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Pharmaceutical disposal practices have become a global issue that has
caught the concern of health authorities, pharmaceutical firms, healthcare
practitioners, and the general public. The current study aimed to assess the
disposal practices of unused and expired medications among the households
Namakkal district, Tamil Nadu, India. The qualitative, cross-sectional study
was conducted using a well-structured questionnaire form. A total of 400
responses were obtained from each member of the family. Participants under
the age of 18 were excluded from the study. Respondents who refused to
participate were not included in the study. More than 50% of the study
population reported that they stored unused and expired medications at
home. Most of the participants revealed that the unused medications they
stored costs approximately <%300. Majority of participants dispose
unused/expired medications by means of trash can (53.1%). A significant

Unused medications population (71.2%) was unaware of novel disposal practices like drug take-
back system. The study concluded that there is an inappropriate disposal
practice among households which has to be rectified by providing awareness
among the public. Further studies should be conducted for the development

of well formalized protocol regardingproper disposal practices.
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1. INTRODUCTION

Pharmaceutical products have been in great demand in recent years. However, improper disposal of
unwanted medications leads to the piling up of medication waste. The World Health Organization (WHO)
defines medication waste as unwanted medications which include expired, unused, spilt and contaminated
pharmaceutical products, drugs, vaccines and sera that are no longer required and need to be disposed of
appropriately [1]. As per recent data, worldwide prescription and over-the-counter drug use has surged and is
anticipated to reach 4.5 trillion doses by 2020, rising 24% from 2015 [2]. Also, statistics claim that 5 million
people (including 4 million children) have to suffer death due to waste-related problems every year. Improper
disposal practices pose a risk to public health; it can also affect a country’s economy [3].

In the United States of America, it was recorded that every 2 out of 3 prescription drugs were stored
as unused, with a total estimated cost ranging from 59,264.20 USD to 152,014.89 USD [4]. Similar
pharmacoeconomic studies based on unused and expired medications are lacking in India. Piling of
medications may be due to non-compliance, lack of knowledge, medication discontinuation due to changes in
dose, drug expiration, forgetfulness, improved health condition and death [5]. Unused medications are
commonly disposed in trash cans, sinks, flushed in toilets or burned. However, these methods are not
advisable as they may negatively impact human health and the environment [6].
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Pharmaceuticals and their metabolites end up in landfills and the sea via garbage and sewage canals
[7]. Sometimes expired drugs can be misused by scroungers or children if the dumping ground is not secure.
Also, these drugs may be used for illegal marketing and resale purposes [8]. Most expired medications are
found to lose their efficacy, and this may result in various adverse effects [9]. Recent studies conductedby the
researchers from Doon University, Dehra Dun, have reported the accumulation of 15 categories of
pharmaceutical and hygiene products in the Ganges River near two pilgrimages cities. Many countries
recognize over the counter (OTC) medicines as a separate category and have established regulations for these
medicines. However, India has no proper guidelines for licensing over the counter medicines [10]. This leads
to the piling up of unused and expired medications and the exploitation of drugs. According to WHO,
incineration is the most environmentally friendly method of disposing of pharmaceutical waste, and it is only
possible if the pharmaceuticals are returned to the pharmacy [11]. A drug take-back programme is an effective
strategy to addressthis issue. Unfortunately, due to financial constraints, this has not yet begun or become
effective in many world regions. Hence, there is an urgent need to create awareness among the Indian
population regarding safe disposal practices. Therefore, the study aimed to assess the disposal practices of
unusedand expired medications among the households in Namakkal district, Tamil Nadu.

2. RESEARCH METHOD

A community-based cross-sectional study was conducted in Namakkal District, Tamil Nadu, India,
from April to September 2020. The study focused on rural households as similar studies were not conducted
previously. The responses were obtained from each member of the family. Respondents >18 years and not
willing to participate in the study were excluded from the study. The minimum samplesize was 375 and it was
calculated using Rao soft sample size calculator with population size 15,270 (households) approximately, the
margin of error 5% and confidence level 95%. Institutional ethics committee permission was taken before the
beginning of the study. Data were collected through direct interviews usinga structured questionnaire which
was prepared on the context of previous research articles and validated. The questionnaire comprised three
sections; the first section included socio-demographic data (hame, age and marital status), 2nd section
consisted of 21 questions regarding disease and medications procured, while the third section had 20
questions to assess the disposal practices unused and expired medications.

3. RESULTS AND DISCUSSION

The proper management and disposal of medical waste is currently a debatable issue. It has been
proven that inappropriate disposal can contaminate the environment, posing serious hazards to water, air,
agriculture, the food chain, and even animals. Because of the negative consequences of improperly dumped
pharmaceuticals, research is being performed worldwide to develop a policy for correct disposal [11], [12]. In
a recent report published in United States, it was estimated that around $213 billion was wasted in 2012 on
prescribed medications [13]. These medications have been discarded into the environment, which may
deteriorate both environment and people’s health. Combustion of pharmaceutical products poses a threat to
the environment. This may release toxic substances into the atmosphere, causing environmental pollution,
which may indirectly cause resistance to drugs in microbes [14]. Additionally, excess amounts of antiseptics
should not be disposed into waterways as it may cause sterility in female fishes due to phytoestrogen
chemicals including infertility drugs. Medications like narcotic painkillers and sleeping pills that are found in
landfills can be exploited [15]. As a result, many developed countries have introduced legislation for the safe
disposal of unused and expired pharmaceuticals to address this challenge [16]. For instance, Australia and
Canada's government and pharmaceutical industries have implemented the national return and disposal of
unwanted medicines project. A drug take-back programme is an effective strategy to address this issue. Red
disposal bags must be offered to consumersin a drug take-back programme for disposing of unneeded
pharmaceuticals; these pharmaceuticals must be delivered to or collected by nearby pharmacies. This service
must be offered free of charge [17]. Table 1 describes respondent’s socio-demographic characteristics and
reveals that majority of them were males, 273 (70.3%). 166 (41.9%) belong to 25- 40 years of age which
indicates that most of participants were middle aged.

Our study noted that 108 (58%) participants stored unused medications at their homes as represented
in Table 2. In a study conducted by A Tong et al. (13), out of 452 participants, 62% of respondents stored
unwanted medications in their house. The underlying reason could be the lack of implementation of
awareness by the governmental officials, doctors, and paramedical staff to create awareness about the use of
unusedand expired medications stored at home [12].
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Table 1. Socio-demographic details of the respondents (h=400)

Characteristics n (%)
Sex
Male 273 (70.3%)
Female 127 (29.7%)
Age
18-25 years 128 (31.4%)
25-40 years 166 (41.9%)
40-60 years 101 (25.3%)
Above 60 years 5 (1.4%)
Educational status
Primary 20 (2.8%)
High school 41 (10.8%)
Degree 248 (63.6%)
Post graduate 91 (22.5%)

Table 2. Respondent’s practices of disposing of unused/expired medications

Categories n (%)
Do you have any unused medicationsat home presently? Yes 237 (57.5%)
No 163 (42.5%)
Do you have any expired medicationsat home presently? Yes 280 (70%)
No 120 (30%)
Approximate cost of unusedmedications Below Rs.300 170 (53.9%)
Rs.300-500 103 (31.3%)
Rs.500-800 24 (8.1%)
Above Rs.800 20 (6.7%)
Dosage form Tablets 199 (44.6%)
Capsules 61 (15.9%)
Injections 10 (2.2%)
Creams/Qintments 81 (21.7%)
Syrup/Suspensions 49 (15.5%)
Why do you keep medicines at home? For later use 195 (48.7%)
| don’t keep them 81 (20.2%)
Not sure how to dispose them 58 (14.5%)
Others 34 (8.5%)
| don’t want to waste them 32 (8%)
Reason for the discontinuation ofmedications Doctor advised me to discontinue126 (31.5%)
Self-discontinuation 66 (16.3%)
It caused side effects 24 (6.2%)
Change of treatment regimen 52 (13.2%)
Condition got improved 132 (32.9%)
Do you know the consequences of storing expired/unused medications? Yes 275 (70.8%)
No 125 (29.2%)

In our study, 219 (44.6%) participants stored tablets as a common dosage form at their homes. 107
(21.7%) and 81 (15.9%) of respondents kept cream and capsules. while only 10% of respondents stored
injection as unused medication as given in Table 2. A similar study was conducted by Samuel [17] and
concluded that 64% ofrespondents had tablets as unused medications at their homes. Procuring medicines at
home for longer durations may lead to many consequences such as adverse reaction, health hazards, medicine
resistance, patient lack of compliance, and overall lowers population quality healthcare and increases death
rates, as well as excessive pharmaceutical expenditure and waste of financial resources by both patients and
the healthcare system [18]. According to our study, 170 (53.9%) participants stored an approximate cost of
below Rs.300 of unused and expired medications at their homes. The total cost of unused medications
collected during study period was > 60000 as shown in Table 2. Similar studies were conducted by Schuh
and Hewuse [19], in which they have concluded that the total cost of > $63,000 worth unused medications
were found in people’s homes between the period December 2012 to April 2013. This could negatively
impact a country’seconomic status, especially for a developing country like India, the economic needs are
crucial for those living in rural areas. According to our study, 48.7% of respondents keep unused medications
at home for lateruse, 20.2% of respondents don’t keep them 14.5% of respondents are not sure how to dispose
of them as shown in Table 2. A similarstudy was conducted by Azad et al. [20] where they found that most
participants are not sure how to dispose of them. As a result, they suggest that this matter should be essential to
develop public awareness regarding disposal practices through the campaigns.

In our study, respondents were asked about the reason for their discontinuation of medications, it
was found that around 132 (32.9%) of participants stated that their condition got improved, 126 (31.5%) said
that doctor advised them to discontinue, 66 (16.3%) participants self-discontinued medicines, while 52
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(13.2%) had a change in their treatment regimen and 24 (6.2%) respondents discontinued because
medications caused side effects as presented in Table 2. This was similar to the study conducted by
Sivasankaran et al. [21] their study, they found that the grounds for storing unwanted and expired medicines
at home were (39.2%)further usage, (22.8%) drug expiry and (20.3%) non-compliance and modified therapy
(5.9%). The lodgment of unused and expired medicines results from non-compliance to the
recommendations. In our study, the majority of respondents 212 (53.1%) threw the unused medications into
the trash, and 77 (18.6%) of respondents burned them, 97 (24.2%) disposed of by other means, 8 (2.2%)
disposed of medications in the sink and 7 (1.1%) participants disposed of unused medicines in the toilet as
shown in Figure 1. A similar study was conducted by Gupta et al. [22] and concluded that 57.1% of
respondents choose trash cans as disposal methods of unused medication. According to one study, conducted
in Korea, housewives disposed of expired and unused medicines in standard garbage bags [23].

Dropping off expired and unused drugs at a medical take-back facility or organization is the right
way to dispose of them [24]. If this is not practicable, flush the medicines as fast as possible down the toilet
or sink; this is the correct approach for liquid medications [25]. If the pills aren't unsafe, they can be thrown
in the trash. Expired medicines should be combined with anything indigestible like sand or used compost
[26]. Place the solution in a jar such as a sealed plastic bag and throw it in the household garbage after
erasing all private information from the label of the empty medication box or pill bottles [27].

Our study observed that the majority of the participants did not receive appropriate education on
safe disposal practices. Hence, it is the medical team's primary duty, especially the pharmacists, to equip and
enlighten the public regarding proper disposal of expired and unwanted medications. From our study, most of
the respondents disposed via unsafe methods. The most preferred method of disposing of unused medications
is by incinerating at high temperature. However, this can be put to practice only when the unused and expired
medications are returned back to the pharmacies [28].
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Figure 1. Disposal methods

Table 3 describes respondent’s opinions on disposal practices. The majority of the 30% (120)
participants stored expired medications at their homes. A similar study was conducted by Shivaraju and
Gangadhar [29] in which the majority of the respondents stored expired medications at home. Recently a
similar study was conducted in Saudi Arabia by Wajid et al. [30] related to the prevalence of unused
medication, which shows that most of the respondents store unused medications till expiry. In our study, the
majority of participants, 70.8% (275) were aware of the consequences of keeping unused/expired
medications; still, most of them stored unused/expired medications at home. In a study conducted by
Gupta et al. [22] most participants mentioned that they did not know the consequence of storing
unused/expired medications. In a similar study conducted by Monga et al. [28] majority of the participants
knew the consequences of storing unused and expired medications at homes due to lack of awareness
regarding disposal guidelines, they continued following such unsafe methods. These expired drugs may break
down to form hazardous compounds and have inappropriate therapeutic outcomes. When expired drugs are
disposed of in septic tanks, it can lead to antibiotic resistance in microbes, Michael et al. [31]. It may also be
noted that on keeping drugs at homes for a longer duration, there is a chance of neglecting proper storage
conditions, as a result the lose their efficacy and may not give the beneficial therapeutic response. In our
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study, 85.5% (307) of respondents would like to implement the drug take back system, but most of the
respondents are unaware of this policy. The results of our study correlatedwith a similar study conducted by
Ayele and Mamu [32] in terms of drug take back programs, majority of the participants (46.8%) strongly
agreed for the implementation of drug take back system. The "Nebraska Medication Education Disposal
Strategies (MEDS) program" advises that pharmacies install tamper-proof containers so that consumers can
send off their unused and expired medications to pharmacists, Persson et al. [33]. In our study, the majority of
the respondentssuggested that the unused medicines should be returned to the pharmacy 140 (36.6%), some of
them said thatspecial force should be assigned to collect the unused medicines from home 109 (27.9%), while
few were interested to keep special collection box in their village or town 106 (27%), minority participants
didn’t have any suggestion 40 (8.5%). Similar study was conducted by Raja et al. [34] in which majority of
the participants 341 (87%) suggested that leftover medications should be disposed via drug take back system.
However, in India, there is no evidence of provision for collecting drugs from homes and lack of awareness
remains an unseen issue. In our study, 53% (212) of participants mentioned that the government is liable for
providing public awareness regarding safe disposal practices, while 25.1% (100) of participants polled for
pharmacists. A similar study was conducted in Kabul by Bashaar et al. [12]. The result correlated to our study
as six out of ten respondents strongly stated that awareness campaigns organized by the government
concerning disposal practices have to be awareness campaigns. In another study by Manocha et al. [35]
majority of the participants (100%) insisted that there is an urgent need for awareness regarding the hazards
of unsafe disposal and proper disposal practices. Relating both studies, it is evident that there has to be a
well-formalized protocol for unused medication disposal and the urgent need to create awareness among the
public to save both environment and human health from possible consequences in the future [36]. The
limitations of the study were: The sample size calculated was less, the study population was selected from
residents of Namakkal district and not from other regions.

Table 3. Respondent’s opinion on disposal practices

Categories n (%)

Where do you gather information about your medications? Doctors 306 (80.6%)
Nurses 22 (3.3%)
Pharmacists 50 (11.1%)
Others 22 (5%)

According to your opinion, who is more responsible for creating awareness about  Government 212 (53%)

proper disposal practices? Nurses 33 (8.4%)
Pharmacist 100 (25.1%)
Physician 55 (13.5%)

Have you heard about drug take back system? No 285 (71.2%)
Yes 115 (28.7%)

Avre you willing to follow drug take back system Yes 313 (78.2%)
No 87 (21.7%)

What is your suggestion about proper disposal of unused/expired medicines? Assign special force 109 (27.9%)
Return to pharmacy 145 (36.6%)
Keep a special collection box 106 (27%)
| do not have any suggestion 40 (8.5%)

4. CONCLUSION

The study revealed that most of the participants had a practice of piling up expired/unused
medications. This was due to the lack of awareness about safe disposal practices. We also found that the
piling up of unused/expired medication impacts pharmacoeconomics. At the end of our study, the residents
were willing to follow novel approaches to proper disposal practices. The majority of them opted for the drug
take-back system. Unfortunately, in India, Drug take-back programme are not functional, and other methods
such as mail drop and medicine dropbox are also not efficient. Further studies should be conducted for the
regulation of proper disposal guidelines.
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