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Abstract: Antibiotic pollution has the potential to directly affect the health of people, animals and the
ecosystem. The presence of antibiotics in the environment can impede the structure of microbial
community, having both acute and chronic effects on microbial and planktonic communities. In Turkey,
the three most prevalent antibiotics detected in aquatic environment are Amoxicillin, Tetracycline and
Nitrofurantoin, but there is almost no information on their toxicity on natural microbial communities.
Particularly, there is no data available for marine microorganisms. While the amount of toxicity levels for
humans is well known, there is less knowledge about toxic concentration in wildlife, especially smaller and
more vulnerable organisms. Consequently, the purpose of this current study is to evaluate the acute toxicity
of Amoxicillin, Tetracycline and Nitrofurantoin to the natural water ecosystem, a complex ecological group
comprising a variety of bacterial and planktonic species. It is seen that antibiotics are practically non-toxic
(>100 mg/L) in the classification of acute toxicity according to Daphnia magna. It is not possible to mention
about toxicity in this case, but when considering the toxicity of antibiotics among themselves, the ranking
is like Tetracycline > Nitrofurantoin > Amoxicillin. The same toxicity ranking is encountered in the acute
toxicity test made with Vibrio fischeri. However, in the acute toxicity test made with Vibrio fischeri, the
results are toxic for Tetracycline (2.53 mg/L), Nitrofurantoin (15.67 mg/L) and Amoxicillin (56.23 mg/L).
While antibiotics have an acute effect on bacterial structures, they tend to have a chronic effect and
bioaccumulation properties on Daphnids.

Keywords: Antibiotics, acute toxicity, bioassays, Daphnia magna, Vibrio fischeri, Turkey.
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Uzerindeki Toksik Etkileri

Oz: Antibiyotik kirliligi, insan, hayvan ve ekosistem sagligini dogrudan etkileme potansiyeline sahiptir.
Cevrede antibiyotiklerin varligi, mikrobiyal topluluk yapisini engelleyebilir ve mikrobiyal ve planktonik
topluluklar tizerinde hem akut hem de kronik etkileri olabilir. Tiirkiye'de su ortaminda tespit edilen en
yaygin U¢ antibiyotik Amoksisilin, Tetrasiklin ve Nitrofurantoin’in, dogal mikrobiyal topluluklar
iizerindeki toksisiteleri hakkinda neredeyse higbir bilgi yoktur. Ozellikle, deniz mikroorganizmalari igin
higbir veri yoktur. Insanlar i¢in toksisite seviyeleri oldukga iyi bilinse de, dogal hayatta 6zellikle daha kiigiik
ve daha duyarli organizmalardaki toksik konsantrasyon hakkinda daha az bilgi vardir. Bu nedenle, bu
caligmanin amaci Amoksisilin, Tetrasiklin ve Nitrofurantoin'in ¢esitli bakteriyel ve planktonik tiirleri iceren
karmasik bir ekolojik topluluk olan dogal su ekosistemi tizerindeki akut toksisitesini degerlendirmektir.
Daphnia magna'ya gore akut toksisite siniflandirmasinda antibiyotiklerin pratik olarak toksik olmadigi
(>100 mg/L) goriilmektedir. Bu durumda toksisiteden bahsetmek miimkiin degildir, ancak kendi aralarinda
antibiyotiklerin toksisitesi géz Oniine alindiginda, siralama Tetrasiklin> Nitrofurantoin> Amoksisilin
seklinde olmaktadir. Vibrio fischeri ile yapilan akut toksisite testinde ayni toksisite siralamasina
rastlanmaktadir. Bununla birlikte, Vibrio fischeri ile yapilan akut toksisite testinde, sonuglar Tetrasiklin
(2.53 mg/L), Nitrofurantoin (15.67 mg/L) ve Amoksisilin (56.23 mg/L) i¢in toksik olmaktadir.
Antibiyotikler, bakteriyel yapilar izerinde akut bir etkiye sahipken, Daphnidler iizerinde kronik bir etki ve
biyoakiimiilasyon 6zelliklerine sahip olma egilimindedir.

Anahtar kelimeler: Antibiyotikler, akut toksisite, biyodeneyler, Daphnia magna, Vibrio
fischeri, Tiirkive.
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INTRODUCTION

Antibiotics are often found in the aquatic
environment, because of their utilization in human and
veterinary medicine. Information relating their exposure,
fate and ecotoxicology has been reviewed by Kiimmerer,
(2009a, 2009b) and Santos et al., (2010) (Johansson et al.,
2014). Up to 90% of antibiotics applied to the organism are
excreted from the body before being metabolised (Kemper,
2008; Topal et al., 2015) and discharged into sewage
system (Diwan et al., 2018; Gomez-Olivan, 2016; Yasser
& Adli, 2015). The conventional wastewater treatment
plants (WWTPs) are not fully effective at antibiotic
elimination. Several antibiotics are partially removed
between 20% and 90% (Ai & Jiang, 2012; Liu et al., 2017;
Watkinson, 2007) due to recalcitrant compounds (Chen &
Zhou, 2014). WWTPs are considered as the source of
antibiotics and antibiotic resistance genes for surface
waters (Diwan et al., 2018; Gomez-Olivan, 2016). For this
reason, studies are carried out on the development of
innovative technologies for antibiotic removal in WWTPs.
However, these implementations are not covered
sufficiently because of operating costs (Grenni et al.,
2018).

Antibiotics occur in surface waters at very low
concentrations (ng/L-pg/L) (Gomez-Olivan, 2016). It can
be observed that there are differences regarding seasonal
distribution of pharmaceutical products usage in Turkey. It
is known that antibiotic concentrations in wastewater are
higher in winter with changes in annual consumption data
(Grenni et al., 2018). For instance, in winter months at
coastal area of Istanbul, the concentration of antibiotic
agent sulfamethoxazole varied between 6,7 and 14,0 ng/L.
The availability of antibiotics in the aquatic environment is
depending on not only continuity of their discharges but
also their permanence in the aquatic environments. For
instance, while Penicillins can easily deteriorate,
Ciprofloxacin and Tetracyclines are far more stable
(Grenni etal., 2018). Even this low concentration can cause
negative effect on the survival, growth and body weight of
the aquatic organisms (Ahmed et al., 2015; Ji et al., 2012;
Lai et al.,, 2009; Wollenberger et al., 2000). Some
antibiotics can cause both acute and chronic toxicity, as
well as a variety of negative effects including disruption of
aquatic photosynthetic organisms, impacts on indigenous
microbial groups, and damage to antibiotic resistance
genes in microorganisms (Aristilde et al., 2010; Hong et
al., 2013; Liu et al., 2017, Akkan & Topkaraoglu, 2019;
Sezener et al., 2019). For that reason, the presence of
antibiotics can affect water quality of surface water, and in
the long run cause negative impact on coastal areas and
naturally the biodiversity (URL 1).

It is known that over 250 different antibiotics are
being used in human and veterinary medicine (Ahmed et
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al., 2015; Kiimmerer & Henninger, 2003). Antibiotics have
been used to treat infection-related diseases
therapeutically, and to protect their health for years
(Ahmed et al., 2015). Each antibiotic is a synthetic
structure with a complex formula containing the properties
of its own class. For instance, Amoxicillin is a
semisynthetic penicillin and a medicine which is an
analogue for ampicillin (Gomez-Olivan, 2016). It is one of
the antibiotics used in treatment of infections of ear,
respiratory tract, sinus, skin and urinary system caused by
bacteria. It is included in Essential Medicine List of World
Health Organization, and it is one of the most prescribed
antibiotics for children (URL 2). In addition, according to
the data published by the Republic of Turkey Ministry of
Health, prescribed antibiotics is over 30% across Turkey in
2015 (URL 3). In the light of this information, the most
prescribed antibiotic is the Amoxicillin-derived antibiotics.
Tetracycline is an antibiotic which is used to treat and
prevent the infectious diseases. However, the explanation
for this intensive production is both its low cost and its use
as a food additive to increase the growth rate of healthy
animals (Daghrir & Drogui, 2013; Martins et al., 2015).
Nitrofurantoin is another antibiotic and commonly used in
the treatment of urinary tract infections. It is active on
many gram-positive and gram-negative bacteria, especially
Escherichia coli, Staphylococcus aureus and enterococci
strains (Eldem & Hincal, 1987).

Amoxicillin, Tetracycline, Nitrofurantoin are
amongst the most used antibiotic classes and they are often
found in aquatic environments in Turkey. However, all the
classes are mainly observed in freshwater environments,
with simplest a very few researches published on their
occurrence inside the marine environment in Turkey.
Similarly, it is essentially absent the statistics on the
toxicity of these three antimicrobial classes to marine
microorganisms which are possibly the most vulnerable
group of marine organisms.

In literature, different toxicity test organisms have
been used to determine the acute and chronic toxicity of
antibiotics (Halling-Sorensen, 2000; Jung et al., 2008;
Robinson et al., 2005; Wang et al., 2008; Wollenberger et
al., 2000). Daphnia magna, which is a zooplankton
generally observed in freshwater lakes and ponds, is one of
the most frequently used organisms in ecotoxicity tests
(Celebi & Sponza, 2009; Zhu et al., 2009). In Ecological
Risk Assessments of Antibiotics, toxicity tests are used that
target bacteria such as Vibrio fischeri with OECD and ISO
methods (Backhaus et al., 2000; Backhaus & Grimme,
1999; Celebi & Sponza, 2008; Grenni et al., 2018; Tongur
etal., 2019; Yildirim, 2015).

Therefore, aim of this current study is to evaluate
the acute toxicity of Amoxicillin, Tetracycline and
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Nitrofurantoin on natural water ecosystem which is a
diverse ecological population comprising a number of
bacterial and planktonic species. Thus, the effect of
antibiotics on organisms at two different trophic levels of
the aquatic ecosystem was evaluated.

MATERIAL AND METHOD

The Selection and Preparation of Antibiotics: In
this study, synthetic samples were prepared with medicines
containing the active ingredients of Amoxicillin,
Tetracycline and Nitrofurantoin. With distilled water,
stock solutions were prepared. Because the selected
antibiotics have low water solubility, hydro alcoholic (<
1% ethanol) solution was used. According to standard
international procedures, it is stated that hydro alcoholic
solution is not toxic for test organisms in cases that ethanol
concentration is not more than 1% (Yildirim, 2015). This
ratio has been confirmed by preliminary experiments.
When preparing stock solutions for each medicine, the
medicine is dissolved with <%1 ethanol by volume and
then completed with distilled water. Orbital shaker was
used to provide homogeneous mixture (URL 4).

Daphnia magna Acute Immobilisation Test: The
acute test was conducted as 1SO 6341: Water Quality -
Determination of the Inhibition of the Mobility of Daphnia
magna, Straus (Cladocera, Crustacea). Daphnids
(especially Daphnia magna) which are younger than 24
hours were exposed to sample concentrations. The vessels
were filled with suitable amounts of dilution water and
samples. Then, Daphnids were placed into test vessels. at
least 2 ml of test solution needed for each test organism, so
the volume of 20 ml test media for 10 daphnids was
examined. During the test, the organisms were not fed and
there was no aeration. At the same time, the temperature
was adjusted to 22°C. Under the same conditions, the
controls were carried out. After 24 and 48 hours, both
immobility and unnatural behaviours were reported. At
24" and 48" hours, each vessel was inspected for
immobilised daphnids. The daphnids were considered as
immobile unless they were able to swim inside the vessel,
all these were recorded. In order to calculate the average
effective concentration (ECso) value, immobilized/dead
daphnids corresponding to each concentration will be used
within the 95% confidence interval through Probit
Analysis, suggestion of EPA (URL 5; EPA, 1991). Probit
analysis is a type of regression used to analyze binomial
response variables. It transforms the sigmoid dose-
response curve to a straight line that can then be analyzed
by regression either through least squares or maximum
likelihood.

Bacterial
Toxicity Test):

Bioluminescence Bioassay (Acute
Microtox® Acute Toxicity Test is
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predicated on luminescence inhibition of the marine gram-
negative bacteria. As test organism, Lyophilized Vibrio
fischeri (NRRLB-11177) was selected and tested in
standard protocol for producers (Microtox® Manual,
1992). Bacterial suspension was added to the sample
osmotically arranged with 2% NaCl and to the sample
dilutions. Photometry was performed regularly after the
bacteria had been exposed to the sample. Acute toxicity
tests were performed via Microtox Model 500 Analyser.
The manufacturer suggested the Basic Test (45%) for
samples of uncertain toxicity and wastewater (Sonmez &
Sivri, 2016; Sonmez & Sivri, 2020). For implementation of
this test, the exposure time was selected as 15 minutes and
ECso values were found.

RESULTS AND DISCUSSIONS

In this study, two main topics were focused. The
first one was to evaluate the effects of acute toxicity of
antibiotics on natural water ecosystem with bacterial and
planktonic species. The other aim was to compare and
interpret the acute toxicity results found. For acute toxicity
test with Daphnia magna, preliminary tests were made, and
the concentration range was chosen that daphnids could
respond as dead/immobile against the antibiotics.
Accordingly, all antibiotics were studied at the
concentration of 2000 mg/L for Daphnia magna acute test.
The result values of Daphnia magna's 24-hour exposure to
three different antibiotics (Amoxicillin, Tetracycline and
Nitrofurantoin) as EC1o, EC2, ECsp and ECgy are given in
Figure 1. These results were found with the mean values
obtained as a number of repetitions (n=14). Especially
when examining the ECso results, it is seen that its value is
over 1000 mg/L for all antibiotics. Accordingly, it can be
stated that 24-hour exposure of antibiotics on Daphnia
magna has non-toxic property when they are subjected to
the classification of acute toxicity.

It is seen that low concentrations of general
antibiotics such as Streptomycin and Erythromycin affect
the survival and behaviour of organisms in primary
consumer trophic class such as Daphnia magna (Flaherty
& Dodson, 2005) and Artemia sp. (Migliore et al., 1997).
In further studies, it is emphasized the effect of antibiotic
toxicity after exposure of organisms to the UV radiation in
natural environment. For this reason, it becomes difficult
to evaluate the relationship between laboratory studies and
antibiotic toxicity in natural environments (Kraemer et al.,
2019).

The result values of Daphnia magna's 48-hour
exposure to three different antibiotics (Amoxicillin,
Tetracycline and Nitrofurantoin) as EC19, EC20, ECs and
ECqy are given in Figure 2. Unlike the 24-hour results,
values of this exposure are below 1000 mg/L. Accordingly,
ECso values of the exposure result of Amoxicillin,
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Tetracycline and Nitrofurantoin with Daphnia magna are
respectively 627, 198, 878 and 432 mg/L. When examining
the acute toxicity results according to the exposure times,
it can be said that 48-hour exposure is more sensitive, but
it is stated as practically non-toxic (>100 mg/L) in
classification of acute toxicity. In this case, it is not
possible to mention about toxicity. Yet still, it may provide
insight into their effect levels, because antibiotics have
chronic effects on daphnids-like organisms and cause
bioaccumulation in high-level organisms. Considering
their toxicity among themselves, the ranking can be
expressed as Tetracycline > Nitrofurantoin > Amoxicillin.
It can be thought that this difference is due to its chemical
structure, like Grenni et al., (2018) stated in their studies,
which is each of them has a more persistent structure
compared to the other.

Amoxicillin
60 Tetracyelin

Nitrofirantoin

Effective Concentration (EC)
2

0 2500 5000 7500 10000 12500 15000 17500 20000 22500

Concentration (mg/L)

Figure 1: Results of acute toxicity test with Daphnia magna (24
hours).
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50
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40 -

30

20

Effective Concentration (EC)

10

0 500 1000 1500 2000 2500

Concentration (mg/L)

3000 3500 4000

Figure 2: Results of acute toxicity test with Daphnia magna (48-
hour).

Preliminary tests (n=11) were carried out to
conduct the acute toxicity test with Vibrio fischeri. High
concentrations of daphnids were studied but it was not
possible to obtain a numerical value as all bacteria were
inhibited. For this reason, antibiotic tests were prepared in
the minimum concentration range that we can get a result
from test (that bacteria can emit light). Accordingly,
concentrations of Amoxicillin 4000 mg/L, Tetracycline
125 mg/L and Nitrofurantoin 250 mg/L were selected. 15™
minute results of acute toxicity test with Vibrio fischeri are
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given in Figure 3. All values obtained are below 100 mg/L
and show toxic properties. These results were found with
the mean values obtained as a number of repetitions
(n=14).

Tetracycline, which was studied at the lowest
concentration, has the highest toxicity (2.53 mg/L) as it has
the lowest value with ECso Nitrofurantoin (15.67 mg/L)
comes after Tetracycline in terms of toxicity. Both
antibiotics are included in "extremely toxic" class.
Amoxicillin has the lowest toxicity with an ECso value of
56.23 mg/L and it is included in "toxic" class with this
result.

It is obvious that the potential effects of the
studied antibiotics on natural microbial communities
involved in important ecosystem functions are harmful.
Some antimicrobials are bactericide for one bacterial
pathogen, while they are bacteriostatic for another.
Selected bacteriostatic agents inhibit the growth of
bacterial cells but do not kill them; but bactericidal agents
kill the bacteria instantly. As a result, these categories are
not absolute, because the lethal effect of each medicine
varies according to the test method and the tested species.
As a result of the study, it is seen that some microbial
groups may be lost because of bactericidal and
bacteriostatic effects of antibiotics at high concentrations
in the environment. Many studies have shown that the
presence of antibiotics cause a decrease in microbial
biodiversity. It is seen that antibiotics, even those with
broad-spectrum, have a selective effect on various
microbial groups (Genni et al., 2018).

ECs50(mg/L)
3

ig —_— )

Amoexicillin Tetracyeline

Antibiotics

Nitrofurantoin

Figure 3: Results of acute toxicity test with Vibrio fischeri (15
minutes).

Comparing the results of acute toxicity tests with
Daphnia magna and Vibrio fischeri, the studied antibiotics
showed non-toxic properties on Daphnia magna, while
they showed extremely toxic / toxic properties on Vibrio
fischeri. It is seen that the studied Amoxicillin,
Tetracycline and Nitrofurantoin are more sensitive and
able to respond acutely on Vibrio fischeri. Another
remarkable result is that the quantity of Daphnia magna’s
response to these antibiotics has parallels with Vibrio



Sénmez & Sivri, 5(2), 154-160, (2020)

fischeri. Accordingly, the highest toxicity was found in
Tetracycline and the lowest toxicity was found in
Amoxicillin.

Tongur & Yildiim, (2015) have studied the

toxicity of antibiotics used in human and animal medicine
and they have found that Vibrio fischeri is more sensitive
than Lepidium sativum. In studies to reveal the toxic effect
in aquatic environments, LCso value was found as 1000
mg/L as a result of 96-hour-exposure to Amoxicillin on
Oryzias latipes and it has not been identified as an
important toxic substance in the literature (Gomez-Olivan,
2016). Nevertheless, Andreozzi et al., (2004) have detailed
that Amoxicillin includes a high toxicity at 96 hours within
the blue green algae S. leopoliensis (ECso value of 2.22
pg/L) in concentrations between of 50 ng/L and 50 mg/L.
Gomez-Olivan, (2016) explained that this difference in
toxicity arose from organisms may be caused by trophic
levels, even antibiotics at low concentrations may cause
high toxicity in low structured organisms such as algae and
bacteria. It is obvious that this effect, especially seen in
single cells, will cause damage in aquatic environments.
It is found in studies that antibiotic pollution in aquatic
environments reduces the microbial diversity of the
ecosystem, including taxa responsible for carbon cycle and
primary production. In addition to aquatic ecosystem,
antibiotic-based pollution observed in soil changes the
microbial community structure and leads to loss of biomass
and reduce of microbial activity (nitrification,
denitrification and respiration) (Kraemer et al., 2019). For
this reason, as determined in this study, it can be stated that
the toxic effects of antibiotics are seen more clearly in
bacterial species due to the difference in trophic levels in
organisms.

CONCLUSION

The presence of antibiotics in the environment can
impede the structure of microbial community, having both
acute and chronic effects on microbial communities.
Antibiotics may have effects on change of phylogenetic
structure, resistance expansion, and ecological function
disturbance in the micro-ecosystem. Moreover, it has also
been detected the effects on ecological functions, such as
nitrogen transformation, methanogens, and sulphate
reduction. A lot of studies have found changes in the
structure of microbial population upon the introduction of
antibiotics in soil and water environments. These study
results include findings and comments supporting previous
studies. As a result of the studies, it can be predicted that
irreversible destructions will occur in both aquatic and
terrestrial ecosystems.

As recommendations considered necessary
because of these study results, the factors influencing
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antibiotic effects on microbial communities in soil and
aquatic environments, including antibiotic concentration,
exposure time and combination of effects of more than one
antibiotic, should be examined in detail.

Furthermore, this study provides possible toxic
effects of antibiotics in the natural environment.
Nonetheless, it needs further study after the findings
concerning the acute toxicity in order to provide a
extensive risk assessment on the effects of anthropogenic
antibiotic exposure in natural systems.
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