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MICROBIAL BIOTECHNOLOGIES 
OF ANTIBIOTIC DEGRADATION IN AQUACULTURE 
AND NATURAL WATER BODIES 
Antibiotics are used for therapeutic and prophylactic purposes in both medicine and veterinary medicine, as well as 

growth stimulants on farms and in aquaculture. Pollution of natural waters with antibiotics has an extremely negative 

impact on the environment, aquatic biosystems, and human health, leading to the formation of antibiotic-resistant bac-

teria and antibiotic-resistant genes. Th e presence of antibiotics in water resources and available methods for their degra-

dation are extremely relevant problems for Ukraine, which has signifi cant potential for the development of aquaculture 

in the domestic market and may become an important exporter of fi sh products in Europe in the future. Military ag-

gression and the blowing up of the Kakhovka Hydroelectric Power Plant exacerbated the problems with the pollution of 

water bodies in Ukraine, including antibiotics. Removal of antibiotics is an important problem in wastewater treatment 

and the preparation of drinking water for use. One of the promising methods for the destruction of antibiotics and other 

xenobiotics is biodegradation, in particular decomposition using activated sludge, microbial strains, degradation of an-

tibiotics by electroactive biofi lm, and enzymatic degradation of antibiotics. Aim of the work. To analyze and summarize 

information on antibiotic contamination of water systems and the use of microbial biotechnologies for the degradation 

of antibiotics in aquaculture and natural water bodies. Results. Th e presented work examines the most relevant methods 

of antibiotic degradation in aquatic ecosystems with the involvement of microbial biotechnologies.
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 Global risks associated with antibiotic use. 
Antibiotic contamination of water resources
Antibiotics are drugs of natural or synthetic ori-
gin that have the ability to kill bacteria (bacte-
ricidal ability) or inhibit the growth of bacteria 
(bacter  iostatic ability). Antibiotics are widely 
prescribed for the treatment of bacterial infec-
tions and revention of diseases in humans and 
animals (Huber et al., 2024). Some antibiotics 
are used as growth stimulants in farm animals, 
in crop production and beekeeping, and aqua-
culture; antibiotics are also part of household 
chemicals and cosmetics  (Bondad-Reantaso et 
al., 2023; McKernal et al., 2021)

Antibiotics cannot be fully absorbed by hu-
mans and animals, so a signifi cant amount of 
them is excreted in feces and urine, and released 
into the environment. Also, antibiotics cannot 
be completely removed by wastewater treatment 
plants (Xu et al., 2014; Qiulian et al., 2021; Tran et 
al., 2016). As a result, both the unchanged start-
ing compounds and their metabolites and de-
rivatives are released into the environment. Th e 
main sources of environmental pollution with 
antibiotics are wastewater from pharmaceutical 
enterprises, hospitals, insuffi  ciently treated water 
from wastewater treatment and disinfection en-
terprises, wastewater from livestock farms, fi sh 
farms, slaughterhouses, sedimentation tanks, 
and domestic wastewater (Wang et al., 2020; 
Mello et al., 2022 ). Approximately 20—30% of 
all antibiotics released into the aquatic environ-
ment come from aquaculture enterprises (Zhou 
 et al., 2022; Shepelevych et al., 2023).  In aquacul-
ture, antibiotics are used with feed to minimize 
infections in fi sh and other organisms. Most 
oft en, fl orfenicol, sarafl oxacin, trimethoprim, 
oxytetracycline, ciprofl oxacin, and ofl oxacin are 
used in fi sh farming (Singh et al., 2021).

Under conditions of critical depletion of wa-
ter resources, fresh and marine surface water, 
groundwater, and even drinking bottled water 
can be contaminated with antibiotics due to the 
use of manure and insuffi  ciently treated waste-

water for agricultural land  (Baralla et al., 2021; 
Zhang et al., 2018).

Since the discovery of penicillin in 1929, hun-
dreds of isolated or synthesized antibiotics have 
been used  (Yang et al., 2018). Among the various 
categories, beta-lactam antibiotics (BLAs), fl uoro-
quinolones (FQs), tetracyclines (TCs), macrolides 
(MLs), and sulfonamides (SAs) are the most com-
monly used antibiotics (Zhu et al., 2024). Over the 
past 20 years, the use of antibiotics in medicine 
has increased signifi cantly, so the problem of an-
tibiotic contamination of hospital wastewater and 
domestic wastewater has become even more se-
rious. Th e SARS-CoV-2 (COVID-19) pandemic 
and the uncontrolled use of antibiotics to treat 
and prevent bacterial complications in patients 
with coronavirus have exacerbated the problem 
of environmental pollution (Sosa-Hernández 
et al., 2021). Antibiotics are not very resistant to 
degradation, and the rate at which they enter the 
environment signifi cantly exceeds their rate of 
degradation (Polianciuc et al., 2020). Th e war in 
Ukraine and the use of antibiotics to treat mili-
tary and civilian populations, alongside the death 
of a large number of domestic animals and birds 
on farms as a result of military actions, have in-
creased and exacerbated the problem of antibiotic 
resistance (Symochko et al. , 2024; Polianciuc et 
al., 2020; Petrosillo et al., 2023).  A study of wa-
ter pollution in Ukraine showed a correlation 
between the content of nitrogen compounds and 
heavy metals in the experimental plots of the Uzh 
River and the distribution of antibiotic-resistant 
strains (Savenko et al., 2020).

Th e main ways of contamination of water re-
sources with antibiotics are shown in Figure 1.

In the environment, antibiotics can either 
completely degrade or turn into highly bioactive 
and potentially toxic substances that enter the 
food chain. Antibiotics can have a direct impact 
on a range of aquatic plants and animals, altering 
species distribution and threatening the entire 
aquatic ecosystem (Harada et al., 2008; Wan g et 
al., 2014). Antibiotics can be active at low con-
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centrations (μg/L and ng/L) and cause a reduc-
tion in microbial biodiversity, threaten human 
and animal health, and signifi cantly impair en-
vironmental safety (Larsson, 2014; Wa ng et al., 
202 0; Chie  sa et al., 2018). Synergistic, additive, 
or antagonistic eff ects between other toxins in 
water and antibiotics are also not yet fully under-
stood and are of concern to scientists (Caldwell 
et al., 2016).

Th e danger of antibiotics is manifested both in 
the fact that their cumulative toxic eff ect on liv-
ing organisms has not yet been suffi  ciently stud-
ied, and in the fact that their constant presence 
leads to the development of antibiotic-resistant 
bacteria (ARB ) and antibiotic-resistance genes 
(ARG), which can be transmitted to animals and 
humans (Martins et al., 2 018; Kassotaki et al., 

2016; Wang et al., 202 4; Han et al., 2020; Xu e t 
al., 2022; Liu et al., 2022 ).

Antibiotic-resistant bacteria and antibiotic-re-
sistance genes can be transmitted through direct 
or indirect contact with animals, manure, ani-
mal excrement or sewage, contaminated foods 
(meat, eggs, milk, fi sh, seafood), and through 
inhalation of the bioaerosols in which they are 
contained. Antibiotic resistance is the inability of 
an antibiotic administered at therapeutic doses 
to reduce survival or inhibit the replication of a 
pathogenic bacterium. Antibiotic resistance can 
also cause allergies, asthma, intestinal disorders, 
cancer, and endocrine disruption and have im-
munotoxic eff ects on humans (McInnes et al., 
2020; Sobhani et al., 2019). Due to antibiotic re-
sistance, the number of infections that are dif-
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Fig. 1. Th e main  ways of contamination of water resources with antibiotics (Sosa-
Hernández  et al., 2021)
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fi cult to treat with antibiotics is increasing every 
year globally (Bai et al., 2021). In Ukraine and 
around the world, the Russian-Ukrainian war 
has exacerbated the problem of antibiotic resis-
tance and complicated the treatment of military 
and civilian populations with wounds caused by 
military aggression. (Petrosillo et al. , 2023; Sy-
mo chko et al., 2024; Loban et al., 2023 ; Berger 
et al., 2023; Sandfort et al., 2022) Th is was also 
observed in previous confl icts in Iraq, Syria, the 
Congo, and in Israel-Gaza military confl ict (Sy-
mochko et al., 2024).

Antibiotic resistance is a very important pub-
lic health issue worldwide, as it causes an in-
crease in mortality, long hospital stays, and in-
creased healthcare costs (Sirichokchatchawan  et 
al., 2021). Th e World Health Organization has 
listed antimicrobial resistance among the top 
10 global threats to public health. It is predicted 
 that antibiotic resistance could cause 10 million 
deaths worldwide by 2050 (Antimicrobial resis-
tance, 17 November 2021). 

Th e recognition of  the risks associated with the 
presence of antibiotic residues in food products 
of animal origin and aquaculture has led many 
countries , including the European Union (EU), 
to establish maximum residual limits (MRLs) for 
antibiotics in food products (Commission Regu-
la  tion (EU) 2018/782). Due to legal restrictions 
on the content of antibiotics in feed in Europe, 
the use of antibiotics in agriculture has been re-
duced from 65% to 27%. As an alternative to the 
use of antibiotics in medicine, veterinary medi-
cine, aquaculture, vaccination, the use of bacte-
riophages, nanoantibiotics, bacteriocins, probi-
otics and prebiotics, synbiotics, parabiotics and 
postbiotics, and extracts of medicinal plants is 
considered (Bondad-Reantaso et al., 2023; Hal-
awa et al., 2 023; Vasyliuk et al., 2023).

Antibiotic degradation 
Detection and monitoring of antibiotics in waste-
water and aquatic ecosystems is an important 
problem. Various methods are used for this, in-

cluding enzyme-linked immunosorbent assays, 
instrumental methods, and sensor technologies. 
Each of them has its advantages and limitations, 
and the choice of a method depends on the envi-
ronmental conditions and the type of antibiotic 
contaminant (Zhu et al., 2024). Researchers are 
also developing more environmentally friendly 
antibiotics. Given the seriousness of the prob-
lem of antibiotic pollution, some countries have 
introduced appropriate measures to limit them, 
but they were taken too late and/or were insuffi  -
cient to address the problem (Commission Reg-
ulation (EU) 2018/782). At the same time, due to 
the excessive content of antibiotics in the aquatic 
environment, scientists were forced to develop 
various wastewater treatment methods aimed at 
degrading these compounds. Th e methods can 
be roughly divided into the following categories: 
physical adsorption, chemical oxidation, photo-
degradation, and biodegradation (Sosa-Hernán-
dez et al., 2021).

Biodegradation, also called bioremediation, is 
based on the use of microorganisms, fungi, and 
enzymes to decompose or break down complex 
chemicals present in water or soil sediments 
into smaller and simpler molecules (Singh et 
al., 2021).In additi on to antibiotics, it is pos-
sible with the help of biodegradation to decom-
pose other xenobiotics, petroleum products, 
pesticides, insecticides, drugs, polyurethane, 
polycaprolactone, polystyrene, heavy metals, 
etc. (Khomenko et al., 2022; Khomenko et al., 
2019). Th e biological degradation of antibiotics 
is carried out through conventional activated 
sludge (CAS) processes, membrane bioreactors 
(MBR), and anaerobic reactor systems (Zhu et 
al., 2024). Th e decomposition of antibiotics us-
ing microbial strains and microbiotechnologies 
is a very promising method of degradation of 
antibiotics and xenobiotics. Among the advan-
tages of using microbial-activated sludge and 
microbial strains are the prospects for the use 
of this method in industry and its ease to op-
erate. However, it should be remembered the 
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possibility of the formation of genes of the re-
sistance of microorganisms to antibiotics (Liu 
et al., 2018). Enzymatic degradation of antibi-
otics is an environmentally friendly and eff ec-
tive method that does not require much time, 
but this method can be seriously aff ected by the 
environment (Bilal et al., 2019).

Decomposition of antibiotics 
u sing activated sludge 
In biological treatment, activated sludge tech-
nologies are widely used (Liu et al., 2021). Both 
aerobic and anaerobic microbial communities 
are applied in this technology. Activated sludge 
removes contaminants, including antibiotics, 
through adsorption and microbial biodegrada-
tion. Antibiotics can be removed either by mi-
crobial nitrifi cation (autotrophic biodegrada-
tion) or by microbial chemical oxygen demand 
(heterotrophic biodegradation) (Zhu et al., 2020; 
Zhang et al., 2018). Th e degree of antibiotic re-
moval from wastewater using activated sludge 
varies from <1% to 71%. Studies show that ni-
trifying bacteria play a key role in antibiotic 
biodegradation, which occurs mainly during co-
metabolism and endogenous respiration follow-
ing nitrifi cation (Verlicchi et al., 2013; Alvarino 
et al., 2014). However, it has not yet been possi-
ble to establish a relationship between the chem-
ical structure and composition of pollutants and 
the degree of biotreatment. Th e activated sludge 
from municipal wastewater treatment plants 
can degrade three main macrolide antibiotics: 
erythromycin, clarithromycin, and azithromy-
cin (Terzic et al., 2018). Aft er treatment with 
activated sludge, the harmful eff ects of treated 
wastewater are signifi cantly reduced. Activated 
sludge aff ects the adsorption of quinolone-type 
antibiotics from the environment, but this eff ect 
is unstable (Radjenovic et al., 2009). A pure cul-
ture of the denitrifying bacterium Chromobacte-
rium sp. strain PR1, capable of degrading sulfa-
methoxazole (SMX), was isolated (Nguyen et al., 
2017). Th e properties of antibiotics signifi cantly 

aff ect their biodegradation. In particular, com-
pounds with higher polarity, lower electronega-
tivity of functional groups, and better hydrophi-
licity generally have greater bioavailability and 
degrade faster (Chen et al., 2022). Th e effi  ciency 
of antibiotic degradation due to activated sludge 
signifi cantly depends on environmental factors 
such as pH, temperature, dissolved oxygen, nu-
trients, and toxic substances, as well as the com-
position and proportion of microorganisms that 
infl uence the decomposition duration. Under 
low dissolved oxygen conditions, irritating gases 
such as ammonia or sulfur dioxide may be gen-
erated, necessitating the regulation of nutrient 
proportions in wastewater; otherwise, degra-
dation effi  ciency decreases. Several researchers 
note that biological treatment with activated 
sludge achieves fairly high drug removal effi  -
ciency; however, this technique does not lead to 
complete mineralization of pollutants, only their 
accumulation in activated sludge, which poten-
tially creates additional risks. Antibiotics can 
promote the formation and spread of antibiotic 
resistance genes (ARGs), leading to the emer-
gence of new genetic contaminants (Zeng et al., 
2019). Moreover, the high toxicity of many drug 
contaminants limits the widespread and eff ective 
use of biological treatment, as effl  uents with high 
pollutant content cause the rapid death of acti-
vated sludge microorganisms. Th e effi  ciency of 
biotreatment methods for antibiotic-containing 
wastewater can be signifi cantly improved by hy-
brid systems combining activated sludge treat-
ment as the fi rst stage with a biofi lter containing 
volcanic slag in the second stage. For example, 
a single-stage activated sludge process achieves 
amoxicillin removal at 70.36%, while the addi-
tion of a biofi lter increases removal to 87.53% 
(Pirsaheb et al., 2020).

Degradation of antibiotics 
by microbial strains
In the process of evolution, some strains of mi-
croorganisms have acquired resistance to an-
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tibiotics and the ability to degrade them. Th is 
property is infl uenced by several factors, in-
cluding the structure of antibiotics, the type of 
microorganism, carbon and nitrogen sources, 
temperature, and the composition of wastewa-
ter (the presence of heavy metals and other pol-
lutants).

Recently, through screening and modifi ca-
tion, many bacterial strains have been isolated 
with a pronounced ability to biodegrade antibi-
otics. Most oft en, these are strains that degrade 
sulfonamides and tetracyclines. Presumably, this 
selectivity is because these two classes of antibi-
otics tend to adsorb on sediment, which ensures 
their long-term preservation in the environ-
ment. (Mulla et al., 2018). Table 1 presents the 
strain  s of microorganisms capable of degrading 
antibiotics (Liu et al., 2021).

Microorganisms capable of degrading anti-
biotics can be classifi ed into individual strains 
and groups of strains (Martins et al., 2018). 
Most s tudies on the biodegrada  tion of quino-
lones have focused on single bacterial strains in 
pure cultures, while there is much less research 
examining their degradation by mixed micro-
bial communities. However, some research sug-
gests that combined strains may exhibit higher 
effi  ciency in degrading antibiotics compared 
to individual cultures, making them a promis-
ing approach for removing these compounds 
from the environment. (Kassotaki et al., 2016). 
Mixed bacterial strains can effi   ciently degrade 
quinolone antibiotics, including norfl oxacin 
and enrofl oxacin, in various aquatic environ-

ments, such as tap water, seawater, river water, 
and lake water. Th is demonstrates their poten-
tial for bioremediation of contaminated water 
bodies and reducing the environmental burden 
of persistent pharmaceutical pollutants (Wang 
et al., 2024). Th rough screening, modifi cation, 
and microbial diversity experiments, it was pos-
sible to achieve 96.76% effi  ciency of degrada-
tion of 20 mg/L norfl oxacin (NOR) by complex 
microbial communities such as Acinetobacter 
bereziniae, Aeromonas caviae, Comamonas tes-
tosteroni, and Pseudomonas putida (Wang et al., 
2024). Anaerobic antibiotic deposits are well 
degraded by sulfate-reducing bacteria (SRB) 
(Córdova-Kreylos et al., 2007). Th ere is evi-
dence that under conditions of reduced sulfate 
content, bacteria can degrade antibiotics. In ad-
dition, the nitrate reduction method has been 
successfully used for microbial remediation, as 
denitrifying bacteria eff ectively destroy enro-
fl oxacin and ceft iofur (Jia et al., 2017; Alexan-
drino et al., 2017). A microbial group capable 
of decomposing tetracycline antibiotics was 
isolated from the sediments at the mouth of 
the Erne River. Additionally, scientists success-
fully enriched the microbiota at the mouth of 
the Douro River, achieving degradation rates of 
over 95% for oxytetracycline and enrofl oxacin 
(Harrabi et al., 2019).

Fungi are better able to withstand high con-
centrations of pollutants than bacteria, which 
gives them an advantage in breaking down anti-
biotics. Table 2 lists fungi that degrade antibiot-
ics (Liu et al., 2021). 

Table 1. Strains of microorganisms that degrade antibiotics (Liu et al., 2021) 

Antibiotics Bacterial species
Concent ra-
tion (mg/L)

Removal rate(%) Sources References

Β-lactam Sulfonamides

Cephalosporin Achromobacter sp. YF-1 30 92.71 (7 days) Waste medicine 
residue

Zhang et al. (2019a)

Sulfamethoxazole Shewanella oneidensis MR-1 10 97.9 (3days) Laboratory Mao et al. (2018)

Sulfamethoxazole Shewanella sp. MR-4 10 100 (3days) Laboratory Mao et al. (2018)
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Antibiotics Bacterial species
Concent ra-
tion (mg/L)

Removal rate(%) Sources References

Sulfamethoxazole Pseudomonas mandelii 
McBPA4

50 73 (15days) Laboratory Reis et al. (2018)

Sulfamethoxazole Acinetobacter sp. W1 5-240 100 (10h) Activated sludge Wang and Wang 
(2018)

Sulfamethoxazole Ochrobactrum sp. 
SMX-PM1-SA1

5 45.2 (8h) Wastewater Zhang et al. (2019c)

Sulfamethoxazole Labrys sp. SMX-W11 5 62.2 (8 days) Activated sludge Mulla et al. (2018)

Sulfamethoxazole Gordonia sp. 
SMX-W2-SCD14

5 51.4 (8 days) Pig manure Mulla et al. (2018)

Sulfamethoxazole Achromobacter sp. JL9 50 79.45 (120h) Pharmaceutical 
wastewater

Liang et al. (2019)

Sulfamethoxazole Acinetobacter sp. 30 100 (5h) Microbiological 
culture collection

Wang et al. (2018a)

Sulfadimidine Bacillus cereus J2 50 100 (36h) Municipal sewage Zhang et al. (2019c)

Sulfamethazine Acinetobacter sp. 30 100 (10h) Microbiological 
culture collection

Wang et al. (2018a)

Sulfadiazine Acinetobacter sp. 30 100 (10h) Microbiological 
culture collection

Wang et al. (2018a)

Tetracyclines

Tetracycline Raoultella sp. XY-1 20 70.68 (8 days) Pig farm sediment Wu et al. (2018)

Tetracycline Klebsiella sp. SQY5 10-30 67.32 (92 days) Municipal sludge Shao et al. (2018a)

Tetracycline Achromobacter sp. TJ-2# 50 63.9 (3 days) Contaminated soil Cheng et al (2017 b)

Oxytetracycline Pseudomonas sp.T4 100 26.88 (7 days) Livestock manure Meng et al. (2018)

Oxytetracycline Achromobacter sp. TJ-2# 50 58.3 (3 days) Contaminated soil Cheng et al (2017 b)

Oxytetracycline Ochrobactrum sp.KSS10 30 63.33 (4 days) Municipal sludge Shao et al. (2018b)

Aureomycin Achromobacter sp. TJ-2# 50 65.5 (3 days) Contaminated soil Cheng et al (2017 b)

Fluoroquinolones

Norfl oxacin Staphylococcus caprae 
NOR-36

5 92.6 (10 days) Pharmaceutical 
wastewater

Fu et al. (2017)

Ofl oxain Labrys portucalensis F11 0.45 34.6 (28 days) Fluorebenzene Maia et al. (2018)

Ofl oxain Rhodococcus sp.FR1 0.45 39.3 (28 days) Fluorebenzene Maia et al. (2018)

Ciprofl oxacin Th ermus thermophiles C419 5 57 (5 days) Pharmaceutical 
sludge

Pan et al. (2017)

Ciprofl oxacin Enterobacter sp. 
(KM504128)

5 96(14 days) Hospital effl  uent 
water

Liyanage and 
Manage (2018)

Ciprofl oxacin Lactobacillus gesseri 
(KM4055978)

5 100(14 days) Hospital effl  uent 
water

Liyanage and 
Manage (2018)

Ciprofl oxacin Bacillus sp. (KM504129) 5 74 (14 days) Hospital effl  uent 
water

Liyanage and 
Manage (2018)

Ciprofl oxacin Bradyrhizobium sp. GLC_01 0.05 70.4±7.4 (8 days) Wastewater Nguen et al. (2018)

Macrolides

Tylosin Achromobacter 50 96.08 (56 days) Spinach soil Zhang et al. (2018c)

Continuation of Table 1
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Table 2. Fungi that degrade antibiotics (Liu et al., 2021) 

Antibiotics Fungus
Concent-

ration (mg/L)
Removal rate(%)

Degradation 
enzyme

References

Sulfonamides

Sulfadiazine Fusarium solani KS256 1.5 18.53 (7 days) — Wang et al. (2018b)

Sulfamethoxazole Pycnoporus sangulneus 10 100 (2 days) Lac P450 Geo et al. (2017 a)

Sulfamethoxazole Phanerochaete Crysosporium 10 63.3 (8 days) MnP and 
LipP450

Geo et al. (2017 a)

Sulfamethoxazole Phoma sp. UHH5-1-03 10 57 (168h) Lac Hofmann 
Schlosser (2016)

Sulfamethoxazole Trametes versicolor ATCC 42530 10 90-94 (30 days) — Aydin (2016)

Sulfamethoxazole Bjerkanderaadusta ATCC 28314 10 90-94 (30 days) — Aydin (2016)

Sulfamethoxazole Achromobacter denitrifi cans 
strain PR1

150 91(51h) — Nguyen et al. (2018)

Fluoroquinolones

Ciprofl oxacin Pleurotus ostreatus 500 95.07 Mnp Singh et al (2017) 

Norfl oxacin Penicillum janthinellum KS272 1.5 10.59 (8 days) — Wang et al (2018 b)

Ciprofl oxacin Pycnoporus sanguineus 10 98.5 (2 days) LacP450 Gao et al. (2017 a)

Norfl oxacin Pycnoporus sanguineus 10 96.4 (2 days) LacP450 Gao et al. (2017 a)

Ciprofl oxacin Phanerochaete Chrysosporium 10 64.5 (8 days) Mnp and Lip 
P450

Gao et al. (2017 a)

Norfl oxacin Phanerochaete Chrysosporium 10 73.2 (8 days) Mnp and Lip 
P450

Gao et al. (2017 a)

Norfl oxacin Irpex lacteus 10 100 (10 days) LacP450 Čvančarova et al. 
(2015)

Norfl oxacin Trametes versicolor 10 85 (14 days) MnP and 
MIP

Čvančarova et al. 
(2015)

Ofl oxacin Irpex lacteus 10 100 (10 days) MnP and 
MIP

Čvančarova et al. 
(2015)

Ciprofl oxacin Irpex lacteus 10 100 (10 days) Lac and MnP 
and MIP

Čvančarova et al. 
(2015)

Ciprofl oxacin Pleurutus ostreatus 10 60 (14 days) Lac Čvančarova et al. 
(2015)

Tetracyclines

Oxytetracycline Fusarium verticillioides KS248 1.5 34.63 (7 days) — Wang et al (2018 b) 

Oxytetracycline Penicillium janthinellum KS272 1.5 40.29 (7 days) — Wang et al (2018 b)

Oxytetracycline T. harzianum 250 92 (21 days) — Ahumada-Ru-
dolph et al. (2016) 

Oxytetracycline T.deliquescens 250 85(21 days) — Ahumada-Ru-
dolph et al. (2016)

Oxytetracycline P. crustosum 250 92 (21 days) — Ahumada-Ru-
dolph et al. (2016)

Tetracycline Phanerochaete Chrysosporium 10 80 (3 days) Lip, mnp Qing et al. (2018)

Tetracycline Trichoderma harzianum 250 92 (21 days) — Ahumada-Ru-
dolph et al. (2016)
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Degradation of antibiotics 
by e lectroactive biofi lms
Th e study of antibiotic degradation by electro-
active biofi lms (EAB) represents a promising re-
search direction (Zhang et al., 2024). Microbial 
electrochemical systems (MES) harness the bio-
catalytic activity of microorganisms to transfer 
electrons derived from biodegradable organic 
compounds to electron acceptors on electrode 
surfaces, facilitating interactions between micro-
bial cells and electrodes (Kovalakova et al., 2020; 
Priyadarshini et al., 2022). MES include various 
types of reactors, such as microbial fuel cells 
(MFCs), microbial electrolysis cells (MECs), mi-
crobial solar cells (MSCs), and microbial desali-
nation cells (MDCs), all of which demonstrate 
asignifi cant potential for antibiotic degradation 
(Wu et al., 2018). Microorganisms oxidize an-
tibiotics through extracellular electron transfer, 

directly converting chemical energy into elec-
trical energy (Kovalakova et al., 2020; Wu et 
al., 2018; Li et al., 2020). Enhancing electrode 
effi  ciency in MES is achieved through material 
selection, electrode modifi cation, and optimiza-
tion of electrode 0(Hasinger et al., 2012).

Microbial fuel cells (MFCs) have gained 
widespread attention due to their operational 
simplicity and low cost. Most exoelectrogens — 
microorganisms responsible for electron trans-
fer — belong to Gram-negative Proteobacteria, 
including well-known species such as Shewanel-
la oneidensis, Pseudomonas aeruginosa, and Geo-
bacter sulfurreducens. However, Gram-positive 
exoelectrogens like Rhodococcus and Corynebac-
terium also show potential. Studies have demon-
strated that MFCs eff ectively degrade antibiotics 
such as cefepime, achieving degradation rates of 
up to 92.5% at concentrations of 5 mg/L, with 

Antibiotics Fungus
Concent-

ration (mg/L)
Removal rate(%)

Degradation 
enzyme

References

Tetracycline Trichoderma deliquescens 250 85 (21 days) — Ahumada-Ru-
dolph et al. (2016)

Tetracycline Penicillium crustosum 250 83 (21 days) — Ahumada-Ru-
dolph et al. (2016)

Tetracycline Rhodotorula mucilaginosa 250 73 (21 days) — Ahumada-Ru-
dolph et al. (2016)

Tetracycline Talaromycts atroroseus 250 72(21 days) — Ahumada-Ru-
dolph et al. (2016)

Beta-lactam

Oxacilin Leptosphaerulina sp. 16 100 (6 days) Lac and Mnp 
and Lip

Copete-Pertuz et 
al. (2018) 

Cloxacilin Leptosphaerulina sp. 17.5 100 (6 days) Lac and Mnp 
and Lip

Copete-Pertuz et 
al. (2018)

Dicloxacilin Leptosphaerulina sp. 19 100 (6 days) Lac and Mnp 
and Lip

Copete-Pertuz et 
al. (2018)

Cefadroxyl Leptosphaerulina sp. 
CECT20913

15.2 100 (15 days) Lac and Mnp Perez Grisales et 
al. (2019)

Cefadroxyl Trametes versicolor ATCC42530 6 100 (15 days) Lac and Mnp Perez Grisales et 
al. (2019)

Note: Lac — laccase; LiP — lignin peroxidase; MnP — manganese peroxidase; MIP — manganese-independent 
peroxidase; CGMCC — China General Microbiological Culture Collection Center.

Continuation of Table 2
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a maximum power output of 263.6 mW/cm² at 
25 mg/L. Electrochemical analyses revealed that 
Gram-positive bacteria on the anode exhibit 
increased resistance to vancomycin, resulted in 
a 13.7% increase in power output. Conversely, 
exoelectrogens in mixed communities show low 
sensitivity to antifungal antibiotics such as am-
photericin, with degradation rates below 4.5% 
(Cheng et al., 2023).

Microbial electrolysis cells (MECs) represent 
an advanced technology that combines wastewa-
ter treatment with energy production (Huang et 
al., 2022). MECs enhance electron transfer in an-
aerobic systems, thereby increasing overall effi  -
ciency (Wu et al., 2023). In MECs, bacteria on the 
anode oxidize organic compounds under applied 
voltage, generating electrons that are transferred 
via an external circuit to the cathode, where hy-
drogen is produced alongside protons (Amin et 
al., 2022). Studies have demonstrated that MECs 
operate eff ectively at room temperature to re-
move antibiotics from wastewater sludge by alter-
ing the microbial community (Wu et al., 2023). 
Combining MECs with anaerobic digestion (AD) 
further enhances removal effi  ciency, as voltage 
and temperature infl uence both electrochemical 
and biochemical processes (Wang et al., 2022). 
However, optimal voltage parameters for antibi-
otic removal under mesophilic and thermophilic 
conditions require further investigation.

Antibiotics in wastewater sludge predominant-
ly exist in a solid form and must be transferred to 
the liquid phase for eff ective microbial degrada-
tion (Zhou et al., 2021). Studying the partitioning 
of antibiotics across diff erent phases is critical to 
identify limiting factors aff ecting their degrada-
tion and to improve control over environmental 
release. Nevertheless, data on antibiotic distribu-
tion in MEC systems remains limited.

Electroactive biofi lms (EAB) consist of elec-
trogenic bacteria that transfer electrons to elec-
trodes, forming a complex structures composed 
of extracellular polymeric substances (EPS) se-
creted by bacteria, along with organic matter 

from the environment. Th ese biofi lms integrate 
diverse microbial populations (Pal et al., 2020). 
Due to their unique properties, EABs hold a 
considerable potential for bioenergy produc-
tion and chemical synthesis. Biofi lm formation 
on electrode surfaces is driven by microorgan-
isms that use the electrode as an electron accep-
tor or donor in their respiratory or metabolic 
processes. EPS, which constitute approximately 
90% of biofi lm biomass, are primarily composed 
of complex organic polymers such as polysac-
charides, proteins, lipids, and humic substances. 
EPS play a critical role in forming the three-di-
mensional biofi lm matrix and facilitate cell adhe-
sion to solid electrodes (Liu et al., 2018). Within 
this matrix, microorganisms secrete various EPS 
types, which are essential for microbial commu-
nity stability and enhance bacterial resistance to 
toxic compounds (Li et al., 2022).

MEC systems formed by the synergistic in-
teraction of bacteria inoculated into activated 
sludge promote substantial production of ex-
tracellular polymers, increasing the diversity of 
pollutants subject to degradation. Th e aggrega-
tion of diff erent microorganisms within biofi lms 
enhances resilience to adverse environmental 
conditions, thereby improving the stability of 
the MFC system (Wang et al., 2019). Additional-
ly, extracellular polymers exhibit photochemical 
properties and can spontaneously generate reac-
tive free radicals under illumination, contribut-
ing to the degradation of pollutants, including 
antibiotics (Wang et al., 2019).

Electron transfer within electroactive bio-
fi lms primarily occurs via the outer membrane 
of microbial cells (e.g., Geobacter sulfurreducens, 
Shewanella spp.) or indirectly through redox-
active microelements such as fl avins and phen-
azines produced by bacteria (e.g., Pseudomonas 
aeruginosa, Shewanella oneidensis) (Kong et al., 
2015). Th e effi  ciency of electron transport is 
constrained by biofi lm biomass, thickness, and 
structural stability. Incorporating magnetic ox-
ides into the biofi lm enriches electrogenic bacte-
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ria, enhances electron production, and facilitates 
electron transfer regardless of the distance to the 
electrode (Yu et al., 2022).

Th e formation and charge transfer in electro-
active biofi lms are infl uenced by factors includ-
ing electrode material, temperature, pH, sub-
strate concentration, and metal ion presence. 
Electroactive microorganisms play a pivotal 
role in MECs, aff ecting both external electron 
transfer and substrate metabolism, which jointly 
determine system effi  ciency. Dominant electro-
genic microorganisms have been identifi ed in 
the genera Th auera and Clostridium. Clostridi-
um species serve as key cofactors for hydrogen 
production, whereas Th auera species uniquely 
produce fi lamentous structures that facilitate 
intercellular aggregation and enhance electroac-
tive biofi lm formation (Kovalakova et al., 2020; 
Wang et al., 2017; Vila-Costa et al., 2017).

En zymatic degradation of antibiotics
Microorganisms produce enzymes capable of 
degrading antibiotics. Notably, β-lactamases 
target and hydrolyze the β-lactam ring, a criti-
cal structure in cephalosporins and other 
β-lactam antibiotics. Based on substrate speci-
fi city, β-lactamases are classifi ed into three main 
groups: penicillinases, cephalosporinases, and 
oxime-type cephalosporinases (Sánchez-San 
Martín et al., 2024; Liu et al., 2021). Penicillin-
ases primarily degrade penicillin antibiotics, 
cephalosporinases preferentially degrade cepha-
losporins, while oxime-type cephalosporinases 
act on both classes (Gao et al., 2017).

Th e biodegradation potential of recombinant 
laccase from the thermoalkaliphilic bacterium 
Bacillus sp. has been demonstrated, eff ectively 
breaking down tetracycline, oxytetracycline, 
amoxicillin, and ciprofl oxacin (Sánchez-San 
Martín et al., 2024). Enzymatic systems for antibi-
otic degradation are further enhanced by immo-
bilization techniques that improve enzyme stabil-
ity and reusability, as free enzymes are prone to 
rapid inactivation in environmental conditions.

For instance, immobilizing β-lactamase on 
Fe3O4 magnetic nanoparticles maintained over 
95% degradation effi  ciency for penicillin aft er 35 
reuse cycles (Gao et al., 2017). Similarly, laccase 
immobilized with electrically conductive mate-
rials and mediated by 1-hydroxybenzotriazole 
has shown successful tetracycline degradation. 
An enzymatic membrane reactor combining 
immobilized laccase and eugenol achieved over 
50% degradation effi  ciency for 32 out of 38 tested 
antibiotics within 24 hours (Zdarta et al., 2019).

Currently, β-lactamase-type enzymes domi-
nate antibiotic biodegradation applications. 
Advances in immobilization materials facilitate 
the widespread practical use of enzymatic treat-
ments to reduce antibiotic pollution (Becker et 
al., 2017). Immobilization and chemical modifi -
cation enhance enzyme catalytic performance, 
stability, and enable enzyme reuse, thereby im-
proving process feasibility and reducing costs 
(Wang & Meng, 2024). Research continues to 
focus on increasing enzyme stability, process-
ability, and reducing purifi cation expenses 
(Shao et al., 2019; Liang et al., 2021; Shakerian 
et al., 2020).

Conclusions. Excessive use of antibiotics in 
medicine, veterinary practice, and aquaculture, 
combined with insuffi  ciently eff ective waste-
water treatment, leads to the accumulation of 
antibiotics in natural waters, contributing to 
the spread of antibiotic-resistant bacteria and 
genes. In Ukraine, these problems have been ex-
acerbated by military events, including the de-
struction of the Kakhovka Hydroelectric Power 
Plant and the extensive use of antibiotics to treat 
military personnel and civilians. Biodegradation 
involving microorganisms, fungi, and enzymes 
is a promising method for removing antibiotics 
from water. Biodegradation by specifi c microbial 
consortia demonstrates high effi  ciency (>90%) 
and adapts well to diff erent types of wastewater. 
Enzymatic degradation using immobilized en-
zymes enables rapid and eff ective breakdown of 
antibiotics even in toxic environments. Electro-



138 ISSN 1028-0987. Microbiological Journal. 2026. (1)

N.M. Matvienko, V.V. Shepelevych, M.H. Mardarevych, O.B. Oliinyk, S.O. Skrotskyi

active biofi lms (EABs) show potential for decen-
tralized systems by combining water purifi cation 
with energy generation. Microbial consortia and 
enzymatic technologies are the most feasible 
for implementation in Ukraine due to their ef-
fi ciency and relatively low operational costs. Th e 

fi ndings of this review can serve as a foundation 
for modernization of wastewater treatment fa-
cilities and the development of environmentally 
sustainable aquaculture in the country.
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МІКРОБНІ БІОТЕХНОЛОГІЇ ДЕГРАДАЦІЇ АНТИБІОТИКІВ 
В АКВАКУЛЬТУРІ ТА ПРИРОДНИХ ВОДОЙМАХ

Антибіотики використовуються з терапевтичною та профілактичною метою як у медицині, так і у ветери-
нарії, а також як стимулятори росту на фермах і в аквакультурі. Забруднення природних водойм антибіоти-
ками вкрай негативно впливає на стан навколишнього середовища, водні біосистеми та здоров’я людини, 
призводить до утворення антибіотикорезистентних бактерій та антибіотикорезистентних генів. Наявність 
антибіотиків у водних ресурсах та доступні методи їх деградації є вкрай актуальними проблемами для 
України, яка має значний потенціал для розвитку аквакультури на внутрішньому ринку та може стати у 
майбутньому важливим експортером рибної продукції в Європі. Військова агресія Росії з підривом Кахов-
ської ГЕС загострила проблеми із забрудненням водойм в Україні, в тому числі й антибіотиками. Видален-
ня антибіотиків є важливою проблемою очищення стічних вод і підготовки питної води до використання. 
Одним із перспективних методів деструкції антибіотиків та інших ксенобіотиків є біодеградація, зокрема 
розкладання за допомогою активованого мулу, мікробних штамів, деградація антибіотиків електроактив-
ною біоплівкою та ферментативна деградація антибіотиків. Мета роботи. Проаналізувати та узагальнити 
інформацію щодо забруднення водних систем антибіотиками та використання мікробних біотехнологій для 
деградації антибіотиків в аквакультурі та природних водоймах. Результати. У представленій роботі роз-
глянуто найбільш актуальні методи деградації антибіотиків у водних екосистемах із залученням мікробних 
біотехнологій.

Ключові слова: антибіотики, біодеградація антибіотиків, аквакультура, мікробна біотехнологія.


