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ABSTRACT
Introduction: Medication disposal is an alarming issue today and gaining more and more awareness from the
healthcare professionals as well as consumers. Pharmacists have the potential to be on the forefront of this
movement as a healthcare professionals and pharmacists are in an admirable position to educate patients about
safe drug disposal. Proper patient counselling on safe medication disposal can make a significant difference to
public health and the environment. The knowledge on method of disposal of unused medicines is equally important
as that of consumption of medicines. Objective: This article aims to provide a background, the importance and
significance of proper medication disposal, describe the correct methods to dispose of unwanted and expired
medications. Method: The information about methods of proper disposal as well as consequence of improper
disposal was collected by extensive literature survey of all available resources. Conclusion: Till date, researchers
have acknowledged many human and veterinary pharmaceutical compounds at serious concentrations in drinking
water resources and they are a major contributor to environmental pollution. Emphasis is also given on pharmacist
role in proper disposal of unwanted and expired medicine makes a significant impact on the environment as well
as it prevents accident, poisoning and intentional violence. So it will lead to the welfare of society and trudge
towards goal of 2020 health for all.
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INTRODUCTION
The pharmaceutical waste includes expired
products, dispensed drugs that are unwanted
or discontinued, and contaminated medica
tions. When drugs are prescribed prophy
lactically or in response to an acute or
chronic illness, only a portion of the active
ingredient of the drug is metabolized. The
non-metabolized parent compound, as well
as the metabolites, enters the natural aquatic
environment through waste discharges into
receiving streams, which may pollute rec
reational lakes or even the intakes of drink
ing water treatment plants.1
Pharmaceutical compounds are designed to
have biochemical activity in target organisms
at relatively low concentrations. Therefore, at
the low part-per-trillion levels, there is con
cern that some of these compounds could
have an ecological and human health effect.
Although physical and biological processes
occurring in aquatic environments may
cause attenuation of many pharmaceutical
2

compounds, trace concentrations of human
and veterinary pharmaceutical compounds
and metabolites have been detected in
surface water, groundwater, and drinking
water.2 According to a cross-sectional study
conducted in the elderly population, high
usage rate invariably corresponds to more
drug wastage; study estimated that drug
wastage accounted for 2-3% of all drug
costs representing more than $ 1billion in
drug wastage in the United States (US).3,4
In India according to the Central Pollution
Control Board, registered healthcare facilities
generate 4,057 tonnes of waste/day.5
An active pharmaceutical ingredient (API) is
a chemical constituent having pharmacolog
ical activity and useful effect in the diagnosis,
cure, mitigation, treatment, or prevention
of disease or one that affects the structure
or function of the body.6 Small molecule
APIs are formulated into more than 20,000
parenteral, topical and oral drug prod
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ucts. These APIs eventually find their way into sur
face waters, ground waters, drinking waters, marine
environments, sewage sludge and bio-solids, tissues of
animals, and food chains. APIs affect both the abiotic
and biotic systems.7,8 Drug usage in both the human
and veterinary population is escalating day by day.
According to one estimate, 100,000 tons of antimicrobials
are consumed every year.9 According US Environmental
Protection Agency, an erythromycin antibiotic and several
estrogenic hormones used in drug formulations are now
on the Drinking Water Contaminant Candidate List.10
In recognition to a report published in the Washington
Times, samples of wastewater were collected from indus
trial areas in south India, where about majority of Indian
drug factories dump their residues. It was found that
enough of a single, powerful antibiotic like ciprofloxacin
was being discharged 45kg per day and also antibiotics
lomiflxacin, oflxacin, norfloxacin, etc were detected at
levels which are toxic even to plants and algae. Waste
water downstream from the Indian plants contained 150
times highest levels than those detected in the United
States of America.11
Sources of Entry
Environment11-15

of

Pharmaceuticals

into

Pharmaceutical chemicals can enter into the environ
ment by a number of passage such as
• From low cost pharmaceutical production industries
in developing countries such as India and China.
• Direct and improper disposal by patients/ humans
by unused/expired medications in to the trash and
through the excretion of urine or faeces.
• Release from hospital waste/trash
• Disposal by pharmacies
• Veterinary use as medicine as well as additives to
animal food; which is excreted into soil or surface
waters
• Dairy waste disposal
• Household water/sewage, solid garbage mix with

drug surplus

• Leaching from defective landfills
• 
Release from aquaculture which has medicated
feed, as well as excretion from the aquaculture
• 
Release from molecular farming/ pest control
drugs
• 
Disposal of euthanized/medicated animal
carcasses
• 
Even in many developing countries like
India the physician samples which are given by
companies to medical representatives for sales pro
motion purpose; Many times we read in local news
paper that such expired/unused drug products
found across road side.16
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Most common routes of pharmaceuticals entering the
environment are shown in Figure 1.
Impact of Improper Disposal

Improper disposal may be hazardous if it leads to con
tamination of water supplies or local sources used by
nearby communities or wildlife. Expired drugs may
come into the hands of scavengers and children if a
landfill is insecure. Pilfering from a stockpile of waste
drugs or during sorting may result in expired drugs
being diverted into the market for resale and misuse.
Most of the expired pharmaceuticals are less efficacious
and very few of them may develop a different adverse
drug reaction profile.15 Pharmaceuticals and Personal
Care Products (PPCP) have been found as
pollutant in water and the environment. This poses a
serious issue of ecological imbalance due to indiscrimi
nate disposal of expired pharmaceutical products.14
Here are some of the examples of the impact of drugs
through environment on human beings and animal.
Evidence from rodent and fish study suggest that some
endocrine-disrupting compounds, includ
ing those
found in prescribed synthetic hormones, may contribute
to tumour formation in humans.17 A large scale ecological
disaster occurred in the Indian subcontinent was dra
matic decrease in vulture population where vultures that
fed on carcasses of cattle treated with diclofenac died
from renal failure because they were unable to excrete
the drug.18,19 Antibiotics in the sewage could increase
selection pressure and promote the transfer of resis
tance genes from harmless environmental microbes
into deadly pathogens, leading to emergence of deadly
drug resistant microorganisms. Abnormal thyroid func
tion, decreased fertility, decreased hatching success and
alteration of immune function in birds and demasculin
ization and feminization of male fish has been linked
to exposure to endocrine disrupting chemicals (EDCs)
by-products of industrial waste.20,21 Some of the studies
also tried to link the fall in sperm count in men that has
decreased by 50% in 50 years.22 Not only the drugs but
also the excipients used in the formulations affect the
environment.23 In a study carried out by Cantrell et al.
they measured the amounts of active ingredients in the
medications which had expired 28-40 years ago, 12 of
the 14 active ingredients persisted in concentrations
that were 90% or greater of the amount indicated on
the label and retained their full potency for 336 months
or longer.24 A study carried out by Ramaswamy et al.
showed that high levels of carbamazepine and triclosan
were found in surface waters of Kaveri, Tamiraparani
and Vellar rivers of Kerala.25 Hish levels (31,000 μg/L)
of an antibiotic ciprofloxacin in a waste water treat
ment plant in Patancheru, India had been already
3
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Figure 1: Routes of pharmaceuticals entering the environment ‘Reproduced with the permission of Alistair Boxall.12

Disposal Methods and Remedial Measures

reported. India is reportedly breeding ground
for most of multi-drug resistant microbes due to extensive
usage and improper disposal of pharmaceutical drugs
into the environment.26
All the above studies suggest that pharmaceutical drugs
in India were well spread in several environmental as well
as biological media. In addition to this, anti-neoplastic
or cytotoxic drugs must be handled carefully as they
have the ability to kill or stop the growth of living cells
and can have extremely serious effects, such as interfer
ing with reproductive processes in various life forms.27
13

Cost of disposal

The cost of drug disposal is higher than manufacturing
and most of the people in Asian countries dump the
waste materials in the earth, which is not good when
considering the future.28 The cost of pharmaceutical
waste disposal by high temperature incineration; in US
cost, between $4.4 million and $8.2 million.27
In India, cost of such disposal is about 0.5 % to 2% of
the total sales.29 Environmental hazards are responsible
for an estimated 25% of the total burden of disease
worldwide, and nearly 35% in regions such as Sub-Saha
ran Africa.30,31 An extensive research project investigated
a total of 123,761 incidents of measured environmental
concentrations of pharmaceuticals around the world.32
It is evident that ever-increasing use of pharmaceuticals
in clinical and veterinary practice can have adverse influ
ence on the environment.33
4

Habits of medicine disposal depend on socioeconomic
culture as well as regulatory guidelines, norms that
prevail in the country. Most commonly used methods
are throwing medicines in sinking, toilet and dustbins,
which are environmentally unfriendly. Despite vari
ous complex variables that combine to cause pollution
the most effective best management practices (BMPs)
would address source reduction, namely, reducing the
amount of medicine that goes unused. The Pharma
ceutical Research and Manufacturers of America have
evaluated unused medicine disposal options and have
concluded that toilet flushing of unused medicine
should be avoided whereas household trash disposal
and take-back programs are effective to reduce their
presence in the environment. An additional approach
for a more environmentally sound handling of unused
drugs is to use “social marketing”.17,33
Current FDA guidelines for the proper disposal of
prescription drug recommend that unused/leftover/
expired medicines should not be flushed down the toilet
or drain. Solid medications should be mixed with unap
pealing substances such as kitty litter or coffee grounds,
put into a disposable container, and placed in the trash
or disposed via community drug take-back programs.
Liquid medicines should be mixed with salt, flour, char
coal, or nontoxic powdered spice, such as turmeric or
mustard, to give the mixture an unappealing smell and
texture. Medicines in blister packs should be wrapped in
multiple layers of opaque tape, and then placed inside
Indian Journal of Pharmacy Practice, Vol 9, Issue 1, Jan-Mar, 2016
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an opaque container for sealing. The lid of the medica
tion bottle should be sealed with duct tape or packing
tape, the medication bottle(s) should be placed inside a
container that is not see-through and disposed off in
the trash after sealing.34
There are various disposal methods which are described
here and summarized in Table 1.27,29,34
• Take unused, unneeded, or expired prescription
drugs out of their original containers and throw
them in the trash.
• 
Mix the prescription drugs with an undesirable
substance, like used coffee grounds or kitty litter.
Putting them in impermeable, non-descript con

tainers, such as empty cans or sealable bags, will
further ensure the drugs are not diverted.
• Throw these containers in the trash.
• Flush prescription drugs down the toilet only if
the accompanying patient information specifically
instructs doing so.
• Community drug take-back programs that allow the
public to bring unused drugs to a central Location
for proper disposal. Several countries like United
States, Australia, British Columbia, and Sweden,
“drug take back programme” achieving the goals.35
and need to implement these programs in devel
oping countries like India and China which are the
major centres for manufacture of pharmaceuticals.

Table 1: Summary of disposal methods in and after emergencies27,29,34
Disposal methods

Types of pharmaceutical

Comments

Return to donor or
manufacturer, trans frontier
transfer for disposal

All bulk waste pharmaceuticals, particularly
antineoplastics.

Usually not practical-transfrontier
procedures
may be time consuming

High temperature incineration with
temperatures greatly in
excess of 1200°C

Solids, semisolids, powders,
Antineoplastics, controlled substances.

Expensive.

Medium temperature Incineration with
two-chamber incinerator with minimum
temperature of 850°C. Cement kiln
incineration

In the absence of high temperature
Incinerators, solids, semi-solids, powders.
Controlled substances.

Antineoplastics best incinerated at
high temperature.

Immobilization
Waste encapsulation

Solids, semi-solids, powders, liquids,
antineoplastic, controlled substances.

Inertization

Solids, semi-solids, powders,
Antineoplastic, controlled substances.

Highly engineered sanitary
landfill

Limited quantities of untreated solids, semi-solids
and powders. Disposal of waste pharmaceuticals
after
Immobilization preferable. PVC plastics.

Engineered landfill plastics.

Waste solids, semi-solids and powders, preferably
after immobilization. PVC

Open uncontrolled non engineered dump

As last resort untreated solids, semisolids,
powders-must be covered immediately with
municipal waste. Immobilization of solids, semisolids, powders is preferable.

Not for untreated
Controlled substances.

Sewer
.

Diluted liquids, syrups, intravenous fluids, small
quantities of diluted disinfectants (supervised).

Antineoplastics, and
undiluted disinfectants
and antiseptics not
recommended

Fast-flowing watercourse

Diluted liquids, syrups, intravenous
fluids; small quantities of diluted
Disinfectants (supervised).

Antineoplastics, and
undiluted disinfectants
and antiseptics not
Recommended.

Burning in open containers

As last resort, packaging, paper,
Cardboard.

Not acceptable for PVC
plastics or
Pharmaceuticals.

Chemical decomposition

Not recommended unless special chemical
expertise and materials available.

Not practical for quantities over
50 kg.

Landfill
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Table 2: Methods of disposal of various pharmaceutical dosage form
Tablets Capsules
Up to 50 tablets or capsules soak in about 100 ml of water and collect the same in a polyethylene bag containing used Tea/Coffee
grind. Seal the bag and put in trash. Big quantity-Pulverize using heavy duty crusher. Collect in a poly bag and seal. Dispose it in high
temperature incinerator (Temp. 850°C to 1200°C)/approved site for solid waste disposal by the Pollution Control Board of the State.
Injectables ampoules/vials:
Up to 50 Injectables-ampoules/vials: Ampoules/Vials (up to 10 ml)-break ampoules/ open vials and collect liquid in a polyethylene bag
containing used Tea/Coffee grind. Seal the bag and put in trash. For bigger quantities, use heavy duty crusher to separate liquid and
dilute it with water and transfer it to Effluent Treatment Plant (ETP) of the manufacturing unit. Broken glass/vials (after removal of label),
rubber stoppers and seals should be disposed off as scrap. Powder Injectables (in Vials/Ampoules) to be disposed off in an incinerator
as indicated above.
Oral liquids and Intravenous fluids
Small quantity–Dilute the liquid with water and drain it. For bigger quantity, dilute collected liquid with water and transfer it to ETP of the
manufacturing unit. Liquids with high solid contents to be disposed off in an incinerator as indicated above.
Semi solids:
Small quantity, mix it with used Tea/Coffee grind in a polyethylene bag. Seal the bag and put in a trash. De-shape the containers/remove
the label and discard the containers. Semisolids in bigger quantity to be disposed off in an incinerator mentioned earlier. ContainersTubes to be de-shaped and remove the label from glass/plastic container before disposal as a scrap.
Anti-infectives-β-lactams:
Small quantity of all β-lactam antibiotics to be destroyed by soaking in 1N Sodium Hydroxide for 30 mins or 1% Hydroxylamine in Water
for 10 mins and trash. Bigger quantity to be disposed off in an incinerator (Temp. 850°C to 1200°C) indicated above.
Anti-infectives-others:
Tetracyclines-Small quantity to be soaked in 10% of Calcium Hydroxide/any other Calcium salt in Water for 30 mins and trash. Macrolides(Erythromycin, Clarithromycin etc.)-Small quantity, soak in 1N Hydrochloric Acid and trash. Amino glycosides (Gentamycin, Amikacin
etc.)-Small quantity dilute with large volume of water and drain it. Bigger quantity of all the above anti-infective should be disposed of in
an incinerator as mentioned above.
Steroids:
Small quantity-Soak in 1N Sodium Hydroxide for 30 mins and trash. Bigger quantity-all dosage forms (taken out from the primary packing
materials) to be incinerated at the temperature range indicated above.
Hormones:
Small quantity-Aqueous solution to be exposed to UV for 20 minutes and trash. Estrogens-small quantity in aqueous solution should
be exposed to ultrasound at 0.6 and 2 kw in a sonicator for 60 mins. and trash. Bigger quantity-all solid dosage forms (taken out from
primary packaging materials) to be incinerated as indicated above.
Disinfectants:
Small quantity-use it. Bigger quantity-Not more than 50L. Dilute with enough quantity of water to ensure dilution with loss of activity and
drain it in ETP.
Controlled substances:
Small quantity-Flush down the toilet to avoid misuse. Bigger quantity-All dosage forms (take out from primary packaging material) to be
incinerated as mentioned above.
Reuse of Expired Pharmaceutical Products:
In the event of Emergency situation, Regulatory Agencies do allow Revalidation, after Analysis of Expired Pharmaceutical Drug Products,
if found satisfactory, for Human/Animal consumption.
Education and Training
Continuing education and training at every level is desirable to generate awareness of hazards associated with indiscriminate Disposal
of unused/expired pharmaceutical products–an emerging environmental issue.
Take Back Programme by company
The expired products are taken from retailer by wholesaler and then to company need to be implement effectively and efficiently.

Precaution to be taken at the time of disposal27,29

• C
 ontamination of drinking water must be avoided.
Landfills must be sited and constructed in a way
that minimizes the possibility of leaching entering a
ground water, surface water or drinking water system.
• Non-biodegradable antibiotics, antineoplastics and
disinfectants should not be disposed into the sew
age system as they may kill bacteria necessary for
the treatment of sewage. Antineoplastics should
not be flushed into watercourses as they may damage
6

aquatic life or contaminate drinking water. Similarly,
large quantities of disinfectants should not be
discharged into a sewage system or watercourse.
They can be introduced if well diluted.
• Burning pharmaceuticals at low temperatures or in
open containers results in release of toxic pollut
ants into the air. Ideally this should be avoided.
• Inefficient and insecure sorting and disposal may
allow drugs beyond their expiry date to be diverted
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for resale to the general public. In some countries
scavenging in unprotected insecure landfills is a
hazard.
• In the absence of suitable disposal sites and quali
fied personnel to supervise disposal, unwanted
pharmaceuticals present no risk, provided they are
securely stored in dry conditions. If stored in their
original packing there is a risk of diversion and to
avoid this they are best stored in drums with the
pharmaceuticals immobilized.
As per National formulary of India, Methods of dis
posal of various pharmaceutical dosage forms are sum
marized here in Table 2.14
Role of Pharmacist

There is evidence that pharmacists should accept a
degree of responsibility for changing the entire medi
cation-use process so as to minimize the environmen
tal effects of pharmaceuticals. The entire process of
prescribing, dispensing, pharmaceutical care, disposal
of unused medication and ultimately reduction in
metabolic waste discharge into the environment.36 The
pharmacist practitioner has the opportunity to influ
ence more rational prescribing that would reduce the
amount of leftover medicines. This would decrease
potential risks to the environment as well. Being
respected, trusted and most accessible drug informa
tion resources, pharmacists are in the forefront of
tackling issues of prudent drug disposal methods to
end users of drugs.
All pharmacists should familiarize themselves with
their region’s drug disposal activities and be able to rec
ommend them to their patients. If we look at Indian
scenario fundamental changes in pharmaceutical educa
tion are need of the hour; curriculum restructuring should
include dissemination of knowledge about proper drug
disposal; environmental aspects of medication, use in
their practice curriculum provides a good basic under
standing of medicines metabolism and toxicology which
can help to provide an understanding of how medicines
and related substances can react in nature and what
environmental effects they might have which is
currently not in many universities syllabus in India.37 The
implementation of effective eco-friendly approaches for
pharmaceuticals and health-care waste management
programmes require multi-sectorial cooperation and
interaction at all levels. There is a great opportunity
for the profession and the pharmacist practitioner to
provide substantial leadership in the resolution of the
environmental issues that surround medication use.36
Proper patient counselling on safe medication disposal
can make a significant difference to public health and
Indian Journal of Pharmacy Practice, Vol 9, Issue 1, Jan-Mar, 2016

environment, which has proved in few studies.38,39
Continuing education and training at every level is desirable
to generate awareness of hazards associated with indis
criminate disposal of unused/expired pharmaceutical
products–an emerging environmental issue.29
CONCLUSION
Medication disposal is alarming issue today and gain
ing more and more awareness from the healthcare
professionals as well as consumers. Pharmacist has the
potential to be on the forefront of this movement as
healthcare professional and pharmacist are in admirable
position to educate patient about safe drugs disposal.
Proper patient counselling on safe medication disposal
can make a significant difference to public health and
environment. A practical approach should be there to
incorporate this important issue in the curriculum as the
need of the hour. Also establishment of cost-effective
and acceptable government-run collection and disposal
systems is necessary. There should be some norms
and stringent guidelines for same. Careful and proper
disposal of medications can help to decrease environ
mental load of drugs. All multidisciplinary stake hold
ers, government, NGOs, physician, pharmacist, patient,
and public should work together hand in hand to reduce
burden of unused and expired medicine on ecosystem.
Proper waste management strategy is needed to ensure
health and environmental safety.
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