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Abstract

Quinolones, such as oxolinic acid (OXA), are antimicrobials commonly used in
aquaculture. Thus, its presence in the aquatic environment surrounding aquaculture
facilities is quite easy to understand. When present in aquatic environment,
pharmaceuticals may be subjected to several attenuation processes that can influence
their persistence. Photodegradation, particularly for antibiotics, can have significant
importance since these compounds may be resistant to microbial degradation. OXA
photodegradation studies reported in literature are very scarce, especially using
aquaculture waters, but are markedly important for an eppropriate risk assessment.
Results hereby presented showed a decrease on photodenrauction rate constant from
0.70 + 0.02 h™ in ultrapure water to 0.42 + 0.01 h* in #=shwater. The decrease on
photodegradation rate constant was even more prorau> e when brackish water was
used (0.172 + 0.003 h™). In order to underste.i which factors contributed to the
observed behaviour, environmental factors, such ~s ~atural organic matter and salinity,
were studied. Results demonstrated that disco'vedl organic matter (DOM) may explain
the decrease of OXA photodegradatior ~bscrved in freshwater. However, a very sharp
decrease of OXA photodegradation w2 observed in solutions containing NaCl and in
synthetic sea salts, which explaineu the higher decrease observed in brackish water.
Moreover, under solar radiation, t'e use of an 'O, scavenger allowed us to verify a
pronounced retardation of O A uacay, suggesting that O, plays an important role in

OXA photodegradation proce.s.

Keywords: Photolysis: water treatment; humic substances (HS); reactive oxygen

species (ROS); matrix effects.



1. INTRODUCTION

Agquaculture industry has been facing a huge development in the last few years,
more than all other sectors of animal food-production, now accounting for 50% of the
world's fish used for food (FAO, 2020; Romero et al, 2012). However, this
development has been accompanied by some practices potentially harmful for both
animal and human health (Zeghioud et al., 2019). In order to prevent or treat infections
due to bacterial diseases, aquaculture farmers frequently make an intensive use of
antibiotics (Romero et al., 2012; Zeghioud et al., 2019). Such abusive use is underneath
the consumption of undetected antibiotics in food, which can cause allergies and
toxicity and also may lead to the development of an.hiutic-resistant bacteria (Rasul and
Majumdar, 2017; Zeghioud et al., 2019). Bacterial resistance phenomenon is recognized
as one of the most serious threats to puhlic nealth currently, since both animals and
animal waste are potential reservoirs o' multi-resistant genes that can be transmitted
directly or indirectly to humans th-oug™ contact and food consumption (Caruso, 2016;
WHO, 2020).

Quinolones, such as cxoanic acid (OXA), which constitute an antimicrobial family
characterized by broar: spectrum, high potency and theoretically low occurrence of side
effects, are commonly used in aquaculture (Lin et al, 2010; Sturini et al, 2014,
Zeghioud et al., 2019). OXA may be administered through both medicated feed and
bathing treatments and good clinical effects at low dosage rates are observed in both
fresh and saltwater aquaculture (Lai and Lin, 2009). After administration, the
pharmaceutically active form of OXA is commonly present in recirculating aquaculture
water and/or released into surface waters because it is metabolized to a small extent (Lali

and Lin, 2009). It was already estimated that more than 50 kg of OXA may be released



per year via faecal excretion into the environment by Greek fish farms (Rigos et al.,
2004).

Since the presence of antibiotics in the aquatic environment can cause toxic effects
on aquatic organisms and promote the development of antibiotic resistance, discharges
from aquafarms are of great concern (Zhong et al., 2018). After release, environmental
persistence is a key issue determining the exposure concentrations and effects of
pharmaceuticals (Caracciolo et al, 2015). On the other hand, pharmaceuticals’
environmental persistence usually depends, to a large exwnt, on the activity of
microorganisms with the capability to degrade them (Ccracciolo et al., 2015). Still,
since antibiotics may resist microbial degradation. alternative processes, such as
photolysis, may be more influential on their p-rsistence and effective in their
degradation than biological processes (Pou'g.-n et al., 2007). Photolysis has, in fact,
been considered as an effective w+v "0 decrease antibiotics’ concentration in the
environment (e.g. Oliveira et al, 20,2 Silva et al.,, 2020). It can happen by one of two
ways: directly, the pollutant itseH (bhoorbing the radiation that causes its transformation,
or indirectly, photosensitize.~ ausorbing the light and then generating photoreactants,
such as hydroxyl radicals “CH) or singlet oxygen (*O,), that will then interact with the
pollutant resulting In s chemical transformation (Oliveira et al., 2019). On the other
hand, self-sensitization processes can also occur. In this case, after the photon is
absorbed directly by the pollutant, it reaches the triplet excited state and can transfer the
energy to dissolved organic matter (DOM) or H,O to form reactive oxygen species
(ROS).

Even though photodegradation has been studied for a wide range of antibiotics,
literature on OXA photodegradation is very scarce. One of the few exceptions is the

work by Turiel et al. (2005), who reported that 80% of OXA remained unaltered in river



water samples, after five months stored at ambient temperature under direct sunlight,
pointing to a recalcitrant behaviour of OXA in the aquatic environment. Pouliquen et al.
(2007) also observed a low contribution (10%) of photolysis on OXA degradation in
water, being more stable to photolysis than other quinolones, which was considered to
presage a higher environmental impact of OXA comparatively with other antibiotics
from the same class. On the other hand, TiO,-catalysed photodegradation was proven to
be 100% efficient in OXA degradation (Pereira et al., 2013).

Considering that information on the fate and persistence behaviour of OXA in
aquatic environments, and specifically in aquaculture va.rs, is very limited and that
this is a type of knowledge needed for appropriate sk assessment and management
regarding the discharge of antibiotics, this work aimec at: (i) understand about the OXA
photodegradation behaviour when present it. n~wural water samples, representative of
fresh and brackish aquaculture; (i) natrer knowledge about the influence of water
characteristics, such as the presence of organic matter or salinity, and the role they play
on OXA photodegradation rate: a1 (iii) conclude about which reactive species may be

involved on the photodegrac-tion of OXA.

2. MATERIALS AND METHODS

2.1. Chemicals

OXA (Fisher Scientific, 98%) stock solution (10 mg L) was prepared by
dissolving the compound in 0.03 mol L™ sodium hydroxide solution sonicating for 60
min. Then, the working solution was prepared in 0.001 mol L phosphate buffer and pH
was adjusted to 7.3 using hydrochloric acid (2 mol L) (NormaPur, 37%). Phosphate
buffer stock solution (1 L) was prepared using 0.05 mol of sodium dihydrogen

phosphate dihydrate (Fluka, Biochemika, > 99.5%) and 0.05 mol di-sodium hydrogen



phosphate dihydrate (Fluka, Biochemika, > 99%), which was diluted to 0.001 mol L*
and pH adjusted to 7.3 using hydrochloric acid (NormaPur, 37%). Synthetic sea salt
solution (21%o) was prepared dissolving Red Sea Salt (Red Sea Europe) in phosphate
buffer solution (0.001 mol L, pH 7.3). Sodium chloride solution 21%o (Fluka, 99.5%)
was also prepared in phosphate buffer solution (0.001 mol L™, pH 7.3). A stock solution
of sodium azide (NaNs, Riedel-de Haén, 99%) was prepared at a concentration of 0.023
mol L't and isopropanol (C3HgO, Sigma-Aldrich, 99.8%) stock solution was prepared at
a concentration of 1 mol L™, both in ultrapure water (Milli-Q 0w~ 185, Millipore).

For high-performance liquid chromatography with a ‘Iv-vis detector (HPLC-UV)
analysis, methanol (Fisher Scientific, HPLC grade) a.? formic acid (Sigma-Aldrich, >

98%) were used.

2.2. Instrumentation

OXA quantification was perf~me™ using HPLC-UV. The device consisted of a
Waters Alliance 2695 Seperau~ns Module equipped with a Waters 2487 Dual
Absorbance detector. Seperaucn was carried out at 25 °C using a 150 mm x 4.6 mm i.d.
ACE® C18 column-P-P ‘5 pm particle size) connected to a 4.6 mm i.d. ACE® 5 C18
guard column. The mo)ile phase consisted of methanol: 0.1% formic acid, 45:55 (V/v),
at a flow rate of 0.9 mL min®. An injection volume of 20 pL was used and detection
was performed at 270 nm wavelength. Methanol and 0.1% formic acid aqueous
solutions were filtered through a 0.2 um polyamide membrane fiter (Whatman) before
use as mobile phase.

For the irradiation experiments a solar radiation simulator Solarbox 1500
(Co.fo.me.gra, Italy) was used. This instrument is equipped with a xenon arc lamp

(1500 W) and UV filters that limit the transmission of light below 290 nm. All



experiments were performed with a constant irradiation of 55 W m? (290-400 nm),
which corresponds to 550 W m™ in the spectral range, according to the manufacturer.
The level of irradiance and temperature was monitored by a multimeter (Co.fo.me.gra,
Italy) equipped with a UV 290-400 nm band sensor and a black standard temperature
sensor. A parabolic reflection system was used to ensure irradiation uniformity in the

chamber, which was kept refrigerated by an air-cooling system.

2.3. Photodegradation experiments

OXA aqgueous solutions (20 mL) in ultrapure vaw” and natural samples were
irradiated, in triplicate, in quartz tubes (internal dian.ter x height = 1.8 x 20 cm)
covered with Parafilm M®. Each set of experimerts ‘vas accompanied by dark controls
prepared in the corresponding matrix, which "ve'e maintained inside the solar simulator
during the same time as the irradia’:d .olutions and under identical conditions apart
from the irradiation (quartz tubes vovered by aluminium foil), in order to prove the
absence of any thermal and/~r —icrobiological degradation. Aliquots (500 upL) of
irradiated OXA solutions ~nd dark controls were withdrawn from quartz tubes
throughout time, stored in - dark at 4 °C and analysed within 24 h.

Initially, the effec: o1 OXA concentration on its photodegradation was studied using
two concentrations, 100 and 250 pg L in solutions prepared in ultrapure water,
containing 0.001 mol L™ phosphate buffer and pH adjusted to 7.3. Furthermore, in order
to understand the photodegradation behaviour of OXA in natural water samples, OXA
solutions were prepared in two water samples with different characteristics. Both
samples (freshwater and brackish water) were collected in Awveiro (Portugal). After
collection, samples were fitered through 0.45 pm nitrocellulose membrane filters

(Millipore), stored at 4 °C and used within 7 days. The salinity, conductivity and pH of



these natural water samples were measured using a Multi 3320 meter from WTW. Also,
dissolved organic carbon (DOC) was measured using a Total Organic Carbon analyser,
TOC-VCPH, from Shimadzu. For the DOC analysis, samples were acidified with 2%
(v/v) HCI 2 mol L™ to remove the inorganic carbon.

To evaluate the influence of DOM in OXA photodegradation, humic
substances (HS) were used as model compounds, namely humic acids (HA), fulvic
acids (FA) and the XAD-4 fraction (the most hydrophilic fraction of organic matter),
which were extracted and isolated from an estuarine water #or.. Ria de Aveiro (Aveiro,
Portugal) as described by Santos et al. (1994) and Estrve. et al. (1995). OXA solutions
with each of the HS fractions (20 mg L™) were nrepored in 0.001 mol L™ phosphate
buffer with pH adjusted to 7.3. The concentraticn ~f HS fractions (20 mg L) was
selected considering that freshwater DOC -ar_entration is usually between 2 and
10 mg L™ (Leech et al., 2009) and tst TOC of HS is about 50% of their concentration
(Santos et al., 1994; Esteves etal., 1295).

Finally, the effect of sclirty was evaluated by preparing OXA standard
solutions in presence of 21%o 1{aCl or 21%o synthetic sea salts and 0.001 mol L*
phosphate buffer with ph cdiusted to 7.3.

Isopropanol (Cs: ') and sodium azide (NaN3) were used to evaluate the influence
of "OH and 'O, respectively, on OXA photodegradation. For this purpose, OXA
standard solutions were prepared in 0.001 mol L™ phosphate buffer with pH adjusted to

7.3, containing 5 mmol L* of NaN3 or 20 mmol L of C3HgO.

3. RESULTS AND DISCUSSION

3.1. Photodegradation in ultrapure water and in natural aquatic environments



Kinetic experimental results on the photodegradation of OXA throughout time at
different antibiotic initial concentrations (100 and 250 ng L) in ultrapure water are
presented in Figure 1a). Results are shown together with the corresponding fittings to
the pseudo-first order equation C/Co = e™, in which k is the rate constant (h'%), t is time,
and C and Cy are the concentration of OXA at a given irradiation time and the initial
concentration, respectively. Also, OXA half-life times (t1/2) were calculated as In2/k.

As may be seen in Figure 1a), OXA photodegradation occurs faster at 100 than at
250 pg L. Indeed, concentration has already been sheum o influence degradation
since photolysis can be decreased due to photon lirntauo n occurring at higher initial
concentrations (Chowdhury et al., 2011). This eff:ct 1.5 been confirmed in this work,
since photodegradation rate constants of 1.24 + 0.7.2 a4 0.70 + 0.02 h'* and t;/, of 0.56
+ 0.01 and 0.99 £ 0.04 h (Table 1) were cete.vuned at OXA concentrations of 100 and
250 pg L™, respectively.

Figure 1

Table 1

As previously highlirttes, there are few published results on OXA
photodegradation, which »ere obtained at initial OXA concentrations between 1 and 20
mg L' (Lai am. ', 2009; Turiel et al, 2005; Zeghioud et al, 2019). Such
concentrations are higher than those used in this work, so, in agreement with the
concentration effect here determined, resulted in t;» values much higher than those
observed in this study. For instance, Lai and Lin (2009) used 20 mg L™ of OXA and
obtained t;, that varied between 55.2 and 115.2 h, depending on the matrix (Table 2).
Although OXA photodegradation studies in literature are scarce, for other quinolones
there are some published results (Table 2). Pseudo-first order rate constants can vary a
lot depending on the quinolone under study. For example, Sturini et al. (2012), reported

values between 3.66 and 39.6 h™.



Table 2

Since water matrix can influence the photodegradation behaviour of organic
compounds, OXA was spiked into different water matrices in order to obtain a final
concentration of 250 pg L. As already mentioned, OXA is used in medicated feed and
bathing treatments in both fresh and saltwater aquaculture (Lai and Lin, 2009). Thus, in
order to represent both types of aquaculture, fresh and brackish water were used as
matrices. Properties of collected samples are presented in Table 3. The obtained results
on OXA photodegradation in these matrices are depicted n. Figure 1a). It must be
highlighted that photodegradation experiments in these ".ottweS were conducted at the
natural pH of each water sample (in the range 7.3—o.5). It is known that pH influences
the speciation of OXA (pKa = 5.94 = 0.20), ana “ws its photodegradation behaviour.
However, for the pH of the aqueous matrice. usfd in this work, OXA is in its negative

form and, therefore, pH effects on spe.iatirn may be neglected.
Table 3

Results in Figure 1a) make 2 -t that OXA photodegradation in freshwater and,
especially, in brackish water is ~lower than in ultrapure water. This is confirmed by the
corresponding k and ti, orercnted in Table 1. As for the latter, the value determined in
ultrapure water wr~ L 99 £ 0.04 h, while in freshwater and in brackish water ti, was
1.65+0.03h and 4.03 £0.04 h, respectively. These results demonstrate that the OXA
photodegradation rate is slower in the natural matrices, particularly in brackish water,
with a ti, four times higher than the observed in ultrapure water. Consequently, as
compared with ultrapure water, it may be expected a larger OXA persistence in the
aquatic environment, along with potential risks, such as enhancing microbial resistance
through prolonged exposure of microorganisms to OXA. Thus, it is important to
understand how environmental factors, such as natural organic matter and salinity,

influence the OXA photodegradation behaviour.
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3.2. Influence of HS in OXA photodegradation

Organic matter may result in opposite effects on the photodegradation rate (Silva
et al., 2016a; Silva et al., 2016b; Oliveira et al., 2019). If on one side, organic matter can
act as a photosensitizer (enhancing the photodegradation by being promoted to a
transient excited state, which may react directly with the pollutant or react with oxygen
present in solution, forming ROS); on the other side, it can also have an inhibitory effect
(generally, by acting as a filter (inner filter effect), decreasir u:» radiation available for
the pollutant). Thus, the global effect of organic matter w..' e a balance between these
two opposite contributions.

Results obtained for OXA photodegradation .~der the presence of HS, namely
HA, FA and XAD-4 fraction, are shown ™ "ioure 1b), which evidences a decrease in
photodegradation rate in the presence of AS. This is confirmed by the corresponding k
and ty» values in Table 1. As may e observed, OXA t;, varied between 1.70 £ 0.05
and 2.38 £ 0.07 h in the preser~e of the different fractions of HS, which are higher than
the value obtained in ultrag're vvater (0.99 + 0.04 h). Thus, in this case, the inhibitory
effect of HS prevailed n. r:lation to their photosensitizing effect. DOM inhibition has
already been observca or the photodegradation of antibiotics, such as sulfonamides
(Wenk and Canonica, 2012; Oliveira et al., 2019). Also, Prabhakaram et al. (2009)
reported an inhibition of quinolone antibiotics photodegradation rate in the presence of
HA and FA (Table 2). Apart from the inner filter effect, inhibition can also result from
other processes as the scavenging/quenching of reactive species and back-reductions to
the parent compound by excited triplet states of dissolved organic matter ((CDOM").

Results obtained in this work (Figure 1b)) using different HS fractions demonstrated a

11



higher inhibition in the presence of HA, than in the presence of FA and XAD-4 (Table
1).

These HS purified fractions were fully characterized (Oliveira et al, 2019). In
what respects elemental analysis (results depicted in Table 4) it may be seen that the
XAD-4 fraction has a lower carbon content than HA and FA; contrarily, the oxygen
content of XAD-4 is higher. This indicates greater content of oxygen functional groups
on XAD-4 fraction than in the other two fractions used. Thermogravimetric analysis
(data not shown), indicated that HA are the most thermo-re<iswont and are decomposed
at temperatures above 300 °C, thus it may be concludca that HA constitute a fraction
with higher aromaticity and lower functional anq aliphatic groups content when
compared with FA and XAD-4 fractions. The UV sp=ctra of 10 mg L in presence of
the three HS fractions were performed ™ ‘ae range 200-600 nm and showed the
decrease of absorbance values from 700 to 600 nm for all HS isolates (Figure 2). The
differences in absorbance intensitic: are most likely caused by the difference in
chromophore concentrations. Tha ¢-euter content of chromophores allows for more light

absorption, which can be cc: firmed by the UV spectra.

Table 4

Figure 2

Considering the characterization of the HS fractions, HA is the most hydrophobic
fraction, being more enriched in aromatic and/or chromophoric groups, followed by FA
and XAD-4. Also, XAD-4 fraction is the richest fraction in oxygen functional groups
with lower carbon but higher oxygen content than HA and FA. Results suggest an
inverse correlation between the HS aromaticity and their photosensitizing effect, which
is coincident with the observations of Oliveira et al. (2019) and Silva et al. (2016a). HA
fraction, presenting higher aromaticity, has higher ability to absorb light and thus, a
higher inner filter effect, which would explain the lower OXA photodegradation rate in

12



the presence of this fraction. Wenk and Canonica (2012) also found a correlation
between the DOM aromatic degree and the antioxidant activity. DOM of terrestrial
origin, with high aromaticity, was shown to have an inhibition effect higher than DOM
of aquatic origin, with low aromaticity, and thus more likely to act as antioxidant (Wenk
and Canonica, 2012).

The inhibitory effect of DOM may explain, at least partially, the slower OXA
photodegradation observed in fresh and brackish water as compared with ultrapure
water (Figure 1a)). In fact, apart from other influencin® 1.~tors in these complex
matrices, the larger inhibitory effect observed in brackis'i v.ater (9.8 mg L' DOM, k =
0.172 +0.003 h'') than in freshwater (8.3 mgL™ NG, k = 0.42 £0.01 h'), may be

related to some extent with DOM concentration.

3.3. Influence of salinity in OXA phr.todegradation

Although the DOC of fresh a1 brackish water samples was very similar, salinity
was a main difference between tham. Salinity has been shown to have different
influence in the photoc::gralation behaviour of organic pollutants. Amongst
sulfonamide antibiotics, sclinity was considered to inhibit photodegradation in the case
of sulfamethoxazo's ‘C:cira et al, 2019), but an opposite effect was observed for
sulfadiazine, with reactive halogen species (RHS) being considered responsible for the
enhancement of sulfadiazine photodegradation observed in saline waters (Zhao et al.,
2019).

Results represented in Figure 1c) demonstrate small differences between
photodegradation of OXA in ultrapure water and in presence of 21%. NaCl solution.
However, using 21%o synthetic sea salts solution, the decrease in OXA

photodegradation was very sharp, with ti;; increasing from 0.99 + 0.04 h, in ultrapure
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water, to 4.25 + 0.04 h, in synthetic sea salts. Indeed, the ti, of OXA in synthetic sea
salts (t12,=4.25+0.04 h) was just slightly higher to that observed in brackish water
(t12=4.03 £ 0.04 h). Synthetic sea salts from Red Sea Salt contain ions like calcium,
magnesium, and carbonates, being free of synthetic additives, nitrates, phosphates, or
heavy metals (Red Sea, 2019). The increase in ti, observed in synthetic sea salts, as
compared with NaCl, may be attributed to OXA stabilization due to chelate formation
between the quinolone and divalent cations in the synthetic sea salts solution, since one
of the main properties of quinolones is the chelate bindinn >f metal cations to the
carbonyl ring and one of the carboxylic oxygens (R’yu. et al. 2004; Turel, 2002).
Moreover, carbonates present in the synthetic sea sckt solution, such as bicarbonate
(HCO3), could inhibit OXA photodegradation since they can act as "‘OH scavengers
(Acero et al., 2019; Bian and Zhang, 2016, ‘v « main mechanism, as follows (Bian and
Zhang, 2016):

HCO3 + 'OH — CO3 "+ HyC )

In fact, indirect photolysis meci=’ed by "OH has already been pointed out to have
an important role in the hotudegradation of some fluoroquinolones (Zhang et al.,
2019). "OH may come trem the reduction of superoxide (O2"), which is produced from
the one-electron reautiuie of O,, which is the first step in the formation of ROS (Xiao et

al., 2020).

3.4.Influence of the presence of scavengers

The influence of "OH and 'O, on OXA photodegradation was assessed by using
C3HgO and NaNgs, respectively. The obtained results for OXA C/Cy throughout
irradiation time are represented in Figure 1d) and the corresponding Kinetic parameters

are depicted in Table 1.
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C3HgO is a relatively selective and routinely used "OH scavenger. The mechanism
of reaction between these two species is shown in Eg. (2).

"OH + (CH3),CHOH — H,0 + (CH3),C OH )

"OH has been pointed out to have an important role in the photodegradation of
some fluoroquinolones. Surprisingly, and as may be seen in Figure 1d), OXA
photodegradation was faster in the presence of C3HgO, than in ultrapure water. In
agreement, k was higher in the presence of this “OH scavenger (k increased from 0.70 £
0.02 ht (in ultrapure water) to 1.32 + 0.06 h™ (in presence ~f v>= scavenger)) (Table 1).
The increase in the photodegradation rate indicates *.a. Isopropanol increases OXA
photodegradation. The presence of isopropanol (20 .ol L) alters the properties of
the aqueous solvent and it is known that changes m the solvent may induce changes in
triplet state (mainly when involving za’woryl groups) affecting the rate of
photodegradation (Cowan and Drske, 1976), in this case, increasing OXA
photodegradation rate. Notwithstanu™g, these results do not allow to make definite
conclusions on the role of "OH = (¥ A photodegradation.

The N3~ ions are relativly sclective quenchers of 'O, (Eq. 3), thus, if these species
are involved in the proces inhibition of OXA photodegradation should be observed
under the presence 0. souium azide.

N3 +'0; — N3"+ 0y 3

In presence of NaNs, k presented an evident decline from 0.70 + 0.02 h! (in
ultrapure water) to 0.438 + 0.007 h™ (Table 1). The pronounced retardation of OXA
decay under solar radiation in the presence of this scavenger allows to infer that the self-
sensitized photo-oxidation processes of O, generation was involved in the OXA
photodegradation. To the best of our knowledge, the participation of O, in the

photodegradation of OXA was here assessed for the wvery first time. Nonetheless,

15



several authors have already highlighted that 'O, plays an important role in the
photodegradation of other fluoroquinolones (Ge et al, 2010; Geng et al., 2020; Niu et

al., 2016).

4. CONCLUSIONS

The main purpose of this work was to understand the OXA photodegradation
behaviour in aquaculture water samples and gather informt'on about the influence of
water characteristics, such as organic matter and salinity. Fesuns allowed us to conclude
that OXA persistence is much higher in environmenfal ‘wa.er samples than in ultrapure
water, especially when present in matrices with high salinity values, such as brackish
water. Organic matter also has a negative effec® on OXA photodegradation rate, which
might partially explain the decrease rf = photodegradation rate observed in the
freshwater sample. In what concerns the species that may be involved on the
photodegradation of OXA in ultrap..ve water, results suggest that self-sensitized photo-

oxidation processes of 10, geraraucn were involved in this process.
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Table 1. Data on pseudo first-order rate constants (k (h)), determination coefficient (R?), half-lives (t1/»

(h)) obtained for different matrices under simulated solar radiation. (SD is the standard deviation, n=3)

Sample Cooxa (ng L) k+SD (h?) R? ty, = SD (h)
Ultrapure water 100 1.24 +0.02 0.9995 0.56 +0.01
Ultrapure water 250 0.70 £0.02 0.9955 0.99 +0.04
Freshwater 250 042 +0.01 0.9976 1.65 +0.03
Brackishwater 250 0.172 + 0.003 0.9984  4.03 £0.04
HA 250 0.29 +0.01 0.9905  2.38 £0.07
FA 250 0.32 £0.01 0.9957 2.15 +0.05
XAD-4 250 0.41 0.0, 0.9947 1.70 +0.05
Seasalts 250 0.163 + (.00> 0.9982 425 £0.04
NaCl 250 093 =2 {JL_ 0.9978  0.74 £0.02
NaN; 250 04,8 - °.J07 09991 158 £0.02
C3HgO 250 172 -0.06 0.9930  0.53 £0.04
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Table 2. Pseudo-first order rate constants (k (h™)) determined in the literature for the
photodegradation of quinolone antibiotics under natural or simulated solar irradiation.

Antibiotic Matrix pH C(onr]usjugrtrl]}q)ty (hlfl) (t;f) Reference
CIP 13.2
DAN 39.6
E’;\F; Freshwater 7.7 0.23 ﬁj Sturini et al., 2012
MAR 3.66
MOX 20.4
DIF Ultrapure 5.6 0.8
HA (10 mg L'll) 43 0.4
SARA FALﬁllt?aS:JgreL ) gg 82 Prabhakaram et al., 2009
HA (10 mg L) 4.6 0.2
FA (10 mg L) 4.6 0.2
CIP Ultrapure g 83 Vasconcelos et al., 2009
MAR Freshwater 8 0.38 . Sturini et al., 2010
ENR 9
OXA Eel pond water 8.4 0.91 55.2
Shrimp pond water 8.1 18 115.2 Lai et al., 2009
FLU Eel pond water 8.4 0.0% 55.2
Shrimp pond water 8.1 13 45.6

Note: CIP: ciprofloxacin; DAN: danofloxacin; DIF: ~floXacul; ENR: enrofloxacin; FLU: flumequine; LEV:
levofloxacin; M AR: marbofloxacin; M OX: moxifloy.... = C.70: oxolinic acid; SARA: sarafloxacin.
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Table 3. Physico-chemical characteristics of environmental water samples.

Sample pH Conductivity Salinity DOC
(mS cm™) (%o) (mg C LY
Freshwater 73 +£03 0.26 0.00 83+04
Brackish water 8.6 +0.3 50.70 33.20 9803
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Table 4 - Elemental analysis of HS fractions used.

HS Fraction Elemental analysis (%)
C H N S @)
HA 54.8 4.0 3.6 18 324
FA 54.5 4.7 19 1.0 34.9
XAD-4 48.8 42 31 12 40.5
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.
=

t, (ultrapure water) = 0.99 £ 0.04 h
t, (brackish water) =4.03+0.04 h
t,, (freshwater water) = 1.65+ 0,03 h
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Highlights

- Photodegradation influences antibiotics’ persistence in different types of matrices
- t1/2 increased from 0.99 h in ultrapure water to 1.65-4.03 h in natural waters

- Dissolved organic matter may explain the photodegradation decrease in freshwater
- Salinity may explain the decrease in photodegradation in brackish water

- Results suggest that *O, plays an important role in OXA photodegradation process
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