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Figure 1. Topic of study   

1. Introduction
Antibiotics (ABs) are often applied in 

aquaculture to prevent fish diseases, which 
can be released in their effluents due to the 

poor elimination by wastewater 
treatments. ABs and their metabolites can 
bring serious threats to ecosystems and 

human health, namely the proliferation of 
antibiotic-resistant bacteria and their 

related genes. Although ozonation has 
been used to improve water quality in 

aquaculture, applications for ABs removal 
are still scarce. 

2. Objectives  
Study of ozone (O3) as a possible 

oxidizing agent to remove emerging 
pollutants, specifically fishery ABs, 

from aquaculture effluents: 
florfenicol (FF), oxytetracycline 
(OTC), sulfadimethoxine (SDM), 

sulfamethoxazole (SMX), and 
trimethoprim (TMP), bringing 
important information on the 

degradation of ABs by O3 and its 
potential toxicity.  

3. Methodology 
Spiked aquaculture effluents or 

ultrapure water (UPW)
(10 mg L-1 of each antibiotic)

Batch Ozonation
500 mL of aqueous matrices 

60 min of treatment 
400 rpm
T = 18 ºC 
pH = 6

O3 = 50 g Nm-3 (gas phase)

MeOH as HO● scavenger
(a) Magnetic stirrer

(b) Glass reactor

(c) O3 generator

(d) O3 analyser

(e) Gas washing bottles

Continuous Ozonation

(a) Inlet of aquaculture effluent
(b) Peristaltic pump
(c) Outlet of aquaculture effluent
(d) Glass column, packed with glass Raschig rings 
(Filling volume of 355 mL) 
(g) O3 generator
(h) O3 analyser
(i) Gas washing bottles
(k) Q45H/64 O3 probe

HRT = 10 min
T = 17 ºC 

pH = 8
O3 = 20 g Nm-3 (gas phase)

O3 = 1.5 mg L-1(liquid phase)

Figure 2. Scheme of performed experiments (set-up and conditions)
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4. Results 
Ozonation experiments

Batch
(Spike of 10 mg L-1)

The degradation of florfenicol requires the presence HO● radicals.
The degradation of sulfadimethoxine and florfenicol is affected by the water matrix.

a, b, c - significant different degradation between tested matrices, *,# - significant different degradation between compounds in the same matrix (One-way ANOVA followed by Turkey post hoc test p < 0.05) 

Ozonation experiments
Continuous

(Spike of 100 ng L-1)

a, b - significant different removals  between target 
compounds (One-way ANOVA followed by Tukey 

post hoc test p < 0.05) 
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Figure 3. Degradation of target antibiotics under batch ozonation 

Figure 4. Removal 
percentages of target 

antibiotics under 
continuous ozonation 

Significant differences relative to the control group (** p < 0.01, ***p < 0.001 – Fisher Exact Test)

Figure 5. Rate of embryonic 
malformations detected at 168 hpf 

in embryos exposed to the 
different experimental conditions 

(continuous ozonation)

5. Conclusions
- Ozonation was an efficient solution for removing ABs widely used in aquaculture, except for FF;
- Florfenicol degradation requires HO●, being highly dependent on the type of water matrix; 
- Endpoints of the zebrafish assays did not reveal toxicity potential compared to negative and 
positive controls, in clear contrast with the untreated effluent. Acknowledgements: NATURE project (Aquatic/0004/2020) - Portuguese Foundation for Science and Technology (FCT), ERA-NET Cofund Aquatic Pollutants (No. 869178-AquaticPollutants).

Strategic Fundings LA/P/045/2020, UIDB/50020/2020, UIDP/50020/2020, UIDB/04423/2020, and UIDP/04423/2020. AMG acknowledges the research grant from FCT (Ref.
COVID/BD/151974/2021).

Zebrafish
embryotoxicity assays based 

on OECD guideline Test
No 236, with 168 hours post-

fertilisation (hpf) of
exposure.
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Useful note:

Removal of ABs was determined 
by UHPLC-MS/MS analysis.


