concentration of these drugs were low, 
with median detectable concentrations well below 
1 µg/L.43

Although previous research in other countries has 
also shown that pharmaceuticals can be introduced 
into the aquatic environment,44–47 the USGS is the first 
to document that detectable quantities of pharmaceuti-
cals occur in U.S. streams at the national scale.43 This 
indicates that many pharmaceuticals survive waste-
water treatment in the United States. In March 2008, 
as part of an ongoing investigation, the Associated 
Press shockingly reported that trace concentrations 
of various pharmaceuticals—including antibiotics, 
anticonvulsants and sex hormones—were detected 
in the water supplies of 24 major metropolitan areas 
that provide drinking water for at least 41 million 
Americans.48 Although the measured concentrations 
of pharmaceuticals in the water supplies were low, the 
findings are still disconcerting. Currently, few waste-
water treatment plants even test for the presence of 
pharmaceuticals and the federal government has not 
set safety limits for pharmaceuticals in drinking water. 
Moreover, there is genuine concern that pharmaceu-
ticals in water, even in trace concentrations, could be 
affecting aquatic organisms and human health.49

effect of household pharmaceuticals  
on aquatic and human life
Aquatic life
Scientists theorize that chronic exposure to even 
extremely small concentrations of pharmaceuticals 
could produce harmful effects in aquatic life that would 
be so insidious that they would be  undetectable or go 
unnoticed until it was too late to reverse them.49–53 In 
recent years, scientists have found evidence to support 
the theory that pharmaceuticals in the water harm fish 
and other aquatic organisms. One of the major find-

ings is the presence of intersex characteristics in fish. 
The presence of this abnormality has been found in a 
number of waterways in the United States, including 
Oregon and West Virginia,54,55 and other countries, 
including China and the United Kingdom.56–58 As part 
of the Chesapeake Bay studies (http://chesapeake.
usgs.gov/), the USGS found that intersex character-
istics in fish were widespread throughout the Poto-
mac and Shenandoah Rivers.59 The USGS scientists 
believe that one potential cause of this abnormality 
is certain pharmaceuticals (e.g. estrogens) that act as 
endocrine disruptors. Endocrine disruptors are chem-
icals that interfere with the natural balance of hor-
mones in living organisms.59

Although scientists have discovered changes in 
aquatic life that they attribute to pharmaceuticals, 
scientists have not been able to conclude from field 
studies, like the Chesapeake Bay studies, that phar-
maceuticals directly cause intersex characteristics in 
fish. In addition, household pharmaceutical waste is 
only one source of endocrine disruptors in the water. 
Thus, the contribution of household pharmaceuti-
cal waste to the fish-related problems detected in the 
Chesapeake Bay and in a number of waterways in the 
United States is unknown. There is a need to further 
study the extent and cause of aquatic-health prob-
lems in the United States and the impact of house-
hold pharmaceuticals on this problem. Identifying the 
pharmaceuticals that are impacting aquatic life and 
their source will help scientists develop solutions for 
the problem.59

Human life
Because there are no testing requirements or safety 
limits for pharmaceuticals in drinking water, millions 
of Americans are unwittingly consuming an array of 
drugs that may be harmful to their health. Potential 
health concerns from the presence of pharmaceu-
ticals in drinking water include: increased risk of 
developing cancer, reproductive impairment, and the 
selection and development of antibiotic-resistant bac-
teria.43 These concerns focus on certain drug classes: 
chemotherapeutic drugs or hormones that can be 
 carcinogenic, hormones that can fetter reproduction 
or development, and antibiotics that can allow bacte-
ria to mutate into more dangerous forms.48

Estradiol and synthetic estrogens, which are com-
mon constituents of contraceptives and hormone 
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replacement therapies, are established carcinogens 
in humans.60 Based on this evidence, some scientists 
believe that environmental exposure to pharmaceu-
ticals containing estradiol and synthetic estrogens 
contribute to many unexplained cases of cancer, par-
ticularly female breast cancer.61,62 These scientists 
hypothesize that people who reside in locations where 
the water is highly polluted by household pharmaceuti-
cal waste might take in exogenous estrogens by drink-
ing water. Once ingested, these foreign chemicals may 
promote the development of breast cancer in a variety 
of ways, such as through vasculogenesis.61 Although 
it is difficult for scientists to link household pharma-
ceutical waste to female breast cancer, the evidence 
showing that exogenous estrogens induce carcinogen-
esis in humans suggests that estrogens in the environ-
ment may be a contributing factor.

Exogenous estrogens also pose a health hazard 
to men. Experimentally, reproductive abnormali-
ties and testicular cancers have occurred in labo-
ratory animals exposed to exogenous estrogen in 
utero.63–65 These laboratory studies suggest that there 
are physiological mechanisms by which exposure 
to exogenous estrogens in fetal life could lead to 
adverse changes in male reproductive development 
and function in humans.66 One of the factors that 
could, at least theoretically, be partly responsible for 
the increased exposure of infants to exogenous estro-
gen during gestation is increased levels of synthetic 
estrogens in the environment66—a potential conse-
quence of household pharmaceutical waste. Despite 
the fact that there is no direct evidence from human 
studies validating a causal link between exposure and 
effect, trepidation exists and is supported by reports 
of reproductive and developmental impairment in 
animals.67

Resistance to antibiotics constitutes a major threat 
to public health. Research has shown that a multitude 
of antibiotics are present in freshwater.43,44 In a national 
study of antibiotic resistance in freshwater, scientists 
found that antibiotic-resistant bacteria were widespread 
in water samples from 16 U.S. rivers.68 One reason 
cited is that the exposure of water to antibiotics, such 
as when people flush unused  antibiotics down the toi-
let, selects for resistant bacteria.69,70 A growing body of 
evidence supports that even low-level concentrations 
of antibiotics in the environment could increase the rate 
at which bacteria develop resistance to antibiotics.71–74

Notwithstanding the aforementioned health con-
cerns, several studies and entities, such as the Phar-
maceutical Research and Manufacturers of America 
(PhRMA), have concluded that pharmaceuticals 
tested to date in surface and drinking water pose no 
appreciable risk to human health because environ-
mental concentrations are generally found to be sev-
eral orders of magnitude below therapeutic or toxic 
levels.75–79 Based on their research, scientists conduct-
ing these studies and PhRMA believe that the detec-
tion of household pharmaceuticals in the environment 
reflects nothing more than better analytical technol-
ogy. While it is true that better analytical technology 
now allows scientists to detect household pharma-
ceuticals in the environment at very low or minute 
concentrations and this ability will only improve 
with time,27 currently no data are available on count-
less pharmaceuticals being used by consumers and 
hundreds of new pharmaceuticals are constantly in 
development. Even with improvements in analytical 
technology, it has become clear that household phar-
maceuticals are ubiquitous and it is doubtful that even 
the best technology will be able to predict the long-
term impact of continual exposure to combinations 
of pharmaceuticals on highly complex organisms 
such as humans.49 Much is yet to be learned about the 
effects on humans exposed to low-level concentra-
tions of household pharmaceuticals. Nevertheless, if 
exposure to low-level concentrations of certain phar-
maceuticals, such as exogenous estrogens, does pose 
a threat to human health, reductions in exposure will 
provide an opportunity for primary prevention.61,66 
More research is needed to better understand this 
problem and to develop solutions.

Financial Impact of Household 
pharmaceutical Waste
Environmental and health concerns are not the only 
public health implications of household pharmaceuti-
cal waste; costs are also an important factor. Whether 
it is consumers, payers, or other entities,  someone 
paid for the pharmaceuticals that end up being wasted. 
Any unconsumed or unused pharmaceutical indicates 
wasted healthcare resources and adds to the total costs 
of our healthcare system.12,22

Nearly a decade ago, experts estimated that more than 
$1 billion worth of pharmaceuticals were wasted each 
year in the United States.80 Since then, pharmaceutical 
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purchases in this country have increased markedly. 
More recently, researchers studied the cost of house-
hold pharmaceuticals wasted during hospice care.21 
In a single hospice program, they found that the aver-
age cost of wasted drugs was between $100 and $200 
per patient (Table 2). If these data were extrapolated 
to the number of patients receiving services from all 
U.S. hospice programs per year,17 it would mean that 
up to $290 million (in 2005 dollars) of drugs are being 
discarded by hospice programs alone. Considering 
that hospice programs get paid approximately $135 
per patient per day for routine home care, which must 
cover payment for all of the patient’s hospice-related 
drugs,81 and that this estimate includes a relatively 
small segment of the U.S. population, these figures 
are quite staggering.

Reducing environmental exposure  
to Household pharmaceutical Waste
Background
There are opportunities to reduce environmental 
exposure to household pharmaceutical waste in every 
phase of the life cycle of pharmaceuticals: design; 
approval and regulation; production; use; and dis-
charge and disposal (see Fig. 1).27 The top priority 
should be to reduce the amount of pharmaceutical 
waste generated, rather than dealing with the pharma-
ceutical waste once it has been generated.12 Reducing 
the amount of pharmaceutical waste generated starts 
at the beginning of the life cycle, where pharmaceuti-
cals are designed.

potential solutions and 
Recommended strategies
Use green chemistry
Green chemistry, also known as sustainable chemis-
try, is the design and application of chemical prod-
ucts and processes that reduce or eliminate the use or 
generation of hazardous substances.82 Green chemis-
try offers great potential to help reduce the amount 
of pharmaceutical waste related to the design and 
production of pharmaceuticals. It has the potential to 
enhance or improve the absorption, bioavailability, or 
delivery of pharmaceuticals, which makes it possible 
to design pharmaceuticals with the same therapeutic 
effect that use less APIs.27 As a result of using less 
APIs in the design of pharmaceuticals, the amount of 
pharmaceutical waste generated both by production 

and by human excretion is decreased.27 Green chem-
istry also has the potential to facilitate more rapid 
removal of pharmaceuticals upon release to the envi-
ronment, which ultimately would decrease environ-
mental persistence of pharmaceutical waste.27 The 
pharmaceutical industry should incorporate green 
chemistry principles into its pharmaceutical design 
and production processes. Providing incentives, pos-
sibly through the pharmaceutical approval process, to 
support the use of green chemistry should be exam-
ined by the federal government.

Conduct an environmental Assessment  
(eA) for all pharmaceuticals
In the United States, the FDA is the federal agency 
responsible for regulating the approval of pharmaceu-
ticals (see Appendix A). While the FDA is required to 
conduct an EA for pharmaceuticals seeking approval, 
there are a number of exclusions to this requirement. 
The federal government should reevaluate and con-
sider removing these exclusions, thereby requiring 
an EA for all pharmaceuticals before the FDA will 
approve them to be marketed.

Reduce the amount of unconsumed  
or unused pharmaceuticals
In the United States, most drugs are prescribed and 
dispensed in 30- or 90-day supplies, in part due to 
insurance requirements.12,83 If prescribers and phar-
macies, respectively, could prescribe and dispense in 
shorter supplies, a great deal of pharmaceutical waste 
could be avoided. The federal government should 
fund research and pilot programs to identify new pay-
ment systems to encourage prescribing and dispens-
ing in shorter supplies and to explore the use of new 
technologies, such as automated dispensing systems, 
that facilitate dispensing in shorter supplies.12

Coordinate efforts of federal agencies  
to handle pharmaceutical waste
Currently, there is very little coordination between 
the FDA, the EPA, and the DEA when it comes to 
 handling pharmaceutical waste.12 The FDA recom-
mends that consumers take advantage of community 
pharmaceutical take-back programs.26 The EPA and 
the DEA have their own individual efforts under-
way to address the disposal of pharmaceuticals 
(see Appendix A). The EPA is addressing the disposal 
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1.  Design

2.  Approval and 
Regulation

3.  Production

4.  Use

5.  Discharge and 
disposal

Green chemistry

Green chemistry

Environmental
assessment

Prescribing and 
dispensing

National guidelines

Take-back programs

Education

Incineration

Wastewater treatment

Figure 1. Five main target areas for reducing environmental exposure to pharmaceutical waste based on the life cycle of pharmaceuticals.*
*Adapted from Becker.27

of hazardous pharmaceutical waste, while the DEA is 
addressing the disposal of controlled substance waste. 
While this patchwork approach has made some progress 
in handling pharmaceutical waste, these agencies need 
to work together to establish more cohesive national 
guidelines that are environmentally friendly, practical, 
and safe for the public and healthcare providers.12

establish more community pharmaceutical 
take-back programs
Community pharmaceutical take-back programs are 
periodic or ongoing events that allow people to bring 
unconsumed or unused pharmaceuticals to an orga-
nized collection site, such as a local pharmacy or 
police station, for proper management and  disposal.29 
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Examples of pharmaceutical take-back programs are 
provided in Table 3. Currently, there are relatively 
few take-back programs in the United States, primar-
ily because very little funding is available for such 
programs; they are frequently short-lived, pilot pro-
grams funded by federal government grants.12 To 
begin to establish more community pharmaceutical 
take-back programs and to enable them to become 
permanent programs, the federal government should 
identify other funding sources for them, including 
requiring pharmaceutical companies to pay for these 
programs and levying other waste disposal taxes and 
fees.12 Additionally, the federal government must 
ensure that these programs are convenient to access 
and free for people who want to participate in them.

educate the public and healthcare providers 
about disposal options
Currently, there is no national database or federal 
coordination to collect and disseminate information 
to the public or healthcare providers about safe phar-
maceutical disposal practices and about community 
 pharmaceutical take-back programs that are available 
for them to utilize.12 As a result, the public and health-
care providers may be unaware that these programs 
exist in their area. To begin to solve this problem, the 
federal government should establish a national clear-
inghouse to collect information about safe pharmaceu-
tical disposal practices and community pharmaceutical 

take-back programs and they should provide technical 
assistance to state governments to disseminate this 
information to the public and healthcare providers.12

establish more environmentally friendly 
methods for handling pharmaceutical waste
Incineration has the potential to permanently destroy 
pharmaceutical waste while simultaneously prevent-
ing harm to the environment. It is necessary, however, 
for the incineration to be done with an incinerator that 
has been designed and approved for this purpose.12 
Currently, few of these incinerators are available in 
the United States, and those available can be costly. 
Providing incentives, possibly through the tax code, 
to begin to establish more of these incinerators and to 
expand their use is something that should be explored 
by the federal government.12

Although wastewater treatment plants remove 
some pharmaceuticals, most conventional plants do 
not effectively remove most pharmaceuticals from 
wastewater effluents and removal rates are highly 
variable.84,85 Advanced wastewater treatment tech-
niques such as activated carbon, membrane biore-
actors and filtration, and oxidation by chlorination 
or ozonation can increase pharmaceutical removal 
rates.27,86 Expanding the use of these techniques to 
more wastewater treatment plants in the United States 
is something that should be explored by the federal 
government and the EPA.

Discussion
The results of this comprehensive review demonstrate 
that trace concentrations of household pharmaceu-
ticals, such as antibiotics, hormones and controlled 
substances, are finding their way into our nation’s 
environment. In many cases, household pharma-
ceuticals enter the water when people excrete them 
or wash them away in the shower.87 In other cases, 
unconsumed or unused household pharmaceuticals 
are being flushed down the toilet or the drain and 
disposed of in the trash. Researchers suspect that 
the quantity of household pharmaceuticals entering 
our nation’s water supply is increasing, particularly 
because per capita drug use in the United States is 
on the rise. This has public health and environmental 
officials in a quandary.87

On the one hand, there is no evidence that trace 
concentrations of household pharmaceuticals found 

Table 3. exemplar pilot and existing community pharma-
ceutical take-back programs in the United States.

program Additional information 
about the program

No Drugs Down the Drain! http://www.
sharpmedsolutions.org/ 

Operation Medicine Cabinet http://www.
drugfreecollier.org 

Prescription Pill and Drug 
Disposal Program

http://www.
p2d2program.org/ 

Safe Medicine Disposal http://www.
safemeddisposal.com/ 

Unwanted Medicine Return 
Program

http://www.
medicinereturn.com/ 

note: The Product Stewardship Institute is a valuable resource for 
consumers looking for pharmaceutical take-back programs in their 
area. Through The Drug Take-Back Network, the Product Stewardship 
Institute provides a listing of pharmaceutical take-back programs and 
events available across the country (http://www.takebacknetwork.com/
local_efforts.html).

http://www.la-press.com


Bain

32 Health Services Insights 2010:3

in the environment thus far are harmful to human 
life. On the other hand, researchers have found phar-
maceuticals almost everywhere they have looked for 
them, and there is evidence that trace concentrations 
of household pharmaceuticals are harmful to aquatic 
life. This begs the question: should public health and 
environmental officials wait until scientists can make 
a still stronger case for a link between household 
pharmaceutical waste and harmful effects in humans? 
It would seem cavalier to dismiss the possibility of 
harm because of a paucity of evidence. Our nation’s 
experience with the most egregious of chemicals 
such as asbestos, lead, and tobacco demonstrates 
that it can be costly, in terms of human lives, health 
and dollars, to defer action until evidence of harm is 
overwhelming.61,87

Although swift action is needed to mitigate the 
public health threat of household pharmaceutical 
waste, implementing the strategies recommended in 
this article will require major changes in attitudes, 
behaviour and regulations. These changes will take 
time and some will likely be met with opposition. 
For example, the use of green chemistry would 
require a major change in the way pharmaceuti-
cals are designed and brought to market through 
the regulatory approval process. Today, without the 
widespread use of green chemistry, it takes more 
than a decade (on average) to bring a new pharma-
ceutical to market in the United States, costing the 
pharmaceutical company millions or billions of dol-
lars.27 The issue of who will pay for the use of green 
chemistry certainly needs to be addressed. Reduc-
ing the amount of unconsumed or unused household 
pharmaceuticals would require a major change in 
attitude and behaviour among prescribers, payers, 
pharmacies, and consumers.83 Consumers would 
need to access their prescribers and their pharma-
cies more frequently. In exchange, prescribers and 
pharmacies would need higher or more frequent 
reimbursement and dispensing fees, respectively, to 
support their more labor-intensive services.  Payers 
would need to pass on these fees to consumers, 
resulting in increased premiums, co-payments, or 
both. Whether or not such a change is possible, even 
on a small scale, needs to be explored. In summary, 
no single strategy will fix the problem of household 
pharmaceutical waste overnight, yet no action is 
unacceptable.

conclusion
Household pharmaceuticals are ubiquitous and 
untold quantities are wasted annually. Most often, 
people dispose of household pharmaceuticals by 
flushing them down the toilet, pouring them down 
the drain, or throwing them away in the trash. Phar-
maceuticals disposed in this manner compromise 
the safety of our environment. Principal reasons to 
address household pharmaceutical waste include not 
only protecting our environment but also safeguard-
ing our health, reducing wasted healthcare resources, 
and preventing the illegal diversion and the abuse 
of drugs, especially controlled substances. This 
article proposes two key objectives for our nation: 
(1) reduce the amount of household pharmaceuticals 
wasted and (2) devise environmentally friendly and 
cost-effective ways for handling this waste once it 
has been generated.
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Appendix A: Description of U.s. 
Governmental Agencies
ONDCP (Office of National Drug Control Policy): 
The White House ONDCP is a component of the 
Executive Office of the President that is responsible 
for establishing objectives, policies, and priorities 
for the drug control program of the United States. 
In carrying out its responsibilities, the Director of 
ONDCP produces the National Drug Control Strat-
egy and also evaluates, coordinates, and oversees 
both the domestic and international anti-drug efforts 
of executive branch agencies and ensures that such 
efforts sustain and complement state and local anti-
drug activities. (http://www.whitehousedrugpolicy.
gov/about/index.html).

FDA (Food and Drug Administration): The FDA 
is an agency within the U.S. Department of Health 
and Human Services that is responsible for protecting 
and advancing the public health. The FDA protects 
the public health by assuring the efficacy, safety, and 
security of biological products, cosmetics, food sup-
plies, human and veterinary drugs, medical devices, 
products that emit radiation, and tobacco products. 
The FDA advances the public health by helping to 
speed innovations that make drugs and foods more 
affordable, more effective, and safer; and helping the 
public get the accurate, science-based information 
they need to use drugs and foods to improve their 
health. (http://www.fda.gov/AboutFDA/CentersOf-
fices/default.htm).

The Federal Food, Drug and Cosmetic Act (FD&C 
Act) of 1980 empowers the FDA to regulate pharma-
ceuticals. Under the FD&C Act, the FDA is responsi-
ble for evaluating the potential environmental impact 
from the intended use of pharmaceuticals. To evalu-
ate the impact of a pharmaceutical proposed for FDA 
approval, the FDA requires the submission of an Envi-
ronmental Assessment (EA). However, the FDA has 
a number of exclusions to the EA requirement, most 
notably exempting from review pharmaceuticals pre-
dicted to occur at less than 1 parts per billion (ppb) 
in the aquatic environment or 100 ppb in soil.27 This 
exemption likely includes many pharmaceuticals.27

EPA (Environmental Protection Agency): The 
mission of the EPA is to protect human health and 
safeguard the natural environment--air, land, and 
water--upon which life depends. When the U.S. 

Congress writes an environmental law, the EPA 
implements it by writing regulations. The EPA sets 
national standards that states and tribes can enforce 
through their own regulations; however, the EPA also 
enforces environmental regulations and helps com-
panies understand the requirements. (http://www.
epa.gov/aboutepa/whatwedo.html) Under the Clean 
Water Act, the EPA has authority to regulate the phar-
maceutical industry’s discharges to water and from 
sewage treatment plants, and the Safe Drinking Water 
Act gives the EPA the authority to set health-based 
standards for certain contaminants that are present in 
drinking water.27

Under the Resource Conservation and Recovery 
Act (RCRA) of 1976, the EPA regulates the disposal 
of pharmaceuticals that are defined as hazardous. 
Currently, about 5% of pharmaceuticals in the United 
States are defined as hazardous, including some pre-
scription drugs such as nitroglycerin and warfarin.28 
The Universal Waste Rule (UWR), originally promul-
gated in 1995, modified the hazardous waste regula-
tions of the RCRA by establishing a set of requirements 
for the collection of certain widely-dispersed hazard-
ous wastes, called “universal wastes.”29 On December 
2, 2008, the EPA proposed an amendment to add haz-
ardous pharmaceutical wastes to the UWR (Docket 
ID No. EPA-HQ-RCRA-2007–0932).29

The EPA expects that the amendment to the UWR 
will lead to better management of hazardous phar-
maceutical waste by providing a more streamlined 
and effective waste management system.29 Although 
hazardous waste generated by households are exempt 
from these regulations, the EPA anticipates that the 
proposed rule will facilitate the collection of phar-
maceutical waste from households, including non-
hazardous pharmaceutical waste.29,30 In addition, by 
removing RCRA barriers (e.g. storage accumulation 
and time limits) in the collection of pharmaceutical 
waste from regulated facilities, the proposed rule 
would facilitate the implementation of community 
pharmaceutical take-back programs, resulting in a 
decrease in the disposal of household pharmaceutical 
waste into the environment.29,30

DEA (Drug Enforcement Administration): The 
DEA is an agency within the U.S. Department of Jus-
tice that is responsible for enforcing the controlled 
substances laws and regulations of the United States. 
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In carrying out its responsibilities, the DEA brings 
to the civil and criminal justice system those orga-
nizations and principal members of organizations 
involved in the growing, manufacture, or distribu-
tion of controlled substances appearing in or destined 
for illicit traffic. (http://www.justice.gov/dea/agency/
mission.htm).

The amendment to the UWR that is proposed by 
the EPA does not alter current statutory or regula-
tory requirements relating to the U.S. Controlled 
Substances Act (CSA), which specifically prohibit 
non-DEA registrants (such as consumers) from trans-
ferring unconsumed or unused controlled substances 
to DEA registrants (such as pharmacies) for purposes 
of disposal, unless special permission is granted from 
DEA regional field offices or unless part of a  permitted 
program such as a pharmaceutical take-back program.31 

Thus, most consumers have limited options to 
 properly dispose of controlled substance waste. As 
a result, there is potential not only for unnecessary 
waste but also for diversion and abuse of controlled 
substances.

In response to concerns about controlled substance 
waste, diversion and abuse, on January 21, 2009, the 
DEA issued an advance notice of proposed rulemaking 
to solicit information from the public regarding options 
for the safe and responsible disposal of controlled sub-
stances by non-DEA registrants, namely consumers 
(Docket ID No. DEA-316).32 The DEA will subse-
quently review this information and potentially develop 
a proposed rule consistent with the CSA and existing 
DEA regulations.31 This rule could help develop a com-
prehensive disposal system for controlled substance 
waste, especially waste generated from households.
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