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Abstract

This study investigates the UV -C photodegradation kinetics of ofloxacin (OFX)
and norfloxacin (NFX) in relation to their fluorescence lifetimes and pH-de-
pendent speciation. While NFX consistently follows first-order kinetics under
all conditions, OFX exhibits zero-order kinetics at pH 4 and 10, attributed to
saturation of photon absorption sites. OFX degrades fastest under basic con-
ditions, whereas NFX is more stable in acidic media and degrades more rap-
idly near neutral pH. Fluorescence lifetimes measured at pH 4 show that OFX
(7z = 7.08 ns) is intrinsically more photostable than NFX (7 = 2.04 ns), alt-
hough in river water, environmental factors such as dissolved organic matter
and reactive oxygen species accelerate OFX degradation. Zwitterionic forms
of both antibiotics display enhanced photoreactivity due to a favorable elec-
tronic structure and higher UV absorbance. Although UV-C irradiation was
used, these controlled experiments provide mechanistic insights relevant to
the environmental fate of fluoroquinolones.

Keywords
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1. Introduction

Fluoroquinolones (FQs) represent a class of synthetic broad-spectrum antibiotics
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widely used in both human and veterinary medicine for the treatment of numer-
ous bacterial infections [1]. Among the most common are norfloxacin (NFX) and
ofloxacin (OFX), known for their therapeutic efficiency, chemical stability, and high
bioavailability [2]. These compounds act mainly by inhibiting the enzymes DNA
gyrase and topoisomerase IV, which are essential for bacterial replication [3]. How-
ever, the extensive and continuous use of these molecules, combined with their
low biodegradability, has led to their increasing accumulation in aquatic environ-
ments. A substantial proportion (up to 70%) of administered fluoroquinolones is
excreted unchanged or only slightly metabolized and subsequently released into
domestic, hospital, or industrial wastewater. These substances are frequently de-
tected in wastewater effluents, surface waters, and sometimes even groundwater,
where they are considered emerging pollutants [4]. Their persistence and bioaccu-
mulation pose significant ecotoxicological risks, notably the development of bac-
terial resistance and the disruption of aquatic ecosystems [5]. Once introduced into
natural environments, the fate of fluoroquinolones depends on several processes,
including adsorption, hydrolysis, microbial biodegradation, and photolysis. Among
these mechanisms, photodegradation plays a central role, particularly in surface
waters exposed to sunlight [6]. Photolysis involves the absorption of ultraviolet
radiation by the molecule, leading to electronic excitation followed by the cleavage
or transformation of key chemical bonds. Fluoroquinolones contain chromophoric
groups such as aromatic rings and conjugated carbonyl functions, which give them
strong absorption in the UV region (1 = 200 - 350 nm) [7]. This property makes
these compounds highly susceptible to photochemical processes capable of gen-
erating photodegradation products (PPDs), whose toxicity or antibacterial activ-
ity may be altered, sometimes increased or decreased [8]. The pH of the medium,
the presence of metal ions (Fe**, Pb?*, Cu**), dissolved organic matter (DOM), and
other photoactive substances can influence both the kinetics and pathways of pho-
todegradation [9]. For example, humic acids may absorb part of the UV radiation
and act either as filters or as photosensitizers depending on the aqueous matrix.
Natural photolysis is mainly driven by solar UV-A and UV-B radiation; however,
under experimental conditions, the use of UV-C lamps (200 - 280 nm) allows the
study and acceleration of degradation processes under controlled conditions. UV-
C radiation, particularly at 254 nm, exhibits high photon energy (4.88 eV) capable
of directly breaking C-N, C-F, or C=0 bonds present in fluoroquinolones [10].
Laboratory studies of this kind simulate the photochemical behaviour of these
molecules under natural conditions while allowing detailed kinetic analysis. The
application of controlled photodegradation methods is essential not only for un-
derstanding the photochemical stability of fluoroquinolones but also for design-
ing advanced water treatment processes (AOPs) combining irradiation with oxi-
dants such as H,O,, TiO,, or O3 [11] [12].

This work aims to deepen the understanding of the photochemical behaviour
of ofloxacin (OFX) and norfloxacin (NFX) in Senegal River water under UV-C

irradiation, with a particular focus on the relationship between their photodegra-
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dation kinetics and fluorescence lifetime. The study examines the photolysis of
both fluoroquinolones at different pH values, determining key kinetic parameters
(rate constant, half-life, correlation coefficient r*) and identifying the reactive ionic
species involved. A comparative approach between OFX and NFX enables the link
between their structural differences, photostability, and excited-state dynamics to
be established, while comparison with recent literature places the results within
the context of current research. Finally, the environmental implications of these
photochemical processes are discussed in relation to the monitoring and manage-
ment of waters contaminated by antibiotics, providing predictive insights into

their persistence in aquatic ecosystems.

2. Materials and Methods
2.1. Reagents

Stock solutions of ofloxacin (OFX) and norfloxacin (NFX), at a concentration of
300 mg-L™, were prepared from high-purity standards (=98%, Sigma Aldrich).
The pH of the experimental solutions was adjusted using sodium hydroxide pel-
lets (NaOH, 97%) and hydrochloric acid (HCl, 37%), also supplied by Sigma
Aldrich (Tautkirchen, Germany). All solutions and dilutions were prepared with
ultrapure water produced using a Milli-Q purification system. The main physi-

cochemical properties of ofloxacin and norfloxacin are summarized in Table 1.

Table 1. Chemical properties of ofloxacin and norfloxacin.

Antibiotics Chemical Properties Formula
Formula C1sH20FN304
Molecular 361.4 g-mol™ 0 0
Water solubility (25°C) 283 gL F
OH
Ofloxacin Melting point 270°C-275°C l
(\N N
pKa (1 -2) 5.97 - 7.65
/N\) O\)\
Log Kow (25°C) -0.39 H,C CH,
Koc 44,100 L-Kg™
Formula CisH1sFN3O3
Molecular 319.3 g-mol™! 0] 0]
Water solubility (25° 178 g:L! F
ater solubility (25°C) g oH
Norfloxacin Melting point 227°C-228°C I
Ka (1 -2) 6.26 - 8.85 (\ N N
pKa(l - .26 - 8.
HN \) L
Log Kow (25°C) -1.03 CH,
Koc 18.68 L-Kg™!

Log Kow: octanol-water partition coefficient, Koc: organic carbon-water partition coefficient.
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2.2. Materials

A 3.5 mL quartz rectangular cuvette was used for sample analysis with a Cary
Eclipse VARIAN spectrofluorimeter connected to a microcomputer equipped with
the Cary Scan software. The system covers a wavelength range from 200 to 900 nm,
allowing the recording of excitation and emission spectra. Buffer solutions were
prepared using a Consort C60010R pH meter (Belgium).

The reagents were weighed using a precision balance with an accuracy of 107
g. For UV-C irradiation, three 15 W germicidal lamps producing UV-C radiation
were mounted in a triangular configuration inside the chamber. A Teflon coil was
added to the system, allowing sufficient UV-C transmission to generate photo-
products more efficiently in flow conditions compared to the use of standard
tubes.

2.3. Preparation of Water Samples

Natural water samples were collected from the Senegal River in the Saint-Louis
region using 1.5 L glass bottles according to standard procedures. The samples
were filtered through a 25 mm PTFE syringe filter with a 0.2 um pore size (Sigma-
Aldrich) to remove suspended particulates.

Photodegradation experiments were conducted using untreated river water,
leaving dissolved organic matter (DOM) intact to preserve natural conditions and
account for its potential role in photosensitization.

Analytical preconcentration for fluorescence measurements was performed
separately using solid-phase extraction (SPE) with reverse-phase C18 cartridges.
The cartridges were conditioned with 3 mL of methanol followed by 3 mL of ul-
trapure water. Then, 50 mL of the natural water samples were passed through the
cartridges to concentrate the analytes and reduce residual organic contamination
prior to fluorescence analysis.

This approach ensures that photodegradation kinetics reflect natural water
composition, while fluorescence measurements are optimized for sensitivity

and accuracy.

3. Results and Discussion

3.1. Spectral and Lifetime Properties

The fluorescence excitation spectra of both antibiotics in water exhibit three dis-
tinct excitation bands (Figure 1). Both molecules share the first and third excita-
tion bands, appearing at 230 nm and 326 nm, respectively. However, the second,
most intense excitation band occurs at 287 nm for OFX and 271 nm for NFX.
The emission spectra show a single emission band at 461 nm for OFX and 415
nm for NFX (Figure 1).

Lifetimes of the two antibiotics were measured in water at a pH of 4. The emis-
sion wavelength of 461 nm was used to measure the lifetime of OFX at a concen-
tration of 0.72 pug-mL™", and the lifetime of NFX was measured at 415 nm at a

concentration of 0.8 pg-mL". Fluorescence lifetime ( zz) measurements (Figure 2)
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give very different results. OFX has a long fluorescence lifetime of 7.08 ns, while
NEFX has a short one of 2.04 ns only, indicating that 7z (OFX) = 3.57 (NFX). The
observed difference can be ascribed to the increased molecular rigidity imparted
by the oxazine ring in ofloxacin, which bridges the N-1 and C-8 positions. This
fused ring system constrains internal degrees of freedom and suppresses non-ra-
diative deactivation pathways such as vibrational and torsional motions, thereby
enhancing photophysical stability. In contrast, norfloxacin, which lacks this struc-
tural feature, exhibits greater conformational flexibility and a more dynamically
accessible m-electron system. As a result, norfloxacin readily populates a triplet
excited state with a lifetime on the order of ~1 ys, a process associated with pho-
tosensitization and subsequent photodegradation. Ofloxacin, on the other hand,
displays a markedly low photodecomposition quantum vyield (¢ = 0.001), indica-
tive of a highly inefficient intersystem crossing from the singlet to the triplet man-
ifold [13].

1000 - 1000 -
s
s . = 800 1
3 700 1 z
5 600 1 £ 600 -
E 500 - =
2 400 - $ 400 A
S 300 - g
§ 200 1 § 200 -
= 100 4 E]
h‘ —
0 . 4 . \ = , . : |
200 300 400 500 600 200 300 400 500 600
Wavelenght (nm) Wavelenght (nm)

Figure 1. Excitation and emission spectra of OFX (—) and NFX (red curve) at a concen-
tration of 2.5 ug-mL™" in water river by FLUO method.

100 ~

Time (ns)

Figure 2. Lifetime measurements measured at a concentration of 2.5 ug:-mL™" in water pH
= 4: OFX (+ experimental value; — fit) and NFX (x experimental value; red curve: fit).

3.2. Effect of pH

Recent studies have shown that the fluorescence signal of organic compounds is
highly sensitive to the pH of the surrounding medium [14] [15]. Therefore, after

preparing a solution containing OFX or NFX, a precise amount of acid or base
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was added to reach the desired pH using a pH meter. The resulting data were
plotted (Figure 3) to generate a curve representing fluorescence intensity as a
function of pH. For OFX, fluorescence intensity increases with pH, reaching a
maximum at pH 4, then gradually decreases up to pH 10, and remains constant
between pH 10 and 13. In contrast, the fluorescence signal of NFX rises between
pH 1 and 2, then remains nearly constant between pH 2 and 5, with a slightly
higher signal at pH 4. Once the pH exceeds 5, the fluorescence signal progressively

decreases until it becomes undetectable.
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Figure 3. Evolution of the fluorescence intensity of OFX (») and NFX (e (red )). Antibiotic
concentration (2.5 ug-mL™).

3.3. Photodegradation Study of Ofloxacin (OFX) and Norfloxacin
(NFX)

A comparative study of the photolysis of ofloxacin (OFX) and norfloxacin (NFX)
was conducted to evaluate the influence of pH and the aqueous medium on the
degradation of these fluoroquinolones under UV-C irradiation. Dilute solutions
of both compounds were prepared and placed in UV-transparent quartz cuvettes
at a fixed distance from the light source to ensure uniform exposure. Experimental
conditions were maintained constant, with an ambient temperature of 25°C and
irradiation times adapted for each molecule. Degradation was monitored by spec-
trofluorimetry at their respective emission maxima: Adew = 461 nm for OFX and
Aem = 415 nm for NFX (Figure 4(a) and Figure 4(b)). The percentage of

l,—1
photodegradation was calculated using the following equation: OI %100,

where 1 is the initial fluorescence intensity and 7is the intensity measured after
15 minutes for OFX and 30 minutes for NFX. During irradiation, the fluores-
cence intensity of both molecules decreases gradually, indicating their transfor-
mation into photoproducts. After 15 minutes for OFX and 30 minutes for NFX,
the observed photodegradation percentages were: OFX: 98% in river water, 41%
at pH 4, 84% at pH 7, and 84% at pH 10; NFX: 94% in river water, 49% at pH 4,
and 73% at pH 7. Photodegradation was particularly pronounced in natural river
water, where dissolved organic matter (DOM) and metal ions act as photosen-

sitizers, generating reactive oxygen species (ROS) such as hydroxyl radicals,
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singlet oxygen, and organic radicals, which accelerate photolysis. Under acidic
conditions, molecules are predominantly protonated, reducing UV absorption
and reactivity, which explains the low degradation percentages [16]. At neutral
pH, fluoroquinolones exist mainly in zwitterionic forms, which favor high quan-
tum yields and optimal UV absorption, thereby enhancing photolysis [17]. In
basic media, OFX remains highly degraded (84%), suggesting that additional fac-
tors, such as radical formation at high pH, contribute to sustained photoreactivity
[18]. These observations indicate that the photodegradation of fluoroquinolones
strongly depends on molecular speciation and the composition of the medium.
Zwitterionic forms are the most reactive, whereas cationic and anionic forms ex-
hibit relative stability. Photolysis is particularly efficient in natural water, confirm-
ing the role of organic photosensitizers in accelerating the photochemical degra-
dation of OFX and NFX [14].
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Figure 4. Evolution of the excitation and emission spectra of OFX and NFX in Senegal
River water.
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3.4. Photodegradation Kinetics of Ofloxacin (OFX) and
Norfloxacin (NFX)

The analysis of the fluorescence intensity evolution curves as a function of irradi-
ation time (Figure 5(a) and Figure 5(b)) allowed the determination of apparent
rate constants and the assessment of pH effects on the photolytic stability of of-
loxacin and norfloxacin. The photodegradation kinetic parameters of OFX and

NFX in pure water and at different pH values are presented in Table 2.
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Figure 5. Photodegradation kinetics of OFX (36.14 ng-mL™") and NFX (31.94 ng-mL™) in
river water.

Table 2. Photodegradation kinetic parameters of OFX and NFX in river water and at different pH values.

OFX
Aqueous medium Order® (r?)® t12 (min)© Kd o(uS/cm)c  PPd (%)f
River water 1 0.992 3 (2.47 £0.2) x 107! min™! 380 98
River water pH 4 0 0.955 35 (1.43 £ 0.1) X 10”7 mol-min~t.L™! 950 41
River water pH 7 1 0.992 6 (1.16 £ 0.2) X 107! min™! 400 84
River water pH 10 0 0.988 2.2 (2.27 £ 0.1) x 107° mol-min~".L! 750 84
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Continued
NFX
Aqueous medium Order* (r2)b t12 (min)© K (min1)¢ o(mS/cm)¢  PPd (%)f
River water 1 0.994 8 (8.8 +0.2) x 1072 420 94
River water pH 4 1 0.990 15 (4.5+0.3)x1072 1100 49
River water pH 7 1 0.994 8 (8.7 +£0.1) x 1072 580 73

@ Order = reaction kinetic order. ® 7 = kinetic equation correlation coefficient. ¢ t1» = photodegradation reaction half-life time (min).

4 k = photodegradation rate constant (min') and absolute error (). ¢ Conductivity of the water samples. { Photodegradation per-

centage.

The photodegradation kinetics of ofloxacin (OFX) were studied in river water
and in buffered media at different pH values under UV-C irradiation. The kinetic
parameters obtained (Table 2) show a significant variation in the degradation rate
and photochemical behaviour of OFX depending on the pH of the medium. In
river water and at neutral pH (pH = 7), degradation follows first-order kinetics
(r* = 0.99), indicating that the photodegradation rate depends directly on the an-
tibiotic concentration. This behaviour is consistent with previous reports [19], which
showed that fluoroquinolones undergo first-order degradation under UV irradi-
ation, reflecting a photoinduced process governed by direct absorption of radia-
tion. In contrast, at acidic (pH = 4) and basic (pH = 10) conditions, the reaction
follows zero-order kinetics, suggesting that the rate becomes independent of con-
centration. A similar behavior has been reported for several fluoroquinolones un-
der irradiation, particularly when the absorbance of the photoactive species reaches
a saturation threshold that renders the reaction rate independent of the initial
concentration. In such cases, zero-order kinetics typically arise from the satura-
tion of specific chromophoric groups that absorb UV photons, from light-screen-
ing effects occurring under strongly acidic or basic conditions, or from the for-
mation of protonated or deprotonated species that exhibit strong and constant
absorbance in the irradiation range (Figure 6) [20]. In the present study, this
mechanism provides a consistent explanation for the zero-order behavior ob-
served for OFX at pH 4 and pH 10. At these pH values, OFX exists predominantly
in its protonated form (pH 4) or deprotonated form (pH 10), both showing en-
hanced molar absorptivity in the UV-C region. The resulting saturation of photon
absorption leads to constant photolysis rates during irradiation, thereby produc-
ing the observed zero-order kinetics.

The rate constant (k) and half-life (t12) confirm the pronounced effect of pH
on molecular stability. In pure water (k = 0.247 min™, t;» = 3 min) and at neutral
pH (k=0.116 min™, ti, = 6 min), degradation is relatively fast, indicating efficient
UV-C absorption. Under acidic conditions, the reaction is significantly slowed (k
=1.43 X 10”7 mol'min~"-L, t;;» = 35 min), reflecting greater chemical stability of
protonated OFX. At low pH, protonation of the piperazinyl group decreases elec-
tron density on the aromatic ring, reducing photon absorption [21]. Conversely,
under basic conditions (pH = 10), degradation is markedly accelerated (t,, = 2.2
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min), reflecting increased photo-instability. Deprotonation of carboxylic and ke-
tonic groups favors the formation of photoexcited reactive species (¢OH, Oze7)
capable of breaking C-N and C-F bonds within the molecule. This observation
aligns with previous studies reporting rapid degradation of fluoroquinolones un-
der alkaline conditions (Figure 6) [22]. High correlation values (0.95 < r* < 0.99)
confirm the validity of the kinetic models applied and the reliability of the exper-
imental data. Overall, the photolysis of OFX is strongly pH-dependent: the mol-
ecule is more stable in acidic media and more labile in basic media. These results
highlight the importance of environmental pH in the photochemical fate of fluo-
roquinolones, a key parameter for evaluating their persistence and ecological im-

pact in aquatic environments [23].

F COLH

Figure 6. Protonation and deprotonation of fluoroquinolones.

The results show that the photodegradation of NFX follows first-order kinetics
(r? 2 0.992) under all experimental conditions, which is consistent with observa-
tions for other fluoroquinolones such as ciprofloxacin and ofloxacin [24]. This
kinetics indicates that the degradation rate depends directly on the concentration
of NOR in the reaction medium. The lowest rate constant (k = 0.045 min™) and
the longest half-life (ti» = 15 min) were observed at pH = 4, indicating greater
stability of NFX under acidic conditions. This stabilization can be attributed to
the protonation of basic functional groups, particularly those in the piperazinyl
ring, which reduces the likelihood of forming reactive excited states and thus
slows photodegradation [25]. Conversely, under neutral conditions (pH = 7) and
in unbuffered water, NOR exhibits similar rate constants (k ~ 0.087 - 0.088 min™?)
and half-lives of 8 minutes. These values indicate that NFX degrades more rapidly
at this pH, likely due to the presence of zwitterionic or partially deprotonated
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forms that favors UV photon absorption and formation of photoactive species
[26]. This pH-dependent behaviour has also been reported for other fluoroquin-
olones, such as levofloxacin and ciprofloxacin, whose photodegradation rates in-
crease as pH approaches neutrality [17]. This suggests that the ionic form of the
molecule plays a key role in photochemical reactivity, influencing electron distri-
bution and UV absorption efficiency [27]. These observations are consistent with
the fact that fluoroquinolones exhibit their highest photoreactivity in the zwitter-
ionic state. This protonation form combines opposite charges within the same
molecule, generating strong internal electric fields that favor intramolecular
charge-transfer transitions, generally more prone to photodegradation. The zwit-
terion also displays a higher dipole moment and a more planar conformation of
the quinolone chromophore compared with the fully cationic or anionic species,
both of which tend to experience electrostatic distortions. Such structural and
electronic features enhance the efficiency of photon absorption and increase ac-
cess to reactive excited states, thereby promoting the formation of photolytic in-
termediates. This provides a coherent physicochemical explanation for the en-
hanced photoreactivity observed near neutral pH, where the zwitterionic form
predominates. These results show that NFX is more persistent in acidic media (pH
< 7) and less stable in neutral waters, which are typical of surface waters. Thus, in
the environment, its fate will strongly depend on local pH: faster degradation is
expected in neutral to slightly basic waters, while greater accumulation could oc-
cur in more acidic environments [28]. Understanding this behavior is essential to
predict the persistence and ecotoxicological potential of NFX in aquatic environ-
ments exposed to sunlight. Further studies, including the identification of photo-
products and the role of reactive oxygen species, would help clarify the underlying
reaction mechanisms.

Although this study employed UV-C irradiation, which possesses higher pho-
ton energy than environmentally relevant solar UV-A and UV-B radiation, the
results provide valuable insights into the relative photostability and pH-depend-
ent photodegradation mechanisms of fluoroquinolones. UV-C irradiation allows
for controlled and accelerated experiments that enhance the detection of subtle
kinetic differences between ofloxacin (OFX) and norfloxacin (NFX) and facilitates
mechanistic understanding of the roles of zwitterionic, cationic, and anionic spe-
cies. While the absolute degradation rates under natural sunlight may be slower,
the trends observed under UV-C including the influence of pH, the contribution
of dissolved organic matter, and the relative susceptibility of different molecular
forms remain informative for predicting environmental fate and designing water

treatment strategies.

3.5. Comparative Study

The results obtained for the photolysis of ofloxacin (OFX) and norfloxacin
(NFX) in Senegal River water at different pH values show overall first-order ki-

netics, with apparent rate constants ranging from 0.045 to 0.247 min™* (Table 2).
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Half-lives vary from 2 to 35 minutes depending on the pH and the compound,
confirming rapid photodegradation under UV-C irradiation. These values are con-
sistent with trends reported in recent literature for fluoroquinolones exposed to
UV-C or UV-A radiation [29]. Under neutral or basic conditions, OFX exhibits sig-
nificantly faster degradation (t;, = 3 min in pure water; 2.2 min at pH 10) than
NFX (ti2 = 8 min in pure water; 15 min at pH 4). This difference can be attributed
to the chemical structure of OFX, whose piperazinyl group and carboxylic func-
tion promote stronger absorption at 254 nm and higher reactivity of anionic forms
[30]. These observations are in agreement Wammer et a/. [29] and Liu et a/ [31],
who showed that OFX photoreactivity strongly depends on its ionic form and the
pH of the medium. The rate constant obtained in this study for OFX in pure water
(k = 0.247 min™) is higher than those reported in previous studies. For example,
Sebastian Snowberger et al. reported slower photolysis kinetics of fluoroquinolones
under UV-Cirradiation [32], while studies on ciprofloxacin degradation under UV-
based processes also indicate lower apparent rate constants depending on experi-
mental conditions [33]. These variations are likely due to differences in irradiation
wavelength, photon flux, and solution composition, which are known to strongly
influence photodegradation kinetics. This acceleration can be explained by the
higher light intensity and the absence of interfering compounds in the experi-
mental medium used. For NFX, the measured value in our study (k = 0.088 min™;
t12 = 8 min) is of the same order of magnitude as that reported by Igbal et al. [34],
who found k = 0.042 min™ (t,, = 16.4 min) under UV alone. Differences may be
attributed to lamp power, initial concentration, and water composition. Other re-
cent studies, including Bobu et al. [35] and Cuarda-Correa et al. [36], also confirm
that NFX exhibits slightly higher photostability than OFX, except in the presence
of catalysts or oxidants such as H,O,. Zhan et al. [37] reviewed the effects of pH,
ionic speciation, and experimental parameters on fluoroquinolone photolysis: the
neutral or anionic form is the most reactive, whereas the cationic form (dominant
at pH < 6) exhibits higher photostability. This trend is fully confirmed by our ex-
perimental results, where OFX degradation drastically decreases under acidic con-
ditions (tiz = 35 min at pH 4). Recent work by Niu and Busetti [38] and Zhang
et al. [39] highlighted the role of singlet oxygen (10,) and dissolved organic matter
(DOM) in indirect photolysis. These parameters can strongly influence observed
kinetics in natural waters, making direct photolysis, as studied here, a useful ref-
erence for evaluating the fundamental behavior of fluoroquinolones in more com-
plex systems. Overall, our results fit coherently within the range of kinetic con-
stants reported in recent literature while providing additional insight into the ef-
fect of pH and a direct comparison between OFX and NFX in river water. The
combined analysis of photolysis kinetic parameters and fluorescence lifetimes ( 73)
reveals a direct relationship between photochemical stability and the dynamics
of excited states of fluoroquinolones. OFX exhibits slower degradation and a
longer fluorescence lifetime (7z = 7.08 ns) than NFX (7z = 2.04 ns), indicating a

lower propensity for nonradiative decay and transition to the triplet state. This
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correlation between 7 and kinetic constants (k, ti2) suggests that fluorescence
lifetime is a relevant photophysical indicator for predicting the photostability of
fluoroquinolones in aquatic environments. It provides a complementary approach
linking fundamental spectroscopic properties to the environmental reactivity of

the studied compounds.

4. Conclusion

UV-C photolysis provides valuable mechanistic insights into the environmental
fate of fluoroquinolones. Photostability is influenced not only by pH but also by
the excited-state dynamics and molecular speciation. OFX exhibits intrinsically
higher photostability than NFX, as reflected by its longer fluorescence lifetime (7F
= 7.08 ns), although in natural waters, environmental factors such as dissolved
organic matter and reactive oxygen species can accelerate its degradation. The
zero-order kinetics observed for OFX at acidic and basic pH are attributed to sat-
uration of photon absorption sites, while zwitterionic forms of both antibiotics
display enhanced photoreactivity due to favorable electronic structure and higher
UV absorbance. Linking photophysical properties with kinetic behavior provides
a predictive framework for understanding the persistence and photochemical
treatment of pharmaceutical contaminants in aquatic environments, despite the

higher energy of UV-C compared to solar irradiation.
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