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Abstract

In this project, the fate of the fluoroquinolone antibiotics enrofloxacin and ciprofloxacin was
examined in water samples collected during and after the application of enrofloxacin in the effluent
discharge point of a Pangasius catfish farm in the Mekong River delta (Vietnam). Then, the effects of
these antibiotics were studied on non-target aquatic organisms which might be potentially exposed
to these compounds in the surroundings of catfish farms. Finally, the concentrations in the water
were compared with the results of toxicity tests to assess the risks posed by the use of these
antibiotics in catfish farms. The acute effects of these pharmaceuticals were evaluated for three
types of organisms: the green-algae Chlorella sp., the cladocera Moina macrocopa, and the Nile
tilapia (Oreochromis niloticus). To do so, acute toxicity tests were performed with Chlorella sp. (72h-
growth inhibition test) and Moina macrocopa (48h-acute immobilization test). The toxic effects of
these antibiotics were also tested on Nile tilapia using a non-standard test design. In the fish test, the
studied fluoroquinolones were applied via oral administration and bath treatment in separate
experiments during an exposure period of 5 days. Cholinesterase (ChE) and Catalase (CAT) activity
were assessed in the fish brain and muscles, respectively, during the exposure period (day 3 and day
5) and at the end of the experiment (9 days after the last antibiotic administration). The results of the
toxicity experiments showed that Chlorella sp. was more sensitive to ciprofloxacin (ECs-72h = 31.1
mg/L, which corresponds to 93.8 x 10°® mol/L after 72h) than to enrofloxacin (ECs-72h = 401 mg/L,
which corresponds to 1117 x 10°® mol/L after 72h). However, enrofloxacin was more toxic to Moina
macrocopa than ciprofloxacin (respectively ECs;-48h = 70 mg/L, which corresponds to 195 x 10°
mol/L after 48h and ECs;-48h = 96.5 mg/L, which corresponds to 291 x 10° mol/L after 48h).
Regarding the biomarker experiments, it was found that fish exposed to high concentrations of the
studied antibiotics (oral treatment: 5 g/kg of feed for both fluoroquinolones, bath-treatment: 0.4 mg
of ciprofloxacin/L and 0.8 mg of enrofloxacin/L) showed an increase in ChE activity three days after
the beginning of the exposure period. However, the enzymatic activity returned to normal levels, five
days after the beginning of the experiment, which indicates that there is a physiological adaptability
of the fish to antibiotic stress. For all the tests except the bath treatment test with ciprofloxacin, the
ChE activity was not found to be significantly different to controls after a post-stress period of 9 days.
After 5 days of exposure, the CAT activity decreased significantly for the bath-treatment experiment
with ciprofloxacin (0.4 and 50 mg/L) and the in-feed treatment with enrofloxacin (1 and 10 mg/kg of
feed). Moreover, this study suggests that when the antibiotic concentration in the environment is in
the range of pg/L, ChE and CAT biomarker analysis is probably not the most suitable tool to monitor
the effects of antibiotic residues to non-target organisms. However, ChE and CAT activities are
interesting to assess the potential mode of action of the tested antibiotics on the fish metabolism
from a toxicological point of view. Besides this, fish died in the highest treatment level (100 mg of
enrofloxacin/L and 50 mg of ciprofloxacin/L) of the bath-treatment tests. The potential causes of the
induced biomarker effects and mortality observed in this study are discussed in light of the published
literature, discussing the mode of action of these antibiotics in higher organisms. Finally, the
concentrations of enrofloxacin and ciprofloxacin in the effluent discharge point of the catfish pond
were found to be approximately 1000 times lower than the concentrations at which acute effects
have been observed on the tested organisms. Therefore, the environmental pollution caused by the
use of enrofloxacin and its main metabolite ciprofloxacin in aquaculture is not likely to result in acute
toxic effects on non-target aquatic organisms in the aquatic ecosystems surrounding Pangasius
catfish farms.
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Introduction

In the last 20 years, the global demand of seafood products has risen all over the world and their
consumption has more than doubled compared to 1973 (Washington and Ababouch, 2011). The
increase of the world’s population and the change in eating habits are the main reasons explaining
this sharp enlargement. As capture fisheries cannot meet this demand, the aquaculture production
has markedly increased. Less than one million tons of seafood products were produced from
aquaculture in 1950’s, compared to 52.5 million tons by 2008 (FAO, 2010). Nowadays, most of the
seafood products are produced in developing countries such as China and other south-east Asian
countries. The main produced species are fast growing catfish (Pangansaiidae), carps, tilapias and
shrimps (FAO, 2006). The majority of this production is traded to Western countries out of which the
European Union is the largest single regional importer, taking up to 42% of the total amount of
internationally traded seafood products in 2008 (FAO, 2010). Because the aquaculture sector is
developing quickly, the intensification of aquaculture practices has raised questions regarding its
sustainability.

In Vietnam the aquaculture production has increased tremendously, becoming the 6" largest
seafood exporting country (European External Action Service (EEAS), 2011). This success is mainly
explained by the development of catfish farms in the Mekong River Delta. Initially, catfish species
were very difficult to reproduce in captivity. In 2000, artificial ovulation of female catfish was
successfully stimulated to produce mass scale fry. Then, the culture and feeding techniques
developed and the processing industries as well as export markets expanded (Phuong and Oanh,
2010). The amount of exported catfish raised from less than 500 tons in 1997 to around 650,000 tons
in 2010 (Cuyvers and Van Binh, 2008; Vietfish international, 2011). From the total amount of catfish
produced in the farms, more than 90% is exported to around 100 countries all over the world (Phan
et al., 2009), with Europe being the main destination.

Over the years, the catfish culture in ponds developed rapidly because of the low infrastructure
required, the short culture period and the high economic profit (Phuong and Oanh, 2010; Phan et al.,
2009). The productivity in ponds has improved significantly because of the increasing water depth
(3.5 to 4.5 m), the high water exchange for ponds (up to twice a day, from 30 to 100%
replenishment) (Phan et al., 2009) and the exceptionally high stocking densities in the ponds (52.8
fish/m?) (Liem 2009). Moreover, the intensification of aquaculture practices has led to the
introduction of a wide array of drugs and chemicals for preventing and treating infectious diseases
(Danyi et al.., 2010). According to the survey conducted by Phuong (2010) in the Mekong delta, all
catfish farmers use chemicals and drugs during the production cycle. Farmers reported to use as
much as 17 types of chemicals for water treatment and pond preparation (to kill parasites and other
fish). Enrofloxacin is the most widely used antibiotic in the Tra catfish (Pangasianodon hypothalamus)
farms, due to its broad antibacterial spectrum and efficiency to treat diseases (Tu et al.., 2006).

During the last years, concerns have raised regarding the environmental release and potential
ecological effects of antibiotics. As enrofloxacin is extensively used in catfish farms (i.e., applied
mixed with feed) (Shao, 2001), it is expected to reach the aquatic environment in the surrounding of
the farms by untreated effluent discharges and may cause adverse effects on wild organisms
(Ferreira et al., 2006). However, the potential toxic effects of enrofloxacin on non-target aquatic
organisms will depend on the residual concentration entering the environment as well as the
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exposure duration. The environmental concentration of enrofloxacin will be influenced by the
pharmacokinetics of the compound and biotransformation processes in the cultured organisms, the
physico-chemical properties of the antibiotic and the aquaculture practices (e.g. applied dosage,
amount and frequency of water exchange and fish densities).

The physico-chemical properties of enrofloxacin are shown in Table 1.

Table 1: Physico-chemical properties of enrofloxacin

Value Reference
Octanol-water partition 0.7-1.1 ASperger et al., 2009; National library of
coefficient: Log Kq, medicine, 2011; Picé and Andreu, 2007
Organic carbon normalized 16 506 — 768 740 L/kg Picd and Andreu, 2007; Pfizer Inc., 2002;
sorption coefficient : K. Veterinary substance database., 2011
Solubility in water: S,, 0.3 mg/L (pH 7) —10.4 mg/L (pH5) | Ebertetal., 2011

From the values in Table 1, enrofloxacin can be considered as a lipophilic compound which will
strongly absorb and bound to organic matter in sediments when released into aquaculture ponds
and aquatic ecosystems. Like most antibiotics, the main degradation process for enrofloxacin is
photodegradation. In fact, several studies have shown that its half-life in water is greatly reduced
with increasing light intensity (Gagliano and Mc Namara, 1996; Knapp et al., 2005; Sukul and
Spiteller, 2007). This process is not the only one observed in the environment; biodegradation in the
sediments and within the catfish (before its release), as well as dilution and dispersion are also
important processes to take into account when studying the fate of this antibiotic in the water phase.
After its degradation, most enrofloxacin remains in its original form, but a large fraction is converted
into ciprofloxacin, its main metabolite. The amount of metabolized enrofloxacin will vary greatly
between all aquatic organisms and with pH, light, temperature, initial dose of enrofloxacin and time
of exposure. Xu et al. (2006) tested the residues of enrofloxacin on Nile tilapia (oral dose: 1g/kg of
feed, treatment duration: 7 days, temperature: 27+2°C). Under these particular experimental
conditions, they found that 25% to 43% of enrofloxacin was converted into ciprofloxacin 7 days after
the beginning of the experiment. Danyi et al. (2010) studied the effects of enrofloxacin on Tra catfish
and giant freshwater prawns (oral dose: 1 and 0.7g/kg of feed respectively, treatment duration: 7
days, temperature: 29°C to 32°C). As a result of this experiment, they concluded that only 3-4% of
enrofloxacin was transformed into ciprofloxacin three days after the beginning of the treatment.

The main physico-chemical properties of ciprofloxacin are presented in Table 2.

Table 2: Physico-chemical properties of ciprofloxacin
Value reference

Octanol-water partition 023-13 Huang, 2002; National library of medicine, 2011;
coefficient: Log Kq, Veterinary substance database., 2011

Organic carbon normalized Veterinary substance database., 2011; National
sorption coefficient : K. library of medicine, 2011; Cardoza, 2004
Solubility in water: S,, 1.1 mg/L Ebert et al., 2011; Said et al., 1995

13 900 — 134 465 L/kg

Comparing Table 1 and Table 2, it is notorious that the physical and chemical properties of
ciprofloxacin and enrofloxacin are very similar. Therefore, when these antibiotics enter aquatic
systemes, it is likely that they will tightly bind to suspended solids and to sediments, where they will



remain rather stable. Lin et al. (2010) found half-lives (DTso) with non-sterile treatment of 0.01 and
18.4 days for enrofloxacin and 0.04 and 17.3 days for ciprofloxacin in water and sediment slurry
respectively under laboratory conditions. However, half-lives of these antibiotics vary greatly among
different studies depending on the pH, light intensity, fluoroquinolone dosage and phosphorous
levels (Gagliano and Mc Namara, 1996; Knapp et al., 2005).

The effects of enrofloxacin have already been investigated on cultured animals such as fish and
shrimps (Kim et al., 2006; Intorre et al., 2000; Della Rocca et al., 2004; Vaccaro et al., 2003). The use
of biomarkers is a sensitive, low-cost and specific way of studying their effects on cultured animals
(Van der Oost et al., 2003). Enrofloxacin exposure has been demonstrated to cause a decrease in the
cholinesterase activity in Tra catfish (Pangasianodon hypophthalmus) (Wang et al., 2009). However,
this value remained relatively constant in black tiger shrimps (Penaeus monodon) (Tu et al., 2008). In
the gills, Wang et al. (2009) found that catalase activity increased during the exposure period with
enrofloxacin and stabilized afterwards. Moreover, it has been shown that higher stress conditions
(e.g. high cultured species density) will often increase its toxicity (Wang et al.., 2009; Tu et al.., 2008).
Regarding the results of these studies, acetylcholinesterase activity has been demonstrated to be the
most suitable biomarker to test the effects of antibiotics on cultured fish (Tu et al.., 2009). Dose-
response relationships using biomarkers of exposure on non-cultured species have not been
investigated so far; however, they are considered as a useful tool to assess the exposure and effects
of environmental pollutants on aquatic ecosystems (Van der Oost et al.., 2003). These results,
combined with other toxicity tests, could be used in environmental risk assessments to determine
potential effects on ecosystem’s health (Crane et al.., 2006) and for the investigation of the
metabolic effects and mode(s) of action of toxicants in the studied organisms.

Robinson et al. (2005) showed that the algae Pseudokirchneriella subcapitata is more sensitive to
enrofloxacin (ECs, = 3 100 ug/L, which corresponds to 8.62 x 10° mol/L after 72h) than to
ciprofloxacin (ECso = 18 700 pg/L, which corresponds to 56.46 x 10 mol/L, after 72h). Moreover, Qin
et al. (2011) found that Pseudokirchneriella subcapitata is more sensitive to enrofloxacin than
Scenedesmus obliquus (ECso = 45 100 pg/L, after 72h of exposure in similar conditions).

Regarding acute tests performed on invertebrates, the toxicity of enrofloxacin on Daphnia magna is
lower compared to ciprofloxacin (Kim et al.., 2010). Furthermore, Park and Choi (2008) showed that
Daphnia magna is more sensitive to enrofloxacin than Moina macrocopa with an ECs,-48h of 56 700
pg/L and > 200 000 pg/L, respectively.

This literature review emphasizes the fact that the toxic effects of enrofloxacin and ciprofloxacin on
non-standard test aquatic organisms (e.g. algae, micro-invertebrates or non-cultured fish) have
received little attention to date. Also, even if similar protocols are used in different studies, the
toxicity values are discrepant due to different testing conditions (i.e., temperature, pH) and test
species (Kim et al.., 2010). Furthermore, the potential acute toxicity of these compounds on non-
target aquatic organisms surrounding the aquaculture farms in tropical regions has not been
investigated so far. This information is of crucial importance for assessing the risks of these
pharmaceuticals to tropical freshwater ecosystems and the sustainability of current aquaculture
practices in regions like the Mekong delta.



Aim of the project

The current study was conducted as a part of the EU funded SEAT “Sustaining Ethical Aquaculture
Trade” project (SEAT, 2011).

In this project, the sensitivity of freshwater organisms was studied when exposed to enrofloxacin and
ciprofloxacin in the surrounding of catfish farms. First, the fate of these antibiotics was determined in
water samples collected during and after the application of enrofloxacin in the effluent discharge
point of one catfish farm. Then, the acute effects of these pharmaceuticals were tested on three
types of organisms: algae (Chlorella sp.), invertebrate (Moina macrocopa), and the Nile tilapia
(Oreochromis niloticus). The results were expressed for Chlorella sp. and Moina macrocopa as ECs
(Concentration for which 50% of the exposed organisms show effects for the studied endpoint) and
NOEC (No Observed Effect Concentration). The toxic effects of these fluoroquinolones on Nile tilapia
was studied by assessing the effects on cholinesterase and catalase enzymatic activity. Finally, the
concentrations from the effluent discharge point were compared with the results found in the
toxicity tests in order to assess the potential ecological risks posed by the use of these antibiotics in
catfish farms.

Research questions

» What are the acute effects of enrofloxacin and ciprofloxacin on the algae Chlorella sp., the
invertebrate Moina macocopa, and the Nile tilapia (Oreochromis niloticus)?

» What are the residual environmental concentrations found after antibiotic treatment in
catfish ponds?

» What are the potential ecological risks posed by the use of enrofloxacin and ciprofloxacin in
Pangasius catfish farms of the Mekong Delta?

Hypothesis

Acute effects of enrofloxacin and ciprofloxacin on the algae Chlorella sp., the invertebrate Moina
macrocopa, and the Nile tilapia (Oreochromis niloticus) are not expected to occur at concentrations
that can be found in the environment after use in catfish farms, given their moderate sensitivity to
the studied compounds reported in previous studies.



Materials and methods

[. Antibiotic fate assessment

I.1. Experimental set up

Enrofloxacin was applied once a day for a period of 5 days at a dose of 6.28 mg/kg body weight
(mixed with feed representing 0.21 g/kg of feed) in a Pangasius catfish pond. The concentration of
enrofloxacin in water samples was monitored for a period of 31 days.

Samples of water were taken after de first application (day 1), after the third application (day 3) after
the last application (day 5) and on day 3, 7, 14 and 21 after the last application (figure 1). To do so,
one meter depth water samples were taken in 1L plastic bottles and further kept in an ice box until
storage in a fridge (4°C) in Can Tho University.

Treatment

.

T I | |
I I

01

I I I I
3 5 8 12 19 26

Figure 1: Experiment time-line

In the pond, water samples were taken in nine sampling points at each sampling time, including the
water supply and the two water discharge points (figure 3), in order to test potential in-pond
enrofloxacin concentrations and environmental pollution respectively (figure 2).

SPSA SPSE River
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Figure 2: Scheme of the catfish pond with the selected water sampling points in the pond inlet, pond and pond outlet.



Figure 3: Localisation of the two water discharge points where water was sampled (SP5 and SP6)

Moreover, the water samples of SP A and B were mixed before analysis in order to reduce the
number of samples.

Only the concentrations of fluoroquinolones in water samples SP5 and SP6 will be presented in the
results as they are the most interesting ones for this study. In fact, the concentration of enrofloxacin
and ciprofloxacin in the water coming out from the catfish ponds were compared with the results
found in the toxicity tests. From this evaluation, it became possible to assess the risks posed by the
use of these antibiotics in catfish farms.

I.2. Antibiotic analysis in the water samples

Water samples collected from the ponds were stored in the fridge (4°C) for approximately 24 h until
extraction. Prior the beginning of this step, the water sample was filtered through a 0.45 um
microfiber membrane filter (Whatman GF/C). Then, a known volume of water (approximately 300
mL) was passed through Oasis HLB solid phase extraction (SPE) cartridges of 3 cc. SPE columns were
preconditioned with 5 mL methanol and 5 mL of distilled water. The water sample was passed
through the SPE columns at a speed of 5 mL/min and stored at -20 °C until elution. Elution was
performed by passing 5 batches of 1 mL of a solution of NaOH (0.1 M) in ACN (high purity) (75:25
v/v). Then, 1 mL of the eluent was introduced in plastic vials and 100 pL of internal standard
(lomefloxacin) was added.

The antibiotic analysis was made by LC-MS/MS. Prior to injection dilution of the extract was required
for the toxicity test samples. An extract volume of 50 pL was injected into the chromatographic
system by means of an Agilent 1200 series (Agilent Technologies, Germany). Separation was done on
a Zorbax XDB-C;g column (4.6 x 150 mm, 5 um), set to a temperature of 25°C, using binary gradient
elution. Mobile phase A consisted of formic acid solution in Milli-Q water (0.01% v/v) and mobile
phase B consisted of formic acid solution in acetonitrile (0.01% v/v). The mobile phase lasted for 20
min and was performed at a constant flow rate of 0.7 mL/min according to the following elution
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gradients: held at 10% B until min 10, then moved to 80% and held for 4 mins, and then moved to
20% and held for 6 mins. The mass spectrometry analysis was conducted with a triple quadrupole
mass spectrometer equipped with an ESI. The nebulizer pressure was set to 35 psi and the flow rate
of drying gas (nitrogen) was 8 L/min. The capillary voltage was 3000 V and the dry temperature 350
°C. Sample acquisition was performed in the multiple reaction monitoring (MRM) mode. The
calculated recoveries of enrofloxacin and ciprofloxacin in water following the extraction method used
with the environmental samples and using a nominal concentration of 10 pg/L were 111.8+12.8 %
(n=4) and 90.7+9.6 % (n=5), respectively. The limit of detection (LOD) was 0.01 for enrofloxacin and
0.03 for ciprofloxacin. The limit of quantification (LOQ) of the antibiotics was calculated: 0.05 for
enrofloxacin and 0.09 for ciprofloxacin.

[I. Toxicity experiments

The effects of enrofloxacin and ciprofloxacin were tested on three types of aquatic organisms: an
alga (Chlorella sp.), an invertebrate (Moina macrocopa), and the Nile tilapia (Oreochromis niloticus).

I1.1. Chemicals

The formulated products of enrofloxacin and ciprofloxacin were used as the dilution of the pure
antibiotics with water alone was impossible for the concentrations wanted (low solubility of the
compounds). The Vimenro 200® formulation (Vemedim company) was purchased from a chemical
outlet specialized in veterinary products in Can Tho city (Vietnam). This liquid preparation contained
20% of active ingredient (a.i.) and 80% of an unknown solvent. Regarding the formulated product of
ciprofloxacin, the farmers could only buy it as a powder form. Therefore, no information was
provided on the product except that it contained 50% of a.i.

I1.2. Test organisms

Chlorella sp. was provided by the Algae Department of Can Tho University. Similarly to the other
algae, they were cultured in a laboratory under constant light and temperature (26+1°C, typical
water conditions in the Mekong delta).

Moina macrocopa organisms were purchased in the campus 2 of Can Tho University. These test
organisms were then kept in a small tank with water coming from the shallow pond in which they
were cultured (water temperature = 31+1°C).

For the fish experiment, 1 500 Nile tilapias (Oreochromis niloticus; 10.5 g + 2g) were bought from a
nearby hatchery and reared in a big tank of oxygenated water. The fish were acclimatized to the
experimental conditions for one month prior to the start of the experiment and fed with commercial
feed in form of pellets (30% protein, 5% fat), administrated twice a day at 8 am and at 5 pm.



I1.3. Toxicity tests with Chlorella sp.

Toxicity tests with enrofloxacin and ciprofloxacin were performed using Chlorella sp. following the
“OECD 201" (Freshwater Alga and Cyanobacteria, Growth Inhibition Test) protocol (OECD, 2006). The
cultured algae were exposed to the two fluoroquinolones independently for a period of 72h. The
following concentrations of antibiotics were used in the toxicity experiments:

v [Enrofloxacin] = 0, 21, 42, 75, 150, 300, 600 mg/L
v" [Ciprofloxacin] = 0, 3.15, 6.3, 12,5, 25, 50, 100 mg/L

These concentrations were selected based on the results of toxic effect range-finding tests
performed prior to the final experiments.

During three days before the start of the experiment, the number of cells in the algae culture (further
used as inoculum) was counted to guarantee its exponential growth. Moreover, the Walne medium
was prepared and further used as the algae growth medium (for the composition of the Walne
growth medium, see Annex 1). In addition, 5L of tap water were filtrated and placed in an autoclave
for 1h at 120°C for sterilization.

At the beginning of the test, all the equipment and mixtures were placed under a laminar flow
cabinet and further sterilized using a UV light for 20 minutes. This was done in order to produce
sterile conditions. Then, a mixture of filtrated tap water (mechanic filtration), exponentially growing
Chlorella sp. (0.6 x 10° algae cells per mL), 200 uL of growth medium and 3 drops of vitamins was
added to 21 Erlenmeyers. Then, the 6 concentrations of antibiotic were spiked in the first 18 flasks
(in 3 replicates). In the last three, no antibiotic was added (untreated controls). The total volume for
each Erlenmeyer was 100 mL. Subsequently, the test vessels were closed with cotton, placed in the
laboratory (T = 26 + 1°C; constant illumination with light intensity selected to suit Chlorella sp.) and
shaken 3 times a day during 72h (figure 4).

Figure 4: Experimental set-up for the algae toxicity test

At Oh (right after the antibiotic application) and 72h, 1 mL of two replicates (for each of the 6 initial
concentrations and the untreated controls) was sampled using an Eppendorf tube. All samples were
further placed in the freezer (-20°C) before the chemical analysis (explained below).



After Oh, 36h and 72h, the temperature and pH were measured in the remaining Erlenmeyers
(portable pH meter SevenGo, Mettler Toledo).

After Oh, 36h and 72h, 2 mL of algae media was sampled from each test unit and mixed with 100 pL
of formalin (4% v/v) in a small test tube. Afterwards, the algae cells in each sample were counted
using a counting chamber (Biirker CE-Marienfeld Germany; Tiefe depth profondeur = 0.100mm,
0.0025mm?, 0.004mm?) and a powerful microscope (OLYMPUS CX 21; magnification: x400). From
these measurements, the average specific growth rate (equation 1) and the percentage inhibition in
average specific growth rate were quantified as a function of time for each treatment group including
the controls (equation 2) (OECD, 2006).

Equation 1: Average specific growth rate

lnX] - lnXl-
Wiej = ——F—
= ti—t;

With: ;_; = average specific growth rate from time i to j
X; = biomass at time i

Xj = biomass at time j

Equation 2: Percentage of inhibition of the average specific growth rate

9%l = 2 M 100
He
With: %I, = Percentage inhibition of the average specific growth rate
e = mean value for the average specific growth rate in the control group

W = average specific growth rate for treatment replicates

[1.4. Toxicity test with Moina macrocopa

Toxicity tests with enrofloxacin and ciprofloxacin on Moina macrocopa were performed based to the
available protocol for Daphnia sp.: “OECD 202 - Daphnia sp. Acute immobilization test” (OECD,
2004). However, adaptation of the temperature was necessary to reproduce the conditions seen in
the tropical ecosystems. The following concentrations of antibiotics were used based on toxic effect
range-finding tests performed with Moina macrocopa:

v [Enrofloxacin] = 0, 40, 80, 160, 320, 640, 1280 mg/L
v’ [Ciprofloxacin] = 0, 20, 40, 80, 160, 320, 640 mg/L

First, 6 stock solutions of enrofloxacin were prepared in 150 mL of filtered pond water. For each of
the 6 concentrations, 3 mL of the stock solution was added to 9 small cuvettes (capacity of 5mL).In 9
extra small cuvettes, no antibiotic was added (untreated controls). Five small cuvettes per treatment
level three neonates of Moina macrocopa (<24h old) were placed in each cuvette (blank included) in
order to perform the toxicity test. The three remaining cuvettes per concentration were used for the
chemical analysis and the ultimate one to record the water quality parameters. Then, the cuvettes



were placed on a platter in the laboratory (T = 31°C +1°C; 12h light - 12h dark regime) during 48h
(figure 5).

=
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mental set-up for the toxicity test on Moina macrocopa

At Oh (right after the antibiotic application), 24h and 48h, 1 mL of each of the 6 initial concentrations
and the untreated controls was sampled using an Eppendorf tube. All samples were further placed in
the freezer (-20°C) before determining the concentration of enrofloxacin (cf. chemical analysis).

After Oh, 24h and 48h, the temperature and pH were measured in the cuvettes prepared for this
matter (portable pH meter SevenGo, Mettler Toledo).

At Oh, 24h and 48h, the number of immobilized Daphnids was recorded for each cuvette. The Moina
macrocopa were considered immobile when no movement was detected for 15 seconds after gentle
agitation of the test vessel.

I1.5. Toxicity tests with Nile tilapia (Oreochromis niloticus)

The toxicity of enrofloxacin and ciprofloxacin for Nile tilapia was studied by assessing the effects on
the Catalase (CAT) and Cholinesterase (ChE) enzymatic activities in the muscles and brain of the fish,
respectively. Experiments were performed for both antibiotics using two different methods of drug
administration: mixed with feed (oral administration) and added directly to water (bath treatment).
In both cases, four concentrations were chosen based on the commonly used dose of enrofloxacin
and ciprofloxacin in catfish farms: 5g/kg of feed (Tu et al.., 2009). All experiments lasted for 14 days,
and were separated in two phases: the exposure period (day 1 to 5) and the recovery period (day 6
to 14). Then, the biomarkers response were compared for the two antibiotic administration methods
in order to determine which one causes the highest stress in the studied organisms and is more
suitable as biomarker of exposure for the environmental monitoring of antibiotic residues.

II.5.a. Preparation of the tests

Two weeks prior the start of each experiment (and for both antibiotics), 15 tanks were prepared with
60 L of tap water and one oxygen tube to ensure the constant aeration of the containers. After 3
days, 24 Nile tilapia of similar size were weighted and further placed in each of the 15 tanks (figure 6
and 7).
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Figure 6: Tanks used for the fish experiments Figure 7: Nile tilapia in a tank

The amount of food to give daily during the experimental period was calculated using the equation 3
(annex 2).
Equation 3: weight of food given twice on day d

F(d) x w X BM(d)
2

W(d) =

With : W(d) = weight of food given twice per day on day d (in g)
F(d) = number of fish in the tank on day d (dimensionless)
W = mean fish weight in the tank (in g)

BM(d) = percentage of the fish body mass (dimensionless)
From day 1 to 5, BM(d) was set at 3%. This value was chosen to make sure that

the fish would eat all the food given during the exposure period.
From day 6 to 14, BM(d) was set at 5%. Generally, the fish eat an amount of

food corresponding to 5% of their body mass.

11.5.b. Drug administration regime

11.5.b.i. Oral administration experiments

For the experiments performed with orally administered enrofloxacin and ciprofloxacin, the

following 4 concentrations of antibiotics were chosen to be tested:

v" [Enrofloxacin] = 0, 1, 2.5, 5, 10 g a.i./kg of feed (representing respectively 0, 18.8,
37.5, 75, 150, 300 mg a.i./kg of fish body weight)
v" [Ciprofloxacin] = 0, 0.5, 1.12, 2.5, 5 g a.i./kg of feed

Prior the start of these experiments, small bags of “contaminated” and “uncontaminated” food had
to be prepared for the entire test periods. The total amount of food needed (for all tanks during the
whole experimental period) was calculated for the test of enrofloxacin (W,) and ciprofloxacin (W),
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using the results of equation 3. As four concentrations were decided to be tested for both antibiotics,
the total amount of food for each tests W, and W, was divided into 4 batches. Stock solutions of
enrofloxacin and ciprofloxacin were prepared with water and sprayed on the pellets in order to reach
the feed concentrations reported above. Then, the food was mixed with a spoon (from the lowest to
the highest concentration) and covered with aluminium paper. Once the pellets were dry, small bags
of “contaminated” food were prepared for every tank and every day of the exposure periods.
“Uncontaminated” food pellets were weighted and further placed in small bags for every tank during
the recovery periods. Subsequently, all the food was placed into a freezer (-20°C) to avoid antibiotic
degradation on the pellets.

During the exposure period (day 1 to 5), the fish of 12 tanks out of the first 15 tanks were fed with
food mixed with antibiotic, previously prepared. The three remaining tanks were used as controls
such that the fish were fed with uncontaminated pellets during the entire experiment. During the
recovery period (day 6 to 14), the fish of all tanks were fed with uncontaminated pellets already
separated into small bags. The food was given two times per day at 8 am and 5 pm.

11.5.b.ii. Bath treatment experiments

For the bath-treatment tests, the following 4 concentrations of antibiotics were chosen to be tested:

v" [Enrofloxacin] = 0, 0.1, 0.8%, 10, 100 mg a.i./L
v" [Ciprofloxacin] = 0, 0.05, 0.4*, 5, 50 mg a.i./L
* The concentration of 0.8 mg enrofloxacin/L is comparable to the 5g/kg of food, commonly used dose

of enrofloxacin in catfish farms. The concentration of 0.4 mg ciprofloxacin/L is comparable to half of its

recommended dose (Tu et al.., 2009).

On day 1 to 5, four stock solutions of antibiotic were prepared in triplicate, based on the 4
concentrations chosen to be tested. This volume was then added to the water of the corresponding
12 tanks. Three other ones were used as controls without antibiotic application into the water.

As it was done for the oral administration experiments, the fish of all tanks were fed two times per
day (8 am and 5 pm) from the small bags of pellets previously prepared (using equation 3).

I1.5.c. Common methodology for both drug administrations

Every day of the test, 20 L of test media was removed from each tank and replaced by new tap water
to avoid excessive water quality deterioration.

On day 1, 3, 5, 7, 10 and 14, water and fish were sampled and water quality parameters were
recorded (figure 8).

| Treatment | Recovery |
! ‘ | i * |
1 3 5 7 10 14

Figure 8: Fish experiment time-line
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Water from each tank was sampled using an Eppendorf tube. This volume was further placed into a
freezer (-20°C) prior the determination of the antibiotics’ concentration (cf. chemical analysis).

Moreover, temperature and pH were recorded for each tank (waterproof digital pH meter, Hanna).
As the tests were run outdoors, the temperature was recorded but could not be controlled precisely.

Finally, three fish per tank were sampled, killed by a cold shock in ice and directly dissected to extract
the brains and a part of the muscles (figure 9). These samples were then stored at -80 °C prior the
biomarker analysis.

Figure 9: Fish dissection

I1.5.d. Biomarker analysis

The biomarker analysis was performed in triplicates as each antibiotic concentration was tested in
three tanks. Moreover, the samples of days 3, 5 and 14 were the only ones investigated due to
financial reasons. Those days were chosen as they represent the exposure (middle and end) as well
as the recovery.

11.5.d.i. Sample preparation

To assess CAT and ChE activities, the fish muscles and brains had to be first homogenized. To do so,
the samples were mixed with phosphate buffer (KH,PO4/K;HPO4 50mM; pH = 7.5) using a sample mill
(T18 basic Ultra Turrax, United States) and centrifuged at 10 000 rpm for 10 min at 4 °C (Hettich
Mikro 22R, Germany). The supernatants were collected in eppendorf tubes and stored at -80 °C. In
this way, all the biomarkers could be analysed at once. Furthermore, the total protein content was
assessed in each supernatant mixture according to the method of Lowry et al. (1951) in order to
normalize the CAT and ChE levels to the protein content.

[1.5.d.ii. CAT analysis

CAT activity was assessed in the muscles, based on the method of Baudhuin et al. (1964). To do so,
25 pL of homogenate was added to 25 plL Triton X-100 2%- and 1 250 uL of substrate solution
(composed by bovine serum albumin, H,0, and imidazol) in an Eppendorf cuvette. After incubation

at 0°C for 6 min, 750 pL of TiSO4 was added. After 5 to 10 min, absorbance was read at 420 nm using
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a Varian — Cary 50 UV / Visible spectrophotometer. One unit of CAT activity is defined as the amount
of enzyme causing the destruction of 90% of the substrate in 1 min in a volume of 50 mL. Catalase
activity is expressed as Baudhuin units (BU)/min/mg protein.

[1.5.d.iii. ChE analysis

ChE activity was determined in the brains, according to Ellman et al. (1961). To do so, 50 pL of
homogenate was mixed with 50 pL of acetylthiocholine (ATC) and 900 uL DTNB in an Eppendorf
cuvette. After 10 min of incubation at ambient temperature, absorbance was measured at 412 nm
using a Varian — Cary 50 UV / Visible spectrophotometer. ChE was expressed in nmol of hydrolysed
ATC per min and per milligram of protein.

[1.6. Chemical analysis

High-Performance Liquid Chromatography (HPLC) was used in order to determine the concentrations
of antibiotics in the water samples.

In all experiments, the concentration of antibiotics was measured in one replicate per treatment
level due to financial reasons. For the tests with Chlorella sp. and Moina macrocopa, one replicate
was decided to be analyzed at the beginning and the end of the tests due to financial reasons. For
the oral administration experiments, the chemical analysis was not extensive as the pharmaceutical’s
concentration was expected to remain very small. Out of all, 4 samples were chosen for
investigation: 2 samples for the controls and 2 others from the highest nominal concentration, on
day 1 and 5. For the bath treatment experiments, only one replicate of each concentration was
analyzed on day 1 (after application), 2, 5, 7 and 14, as well as 2 controls on day 1 (before
application) and on day 5.

First, all samples were diluted for the antibiotics’ concentration to approximate 0.05 mg/L. HPLC
water was used for the first dilution(s) and phosphate buffer (80: K;HPO, 0.02M and 20: CAN; pH = 3)
for the final dilution. Further, all samples were placed into a syringe 13mm and pushed through a
0.2um filter prior the injection into the HPLC (volume of injection = 20uL). The HPLC was a Shimadzu
HPLC system including LC-10ATvp Pump, SCL-10A VP System controller, DGU- 12A Degasser, RF-10A
XL Fluorescence Detector. Compounds were separated on a reversed phase analytical column
(Gemini 3 um C6-Phenyl 110 A, 150-3 mm i.d., 3 micron particle, from Phenomenex; temperature
ambient). The isocratic mobile phase (phosphate buffer described previously) lasted for 20 min and
was performed at a constant flow rate of 0.3 mL/min. The fluorescence excitation/emission
wavelengths was 280/450 nm.

The recovery of the method was determined using enrofloxacin (ENR>98%) and ciprofloxacin
(CIP>98%), purchased from Sigma Aldrich (St Louis, MO, USA). The individual standard stock solutions
(0.1 mg/mL) were made in methanol. This solution was then diluted with the mobile phase to
prepare the mixed working standards (1000 ng/mL). The recovery of the method was 98.0 + 3.54 %
for enrofloxacin and 100 £ 2.57 for ciprofloxacin (mean £ SD; n=3).
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I1.7. Statistical analysis

For the tests with Chlorella sp. and Moina macrocopa, calculations were performed based on the
measured concentrations of the antibiotics in the culture media at the start of the experimental
period.

II.7.a. Toxicity tests with Chlorella sp.

The concentration resulting in 10% and 50% inhibition of the calculated growth rate were
determined (ECyp and ECsg) after 72h, as well as the no observed effect concentration (NOEC), using
the software ToxRat Professional Version 2.01 (Toxrat, 2003). The EC;g and ECsqg values as well as
their 95% confidence intervals were calculated by probit analysis using linear maximum likelihood
regression. The associated dose-response curve was built using the equation 4 (Rubach et al., 2011).

Equation 4: Equation used to calculate the dose-response curve

1-c
1+ e—b(nconc-a)

y(conc) =c +

With: y = growth inhibition fraction (dimensionless)
conc = applied dose in pg/L on basis of the measured concentrationsatt=0
a =In (ECsg)
b =slope in L/ug

¢ = fraction of background effect

To determinate the NOEC, the Kolmogorov-Smirnov test was chosen to investigate whether the data
was normally distributed, followed by a Cochran’s test to assess the variance homogeneity. If the
normal distribution and variance homogeneity prerequisites were met, the one way ANOVA test was
performed. Next, the Dunnett’s multiple t-test procedure was applied to compare the treatments
with the untreated controls and determine the NOEC value.

11.7.b. Toxicity tests with Moina macrocopa

The percentages of immobilized Moina macrocopa at 48h were plotted against the tested
concentrations. The concentration resulting in 10% and 50% inhibition of the calculated growth rate
were determined (EC19 and ECsg) as well as their confidence intervals by using the software ToxRat
Professional (Version 2.01). To do so, the probit analysis using linear maximum likelihood regression
was applied. The associated dose-response curve was built using equation 4, with y being the fraction
of dead or affected Moina macrocopa (dimensionless) (Rubach et al.., 2011). For these tests, the no
observed effect concentration (NOEC) could not be calculated by the program since the variance
homogeneity and the normality conditions of the data were not met.

I1.7.c. Toxicity tests with Nile tilapia (Oreochromis niloticus)

For both biomarkers experiments, enzymatic activity was compared between the controls and the
different treatment levels separately for each sampling date. The data from controls and the
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different treatment levels were compared by a one-way analysis of variance (ANOVA) followed by a
post-hoc analysis performed by using the Dunnett’s test. Independently, the Kolmogorov-Smirnov
and Levene’s test were run to verify the normality and the variance homogeneity of the data,
respectively. For the datasets for which these two criterions were not met, a Kruskal-Wallis test was
used followed by a Mann-Whitney U test to determine the differences between the treatments and
the controls. All differences were considered significant at p<0.05. Statistical analyses were
performed using the SPSS statistical package (ver. 19.0, SPSS Company, Chicago, IL, USA).
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Results

[. Antibiotic fate assessment

As determined by LC-MS/MS, the water samples collected in the effluent mixing point of the
drainage canal of the studied Pangasius catfish farm had very low concentration of antibiotics. As a
result, a precise quantification of the antibiotics was not possible. However, enrofloxacin and
ciprofloxacin were detected in most samples in the range of pug/L (+ signs in table 3).

Table 3: Detection of enrofloxacin and ciprofloxacin in the outlet of the Pangasius catfish pond

oo | Enrofioxacin | Ciprofioxacin
the catfish pond detection detection
1 " .
3 . .
> + <LOD
8 + <LOD
12 s "
19 N "
26 + <LoD

[I. Toxicity experiments

I.1. Toxicity test with Chlorella sp.

II.L1.a. Chemical analysis

The measured concentrations of enrofloxacin and ciprofloxacin in the culture media are presented in
tables 4 and 5 respectively.

Table 4 : Concentrations of enrofloxacin measured Table 5: Concentrations of measured
with HPLC (Algae experiment) with HPLC (Algae experiment)

ST measured concentration of numin.lal measured concentration of
concentration of enrofloxacin {in mg/fL) D?HDE""E“F" Df ciprofloxacin (mg/fL)
enrofloxacin (in ciprofloxacin (in

mg/L) Oh 72h mg;/L) Oh 72h

H ] 0 0 0 0

21 1.3 16.3 3.15 3.8] 2.449

42 40.2 27.8 .25 6.69) 503

75 97.1 B3.3 125 17.2 12.2

1508 209 203 25 26.8 22,7

3008 384 266 50 57.7 39.5

B0 728 517 100y 103 64. 7
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The concentration of antibiotics in the medium decreased during the experimental period: 22% on
average for enrofloxacin and 29% on average for ciprofloxacin. Dissipation of the compound in the
test medium is probably caused by hydrolysis, photohydrolysis, and uptake by the algae cells.

I1.1.b. Validity of the experiment

When the OECD guideline 201 is used, three criterions must be tested for the experiment to be valid
(table 6). The present experiments are not valid according to the OECD guideline 201 because the
biomass of the controls increased by a factor lower than 16. This could be due to a lack of light,
which is an essential feature for the growth of algae. In this experiment, the algae were not
constantly shaken as they were only mixed manually three times per day. Therefore, the external
layer received more light than the other cells, such that not all algae could grow and develop as fast.
A rotating platter combined with lights around it would have been useful to ensure a better algae
growth. In fact, similar conditions were used to produce the inoculum culture and run the toxicity
tests. The only difference remained in the oxygen supply in the inoculums culture. Small pipes were
added into the medium to enrich it with oxygen and in the same time, the bubbles ensured a
continuous movement of the algae. However, the laboratory conditions were such that it was not
physically possible to add one oxygen supply to all Erlenmeyers of the toxicity tests.

Even though the toxicity tests presented here are not valid regarding the OECD guideline 201 criteria,
the statistical analysis was performed since the test still provides an indication of toxicity.

Table 6: Validity criterions of the test according to the OECD guideline 201

Value from the test | Value from the test Indispensable Vall.Je for the
. . s . test to be valid (OECD
with enrofloxacin with ciprofloxacin s
guideline 201)
Factor of biomass increase in the control 10.9 8.3 516
cultures
Mean coefficient of variation for the section
by section specific growth rate in the 5.5% 6.5% <35%
controls
Coefficient of variation of the average
specific growth rate during the whole test 6.2% 7.2% <10%
period

II.L1.c. Algae growth inhibition

Results of the algae cell counts for enrofloxacin and ciprofloxacin are shown in figures 10 through 14
respectively, as well as in Annex 3. In both cases, it is clear that the algae population is growing over
time in the control treatment (figures 10 and 12). Moreover, the growth of the algae population was
totally inhibited in the highest treatment level. This is also clear looking at the color variation
between the different Erlenmeyers (figures 11 and 13). With increasing concentration of both
antibiotics, the color of the medium becomes lighter; which reflects the expected dose-growth
inhibition effect.
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Algae growth against time when exposed
to enrofloxacin
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Algae growth against time when exposed to
ciprofloxacin
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Figure 12: Algae growth against time when exposed to different
concentration of ciprofloxacin

I1.1.d. Statistical analysis

The growth inhibition dose-response curves for enrofloxacin or ciprofloxacin concentration (after
72h) are shown in figures 14 and 15. The curve slopes for enrofloxacin and ciprofloxacin were 0.93

and 4.64 respectively. The calculated ECso-72h values were 406 mg/L for enrofloxacin and 31.1 mg/L

for ciprofloxacin (table 7).
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Figure 14: Growth inhibition dose-response curve of
algae for enrofloxacin

I.1.e. Water parameters

concentration of ciprofloxacin (in mg/L)

Figure 15: Growth inhibition dose-response curve of
algae for

In general the temperature and pH values remained rather constant during the experimental period

(table 7). However, the pH seems to increase a little in time, probably due to the release of basic

solvent present in the formulated compounds.

Table 7: Results of the acute toxicity tests on Chlorella sp. after 72h and water parameters

NOEC (in ECy (in mg/L) ECs, (in mg/L) Temperature pH
Test me/L) (95% confidence (95% confidence (°C) Mean *
& limits) limits) Mean + SD SD
. 16.8 406 9.08 +
+
Enrofloxacin <213 (n.d. - 69.3) (144 — 9083538) 26.2+1.8 111
. . 18.8 31.1 8.70 +
+
Ciprofloxacin 3.8 (n.d.*) (n.d.*) 253+1.5 116

*n.d.: not determined by the software due to mathematical reasons

I.2. Toxicity tests with Moina macrocopa

II.2.a. Chemical analysis

The concentrations of enrofloxacin and ciprofloxacin measured with the HPLC are presented in tables
8 and 9. The concentration of ciprofloxacin in the medium decreased of 42% on average during the
experimental period (if the highest tested concentration is not taken into account). However, the
concentration of enrofloxacin is only slightly declining (2% on average) in the 48 h period. Conversely
to what was observed in the algae test, ciprofloxacin seemed to degrade faster under the test
conditions used for Moina macrocopa (e.g. higher temperature).
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Table 8: Concentrations of enrofloxacin measured Table 9: Concentrations of ciprofloxacin measured

with HPLC (Moina macrocopa experiment) with HPLC (Moina macrocopa experiment)
”ﬂmh?l measured concentration of e measured concentration of
con centratul:tnlnf enrofioxacin (mgfL) concentration of ciprofloxacn (mg/L)
enrofloxacin in ciprofloxacin in
mg/fL oh 72h mgfL oh 7Ih
0 0 o 0 0 o
40 35.6 34.8 20 13.2 8.06
BO 63.7 62.2 40 45.0 21.5
160, 126 123 B 30.0 429
320 289 283 160 146 69.7
540 599 586 320 455 378
1280 1115 1101 540 A5 474

11.2.b. Validity of the experiment

When the OECD guideline 202 is used, two criteria must be tested for the experiment to be valid. In
the controls, no more than 10% of daphnids should be immobilized and the concentration of
dissolved oxygen at the end of the test should be higher or equal to 3 mg/L. The first criterion is met
as all individuals were still moving after 72h (Annex 4). However, the dissolved oxygen concentration
could not be measured due to the failure of the apparatus.

11.2.c. Immobilized daphnids

After Oh (following the application), 24h and 48h, the number of immobilized daphnids per cuvette
was recorded (Annex 4). In general, the immobility of Moina macrocopa is enhanced when the
antibiotic concentration increases.

11.2.d. Statistical analysis

The dose-response curves for the toxicity experiments performed with Moina macrocopa are shown
in figures 16 and 17. The slopes were 5.59 for enrofloxacin and 8.34 for ciprofloxacin. The calculated
ECs0-48h values were 70.0 mg/L for enrofloxacin and 96.5 mg/L for ciprofloxacin (table 10).

24 immobilzed moina

Percentage of immobilized moina against Percentage of immobilized moina against
enrofloxacin concentration (after48h) ciprofloxacin concentration (after48h)
120 120
100 2 100 ———
[ —ose E dose
&0 / response - 80 response
60 curve E 50 curve
£
20 I » enrofloxacin g a0 ciprofloxacin
I toxicity test E toxicity test
20 / £ 20
o : I | I 0 [ ol |
1 10 100 1000 10000 1 10 100 1000
concentration of enrofloxacin (in mg/L) concentration of ciprofloxacin (in mg/fL)
Figure 16: Percentage of immobilized moina against Figure 17: Percentage of immobilized moina against
enrofloxacin concentration (after 48h) concentration (after 48h)
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I.2.e. Water parameters

In general the temperature and pH values remained rather constant during the experimental period
(table 10). However, the pH seems to increase a little in time, probably due to the release of basic
solvent present in the formulated compounds or decomposition of organic matter.

Table 10: Results of the acute toxicity tests on Moina macrocopa after 48h and water parameters

NOEC (in ECy (in mg/L) EC50 (in mg/L) Temperature pH
Test me/L) (95% confidence 95% confidence (°C) Mean
& limits) limits) Mean + SD SD
. 41.3 70.0 8.54 +
+
Lolciexsch / (30.7 - 55.7) (57.6 - 85.1) 31610 0.20
. . 67.8 96.5 841+
+
SiRtehoxas / (49.1-93.5) (82.5-113) 32.7%2.4 0.30

[1.3. Toxicity tests with Oreochromis niloticus

I1.3.a. First test: in-feed treatment

I1.3.a.i. Chemical analysis

The concentrations of enrofloxacin and ciprofloxacin measured with the HPLC are presented in tables
11 and 12. In general, the pharmaceutical’s concentrations in the water remained very small. This
was expected because most of the antibiotics are taken up through the digestive system, such that
very little concentrations are released in the aquatic environment. However, a non-negligible amount
of pharmaceuticals is probably found in the feces, but this was not measured in the current
experiment. These results also confirm that in this first test, the Nile tilapias are in contact mainly
with the antibiotics through the contaminated food (the concentrations in the water are considered
negligible in comparison to the bath treatment experiments).

Table 11: Concentrations of enrofloxacin measured Table 12: Concentrations of ciprofloxacin measured
with HPLC (in-feed treatment) with HPLC (in-feed treatment)
. nominal measured
nominal measured concentration ]
- .. concentration of concentration of
concentration of of enrofleacin in the S S ol i The
OMaC ci oxacin in
enrofloxacin in the water [in mgfL e ) tnint P i 0
food water [in mg/f
food (in gfkg of food) in g/kg of
dayl | days food) day1 day 5
g o ol 0 0 0
1) of 045 5 0 0.29

I1.3.a.ii. Validity of the tests

In total, 4 and 9 fish died during the experiment with enrofloxacin and ciprofloxacin respectively
(Annex 5). However, the tests are considered valid because the mortality in the control groups
remained below 10%.
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I1.3.a.iii. Biomarker analysis

. CAT activity

The activities of CAT during the experimental periods are presented for enrofloxacin and
ciprofloxacin in figure 18 and 19, respectively.

For all tested concentrations of ciprofloxacin, the CAT activity was not significantly different from the
controls during the entire experiment. Regarding the test with enrofloxacin, the CAT activity
decreased significantly on day 5 for almost all tested concentrations.

Activity of CAT against time for the
in-feed treatment with enrofloxacin
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Figure 18: Activity of CAT against time for the in-feed treatment with enrofloxacin
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Figure 19: Activity of CAT against time for the in-feed treatment with ciprofloxacin

. ChE activity

The activities of ChE during the experimental periods are presented for enrofloxacin and
ciprofloxacin in figure 20 and 21, respectively.
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An increase in the ChE activity was observed for the concentrations of 5 and 10 g of enrofloxacin/kg
of feed and 5 g of ciprofloxacin/kg of feed on day 3 and 5 when compared with the controls.
Moreover, it is clear that this activity was higher on day 3, decreased on day 5 (end of the exposure
period) to finally show no significant difference with the controls on day 14.

Activity of ChE against time for the
in-feed treatment with enrofloxacin
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Figure 20: Activity of ChE against time for the in-feed treatment with enrofloxacin
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Figure 21: Activity of ChE against time for the in-feed treatment with ciprofloxacin

11.3.b. Second test: bath treatment

11.3.b.i. Chemical analysis

The evaluation of enrofloxacin and ciprofloxacin concentrations measured with the HPLC is
presented in figures 22 and 23 as well as in Annex 6. The highest tested concentration of enrofloxacin
is not shown in figure 20, due to the fact that the test corresponding to 100 mg/L was stopped after
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three days (more explanations are given below). In general, the pharmaceutical’s concentrations
increased in the water during the exposure period (from day 1 to day 5). On day 5, a peak
concentration is reached for all tests. Quickly after the beginning of the recovery period, the
concentration of antibiotics in the water decreased to almost zero on day 14.

Enrofloxacin concentration in time
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Figure 22: Enrofloxacin concentration in time (bath treatment)
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Figure 23: Ciprofloxacin concentration in time (bath treatment)

11.3.b.ii. Validity of the tests

As it was the case with the in-feed treatment tests, 13 and 3 fish died during the experiment with
enrofloxacin and ciprofloxacin respectively (Annex 5). However, the tests are considered valid
because the mortality in the control groups remained below 10%.
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11.3.b.iii. Unexpected death and behavior of Nile tilapias

This bath-treatment test was more harmful to Nile tilapia than expected. In fact, after two days, all
fish exposed to 100 mg/L of enrofloxacin died in all three replicates (63 fishes). This is the reason why
this treatment (corresponding to 100 mg/L) was stopped after three days. Moreover, mortality was
also seen in the bath treatment test with ciprofloxacin. After 6 days, all fish exposed with 50 mg/L
died in two replicates out of three (the results from remaining tank are presented in this report
without standard deviation) (Annex 5).

Furthermore, the fish mobility was compared on day 2 for the tanks treated with 0.1 and 10 mg/L of
enrofloxacin during feeding time. As soon as the pellets touched the water, all fish tested with the
lowest concentration were swimming very quickly to the surface to eat, such that all the food was
eaten within 25 to 30 seconds. The fish tested with the concentration of 10 mg/L had no or very slow
movements. After 30 seconds, the first individual started to eat followed by few others. It took them
more than 1h to eat everything. However, this unexpected fish mobility return to normal at the
beginning of the recovery period (day 6).

11.3.b.iv. Biomarker analysis

CAT activity

The activities of CAT during the experimental periods are presented for enrofloxacin and
ciprofloxacin in figure 24 and 25, respectively.

The CAT activity decreased on day 5 for all tested concentrations of enrofloxacin and ciprofloxacin.
Moreover, this enzymatic activity did not totally recover on day 14 for the highest concentrations
tested.
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Figure 24: Activity of CAT against time for the bath treatment with enrofloxacin
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Figure 25: Activity of CAT against time for the bath treatment with ciprofloxacin

. ChE activity

The activities of ChE during the experimental periods are presented for enrofloxacin and

ciprofloxacin in figure 26 and 27 respectively.

An increase in the ChE activity was observed for the concentration of 10 and 0.8 mg of enrofloxacin/L
on day 3 and 14 respectively when compared with the controls. For the second bath treatment test,

it seems that ChE activity gradually increased when the concentration of ciprofloxacin also increased

on days 3, 5 and 14. However, the overall increase of ChE activity remains smaller compared to what

have been observed for the bath treatment test with enrofloxacin.
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Figure 26: Activity of AChE against time for the bath treatment with enrofloxacin
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Figure 27: Activity of AChE against time for the bath treatment with ciprofloxacin

I1.3.c. Water parameters

The results of the measured water parameters can be found in table 13. In general, the temperature
and pH values remain rather constants during the experimental periods. As explained previously, the
fish experiments were run outdoors, therefore, the water temperature could not be controlled
precisely. It was clear that after a strong episode of rain (up to 3-4 days during the course of the in
bath treatment test with enrofloxacin), the water temperature in the tanks decreased by 1 to 2°C.

Table 13: Water parameters values for the fish experiments

. Temperature (°C) pH

Antibiotic Test Mean + SD Mean + SD
in feed treatment 28.1+1.7 8.13+0.34

Enrofloxacin
bath treatment 27.1+£0.5 8.05+0.42
in feed treatment 28.0+1.2 7.90+0.10

Ciprofloxacin
bath treatment 28.0+1.0 7.80 +£0.17
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Discussion

[. Antibiotic fate assessment

The concentrations of enrofloxacin and ciprofloxacin in the effluent discharge point of the catfish
pond were found to be approximately 1000 times lower than the concentrations at which acute
effects have been observed on the tested organisms. Therefore, the environmental pollution caused
by the use of enrofloxacin and ciprofloxacin in aquaculture (at the particular dosage and
environmental conditions of the monitored pond) is not likely to result in acute toxic effects on non-
target aquatic organisms inhabiting ecosystems surrounding Pangasius catfish farms.

[I. Toxicity experiments

I.L1. Tests with algae (Chlorella sp.)

Table 14 shows a summary of the toxicity studies available for enrofloxacin and ciprofloxacin on
algae. In general, the toxicity tests were performed on the species recommended by the OECD
guideline 201: Pseudokirchneriella subcapitata and Desmodesmus subspicatus (OECD, 2006).
Moreover, the conditions were typical of more temperate climates such that the temperature was
not exceeding 23.5°C. Also, the pure antibiotics were generally applied in these studies.

Table 14: Overview of the toxicity data of enrofloxacin and ciprofloxacin to different species of algae

I . . ECso (in mg/L) Difference in the
Antibiotic Algae specie Time (95% confidence Reference
o methodology used*
limits)
- temperature: 20°C
- test tubes used as test
Pseudokirchneriella 72h 3.1 vessels Robinson et al.,
subcapitata (2.6-3.6) - growth chamber 2005
- no information on the
Enrofloxacin purity of the chemical
Desmodesmus 28.369 - tem.perature: 21-23.5°C
0 N S 48h (23.885 - - purity of the compound: Ebert et al., 2011
35.375) 98%
Scenedesmus obliquus 72h (40.:51!150.6) ) Enro:;z’:(l;aclgrfi'rglhtlons Qinetal., 2011
- temperature: 20°C
- test tubes used as test
Pseudokirchneriella 72h 18.7 vessels Robinson et al.,
subcapitata (16.2-21.2) - growth chamber 2005
- no information on the
purity of the chemical
Pseudokirchneriella 72h 2.97 No specific information given | Halling-Sgrensen
subcapitata (2.41-3.66) - Ciprofloxacin - HCI et al., 2000
- temperature: 21-23.5°C
Desmoqesmus 48h > 8.042 - purity of the compound: Ebert et al,, 2011
subspicatus 98%
Chlorella vulgaris 72h 20.6 - temperature: 22.1°C Nie et al., 2007
- pure compound used

*In all these studies except the one from Robinson et al. (2005), the OECD guideline 201 was used as a basis for the
methodology.
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In general, it is possible to see that all ECsgvalues are different within and between antibiotics (up to
ten fold disparity). This can be explained by the difference in methodology as well as the use of
various species of algae with their own sensitivity to antibiotics. Pseudokirchneriella subcapitata has
been found to be more sensitive to enrofloxacin than to ciprofloxacin (Robinson et al., 2005).
Moreover, Qin et al. (2011) found that Pseudokirchneriella subcapitata is more sensitive to
enrofloxacin than Scenedesmus obliquus. However, the water parameters and the enrofloxacin
product used in this study were much different from the ones applied by Robinson et al. (2005). In
fact, the conditions in the experiment of Qin and al (2011) are more similar to the situations found in
tropical regions.

The ECsgvalues calculated in the present study for Chlorella sp. are higher than the ones showed in
table 11. This could be explained by two main reasons:

v" The first explanation could be that the antibiotics degraded faster in the tests vessels as the

illumination was constant during the whole experiment. Like most antibiotics, the main
degradation process for enrofloxacin and ciprofloxacin is photodegradation. In fact, few
studies have shown that their half-life in water is greatly reduced with increasing light
intensity (Gagliano and Mc Namara, 1996; Knapp C. et al., 2005; Sukul and Spiteller, 2007). In
all the studies presented in table 11, light-dark regimes were used during the entire
experimental periods. Therefore, the dissipation rate in the present experiment is probably
higher than in the studies presented above. However, the authors do not mention the
possibility of photodegradation process during the laboratory experiments. Thus, more study
is necessary to confirm this hypothesis.
As explained previously, the experiments were run inside with artificial lamps (neons) such
that the photodegradation is reduced compared to field situations. Therefore, the dissipation
rate of this experiment still remains lower than the one that probably will occur in the field
and semi-field experiments. For this reason, the response of algae species in the field could
be lower than those observed under laboratory conditions.

v" The second explanation is related to the intrinsic characteristics of the algae species tested in
this study. Similarly to this experiment, Nie et al. (2007) used a Chlorella species in their
toxicity tests. They also found a higher ECsqvalue compared to the other studies performed
with ciprofloxacin (table 11). Eckardt (2010) as well as Kapaun and Reisser (1995) argued that
the cell walls of Chlorella sp. contain cellulose and hemicelluloses, usual component of algae
cell walls, but also glucosamine polymers such as chitin and chitosan. These materials are
harder than cellulose and typical components of the fungi cell walls. This particular
composition could act as an extra permeability barrier (Bernard and Latgea, 2001).
Therefore, it could be more difficult for the pharmaceuticals to pass through the cell wall of
Chlorella sp., thus reducing the compound uptake and making them more resistant.
However, research on the physico-structural organization cell wall of Chlorella sp. received
little attention to date. This information is necessary to better understand the antibiotics’
permeability through this membrane and with special attention to the molecules of the
fluoroquinolone family.
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[1.2. Tests with invertebrates (Moina macrocopa)

A literature review has been conducted to collect the toxicity data available for Moina macrocopa for
enrofloxacin and ciprofloxacin. The study of Park and Choi (2008) is the only one that considered the
effects of some fluoroquinolone antibiotics on micro-invertebrates. This study showed that Daphnia
magna is more sensitive to enrofloxacin than Moina macrocopa with an ECsg-48h of 56.7 mg/L and >
200 mg/L, respectively. In order to run their acute toxicity tests, the US EPA guideline was used as a
basis for the methodology. Moreover, the water was reconstituted and further used as medium for
the micro-invertebrates. The water temperature was set at 25+1°C under a photoperiod of 16h
light/8h dark.

So far, the toxicity of ciprofloxacin has not been studied on Moina macrocopa. However, Kim et al.
(2010) demonstrated that ciprofloxacin has more detrimental effects on Daphnia magna than
enrofloxacin (ECsg-48h = 1.2 mg/L, which corresponds to 3.62 x 10°® mol/L after 48h for ciprofloxacin
and ECsp-48h = 53.3 mg/L, which corresponds to 148 x 10 mol/L after 48h for enrofloxacin).

Comparing the data found in the present study with those from the previous literature, two points
can be discussed. First, the EC59-48h determined for enrofloxacin is lower than the one given by Park
and Choi (2008). This can be explained by the fact that the temperature set in the present
experiments was higher (>5°C) than the one used in the tests of Park and Choi (2008). In fact, Kim et
al. (2009) have demonstrated that an increase in water temperature enhanced the acute toxicity of
enrofloxacin. This noxious effect could be explained by an alteration in toxicokinetics of the
chemicals or an impact on the physiological mechanisms of the micro-invertebrates.

The second point of discussion is related to the results given by Kim et al. (2010). They present an
ECs0-48h which is smaller for ciprofloxacin than enrofloxacin, which is not confirmed by the present
results. In the referred studies, the pure compounds (97-99% purity) were used, which is not the case
in this experiment. To confirm this, an extra test was performed with “pure” enrofloxacin in order to
examine if the solvent in the Vimenro 200 adds an extra toxicity to the antibiotic. The results
presented in annex 7 confirm the fact that the toxicity of enrofloxacin added to the one from the
solvent leads to an ECsg-48h value nearly two times lower. Although, this hypothesis cannot be
totally verified since the solvent composition in the Vimenro 200 remains unknown. As the
formulated version of ciprofloxacin was bought as a powder form, the solvents of the two formulated
compounds are probably different. However, an extra toxicity test could not be performed with pure
ciprofloxacin due to its very low solubility in water.

Since only one study evaluating the acute toxicity of fluoroquinolones on Moina macrocopa was
found, more research needs to be conducted with a larger number of native invertebrate species.
This is especially needed to draw conclusions on their sensitivity as a group and to assess the risks
posed by the use of these antibiotics in the tropical regions.
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I1.3. Nile tilapia (Oreochromis niloticus)

I1.3.a. Threshold and adaptation period of the fish

Looking at the biomarker results, it is clear that the lowest concentrations of antibiotics did not have
any effects on ChE or CAT activities. This would suggest that a certain concentration (threshold value)
needs to be reached before any effects can be observed.

For the highest concentrations of the in-feed treatment tests, it was clear that ChE activity was rather
high on day 3, decreased on day 5 to finally show no significant difference with the controls on day
14. It seems that when the fish are in contact with high concentrations of fluoroquinolones (above
the threshold value), their ChE activity will be disturbed for few days. However, the fish seems to
adapt after a short period (less than 5 days), such that ChE activity will return to normal. At the end
of the test, the ChE activity returned to normal, the fish recovered totally from the test. This trend is
also possible to see for the bath treatment test with enrofloxacin. However, in the bath treatment
test with ciprofloxacin, the ChE activity seems to be affected at the highest concentrations but the
recovery is not seen before the end of the experiment. Thus, when Nile tilapias are in contact with
ciprofloxacin via the surrounding water, the tested biomarkers seem to be affected for a longer time.

11.3.b. Comparison of the CAT results with other studies

Only few studies have used CAT activity as a biomarker. However, this enzyme is an important
defence system as it catalyzes H,0; into inoffensive 0, and H,0 (Baudhuin et al, 1964; Wang et al,
2009). Wang et al. (2009) focused their interests on the adverse effects of enrofloxacin on Tra catfish
comparing different fish densities. For this, all fish ate contaminated food (1g of enrofloxacin/kg of
feed) during 7 days of exposure. They showed that CAT activity increased in the gills during the
experimental period but return to the basal levels during the recovery period. They suggest that the
recovery of CAT activity is fast because antibiotics like enrofloxacin have a moderate impact on
oxidative stress. Gao et al. (2008) studied the effect of enrofloxacin (1 to 5g/kg of feed) on the
earthworm Eisenia fetida during 14 days of exposure. They observed that CAT activity is inhibited
when the concentration of enrofloxacin increases (up to 73% for 5g/kg of feed). They also observed a
recovery of CAT activity for the lower concentrations from day 7 to day 14. Therefore, they suggest
that there is a physiological adaptability of these earthworms to enrofloxacin stress.

Even if the studies presented above are different from the present experiments, they show similar
results: in general, CAT activity increases with stress. However, it seems that above a certain
concentration (threshold value), CAT activity decreases because it cannot cope anymore with the

acute toxicity of enrofloxacin. The H,0, is not catalyzed anymore, leading to cell damages.

I1.3.c. Comparison of the ChE results with other studies

Up to date, only few scientists have studied the effects of fluoroquinolones on aquatic organisms
using biomarkers. In fact, most studies have used ChE activity to assess the effects of pesticides on
fish (Ansari et al.., 1987; Ozcan Oruc et Usta., 2007; Pan et Dutta., 1998). In the study of Tu et al.
(2009), ChE activity was used as a biomarker of exposure in black tiger shrimps when exposed to 4g
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of enrofloxacin/kg of feed. In muscles and gills, there was no significant effect between the treated
and untreated test organisms. In the study of Wang et al. (2009) presented previously, they
explained that when stress (i.e., fish density, in this study) increases, the ChE activity in the brain
decreases. They suggest that this could be caused by lipid peroxidation leading to neuronal damages.
In fact, ChE is a membrane bound enzyme such that any changes in its phospholipid environment will
directly affect its activity (Sahoo et al.., 1999). When stress increases, ChE activity decreases such
that acetylcholine is no more broken down and accumulates in the synapses leading to neurotoxicity
symptoms.

The studies presented above show very different results from the current experiment performed
with Nile tilapias. Moreover, it is the first time that the effects of fluoroquinolones added directly in
the water or with different concentrations in the food are studied. Therefore, the arguments
presented above cannot explain why ChE activity increases, when the concentration of antibiotics
becomes more important. Moreover, the death of individuals has not been observed for the
concentrations tested. This is the reason why other hypotheses need to be developed in order to
elucidate the phenomenon seen for the present experiments.

11.3.d. Hypotheses on the increase of ChE activity

Before going into details on the possible hypotheses, it is important to describe the mechanisms of
action of ChE. First, ChE is a family of enzymes that catalyze the hydrolysis of acetylcholine (ACh).
Acetylcholinesterase (AChE) and Butyrylcholinesterase (BChE) are the only ChE present in the central
nervous system (Savelev et al., 2004). In the following paragraph, the mechanisms of action of AChE
will be described, but this explanation is valid for both ChE enzymes.

As shown in figure 28, ACh is synthesized in the pre-synaptic nerve by Choline Acetyl Transferase
(ChAT), and will be further placed into synaptic vesicles. When an action potential reaches the pre-
synaptic nerve terminal, the membrane will depolarize and the calcium channels will open. The
calcium ions will enter the pre-synaptic neuron and further activate the set of proteins attached to
the synaptic vesicles that contain ACh (Oda, 1999). Then, the vesicles will fuse with the pre-synaptic
membrane and release the neurotransmitters into the synaptic cleft (exocytosis). A part of ACh will
bind to muscarinic or nicotinic receptors and activate them. These receptors will often open ligand-
gated ion channels such that ions will enter or exit the post-synaptic cells. As a result, local
transmembrane potential will depolarize. If the depolarization exceeds a threshold value, an action
potential will be created. The remaining ACh will attach to AChE or BChE and will be hydrolyzed into
acetate and choline (Katzung, 2000; Sherwood, 2008).
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Figure 28: Mechanism of action of acetylcholinesterase (Katzung, 2000)

From this information, it is possible to draw two possible explanations for the increase of ChE activity
with fluoroquinolone concentrations.

v Firstly, the quantity of ACh released in the synaptic cleft remains unchanged. However, it
could be that the fluoroquinolones block or change the conformation of the muscarinic or
nicotinic receptors. The antibiotics could bind in the orthosteric or allosteric binging sites of
the receptors. Actually, all muscarinic ACh receptors have at least one or two extracellular
allosteric sites that can recognize small molecules. Then, these ligands can turn into allosteric
modulators and control the binding and function of the orthosteric sites (Gregory, 2007).
Therefore, the fluoroquinolones could act as negative allosteric modulators and change the
conformation of the orthosteric sites such that ACh cannot bind to the receptors anymore.
Therefore, all ACh released in the synaptic cleft will only bind to ChE, such that its activity will
increase in order to hydrolyze all ACh molecules.

v" Secondly, ACh concentration is enhanced in the synaptic cleft when the concentration of
enrofloxacin or ciprofloxacin increases. It could be that the fluoroquinolones are cholinergic
agonists, such that they enhance the effects of ACh. In fact, Rawi et al. (2011) have shown
that in vivo administration of cholinergic agonists increase the concentration of ACh. Another
explanation could be that the antibiotics modify the gene coding for the ChAT, such that
more ACh are synthesized. As more ACh is released in the synaptic cleft, more molecules will
be hydrolyzed by ChE enzymes. Therefore, ChE activity will be more important than usual.
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I1.3.e. Hypotheses on the fish death

It is important to note that the fish only died when they were exposed to fluoroquinolones via the
bath treatment tests.

The first hypothesis would be that the antibiotics in the water damaged the gills such that the oxygen
concentration is decreased in the blood. The fish would die by hypoxia when they are exposed to the
highest antibiotic concentrations. Moreover, the fish would swim slower when they are exposed to
lower antibiotic concentrations. This hypothesis could explain the unexpected death and behavior
seen in this experiment. However, the gill damages would probably recover slowly. In this
experiment, the recovery was observed at the beginning of the recovery period. Therefore, another
hypothesis need to be developed in order to explain the fish death for the highest tested
concentration of antibiotics in the water.

Prior developing possible explanations, the functioning of the cardiac rhythm (cardiac action
potential) has to be reviewed. Figure 29 is presenting an action potential in the ventricular myocytes
cells. This process can be divided into four phases (Katz, 1977; Luo and Rudy, 1994; Rhoades and Bell,
2009; Shepard 2007):

v' Phase 1: Rapid depolarization phase
The cell is electrically stimulated from an electric current from an adjacent cell. If the
depolarization is large enough, the threshold is reached (= - 40mV) and the fast voltage-gated
sodium channels open such that Na* ions enter rapidly into the cell (Ina), following the
electrical gradient.

v Phase 2: Plateau phase
First, the fast voltage-gated sodium channels are inactivated. Then, the L-type calcium
channels open such that an inward current of Ca” ions (Ica.L) is created. In the same time, an
outward current of K" ions is produced (lxs) when the slow delayed rectifier potassium
channels open.

v Phase 3: Rapid repolarization phase

First, the L-type calcium channels close while the slow delayed rectifier potassium channels
remain open. The membrane potential becomes more negative such that the rapid delayed
rectifier potassium channels (hERG channel) and the inward rectifying potassium current
channels open and create two different K" currents Ig,and lg.ach respectively.

The opening of the inward rectifying potassium channels is controlled by ACh. In fact, when
the vagus nerve releases ACh in the synaptic cleft, the neurotransmitters bind to the
muscarinic M, receptors. This interaction activates lx.ach and potassium ions exit the cell
which becomes hyperpolarized. The threshold will be more difficult to reach such that the
neurons will not be able to fire actions potentials as fast. Therefore, the hyperpolarization of
the membrane induces a reduction of the cardiac rhythm (Kunkel and Peralta, 1995; Mark
and Herlitze, 2000; Yatani et al., 1987).

v’ Phase 4: Resting potential
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Figure 29: Action potential in ventricular myocytes cells (Rhoades and Bell, 2009)

In humans, fluoroquinolones are often used for antibacterial treatment. However, these antibiotics
are known to block the hERG channels and thus the Ig, currents during the action potential in the
ventricular myocytes cells. This adverse effect leads to a prolongation of the QT interval on the
electrocardiogram (arrhythmias). In the worst cases, it can result in a potentially fatal disorder called
Torsade de Pointe because not enough blood is pumped to the brain and muscles (Khang et al., 2001,
Mitcheson 2003; Rubinstein and Camm, 2002; Zhang et al., 2003). An overdose of the antibiotics
given to the fish could have lead to a Torsade de Pointe disorder. In fact, Milan et al. (2006) have
tested 4 drugs (astemizole,haloperidol, pimozide, terfenadine) on zebra fishes. All these
pharmaceuticals, known to cause QT prolongation in humans, also caused QT prolongation in the
tested fish.

Kang et al. (2001) have tested different fluoroquinolones on hERG potassium channel. They showed
that all of these antibiotics inhibit the Il currents but with different 1Csg values (half-maximal
inhibitory concentration). In fact, sparfloxacin has the smallest ICsg value (18 uM) which means that it
is the compound that blocks most the hERG channels. However, ciprofloxacin can also inhibit I,

currents if its concentration is high enough (ICsg = 966 uM).

Also, Motcheson (2003) explains that fluoroquinolones binds on the aromatic residues in the inner
cavity of the hERG channel (figure 24). Several structural characteristics can explain this nonspecific
antibiotic-binging property. First, the hERG channel cavity is rather large compared with other
potassium channels. Moreover, aromatic and polar residues in the cavity (black and grey respectively
on figure 30) are relatively rare in other ion channels. They represent critical interaction sites for
most compounds.
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Figure 30: Scheme of an hERG channel (Mitcheson, 2003)

Looking at the molecules (figure 31), all fluoroquinolones have a fluor (F) on the carbon 6 and a
carboxyl group (COOH) on the carbon 3. Rubinstein and Camm (2002) and Kang et al. (2001) showed
that a radical on the carbon 5 is responsible for the prolongation of the QT interval. For example, a
methyl group on the carbon 5 (sparfloxacin) is associated with a QT prolongation of 14ms. A methyl
group at the same position (grepafloxacin) is related with a QT prolongation of 11ms. A proton (H) on
the carbon 5 leads to a shorter QT prolongation of less than 2ms for ciprofloxacin (figure 31)
(Rubinstein and Camm, 2002). Indeed, the administration method in the studies of Rubinstein and
Camm (2002) and Kang et al. (2001) is different from this experiment. However, if the tested
antibiotics reach the fish blood, the QT prolongation is highly possible.

R R=H ciprofloxacin (CIP)
R= Et enrofloxacin (ENE)

Figure 31: Molecular structure of A: fluoroquinolones and B: enrofloxacin and ciprofloxacin

It has to be mentioned that the specific structural features of fluoroquinolones contribute separately
to their antimicrobial activity and to the hERG channel blockade (Khang et al., 2001; Zhang et al.,
2003). Moreover, the potassium current inhibition is a reversible process; the compound has to be
washed out of the channel (Mitcheson, 2003; Zhang et al., 2003). This could explain why the fish
exposed to enrofloxacin and ciprofloxacin in the water (bath treatment tests) recovered quickly after
the exposure period ended.
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More recently, it has been found that hERG channels are also situated in the central nervous system.
Shepard (2007) and Zang et al. (2003) explain that pharmacological blockade of this specific
potassium current can modify the neuronal excitability and thus the synaptic integration (threshold
value that needs to be reached to obtain an action potential) but also induce abnormal neuronal
discharges. Therefore, an increase of ACh release in the synapses could be possible leading to more

important ChE activity in the brain.
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Conclusions

In this project, the effects of enrofloxacin and ciprofloxacin were studied on non-target aquatic
organisms which might be potentially exposed to these compounds in the surroundings of catfish
farms. It can be concluded that Chlorella sp. was more sensitive to ciprofloxacin (ECs,-72h = 31.1
mg/L, which corresponds to 93.8 x 10° mol/L after 72h) than to enrofloxacin (ECs-72h = 401 mg/L,
which corresponds to 1117 x 10 mol/L after 72h). However, enrofloxacin was slightly more toxic to
Moina macrocopa than ciprofloxacin (respectively ECso-48h = 70 mg/L, which corresponds to 195 x
10°® mol/L after 48h and ECso-48h = 96.5 mg/L, which corresponds to 291 x 10 mol/L after 48h).

Regarding the biomarker results, it was found that fish exposed to high concentrations of the studied
antibiotics (oral treatment: 5g/kg of feed for both fluoroquinolones, bath-treatment: 0.4mg of
ciprofloxacin/L and 0.8mg of enrofloxacin/L) showed an increase in ChE activity three days after the
beginning of the exposure period. However, the enzymatic activity returned to normal levels five
days after the beginning of the experiment, which indicates that there is a physiological adaptability
of the fish to antibiotic stress. For all the tests except the bath treatment test with ciprofloxacin, the
ChE activity was not found to be significantly different to controls after a post-stress period of 9 days.
After 5 days of exposure, the CAT activity decreased significantly for the bath-treatment experiment
with ciprofloxacin (0.4 and 50mg/L) and the in-feed treatment with enrofloxacin (1 and 10mg/kg of
feed).

In general, most biomarker changes have been observed for ChE activity. This is the reason why the
assessment of ChE activity in the brain seems to be an appropriate biomarker for fluoroquinolones.
However, the assessment of CAT activity in the liver or ChE activity in the gills would have been
valuable for this experiment, especially for the bath-treatment tests, based on the information
reported in previous studies and the hypothesis discussed in this study.

Moreover, changes in the enzymatic activities have been observed for concentrations in the range of
0.4-50 mg/L in this experiment. When the antibiotic concentration in the environment is in the range
of pg/L (Tong et al., 2011; Zheng et al., 2011), ChE and CAT biomarker analysis is probably not the
most suitable tool to monitor the effects of antibiotic residues to non-target fish species. However,
ChE and CAT enzymatic activities are interesting endpoints to assess the potential mode of action of
the tested antibiotics on the fish metabolism from a toxicological point of view.

Significant effects on the CAT and ChE activities in Nile tilapia were observed at levels of 10mg/L for
enrofloxacin and 0.4 mg/L for ciprofloxacin. These concentrations are more than 10 times lower than
the ECsg values assessed in the toxicity tests with Chorella sp. and Moina macrocopa. Therefore, this
study suggests that the inclusion of sub-lethal effect assessments (i.e., biomarker effects in fish)
should be taken into account in the risk assessment of antibiotics. In fact, effects on such biomarkers
could lead to important behavioural and/or reproductive effects; however, little research has been
conducted in this field to date. Therefore, studies are necessary to address this issue and
mechanistically link physiological biomarker effects to organism’s behaviour, reproduction and
ultimately to observed effects in higher levels of biological organization (i.e., populations,
communities).

From this study it can be concluded that the bath treatment application resulted in higher toxic
effects than the in-feed administration method when considering the same applied dose. In fact, fish
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died in the highest treatment level (100 mg of enrofloxacin/L and 50 mg of ciprofloxacin/L) of the
bath-treatment tests. This fatal end is hypothesized to be caused by the blockage of the hERG
channels, leading to a prolongation of the QT interval on the electrocardiogram, as observed in
humans.

Finally, the concentrations of enrofloxacin and ciprofloxacin in the effluent discharge point of the
catfish pond were found to be approximately 1000 times lower than the concentrations at which
acute effects have been observed on the tested organisms. Therefore, the environmental pollution
caused by the use of enrofloxacin and its main metabolite ciprofloxacin in aquaculture (at the
particular dosages and environmental conditions of the monitored pond) is not likely to result in
acute toxic effects on non-target aquatic organisms inhabiting ecosystems surrounding Pangasius
catfish farms. Nevertheless, further investigations should be conducted in order to i) test the
hypothesis suggested in this report regarding the mode of action of these antibiotics in fish, ii) study
the potential chronic effects of these fluoroquinolones on larger assemblages of non-target aquatic
organisms, and iii) study potential toxic effects of antibiotic mixtures used in Asian aquaculture
farms, as these substances are very often applied together.
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Annex 1: Composition of the Walne’s medium (Walne, 1970)

Walne's Medium Composition

Reagents Per Liter Seawater
Solution A 1.0 mal
Solution C 0.1 ml
Solution D (to add for distoms) 2.0 ml
Soluton A

FeCl; + 6H-0 13g
MnCls  4H,0 04 g
H,BO, KEN
MNa-EDTA 450e
NaH PO, = 2H0 20.0g
NaM(l, 100.0e
Solution B 1 mi
Solution B per 100 ml

ZnCl, 2lg
CoCly + 6H:0 20 g
(NHL )Mo, 05 = 4H;0 09 g
CuSO; + SH.O 0
Concentrated FICT 10 ml
Solution C per 200 ml

Thiamine HC { Vitamin By} 0.2 g
Cyanocobalamin (Vitamin Bj2) 10 mg

Solution D (per liter)
Na,Si, = SH,0 400




Annex 2: Amount of food to give daily to the fish
a) Test with enrofloxacin in the feed

_ mean fish weight w = 8.75 _ mean fish weight w = 9.13 _ mean fish weight w = 10.76
Day ﬁ:mﬁz;t body mass | weight of food Day number fishes body mass weight of Day ﬁ:mﬁz;t body mass weight of
Fd) BM(d) W(d) left F(d) BM(d) food W(d) F(d) BM(d) food W(d)
1-2 19 0.03 2.49 1-2 19 0.03 2.60 1-2 19 0.03 3.07
3-4 16 0.03 2.10 3-4 16 0.03 2.19 3-4 16 0.03 2.58
5 13 0.03 1.71 5 13 0.03 1.78 5 13 0.03 2.10
6 13 0.05 2.84 6 13 0.05 2.97 6 13 0.05 3.50
7-9 10 0.05 2.19 7-9 10 0.05 2.28 7-9 10 0.05 2.69
10-13 7 0.05 1.53 10-13 7 0.05 1.60 10-13 7 0.05 1.88
_ mean fish weight W = 8.45 _ mean fish weight w = 10.78 _ mean fish weight W = 9.37
Day ﬁ:mﬁz;t body mass | weight of food Day number fishes body mass weight of Day ﬁ:mﬁz;t body mass weight of
Fd) BM(d) W(d) left F(d) BM(d) food W(d) F(d) BM(d) food W(d)
1-2 19 0.03 2.41 1-2 19 0.03 3.07 1-2 19 0.03 2.67
3-4 16 0.03 2.03 3-4 16 0.03 2.59 3-4 16 0.03 2.10
5 13 0.03 1.65 5 13 0.03 2.10 5 13 0.03 1.71
6 13 0.05 2.75 6 13 0.05 3.50 6 13 0.05 2.84
7-9 10 0.05 2.11 7-9 10 0.05 2.70 7-9 10 0.05 2.19
10-13 7 0.05 1.48 10-13 7 0.05 1.89 10-13 7 0.05 1.53
_ mean fish weight w = 10.26 _ mean fish weight w=11.13 _ mean fish weight w = 7.75
Bey ﬁ:LI:qubIZ;t body mass | weight of food By number fishes body mass weight of By ﬁ:LI:qubIZ;t body mass weight of
F(d) BM(d) W(d) left F(d) BM(d) food W(d) Fd) BM(d) food W(d)
1-2 19 0.03 2.92 1-2 19 0.03 3.17 1-2 19 0.03 2.21
3-4 16 0.03 2.46 3-4 16 0.03 2.67 3-4 16 0.03 1.86
5 13 0.03 2.00 5 13 0.03 2.17 5 13 0.03 1.51
6 13 0.05 3.33 6 13 0.05 3.62 6 13 0.05 2.52
7-9 10 0.05 2.57 7-9 10 0.05 2.78 7-9 10 0.05 1.94
10-13 7 0.05 1.80 10-13 7 0.05 1.95 10-13 7 0.05 1.36




mean fish weight W = 9.65 _ mean fish weight w = 16.46 _ mean fish weight w = 8.32
Bey ﬁ::zsblgt body mass | weight of food By number fishes body mass weight of By ﬁ::zsblgt body mass weight of
BM(d) W(d) left F(d) BM(d) food W(d) BM(d) food W(d)
F(d) F(d)
1-2 19 0.03 2.75 1-2 19 0.03 4.69 1-2 19 0.03 2.37
3-4 16 0.03 2.32 3-4 16 0.03 3.95 3-4 16 0.03 2.00
5 13 0.03 1.88 5 13 0.03 3.21 5 13 0.03 1.62
6 13 0.05 3.14 6 13 0.05 5.35 6 13 0.05 2.70
7-9 10 0.05 2.41 7-9 10 0.05 4.12 7-9 10 0.05 2.08
10-13 7 0.05 1.69 10-13 7 0.05 2.88 10-13 7 0.05 1.46
_ mean fish weight w = 8.85 _ mean fish weight w = 9.28 _ mean fish weight w = 8.34
By ﬁ::;bf;;t body mass | weight of food o number fishes body mass weight of o ﬁ::;bf;;t body mass weight of
F(d) BM(d) W(d) left F(d) BM(d) food W(d) F(d) BM(d) food W(d)
1-2 19 0.03 2.52 1-2 19 0.03 2.64 1-2 19 0.03 2.38
3-4 16 0.03 2.12 3-4 16 0.03 2.23 3-4 16 0.03 2.00
5 13 0.03 1.73 5 13 0.03 1.81 5 13 0.03 1.63
6 13 0.05 2.88 6 13 0.05 3.02 6 13 0.05 2,71
7-9 10 0.05 2.21 7-9 10 0.05 2.32 7-9 10 0.05 2.09
10-13 7 0.05 1.55 10-13 7 0.05 1.62 10-13 7 0.05 1.46




b) Test with ciprofloxacin in the feed

—I mean fish weight w = 9.98 _ mean fish weight w = 9.33 —I mean fish weight w=11.85
number number number
" body mass | weight of food . body mass weight of X body mass weight of
Day fishes left Day fishes left Day fishes left
F(d) BM(d) W(d) F(d) BM(d) food W(d) F(d) BM(d) food W(d)
1-2 19 0.03 2.84 1-2 19 0.03 2.66 1-2 19 0.03 3.38
3-4 16 0.03 2.40 3-4 16 0.03 2.24 3-4 16 0.03 2.84
5 13 0.03 1.95 5 13 0.03 1.82 5 13 0.03 2.31
6 13 0.05 3.24 6 13 0.05 3.03 6 13 0.05 3.85
7-9 10 0.05 2.50 7-9 10 0.05 2.33 7-9 10 0.05 2.96
10-13 7 0.05 1.75 10-13 7 0.05 1.63 10-13 7 0.05 2.07
_ mean fish weight w = 9.57 _ mean fish weight w = 11.00 —I mean fish weight W = 9.95
number number number
" body mass | weight of food " body mass weight of . body mass weight of
Day fishes left Day fishes left Day fishes left
Fd) BM(d) W(d) F(d) BM(d) food W(d) F(d) BM(d) food W(d)
1-2 19 0.03 2.73 1-2 19 0.03 3.14 1-2 19 0.03 2.84
3-4 16 0.03 2.30 3-4 16 0.03 2.64 3-4 16 0.03 2.40
5 13 0.03 1.87 5 13 0.03 2.15 5 13 0.03 1.95
6 13 0.05 3.11 6 13 0.05 3.58 6 13 0.05 3.24
7-9 10 0.05 2.39 7-9 10 0.05 2.75 7-9 10 0.05 2.50
10-13 7 0.05 1.67 10-13 7 0.05 1.93 10-13 7 0.05 1.75
_I mean fish weight w = 9.70 _ mean fish weight w = 10.00 _ mean fish weight W= 9.46
number number number
. body mass | weight of food . body mass weight of X body mass weight of
Day fishes left Day fishes left Day fishes left
F(d) BM(d) W(d) F(d) BM(d) food W(d) F(d) BM(d) food W(d)
1-2 19 0.03 2.76 1-2 19 0.03 2.85 1-2 19 0.03 2.70
3-4 16 0.03 2.33 3-4 16 0.03 2.40 3-4 16 0.03 2.27
5 13 0.03 1.89 5 13 0.03 1.95 5 13 0.03 1.84
6 13 0.05 3.15 6 13 0.05 3.25 6 13 0.05 3.07
7-9 10 0.05 2.43 7-9 10 0.05 2.50 7-9 10 0.05 2.37
10-13 7 0.05 1.70 10-13 7 0.05 1.75 10-13 7 0.05 1.66




_I mean fish weight w = 10.45 _ mean fish weight w = 8.33 _I mean fish weight w=10.02
.number body mass | weight of food .number body mass weight of 'number body mass weight of
Day ﬁshFe(ZJeft 37\/// ) gW( ) Day ﬁshFe(ZJeft 37\/// ) e di( ) Day flshFe{ZJeft BX/’ ) e di( )
1-2 19 0.03 2.98 1-2 19 0.03 2.37 1-2 19 0.03 2.86
3-4 16 0.03 2.51 3-4 16 0.03 2.00 3-4 16 0.03 2.40
5 13 0.03 2.04 5 13 0.03 1.62 5 13 0.03 1.95
6 13 0.05 3.40 6 13 0.05 2,71 6 13 0.05 3.26
7-9 10 0.05 2.61 7-9 10 0.05 2.08 7-9 10 0.05 2.51
10-13 7 0.05 1.83 10-13 7 0.05 1.46 10-13 7 0.05 1.75
—I mean fish weight W = 9.08 _ mean fish weight W = 9.38 —I mean fish weight w=11.35
pumber body mass | weight of food pumber body mass weight of 'number body mass weight of
Day ﬁshFe(ZJeft BX4 s gW( o Day ﬁshFe(ZJeft BX4 s o di( g Day flshFe{ZJeft BX/I - oS di{ o
1-2 19 0.03 2.59 1-2 19 0.03 2.67 1-2 19 0.03 3.23
3-4 16 0.03 2.18 3-4 16 0.03 2.25 3-4 16 0.03 2.72
5 13 0.03 1.77 5 13 0.03 1.83 5 13 0.03 2.21
6 13 0.05 2.95 6 13 0.05 3.05 6 13 0.05 3.69
7-9 10 0.05 2.27 7-9 10 0.05 2.35 7-9 10 0.05 2.84
10-13 7 0.05 1.59 10-13 7 0.05 1.64 10-13 7 0.05 1.99




c)

Test with enrofloxacin in the water

_I mean fish weight w = 10.35
Day ﬁ:LI:qublz;t body mass | weight of food
F(d) BM(d) W(d)
1-2 19 0.03 2.95
3-4 16 0.03 2.48
5 13 0.03 2.02
6 13 0.05 3.36
7-9 10 0.05 2.59
10-13 7 0.05 1.81
_I mean fish weight w = 10.58
Day fir;rmzqsbli;t body mass | weight of food
F(d) BM(d) W(d)
1-2 19 0.03 3.02
3-4 16 0.03 2.54
5 13 0.03 2.06
6 13 0.05 3.44
7-9 10 0.05 2.65
10-13 7 0.05 1.85
_I mean fish weight w = 10.42
Day ﬁ:lli?sblte;;t body mass | weight of food
F(d) BM(d) W(d)
1-2 19 0.03 2.97
3-4 16 0.03 2.50
5 13 0.03 2.03
6 13 0.05 3.39
7-9 10 0.05 2.61
10-13 7 0.05 1.82

_ mean fish weight w = 11.97
number
" body mass weight of
Day fishes left
F(d) BM(d) food W(d)
1-2 19 0.03 3.41
3-4 16 0.03 2.87
5 13 0.03 2.33
6 13 0.05 3.89
7-9 10 0.05 2.99
10-13 7 0.05 2.09
_ mean fish weight w = 9.15
number
" body mass weight of
Day fishes left
F(d) BM(d) food W(d)
1-2 19 0.03 2.61
3-4 16 0.03 2.20
5 13 0.03 1.78
6 13 0.05 2.97
7-9 10 0.05 2.29
10-13 7 0.05 1.60
_ mean fish weight w = 10.50
number
. body mass weight of
Day fishes left
Fd) BM(d) food W(d)
1-2 19 0.03 2.99
3-4 16 0.03 2.52
5 13 0.03 2.05
6 13 0.05 3.41
7-9 10 0.05 2.63
10-13 7 0.05 1.84

_ mean fish weight w = 11.26
number
" body mass weight of
Day fishes left
F(d) BM(d) food W(d)
1-2 19 0.03 3.21
3-4 16 0.03 2.70
5 13 0.03 2.20
6 13 0.05 3.66
7-9 10 0.05 2.82
10-13 7 0.05 1.97
_ mean fish weight w=11.70
number
. body mass weight of
Day fishes left
F(d) BM(d) food W(d)
1-2 19 0.03 3.33
3-4 16 0.03 2.48
5 13 0.03 2.02
6 13 0.05 3.36
7-9 10 0.05 2.59
10-13 7 0.05 1.81
_ mean fish weight w = 8.93
number
. body mass weight of
Day fishes left
F(d) BM(d) food W(d)
1-2 19 0.03 2.55
3-4 16 0.03 2.14
5 13 0.03 1.74
6 13 0.05 2.90
7-9 10 0.05 2.23
10-13 7 0.05 1.56




_I mean fish weight w = 8.63

number

) body mass | weight of food
Day fishes left

F(d) BM(d) W(d)
1-2 19 0.03 2.46
3-4 16 0.03 2.07
5 13 0.03 1.68
6 13 0.05 2.80
7-9 10 0.05 2.16
10-13 7 0.05 1.51
_I mean fish weight w=11.15
Day fir;rmzqsblz;t body mass | weight of food
F(d) BM(d) W(d)

1-2 19 0.03 3.18
3-4 16 0.03 2.68
5 13 0.03 2.17
6 13 0.05 3.62
7-9 10 0.05 2.79
10-13 7 0.05 1.95

_ mean fish weight w = 11.60
.number body mass weight of
bay f'ShFe(Z)'e“ BI»\I/I{d) toed W(d)
1-2 19 0.03 3.31
3-4 16 0.03 2.78
5 13 0.03 2.26
6 13 0.05 3.77
7-9 10 0.05 2.90
10-13 7 0.05 2.03
_ mean fish weight w=11.40
.number body mass weight of
bay f'sie(sd)'e“ BM(d) food W(d)
1-2 19 0.03 3.25
3-4 16 0.03 2.74
5 13 0.03 2.22
6 13 0.05 3.71
7-9 10 0.05 2.85
10-13 7 0.05 2.00

_ mean fish weight w = 9.93
.number body mass weight of
Day f'ShFe(Z)'e“ BI»\I/I{d) toed W(d)
1-2 19 0.03 2.83
3-4 16 0.03 2.38
5 13 0.03 1.94
6 13 0.05 3.23
7-9 10 0.05 2.48
10-13 7 0.05 1.74
_ mean fish weight W = 8.25
.number body mass weight of
Day f'sie(sd)'e“ BM(d) food W(d)
1-2 19 0.03 2.35
3-4 16 0.03 1.98
5 13 0.03 1.61
6 13 0.05 2.68
7-9 10 0.05 2.06
10-13 7 0.05 1.44




d)

Test with ciprofloxacin in the water

_I mean fish weight w = 15.10
Day ﬁ:LI:zsblee;t % body mass | weight of food
F(d) BM(d) W(d)
1-2 19 0.03 4.30
3-4 16 0.03 3.62
5 13 0.03 2.94
6 13 0.05 4.91
7-9 10 0.05 3.78
10-13 7 0.05 2.64
_I mean fish weight w=13.91
Day ﬁr:m?sﬁgt % body mass | weight of food
F(d) BM(d) W(d)
1-2 19 0.03 3.96
3-4 16 0.03 3.34
5 13 0.03 2.71
6 13 0.05 4.52
7-9 10 0.05 3.48
10-13 7 0.05 2.43
_I mean fish weight w=11.12
Day ﬁ:lli?sblce;;t % body mass | weight of food
F(d) BM(d) W(d)
1-2 19 0.03 3.17
3-4 16 0.03 2.67
5 13 0.03 2.17
6 13 0.05 3.61
7-9 10 0.05 2.78
10-13 7 0.05 1.95

_ mean fish weight w = 17.68
Day ﬁ:LI:zsblee;t % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 5.04
3-4 16 0.03 4.24
5 13 0.03 3.45
6 13 0.05 5.75
7-9 10 0.05 4.42
10-13 7 0.05 3.09
_ mean fish weight w = 13.99
Day ﬁr:m?sﬁgt % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 3.99
3-4 16 0.03 3.36
5 13 0.03 2.73
6 13 0.05 4.55
7-9 10 0.05 3.50
10-13 7 0.05 2.45
_ mean fish weight w = 9.67
Day ﬁ:lli?sblce;;t % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 2.76
3-4 16 0.03 2.32
5 13 0.03 1.89
6 13 0.05 3.14
7-9 10 0.05 2.42
10-13 7 0.05 1.69

_ mean fish weight w = 9.60
Day ﬁ:LI:zsblee;t % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 2.74
3-4 16 0.03 2.30
5 13 0.03 1.87
6 13 0.05 3.12
7-9 10 0.05 2.40
10-13 7 0.05 1.68
_ mean fish weight w = 12.88
Day ﬁr:m?sﬁgt % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 3.67
3-4 16 0.03 3.62
5 13 0.03 2.94
6 13 0.05 4.91
7-9 10 0.05 3.78
10-13 7 0.05 2.64
_ mean fish weight w = 9.18
Day ﬁ:lli?sblce;;t % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 2.62
3-4 16 0.03 2.20
5 13 0.03 1.79
6 13 0.05 2.98
7-9 10 0.05 2.30
10-13 7 0.05 1.61




_I mean fish weight w = 9.31
ey ﬁ:l;;bé;t % body mass | weight of food
F(d) BM(d) W(d)
1-2 19 0.03 2.65
3-4 16 0.03 2.23
5 13 0.03 1.82
6 13 0.05 3.03
7-9 10 0.05 2.33
10-13 7 0.05 1.63
_I mean fish weight w = 10.72
Day ﬁr;ﬁgqsblz;t % body mass | weight of food
F(d) BM(d) W(d)
1-2 19 0.03 3.06
3-4 16 0.03 2.57
5 13 0.03 2.09
6 13 0.05 3.48
7-9 10 0.05 2.68
10-13 7 0.05 1.88

_ mean fish weight w = 12.73
ey ﬁ:l;;bé;t % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 3.63
3-4 16 0.03 3.06
5 13 0.03 2.48
6 13 0.05 4.14
7-9 10 0.05 3.18
10-13 7 0.05 2.23
_ mean fish weight w = 8.50
Day ﬁr;ﬁgqsblz;t % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 2.42
3-4 16 0.03 2.04
5 13 0.03 1.66
6 13 0.05 2.76
7-9 10 0.05 2.13
10-13 7 0.05 1.49

_ mean fish weight w = 9.30
Day ﬁ:l;;bé;t % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 2.65
3-4 16 0.03 2.23
5 13 0.03 1.81
6 13 0.05 3.02
7-9 10 0.05 2.33
10-13 7 0.05 1.63
_ mean fish weight W = 8.98
Day ﬁr;ﬁgqsblz;t % body mass weight of
F(d) BM(d) food W(d)
1-2 19 0.03 2.56
3-4 16 0.03 2.16
5 13 0.03 1.75
6 13 0.05 2.92
7-9 10 0.05 2.25
10-13 7 0.05 1.57




Annex 3: Cell number of Chlorella sp.
Test on enrofloxacin

T=0h

[enrofloxacin] in mg/L 0 21.28 40.16 97.17 208.65 384.29 728.18
replicate a 0.75 0.77 0.80 0.81 0.76 0.82 0.76
replicate b 0.73 0.81 0.78 0.81 0.72 0.83 0.74
replicate c 0.79 0.83 0.84 0.75 0.73 0.74 0.67
Mean 0.76 0.80 0.81 0.79 0.73 0.80 0.73
Std.Dev. 0.03 0.03 0.03 0.03 0.02 0.05 0.05
T=36h

[enrofloxacin] in mg/L 0 21.28 40.16 97.17 208.65 384.29 728.18
replicate a 6.31 4.24 461 3.76 3.19 3.17 1.34
replicate b 7.01 4.42 4.68 3.64 3.38 3.62 1.36
replicate ¢ 6.19 4.24 4.59 3.81 3.39 3.15 1.29
Mean 6.50 4.30 4.63 3.74 3.32 3.32 1.33
Std.Dev. 0.44 0.10 0.05 0.08 0.11 0.26 0.04
T=72h

[enrofloxacin] in mg/L 0 21.28 40.16 97.17 208.65 384.29 728.18
replicate a 8.72 5.95 5.44 3.94 3.67 4.00 1.40
replicate b 7.73 6.20 5.41 4.29 3.53 3.72 1.29
replicate c 8.30 5.90 5.37 4.21 3.30 4.11 1.30
Mean 8.25 6.02 5.41 4.15 3.50 3.94 1.33
Std.Dev. 0.49 0.16 0.04 0.18 0.18 0.20 0.06




Test on ciprofloxacin

T=0h
[ciprofloxacin] in mg/L 0 3.81 6.69 17.22 26.79 57.68 103.49
a 0.85 0.83 0.92 0.71 0.88 0.77 0.76
b 0.78 0.79 0.90 0.77 0.88 0.75 0.73
C 0.80 0.76 0.85 0.69 0.87 0.78 0.75
Mean 0.81 0.79 0.89 0.73 0.88 0.76 0.75
Std.Dev. 0.04 0.04 0.03 0.04 0.00 0.01 0.02
T=36h
[ciprofloxacin] in mg/L 0 3.81 6.69 17.22 26.79 57.68 103.49
5.53 4.23 5.92 3.53 3.95 1.10 0.80
b 5.66 4.37 5.60 4.14 3.63 1.00 0.63
C 4.95 4.21 5.25 4.13 3.81 1.10 0.80
Mean 5.38 4.27 5.59 3.93 3.80 1.07 0.74
Std.Dev. 0.38 0.09 0.33 0.35 0.16 0.06 0.10
T=72h
[ciprofloxacin] in mg/L 0 3.81 6.69 17.22 26.79 57.68 103.49
6.18 5.44 5.39 4.10 3.73 0.68 0.76
b 6.86 5.69 5.69 4.23 3.72 0.79 0.75
C 7.20 5.67 5.52 4.61 3.95 0.85 0.72
Mean 6.75 5.60 5.53 4.31 3.80 0.77 0.74
Std.Dev. 0.52 0.14 0.15 0.26 0.13 0.09 0.02




Annex 4: Immobilization of Moina macrocopa

a) Teston enrofloxacin

T=0h

[enrofloxacin] in mg/L 0 35.58 63.67 126.22 289.5 599.22 1115.56
replicate a 0 0 0 2 2 1 3
replicate b 0 0 0 0 3 3 3
replicate ¢ 0 0 0 1 2 3 3
replicate d 0 0 0 1 1 2 3
replicate e 0 0 0 0 1 3 3
Mean 0 0 0 0.8 1.8 2.4 3
Std.Dev. 0 0 0 0.84 0.84 0.89 0
T=24h

[enrofloxacin] in mg/L 0 35.58 63.67 126.22 289.5 599.22 1115.56
replicate a 0 0 0 2 3 3 3
replicate b 0 0 0 3 3 3 3
replicate ¢ 1 0 1 3 3 3 3
replicate d 0 1 0 3 3 3 3
replicate e 0 0 1 3 3 3 3
Mean 0.2 0.2 0.4 2.8 3 3 3
Std.Dev. 0.45 0.45 0.55 0.45 0 0 0




T=48h

[enrofloxacin] in mg/L
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289.5
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replicate a
replicate b
replicate c
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b)

Test on ciprofloxacin

T=0h

[ciprofloxacin] in mg/L
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T=48h

[ciprofloxacin] in mg/L 0 35.58 63.67 126.22 289.5 599.22 1115.56
replicate a 0 0 0 0 3 3 3
replicate b 0 0 0 1 3 3 3
replicate c 0 0 0 1 3 3 3
replicate d 0 0 0 1 2 3 3
replicate e 0 0 0 3 3 3 3
Mean 0 0 0 1.2 2.8 3 3
Std.Dev. 0 0 0 1.1 0.45 0 0




Annex 5: Tables presenting the fish death during the different experiments

Table a: Fish death during the in-feed experiment

with enrofloxacin

. Number of fish that
Concentration of . .
L died during the
enrofloxacin in the e
food (in g/kg of feed) (Day of the death)
0 1(D5)
1(D2)
1 1(D3)
1(D7)
2.5 0
5 0
10 0
Total 4

Table c: Fish death during the bath
treatment test with enrofloxacin

. Number of fish that
Concentration of . .
enrofloxacin in the CIE) durmg ghe
water (in mg/L) experiment
(Day of the death)
1(D2)
0 1(09)
2 (D2)
0.1 1(D3)
1(D11)
1(D2)
0.8 2 (D3)
1(D10)
1(D3)
10 1(D7)
1(D9)
100 63 (D2)
Total 76

Table b: Fish death during the in-feed
experiment with ciprofloxacin

. Number of fish that
Concentration of . .
. . died during the
ciprofloxacin in the S efient
food (in g/kg of feed) (Day of the death)
0 1(D9)
1(D5)
1(D7)
0.5 1(D8)
1(D13)
1 1(D10)
1(D12)
2.5 0
5 1(D2)
1(D9)
Total 9

Table 3: Fish death during the bath
treatment test with ciprofloxacin

X Number of fish that
Concentration of . .
. .. died during the
ciprofloxacin in the .
iy experiment
(Day of the death)
0 0
1(D9)
0.05 1(D10)
0.4 0
5 1(D12)
18 (D5)
>0 15 (D6)
Total 36



Annex 6: Concentrations of enrofloxacin and ciprofloxacin measured with
HPLC (bath treatment)

Table a: Concentrations of enrofloxacin measured with HPLC (bath treatment)

inal
nemina ) measured concentration of enrofloxacin (in mg/fL)
concentration
of enrofl " day 1 [afrer day 2 day 5 day 7 day 14
{in mg/L} application) = = = =
0 o o
0.1 013 0,05 011 0.02 o
0.8 050 1.09 1.20 0.10 0.01
10 6,06 7.03 13.52 a8.52 011
100 95.79 96.06 / / /

Table b: Concentrations of ciprofloxacin measured with HPLC (bath treatment)

nummal_ measured concentration of ciproflosacin [in mg/L)
concentration

of ciprofloxacin
linmg/t) | day1(after day 2 day5 day7 day 14
application)
o o o
0.05 002 0.05 004 0.24 o
0.4 0,27 0.35 053 0,21 0,02
5 4,93 59.10 11.50 2.15 0,03
50 70,53 127.75 136,34 6.19 1.85




Annex 7: Extra toxicity test with pure enrofloxacin on Moina macrocopa

As explained previously, the formulated compounds were used in the toxicity tests because the
dilution of the pure antibiotics with water alone was impossible for the concentrations wanted.
However, the ECsgvalue from the experiment on Moina macrocopa with enrofloxacin is lower than
the one found by Park and Choi (2008). Therefore, an extra test has been performed with pure
enrofloxacin to examine if the solvent in the formulated compound adds an extra toxicity to the
antibiotic.

For this experiment, the methodology was the same as the one used for the toxicity tests on Moina
macrocopa. The following concentrations of enrofloxacin were decided to be tested: 0, 20, 40, 80,
160, 320, 640 mg/L. For this, a stock solution of 620 mg of antibiotic/L was prepared. In order to
increase the solubility of the compound in the water, 0.6 mg/L of ammonia (1 M) was added to the
solution. Then, the Erlenmeyer was placed into a sonicator (branson 2510) for 1h and further in a hot
water bath (45°C during 30 minutes) to remove the excess of ammonia. This solution was finally
diluted to prepare the different concentrations of enrofloxacin.

After Oh (following the application), 24h and 48h, the number of immobilized daphnids per cuvette
was recorded (table a). In general, the immobility of Moina macrocopa is also enhanced when the
antibiotic concentration increases.

The dose-response curve for the toxicity experiment performed with “pure” enrofloxacin with Moina
macrocopa is shown in figure a. The slope is 2.429 and the calculated ECs,-48h value is 153.9 mg/L
(108.2 -218.7).

Percentage of immobilized moina against
enrofloxacin concentration (after48h)

120
= 100 dose response
] curve
E =0
-
: /
z B0 { . PURE
E 10 enrofloxacin
E toxicity test
& 0 >

l | [ |
0 | | | |
1 10 100 1000 10000

concentration of enrofloxacin (in mg/L)

Figure a: Percentage of immobilized moina against enrofloxacin concentration (after 48h) — extra test with “pure”
enrofloxacin



Table a: Number of immobilized Moina macrocopa when exposed to "pure" enrofloxacin
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[enrofloxacin] in
mg/L

20

40

80

160

320

640

[ammonia] in mg/L

0.02

0.04

0.08

0.15

0.30

0.60

replicate a
replicate b
replicate c
replicate d

replicate e

Mean

Std.Dev.

O |O|O © © O O |o |o

O |O | O o o o

O |O | © © o o

O |O | O O o o

O |O | © © » O

O |o|dM O O O

O |wlw w w w w

T=24h

[enrofloxacin] in
mg/L

20

40

80

160

320

640

[ammonia] in mg/L

0.02

0.04

0.08

0.15

0.30

0.60

replicate a
replicate b
replicate ¢
replicate d

replicate e

Mean

Std.Dev.

O |O|O O © O O |o |o

O |O|o © ©o ©o ©

MM |lo » 0 0o ©

nwlp | » 0 00O

o |o

n|plo » o r o

o |O

Bl o MM WO

PR

olo|lw w w w w

T=48h
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The ECs,-48h value given above is nearly two times higher than the one calculated for the test with
formulated enrofloxacin. Therefore, the solvent present in Vimenro 200® clearly adds an extra
toxicity on the Moina macrocopa apart from the antibiotic. However, this value is still smaller than
the one given in the study of Park and Choi (2008). In fact, a fraction of the ammonia used to
increase the solubility of enrofloxacin in the water, could remain in the stock solution. This
compound could add an extra toxicity, apart from the antibiotic.



