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Estimation of the Amount of Disposed Antibiotics
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Abstract: The impact of the antibiotics in the environment is not well understood yet. Moreover,
the total amount of antibiotics that are ending up in the environment as solid waste is not known
and cannot be rigorously determined as many variables are influencing the determination of their
concentration. The present article is focused on the estimation of the amount of non-prescribed
antibiotics that are used in different European countries. Particular attention is paid to the class
of beta-lactams, as they are responsible for a considerate share of the antimicrobial resistance.
The primary purpose was the estimation of the quantity of non-prescribed antibiotics that might
reach the environment as solid waste. For the present study, we used the ECDC and EUROSTAT
reported data.
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1. Introduction

Nowadays the use of personal care products and pharmaceuticals has led to an urgent problem
due to their widespread presence in the environment. Moreover, the necessity to ensure public health
has led to a tremendous increase in the number of active compounds that are used to prevent, treat, or
ameliorate different human/animal diseases [1].

Out of all the used pharmaceuticals, antibiotics have a crucial role in the healthcare system.
The antibiotics global production shows that they also have economic and societal importance [2].

This group of pharmaceuticals may be natural molecules, semi-synthetic, or synthetic products.
Bacteria and fungi produce natural antibiotics (e.g., benzylpenicillin and gentamicin) and, generally,
have a bacteriostatic or bactericidal effect. Semisynthetic ones are chemically modified natural
antibiotics to increase their effectiveness in terms of pharmacokinetics, pharmacodynamics, or
toxicological profile. Depending on the functional groups present in their chemical structure,
antibiotics are classified into several classes: Beta-lactams, Macrolides, Tetracyclines, Quinolones,
Aminoglycosides, Sulphonamides, Glycopeptides, and Oxazolidinones [3]. Figure 1 contains the
structure of the most used antibiotics from different classes.

Sustainability 2019, 11, 1800; doi:10.3390/sul11061800 www.mdpi.com/journal/sustainability


http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0003-1165-1389
https://orcid.org/0000-0001-6983-0617
http://www.mdpi.com/2071-1050/11/6/1800?type=check_update&version=1
http://dx.doi.org/10.3390/su11061800
http://www.mdpi.com/journal/sustainability

Sustainability 2019, 11, 1800 20f9

(a) (b) (c)
H
c_cl
0.0 Y o o
H A Rl | A__H
NP N— - a N 8 N ‘\‘/ o
e, i N=( HON "H ,v/‘\,‘\/\ NNT
2 s A A
H I /' [ R H N/ A
P e
Neo N
d (2]
H
H
[
(d) S (e o /*~>§f
0
H oSNNS i o °
O AN o\ /l J

[ o.
Ho A N H L J L
¢ M wd Y ot /\// oft
HH 0 O-H N P
(f) (9) (h)
H
H-N N/j
H-O
(g el
O o A & —&—
H o Wl 14 0=$=0

Figure 1. Structures of some of the most used antibiotics: (a) Cefixim—3rd class cephalosporin;
(b) Chloramphenicol—amphenicol;  (¢) Ciprofloxacin—2nd generation of Quinolones
(d) Epirubicin—antracycline; (e) Erithromycin—macrolides; (f) Kanamycin—Aminoglycosides;
(g) Peniciline—Beta-lactams; (h) Sulfadiazine—sulphonamides.

The increasing quantities of pharmaceuticals in the environment and the accumulation of
antibiotics in the human body via the food chain pose important public health and eco-toxicity
concerns [4]. Moreover, misuse of antibiotics leads to a decrease in the effectiveness of treatment of
infectious diseases [5]. It is a well-known fact that between 30 and 90% of a dose of antibiotics for
systemic use is excreted as an active substance [6] or in some case as active metabolites [7,8]. Finally,
all of them reach the wastewater [9]. Moreover, the hospital’s effluents that are discharged in the
sewage without any prior treatment represent an important source of antibiotics in the wastewater
treatment system. However, since most of the wastewater treatment plants are not designed to remove
antibiotics or other pharmaceuticals compounds, they end up in the environment, especially in soil
and water [10].

Therefore, the antibiotic resistance is becoming a subject of concern all over the world, and the
infectious diseases are becoming more and more difficult to treat because of the development of new
resistance mechanisms [5,6,11-18].

Despite these concerns, few countries recommend pre-treatment of the sewage effluents before
their release into the environment, and the European Directive 91/271/EEC [19] for this particular
category of waste does not foresee any restrictions. Moreover, current EU legislation does not include
specific regulations, neither the potential presence of antibiotic-resistant bacteria and antibiotic-resistant
genes in these waters nor their concentration thresholds.

Although the EU Commission Regulation No. 37/2010/EEC [20] has specifications regarding
the maximum residue limits (MRLs) in foodstuffs of animal origin of some pharmacologically active
substances, the amount of antibiotics that can reach the environment is not regulated.

Another worrying issue is the unsafe disposal of the prescribed and non-prescribed medicines,
especially of antibiotics. A part of these medicines that are bought and finally not used for different
reasons poses a risk to reach in the environment as solid waste. Not all the countries have a good
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well-established take-back system and some of them still dump the waste in landfills. In this context,
environmental exposure to unused medicines becomes an important issue.

Penicillins are easily degraded, but other antibiotics are considerably more persistent, such
as fluoroquinolones and tetracyclines. For this reason, the last ones persist much longer in the
environment and accumulate to higher concentration over time. Recent studies have identified some
of the persistent antibiotics at very slight ng/L levels in drinking water [21]. In a natural environment,
exposure to clinical antibiotics had led to an increased number of resistant bacteria detected in the
faeces of some species of wild animals [22,23]. To date, there is no clear evidence of the impact of these
molecules on the ecosystem, and particularly, their influence on microorganisms that play an essential
role in wastewater treatment.

The present study has in attention the presence of antibiotics in the environment, as their threats
to all organisms and ecosystems are well-known. Therefore, it is focusing on the estimation of the
quantity of the non-prescribed antibiotics that are reaching the environment as solid waste, and on the
necessity of rigorous management of the disposed of antibiotics.

2. Materials and Methods

The primary objective of the present study is to estimate the antibiotic consumption in different
countries from Europe and to estimate the consumption of the non-prescribed antibiotics as well as to
estimate the amount of wasted antibiotics that can reach the environment.

The data about the consumption of the antibiotics and the number of the countries inhabitants
were extracted from the European Centre for Disease Prevention and Control Database [24] due to the
accessibility, validity, and reliability of the information.

The EUROSTAT databases were the source of the other data collected [25,26]. The references year
was 2015, except the data for the used medicines that were for the year 2014.

The bed occupancy for each country was reported to 1000 inhabitants and was calculated based
on the reported number of beds available in each country, the bed occupancy rate in the hospitals, and
the population of each country [26].

For the estimation of the amount of the non-prescribed antibacterials for systemic use, the
percentage of the self-reported use of non-prescribed medicines [26] and the values for the
consumption of antibacterials for systemic use in the community [24] reported by each country
were taken into account. The same approach was applied in the case of the estimation of the
non-prescribed beta-lactams.

For the calculation of the total amount of wasted antibiotics in each country, the reported
percentage of the prescribed medicines that were disposed as full packs or less than a quarter content,
published in 2018 by Vogler et al. [27] were used. Based on these reported percentages and on the
estimated amount of the non-prescribed antibacterials use, the total amount of disposed antibiotics
could be calculated for each country.

3. Results and Discussion

It is well known that the hospital waste is produced from identifiable point sources, and in most
of the cases, their impact on the environment is regulated by the governmental agencies [28].

Even though, in our studies, we were interested in comparing the consumption of antibacterials in
hospitals, expressed as defined daily dose (DDD), from different European countries taking into
account the number of occupied beds reported to 1000 of inhabitants (Figure 2). For a better
presentation of these data, the consumption of antibacterials in hospitals was normalized by the
number of occupied beds per 1000 inhabitants.
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Figure 2. Consumption of antibacterials for systemic use in the hospital sector, expressed in defined
daily dose (DDD) per 1000 inhabitants and per day. The values are normalized with the number of
occupied beds per 1000 inhabitants.

There are significant differences between the approaches in each country concerning the
consumption of the antibacterials in the hospitals reported to the number of occupied beds/1000
inhabitants. In some countries (Bulgaria, Denmark, Iceland, Netherlands, Norway, Poland, Romania,
Sweden, and the United Kingdom), the bed occupancy in Eurostat was not found. For this reason, the
comparison between different European countries was made by using 75% of bed occupancy, which is
near to the average value calculated from all reported data for the other countries (74.7%).

The estimating of antibiotics consumption in the hospital is essential for determining the amount
of active compound that is wasted and reaches the environment. Hospital wasted antibiotics will add
to some extent to the pharmaceutical load in the influent of the wastewater treatment plants (WWTPs)
or to the amount of the antibiotics in the solid waste [29] that is contaminating the soil.

Therefore, it is essential to evaluate how significant is the contribution of the wasted antibiotics
from the hospitals to environmental pollution with these contaminants. Moreover, future studies can
be performed to evaluate the efficiency and effectiveness of hospital waste management.

Figure 3 presents the estimated consumption of the non-prescribed antibacterials for systemic use.
The percentage of self-reported use of non-prescribed medicines [22] was the basis of obtaining the
results. This percentage applied to the reported consumption of antibacterials for systemic use in the
community expressed in DDD per 1000 inhabitants and per day in 2015. In this way, the values of the
estimated consumption of non-prescribed antibiotics in different countries were obtained.

Figure 3 illustrates the significant differences between the consumption of different countries.
These findings arise from the way of reporting the data. Some of them report the data for the primary
care sector including the data from the hospital sector. However, in the case of some others, the
percentage of self-reported use of non-prescribed medicines was less than half of the average values
for all of the countries considered in the study. The average value was 39.3%.
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Figure 3. Estimated consumption of non-prescribed antibacterials for systemic use expressed in defined
daily dose (DDD) per 1000 inhabitants.

Further prospective studies can be performed in order to evaluate the impact on the
environment of the over the counter sold antibiotics that generally should not be retailed without a
medical prescription.

In the same time, while doing the abovementioned prospective studies, information regarding the
medicine take-back programs can be collected. These programs are designed to dispose of the expired
and leftover medicines securely and to reduce the impact on the environment.

Beta-lactams are a class of antibiotics with the highest number of members that are approved
by the Food and Drug Administration and represents an important class for human medicine [6,30].
In general, beta-lactam antibacterials are the most used antibiotics in hospitals.

The dose of the beta-lactams, as well as other classes of antibiotics, has a significant contribution
to the evolution and spread of antimicrobial resistance.

In the present study, we wanted to estimate the consumption of this class of antibiotics in the case
of non-prescribed medicine. As shown above, we were using the percentage of the self-reported use of
non-prescribed medicines and assumed that the same value could be used to estimate the consumption
of these antibiotics. Figure 4 shows these results and they correlate with the previously reported ones
in most of the countries [31].

In a study performed in Vienna, Austria between April 2015 and January 2016, it was found that
15% of the non-prescribed medicines were disposed of as full packs, while 21% of the non-prescribed
medications were disposed of as less than a quarter of a full pack. In our study, we decided to use
these percentages and to calculate the total estimated amount that can reach in the environment as
solid waste (Figure 5).

It must be emphasized that the presented results cannot make any assumption about the expiration
date of the disposed of antibiotics.

Of course, based on the data available in the literature [32], further estimations can be performed
in regards to the expiration date of the wasted antibiotics, but the most critical aspect remains the fact
that an essential amount of non-prescribed antibiotics are daily disposed of and are contaminating the
soil and therefore contributing to an increased microbial resistance.
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Figure 4. Estimated consumption of non-prescribed beta-lactams for systemic use expressed in defined
daily dose (DDD) per 1000 inhabitants.

ol
v O wun
© S o

M N
o
s]

Il
o wn
S ©

RO ~<b <\ (g, (\A (52, Q Qg

¥ & G > & \’b

Q’\»\% ('*QQ\Q’QQQ & <<i1 Q\Q <<<° ‘\@ Q\ R (g} > N
&

Estimated amount of wasted antibiotics,
DDD per 1000 inhabitants and per day
© o
o wv
o

Figure 5. Estimated amount of wasted non-prescribed antibiotics expressed in defined daily dose
(DDD) per 1000 inhabitants.

The Annual Report of the European Antimicrobial Resistance Surveillance Network
(EARS-Net) [33], published in 2016, shows the situation on antimicrobial resistance. It was observed
that in 2016 there is a wide variation between the European countries, but in general, the highest values
are registered in the southern and eastern countries. In terms of human bacterial resistance, published
in the abovementioned report, more than half of Escherichia coli strains (58.6%), Acinetobacter genus
(55.4%), and one-third of the Klebsiella pneumoniae strains (34.5%) are resistant to at least one group of
antibiotics (aminopenicillins, fluoroquinolones, third-generation cephalosporins, aminoglycosides, and
carbapenems). Pseudomonas aeruginosa, a non-fermentative gram-negative bacterium, commonly
found in the aquatic environment, is an opportunistic pathogen for humans, mainly producing
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nosocomial infections. In the EU, one-third of the reported strains (33.9%) in EARS-Net in 2016 were
resistant to at least one antibiotic group (piperacillin + tazobactam, fluoroquinolones, ceftazidime,
aminoglycosides, and carbapenems).

For the estimation of the amount of antibiotics that reach the environment, we were considering
the share of 15% of the non-prescription medicines disposed of as full packs and that 21% of
non-prescription medicines had less than a quarter content. The results presented in Figure 5 are
similar for all considered countries and in most cases do not have values higher than 2.50 DDD per
1000 inhabitants. Exceptions are just in three cases, where the values are over this value.

4. Conclusions

In this paper, the total amount of antibiotics that might reach the environment as solid waste
was estimated. As it can be observed, the amount of trashed antibiotics is not higher than
2.5 DDD per 1000 inhabitants, but this situation can get worse if proper take-back programs are
not properly implemented.

There are still further studies to be performed in order to assess the impact of these contaminants
on the environment, especially at the level of the microbial community due to the selection of resistant
bacteria and disappearance or inhibition of another microbial group. All of this may directly affect
ecosystem processes.

As a general conclusion, the findings presented in this paper urge for the creation of an awareness
program in all relevant fields in order to contribute to the environmental risk reduction of the disposed
of antibiotics.

However, the most critical aspect is to consider the development of advanced options for the
management of the wasted antibiotics and in this context, it is imperative to develop studies to improve
their degradation in the first place into wastewater treatment plants. Moreover, intensive awareness
programs designed for specialists as well as for the consumers are necessary to be developed in the
near future in order to diminish the impact of the medicine discarded in the household garbage.
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