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Abstract 
The persistence of environmental pollution in India continues as there is no proper defined laws for handling and disposal of medication 
wastes. Improper medication disposal methods are a significant factor contributing to the presence of medication compounds in the 
aquatic environment. The contamination of pharmaceutical wastes have been introduced to the environment due to lack of knowledge 
and awareness in the general public regarding the safe disposal of unused and expired medicines combined with over production by 
pharmaceutical industries. Moreover, sensitization regarding the handling of medicine waste have not been practiced among the 
municipal corporations. Through extensive literature survey, this paper reviews the studies undertaken pertaining to the awareness among 
healthcare professionals including medical and dental students and general public towards disposal of unused medicines and among 
consumers and understand the current status. This review paper will be an eye opener and key tool to initiate effective medical waste 
management programmes in India. 
Keywords: Drug Disposal, Expired Medicines, Unused medicines, Disposal practices, Medication waste, Pharmaceutical waste, 
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1. Introduction 

Pharmaceutical sector is one of the growing healthcare sector as the consumption of medicines has increased worldwide due 
to greater availability, accessibility and affordability, contributing majorly to global economy. Global consumption of 
medicines is increasing day by day in countries like India and China [1]. In global pharmaceutical markets, India ranks fifth 
in volume production [2].  In India, the business of pharmaceutical includes manufacturing of drugs, finished dosage 
production, excipients synthesis, analysis of impurities and raw material evaluation [3,4]. Studies have shown that a large 
number of these products eventually went unused or expired [5-7]. As per the WHO, 50% medicines are prescribed, 
dispensed, or sold inappropriately and that half of all patients fail to take them correctly [8]. When they are not consumed, 
they are left unused and wasted. 
 
The medication accumulation of leftover, unused, or expired medicines in households and its inappropriate disposal is also a 
threat to environmental contamination. Medication accumulation may be due to the change of prescribed drug, change in 
dosage of drugs, expiry of the medicines, improvement from illness etc. [9-12]. The another practice of storing medicines in 
the house by general public is for future use [13,14]. 
 
Expired drug wastes results in huge loss of financial resources in economic terms. During storage, drugs may change their 
physico-chemical properties and storage of expired drugs can also induce drug abuse and accidental poisoning [10]. A study 
conducted on the estimation of financial loss due to unused and expired medicines generated by the population of US and 
Australia to be more than 1 bn USD per year [22, 23]. The similar situations has been observed in many other developed 
countries. The loss of expired medications in many developing countries is more frustrating. The end products of expired 
medicines are often toxic and biologically active. It can cause antibiotic resistance, therapeutic failure, carcinogenicity, etc., 
and is a threat to the ecosystem when it is not disposed appropriately. 
 
Medical waste is defined as “waste generated in the diagnosis, treatment or immunization of humans or animals” as per the 
World Health Organization (WHO) [15]. The practice of inappropriate disposal of medical wastes possess a significant 
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environmental risks since it is hazardous and contaminating [16]. Investigation and comparison of the association between 
disposal of unused medications and awareness of environmental issues in different nations over the globe, utilizing the peer-
reviewed literature from 2005 to 2015, Kusturica et al. [17] made an observation that there is no policies set or standard 
defined for the disposal of unwanted medications. Another review of disposal practice of unused medicines around the 
world revealed that the most practiced method for household drug disposal of solid dosage form was by trashing into 
garbage (ranging from 24% to 89%) and rinsing down liquid dosage forms by pouring into drainage, toilet or sink (ranging 
from 2% to 55%). Many research has also been undertaken on the possible routes on the occurrence of these 
pharmaceuticals in the environment and the concentration levels of pharmaceuticals in waste water and their possible 
adverse consequences to the environment [24]. 
 
Household’s unused and expired drugs dominate in the contribution of environmental contamination in addition to waste of 
the pharmaceutical companies. Few drugs like Cocaine, oral contraceptives, carbamazepine, and iodine contrast media are 
not entirely removed by treatment process leaving their traces to go into water in environment [25,26]. Apart from these, 
there are numerous other drugs like flouroquinolones, hormones, paracetamol, diclofenac, etc. found in aquatic 
environment. Moreover, the practice storing medicines at home encourages self-medication and can promote abuse and 
misuse if ingested accidentally [18]. In many industrialized countries, they have recycling programs for the unused 
medicines and return of unwanted medications by the users with full support of the pharmaceutical companies and the 
Government [19]. The community pharmacies in developed countries are liable for collecting the unused medications and 
provide information on safe disposal practices. However in many countries, such systems remains limited that promotes safe 
disposal practices of medications [20]. 
 
In Asia, India have population of about 1.36 bn and the utilization of both traditional (Ayurvedic, Siddha, Unani, Herbal, 
Naturopathy, Homeopathy) and modern medications is common. In most households, medicines used are not as prescribed 
by the physician and are discontinued on resolution of the medical condition or occurrence of side effects. These drugs are 
kept for reuse in future often without consulting the doctors. This storing of unused medication at home is a hidden hazard. 
In India, the common practice of disposal of unused and expired medicines include direct disposal into the environment. 
People are totally unaware of the consequences of the unsafe disposal practice of medicines. Even the healthcare 
professionals are ignorant about the medicine disposal practices [27]. 
 
The unused and expired medicines are considered as municipal solid waste of which many municipal corporations are also 
not aware of proper medicine disposal practice. Burning is considered similar to burning of plastic waste due to the physical 
appearance of its packaging. In India, there is no regulatory body, monitoring system, or functioning guidelines for the 
disposal of the expired medicines. The direct disposal of medicines by pharmacies is practiced in case of generic medicines. 
The quantum of generic medicine purchase, stocking, and use in public health system is higher than private pharmacies. 
Branded medicines are taken back by the pharmaceutical companies from the sellers, the disposal of which then is 
responsibility of the company [28]. The pharmaceutical wastes from manufacturing industries are disposed as per the rules 
of Biomedical waste Management, 2016. However in India, there is a lack of awareness of appropriate disposal from each 
and every house and provision of any proper systems [16]. According to the Central Pollution Control Board, India, about 
4,057 tonnes of waste/day is generated by registered healthcare facilities [29]. 
 
In India, very few studies have been done on the disposal pattern being followed for unused and expired medicines in the 
community. The present paper reviews the different studies undertaken so far in India on the common practice of disposal of 
unused, unwanted and expired medicines that include direct disposal and created an environment concern. 

2. Literature Review of Reported Disposal Practices in India 

A comprehensive literature search for past 10 years on disposal of unused and expired drugs practiced in India was 
conducted. Data from different part of India were limited and based on cross-sectional questionnaire survey. Possible 
information on the status of disposal practice being followed by urban and rural population; pharmacists; students; medical 
staffs were collected from online sources, compiled and reported in Table 1. In India, very few studies on the status of 
disposal of medicines practiced in the community has been done. 
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3. Sources of Pharmaceutical Wastes and Impact of Improper Disposal 

Pharmaceutical wastes are wide range of organic compounds generated by some varied activities. These wastes are 
emerging organic contaminants which enter into environment and causes widespread effects on biota and global public 
health. Pharmaceutical waste can generally be categorized as Hazardous waste; Non-hazardous waste and Chemo waste. 
Sources of Pharmaceutical wastes may include: 

 Improper disposal of Expired medicines. 
 Unused/ Unwanted drugs disposed from hospital, clinic, pharmacy or household. 
 Waste materials containing chemotherapy drug residues 
 Packaging material of the medicines 
 Generation of pharma wastes from Pharma companies. 

 
In India, the fast growing sector, pharmaceutical industries contribute majorly to Indian economy. With the change in patent 
laws of making medicines available and affordable to each citizen of India, there is continuous growth of these 
manufacturing industries since 1970. The generic drug sector of India is described as “backbone” with rapid growth in 
contract manufacturing and outsourcing to low-cost Indian suppliers by multinational companies. Residues of 
pharmaceutical waste from these manufacturing industries have been observed in the sewage system and thereby entering 
into groundwater, lakes and rivers, drinking water, soil and other lands. Hyderabad is a hub of drug manufacturing industries 
and holds nearly one-fifth of the pharmaceutical exports of India. Consequently, the status of the city is as critically polluted 
owing to the source of severe water pollution and has also been subjected to ban any further expansion by Ministry of 
Environment and Forests (MoEF), India. Comprehensive Environment Pollution Index (CEPI) report, 2009 by Central 
Pollution Control Board (CPCB), further identified Visakhapatnam in Andhra Pradesh followed by Patancheru and 
Bollaram in Telangana as most polluted industrial area [30]. 
 
Other sources of pharmaceutical wastes include effluents from hospitals, improper disposal of expired or unwanted drugs, 
and waste dumping from drugs development research institutions. The active ingredients from hospital, residential and 
industrial uses have been found to sweep into aquatic influents. At the time of expiry, the medicine is expected to have at 
least 90% of its original potency, under recommended storage conditions. Expiry date does means that the medicine will 
lose its potency completely after the due date and will be no longer be effective. Usually, expiry date for medicines is 2–5 
years from the date of production [31]. Even years after the expiry date, some medicines have their original potency [32]. 
Certain antibiotics can contribute to increased antibiotic resistance and treatment failures [31,33]. Currently, hospital wastes 
are incorporated with many antibiotics which is not disposed-off properly. A study reported that the highest levels of 
organic contaminants detected from waste water were non-prescribed drugs and most of the antibiotics [34]. Another study 
on the effluent samples of hospitals in Ujjain District, India investigated the presence of many antibiotics in the range of 1.4 
to 236.6 μg/L [35]. 
 
Once in the environment irrespective of the sources, the active pharmaceutical ingredients are further degraded naturally by 
enzymatic activity of microbiota present in the soil or water bodies. The bio-degradation processes of parent compounds 
may further result in the formation of metabolites with varying biological activity on different organisms. Moreover, the 
physicochemical properties may limit its persistence in the environment and can facilitate in their bioaccumulation and 
biomagnification in the food chain. Pharmaceuticals containing active ingredients and excipients contaminates the 
environment and thereby found to affect general health of public. The pharmaceutical wastes generated by manufacturing 
companies is enormous in size and scale. Toxin air emissions are produced by the pharmaceutical wastes that are 
incinerated. The toxins generally generated are dioxins, carbon monoxide, acid gases, carbon dioxide and heavy metals 
which are carcinogenic. Also contributing to air pollution and global warming [36,37]. The presence of a different 
pharmaceuticals contaminants in surface, ground and drinking water is raising alarm for the potential adverse environmental 
consequences. Some of the pharmaceuticals known as endocrine disruptors have detrimental effects on the development of 
human health and aquatic organisms even in minute concentrations [38, 39]. 
 
Moreover, improper disposal of pharmaceutical waste may result in landfills. The slow decomposing and leaching into soil 
can make effect the plant growth and the resulting food products may be toxic. The intake of contaminated food products 
can result in antimicrobial resistance which has been considered as one of the most major threat to public health by World 
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Health Organization (WHO). The exposure to antibiotic and occurrence of antibiotic resistance is more common, as the 
production of most APIs is being done in India, making population vulnerable to drug-resistant pathogens. 
 

4. Guidelines for Safe Disposal 

Guidelines on safe disposal provides an advice on the implementation of a systems for safe disposal of unused/ expired 
pharmaceuticals. It also provides an assistance without superseding local, regional or national laws regarding disposal of 
drugs where there is insufficient or no guidance at all. There are number of safe disposal methods which involves minimal 
risks to the environment and public health. It also includes methods or systems that with limited resources and equipment. 
The disposal behavior along with the waste management and treatment have to be legally regulated. The laws and 
regulations have to be developed to reduce the environmental impact. The adoption of the guidelines by ministries of health, 
environment and their practical application will contribute to eliminate the stockpiles of unusable pharmaceuticals and 
subsequently, managing the adverse impact of pollution during the entire chain of the product. 
 
Schedule M of the Drugs and Cosmetics Rules, 1945 [28], for Good manufacturing practices (GMPs) and requirements of 
premises, plant, and equipment for pharmaceutical products prescribes the requirements for disposal of waste including the 
rejected drugs. The details are as under: 

1. The disposal of sewage and effluents (solid, liquid, and gas) from the manufactory shall be in conformity with the 
requirements of environment pollution control board. 

2. All bio‑ medical waste (BMW) shall be destroyed as per the provisions of the BMW (management and handling) 
rules, 1996. 

3. Additional precautions shall be taken for the storage and disposal of rejected drugs. Records shall be maintained 
for all disposal of waste. 

4. Provisions shall be made for the proper and safe storage of waste materials awaiting disposal. Hazardous, toxic 
substances and flammable materials shall be stored in suitably designed and segregated, enclosed areas in 
conformity with central and state legislations. 

 
One of the conditions of drug‑ manufacturing license granted under the Drugs and Cosmetics Rules, 1940, is that the 
licensees shall comply with the GMP requirements prescribed in Schedule M of the said Rules. State-licensing authorities 
appointed by the respective state governments are empowered to take action in case of any violation of above requirements. 
 
Non-governmental organizations may also deal with unusable pharmaceutical waste stocks that require disposal in 
conjunction with the relevant authorities. Currently, United States Food and Drugs Administration (USFDA) and World 
Health Organization (WHO) have issued guidelines to handle expiry drugs during any epidemic where large quantity of 
medicines is procured by the government. It has highlighted that drugs will have to be incinerated ensuring no impact on 
environment, humans, animals and contamination of soil. Some of the methods suggests disposing expired and unused 
medicines which includes returning to manufacturer, waste immobilization: encapsulation/ inertization, incineration and 
flushing it down the sewer. Identified Pharmacies shall ask the patients visiting to register and return the expired or unused 
medicines to the pharmacies. Subsequently the pharmacies collecting these medicines shall segregate in order to recycle 
reusable components using specified procedures and dispose-off chemical components safely using prescribed procedures. 
These concepts will sensitize general public and also community pharmacists contributing together in environmental 
protection [40]. To prevent and control the misuse of drugs, in coordination with Drug Enforcement Administration (DEA) 
on September 25th 2010, USFDA initiated drug take back programme which aims to provide safe, convenient and 
responsible mean of disposing the prescribed medicines and also educate general public about the potential for abuse of 
medications. Unfortunately, drug take back programme is not functional in India though it is mentioned in Pharmaceuticals 
Export Promotion Council of India [41]. Also other systems like mail drop or medicine drop box are not efficient [42]. 
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5. Conclusions 

In India, the improper disposal of medicines has created an environmental concern. There is lack of knowledge for 
disposing unused and expired medicines among the common people. Awareness programme should be initiated to educate 
general population about the disposal systems and also to acknowledge them regarding the harmful consequences of 
improper drug disposal. Proper channel systems involving drug regulatory bodies, pollution control boards, NGOs and civil 
society should be implemented. There is a need to create awareness under Program on Removal of Unused Drugs 
(PROUD), for drug take back programme including other safe disposal systems. Educating patients regarding the utilization, 
storage as well as proper disposal of unused / expired and unwanted medicines by the pharmacists or health professionals 
can play an important key role.  
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Table 1: Summary of Articles exploring medication disposal practices in India 
 

S.No. Focus Area Sample (no.) Study Design Findings/ Observations Authors/ References 

1 Undergraduate Dental 
students from Dr. 
Harvansh Singh Judge 
Institute of Dental 
Sciences, Punjab 
University, Chandigarh, 
India 

236 students Cross-sectional, Questionnaire 
based survey; 

Females n=181, Males n=55 

[Aged between 18-25 years ]  

Excess purchase of over-the counter (OTC) drugs (53%);  

Self-discontinuation (17%),  

Possession at home after expiration (24%); 

Dispose of medications in trash (94%); 

Rinsing down the sink (32%); 

Flushing down the toilet (12%); 

Returning to pharmacy (3%) 

Aditya S; Int. J. of Pharm. 
& Life Sci. 2013; 4(3): 
2475-2480. 

2 Patients in Shri Ram Murti 
Smarak Institute of 
Medical Sciences, 
Bareilly, U.P., India. 

56 participants Cross-sectional questionnaire 
study; 

Females 46%; Males 54% 

Disposal of medicines into trash (57.1%); 

Flushing medicines into the toilet/sink (5.3%); 

Burning the unused/expired medicines (5.3%); 

Returned to the pharmacy (3.6%); 

Buried in the ground (3.6%); 

No dispose of the medication at all (5.3%) 

Gupta D et al.; J Pharm Sci 
Innov. 2013;2:47-50 

3 Patients Visiting Tertiary 
Care Teaching Hospital 
and Primary Health Centre 
In South India 

158 
participants 

Cross-sectional questionnaire 
study; 

Females n= 62; Males n=96 

Disposal of medicines into the dustbin (63.5%); 

Disposal of medicines into the toilet/sink (12%); 

Dumped in sanitary landfill (2.5%); 

Returned to the pharmacy (3.2%); 

Sprayed for the plants (0.8%); 

Dumped in water lakes (18%) 

Lagishetty R et al.; Asian J 
Biochem Pharm Res. 
2013;4(1):175-82. 

4 Vydehi Institute of 
Medical Sciences and 
Research Centre, 
Bangalore, India. 

200 
participants 

Cross-sectional, questionnaire 
based study; 

Females 44% and Males 56%. 

Dispensed unused medication in the garbage (65%); 

Returning unused medication to the pharmacy (62%); 

Disposing unused medication in the toilet or sink (9%) 

Swaroop HS et al.; World J 
Pharm Pharm Sci. 2015 
Mar 7;4(5):1423-30. 
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Empties liquid medications in the sink (83%) 

5 Medical and Dental 
undergraduates from 
Kamineni Institute of 
Medical Sciences, 
Narketpally, Telangana, 
India 

469 students Descriptive, cross-sectional 
questionnaire study; 

Females n= 274; Males n=195 

Rinsing in a sink (5-8%) 

Flushing in toilet (6-9%) 

Returned back to pharmacist (25-40%) 

Collection by Municipality from home (45-52%) 

Giving to friends, relatives, etc. (1-2%) 

Sirisha A et al.; J Basic 
Clin Res. 2016;3(1):5-9. 

6 Tiruchirappalli district, 
Tamil Nadu, India 

300 
participants 

Cross-sectional questionnaire 
study; 

Females n= 45%; Males 
n=55%; 

[Aged > 18 years ] 

Disposal of medicines into trash (70%); 

Flushing medicines into the toilet/sink (15%); 

Burning the unused/expired medicines (7%); 

Buried in the ground (8%) 

S.Saravanan et al.; Int. Res. 
J. Pharm. 2016, 7(6). 

7 Rural village in Singur, 
West Bengal, India 

143 
participants 

Community-based, cross-
sectional study 

Possessed medicine from medical personnel (70.9%);  

Possessed OTC (26.3%);  

Medication kept at home after discontinuation (61.4%);  

Storing for reuse of medication in near future (57.6%);  

Disposed unused medication in the garbage (18.1%); 

Given to their friends (13.8%); 

Returning unused medication back to pharmacy (10.5%) 

Swanya Prabha Maharana 
et al.; Int. J. Med. Sci. 
Public Health; 2017, Vol 
6(7). 

8 Patients visiting OPD of a 
tertiary care teaching 
hospital in Gujarat 

200 
participants 

Cross-sectional, 
questionnaire-based study; 

Females (22.5%; Males 
(77.5%); 

[Mean age 32±6.2 years] 

Throwing in household trash (34.17%); 

Flush in sink/toilet (20.10%); 

Throwing in river/ lake (4, 2%);  

Donate to hospital (2.1%); 

Any other method of disposal (2%); 

Return back to pharmacist (16.8%) or prescriber (2.1%) 

Storing unused medicines (40.20%); 

Burning at home (4.2%) 

Sonowal S et al.; J Basic 
Clin Pharm 2017; 8(1): 4-7.  
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9 General population of 
India 

214 
participants 

Questionnaire based online 
survey; 

Females 54%, Males 47% 

Using burning method for the disposal (28%); 

Throwing into waste basket (40.18%); 

Flushing into sink or toilet (19.60%); 

Storing in their home (9.3%); 

Returning the unused drugs to the pharmacy (2.80%). 

Shwetha N et al.; J 
Pharmacovigil 2018, 6:2. 

10 Healthcare professionals 
in SRM Medical College 
Hospital & Research 
Centre Chennai, Tamil 
Nadu, India. 

393 
participants 

 

Cross-sectional, questionnaire 
based study; 

Female 62% and Male 38%. 

Keeping at home (55.4%); 

Storing at home after Medical conditions resolved (36%), 

Medication stocked up for later use (38.16%); 

Throwing in thrash (17%); 

Disposed by crushing before discarding (17%); 

Flushing down in toilets or sinks (6%); 

Returning the drugs to the medical store (5%) 

Sangeetha Raja et al.; 
Biomed. & Pharm. Journal, 
Dec.2018. Vol. 11 (4), p. 
2073-2078. 

11 Local population of 
Capital City of India, New 
Delhi and NCR (National 
capital region) 

956 
participants 

Cross‑ sectional, 
questionnaire-based;  

Male gender (73.4%); Degree 
holders (45%) 

[Young and middle-aged 
(76%)];  

Possessed unused medicines at home (87%); 

Purchased medicine with prescription (58.7%);  

Procured OTC (31.8%);  

Self-discontinuation (43.7%);  

Purchased due to advertisement & discontinuing (20%);  

Threw away the expired medicines (84%); 

Return unused medicines to the pharmacy (6%);  

Continued to keep medicines at home post-expiry (16%); 

Threw in trash (73%); 

Flushed them down the sewer (20%) 

Sachin Manocha et al.; 
Current Drug Safety, 2019, 
14, 000-000. 

12 Rural areas near by 
Government Medical 
College/ General hospital, 
Nizamabad, Telangana, 
India. 

650 
participants 

Survey based; 

Female 53.84%; Male 
(46.15%) 

Threw in garbage/ trash (85.43%); 

Flushed them down the sink/toilet (3.84%); 

Burning the unused in open space (7.14%); 

Returned to pharmacy/clinic (1.64%); 

A Naveen et al.; Internat. J. 
Sci. Res., June-2019, Vol.8 
(6). 
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Given to their friends (1.09%); 

Stored and never disposed-off (0.82%) 

13 Medicine OPD of a 
tertiary care teaching 
hospital in North India 

220 
participants 

Cross-sectional observational 
questionnaire-based study 

Continued to keep unused medicines at home (56.36%); 

Continued to keep leftover dosage at home (85.9%); 

Threw in garbage/ trash (85.43%) 

Rohini Gupta et al.; Int J 
Adv Med. 2019 
Feb;6(1):91-95. 

14 Participants of rural and 
urban areas in Nilgiris 
district, Tamilnadu, India. 

1000 
participants 

Cross-sectional survey; 

Female 50.9%; Male (49.1%); 

[Age group of 31-50 years 
(44.8%);  

Respondents employed 
(59.9%); 

Participants from rural area 
(59.7%); 

Participants from urban area 
(40.3%)] 

Purchased through pharmacy (57.1%);  

Keeping at home (58.3%); 

Medication kept at home after discontinuation (20.3%);  

Disposed the unused/expired medicines in trash (78.6%); 

Burning the unused/expired medicines (6.1%); 

Disposed in toilet or sink (3.3%); 

Use as fertilizers for plants (1.6%) 

Throwing away in rivers (0.4%); 

Returned unwanted/ unused and expired medicines (4%); 

Treating as bio-medical waste (0.4%) 

Ponnusankar Sivasankaran 
et al.;J Young Pharm, 
2019;11(1):97-100. 

15 Patients visiting OPD of 
PGIMS, Rohtak, Haryana 

150 
participants 

Descriptive, cross-sectional 
questionnaire study; 

Females n= 56; Males n=94 

[Age group of 15 to 65 years] 

Throw in household garbage (62%); 

Flushed in sink/toilet (18%); 

Spray in gardens (10%); 

Donate to hospital (8%); 

Any other method of disposal (2%) 

Narwat A et al.;  Int J Res 
Med Sci. 2019 
Aug;7(8):3050-3053. 
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