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Abstract

Ciprofloxacin degradation and toxicity changes were
evaluated by different processes using UVA or UVC
radiation.

Introduction

Ciprofloxacin (CIP) is an antibiotic widely used in
human and veterinary treatment and aquaculture
applicationsl. Studies have detected and quantified
CIP in different types of water compartments, due its
inefficient removal by conventional processes
employed in the sewage treatment plantsz. So, it is
important to evaluate alternatives of treatment for
this contaminant. In this context, the degradation of
CIP by UV, H,0,/UV, Fe**/H,0,, Fe*/H,0,/UV and
Fe”*/H,0,/UV using two types of radiation sources
were evaluated and compared, being the acute
toxicity of the by-products monitored by bioassays
with Vibrio fischeri.

Results and Discussion

All experiments were performed at lab-scale,
exposing 500 mL of a 3.3 mg L™ CIP solution to the
radiation furnished by two dark light lamps (UVA
radiation) or germicide lamps (UVC radiation), with
the same power (8 W). The lamps were positioned
in parallel (separated by a distance of 3.5 cm) and at
1 cm of the open dark-glass vessel (4.3 cm deep
and 188.7 cm” of surface area). The concentrations
of iron and H,O, used were respectively 0.5 and 32
mg L™ The pHs used were respectively 2.5-2.8 and
7 to the experiments in the presence and absence of
iron. Samples of 10 mL were collected during 30
min. The results obtained by HPLC analysis (Fig. 1)
demonstrate that the type of radiation influences
strongly the rate of CIP degradation. A higher rate of
photolytic CIP degradation was obtained using UVC
since 100% of degradation was reached in 20 min of
irradiation, while using UVA it was necessary 30 min
to achieve only 50%. A similar behaviour was
observed in the treatment using the photo-Fenton
process, being pronounced when Fe** was used as
iron source. This occurs because UVC radiation
involves high-energy photons capable to promote

the direct photolysis of CIP, resulting in synergistic
effect when combined with Fenton reactions. On the
other hand, using Fe®*, there was no difference on
the rate of CIP degradation by photo-Fenton
treatment using UVA or UVC, due the Fenton
(Fe2+/H202) contribution (Fig. 1). Comparing the
same radiation source, UVC, it can be observed that
the combination of H,O,/UVC enhanced the rate of
CIP degradation, when compared to direct UVC
irradiation, since 100% of CIP degradation was
obtained after 15 and 20 min, respectively. A more
pronounced enhancement was obtained combining
Fe*, H,O, and UVC, reaching 100% of CIP
degradation after 10 minutes. The use of Fe®*
permitted to reduce the time to only 5 minutes.
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Figure 1. CIP degradation by different processes.

The bioassay using the bacteria Vibrio fischeri
showed the formation of non-toxic by-products in all
processes evaluated.

Conclusions

The type of radiation source influenced strongly the
rate of CIP degradation. Among the processes
evaluated, the best result was achieved by the
photo-Fenton treatment using Fe** (Fe®*/H,0,/UV)
since the total CIP degradation occurred after only 5
minutes of treatment. In all processes evaluated it
was not observed the formation of toxic products.
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