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Abstract
The presence of pharmaceuticals in potable waseesdalating with an evergrowing consumption of icetns.
Concerns regarding environmental significance amdamuhealth risk involved are often raised but adrdt source
generation is not being adequately emphasizedexplore the knowledge, attitude, beliefs abaugdvastage and
methods adopted by students to dispose unusededtoddr medications at home. This was a crossesti
descriptive survey. A detailed, anonymous quest@erhaving both open and close-ended questioasgess drug
disposal practices was administered to secondl #md fourth year dental students. The data celieaias analyzed
and expressed as counts and percent@@éslental students participated in the survéd®o reported the possession
of upto five expired medications at home. The mapason for possession of unused, expired mediciaes
purchase of over the counter (OTC) drugs for selttivation.52%agreed that drug wastage can be mdrage
returning to pharmacy.97% had not heard of drug-ta&ck initiatives.92% admitted that no advice amgddisposal
had been received by them. Antipyretics (54%) amalgesics (64%) were the major drug class stoakpileused
and expired drugs in students’ homes. The predarhingethod adopted for drug disposal was via houdeho
trash(94%) followed by storing in home medicine stb€8%).48% students agreed that returning tonpheist is
an acceptable way to dispose drugaowledge about environmental implications of uesafedication disposal
was found to be inadequate amaental undergraduate students. There is need tedsertheir awareness about
safe and prudent disposal methods. With reducedageaof medication, the ecological footprint of riegtes can
be greatly reduced.
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Introduction
Annual consumption of drugs is forecast to increasean APl is a chemical constituent having

worldwide. Escalating introduction to the market harmacological activity or other useful effect the
place of new pharmaceuticals, expanding usage oljjagnosis, cure, mitigation, treatment, or prevamtf
existing drugs and growing practice of procuring disease or one that affects the structure or fonabif
prescription drugs from other countries are agdi the body. Small molecule APIs are formulated into
exponentially to the already large and diverseayarof ~ more than 20,000 parenteral, topical and oral drug
pharmaceutical and personal care products (PPCPS)roducts. These APIs eventually find their way into
belonging to varied chemical clas$éShe drug  surface waters, ground waters, drinking waters,mear
industry  sold drugs worth $ 773 billion in 2008da  environments, sewage sludge and biosolids, tissties
this figure is expected to rise to $ 1,100 billioim animals, and food Chains_[‘r" 6]The ambient
2015.High usage rate invariably corresponds to moreenvironmental levels of APIs are influenced by
drug wastage? Drug wastage is a direct measure of pharmacokinetics, dosage form and patient compdianc
efficiency and success of overall healthcare sys?ém For example- in case of APIs that are extengivel
A cross-sectional study conducted in the elderly excreted unchanged or have high rates of patient
population estimated that drug wastage accourted f compliance, disposal to sewers contribute small
2-3% of all drug costs representing more than $ ljncrements to total environment loading; on thieeot
billion in drug wastage in the United States(Uf5). hand, medications in transdermal formulationhsags

rotigotine, flurandrenolide and lidocaine serve as

* Corresponding Author ; ’
ponding Au major source of API residues.
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APIs affect both the abiotic and biotic systemdaiye The present study was conducted to assess the
scale ecological disaster in the Indian subcontine knowledge of undergraduate dental students regardin
involved cattle that had been treated with diglefe = drug disposal methods used by them to disposeuario
and lead to mass extirpation of vulture specikat drug formulations and explore the reasons for
fed upon the carcass&d Antibiotics in the effluent  accumulation of leftover/expired drugs. This will/g
could increase selection pressure and promote than impetus to devise and implement strategies to
transfer of resistance genes from harmlessminimize drug wastage.
environmental microbes into deadly pathogens, teadi  Material and Methods
to emergence of deadly drug resistant microorgasiism The present study was carried out in a teachingatlen
Abnormal  thyroid  function, decreased fertility, hospital in North India. This waa descriptive cross-
decreased hatching success and alteration of immunegectional survey of dental students based on a
function in birds and demasculinization and structured questionnaire format. The purpose of the
feminization of male fish has been linked to expesu study was explained to the participating students;
to endocrine disrupting chemicals (EDCs) (byprosluct confidentiality was ensured. Informed consent was
of industrial waste)*" obtained from the students before filling the
Pharmaceuticals enter the environment by means otuestionnaire.
three main pathways: excretion after use, remo¥al o The questionnaire consisted of demographic data,
topically applied products, and disposal of leftove questions on the type of unused/expired medicatibns
medications. Presence of APIs as trace pollutasits i home, reasons for stockpiling of leftover drugs,
. . . . , 10l~; . o . .
primarily a function of patient usé: "*Disposal and  disposal techniques adopted by them to disposé, soli
storage of drugs such as those with addictive pialen liquid and semi-solid medications and questions
(controlled drugs) like opioids has been found & b exploring knowledge, attitude and beliefs aboute saf
improper among patients®! Fentanyl patches can drug disposal methods.
retain up to 84% of their original fentanyl conteat  The data collected was analysed and results are
more than sufficient fatal oral dose for an infanfatal expressed in counts and percentages.
dermal dose for an opioid naive addiwhen flushed, = Results and Discussion

new dermal patches containing methylphenidate carpay stydents from second, third and fourth academic
contribute the equivalent amount.of APIs aslte®)l year aged between 18-25 years participated in the
from excretion of 3,280 oral doses; patches doma  st,qy 8 respondents were excluded due to incomplete
ethinyl estradiol can contribute the equivalenit214. ¢5 s Out of 236 respondents who successfully
doses. ; : ; completed the questionnaire, 77% (n=181) were
Medicine disposal habits ~are influenced by females. Majority of the respondents (72%, n=171)
environmental awareness, availability of officiahte  yoported the possession of up to five mediciné®ate
guidelines, dosage form, social and cultural até&1  [Taple 1].

Sink, toilet and rubbish bins are the most commonly qajitative analysis of expired medications at home
used but environmentally unfriendly routes of drug reyegled antipyretics  (54%), analgesics  (64%),
disposal. Conventional sewage treatment facilides  fo|lowed by antihistamines (35%) to be hoarded in
not remove trace constituents such as pharmacisytica home pharmacies/medicine chests. Other drugs were
leading to their accumulation in sewage effluels.  gniiniotics (26%), antacids (23%), topical drug8%3
huge_ plleup of expired and unus'ed medlcatlpnsm th and supplements (vitamins) (41%) [Fig 1].

medicine cabinets among public reflects ignorancegycessive buying of over-the counter (OTC) drugs
regarding disposal techniques and how drugs affect  (5305); self-discontinuation (17%), and expiratioh o

. 12 .
environmental h_ealth.[ A recent analysis of 8 gyygs (24%) resulted in possession of unused/leftov
medications, which had expired 28 to 40 years ago,medications at home [Table 2].

showed that majority of the active ingredients %8 \jajority of students disposed medications in trash
in concentrations. 90% or greater of the amount g494)"Rinsing down the sink (32%), flushing down
|nd|(;ated on the label; eight of these |E]§]red|ents the toilet (12%) and returning to pharmacy (3%) and
retained potency for at least 480 monthis: In gioring in house (28%) were the other ways adofited
addition, unsecured stockpllln_g, Ieftover/d@posed dispose the drugs. Solids (92%), liquids (74%) and
drugs can further promote diversion to others, Ite®  gemj-solid medications (94%) were disposed of in
in drug abuse o purposeful or accidental poisommMg  garhage. For liquid medications, rinsing in sinBYd)
human and pet¥! and flushing in toilet were also employed (3%).Semi
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solid medications (ointments and gels)were dispased *Suboptimal use propagates emergence of antibiotic
garbage (94%) [Fig.2]. resistant microbial strains.

Most students thought that municipality collection Our study showed lack of knowledge of correct and
from home (43%) or returning to pharmacist (48%) ar safe methods of drug disposal among students.
acceptable ways to dispose leftover expired drugsAvailability of formalized protocols/guidelines for
[Table 3]. medicine disposal is a major influence on drug
92% respondents had never received any advice omlisposal.43% students preferred drug collection by
drug disposal. A whopping 97% had never heard oflocal authorities to be a suitable solution to this
drug take-back initiatives.46% respondents admiited problem. In a study by Wilsoa al, two-thirds of the
having no knowledge about drug-environment respondents had no knowledge of any documented
interaction; 41% agreed that drugs pose a thretiteo  guidelines pertaining to proper drug dispoS&in two
environment; 41% admitted to being ignorant about studies, only 20 to 30%respondents had received
any relationship between drugs and environment.previous advice on safe medication dispdéal® The
Students favored returning to pharmacy (52%) as aFood and drug administration (FDA) recommendations
suitable solution to managing drug waste. enlist 26 dangerous medications, which should be
In concordance with other studies, presence ofteft  flushed down the toilet. For other medications,etak
drugs was high.™ * The study reaffirms the back or mail-back program is recommended. Drug
increasing trend of hoarding and piling-up of “take-back” programs are community-based systematic
medications resulting in an increased burden ofinitiatives that allow public to bring leftover dys to a
leftover, unused or unwanted medications at homescentral location for proper disposal. In India, rthés
Drug wastage is defined as “any drug product eitherneed to implement stringent take-back and also iimpa
dispensed by prescription or purchased over theawareness to public regarding this serious concern.
counter, that is never fully consumed,” Drug wastag More environmentally safe practices include
can lead to delay in-treatment, disease progressionincineration or mixing them with refuse solids suh
treatment  of ensuing complications that include kitty litter or coffee grounds and disposing in
exacerbation or prolongation of illness, uncon&oll = impermeable container§’ Consumer changes in drug
chronic disease, hospitalization, disability anchtle  disposal practices will help to minimize the amoaft
adding to overall increase in cost of treatm&ht. environmental exposure to APIs.

The main source of these stocked drugs are OTdn this study, trashing was the predominant mode of
medicines bought for a previous illness and sta®d  drug disposal for unused and expired medications
standby for future use. Medicines may accumulate du followed by disposal in sink/toilet. Storing in hsmu

to reasons such as medication misuse, poor magficati (28% in this study) is a popular practi€:Returning
adherence, changes in therapy, complex medicatiorto the pharmacy was practiced by 3% respondenys onl
regimens, polypharmacy and patient deéfh.In this In a study by Abronst al, 12.8% patients disposed
study, self-discontinuation contributed to presenfe medication appropriately; 27.2% respondents flushed
unused drugs at home in 17% respondents. medication down the toilet whereas 34.6% dumped
Common classes of medicines reported as leftovermedication in trash® In a study conducted in
unused or expired were analgesics-antipyreticsMalaysia, solid medications (tablets and capsuese
followed by antihistamines. In a study by Awaal, predominantly disposed in household waste(65%) and
leftover medicines in residents’ rooms were anatges returned to pharmacy(8%);liquid medications  were
(36.4%), antibiotics (33.1%),and antihistamines disposed in sink/ toilet(62%) and trash(27%) jsem
(11.9%)™In-house storage of antibiotics reflects easy solid medications were predominantly disposed in
accessibility to these prescription drugs and sctdr household waste(83%)and returned to pharmacy(12%).
stringent legislation governing their sale. M8n a study in Egypt, 12%respondents returned
Presence of antibiotics in home medicine chestédcou unused medicines to pharmacy, 26.27% disposed in
be the result of non-compliance to prescribed garbage and 11.39% flushed them down the téilet.
antibiotics, over prescription of antibiotics or By serving as trusted drug information resources,
antibiotics obtained as a result of self-medicatibhe pharmacists are in forefront of tackling issues of
hoarding of antibiotics not only reflects callous medication misuse and poor medication adherence as
approach of health consumers towards their heai¢h d well as appropriate medication disposal methodgyTh
to their inaccurate perception and judgement aboutcan be part of solution to the growing problem of
when to stop drug but also calls for action to catnb medication wastage by imparting correct knowledyge t
unrestricted  antibiotic  prescription and  sale. patients, who are end users of dru§élt is an
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obligation of the pharmacist to counsel the pasient
before they leave pharmacy count&’Previously
counseled respondents are more likely to return
medication to a pharmac.

Limitations of our study include a small sampleesiz
from a specific region; so a generalization caroet
made. Self reported data is subject to recall aiabis
thus a confounding factor. Moreover, mutual infloen
between the students could not be ruled out.
Nevertheless, this study gives an insight intoabjgm

that has not been given the importance it deserves.
More such studies are warranted to estimate theelur

of drug wastage to help chalk out an action plan to
combat this problem.

Conclusion

Knowledge and practice of drug disposal was
inappropriate among dental students. Interventign b
education about prudent drug disposal techniquat th
are also environmentally safe and acceptable ilb h
change their behavior. A proactive approach such as
incorporating this important issue in their curtiou is

the need of the hour. There is also a pressing teed
establish cost-effective and acceptable state-run
collection and disposal systems. Conscientious and
proper disposal of medications can help to decrease
environmental load of drugs.

Acknowledgement

The author wishes to thank the dental students who
participated in the study

References

1. Daughton CG. Pharmaceutics and personal
care product in the environmerdverarching
issues and overview. Daughton CG and Jones-
Lepp, T. (eds.), Symposium Series 791;
American Chemical Society: Washington,
D.C., 2001; available fromhttp://www.oup
usa.org/isbn/0841237395.html [Cited on 2012
May 9].

2. Seeheusen DA,Edwards J.Patient practices and
beliefs concerning disposal of medications.J
Am Board Fam Med 2006;19:542-7.

3. Tong AY, Peake BM, Braund R. Disposal
practices of unusednedications around the
world. Environ Int 2011; 37: 292-8.

4. EI- Hamamsy M. Unused medications: How
cost and how disposal of in Cairo, Egypt.
IJPSR 2011; 2: 21-7.

5. Kummerer K. Pharmaceuticals in the
environment. Annu Rev Environ Resour 2010;
35: 57-75.

6. Verma R, Seth GL, Bihani D.Pharmaceutical
waste/scrap management. Available from

10.

11.

12.

13.

14.

15.

16.

17.

18.

[Aditya, 4(3): March., 2013]
ISSN: 0976-7126

www.pharmatutor.org/articles/pharmaceutics?p
age=17. [Cited on 2012 Nov 2].

Babiker SEA. Study evaluating medication use
practices and extent of drug wastage among
female students at Universiti Sains Malaysia.
[Dissertation] Master of Science,Universiti
Sains Malaysia,2008.

Tanabe P, Paice JA, Stancati J, Fleming M.
How do emergency department patients store
and dispose of opioids after discharge? A pilot
study. J Emerg Nurs 2012; 38: 273-9.

Boxall ABA. The environmental side effects of
medication. EMBO Rep 2004 ;5 :1110-6.
Daughton CG. Drugs and the Environment:
Stewardship and sustainability. National
Exposure research laboratory, Environmental
Sciences Division, US EPA, Las Vegas,
Nevada, report NERL -LV-ESD 10/081,
EPA/600//R-10/106, 12 Sept 2010,
196pp.Available  from www.epa.gov/nerl
esdl/bios/daughton/APM200-2010.pdf [Cited
on 2012 May 3].

Colborn T, vom Saal FS, Soto AM.
Developmental effects of endocrine disrupting
chemicals in wildlife and humans. Environ
Health Perspect 1993; 101:378-84.

Ruhoy IS, Daughton CG. Beyond the medicine
cabinet: An analysis of where and why
medications accumulate. Environ Int 2008;
34:1157-69.

Cantrell L, Suchard JR, Wu J, Gerona RR.
Stability of active ingredients in long-expired
prescription medications.Arch Intern Med
2012; Oct 8:1-2. doi:
10.1001/archinternmed.2012.4501. [Epub
ahead of print].

Smolen A. Role of the pharmacist in proper
medication disposal. US Pharm 2011; 36:52-5.
Auta A, Banwat SB, Sarien CN, Nasara B and
Atuluku MO. Medicines in pharmacy students’
residence and self—-medication practices. J
Young Pharm 2012; 4: 119-23.

Wilson TN, Weiss LB, Malone JO, Garnier
K.Physician Knowledge and perception of the
need for drug disposal guidelines. Osteopathic
Fam Physician 2011; 3: 48-52.

Jarvis Cl, Sedd SM , Sliva M , Sulliva KM .
Educational campaign for proper medication
and disposal . J Am Pharm Assoc 2009; 49: 65-
819.

Azad MAK, Ansary MRH , Akter MA ,Al-
Mamun SMM, Uddin M , Rahman MM.
Disposal practice for unused medications

Int. J. of Pharm. & Life Sci. (IJPLS), Vol. 4, Issue 3: March: 2013, 2475-2480

2478



Research Article
CODEN (USA): JPLCP

among the students of the international Islamic
University Malaysia .J Appl Pharm Sci 2012;
2:101-6.

19. Abrons J, Vadala T, Miller S, Cerulli J .
Encouraging safe medication disposal through

20. Sharma A, Madaan

[Aditya, 4(3): March., 2013]
ISSN: 0976-7126

student pharmacist intervention. J Am Pharm
Assoc 2010; 50:169-73.

A, Nagappa AN.
Medication storage and self medication
practice among the youth in Karnataka region,
India. Int J Pharm Sci Res 2012; 3:2795-800.

Table 1: Number of unused/leftover drugs at studerst homes

S.No Number of unused/leftover N (%)
medications
1. 0 11 (5%)
2. 1-5 171(72%)
3. 6-10 44 (19%)
4. 11-25 8 (3%)
5. >25 2 (1%)

Table 2: Reasons for possession of unused/leftovaedications at home

S.No Reason N (%)
1. Doctor changed treatment 12 (5%)
2. Doctor prescribed more than needed 21 (9%
3. Self —discontinuation after condition resolved 3 (34%)
4. Leftover from previous over-the-counter druggharse 126(53%)
5. Passed expiry date 56 (24%)
6. Adverse effect to prescribed drug 9 (4%)
7. Other 7 (3%)

Table 3: Students’ perception about drug disposal

S.No Acceptable method to dispose medication N (%)
1. Rinsing down a sink 10 (4%)
2. Flushing down a toilet 9 (4%)
3. Returning to pharmacist 113 (48%
4. Municipality collection from home 97 (41%)
5. Giving away to friends,relatives,etc. 7 (3%)
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Fig. 1: Classes of expired drugs present at homessiudents
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Fig. 2: Methods of drug disposal adopted by studeat
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