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ABSTRACT

Background: Pharmaceuticals in the environment is known since last two decades. As hospitals and pharma
industries, household medicines also need proper disposal otherwise they will gradually find their way into
environment. So, we did a survey of residents in major metro city to understand their medicine wastage as well as
disposal practices.

Methods: Pharmaceuticals in the environment is known since last two decades. As hospitals and pharma industries,
household medicines also need proper disposal otherwise they will gradually find their way into environment. So, we
did a survey of residents in major metro city to understand their medicine wastage as well as disposal practices.
Results: The water samples screened for antibiotic presence were all negative from 10 locations. A total population of
749 people, from 165 houses were included in the study. Leftover medicines were found in 75.8% houses, of which
5.36% houses had leftover antibiotics. Garbage disposal (58.2%) was the most commonly observed method of
medicine disposal. Good attitude towards proper antibiotic disposal was independently significant with higher
education (OR=2.5, 95% Cl= 1.05-6.17), employment (OR=2.1, 95% Cl= 1.05-4.3), and upper middle-class families
(OR=2.4, 95% CIl=1.08-5.21).

Conclusions: Lack of proper guidelines for household medicine disposal across the country is reflected in our
community too. Although this study could not detect antibiotics in the canal water, the emerging resistance pattern
across the state reflects it could be there. Therefore, immediate action on medicine waste collections needs to be
implemented.
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creates not only health issues but economic burden
terms of biomedical waste and money.

INTRODUCTION

Drugs are now considered as mankind’s basic need.

n

Every house is now a mini pharmacy loaded with new
and old drugs that includes vitamins, cough syrups,
lozenges, pain killers, gels, ointment’s, eye/ ear drops,
antiseptics etc.! Self-discontinuation due to improvement
in diseased condition, no improvement in the disease
condition, side effects, non-compliance, increased cost
and are most common reason for discontinuation. This

As our country lacks any proper disposal of household
wastes, people find their own easy methods for disposal.
In India garbage disposal along with other wastes is the
most common method of household medicine disposal as
seen in studies until now. Few people flush the waste
medicines into toilet or sink and others burn it in open
spaces too. Ultimately the medicines reach soil and from
there they gradually leach into ground or surface water.
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Hospital effluents are the next commonest sources for
contaminating the water. Direct application of antibiotics
in aqua culture farms are also potential sources for
environmental contamination.? Uses of hormones in cattle
and poultry farming can also reach soil and water through
their excreta.® Mankind has started to detect the
pharmaceuticals from environment since last three
decade. A well-known example in India is the highly
antibiotic polluted holy river in Madhya Pradesh.* Their
consequences in other organisms are shocking. Fluoxetine
induced developmental delay in tadpoles, feminization of
male fishes due to oral contraceptive pills, diclofenac
induced vulture death are the few examples.>’
Environmental contamination with antibiotics has become
the known aetiology behind development of bacterial
resistance. Vertical as well as horizontal transmission of
antimicrobial resistant gene among organism is possible
in highly polluted water bodies.

Recently, the Kerala University of Fisheries and Ocean
Studies (KUFOS), showed a large presence of multidrug-
resistant bacterial isolates including traces of New Delhi
Metallo-p-lactamase 1 and Cephalosporin resistance
genes from aquaculture farms in Kollam, Ernakulam and
Kannur districts in Kerala.® These signals us about the
next pandemic due to antimicrobial resistance.

Cochin is India one of the largest densely populated
metro city. More than 35 multi-speciality hospitals are
located within and around the city itself. The
geographical richness of small and big water channels
running across the city ultimately drains into the Cochin
backwaters. All these factors are leading to pollution in
all means especially the water bodies. When the garbage
waste disposal possesses huge burden to the municipal
corporation, house hold medicine disposal might be
lacking or it may remain in infancy in the city. So, our
objectives were focused to estimate the various drug
disposal methods among the residents in the buffer zone
of the major canals in the metro city.

METHODS
Study design for surface water screening

A cross-sectional observational study was conducted to
test surface water samples from 5 major city canals in
Kochi: Edappally Canal, Thevara - Perandoor Canal,
Chilavannur Canal, Thevara canal and Market canal for
the presence of selected antibiotics. Study was initiated
after ethics committee approval from the institution. The
research study protocol was maintained as per institution
ethics committee (ECASM-AIMS-2021-006).

Data collection and water sample analysis

Water samples were collected on March 2021 from ten
random convenient locations of these canals. 2500ml
water was collected in an alcohol pre-washed non-sterile
high-density polyethylene (HDPE) container using grab

sampling technique based on U.S. Geological Survey
Techniques of Water-Resources Investigations. The
container was dipped into water from the centre of the
canal. A marked rope was used to collect surface water
from 30cm depth. The same procedure was repeated for
the all 10 locations. A 250ml of surface water samples
were collected from all the 10 locations and were stored
for future references. The samples were then labelled and
transferred in a cold box packed with icepacks to
laboratory in Hyderabad within 24 hours of collection.
Sample were extracted using suitable solvent as per our
in-house designed method. The reconstituted sample was
injected to LCMS/MS instrument (Shimadzu 8050,
Kyoto, Japan) to detect the presence of individual
antibiotics.

Study design for house survey

A questionnaire based cross sectional observational study
was conducted in the residents residing in 20.5m buffer
zone of these canals. all the five canals are located in
different regions of Cochin city itself. The canals have
divided into stretches based on length and breadth by
Cochin Corporation. A total of 28 stretches are there for
5 canals with 1940 settlers in 20.5-meter buffer zone
according to 2011 census. Out of 28 stretches, 16
stretches have houses more than 32 houses has considered
as a cluster. The houses were visited from June 2021 to
August 2021. After a brief description of study, written
consent was obtained from the participant. Participants
were requested to show their entire household medicines.
The leftover medicines were sorted according to the
predefined definition by investigators. Survey was
initiated from random house in a cluster and then every
2" house was visited.

Data collection

A 6-person validated, investigator prepared, preformed
questionnaire was used as tool for interviewer-based
house survey. Initial part included the personal and socio-
demographic details of the participant. The primary
method of disposal of medicines were assessed. The
participants knowledge (K), attitude(A) and practices (P)
on antibiotic usage and disposal were also evaluated.

Sample size

According to a study done in Northern Tamil Nadu, the
prevalence of garbage disposal from households was
found to be 51.4%°. With confidence interval of 95%,
fixed precision of 10% and assuming a nonresponse rate
of 10%, the sample size calculated was 159.

Statistical analysis

The variables were described in descriptive statistics like
frequencies, percentages, mean and standard deviation.
The various socio-demographic factors and their
association with KAP of antibiotic usage and disposal
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were studied using Chi-square test. Multivariate analysis RESULTS
was performed if more than one variable was
significantly associated with outcome variable in
bivariate analysis. The data was entered in Microsoft
Excel and was analysed by using statistical software IBM
SPSS Statistics 18.0 software (IBMCo., Armonk, NY). A
p-value less than 0.05 was considered statistically

significant.

The water samples were collected from 10 random
locations of 5 major city canals. the samples were
screened for tetracycline, sulfamethoxazole,
ciprofloxacin, and ampicillin. The location code and limit
of quantification is given in Table 1.

Table 1: Results of surface water screening for antibiotics.

Tetracycline

Location . Sulfamethoxazole Ciprofloxacin Ampicillin
code gr_w(d)gs ggslmgﬁtg) (LOQ: 0.005 mg/kg (LOQ: 0.01 mg/kg) (LOQ: 0.01 mg/kg)
ED1 Not detected Not detected Not detected Not detected
ED2 Not detected Not detected Not detected Not detected
ED3 Not detected Not detected Not detected Not detected
PER1 Not detected Not detected Not detected Not detected
PER2 Not detected Not detected Not detected Not detected
PER3 Not detected Not detected Not detected Not detected
CH1 Not detected Not detected Not detected Not detected
CH2 Not detected Not detected Not detected Not detected
TH1 Not detected Not detected Not detected Not detected
MKT1 Not detected Not detected Not detected Not detected

*Oxy-tetracycline (LOQ-0.005mg/kg), chloro-tetracycline (LOQ-0.01mg/kg), 4-epimer tetracycline (LOQ-0.01mg/kg), 4-epimer
chloro-tetracycline (LOQ-0.01mg/kg) and 4-epimer oxytetracycline (LOQ-0.01mg/kg). LOQ-Limit of Quantification.
LCMS/MS-Liquid chromatography mass spectrometry

Table 2: Knowledge regarding antibiotics and antibiotic resistance (n=165).

Strongly
disagree

Disagree

Knowledge regarding antibiotic use and disposal (%)

Antibiotics is a prescription medicine 154 (93.3) 6 (3.7) 5(3)

Antibiotics are indicated for common cold 85(51.5) 60(36.3) 9(5.5) 7(4.2) 4 (2.5)
Antibiotics are given as a course and need to complete 78 56 21 10 0

without stopping (47.3) (33.9) (22.7) (6.1)

Self-antibiotic medication can cause antibiotic 14(85) 12(7.3) 8(4.8) 26 (15.8) 105 (63.6)
resistance

Antibiotics or antibiotic prescription shall not share 101 17 12 19 16

among others (61.2) (10.3) (7.3) 11.5) (9.7)
Bacteria can develop resistance to antibiotics if not 6 3 9 37 110

used properly (3.7) (1.8) (5.5) (22.4) 66.6)

A total of 165 houses were included in the house survey.
Average no of members in a house hold was 5. The total
study population was 749. All the houses were located
under Cochin corporation, which is semi urban to urban
area, alongside the city canals. Most of the participants
were females (58.2%). There were 75.2% were above 40
years. Mean age of the participants was 51.6 years. 18-
year-old student was youngest participant. On enquiring
regarding expiry of drugs, 95% are aware and 11%
regularly check before consumption. Approximately half
(48.7%) of them were not aware of its consequences. The
knowledge, attitude and practices regarding antibiotic
medication is showed in Table 2-4 respectively.

Good attitude was statistically significant with in terms of
education (p=0.002), occupation (p=0.021) and per capita
income (p=0.005).  Multivariate logistic regression
analysis on factors associated with attitude about
antibiotic usage showed education, occupation and
monthly income were independently significant with
good attitude (Table 5). Multivariate logistic regression
analysis showed upper middle-class families (>3504 INR)
have 2.7 times better practice than families with <3503
INR per month on good antibiotic medication practices
(Table 6).
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Table 3: Assessment of ‘Attitude’ on antibiotic medication (n=165).

Attitude towards antibiotic medication

Strongly agree

(%)

Strongly
disagree
(%)

Disagree
(%)

| believe that antibiotics are prescribed only 98 49 18 0 0

by registered medical practioner (59.4) (29.7) (10.9)

I know that antibiotics are prescribed only 100 43 21 1 0
when it is indicated (60.6) (26.1) (12.7) (0.6)

I believe that complete course has to 80 39 37 5 4

be taken (48.5) (23.6) (224) (3) (2.5)
| think self-medication is not good (10.6) %37) ?515.2) ???3.3) ?12)
I know that if antibiotics are not disposed 1 7 70 74 13
correctly, they can pollute soil/water/air (0.6) (4.2) (425) (44.9) (7.8)
I know that proper disposal is needed for 5 4 61 77 18
antibiotics because it can cause antibiotic resistance (3) (2.5) (37) (46.7) (10.8)

Table 4: Assessment of ‘Practice’ on antibiotic medication (n=165).

Antibiotic medication practices SITEE)Y — AGER - P EREs Disagree (%) ST )7
I always consult a doctor before 3

antibiotic medication W2 (ER2) (1.8) v v v

I always complete the antibiotic 33

course as per doctor's prescription 126 (76.4) (20) 6(36) 0 0

| have bough_t antibiotics _dlr_ectly from 0 0 7(42) 12 (7.3) 146 (88.5)
pharmacy without prescription

| can share leftover antibiotics with 7

friends, family members or neighbours etc. 0 0 (4.2) 158 (95.8)
| can reuse antibiotic prescription 0 0 1 (0.6) 11 (6.7) 153 (92.7)

Table 5: Multivariate logistic regression analysis of attitude on antibiotic medication.

Regression 95% C.1. for
Sociodemographic variables gres; Odds ratio
coefficient
Lower  Upper
. <Graduation - - - 1.000 - - N
Education e 0.934 0452 4278 2545 1050 6169 OO0
. Unemployed - - - 1.000 - - .
Oceupation g ed 0.755 0359 4430 2427 1053 4205  O0%
Per capita <3503 INR - - - 1.000 - -
income 1504 INR 0.867 0400 4692 2379 1086 5211 00307
(monthly) = : 0 : . ] .

*p value <0.05 is significant, #Modified BG Prasad socioeconomic scale 2019 update, SE-Standard error, CI- Confidence

Interval

Upon drug collection, 75.8% houses had leftover
medicines, of which 38% stored for reuse, and 32% has
planned to dispose and 1% return to pharmacy to charity.
The leftover medicines were classified based on their
main use into antipyretics, analgesics, antidiabetic drugs
etc (Figure 1). 392 different classes of leftover medicines
were identified from 165 houses. Leftover antibiotics
were found in 5.36% (n=392). Among the left-over
antibiotics, amoxicillin and amoxicillin + clavulanic acid
combination tablet strips were found in 47.6% and 14.3%
respectively.

Self-discontinuation of the antibiotic treatment was noted
in 24%, of which 10% discontinued due to improvement
in disease, 10% due to fear of adverse effects and 4% due
to development of side effects. Allopathic medications in
all dosage forms (tablets, capsules, gels, ointment,
solutions, suspensions, aerosols, sprays etc) were
disposed along with other household solid wastes were
practiced by 58.2% (n=165). These were later collected
periodically by corporation. Throwing into soil and
applying as fertilizers in their premises were practiced by
27.9% of families. Burning medicines with other solid
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wastes in their premises were noted in 10.9% of houses.
Discarding into drainage-sink/flush, is seen in 3% houses.
There was no  statistical  significance  with

Table 6: Multivariate logistic regression analysis of antibiotic medication practice.

sociodemographic profile with any methods of medicine
disposal.

95% C.I. for Odds

Sociodemographic variables Regrfes_smn ratio p-value
coefficient TN
Lower  Upper

. <Graduation - - - 1.0 - -
Education g 2.000 1057 3582 7389 0931 58618 U0°8
Per capita <3503 INR - - - 1.0 - -
income* 0.049*
(monthly) >3504 INR 0.992 0.505 3.865 2.697 1.003 7.252

*p value <0.05 is statistically significant, #Modified BG Prasad socioeconomic scale 2019, SE-Standard Error, Cl-Confidence
Interval

80 19.39% 19 1304

70
B0
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i 04
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Figure 1: Bar diagram of leftover medicines according to the use.

DISCUSSION locations in other studies.!* Moreover, environmental

factors like seasonal variations, high/low tides, chemical
and physical properties of antibiotics will influence their
concentration. Therefore, to detect them we need highly
sensitive advanced equipment’s.

Surface water screening for antibiotics

All samples were negative for the tested antibiotics -
tetracycline, oxy-tetracycline, chloro-tetracycline, 4-
epimer tetracycline, 4-epimer chloro-tetracycline, 4-
epimer oxytetracycline, ciprofloxacin, sulphamethoxazole
and ampicillin.

House survey for medicine wastage and disposal
practices

In our study 3 out of 4 houses had leftover medicines. A

Surface water sample studies for antibiotics by Li et al
and Ding et al in China, Azanu et al in Ghana and
Catrignano et al in Vietnam found similar antibiotics in
nanogram concentration.%*3 Hot spot sampling from the
waste  water  discharge point from hospitals,
pharmaceutical companies and municipal waste water
receiving sites of sewage treatment plant were the

study in rural parts of West Bengal found 67.1%
households with leftover medicines.! Among them,
paracetamol (tablets, drops, syrups etc) was common
findings were similar in Maharana et al and Auta et al.%%
It was expected that, as the study was conducted in the
second wave of Covid-19 outbreak, houses were loaded
with antipyretics.
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Most common method of household drug disposal was
dumping into garbage (58.2%). Shockingly few have
mentioned about using medicines as fertilizers which help
in flowering. Burning (10.9%) was also practiced among
few participants in their premises. Most of studies in
other states of India noted majority practices disposing
medicines into household trashes.!® Other methods like
threw away out of the house, flushing in toilet, throwing
into nearby water bodies, burning and spraying to plants
also practices elsewhere.r”'® Hence, we conclude that
lack of proper disposal practices across the country
reflects in our community too. This requires an urgent
attention in national level for implementation of strict
laws as well as action plans.

Knowledge, attitude and practices towards antibiotic
usage and disposal

Our surveyed community has adequate level of
knowledge on antibiotics. Similarly, studies in Saudi
Arabia and Indonesia also showed average level of
knowledge among the citizens.1%2 Merely 6% families
have understanding about antibiotic resistance which was
similar in India and Kuwait.?>?? To surprise us a study on
94.9% of general population in Germany were aware of
multidrug resistant pathogen.? It is high time and indeed
the duty of health sector workers to disseminate
information to highly educated community about
antibiotic resistance and its consequences.

Majority of participants had good attitude towards
antibiotic use. Regarding the antibiotic disposal, their
attitude was not adequate as they received no education
regarding this. Inappropriate practices in terms of early
discontinuation (33%), reuse of old prescription (7%) and
sharing (4%) of antibiotics were also noted despite
adequate knowledge and attitude about antibiotic use. All
these shows that this is a highly receptive community in
terms of high level of education, occupation and income
but their knowledge, attitude and practices are still not up
to the mark.

Keeping drug collection in pharmacies or hospitals also
showed lots of concerns by the surveyed community in
terms of fraud reselling of drugs, impracticality of
programs, funding issues, lack of interest by authorities.
This shows that any new step in this matter is really
challenging. A proper education regarding medicine
disposal in inevitable. We are sure that people will accept
good fruitful approaches such like ‘PROUD’, ‘Medicine
Baba’ etc. which works here as well.

CONCLUSION

Thus, we conclude that Pharmaceuticals can reach the
environment via various methods. Therefore, strict drug
disposal strategies and regulations have to maintained in
the country from pharmaceutical industries, hospitals,
veterinary hospitals, animal husbandry, aqua culture
farms and in households. We found that the surveyed

community has never received any education on safe drug
disposal. Government agencies or collaborative public-
private partnership or non-governmental organizations or
co-corporate sectors could put up on ‘Community drug
waste collection’ drives. Such measures would allow for
sorting of drugs within expiry and maybe given for
charity.
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