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Proper collection and disposal of pharmaceutical waste from households can reduce the negative influence
of medicines on the environment. The aim of this paper is to examine the current methods of disposal of
unused medicines from households, as well as the willingness of Serbian residents to participate and bear
the costs of an organized collection program. Moreover, this research aims to define factors contributing to
an individual’s willingness to participate and pay for a medicine collection program. The survey included
randomly selected patients older than 18 years visiting private pharmacies in the four largest Serbian
cities. The questionnaire included information regarding the presence of unwanted medicines within
the household, general medicine disposal practices, the likelihood to participate in a medicine take-
back program, willingness to pay for a medicine disposal program (per prescription and per visit), impor-
tance to the environment, and demographic variables from participants. Approximately 80% of surveyed
respondents are very or somewhat likely to participate, however less than half of the respondents are will-
ing to pay for the collection of their unused medicines. The factors that influenced willingness to partic-
ipate are environmental awareness and income, while the factors affecting willingness to pay, are
previously received advice about proper disposal, education level, number of unwanted medicines in
the household and gender. The majority of Serbian people dispose unused medicines improperly, mostly
into household garbage. Well-organized and easily accessible collection programs are essential in order to
enable the general public to return unused medicines for proper disposal.

© 2020 Elsevier Ltd. All rights reserved.

Keywords:
Pharmaceutical waste
Unused medicines
Household

Medicine disposal
Take-back program
Willingness to pay

1. Introduction (Daughton, 2003; Schwab et al., 2005; Webb et al., 2003). The cur-

rent literature data suggests that improper disposal of medicines is

The presence of medicines in drinking water, as a result of con-
taminated groundwater, rivers and lakes is a problem that will
continue to grow as the population expands and more medicines
are dispensed. However, the environmental importance and
human health risk that this represents may not be known for years
(Daughton, 2003; Leung et al., 2013).

While medicines can enter the environment during the produc-
tion process, consumption or disposal, improper disposal of phar-
maceutical waste from households is considered one of the most
important routes for the entry of medicines into the environment
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a global problem which plays a significant role in environmental
contamination (Paut Kusturica et al.,, 2017; Tong et al., 2011).
According to literature, the most common reason reported for
not returning medicines to pharmacies or other collection sites is
lack of information and awareness on the existence of available
unwanted medicine collection schemes in the community
(Fenech et al., 2013; Kruopiene and Dvarioniene, 2010; Sasu
et al,, 2012).

Proper collection and disposal of medicine waste from the
household can reduce the negative impact of medicines on the
environment (Lubick, 2010). Organized collection programs of
unused medicines are being implemented in many countries
around the world enabling medicines to be collected at
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pre-designated sites (pharmacies, health centers, etc.) in order to
protect public health and the environment (Vogler et al., 2014;
Vellinga et al., 2014; Arkaravichien et al., 2014; Glassmeyer et al.,
2009). Under the provisions of current European Union legislation
(EC, 2004), all the EU Member States have to establish collection
programs to safely dispose of unused expired medicines
(Directive 2004/27/EC). The methods used for collection differ
among countries, but in general, pharmacies play an essential role
(Vogler et al., 2014; Persson et al., 2009; Dias-Ferreira et al., 2016).
The financial support for drug collection also varies among the
countries, as some countries rely only on government funding,
while other are supported through the pharmaceutical industry
or the pharmacies themselves (Glassmeyer et al., 2009). Neverthe-
less, several surveys have noted that the implementation of these
systems and their efficiency varies widely across the EU Member
States (Volmer, 2010) and it is not clear whether all the EU coun-
tries have implemented these requirements. For example, for
Cyprus, Malta and Bulgaria, no information to clarify the imple-
mentation of these collection systems exists (Bungau et al., 2018;
Volmer, 2010). The problem is also common in the countries where
the management of medicine-based waste is in its infancy, as stud-
ies performed in Romania and Croatia both showed that compli-
cated procedures and high cost incurred by pharmacies cause
some pharmacies to refuse to collect unused medicines from the
population (Bungau et al., 2018; Jonjic and Vitale, 2014). In the
US, the safest approach for drug disposal is a local or national drug
take-back program on the national Drug Enforcement Administra-
tion (DEA) authorized collection site. The DEA has occasionally
sponsored the National Prescription Take-Back day to collect
unused medicines. Moreover, the DEA has authorized certain enti-
ties like retail pharmacies, drug distributors or drug manufactur-
ers, to become the collection sites for unused medicines
(Glassmeyer et al., 2009).

A recent study performed in Serbia has shown that unused and
expired medicines are often present in households, and that throw-
ing medicines in the garbage is the predominant disposal method
among the Serbian population (Paut Kusturica et al., 2012; Paut
Kusturica et al., 2016). Although more than half of the participants
were aware that medicines may negatively impact the environ-
ment, environmental awareness did not necessarily equate with
behavior that initiated proper disposal of unused medicines, indi-
cating that other issues, such as the availability of an organized dis-
posal system, play an important role (Paut Kusturica et al., 2012).
Although in Serbia the New Rule for Medical Waste Management
was established in November 2010, it is not fully applied in every-
day practice. This regulation imposes an obligation for pharmacies
to accept unused and expired medicines brought in by the public
and return them to wholesalers, manufacturers or special opera-
tors trained to collect and transport waste for destruction. How-
ever, the new legislation has created many problems due to the
vagueness of relevant regulations and inadequately defined
responsibilities for drug wholesalers and manufacturers. In prac-
tice, there are many unresolved issues arising from unclearly iden-
tified financial responsibility, which allows both manufacturers
and wholesalers to avoid their financial obligations, so that opera-
tors who may have an interest in this business do not know who
will pay for this service. The operator is obliged to collect these
medicines from the pharmacy and transport them to the ware-
house, where these medicines are classified and stored as medicine
waste until they are exported to some of the EU countries where
they are to be properly destroyed (State Gazete, 2010). This prob-
lem has not yet been resolved and pharmacies stopped collecting
the medicines from public because the warehouse storage capaci-
ties were filled.

Therefore, the aim of this paper is to examine the current meth-
ods of disposal of unused medicines from households in Serbia, as

well as the willingness of Serbian residents to participate and bear
the costs of organizing the unused or unwanted medicines collec-
tion program. Secondly, this research aims to define factors con-
tributing to an individual’s willingness to participate and pay for
a medicine collection program.

2. Methods
2.1. Survey design and data collection

The survey was designed to collect information from partici-
pants regarding the presence of unwanted medicines within the
household, general medicine disposal practices, previous receipt
of advice about proper medicine disposal, previous participation
in a program for the disposal of unused medicines, likelihood to
participate in a medicine take-back program, willingness to pay
for a medicine disposal program (per prescription and per visit),
perception of the importance of the environment, and demo-
graphic variables. The questionnaire used in this survey was based
on one previously used (Vielma Delano, 2016). Participants were
patients visiting private chain pharmacies in the four largest cities
in Serbia: Belgrade, Novi Sad, Ni§ and Subotica. Data were collected
by trained interviewers in private pharmacies during the period
from December 2017 to November 2018. The research was
approved by the Ethical Committee of the Faculty of Medicine of
Novi Sad (approval number: 01-39/104/1).

The sample population included randomly selected patients in
private pharmacies. The interviewer asked every third patient to
participate until the number of 200 patients in each city was
reached. The only criteria for inclusion in the study were that the
participants were older than 18 years. Each patient provided writ-
ten informed consent after receiving all the necessary information
regarding the survey. The examiner then recorded the verbal
responses of the patients to the questions. The survey participants
were asked to establish their willingness to participate, willingness
to pay per prescription (WTPP) and willingness to pay per visit
(WTPV) for the collection of unused medicines at a pre-defined loca-
tion (pharmacy or health center). The contingent valuation question
was designed assuming a fee had to be paid to drop off medicines at
a predesignated collection site, based on either the number of
medicines or the number of visits. The hypothetical situation was
established in a similar manner to that published by Vielma
Delano (2016).

Afterwards, respondents were asked about the average number
of medicines likely to dispose of, and their WTP. Given the limita-
tions of the survey to ensure a response to these questions, ranges
were provided. The options provided for WTPP ranged from O
dinars to 50+ RSD (0-48.3 USD), with 10 RSD (0.096 USD) incre-
ments, and 0 to 100+ dinars (0-0.97 USD) with 20 RSD (0.19
USD) increments for the WTPV option (conversion rate 1
USD = 103.4 RSD, based on the National Bank of Serbia official mid-
dle RSD exchange rate on the 31.12.2018). The data was analyzed
by basic descriptive statistics, nonparametric statistical tests and
advanced econometric modeling. Categorical variables were sum-
marized by percentages and the crosstab procedure. y? test was
employed to test significant relationship between two categorical
variables by comparing categories for one variable across cate-
gories of the second variable. Relationship between categorical
variables was also examined via Spearman correlation. The level
of significance in all tests was 0.05. Analyses were performed in
software: SmallStata 13, R 3.43 and Excel 2013.

2.2. Econometric model analysis

The double-hurdle model was created to estimate both WTPP
and WTPV. The model was proposed by Cragg (1971). The main
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assumption was that for each individual there were two decisions
making processes with regard to purchasing an item. Each of these
processes was determined by a different set of independent vari-
ables. More precisely, there were 2 separate hurdles to be passed
in order to have nonzero level of expenditure. The general model
specification is:

Vi, = Wi + v; Participation decision (1)
Vi, = X;f +u; Expenditure decision (2)
yi=xp+u if y; >0 and yj, >0 3)
y; = 0 otherwise (4)
wherei=1,---,nand

y;; is a variable that describes household’s decision to partici-
pate in WTPP/WTPV

y}, is variable that describes household’s consumption

y; is the observed dependent variable

w;, X; are sets of independent variables explaining the participa-
tion, i.e. expenditure decision

v, u; are the i.i.d normal error terms.

In order to assess the impact of the independent variable on the
dependent variable, we needed to decompose the unconditional
mean into probability of participation and the conditional

expectation.
The unconditional mean is
E(y[xi) = P(y; > Ox)E(y[xi,y; > 0), (5)
while the conditional mean is given with
oCd
E(yly; > 0,x;) :Xiﬁ+0imv (6)

where ¢ is the standard normal probability distribution function.

The double-hurdle model is estimated using maximum likeli-
hood techniques. In our model the same specification of indepen-
dent variables in both stages for both WTPP and WTPV is taken.
In the first stage the participation decision was defined as:

yi*l =En Z)iﬁEny + Phariﬂl’har + DemiﬁDem + Ui, (7)

where Enw;is set of independent environmental variables included
environmental awareness, i.e. important (e.imp) and previously
received advice about proper disposal of medicines from house-
holds (advice); Phar; is the set of pharmaceutical variables includ-
ing the presence of unwanted medicines in households over the
last 12 months (unmed), and a dummy variable to control for
respondents that have participated in a medicine collection pro-
gram before (envp) and number of packages likely to drop off at a
collection point in the future (nupack); Dem,; is the set of socioeco-
nomic variables including number of people in the household (pple),
average respondent’s monthly income (i.e. 0.00-24,000din (inc0),
24,001-45,000din (inc24), 45,001-60,000din (inc45), 60,001-
80,000 (inc60), 80,001-100,000 (inc80) and over 100,000 (inc100),
college education (education), age (i.e. 18-45 years old (agel8),
46-65 years old (age46), and over 65 years old (age65), and gender
(male) (Vielma Delano, 2016).

In the second stage, the following specification of the expendi-
ture decision is taken:

Vi = ENV(res)ifny + Phar(res)iﬁPhar + Dem;fpe, + U; (8)

where Env ;s is advice, Phar ;.; are envp and nupack and Dem; is
set including pple, Inc0, Inc24, Inc45, Inc60, Inc80, education, age18,
age46 and gender.

3. Results

Descriptive statistics for the socioeconomic variable are pre-
sented in Table 1. The highest level of education was a graduate
degree for more than half of the respondents (53%). More than half
of the respondents were female (66.4%). The majority of respon-
dents were employed (62.6%). Approximately, a third of the
respondents (37.8%) had a monthly income between 24,000 and
45,000 RSD. Compared to the national averages, the sample had
higher number of highly educated and employed respondents,
while monthly income was similar to the national average.

More than 60% of the respondents reported that they had kept
unused medicines in their households in the previous two years,
and more than half continue to keep them. The most commonly
reported reasons for the presence of unused medicines were not
finishing the full therapy (34%) and not knowing what to do with
the expired medicines (19.8%). Although most of the respondents
believed the most appropriate disposal method for unused medici-
nes was returning them to a pharmacy (81.9%), the most reported
disposal method of unused medicines was throwing them into the
garbage (59.1%). The majority of respondents had never received
advice about the proper disposal of medicines from households
nor participated in an organized collection program (Table 2). A
significant relationship was found between education and the dis-
posal practice of unused medicines from households (p < 0.001), as
well as between age and respondent’s opinion on the most appro-
priate method to dispose of unused medicines (p = 0.003).

An individual’s willingness to participate and pay for the collec-
tion of unused medicines from their households is presented as a
percentage in Fig. 1. Approximately 80% of surveyed respondents
were very or somewhat likely to participate, however, just 46.3%
stated they were very likely or somewhat likely to pay for the col-
lection of their unused medicines. There is a statistically significant
correlation between willingness to participate and willingness to

Table 1
Descriptive statistics for the socioeconomic variables.

Variable n (%)

Place of residents

Belgrade 200 (25)
Novi Sad 200 (25)
Subotica 200(25)
Nis 200(25)
Gender

Female 531(66.4)
Male 269(33.6)
Age group

18-25 88(11.0)
26-35 169(21.1)
36-45 181(22.6)
46-55 149(18.6)
56-65 110(13.8)
> 65 103(12.9)
Highest educational level

Primary education 349(43.6)
Secondary education 420(52.5)
Higher education 31(3.9)
Working status

Unemployed 142(17.8)
Employed 501(62.6)
Retired 157(19.6)
Monthly income (RSD)*

<24,000 193(24.1)
24,000-45,000 302(37.8)
45,000-60,000 174(21.8)
60,000-80,000 78(9.8)
>80,000 53(6.6)

" RSD to USD conversion: <24,000 RSD ~ 232 USD; 24,000-45,000 ~ 232-435
USD; 45,000-60,000 RSD ~ 435-580 USD; 60,000-80,000 RSD ~ 580-773 USD; >80
000 RSD ~ 773 USD.
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Table 2
Unused medicines in households and their disposal practices.

Questions n (%)

Did you keep any unused medicines (tablets, capsules, creams,
syrups...)? in your household, in the last two years?

Yes 495
(61.9)

No 305
(38.1)

Do you currently keep any unused medicines (tablets, capsules,
creams, syrups...) in your household?

Yes 419
(52.4)

No 381
(47.6)

Why do you keep unused medicines in your household? (choose

one or more answers)
I stopped taking medicines before I finished the therapy 325(34)
I stopped taking medicines because the doctor altered the therapy 128

(13.4)
I do not keep unused medicine in my household 248

(25.9)
Expiration date exceeded and I did not know what to do with them 189

(19.8)
User has passed away 43(4.5)
I hoard them 10(1.0)

Other 13(1.4)
How do you dispose of unused medicines from your household?
(choose one answer)

Throw in the garbage 473
(59.1)
Return to a pharmacy 100
(12.5)
Flush down the toilet or drain 27(3.4)
Burn 6(0.8)
I have never disposed of unused medicines 183
(22.9)
I collect them and wait for the further instructions 5(0.6)
Other 6(0.8)
In your opinion what is the most appropriate method to dispose of
unused drugs?
Return to a pharmacy 655
(81.9)
Flush down the toilet or drain 89
(11.1)
Throw in the garbage 11(1.4)
I do not know 19(2.4)
Organized collection 7(0.9)
Other 19(2.4)
Have you ever been given an advice about proper disposal of
medicines from households?
Yes 192
(24.0)
No 608
(76.0)
Yes 51(6.4)
No 749
(93.6)

pay for the collection of their unused medicines (rho = 0.354,
p = 0.000).

When asked to list the specific amount they were willing to pay
for prescription or per visit for the disposal of medicines, more
than half of the respondents were willing to contribute by paying
a fee for collection and disposal of expired medicines per prescrip-
tion or per visit. The share of the amounts the respondents were
willing to pay is presented in Fig. 2.

Almost all the respondents agreed that the environment was
very important (64%) or important (33%) to them. The median
number of packages respondents would discard per visit is 2 (range
0-20, IQR 2-4, mode 2). Around 40% of respondents were not will-
ing to pay for either prescription or visit. A statistically significant
relationship was found between WTPP and household income
(p = 0.006), as well as between WTPV and household income

45.0%

9
aoon 22 SR
35.0%
30.0% 29.2%
.0%
25.0%
19.2%
20.0% 17.1% . L% 16.3%
15.0% 12.1%
10.0% 6.6%
5.0% l 3.5%
0.0% .
Very likely ~ Somewhat likely Neither likely Somewhat Very unlikely
nor unlikely unlikely

m Willingness to participate willingness to pay

Fig. 1. Willingness to participate and willingness to pay for the collection of unused
medicines.

(p = 0.003). Respondents with monthly income 24-45,000 RSD
were the most willing to pay for the prescription, while those with
income of 45-60,000 RSD were most willing to pay for a visit.

3.1. Econometric models

Double Hurdle models (DHM) (7)-(8) were created and estima-
tions for both WTPP and WTPV were taken as dependent variables
according to the procedure described in the Method section. The
estimation results for WTPP and WTPV are outlined in Table 3.
For both WTPP and WTPV models estimated coefficients for each
independent variables in first stage equation (7) are given in col-
umns with name “participation” together with corresponding p
values. On the other hand, estimated coefficients figuring in second
stage equation (8) and corresponding p values are given in column
with name “consumption”. The methods were compared using log-
likelihood criteria.

The most significant predictors for WTPP were e.imp, inc24,
inc80. On the other hand, the factors that determined the amount
households were willing to pay per prescription were advice,
nupack, educ, gender. The results showed that the most significant
predictors for WTPV were e.imp and inc24. On the other hand,
the factors that determined the amount households were willing
to pay per visit were advice, nupack, gender (male) (Table 3).

Based on DHM results presented in Table 3, the mean WTPP and
WTPV were estimated and presented in Table 4. The estimated
unconditional mean WTPP was 15.39 RSD and the mean WTPP
for those who have a positive WTP per prescription was 14.76
RSD. For WTP per visit, the mean value for all respondents was
27.37 RSD, while for those who indicated the amount, the value
was 26.06 RSD.

4. Discussion

This paper presents the results from the survey of 800 randomly
selected patients visiting private chain pharmacies in the four big-
gest cities in Serbia. The main contribution of the present study
comes from the assessment of the willingness of Serbian people
to participate and bear the cost for the establishment of a medicine
disposal program for unwanted or unused medicines from house-
holds, using 'double hurdle modeling approach’. Although many
results referring to general waste management awareness and dis-
posal practices were reported both for Balkan countries (Bungau
et al., 2018; Tit et al., 2016 Paut Kusturica et al., 2012) and world-
wide (Rogowska et al., 2019; Chung and Brooks, 2019; Zorpas et al.,
2017; Paut Kusturica et al., 2017; Dias-Ferreira et al., 2016), to the
best of our knowledge no study in Europe explored willingness of
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Fig. 2. Willingness to pay per package (WTPP) and Willingness to pay per visit (WTPV) in RSD.

Table 3
Double Hurdle Model estimations for WTPP and WTPV.

Variable WTPP

Participation

Consumption

WTPV

Participation

Consumption

ENV e.imp 0.5062936 0.4858251
0.000° 0.000
advice 0.065653 —0.298712 0.0176588 —0.3396434
0.762 0.015' 0.335 0.011
PHAR unmed —0.1294498 —0.1132362
0.204 0.292
envp —0.0464784 0.0123888 0.1382481 —0.085489
0.829 0.956 0.634 0.767
nupack —0.0244877 —0.0580891 0.0187034 —0.0681205
0.603 0.003' 0.611 0.002'
DEM pple —0.0078444 0.0573774 —0.0555226 0.0630244
0.894 0.142 0.364 0.128
incO —0.3220949 —0.3005917 —0.2002542 —0.2316959
0.342 0.248 0.538 0.381
inc24 —0.6107793 0.0745075 —0.6728715 0.1347923
0.018' 0.767 0.023' 0.605
inc45 —0.3352882 —0.0608076 —0.3723709 —0.0226361
0.201 0.812 0.213 0.931
inc60 —0.1971844 0.1431853 —0.3484291 0.2210071
0.492 0.616 0.283 0.449
inc80 —0.9281305 0.4677103 —0.7950276 0.5472835
0.079* 0.307 0.186 0.334
educ —0.1922686 0.1673494 -0.1719617 0.1489921
0.182 0.077* 0.164 0.124
agel8 0.112685 0.022613 0.1065835 0.0401774
0.495 0.888 0.577 0.808
age46 —0.214448 —0.0175098 —0.0190972 —0.002999
0.230 0917 0.926 0.986
gender 0.0837301 —0.2095947 0.0954509 —0.195064
0.627 0.043' 0.523 0.067*
_cons 1.954 1.642 1.954 1.642
0.000 0.006 0.000 0.006
N 800
[sigma 1.0000 0.523 1.000
/covariance —0.298 —0.7517516
0.780 0.196
“p<o0.l.
T p<0.05.
f p<o0.01.

residents to bear the costs of establishing reverse distribution net-
work for unwanted and unused medicine.

Results referring to unused medicines in households and their
disposal practices are mainly in line with those of previous studies.

The present results showed that more than 60% of the respondents
maintained unused medicines in their households in the previous
two years, and more than half still keep them. This is in accordance
with the results of study conducted in Serbia in 2012, which
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Table 4
Estimated mean WTP from DHM.
Dependent Conditional Observations Mean + SE
Variable Expectation (RSD)
WTPP WTP E(y) 800 14.77 £ 0.317
WTP E(yly > 0) 465 15.39 + 0.29
WTPV WTP E(y) 800 26.06 + 0.34
WTP E(yly > 0) 473 27.37 + 033

" RSD to USD conversion: 14.77 RSD ~ 0.14 USD; 15.39 RSD ~ 0.15 USD; 26.06
RSD~0.25 USD; 27.37 RSD ~ 0.26 USD.

showed that unused medicines were often maintained in house-
holds and represented approximately a tenth of the total number
of household medicines (Paut Kusturica et al., 2012). For more than
third of the respondents, the most common reason given for keep-
ing unused medicines were not finishing the full course, followed
by not knowing what to do with the unwanted or expired medi-
cines. However, the results of other studies identified resolution
of patient’s condition, medicine change due to misdiagnosis or side
effects, forgetfulness, death of the patient and oversupply due to
automatic refills and over-prescription by physicians as main rea-
sons why medicines go unused (Zorpas et al., 2017; Ruhoy and
Daughton, 2007; Seehusen and Edwards, 2006). In line with our
results, the results from the survey in the USA demonstrated that
the main reasons for accumulation of unused medicines were also
stopping the therapy before the supply ran out or not knowing
what to do with unused medicines (Vielma Delano, 2016). Respon-
dents’ lack of knowledge of what to do with unused medicines was
expected as few of the respondents had previously received advice
about proper disposal of household medicines. Similarly, the
results of the study performed in Romania, a neighboring country,
identified lack of legislation with clear and simple procedures that
can be applied to both pharmacists and citizens as main shortcom-
ing of organised medicine waste collection service (Bungau et al.,
2018). Lack of the adequate information and clear instructions on
proper manners of drug disposal was also reported in other coun-
tries (Braund et al., 2009; Fenech et al., 2013; Vellinga et al., 2014).
Although most of the respondents believed the most appropriate
disposal method for unused medicines was returning them to a
pharmacy, the most reported disposal method was discarding into
the garbage. Based on the literature, incorrect disposal of unused
medicines represents a worldwide phenomen as studies carried
out both in Europe (Bungau et al., 2018; Zorpas et al., 2017; Tit
et al., 2016; Rogowska et al., 2019; Bound et al., 2006; Fenech
et al., 2013; Kruopiene and Dvarioniene, 2010; Paut Kusturica
et al., 2012) and globally (Abahussain and Ball, 2007; Kheir et al.,
2011; et al,, 2014; Braund et al., 2009; Auta et al., 2011; Shaaban
et al,, 2018; Chung and Brooks, 2019) all reported the domestic
rubbish bin as the predominant method of disposal for unwanted
medicines. The recent study performed in the neighbouring Balkan
country revealed that even 95% of the population thrown the
medicines in the garbage imposing the urgent need of public
awareness campaigns (Tit et al., 2016). Other studies showed that
gap between the possession of environmental awareness, and dis-
playing proper disposal behavior is not exclusively connected to
the Serbian setting (Abahussain and Ball, 2007; Bound et al.,
2006). In addition, a U.S. study showed that most respondents
believed that disposing of medicines in a secured lockbox located
in a pharmacy or physician’s office was the best method, neverthe-
less less than 10% used it as the actual mean of disposal (Law et al.,
2014). Finally, while environmental awareness may impact the
choice of what is considered the safest mean of disposal, actual
behavior does not always equate with awareness, especially where
no well-organized collection of unused medicines exists. This is not
exclusively a Serbian issue, as there are some EU countries where

medicine waste management faces with numerous problems such
as incomplete legislation, operators exceeding their contracting
costs, high cost of collecting expired medicines (Bungau et al.,
2018). Furthermore, in Croatia, country with similar health care
system, a model where pharmacies are responsible for financing
unused medicines disposal without any kind of reimbursement
proved to be quite inefficient (Jonjic and Vitale, 2014).

According to our results, approximately 40% of surveyed
respondents were not interested in paying any amount for disposal
of their unused medicines, although almost all of them considered
environmental quality important. Similarly, the study performed in
Texas indicated that all users of medicine take back programs con-
sidered the medicine take-back program as a valuable service,
while more than half of respondents positively viewed paying for
the service on a per weight basis (Thach et al.,, 2013). However,
our results showed higher willingness to pay in comparison to
the results of the study performed in the USA where 60% of the
respondents were not willing to pay to take their unwanted
medicines to a permanent collection center (Vielma Delano,
2016). Nevertheless, the percentage of respondents who are inter-
ested in being involved and bearing the cost for organized collec-
tion program for wunused medicines is substantial as
environmental programs are not common in the Serbian setting
and almost all of the respondents reported they have never partic-
ipated in one.

In the present study, the factors influencing an individual’s
decision to participate in medicine take-back programs were per-
ceived environmental importance and income. In a similar study,
the WTP per prescription was determined by the number of pack-
ages likely to be disposed of, the presence of unwanted medicines
in the households, annual income between 60 and 75,000 and
above 75,000 dollars, age and number of people living in house-
holds, with income being the only factor influencing the WTP per
prescription in both studies (Vielma Delano, 2016). Despite the
assumption of household size having a positive effect on the partic-
ipation decision in WTP, due to higher risk of accidental poisoning
or medicine abuse in larger households, number of people in
households did not influence WTP per prescription. Furthermore,
the results of the US study suggested expenses in larger house-
holds limiting the proportion of the budget used for pro-
environmental activities as responsible for the observed negative
association between household size and WTP (Vielma Delano,
2016).

The factors influencing the decision to participate in a medicine
collection program differ from the factors that determine WTP per
prescription or per visit, which is in agreement with the results of a
similar study conducted in the US (Vielma Delano, 2016). In the
present study, factors influencing the WTP were previously
received advice about proper disposal of medicines from house-
holds, number of packages likely to be disposed of, education
and gender. Though it is difficult to make a comparison with the
study performed in the USA due to differences in legislation on
medicine disposal practices, monthly incomes and general stan-
dards of the population, some similarities were observed. For the
US residents, the factor influencing their WTP were the number
of prescriptions, the number of environmental programs house-
holds were engaged with, age, gender (male) and income level
(Vielma Delano, 2016). In the present study household income
did not influence the WTP amount which is contrary to literature
findings of a positive relationship between household income
and willingness to pay for an environmental program (Ferreira
and Moro, 2013; Klineberg et al., 1998). As for education level, pre-
sent results support the findings that years of education correlate
with pro-environmental behavior and that citizens with a higher
education will most likely have more knowledge about environ-
mental issues (Blocker and Eckberg, 1997; Klineberg et al., 1998).
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As number of packages positively influenced both the WTPP and
WTPV, it is probable that the number of medicines a person is likely
to dispose of reflects the number of unused medicines in their
households. According to the present results, except for monthly
income and male gender, no sociodemographic characteristic influ-
enced the respondents’ WTPP and WTPV. For gender, the expecta-
tion following other studies was that women have a stronger
preference to participate in environmental programs than men
(Ferreira and Moro, 2013; Kotchen et al., 2009). The difference with
earlier studies might be explained by the fact that, although women
tend to express more environmental concern, this does not essen-
tially imply they are more likely to actually become involved in envi-
ronmental actions compared to men (Blocker and Eckberg, 1997).

The results of our study indicated a substantial willingness to
pay both per medicine prescription and per visit. A simple
approach to estimate the annual benefits of establishing a collec-
tion of unused medicines from households is to multiply the esti-
mated mean WTP by the average number of prescriptions per year,
as it was done in the study based on a telephone survey of 1005
residents in southern California (Kotchen et al., 2009). Neverthe-
less, this approach does not affect the population equitably, as
imposing a surcharge on every prescription would place an
unequal burden on older residents whose prescriptions tend to
increase with age. However, these results indicated a substantial
willingness to pay a surcharge on prescriptions to support the
establishment of a medicine disposal program, as estimated mean
willingness to pay was $US1.53 per prescription, which translated
into an average annual willingness to pay of approximately $14.
These results suggested ample scope for establishing a medicine
disposal program that would yield positive net social benefits, even
if the surcharge was applied to only one prescription per year
(Kotchen et al., 2009). Based on the number of households in Serbia
according to the 2011 census (2.5 million), corrected according to
the proportion of persons with WTP > 0 (58.1%), mean conditional
WTP per prescription of 15.39 RSD and a median of 2 packages of
unwanted medicine disposed per visit, total annual benefits of a
medicine take-back program of 44.3 mil RSD (0.43 mil USD) were
calculated, assuming a single annual visit. Although information
about the cost for establishing a medicine collection program in
Serbia is missing, present results are starting points to better
inform researchers, policymakers, program providers and other
interested parties on the value of these collection programs and
to mitigate the introduction of medicine compounds in the envi-
ronment. The concept of paying a fee relative to the amount of gen-
erated waste instead of fixed fee is well accepted among general
public. According to the report of European Commission on atti-
tudes of population on general waste management, paying in pro-
portion to the quantity of unsorted waste generated is the
preferred approach in all but four EU Member States, and is sup-
ported by the highest percentages of people in Italy (58%), Belgium
(54%) and Finland (54%) (EU Open Data Portal, 2015).

In our opinion, targeted public educational campaigns should be
organized continuously, but advice on proper medicine disposal
must routinely follow medicine dispensing. Educating general pub-
lic about environmental concerns is an essential step in altering dis-
posal practices, however to result in more pro-environmental
behavior it is necessary to make the action easy and use the familiar
locations such as pharmacies as collection locations. According to
the literature, the model where pharmacies take financial responsi-
bility for the disposal of unused medicines without some kind of
reimbursement is not recommended (Jonjic and Vitale, 2014;
Bungau et al.,, 2018). In the most European countries, medicine
waste disposal costs are paid or funded by pharmaceutical industry,
local authorities, health insurance companies, or the government.
Furthermore, in Great Britain and Denmark, pharmacies are even
recompensed for providing the collections of unused medicines.

In case that the cost is borne by the pharmacy, then it is reimbursed
such as in Czech Republic or calculated within the pharmacy mar-
gin like in Sweden (Jonjic and Vitale, 2014). One of the valuable
solutions is an implementation of the Extended Producer Responsi-
bility (EPR) laws which require that pharmaceutical manufacturers
manage their products in all phases of their life cycle, including end
of life treatment and waste management. To comply with this leg-
islation pharmaceutical manufacturers and others involved in the
product chain should plan, manage and fund take-back programs
to securely collect unwanted medicines from the public and ensure
the collected medicines are properly managed. European waste leg-
islation currently gives a global framework for the implementation
of EPR in Europe and EPR policies have been designed and imple-
mented in a very heterogeneous manner across Europe. In Belgium,
the Pharmaceutical EPR Program is organized through a partner-
ship of wholesalers, manufacturers and pharmacies. The program
is funded by wholesalers, who pay for collection, storage and trans-
portation, while manufacturers pay for incineration of the collected
materials based on market share. In France, Spain and Hungary,
funding is fully provided by the pharmaceutical industry and all
pharmacies are mandated to take back medicines. In Portugal, fund-
ing is provided by pharmaceutical manufacturers and distributors
as well as the national pharmacy association. Even though partici-
pation is voluntary, almost all pharmacies acted as take-back loca-
tions in 2011 (California Product Stewardship Council, 2019).

While our study is important in providing new information in
this area of research and in influencing program providers and pol-
icymakers for future decision-making, some limitations need to be
mentioned. Firstly, this study was undertaken in the four biggest
cities in Serbia with a large proportion of higher educated people,
making it difficult to extrapolate the results to the general popula-
tion and to the national level. However, these areas with the high-
est population will have the greatest impact on any future disposal
program. Also, answers to the questions regarding disposal habits
and attitudes are self-reported and some respondents may have
been reticent to tell the truth.

5. Conclusions

The current results suggest that improper disposal of medicines
is still prevalent among Serbian people, as unused medicines are
mostly disposed of improperly, via the domestic garbage. The
majority of people demonstrated strong willingness to participate
in medicine collection programs and more than half of them were
even willing to make a financial contribution towards an organized
collection program. The factors that influenced willingness to par-
ticipate were environmental awareness and income, while the fac-
tors affecting willingness to pay were prior advice received about
proper disposal of medicines from households, education level,
number of packages likely to be dropped off at a collection point
and gender (male). To increase participation and willingness to
pay for a disposal program, education and awareness campaigns
advising the general public on proper medicine disposal are neces-
sary. Well-organized, cost-effective and easily accessible collection
programs are essential in order to enable the general public to
return unused medicines to collection schemes for proper disposal.
However, it needs to be emphasized that once collection programs
are implemented, it may take years of active educational cam-
paigns before any significant improvements are discernible, so
prompt action is required.

Declaration of Competing Interest
The authors declare that they have no known competing finan-

cial interests or personal relationships that could have appeared
to influence the work reported in this paper.



M. Paut Kusturica et al./ Waste Management 104 (2020) 246-253 253

Acknowledgements

We would like to thank Gae Ellison, PhD from Curtin University,
Perth, Australia for providing language help.

Funding

This work was supported by the Ministry of Science and Tech-
nological development, Republic of Serbia, Project No. 41012.

References

Abahussain, E.A., Ball, D.E., 2007. Disposal of unwanted medicines from households
in Kuwait. Pharm. World. Sci. 29 (4), 368-373. https://doi.org/10.1007/s11096-
006-9082-y.

Arkaravichien, W., Ruchipiyarak, T., Thawinwan, W., Benjawilaikul, S., 2014. A
threat to the environment from practice of drug disposal in Thailand. Environ.
Asia 7 (1), 13-18.

Auta, A., Omale, S., Shalkur, D., Abiodun, A.H., 2011. Unused medicines in Nigerian
households: types and disposal practices. J. Pharmacol. Pharmacother. 2 (3),
195-196. https://doi.org/10.4103/0976-500X.83290.

Blocker, T.J., Eckberg, D.L., 1997. Gender and environmentalism: results from the
1993 general social survey. Soc. Sci. Q. 78, 841-858.

Bound, J., Kitsou, K., Voulvoulis, N., 2006. Household disposal of pharmaceuticals
and the perception of risk to the environment. Environ. Toxicol. Pharmacol. 21,
301-307. https://doi.org/10.1016/j.etap.2005.09.006.

Braund, R., Peake, B., Shieffelbien, L., 2009. Disposal practices for unused medicines
in New Zealand. Environ. Int. 35, 952-955. https://doi.org/10.1016/j.
envint.2009.04.003.

Bungau, S., Tit, D.M., Fodor, K., Cioca, G., Agop, M., lovan, C., et al., 2018. Aspects
regarding the pharmaceutical waste management in Romania. Sustainability 10
(8), 2788. https://doi.org/10.3390/su10082788.

California Product Stewardship Council. https://www.calpsc.org/products/
(accessed 20 November 2019).

Chung, S., Brooks, B.W., 2019. Identifying household pharmaceutical waste
characteristics and population behaviors in one of the most densely
populated global cities. Resour. Conserv. & Recy. 140, 267-277.

Cragg, J.G., 1971. Some statistical models for limited dependent variables with
application to the demand for durable goods. Econometrica 39, 829-844.
https://doi.org/10.2307/1909582.

Daughton, C.G., 2003. Cradle to cradle stewardship of drugs for minimizing their
environmental disposition while promoting human health. II Drug disposal,
waste reduction, and future directions. Environ. Health. Perspect. 111 (5), 775-
785. https://doi.org/10.1289/ehp.5947.

Dias-Ferreira, C., Valente, S., Vaz, ], 2016. Practices of pharmaceutical waste
generation and discarding in households across Portugal. Waste Manag. Res. 34
(10), 1006-1013. https://doi.org/10.1177/0734242X16639388.

Directive 2004/27/EC of the European Parliament and of the Council of 31 March
2004 amending 2001/83/EC on the community code relating to medicinal
products for human use. Official Journal L—136, 30 Apr 2004, p 57, article 127b.

EU Open Data portal. Flash Eurobarometer 388: Attitudes of Europeans towards
Waste Management and Resource Efficiency. https://data.europa.eu/euodp/
en/data/dataset/S1102_388/ (accessed 20 November 2019).

Fenech, C., Rock, L., Nolan, K., Morrissey, A., 2013. Attitudes towards the use and
disposal of unused medicines in two European Countries. Waste Manag. 33 (2),
259-261. https://doi.org/10.1016/j.wasman.2012.12.018.

Ferreira, S., Moro, M., 2013. Income and preferences for the environment: evidence
from subjective well-being data. Environ. Plann. 45, 650-667. https://doi.org/
10.1068/a4540.

Glassmeyer, S.T., Hinchey, E.K., Boehme, S.E., Daughton, C.G., Ruhoy, LS., Conerly, O.,
et al., 2009. Disposal practices for unwanted residential medicines in the United
States. Environ. Int. 35 (3), 566-572. https://doi.org/10.1016/j.
envint.2008.10.007.

Jonjic, D., Vitale, K., 2014. Issues around household pharmaceutical waste disposal
through community pharmacies in Croatia. Int. J. Clin. Pharm. 36, 556-563.
https://doi.org/10.1007/s11096-014-9936-7.

Kheir, N., Hajj, M.S., Wilbur, K., Kaissi, RM.L, 2011. An exploratory study on
medicines in Qatar homes. Drug. Health. Patient. Saf. 3, 99-106. https://doi.org/
10.2147/DHPS.S25372.

Klineberg, S.L., McKeeve, M., Rothenbach, B., 1998. Demographic predictors of
environmental concern: it does make a difference how it’s measured. Soc. Sci. Q.
79, 734-753.

Kotchen, M., Kallaos, J., Wheeler, K., Wong, C., Zahller, M., 2009. Pharmaceuticals in
wastewater: behaviour, preferences, and willingness to pay for a disposal
program. J. Environ. Manage. 90, 1476-1482. https://doi.org/10.1016/
j.jenvman.2008.10.002.

Kruopiene, ]., Dvarioniene, J., 2010. Management of environmental risks in the life
cycle of human pharmaceuticals in Lithuania. Environ. Res. Eng. Manage. 2 (52),
41-47. https://doi.org/10.5755/j01.erem.52.2.77.

Law, A.V., Sakharkar, P., Zargarzadeh, A., Tai, B.W., Hess, K., Hata, M, et al., 2014.
Taking stock of medication wastage: unused medicines in US households. Res.
Soc. Adm. Pharm. 11 (4), 571-578. https://doi.org/10.1016/j.
sapharm.2014.10.003.

Leung, HW,, Jin, L., Wei, S., Tsui, M.M., Zhou, B., Jiao, L., et al., 2013. Pharmaceuticals
in tap water: human health risk assessment and proposed monitoring
framework in China. Environ. Health Perspect. 121 (7), 839-846. https://doi.
org/10.1289/ehp.1206244.

Lubick, N., 2010. Drugs in the environment: do pharmaceutical take-back programs
make a difference?. Environ. Health. Perspect. 118 (5), A210-A214. https://doi.
org/10.1289/ehp.118-a21.

Paut Kusturica, M., Sabo, A., Tomic, Z., Horvat, O., Solak, Z., 2012. Storage and
disposal of unused medicines: knowledge, behavior, and attitudes among
Serbian people. Int. J. Clin. Pharm. 34, 604-610. https://doi.org/10.1007/
$11096-012-9652-0.

Paut Kusturica, M., Tomas, A., Sabo, A., 2017. Disposal of unused drugs: knowledge
and behavior among people around the world. Rev. Environ. Contam. Toxicol.
240, 71-104. https://doi.org/10.1007/398_2016_3.

Paut Kusturica, M., Tomas, A., Tomic, Z., Bukumiric, D., Corac, A., Horvat, O., Sabo, A.,
2016. Analysis of expired medications in Serbian households. Zdrav. Var. 55 (3),
195-201. https://doi.org/10.1515/sjph-2016-0025.

Persson, M., Sabelstrom, E., Gunnarsson, B., 2009. Handling of unused prescription
drugs-knowledge, behaviour and attitude among Swedish people. Environ. Int.
35 (5), 771-774. https://doi.org/10.1016/j.envint.2008.10.002.

Rogowska, J., Zimmermann, A., Muszynska, A., Ratajczyk, W., Wolska, L., 2019.
Pharmaceutical household waste practices: preliminary findings from a case
study in Poland. Environ. Manage. 64, 97-106. https://doi.org/10.1007/s00267-
019-01174-7.

Ruhoy, LS., Daughton, C.G., 2007. Types and quantities of leftover drugs entering the
environment via disposal to sewage—revealed by Coroner Records. Sci. Total.
Environ. 388 (1-3), 137-148. https://doi.org/10.1016/j.scitotenv.2007.08.013.

Sasu, S., Kummerer, K., Kranert, M., 2012. Assessment of pharmaceutical waste
management at selected hospitals and homes in Ghana. Waste. Manag. Res. 30
(6), 625-630. https://doi.org/10.1177/0734242X11423286.

Schwab, B.W., Hayes, E.P., Fiori, ].M., Mastrocco, F.J., Roden, N.M., Cragin, D., et al.,
2005. Human pharmaceuticals in US surface waters: a human health risk
assessment. Regul. Toxicol. Pharmacol. 42, 296-312. https://doi.org/10.1016/j.
yrtph.2005.05.005.

Seehusen, D.A., Edwards, J., 2006. Patient practices and beliefs concerning disposal
of medicines. J. Am. Board. Fam. Med. 19, 542-547. https://doi.org/
10.3122/jabfm.19.6.542.

Shaaban, H., Alghamdi, H., Alhamed, N., Alziadi, A., Mostafa, A., 2018. Environmental
contamination by pharmaceutical waste: assessing patterns of disposing
unwanted medicines and investigating the factors influencing personal
disposal choices. J. Pharmacol. Pharm. Res. 1 (1), 003.

Serbian Rule on Medical Waste Management. 2010. State Gazzete No 78/Nov 2010.

Thach, A.V., Brown, C.M., Pope, N., 2013. Consumer perceptions about a community
pharmacy-based medication take back program. . Environ. Manag. 127, 23-27.
https://doi.org/10.1016/j.scitotenv.2014.01.085.

Tit, D.M., Bungau, S., Nistor Cseppento, C., Copolovici, D.M., Buhas, C., 2016. Disposal
of unused medicines resulting from home treatment in Romania. ]J. Environ.
Prot. Ecol. 17, 1425-1433.

Tong, AY., Peake, B.M., Braund, R., 2011. Disposal practices for unused medicines
around the world. Environ. Int. 37 (1), 292-298. https://doi.org/10.1016/j.
envint.2010.10.002.

Vellinga, A., Cormican, S., Driscoll, J., Furey, M., O'Sullivan, M., Cormican, M., 2014.
Public practice regarding disposal of unused medicines in Ireland. Sci. Total.
Environ. 478, 98-102. https://doi.org/10.1016/j.scitotenv.2014.01.085.

Vielma Delano, S.K., 2016. An Economic Assessment of Household Unwanted
Medicine Disposal Programs. Theses. 1136. https://docs.lib.purdue.edu/open_
access_theses/1136.

Vogler, S., Christine, L., Christel, Z., Habl, C., 2014. Medicines discarded in household
garbage: analysis of a pharmaceutical waste sample in Vienna. J. Pharm. Policy.
Pract. 7, 6 http://www.joppp.org/content/7/1/6.

Volmer, G., 2010. Disposal of pharmaceutical waste in households-a European
survey. In: Kummerer, K., Hempel, M. (Eds.), Green and sustainable pharmacy.
Springer-Verlag, Berlin, https://doi.org/10.1007/978-3-642-05199-9_11.

Webb, S., Ternes, T., Gibert, M., Olejniczak, K., 2003. Indirect human exposure to
pharmaceuticals via drinking water. Toxicol. Lett. 142, 157-167. https://doi.org/
10.1016/S0378-4274(03)00071-7.

Zorpas, A., Dimitriou, M., Voukkali, L., 2017. Disposal of household pharmaceuticals
in insular communities: social attitude, behaviour evaluation and prevention
activities. Environ. Sci. Pollut. Res. 25 (27), 26725-26735. https://doi.org/
10.1007/s11356-017-9551-y.


https://doi.org/10.1007/s11096-006-9082-y
https://doi.org/10.1007/s11096-006-9082-y
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0010
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0010
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0010
https://doi.org/10.4103/0976-500X.83290
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0020
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0020
https://doi.org/10.1016/j.etap.2005.09.006
https://doi.org/10.1016/j.envint.2009.04.003
https://doi.org/10.1016/j.envint.2009.04.003
https://doi.org/10.3390/su10082788
https://www.calpsc.org/products/
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0045
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0045
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0045
https://doi.org/10.2307/1909582
https://doi.org/10.1289/ehp.5947
https://doi.org/10.1177/0734242X16639388
https://data.europa.eu/euodp/en/data/dataset/S1102_388/
https://data.europa.eu/euodp/en/data/dataset/S1102_388/
https://doi.org/10.1016/j.wasman.2012.12.018
https://doi.org/10.1068/a4540
https://doi.org/10.1068/a4540
https://doi.org/10.1016/j.envint.2008.10.007
https://doi.org/10.1016/j.envint.2008.10.007
https://doi.org/10.1007/s11096-014-9936-7
https://doi.org/10.2147/DHPS.S25372
https://doi.org/10.2147/DHPS.S25372
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0100
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0100
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0100
https://doi.org/10.1016/j.jenvman.2008.10.002
https://doi.org/10.1016/j.jenvman.2008.10.002
https://doi.org/10.5755/j01.erem.52.2.77
https://doi.org/10.1016/j.sapharm.2014.10.003
https://doi.org/10.1016/j.sapharm.2014.10.003
https://doi.org/10.1289/ehp.1206244
https://doi.org/10.1289/ehp.1206244
https://doi.org/10.1289/ehp.118-a21
https://doi.org/10.1289/ehp.118-a21
https://doi.org/10.1007/s11096-012-9652-0
https://doi.org/10.1007/s11096-012-9652-0
https://doi.org/10.1007/398_2016_3
https://doi.org/10.1515/sjph-2016-0025
https://doi.org/10.1016/j.envint.2008.10.002
https://doi.org/10.1007/s00267-019-01174-7
https://doi.org/10.1007/s00267-019-01174-7
https://doi.org/10.1016/j.scitotenv.2007.08.013
https://doi.org/10.1177/0734242X11423286
https://doi.org/10.1016/j.yrtph.2005.05.005
https://doi.org/10.1016/j.yrtph.2005.05.005
https://doi.org/10.3122/jabfm.19.6.542
https://doi.org/10.3122/jabfm.19.6.542
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0170
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0170
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0170
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0170
https://doi.org/10.1016/j.scitotenv.2014.01.085
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0185
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0185
http://refhub.elsevier.com/S0956-053X(20)30037-4/h0185
https://doi.org/10.1016/j.envint.2010.10.002
https://doi.org/10.1016/j.envint.2010.10.002
https://doi.org/10.1016/j.scitotenv.2014.01.085
https://docs.lib.purdue.edu/open_access_theses/1136
https://docs.lib.purdue.edu/open_access_theses/1136
http://www.joppp.org/content/7/1/6
https://doi.org/10.1007/978-3-642-05199-9_11
https://doi.org/10.1016/S0378-4274(03)00071-7
https://doi.org/10.1016/S0378-4274(03)00071-7
https://doi.org/10.1007/s11356-017-9551-y
https://doi.org/10.1007/s11356-017-9551-y

	Consumer willingness to pay for a pharmaceutical disposal program in Serbia: A double hurdle modeling approach
	1 Introduction
	2 Methods
	2.1 Survey design and data collection
	2.2 Econometric model analysis

	3 Results
	3.1 Econometric models

	4 Discussion
	5 Conclusions
	Declaration of Competing Interest
	ack11
	Acknowledgements
	Funding
	References


