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Introduction
• The medicines produced and applied at human and veterinary

medicine all over the world are adsorbed and used in the organism.
However, a significant quantity of these substances is still active
when excreted and have the final destiny the domestic sewage and
surface water resources.

• The antibiotic residues are used and always discharged in mixtures,
and they are present in soils and rivers in the range of ng L-1 and μg
L-1 all around the world.

• The farmaceuticals residues in the environment can cause adverse
effects on aquatic and terrestrial organisms, such as the
contribution to the development of resistant bacteria.



Introduction
• There are a variety of antibiotics mixture in soil and water

environment providing as binary and tertiary systems.

• Amoxicillin and cephalexin are essential semi-synthetic penicillin's
and are among the most clinically prescribed in the public
assistance due they high absorption rate, allow oral ingestion and
low cost.

Cephalexin                                Amoxicillin



Introduction
• The Oxytetracycline is widely used in the treatment of bacterial

infections and veterinary medicine, animal nutrition and food
additives to livestock use.

Oxytetracycline



Objective

• The study was conducted to compare the effect of methylene blue
dye and Oxytetracycline ions on the removal of antibiotics from a
mixture including amoxicillin and cephalexin.

• Using the photoactive titanium dioxide (TiO2) and the artificial Solar
Radiation to decompose the composts, through Advanced Oxidative
Processes (AOP).

• The water polishing step performed by the biochar adsorption
followed the Solar/TiO2 photodecomposition.



• The fundamentals of the Advanced Oxidative Processes (AOP) is the
production of the hydroxyl radicals, with or without irradiation, and
promote the mineralization of organic compounds, as some
pharmaceutical compounds.

• Among the different catalyzers for photodecomposition are the
semiconductors: TiO2, ZnO, WO3, SrTiO3 and Fe2O3, the most used is
titanium dioxide (TiO2).



• The semiconductor absorbs the energy required to promote the
electron transition, from the valence band (VB) to conduction band
(CB), allowing the formation of oxidizing sites and catalyze the
chemical reactions, oxidizing the organic compounds to carbon
dioxide (CO2) and water (H2O).

TiO2 + hv (UV) → TiO2 (hBV
+ + eBC

-)                   (1)

• The photogenerated lacuna reacts with adsorbed water, (2), and
OH- groups, (3), producing hydroxyl radicals.

H2O(abs) + TiO2 (hbv
+) → ●OH + H+ + TiO2 (2)

OH- + TiO2 (hbv
+) → ●OH + TiO2 (3)



Biochar Adsorption

• One of the most important technologies for the treatment of
industrial effluents is the adsorption of organic compounds on
activated biocarbon.

• The biochar production use carbonaceous materials, including
wood, coal, lignin, coconut shells, and sugars. It is microporous and
has high adsorbent power due to its high surface area and a variety
of functional groups on its surface.



• The removal of dyes such as methylene blue from industrial
wastewater before discharge is of uttermost importance. Organic
dyes colorize water and make them visible and aesthetically
unpleasant.

• Nowadays some studies are confirming, their antagonistic effect for
organics natural oxidation and photodecomposition process.

• This effect result of the dye hampered interference with sunlight
penetration into water bodies, thus affecting organic
decomposition, fish, and other aquatic organisms.

Chemical structure of methylene 
blue dye.



Material and methods
• Standard solutions of the antibiotics amoxicillin and cephalexin at 0.5g L-1 and

oxytetracycline at 29mg L-1 were previously prepared and diluted in different
initial concentrations for the execution of the experiments with binary and
tertiary mixtures.

• The addition of the prepared standard solution of methylene blue 0.5 mg L-1

was in different volumes to the mixture of the antibiotics.

• It was performed to understand if the dye composition will interfere in the
photodecomposition of the antibiotics tertiary mixture.

• The dilutions were subjected to the stirring of 900r/min and preheating to
(40.0 ± 0.5)°C using the magnetic heater.

• The use of pHmeter and digital thermometer allows the temperature and pH
control, during the process, the instruments did not indicate any essencial
variations, with T=40oC and pH 5.5.



• After preparation, the TiO2 were weighed on the analytical balance
and added to the antibiotic suspensions aliquots with and without
the methylene blue dye. The solar radiation chamber kept the
mixture under stirring for a total 120 minutes.

• The use of the light meter makes possible to measure and control
the artificial solar intensity and kept constant on 1600lux.

• Aliquots of 30mL of the suspension were collected every 20min and
added to the micronized activated charcoal (diameter <500 mesh)in
Falcon tubes for further centrifugation.





Results and Discussion
• The results obtained allowed to elaborate graphs of pseudo first-order and

pseudo second-order to experiments and to determine in which of them
the systems fit better.

qt = ("#– "%)'( (7); qe = ("#– "))'( (8)

• Through Equation 7 it was possible to calculate the amount of antibiotic
adsorbed at each instant (qt), and using Equation 8, it was possible to
perform the calculation of the amount adsorbed at equilibrium (qe).

Ct - concentration at time t (mg L-1)
Ce - concentration in equilibrium (mg L-1)
V - volume of the solution (mL)
m - mass of biocarbon and TiO2 (g)



• In order to analyze the experimental data, graphs for the kinetic 
models of pseudo-first order (Equation 9) and pseudo-second order 
(Equation 10) were constructed.

ln (qe - qt) = ln (qe) – !" #
$,&'& (9);                #()

=  *!+
+  #(,

(10)

K1 - kinetic constant of pseudo-first order (min-1)
K2 - kinetic constant of pseudo-second order (g mg-1 min-1)
t – time (min)



Pseudo-first order, pseudo-second order and interparticle diffusion parameters

Kinetics Tertiary - Methylene Blue Dye
Concentration 

(mg.L-1)
First-Order Second-Order Ce

(mg.L-1)
Removal percentage (%)

K1 R2 K2 R2 Methylene Blue Cephalexin Amoxicillin
68.24 0.019 0.159 -371.75 0.995 29.36 30 57.81 56.86

76.48 -0.011 0.397 -286.53 0.995 76.48 0 0 0

116.34 0.011 -0.159 -161.12 0.972 116.34 0 0 0

200.23 0.009 0.918 50.94 0.921 200.13 38.1 0 0
Kinetics Tertiary - Oxytetracycline

Concentration 
(mg.L-1)

First-Order Second-Order Ce
(mg.L-1)

Removal percentage (%)
K1 R2 K2 R2 Oxytetracycline Cephalexin Amoxicillin

80.62 0.007 -0.058 -176.06 0.986 36.05 14.08 50.47 53.59

99.09 0.017 0.151 -719.42 0.983 47.56 1.63 30.43 31.79

128.30 0.008 0.112 -93.46 0.988 88.31 13.45 53.00 57.36

201.36 0.002 -0.249 -145.56 0.990 169.26 7.31 16.34 16.10



Results

Pseudo First Order (I) and Pseudo Second Order (II) to the Tertiary mixture and  
Methylene Blue Dye

I II



Results

Pseudo First Order (I) and Pseudo Second Order (II) of Tertiary mixture and 
Oxytetracycline

I II



• All results indicate the TiO2/solar photodecomposition followed by
biocarbon adsorption have better agreement with pseudo-second-
order kinetics with higher dependence from the reactants
concentration.

• The comparison between the antibiotics photodecomposition
removal percentages of the binary mixtures indicates higher
decomposition for amoxicillin (57.38%), followed by cephalexin
(48.04%) and considering the tertiary antibiotic systems the
oxytetracycline (14.63 %).

• The presence of Oxytetracycline and the methylene blue reduces
the antibiotics photodecomposition by Solar/TiO2 indicating an
antagonistic effect.



Conclusion
• The use of Solar/TiO2 photodecomposition for water treatment and pollutants

decomposition is promising when is applied to the antibiotics mixtures
• The presence of the methylene blue dye in the antibiotics photodecomposition reaction

promote de antagonistic effect consuming the free hydroxyl radicals and reducing the
antibiotics decomposition drastically.

• The decomposition order is AMOX>Ceph>Oxyt such removal difference is a result of the
antibiotics chemical structure and bounding energy by the hydroxyl radicals produced
by solar/TiO2 photodecomposition reaction.

• For amoxicillin, the decomposition results refer to break the weak thiophene sulfur
bond, for the cephalexin and Oxytetracycline they have to break the strong hydrogen
bonding of amide (amino carbonyls group) and the benzamide bond.

• The antagonistic effect is related with the methylene blue and oxytetracycline
presence. Further studies are performed to analyse the main responsible for such
effect.

• The use of the biocarbon adsorption in the water treatment is the final stage to ensure
the water quality polishing results. The satured biochar also acts as time break allowing
the decomposition and mineralization reaction continues out of the water treatment
system.
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