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Antibiotics 

Antibiotics are the most frequently prescribed pharmaceuticals in human and veterinary 
treatment of bacterial infections. 

 Since their introduction into medicine in the 1940s, antibiotics have been central to 
modern healthcare. 

 Their role has expanded from treating serious infections to preventing infections in surgical 
patients, protecting cancer patients and people with compromised immune systems, and 
promoting growth and preventing  disease in livestock and other food animals 



Antibiotics consumption 
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ECDC/EFSA/EMA second joint report on the integrated analysis of the consumption of antimicrobial agents and 
occurrence of antimicrobial resistance in bacteria from humans and food-producing animals (2017) 



Antibiotics into the environment 
Antibiotics are released into aquatic environment by different pathways: 

 Fluoroquinolones: up to 100 ng/L; 
 β-lactams: up to 30 ng/L;  
 Macrolides: up to 175  ng/L;  
 Glycopeptides: up to 5 ng/L; 
 Sulphonamides: up to 80 ng/L;  
 Diaminopyrimidines: up to 40 ng/L 

Based on current data, the fate and behaviour of these substances is very difficult to model 
and understand mainly due to the complexity of the involved metabolic pathways (e.g. 
aerobic, anoxic, anaerobic) and the combined action of various organisms, beside the 
potential differential toxicity of byproducts compared to their parent compounds. 

Lofrano G., Pedrazzani R. Libralato G., Carotenuto M. (2017) Advanced oxidation processes for antibiotic removal: a review. Current 
Organic Chemistry, 21, 1-14  



Bacterial resistance against  
key antibiotics 
Continuous input and persistence into the aquatic ecosystem make antibiotics one of the 
most urgent environmental questions, primarily due to the potential for the development 
of antimicrobial resistance among microorganisms and chronic toxicity. 

The loss of efficacy against common pathogens has not only led to a shift towards more 
expensive antibiotic drugs in high-income countries, but also to increased morbidity and 
mortality in low-income and middle-income countries, where affordability of second-line 
drugs restricts their use. 

Bars represent the amount 
of time taken for bacteria 
to develop resistance after 
market introduction 



Trends across OECD countries  

Antimicrobial resistance, OECD, 2016  
www.oecd.org/health/antimicrobial-resistance.htm  



An efficient process for biodegradation 
of antibiotics requires that the 
microorganisms become adapted to 
them allowing the development of 
drug resistant characteristics: 

 modified membrane permeability, 

 enzymatic destruction,  

 alteration of binding sites, 

 extrusion of active principles by 

means of efflux pumps. 

Their presence in both treated and untreated wastewater was highlighted in several 
studies, suggesting that traditional activated sludge processes are unsuitable for their 
efficient removal. 

Antibiotic-resistant genes can be 
transferred horizontally among bacteria, 
increasing human health concern. 

Antibiotics removal by conventional processes ? 



The limitations of conventional AS WWTPs in removing bio-recalcitrant molecules point 
toward the urgent need for improved wastewater treatments such as advanced oxidation 
processes (AOPs).  
 
 

Advanced Oxidation Processes 

Classification Processes 

Reaction phase External Energy Generation of 
hydroxyl radicals 

Homogeneous  

Light 
Chemical / 
Photochemical 
processes 

UV/O3 

UV/H2O2 

UV/H2O2/O3 

UV/Fe2+(Fe3+)/ 
H2O2 

Light /ultrasound Photochemical / 
Sonochemical 
processes 

UV/US 

ultrasound Sonochemical 
processes 

US/H2O2 

US/O3 

None  

Chemical processes 

H2O2/O3 

O3/ H2O2 pH alto  

Fe2+/ H2O2 

Fenton  
Elettricity Chemical/elettroch

emical processes 

Elettro-Fenton 

Hetereogeneous  

  

Light Photochemical 
processes 

UV/TiO2/O2 

UV/TiO2/ H2O2 

None Chemical processes Iron Oxide/ 
H2O2 

This is a special class of 
oxidation techniques 
characterized by the 
production of .OH radicals, 
which are very powerful 
oxidants reacting quickly 
and unselectively with a 
broad range of organic 
compounds. 





Among the various AOPs, PHOTOCATALYSIS 
has been widely investigated for the 
treatment of pharmaceuticals due to its 
capacity:  
 
 to UTILIZE THE SOLAR RADIATION as light 

source, thus reducing significantly 
electric power required and therefore 
saving treatment costs 
 

 to OPERATE WITHOUT pH ADJUSTMENT 

Photocatalysis 

 The process is based on the use of a 
semiconductor as a catalyst and UV 
radiation.  
 

 Titanium dioxide (TiO2) is the most 
frequently used semiconductor since it is 
biologically and chemically inert,  quite 
cheap and non-toxic.  
 

 The oxidizing species generated during 
photocatalysis and responsible for 
degradation of compounds of interest are 
OH, holes and superoxide radicals. 

 Light source 

 Catalyst dose and type 

  Contaminant concentration 

www.sciencedirect.com 
Photocatalysis + antibiotics 

Factor affecting behaviour of the process 

http://www.sciencedirect.com/




 HPLC analysis for antibiotic degradation  

 

By-products (UV absorbances, ESI-MS) 

 

 

 Ion Chromatography  

 

 

 Battery of bioassays  for ecotoxicity test 

How we monitored process behaviour? 

During the oxidation process some by-products (intermediates) are formed and the 
effluent may become more toxic than untreated wastewater or parent compounds, 
respectively. 

The overall efficiency of this processes for this class of contaminants strictly depends 
on the toxicity of treated effluents  

AOPs would result in the mineralization of organic carbon and release of nitrogen and 
chlorides from the molecule. Therefore, chlorides, nitrate and ammonia in the solution 
have to be also measured 



Chloramphenicol degradation 

Chloramphenicol  sodium succinate (CAP) is a broad-spectrum antibiotic exhibiting 
activity against both Gram-positive and Gram-negative bacteria as well as other groups of 
micro- organisms  

Photolysis 
 

CAP 
[mg/l] 

UV source Time 
[h] 

Removal 
[%] 

Ref 

50 UV-A 1 No removal Chatzitakis et al. (2008)  

20 UV-C 12 75 da Rocha et al. (2013)  

20 Solar radiation 12 6 da Rocha et al. (2013)  

25  UV-A 2 40 Lofrano et al., 2016 

Lofrano G., Libralato G., Adinolfi R., Siciliano A., Iannece P., Guida M., Giugni M., Volpi Ghirardini A., Carotenuto M. (2016) 
Photocatalytic degradation of the antibiotic chloramphenicol and effluent toxicity effects. Ecotox. Environ. Saf. 123, 65-71  

Chatzitakis, A., Berberidou, C., Paspaltsis, I., Kyriakou, G., Sklaviadis, T., Poulios, I., 2008. Photocatalytic degradation and 
drug activity reduction of Chlor amphenicol. Water Res.42,386–394  

da Rocha,O.R.S., Pinheiro, R.B., Duarte, M.M.B., Dantas, R.F., Ferreira, A.P., Benachour, M., da Silva, V.L., 2013. Degradation of 
the antibiotic chloramphenicol using photolysis and advanced oxidation process with UV C and solar radiation. Desal. Water 
Treat. 51, 7269–7275.  



Chloramphenicol degradation 

The degradation rate of CAP increased when the 
concentration of TiO2 increased till to a maximum 
value (1.6 gTiO2/L), after that showed a decreasing 
trend. 

Degradation of the CAP subjected to TiO2 
photocatalysis was mainly due to the active species 
produced during the photocatalytic oxidation 
process (e.g. hydroxyl radical, holes and reactive 
oxygen species (ROS)). 

Plots of C versus t obtained in our study fit well 
with the PFO model R2> 0.96.  

Photocatalysis 
 

Lofrano G., Libralato G., Adinolfi R., Siciliano A., Iannece P., Guida 
M., Giugni M., Volpi Ghirardini A., Carotenuto M. (2016) 
Photocatalytic degradation of the antibiotic chloramphenicol and 
effluent toxicity effects. Ecotox. Environ. Saf. 123, 65-71  



Photo-oxidation by-products: UV  

Photo-oxidation by-products of Chloramphenicol (CAP25mgL-1) formation at various 
TiO2 concentrations (0.1,0.2,0.4,0.8,1.6 and 3.2gTiO2  L-1).  

Lofrano G., Libralato G., Adinolfi R., Siciliano A., Iannece P., Guida M., Giugni M., Volpi Ghirardini A., Carotenuto M. (2016) Photocatalytic 
degradation of the antibiotic chloramphenicol and effluent toxicity effects. Ecotox. Environ. Saf. 123, 65-71  



CAP 25 mg L-1 Photolysis 120 min 

120 min 0.2 g TiO2 L-1 0.4 mg TiO2 L-1 1.6 g TiO2 L-1 120 min 120 min 

Photo-oxidation by-products:  
ESI-MS  

In agreement with UV absorbance results, the ESI-MS spectra carried out after 120 min of 
photocatalysis showed a progressive degradation of CAP and its by-products at increasing catalyst 
concentrations(0.2,0.4and1.6gTiO2 L1).  



After 120 min of photocatalysis in presence of 
1.6gTiO2/L only 20% of the N initial 
concentration (1.57mg/L) was detected as 
nitrate.  

Chlorides and nitrogen trasformation 

 Photocatalytic transformation of the nitrogen moieties to N2, NH+4 , NO−2 or NO−3 
depends on the initial oxidation state of nitrogen and on the structure of the antibiotic. 
 

 Chlorine by antibiotics is easily released as chloride ions. 

All Cl stoichiometric amount (0.11mmol/L) was 
detected after 120 min of photo- catalysis at 
0.8g TiO2 /L 

Lofrano G., Libralato G., Adinolfi R., Siciliano A., Iannece P., Guida M., Giugni M., Volpi Ghirardini A., Carotenuto M. (2016) 
Photocatalytic degradation of the antibiotic chloramphenicol and effluent toxicity effects. Ecotox. Environ. Saf. 123, 65-71  



Toxicity results  

 The toxicity of V. fischeri after 5 min(Fig. A) and 15min(Fig. B) contact time were 
very similar. 

 They evidenced that after120min of photo-oxidation the most significant effect 
(p<0.05) was obtained at 1.6gL-1 of TiO2 with a  residual toxicity of 8±6% 
(5min)and 10±4% (15min). 

 Lower TiO2 concentrations showed toxicities ranging between45–62% (5min) 
and53–76% (15min).  

Lofrano G., Libralato G., Adinolfi R., Siciliano A., Iannece P., Guida M., Giugni M., Volpi Ghirardini A., Carotenuto M. (2016) 
Photocatalytic degradation of the antibiotic chloramphenicol and effluent toxicity effects. Ecotox. Environ. Saf. 123, 65-71  



Toxicity results  

 For R. subcapitata the lowest residual toxicity was 
observed at both 0.4 and 1.6g/L of TiO2 with 
approximately 4–5% effect. 
 

 Nevertheless, the toxicity of CAP treated at 0.2, 0.4 
and 0.6 g/L of TiO2 resulted no statistically different 
(p<0.05) after 5, 10, 30, 60 and 120minofphoto-
oxidation mainly due the variability associated to 
these data.  

 The toxicity on L. sativum showed to be significantly 
(p<0.05) reduced just after 5min of photo-oxidation, but 
mainly when 1.6g/L of TiO2 was used.  
 

 The increase in the photo-oxidation duration did not 
significantly improve the toxicity removal that ranged 
between1%(after 120minat1.6gL1 of TiO2) and 
4%(after5minat1.6gL1 of TiO2).  

Lofrano G., Libralato G., Adinolfi R., Siciliano A., Iannece P., Guida M., Giugni M., Volpi Ghirardini A., Carotenuto M. (2016) 
Photocatalytic degradation of the antibiotic chloramphenicol and effluent toxicity effects. Ecotox. Environ. Saf. 123, 65-71  



Toxicity results  

 D. magna 24 h results highlighted that the best concentration of TiO2 to reduce toxicity is equal to 1.6g/L just 
after 5 min of photo-oxidation leaving residual effects between 15%(after 5 min at 1.6g/L of TiO2) 
and5%(after 120min at 1.6g/L of TiO2).  
 

 It is of great interest to observe how increasing the test duration of 24h (Fig. F), the mortality effects 
significantly increased for all treatments except for the CAP solution treated for 120min at 1.6gL of TiO2 that 
presented a residual toxicity still of 10%.  

Lofrano G., Libralato G., Adinolfi R., Siciliano A., Iannece P., Guida M., Giugni M., Volpi Ghirardini A., Carotenuto M. (2016) 
Photocatalytic degradation of the antibiotic chloramphenicol and effluent toxicity effects. Ecotox. Environ. Saf. 123, 65-71  

http://www.google.it/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=EGmLjaTFcIlOqM&tbnid=R-ormLuFD_vZDM:&ved=0CAgQjRw&url=http://www.ambibetta.it/articoli/alimentazione/19-dafnia.html&ei=DtylU9KfK4XL0AXYnYDoDg&psig=AFQjCNEN6JJC6fXT3IjxsC8qj6sSm9wWrQ&ust=1403465102883878


According to all testing species (V. fischeri, P.subcapitata, L. sativum and D. magna), 
filtered  treated samples after the photo-oxidation process presented a residual 
toxicity of approximately 10% or lower that is, generally, the accepted toxicity 
threshold for negative controls in ecotoxicology. 

Toxicity results  

Lofrano G., Libralato G., Adinolfi R., Siciliano A., Iannece P., Guida M., Giugni M., Volpi Ghirardini A., Carotenuto M. (2016) 
Photocatalytic degradation of the antibiotic chloramphenicol and effluent toxicity effects. Ecotox. Environ. Saf. 123, 65-71  



1. The photolysis of antibiotics results strongly influenced by both the wavelength 
and intensity of UV source. 
 

2. The dosage of TiO2  in slurry photocatalytic processes generally represents a key 
factor that can strongly influence the degradation of organic compounds. 
 

3. The best solution should be to balance the hydroxyl radical produced from 
irradiation keeping TiO2  concentration as low as possible to avoid aggregation or 
shading phenomena and thus limiting the photo-reaction efficiency.   
 

4. An optimum TiO2  concentration must be determined time-by-time to avoid the 
use of excess reactive agents as well as to ensure that the absorption of radiation 
photons is maximized for an efficient degradation  
 

5. Toxicity results must be considered looking at a battery of testing organisms 
including at least three biological models at various trophic and phylogenetic 
levels 

TAKE HOME MESSAGES 



FUTURE CHALLENGES 

 Nanobased green synthetized catalysts   
 

 Maximization of solar radiation efficiency for energy saving 
 

 Development of solar photocatalytic nanostructured films 
on different kind of substrates; 
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