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Abstract

Antibiotics represent one of the main discoveries of the last century that changed
the treatment of a large array of infections in a significant way. However, increased
consumption has led to an exposure of bacterial communities and ecosystems to a
large amount of antibiotic residues.
This paper aims to provide a brief overview of the primary drivers associated with
antibiotic occurrence in the environment. Furthermore, we attempted to summarize
the behavior of antibiotic residues in the environment and the necessity of their
detection and quantification. Also, we provide updated scientific and regulatory facts
about environmental antibiotic discharge and environmental and human antibiotics
risk assessment.
We propose that environmental antibiotic contamination should be diminished
beginning from regulating the causes of occurrence in the environment (such as
antibiotic consumption) and ending with regulating antibiotic discharge and risk
assessment. Some important intermediate steps are represented by the detection
and quantification of the antibiotics and the characterization of their behavior in the
environment, which could come to support future regulatory decisions.
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The emergence of antibiotic
residues in the environment is a
consequence of various patterns of
antibiotic use, commonly directed
towards fighting against bacterial
infections and for livestock production
[1]. Statistics show that consumption
of antibiotics in animal husbandry is
much higher than in human medicine.
The first global (228 countries) map
of antibiotic consumption in livestock
published by Van Boeckel et al. provided
a gross estimation of the total antibiotic
consumption in 2010 (63,151 tons) and
projected that antibiotic consumption will
rise by 67% by 2030 and in some BRICS
countries (Brazil, Russia, India, China,
and South Africa) it will nearly double
[2–5].
Antibiotics used in human
and animal therapy are reaching the
environment through urine and excreta,

therefore optimizing and/or controlling
the use of antibiotics are key elements in
reducing environmental contamination.
Between 40-90% (depending on the class
of drugs) of the administered antibiotic
dose is excreted in the faeces and urine
as parent compound - in the active form,
eventually reaching the environment,
contaminating soils, waters, plants, etc.
The use of large amounts of antibiotics in
animal farming can lead to agro-ecosystem
contamination through the application of
contaminated manure on the agricultural
lands as fertilizer and the irrigation of
crops with wastewater, among others.
Another concern arises from the improper
disposal of unused medicinal products by
discharging them into the sewage systems.
Antibiotic-contaminated wastewaters are
treated in wastewater treatment plants
(WWTP), but 100% removal of antibiotics
is impossible in conventional WWTP. The
sludge and final effluent from WWTP
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could contain antibiotics. Furthermore, the sludge could be
used as manure fertilizer and the effluent is discharged into
surface water [6–12].
Once in the environment, antibiotic residues can
have negative effects on biota at different trophic levels, and
on human health – by consumption of contaminated food
and water, by the contribution to increasing the resistant
bacterial population and maintaining selective pressure that
causes the development and/or dissemination of resistance
in different compartments of the environment [9,13].
Besides the risk of favoring microbial antibiotic
resistance, antibiotic residues can be absorbed by plants,
interfering with physiological processes and causing
potential ecotoxicological effects. In order to highlight
the negative effects, numerous chronic and acute toxicity
tests have been performed, which revealed the impact
of antibiotics on photosynthesis (chloroplasts gene
expression, and cell proliferation) and mitochondria
(oxidative stress response in plants), probably explained
by the bacterial origins of chloroplasts and mitochondria
[14]. Also, the concentrations of antibiotics which are
found in agricultural soils could delay germination or
reduce biomass, and consequently may negatively affect
yield in farmland fertilized with contaminated manure
[15]. Moreover, antibiotic residues can alter the human
microbiome and cause health disturbances, such as allergic
reactions, chronic toxic effects after prolonged exposure,
and disruption of digestive system functions [1,3,16].
The first aim of this review was to explore the
primary drivers associated with antibiotic occurrence in
the environment such as increased antibiotic consumption
and antibiotic discharge. As a second aim, a comprehensive
analysis of the current knowledge regarding the behavior
of antibiotic residues and the effects of environmental
contamination was performed. Last but not least, an update
of scientific and regulatory facts about environmental and
human antibiotics risk assessment was presented.

Antibiotic consumption and antibiotics
occurrence into the environment

Over the decades following the discovery of
antibiotics, it has been observed that antibiotic use in
human medicine, veterinary medicine and agriculture is
linked to the contamination of the different compartments
of the environment (e.g. surface water, groundwater,
drinking water, municipal sewage, soil, vegetables, sludge)
and consequently to the rise in antibiotic resistance and has
negative ecological effects [17]. Furthermore, antibiotic use
enriches antibiotic resistant bacteria or resistance genes,
which could be transferred from the environment to humans.
It is assumed that increased antibiotic consumption may
cause failure of treatments in human medicine (infections
caused by antibiotic resistant bacteria), increasing duration
of illness, morbidity and mortality [18–21].
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Recent reports show that in the EU, 33,000 people
die every year due to infections with antibiotic-resistant
bacteria, in 39% of the cases death being associated with
infections with bacteria resistant to last-line antibiotics
such as carbapenems and colistin [22]. The situation is
similar in U.S., where each year 2.8 million people get an
antibiotic resistant infection and more than 35,000 people
die [23]. Unfortunately, antibiotic resistant infections have
a huge cost for the economic and healthcare system. The
cost increase is related to the fact that these infections
require therapy with last line antibiotics, which are a lot
more expensive than the first- and second-line antibiotic
therapy. Also, the length of hospitalization of the patient
with antibiotic resistant infections can be prolonged by 6.4
to 12.7 days. The economic burden caused by infections
with antibiotic resistant bacteria is estimated in the EU at
EUR 1.5 billion per year in healthcare costs and productivity
losses and $55 billion in the U.S. [24,25].
One of the recent exhaustive analyses of human
antibiotic consumption, estimated that between 2000 and
2015, antibiotic consumption, expressed in defined daily
doses (DDD) increased by 65%, with a particular rapid
increase of the last resort antibiotics such as glycylcyclines,
oxazolidinones, carbapenems and polymyxins. Also, we
could expect an increase up to 200% until 2030, if no
policy changes will be made [26]. It has been observed
that unnecessary antibiotic use is related to patients,
practitioners and healthcare systems issues (e.g. expectation
that a physician visit will lead to antibiotic prescription,
poor knowledge of microbiology, underuse of available
guidelines, lack of availability of local guidelines or lack of
access to diagnostic tools etc.). Also, numerous social and
cultural factors drive the misuse of antibiotics and influence
attitudes towards prescribing and use of antibiotics [27].
However, improved hygiene, sanitation, vaccination and
access to diagnostic tools remain the main measures that
should be implemented for a responsible and rational use
of antibiotics [26]. Other important measures are to limit
the use of broad spectrum antibiotics, critically important
antibiotics and to prohibit the discharge of antibiotic waste
into the environment [20,28–30].
Improper disposal of antibiotics, for example
from households which are flushing antibiotics down the
toilet, could represent a significant factor in the antibiotics
occurrence into the wastewater systems. A lack of proper
medication disposal practices among patients and clinicians
require targeted sessions of awareness about the effects of
improper disposal on the environment [31,32]. The hospital
effluents represent another important source of antibiotic
residues pollution. For instance, a positive correlation was
observed between the quantity of ciprofloxacin prescribed
in hospital and antibiotic residue levels in the hospital
wastewater [33,34].
The contribution of the release of antibiotics in the
environment to the spread and maintenance of clinically
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relevant antibiotic resistance is correlated with the antibiotic
consumption patterns [35,36]. A better understanding of this
correlation between the occurrence of antibiotic resistance
and the use of antibiotics, would help in the development of
targeted interventions and policies to optimize and promote
the prudent use of antibiotics [26,30,35,37]. Also, it can help
to implement surveillance systems for assessing efficacy of
policies and regulations adapted to each country’s specific
context [20,39,40]. Therefore, an important objective is to
monitor consumption of antibiotics in order to provide data
on trends of antibiotic resistance and to make correlations
with antibiotic use [38].
Legislation has the role of clarifying the
responsibilities of governments and other stakeholders in
the fight against antibiotic resistance that includes antibiotic
usage and discharge into environment (Figure 1). However,
we should be aware that “regulations are important, but not
necessarily easy to influence in all regions or countries”
and ”not always followed” but, specific actions would be
useful in the environments considered of high risk [39].
A recent systematic review identified 17 different policy
strategies to reduce human antibiotic use, but most of the
policies have not actually been evaluated regarding their
impact on antibiotic use [39]. It has been observed in 20
countries throughout the WHO European Region that a
high level of specific regulations is significantly correlated
with a lower antibiotic consumption [40].
Regarding, veterinary antibiotic consumption it
has been observed that BRICS countries with increased
antibiotic consumption have fewer regulations in
veterinary antibiotic use [3,41]. Veterinary antibiotic
consumption has reported a significant increase and was
justified by providing benefits for animal health, welfare
and food safety, such as prevention and treatment of animal
diseases, protection of humans against zoonosis, improving
efficiency of production with a reduced animal breeding
area and economic benefits for consumers and producers
[4,42]. The significant factors that contribute and influence
the amount of antibiotics used are the level of biosecurity
and farming practices, the education of veterinarians,
farmers and governmental and industry policies [37,43].
Bengtsson-Palme et al. [44] mentioned that prudent
use of antibiotics in humans and animals could limit the
selective pressure on resistant pathogens and control
development of environmental resistance. Therefore, this
could avoid the creation of settings that select, mobilize
and allow persistence of resistance genes in bacterial
communities and could reduce dispersal routes for resistant
bacteria to the human microbiome. Also, more research
must be done to decipher the effects of antibiotics on the
development of bacterial resistance in the environment and
consequentially the impact on public health.
The antibiotic discharges from the pharmaceutical
industry release higher concentrations in specific locations
at certain times than other pollution sources and can pose

a significant ecological and public health concern. These
situations are particular, because there is no metabolism
phase involved, which leads to higher levels of antibiotics
in the wastewater systems [45,46]. Moreover, the
environmental risk assessment required in the registration
procedure for new pharmaceuticals in Europe and USA
does not take into account emissions from manufacturing
[27]. Voluntarily, several pharmaceutical companies have
committed themselves to reducing effluent concentrations
from their factories waste waters. Towards this purpose,
several leading pharmaceutical companies signed an
antimicrobial-resistance roadmap having the environmental
management of antibiotic-related production as a central
objective theme [47].
Regarding the environmental contamination with
pharmaceuticals, the European Commission has admitted
that “pollution of waters and soils with pharmaceuticals is
an emerging environmental issue and also a critical concern
for public health”, but there are no standards regulating
discharges of antibiotics from different sources [32]. The
growing awareness of the potential for antibiotic residues
to damage aquatic organisms has led to the placement of
some antibiotic compounds (amoxicillin and ciprofloxacin)
on the European Union (EU)” Watch List” of emerging
water pollutants in 2015, followed by the addition of a
few more antibiotics (erythromycin, clarithromycin and
azithromycin) to this list in 2018 [48].
At European level, but also globally, in regards to
soil, underground waters and wastewaters contamination,
there is an absence of strict regulations on how to
monitor the antibiotic concentration in the environment,
to investigate the environmental fate of these compounds
and the transmission of monitoring data (data transmission
network) and to assess the environmental risk of
antibiotics. This legislative permissiveness and inexistence
of specific regulations could be partially explained by the
lack of consensus on safe environmental concentrations of
antibiotic residues in terms of development of resistance
and the lack of clear and robust scientific evidence on
environmental pollution with drug residues [47,49].
Unfortunately, at this moment, there is no standard
experimental protocol for environmental analysis of
antibiotics and their transformation products (metabolites
or degradation products, depending on their source). The
EEA (European Environment Agency) guideline provides
regulations for determining products of biotransformation
(metabolites). In order to carry out consistent assessments
of studies within a regulatory framework, validated and
harmonized methods and more realistic experimental
scenarios are needed at international level [8]. The majority
of studies targeting antibiotic residues analysis tend to use
techniques such as LC-MS/MS with a trend to develop
multi-analyte techniques. But most efforts are focused on
the detection of parent compounds, while simultaneous
analysis of transformation products are rarely reported. In
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this context, analytical techniques would be needed to allow
structural elucidation and identification of transformation
products [50,51].
Quantification of the antibiotic residues is
critical in establishing the link between their presence
in the environment and their biological effects and
ecotoxicological assessment. Also, it is an essential tool
in the monitoring and surveillance of antibiotic residues in
the environmental matrices as a consequence of inadequate
antibiotic use. Improving assays and subsequently
assessments that address the risk to ecosystems and human
health due to the presence of antibiotics in agro-ecosystems
and wastewaters requires progress in analytical accuracy
and sensitivity, improvements in sample preparation for
different environmental matrices, and in development of
screening and quantification methods. All these are critical
for monitoring and understanding the fate of antibiotics in
the environment (Figure 1) [50–52]. Küster et al. specify
that in order to minimize the quantity of pharmaceuticals
in the environment it is necessary to improve the existing
legislation for pharmaceuticals, including antibiotics, to
prioritize pharmaceuticals as environmental pollutants and
to improve the availability and collection of data concerning
this group of pollutants (Figure 1) [53,54].

The behavior of antibiotic residues and their
effects on the environment
Antibiotics are considered to be “persistent or
pseudo-persistent substances because their entry rate
into the environment is higher than the elimination
rate” and comprise heterogeneous compounds, with
various functional groups, responsible for very different
physicochemical properties and behaviors in the ecosystem
[55]. Also, the presence of the antibiotic residues in the
environment is dependent on the pharmacokinetic profile
of antibiotics. There are different classes of antibiotics,
such as antibiotics with poor bioavailability after oral
administration, antibiotics administered parenterally and
excreted into the gastro-intestinal tract and antibiotics used
in collective treatments in animals. For example, some
antibiotics such as tetracyclines, which in general have
low oral bioavailability, could remain in gastro-intestinal
tract and expose commensal microbiota for a longer period
than the treatment period because of their unabsorbed
fraction. Later, the unabsorbed fraction is excreted into
the environment, where it could exert a biological activity
[56,57].
The biological activity of antibiotics in different
environmental matrices depends on their bioavailable
fraction and interaction with environmental conditions such
as pH, organic carbon content, type of soil, water content
and type of organism etc. Therefore, to provide information
about the bioavailable fractions and their effects on the
environment represents a necessity and a major challenge
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especially regarding analytical determinations. In this case,
there could be a potential gap between analytical results
obtained in the lab and the bioavailable fraction in the
environment [9,50,58,59].
Understanding antibiotic degradation in the
environment is essential, given the fact that the impact of
antibiotic residues on aquatic and terrestrial ecosystems
is still not fully understood [60]. There are a number of
mechanisms of antibiotic degradation in the environment,
which can be biotic, i.e. biodegradation by bacteria and
fungi (microbial degradation) and/or non-biotic: hydrolysis,
photolysis, oxidation and reduction, depending on the
physicochemical properties, environmental conditions
(temperature, light etc.) [8,9,60,61]. Other processes
such as volatilization, adsorption, non-extractable residue
formation may also occur and contribute to the dissipation
of the active compounds. Transformation is faster in aerobic
conditions than in anaerobic conditions and elevated
temperatures favour degradation of compounds and could
influence the structure of the microbial community [8,62].
In studies investigating the fate of chlortetracycline,
oxytetracycline and metabolites during anaerobic digestion,
it was observed that the concentrations of chlortetracycline
and of the epimer 4-epi chlortetracycline decreased,
but those of iso-chlortetracycline metabolite doubled as
compared to the initial concentration, due to increased
metabolite solubility. The oxytetracycline and metabolites
were found in low concentrations due to matrix binding
[8,63].
Schlüsener et al. [64] carried out a study on the
persistence of macrolides and determined the half-lives
in soils, which varied from 5 days to more than 120
days. The study of mobility and sorption of tylosin in
soils in a laboratory setup has shown that tylosin was
mineralized or irreversibly bound to solid soil particles
[65]. A photo-induced degradation study, under UV
irradiation, investigated the half-life of parent compounds
(azithromycin, erythromycin, tylosin) and their
photodegradation products which ranged between 0.2 min
– 200 min. The authors, recommended UV irradiation as a
suitable method to eliminate macrolides from waters [66].
Most of the fluoroquinolones have high chemical
stability and are not easily degraded with increased
temperature or by hydrolysis. Therefore, they are rapidly
transferred from water into the soil and sediments [67,68].
Due to their persistence in the environment, it was observed
that high level of ciprofloxacin (25 μg/L) and norfloxacin
(5 μg/L) can modify bacterial strains of Salmonella
typhimurium and can cause genotoxic effects on aquatic
organisms [33,69].
Penicillins and cephalosporins have a high
susceptibility to hydrolysis, which could occur within
several weeks in most surface waters and over several
days in more alkaline systems [51,70,71]. Also, they have
a reduced tendency of adsorption to soil components,
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but could form complexes with cations and accumulate
in sewage sludge and sediments. This may explain the
bacterial resistance to cephalosporins observed in sewage
treatment plants [77].
Therefore, antibiotics with a high adsorption
potential on soil tend to accumulate and persist in this
matrix, whereas those having a lower adsorption potential
are easily transported into the aquatic environment
[13,61,74]. Moreover, degradation products can be
generated. These products can further be transformed into
bioactive compounds, stable and mobile in the environment,
with potentially higher toxicity than their parent and having
significant impact on living organisms and microbial
communities [15].
Weather conditions, such as acid rain, could promote
the retention of antibiotics onto the surface soil and thus may
pose risks to plants, through their uptake from soil, or to
soil microorganisms [75,76]. Opriș et al. [77] explored the
effect of nine antibiotics on leaf photosynthesis and found
that cephalosporins strongly inhibited net assimilation due
to reduced somatic conductivity. Beta-lactams have been
considered as less toxic, but they also affect the division of
plastids in lower plants [14]. Also an inhibition of catalase
activity in the adult brain of Danio rerio, a fish species used
in ecotoxicity evaluation, was observed in case of exposures

to high concentrations of amoxicillin (50-100 mg/L) [16].
For the fluoroquinolones, the current challenge is
the role of their cumulative effects in the environmental
risk assessment [14,78,79]. They were shown to interfere
with photosynthetic pathways and cause morphological
deformities in higher plants and strongly inhibit net
assimilation due to reduced somatic conductivity [14,77].
Aristilde et al. [78] pointed out the need to consider sublethal
molecular targets as potential phytotoxicity end points.
Tetracyclines have phytotoxic effects that can cause
chromosomal aberrations and inhibit plant growth, reducing
the content of photosynthetic chlorophyll and carotenoid
pigments in plants. Oxytetracycline is bioconcentrated in
some aquatic plants that are destined for human consumption
and which have been previously fertilized with pig manure
[16]. Also, it has been shown that chlortetracycline and
tetracycline could induce DNA breakage and changes in the
enzymatic activities (superoxide dismutase and catalase) of
Eisenia fetida (earthworms) [80].
Regarding the negative impact of antibiotic residues
on microbial community structure and function, there is
enough evidence to show that at low concentrations they can
favor the occurrence of the resistance in primary bacteria
in the environment, which can be transferred to species
associated with human infections [13,81,82].

Figure 1. Antibiotics in the environment from discharge to analysis and environmental risk assessment.
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Figure 1 illustrates the previously described issues
regarding the fate of antibiotics and their metabolites (active
and inactive compounds) in the environment immediately
after excretion and key steps for their monitoring and
(re-)assessing environmental risk, which could guide
the policy regulators. Increased antibiotic consumption
leads to elevated concentrations of antibiotic residues
and transformation products in the environment. The
detection and quantification of the antibiotics occurred in
the environment and compounds with potential biological
activity represent a major step in elucidating the causal
relationship between the presence of antibiotics in the
environment and their effects on the ecosystem, including
the major risk of developing antibiotic resistance. Also,
monitoring and investigation of the effects could give a
more solid scientific basis in order to change the way in
which the environmental risk assessments are carried out.

Ecotoxicological
antibiotics

risk

assessment

of

One way of assessing the risks associated with the
presence of antibiotics in the environment is based on
the determination of risk coefficients (Figure 1). General
toxicity indicators, such as LC50, EC50 and mean inhibitory
concentration (IC50), have been reported in numerous studies
that have evaluated the effects of antibiotics on non-target
sensitive organisms such as zebra fish, Daphnia, algae,
mussels and other aquatic organisms [9]. But, in general,
residues occur in the environment as mixtures and rarely
in individual form. Consequently, additivity, synergism or
antagonism could be expected in terms of biological effects
of antibiotic mixtures. In case of binary antibiotic mixtures,
the risk of environmental toxicity is higher by up to 50200% compared to the individual parent compounds alone assessed through simple concentration addition. Therefore,
environmental risk assessment (ERA) should also include
the toxicity of mixtures and the contribution of metabolites
and degradation products [50,83,84]. Last but not least, it
must be taken into account that the molecules introduced
before 2006 were not characterized by the ERA and in the
case of molecules introduced on the market after 2006, the
information provided by the industry is incomplete [85].
To assess the ecotoxicological risk of antibiotic
residues on microorganisms, the hazard quotient (HQ) and
risk quotient (RQ) are usually calculated. The HQ is the
ratio of the potential exposure to a substance (measured
environmental concentration (MEC)) to the level at
which no adverse effects are expected (predicted no effect
concentration (PNEC)). The RQ is the ratio between
expected environmental concentrations (PEC) and expected
non-effect concentrations (PNEC). If the HQ is below 1,
there is no risk, and if it exceeds 1, it suggests a potential
risk [44,86]. In the opinion of some environmental scientist,
the PNEC needs to be taken just as a current indicator from
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a safety perspective [23]. However, a major concern is that
the antibiotic selection pressure in the environment can
accelerate the evolution and dissemination of antibioticresistant pathogens. At this point, there is no regulatory
system for assessing such risk. The European Guideline
on ERA for Medicinal Products for Human Use does not
include the possibility of emergence and dissemination
of environmental resistance after environmental
contamination with antibiotics [87]. Bengtsson-Palme et al.
[44] have estimated the upper limits of minimal selective
concentrations (MSCs) for all common antibiotics, based
on the fact that these concentrations should be a priori
lower than those that completely inhibit growth.
G. Le Page et al. proposed a limit of 100 ng/L
antibiotic discharge for the protection of the ecosystem
function and for limiting the risk of antibiotic resistance
development. Moreover, they emphasized that current
ERA regulations are inadequate because of using species
of cyanobacteria and that the activated sludge respiration
inhibition test (which assesses the effects of antibiotics on
the microorganisms in the activated sludge used in WWTP)
does not set protection level for the environment. It is
necessary to integrate clinically relevant bacteria and more
species of environmentally relevant bacteria into the test
systems of ERA, and also to assay the ability of resistance
determinants to be transferred from treated wastewater,
manure or other sources to commensal or pathogenic
bacteria. Also, the integrated ERA could help to determine
safe discharge concentrations for antibiotics and to protect
environmental and human health [88–90].
Therefore, the scientific community proposes
different measures which could be applied with a temporary
character in order to limit the presence of antibiotics in the
environment. The main measures for improving ERA could
be to evaluate the toxicity of mixtures of antibiotics and the
contribution of metabolites and degradation products and
to estimate the upper limits of MSCs or to limit at 100 ng/L
the antibiotics level of discharge. The use of clinically or
environmentally relevant bacteria in the ERA test systems
could provide more realistic results, allowing to establish
safer discharge concentrations for antibiotics. It is also
necessary to implement methods for monitoring antibiotic
levels in the environment (Figure 1) in order to highlight
the problem of antibiotic pollution and to improve in the
end regulations regarding ERA.

Concluding remarks

The emergent issue of the occurrence of antibiotic
residues and antibiotic resistance is a complex phenomenon
which requires global approaches and efforts from
governments, relevant organizations and stakeholders.
Environmental antibiotic contamination should be
diminished starting from regulating antibiotic consumption
and ending with regulating ERA.
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Increased antibiotic consumption is directly
responsible for the environmental contamination with
antibiotics. Accurate policies on antibiotic use and
discharge are absolutely required as the antibiotic misuse
threatens the balance of ecosystems and human health.
Therefore, to reduce and control antibiotic usage and
antibiotic discharge into environment, legislative measures
should target specific high-risk environments with
elevated concentrations of antibiotics, such as WWTP of
hospitals and of pharmaceutical industries, etc. Also, the
scientific community proposed to impose limit values
for the concentrations of antibiotics in the environment
as a protective measure for environmental and human
health. Moreover, the latest recommendations proposed
an integrated risk assessment which should include both
environmental and human health risks.
Occurrence of antibiotics in the environment is
related to their chemical and pharmacokinetic properties,
but also to the dynamic of environmental microbial
communities, which could be altered and lead to antibiotic
resistance bacterial mutations. An important support to
regulate the presence of antibiotics in the environment is
to elucidate the causal relationship between their presence
and effects on the ecosystem. Consequently, the accurate
detection and quantification of the antibiotics occurring in
the environment and of compounds with potential biological
activity would represent a major step in creating a scientific
support base. The results obtained in available studies
emphasize the necessity of monitoring and understanding
the fate of antibiotics in the environment.
The benefits and need for the use of antibiotics
cannot be ignored, but the effects of antibiotics in the
environment must be taken into account, given their
potential to maintain, cause and disseminate resistance,
and also to exert a number of negative effects on the entire
ecosystem. To improve knowledge regarding the impact of
antibiotic residues on the environment, there is a need to
take protective, timely measures to avoid latter irreversible
consequences.
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