Degradation of amoxicillin and cefadroxil by the photo-Fenton
process using UV-LEDs at near-neutral pH
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The simultaneous degradation of the antibiotics amoxicillin and
cefadroxil in simulated hospital effluent was carried out using the
photo-Fenton process, mediated by ferrioxalate, UV LEDs as the
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light source, and pH close to neutrality. Degradation experiments
were performed according to a 2° full factorial design, with
triplicate at the central point (factors: LED power, Fe** and H.O»
concentrations). The drugs were analyzed by high-performance
liquid chromatography. The desirability function was used to
consider the joint degradation of the two antibiotics, both with an
initial concentration of 15 mg L™'. The applied process was able
to virtually 100% of the antibiotics in 10 min.

Introduction

Among the wide variety of pollutants, contaminants
of emerging concern stand out, as they are
potentially toxic substances, often difficult to be
degraded under environmental conditions, and not
regulated [1]. These compounds are usually present
in the environment from ng L' to pg L™, being
bioaccumulative and pseudo-persistent. Antibiotics
are drugs that, when they enter ecosystems, can
cause bacterial resistance, increase mortality, and
morbidity [2]. Considering the deleterious effects of
antibiotics in water resources, it is essential to
improve treatment methodologies capable of
removing this type of contaminant from those kinds
of matrices. Advanced Oxidative Processes (AOPs)
are an effective choice for the degradation of
recalcitrant contaminants [3]. Those processes
generate highly oxidizing species, such as hydroxyl
radicals ("OH), which react with most organic
compounds with low selectivity [4l. Therefore, the
scope of this research was to degrade the
antibiotics amoxicillin (AMO) and cefadroxil (CFX)
were simultaneously degraded in simulated hospital
effluent (SHE) by the photo-Fenton process
mediated by ferrioxalate, using UV LEDs as the light
source, at pH close to neutrality.

Material and Methods

The following reagents were used as received:
hydrogen peroxide (H,O,, 30%), ferric nitrate
nonahydrate (Fe(NO3); - 9H,0, 98%), concentrated
sulfuric acid (H,SOs, P.A.), oxalic acid nonahydrate
(H2C204 - 9H,0, 98%), and sodium hydroxide (NaOH,
98%). The Simulated Hospital Effluent was prepared

with the following substances (mg L™"): cefadroxil
(15), amoxicillin (15), sucrose (30), glucose (30), urea
(20), citric acid (20), sodium acetate (20),
magnesium carbonate (50), sodium carbonate (50),
ammonium chloride (20), ammonium phosphate
(20), potassium nitrate (10), and sodium sulfate (25).
Experiments were performed according to a 23 full
factorial design with a triplicate at the central point
and three factors (Fe** and H,0, concentrations and
LEDs power).

Results and Discussion

The simultaneous degradation of the antibiotics in
the SHE was optimized (Figure 1). Table 1 shows
the performed experiments, the degradations
obtained, the respective desirability functions, and
the global desirability. The simultaneous degradation
of AMO and CFX increased as the of Fe®
concentration increased from 5 to 15 mg L™, H.0»
concentration from 20 to 40 mg L™, and LEDs power
from 40 to 60% (in other words, from the — — —
experiment to the + + + one). The global desirability
reached 0.96, which virtually means complete
removal of the AMO and CFX antibiotics.
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Figure 1. Response surface of the performed 22 factorial
design (main factors).

Table 1. Experimental matrix and results of the performed 2° full factorial design with triplicate in the central point. Desirability
limits: Lavo = 60% and Uawo = 100%; Lorx = 50% and Ucex = 100%;. Time: 10 min.

- +
1: Fe* (mg L) 5 15
Factors: 2: H20, (mg L) 20 40
3: LEDs power (%) 40 60
Degradation (%) Desirability N
Run # 1 2 lobal D lit
un AMO CFX AMO CFX Global Desirability
1 0 0 0 82.2 79.3 0.56 0.59 0.57
2 - - - 63.0 51.8 0.08 0.04 0.05
3 + - + 91.7 91.0 0.79 0.82 0.81
4 + + - 79.0 731 0.48 0.46 0.47
5 0 0 0 81.5 75.9 0.54 0.52 0.53
6 + + + 97.6 98.5 0.94 0.97 0.96
7 + - - 74.8 64.9 0.37 0.30 0.33
8 0 0 0 86.2 83.0 0.66 0.66 0.66
9 - - + 69.6 59.7 0.24 0.19 0.22
10 - + - 87.3 90.5 0.68 0.81 0.74
11 - + + 76.8 78.8 0.42 0.58 0.49

Conclusions

The performed 23 full factorial design was capable of optimizing the simultaneous degradation of amoxicillin
and cefadroxil antibiotics using (LED)photo-Fenton process, mediated by ferrioxalate at a near-neutral pH.
That condition is not possible in the conventional photo-Fenton process. The simultaneous removal of the
antibiotics was close to 100% in 10 min of treatment. The use of UV LEDs in the photo-Fenton process is
somewhat recent and presents the advantages of longer service life, lower energy consumption, and the
feasibility of compacting the system. In addition, LEDs do not require heating to reach maximum emission.
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