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IAbstract:

Pharmaceuticals, particularly antibiotics, have been increasingly detected in surface and
groundwater in recent years. Antibiotics are a contaminant of emerging concern (CEC)
due to their role in inducing antibiotic resistance in several bacterial species. This
analysis examines the effective elimination of antibiotics via algae-based technologies.
IThe primary ways for eliminating antibiotics using microalgae are bioaccumulation,
biodegradation, and bioadsorption. By optimizing the process and including other
treatments like UV irradiation, enhanced oxidation, and co-cultivation with
bacteria/fungi, a practical antibiotic elimination strategy can be developed. This article
discusses the main factors that affect algal bioremediation of antibiotics and explores
innovative methods to enhance removal effectiveness, such as hybrid systems
combining microalgae-based technology with classic activated sludge and AOPs.
Microalgae have shown the ability to biodegrade many classes of antibiotics. The review
emphasizes the necessity for more research focused on enhancing microalgae-based
technology, particularly in terms of performance improvement, capacity scaling, field
implementation, environmental sustainability, and economic viability. This paper
addresses the advanced microalgae-based technology for antibiotic elimination and
suggests prospective areas for future research.
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1. Introduction

Ubiquitousantibiotic use in various mammalian pharmaceuticals, as well as for promoting
aquaculture, has increased in recent years(W. hai Xu et al.,, 2007).Antibiotics may possibly
represent a harm to aquatic environments owing to their long-term use and
bioaccumulation(Aradjo et al., 2021).Antibiotics are harmful to aquatic creatures(Polianciuc et
al., 2020; Rodriguez-Mozaz et al., 2020).Antibiotics in the environment have led to antibiotic
resistance in bacterial populations, which may harm human health. It is not possible to remove
antibiotics from wastewater using conventional treatment methods. (Ashfaq et al., 2017; W. Sun
et al., 2016; L. Wang et al., 2018).

Current activated sludge technologies in wastewater treatment facilities don't degrade or
remove antibiotics efficiently(Kim & Aga, 2007; Park et al., 2020). Physical and chemical
treatment techniques have large energy consumption, high operational costs, and secondary
contamination(Jiao et al., 2008).According to the findings of several studies, the products of the
Fenton oxidation reaction or ultraviolet light are often more hazardous than the precursor(Du,
Zhang, et al., 2015; ElImolla& Chaudhuri, 2011; Y. Liu et al., 2017a; Yuan et al., 2011). Activated
sludge methods have become increasingly popular among biological treatments (Gulkowska et
al., 2008). Antibiotics can cut down on biological activity directly, which means that they may
slow down the biodegradation of contaminants. Because of this, activated sludge technologies
used in modern wastewater treatment facilities (WWTPs) are not intended to remove antibiotics.
Antibiotic residues and other chemicals found in wastewater treatment plants (WWTPs) also
have the potential to create antibiotic-resistant bacteria (ARB) and genes (ARG)(Galvin et al.,
2010; tuczkiewicz et al., 2010).

Microalgae are unicellular and common in most aquatic environments (Coogan et al., 2007).
Microalgae may remove organic contaminants and heavy metals effectively(R. Guo & Chen,
2015; Usha et al., 2016; X. S. Wang et al., 2009). Ch/orella vulgaris may remove Antibiotics like
tetracycline and norfloxacin (de Godos et al.,, 2012a; J. Zhang et al.,, 2012)whereas M.
aeruginosa can remove 30% of spiramycin(R. Liu et al., 2021). Algae cells that are left can be
used to produce biofuels, fix carbon, and manufacture various biochemical products, therefore
preventing further pollution(R. Guo & Chen, 2015; Nozzi et al., 2013; Rosgaard et al., 2012).
Studies have shown that microalgae may eliminate third generation cephalosporins and amino
penicillins(Du, Feng, et al., 2015; Du, Zhang, et al., 2015; R. Guo & Chen, 2015; H. Li et al.,
2015a; Y. Liu et al., 2017a). In addition, the algal treatment did not increase the antibiotic's
toxicity (Du et al., 2018; Yu et al., 2017).

This review focuses on microalgae-based antibiotics removal efficiency, processes, hybrid
systems, and the influence on antibiotic resistance genes.

2. Mechanism of removal of antibiotics by microalgae-based treatment system
Microalgae remove antibiotics primarily by biosorption, (triggering bioaccumulation)followed by
biodegradation mechanisms(Hena et al., 2021; Leng et al., 2020; J. Q. Xiong et al., 2018a).
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When there are microalgae present, several antibiotics are eliminated through photo-
oxidation,which is followed by volatilization(Sutherland & Ralph, 2019a). Photodegradation and
volatilization are uncommon and frequently considered insignificant(H. T. Nguyen et al., 2021).
This review also investigates the mechanisms of the processesbioadsorption, bioaccumulation,
and biodegradation (Fig. 1). The elimination steps are: 1) Rapid and passive adsorption through
physicochemical interactions between contaminants and the cell surface. 2) Slow diffusion of
chemicals through the cell membrane, 3) Cell membrane accumulation of substances through
bioaccumulation and/or biotransformation(Yu et al., 2017).

2.1.Bioadsorption and bioaccumulation of antibiotics by microalgae

Bioadsorption occurs when antibiotics attach to microalgae cell walls or extracellular polymeric
substances (EPS) (Sutherland & Ralph, 2019b; J. Q. Xiong et al., 2018a). EPS are biopolymers
produced by bacteria with up to 90% organic content, including polysaccharides, enzymes,
proteins, lipids, and other substituents. Microalgal biomass adsorbs antibiotics through
hydrogen bonding, electrostatic interaction, distribution/partitioning, and hydrophobic
effect(Tan et al., 2015).The elimination of7-ACA by three microalgae, Chlorella sp. Cha-01,
Chlamydomonas sp. Tai-03, and Mychonastes sp. YL-02, involved adsorption as one of the
primary processes (W. Q. Guo et al.,, 2016). After 24 hours of incubation, the residual
concentrations of 7-ACA were 23.8 mg L', 35.1 mg L', and 30.7 mg L', about 30% lower than
the abiotic control (initial concentration = 100 mg L-"). In the first 10 minutes, the adsorption
was relatively quick, 4.74 mg g-', 3.09 mg g-', and 2.95 mg g-! for the dried Chlorella sp. Cha-
01, Chlamydomonas sp. Tai-03, and Mychonastes sp. YL-02 biomass, respectively(W. Q. Guo et
al., 2016). According to researchers, the kinetics of biosorption of 7-ACA fitted the Langmuir
adsorption isotherm better thanthe Freundlich isotherm. The Langmuir model suggests
monolayer adsorption happens at uniform locations on the adsorbent's surface, but this is not
entirely accurate(Balarak& Chandrika, 2019; W. C. Li & Wong, 2015; Wu et al., 2015; Xie et al.,
2020a).

Adsorption is also a major Tetracycline (TC) removal mechanism in High Rate Algal Ponds(de
Godos et al., 2012b; Norvill et al., 2017).Lipid-depleted Chlorella sp. biomass has the potential
to be a bioadsorbent for Cephalexin(Angulo et al., 2018).Equilibrium needed 2 hours of
interaction time. Findings fit the Freundlich model (gmax = 63.29 mg/g of bioadsorbent)(Angulo
et al., 2018). Scenedesmus quadricauda and Tetrase/missuecica can remove 295 mg g-' and
56.25 mg g-' of tetracyclinefrom water, respectively(Daneshvar et al., 2018). These results
showed that thesurface chemistry and effective surface area, greatly influenced their
bioadsorption capacities.(Norvill et al., 2016). Presence of functional groups such as hydroxyl,
carboxyl, and phosphoryl, impart negative charge on theEPA and microalgal cell walls.(Sheng et
al., 2010; J. Q. Xiong et al., 2019).

Microalgae's ability to adsorb substances depends greatly on the species' structure and the
surrounding environment(Norvill et al., 2016). Hydrophilic compounds are more durable in
growth medium and have low affinity for bioadsorption(Sutherland and Ralph, 2019; Xiong et
al., 2019). Log Kow may be used to measure the lipophilicity or hydrophobicity of a material,
with a larger log Kow value suggesting increased adsorption of antibiotics on the microorganism
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surface/solid phase(Avdeef, 1996). Higher log Ko values (>5) also suggest that these
antibiotics are more readily absorbed than low log Koy values (<2.5) antibiotics(Tiwari et al.,
2017). The antibiotic removal efficiency of Chlorella vulgaris and Chlorella ovalisporum
followed this pattern: enrofloxacin (ENR)>sulfamethazine (SM2)>sulfadiazine (SD)>norfloxacin
(NOR). For C. vulgaris and C. ovalisporum, the efficacy of ENR removal was the highest, around
53%-73% and 58%-79%, respectively (S. Chen et al., 2020).

2.1.1 Factors affecting bioadsorption

Process parameters influencing the bioadsorption process are bioadsorbentloading, initial
concentration of adsorbate, time span of adsorption, pH, temperature, and excretions of
extracellular polymeric substances(Sutherland and Ralph, 2019). Cephalexin removal underwent
a reduction when initial antibiotic concentration was increased to 482.92 mg L-'from 49.17 mg
L-! for both live Chlorella sp. (82.8% to 45.6%) and lipid extracted Chlorella sp. (71.2% to 24.7%)
(Angulo et al., 2018). Chlorella vulgaris's efficacy in removing metronidazole decreased as the
initial concentration of antibiotics rose(Hena et al., 2020). Daneshvar et al. (2018) studied the
influence of initial substrate concentration (tertracycline) on the bioadsorption of both
Scenedesmus quadricauda and Tetrase/missuecica biomass (Daneshvar et al., 2018). Linear
increase in bioadsorptionefficacywas observed when the initial TC concentration was increased
from 2.5 mg L' to 80 mg L' for both algal biomasses, but decreased for 7. suecica biomass as
initial TC concentration increased from 80 mg L' to 300 mg L-'. The elimination efficiency of
TC increases as the initial concentration rises (till 80 mg L-') which may be connected to the
concentration gradient's driving force (Crini&Badot, 2008).

In addition, pH of the medium regulates antibiotic bioadsorption onto the biomass (Daneshvar
et al., 2018). pH affects antibiotics' aggregation, hydrophobicity, electrostatic attraction, and
repulsion (Zambrano et al.,, 2021). As log Kow increases, lipophilicity also increases. pK,
influences the lipophilicity and protein-binding capacity of a substance, and in turn, increasing
lipophilicity reduces pKa(Besha et al., 2020; S. Chen et al., 2020; Manallack, 2007).Temperature
fluctuations impact the speed at which antibiotics are absorbed by microalgal cells in
bioadsorption(Zeraatkar et al., 2016,.Sheng et al., 2010).

Unlike bioadsorption, bioaccumulation is an intracellular, active, energy-intensive process (Bai
& Acharya, 2017; Davis et al., 2003). Algal cell membranes may absorb some drugs. Sonication
and dichloromethane/methanol extraction may remove intracellular antibiotics(Kiki et al., 2020;
J. Q. Xiong et al, 2016). Algae allegedly eliminates drugs including trimethoprim,
sulfamethoxazole, and doxycycline(Bai & Acharya, 2017; Prata et al., 2018). Reactive oxygen
species (ROS), crucial for controlling cellular metabolism, can lead to significant cell damage or
death when present in excess, and may be triggered by specific antibiotics(J. Q. Xiong et al.,
2018a). Sulfamethazine antibiotic bioaccumulated in C. pyrenoidosa and was subsequently
removed.(M. Sun et al.,, 2017). C. wvulgaris also eliminated levofloxacin by accumulation,
followed by a further process of intracellular biodegradation(J. Q. Xiong, Kurade, & Jeon,
2017a).
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Fig. 1: Removal mechanism of antibiotics by algae

2.2 Biodegradation of antibiotics by microalgae

Biotransformation was identified as the primary step in the elimination of florfenicol by Ch/orella
sp. L38, as opposed to bioaccumulation and bioadsorption, (Song et al., 2019). As initial
amoxicillin concentrations varied from 10 mg L-', 50 mg L-', and 150 mg L', Amoxicillin (AMX)
removal efficiencies of greater than 99.9%, 99.9+0.006% and 99.4+0.01%respectively were
observed(Shi et al., 2018). Chlorellasp. showed considerable AMX removal activity during the
first 2 hours for all three doses of AMX, resulting in maximal degradation. Moreover, Xie et al.
(2020) revealed that Chlamydomonas sp. was 100% effective in removing ciprofloxacin (Xie et
al., 2020a). Biodegradation contributed 65.05% of the elimination of Tai-03. Similar observation
was reported by X. Li et al., 2020 (X. Li et al., 2020). Between 18.81% and 27.16% of the initial
substrate (ROX) was removed through photolysis after 21 days of exposure. In contrast,
biodegradation destroyed 45.99% to 53.30% of ROX at concentrations ranging from 0.1 mg L-!
to 1.0 mg L. Kiki et al. (2020) studied the «capacity of Haematococcuspluvialis,
Selenastrumcapricornutum, Scenedesmus quadricauda, and Chlorella vulgaris, and concluded
that between 23% and 99% of the removal efficacy of ten antibiotics came from
biodegradation(Kiki et al., 2020).
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Biodegradation is defined as the breakdown of organic compounds through biotransformation,
yielding metabolic intermediates,(Achermann et al., 2018; J. Q. Xiong et al., 2019; Q. Xiong et
al., 2020), or using either pure or mixed microbial cultures for full conversion into CO; and
H,O(Alvarino et al., 2016; Helene et al., 2012). There are two biodegradation pathways: (1)
where the antibiotic is the only source of carbon or a redox reactant for microalgae during
biotransformation; and (2) Co-metabolism involves metabolism of more than one substrates
simultaneously, where several substrates initiate synthesis of algal biomass because they are
serving as the electron donor (Leng et al., 2020; Tiwari et al.,, 2017; Tran et al., 2016).
Microalgae often engage in antibiotic biodegradation through both extracellular and
intracellular biotransformation, or through both the processes(Tiwari et al., 2017; J. Q. Xiong et
al., 2018a). EPS may operate as a surfactant, emulsifier, or external digestion system to improve
antibiotic bioavailability (Xiao & Zheng, 2016).
Microalgae can degrade antibiotics by a two-phase enzymatic catalysis method(Leng et al.,
2020; Y. Wang et al., 2017). First, oxidation, reduction, or hydrolysis introduce reactive
functional groups (phase I). Microsomal monooxygenases, such as cytochrome P-450, catalyze
these processes(Torres et al., 2008). Phase | activities include hydroxylation, dihydroxylation,
methylation, demethylation, carboxylation, decarboxylation, oxidation, and ring breakage
(Stravs et al., 2017; S. Wang et al., 2018; Xie et al., 2020a; J. Q. Xiong et al., 2017, 2019; Q.
Xiong et al., 2020). Phase | metabolites enhance the polarity, which in turn increases the
hydrophilic nature of the converted products, which increases the possibility of excretion as
aqueous solution(Torres et al., 2008). Phase Il processes involve combining xenobiotics (or
phase | metabolites) with bulky, polar compounds like sugars and amino acids(Dudley et al.,
2018; Pflugmacher et al., 1999; Torres et al., 2008).
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Table 1:
Antibiotic Antibiotic Algal Species %Removal of | Mechanisms | Reference
Group Name antibiotic,
Initial
concentration
and incubation
time
Beta lactum Amoxicillin | Microcystis 30.5-33.6%, Biodegradati | (Y. Liu et
aeruginosa 50 ng L-7- 500 | on al., 2012)
ng L1, 7d
Microcystis 18.5-30.5%, Biodegradati | (Y. Liu et
aeruginosa 200-500 ng L- | on al., 2015)
1, 7d
Cefalexin Chlorella sp. | 71.2 = 38.9%, | Biosorption | (Angulo et
(lipid extracted | 49.17 = 0.20 al., 2018)
dry biomass) mg L-1, 20d
Chlorella 96.07%, 40 mg | Bioadsorptio | (Yu et al.,
7-amino pyrenoidosa L-1, 6h n and | 2017)
cephalospo biodegradat
ranic acid ion
Chlorella  sp. | 4.74 mg g-'of | Bioadsorptio | (R. Guo &
Cha-01 biomass n Chen,
Chlamydomon | 3.09 mg g-'of | Bioadsorptio | 2015)
as sp. Tai-03 biomass n
Mychonastessp | 2.95 mg g-'of | Bioadsorptio
.YL-02 biomass n
Tetracyclines Chlamydomon |10 mg L, | Biodegradati | (Xie et al.,
as sp. Tai-03 100%, 8d on, 2020a)
photolysis
and
hydrolysis
Tetracycline | Scenedesmus 48.84 + 1.4%, | Biosorption | (Daneshva
quadricauda(li | 400 mg L1, pH r et al.,
pid extracted | 8 2018)
dry biomass)
Tetraselmissue | 36.71 + 2.1%, | Biosorption | (Daneshva
cica(lipid 400 mg L1, pH r et al.,
extracted dry | 8, 12d 2018)
biomass)
Spirogyra sp. 89+2%, 200 ug | Photodegra | (Garcia-
L1, 20d dation Rodriguez
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et al.,
2013)
Oxytetracyc | Spirogyra sp. 93+2%, 200 pg | photodegra | (Garcia-
line L-1, 20d dation, Rodriguez
biodegradat | et al.,
ion and | 2013)
hydrolysis
Sulphonamid | sulfadiazine | Chlorella 11-24%, 1- 50 | Not (S. Chen
es vulgaris mg L1, 16d discussed et al.,
2020)
Chlorella 10-20%, 1- 50 | Not (S. Chen
ovalisporum mg L1, 16d discussed et al.,
2020)
Chlamydomon | 35.6% , 80 mg | Photolysis (Xie et al.,
as sp. Tai-03 L-1, 9d and 2020a)
biodegradat
ion
sulfametha | Scenedesmus 0.025-0.25 Not . Q.
zine obliquus mg L', 31.4- | discussed Xiong et
62.3%,12d al., 2019)
sulfametho | Chlamydomon | 20%, 1 mg L', | Biodegradati | (Xie et al.,
xazole as sp. Tai-03 8d on 2019)
Scenedesmus 27.7- 46.8%, | Not (. Q.
obliquus 0.025-0.25 discussed Xiong et
mglL-1,12d al., 2019)
Nannochloris 32%, 10 ug L1, | Algae- (Bai &
sp. 14d mediated Acharya,
photolysis 2016)
Nannochloris 11%, 360 ng L- | Algae- (Bai &
sp. 1. 14d mediated Acharya,
photolysis 2017)
Chlorella 48.5-69.9%, Accumulatio | (P. Sun et
pyrenoidosa 2-8 mg L7, |n and | al., 2018)
13d biodegradat
ion
Macrolides Erythromyci | Scenedesmus 94.18%, Biodegradati | (X. Wang
n obliguus 80.59%, and | on, et al.,
49.60% for 1, | hydrolysis, 2021)
10, 100 pg L' | and
respectively, 5 | photolysis

d




Indrani Ghosh/Afr.).Bio.Sc.6(Si4)(2024)

Page 4355 of 26

dation

Roxithromy | Chlorella 80.45%, Photodegra | (J. Li et al.,
cin pyrenoidosa 76.35% and | dation and | 2020)
64.81%, 0.1, | biodegradat
0.25 and 1.0 | ion
mg L1
respectively,
21d
Scenedesmus 93%, 25 ug L1, | Bioadsorptio | (Grimes et
dimorphus 144 h n and | al., 2019)
biotransfor
mation
Ciprofloxaci | Chlamydomon | 13%, 2 mg L', | Biodegradati | (J Q.
n as mexicana 11d on, Xiong et
bioaccumul | al., 2017)
ation and
Quinolones bioadsorpti
on
Chlamydomon | 65.05%, 10 mg | Biodegradati | (Xie et al.,
as sp. Tai-03 L-1, 9d on 2019)
Enrofloxaci | Scenedesmus 23%, 1 mg L1, | Biodegradati | (J. Q.
n obliquus 11d on, Xiong,
Chlamydomon | 25%, 1 mg L-1, | bioaccumul | Kurade, &
as mexicana 11d ation and | Jeon,
Cholera 26%, 1 mg L' , | bioadsorpti | 2017a)
vulgaris 11d on
Ourococcusmu | 18%, 1 mg L,
Itisporus 11d
Micractiniumre | 20%, 1 mg L1,
sserf 11d
Chlorella 53-73%, 1-50 | Bioadsorptio | (S. Chen
vulgaris mg L1, 16d n and | et al.,
biodegrdaat | 2020)
ion
Chlorella 58-79%, 1-50 | Bioadsorptio
ovalisporum mg L', 16d n and
biodegrdaat
ion
Norfloaxaci | Chlorella 36.9%, 30 min | Algae- (J. Zhang
n vulgaris mediated et al.,
photodegra | 2012)




Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4356 of 26

3. Algae-based treatment system for removal of antibiotics from wastewater

3.1 Conventional treatment systems using microalgae: open and closed systems with
suspended or immobilized cultures

For the large-scale development of microalgae, open systems such as circular ponds, tanks,
and high-rate algal ponds (HRAPs) are commonly used. Prior studies have shown that HRAPs
are just as efficient at getting rid of antibiotics as activated sludge(H. T. Nguyen et al., 2021;
Villar-Navarro et al., 2018). The elimination of ciprofloxacin and tetracycline from HRAP was
successfully accomplished by algal cells(de Godos et al., 2012b; Hom-Diaz et al., 2017). An
efficient use of time and energy is immobilized microalgae culture as an alternative to
suspended culture(He & Xue, 2010; Pires et al., 201 3).

3.2 Algae based composite treatment systems for removal of antibiotics

Microalgae have stronger tolerance to contaminants, including antibiotics, than bacteria.
Antibiotics are toxic to microalgae, inhibiting their growth(Carusso et al., 2018; R. X. Guo &
Chen, 2012; Halling-Sgrensen, 2000; Kolar et al., 2014).

3.2.1 Combination of microalgae with activated sludge system

Microalgae and bacteria collaborate to remove nutrients, heavy metals, and other
micropollutants(Goncalves et al., 2017; Perera et al., 2019; Quijano et al., 2017; B. Zhang et al.,
2020). Guo and Chen (2015) eliminated cephalosporins with a combined method of both
activated sludge and microalgae (R. Guo & Chen, 2015). Ji et al. (2020) developed an
experiment using a novel microalgae/bacteria granular sludge system to remediate urban
sewage. Analysing the parameters like stoichiometry, microbial diversity, and functional genes
has demonstrated the effectiveness of these systems(Ji et al., 2020). Bioaccumulation, covalent
bonding, physisorption, and biodegradation are the processes behind removal of
micropollutants(B. Zhang et al., 2020). The efficiency of eliminating micropollutants in the
hybrid microalgae-activated sludge system depends on different factors, including the
inoculum ratio of the activated sludge(T. T. D. Nguyen et al., 2020), cultivation practices, the
concentration and physicochemical characteristics of contaminants, and the inoculum dose of
microalgae(B. Zhang et al., 2020).

3.2.2 Combination of microalgae with advanced oxidation system

Advanced Oxidation Processes (AOPs) include photocatalysis, ultrasonication, ozonation, and
Fenton/photo-Fenton/sono-Fenton reactions(Y. di Chen et al.,, 2021). AOP systems are
expensive and energy-intensive, especially when mineralizing organic pollutants(S. Li et al.,
2021). AOP technologies create hydroxyl radicals, which attack target compounds(Anjali &
Shanthakumar, 2019). Recently, AOPs have been used to enhance the biodegradability (algal) of
antibiotic effluent, especially when the resultant intermediates are readily eliminated by later
biological treatments(Almaguer et al., 2021). Although the overall effectiveness of removing the
target antibiotic increased, reducing the loading of oxidant i.e. Fenton’s reagent (H.O; and
Fe(ll)) did not impact the contribution of the Fenton treatment (H. Li et al., 2015). UV radiation
can be simultaneously employed with biological degradation processes(Y. Liu et al., 2017b).
Researchers found a potential increase in the breakdown of contaminants in a UV-irradiated
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media due to algae, suggesting that rapid degradation could be caused by the production of
hydroxyl radicals by the algae(Peng et al., 2006). Algae breakdown was suggested to play a vital
function in decreasing the effluent's overall toxicity(Du et al., 2015). With S. obliguus and UV-
irradiation at 365 nm, Yang et al. successfully achieved a 99.84% removal efficacy (Yang et al.,
2017). UV radiation at 185 nm removed antibiotic substrate by 97.26%, at wavelengths over
280 nm the removal effectiveness was up to 97.15%, and at wavelengths exceeding 365 nm,
the removal efficiency was just 8.52%(Y. Liu et al., 2017a). Despite the common use of UV
irradiation in biological wastewater treatment, limited research has been done on the ability of
algae and UV radiation to break down antibiotics(Tamer et al., 2006).

3.2.3 Photodegradation of antibiotics caused by algae

Photodegradation is a crucial mechanism for decomposing residual antibiotics in natural water
settings, particularly in surface layers(Dabi¢ et al., 2019; Doll & Frimmel, 2003). Several
antibiotics are extremely light-sensitive(Baena-Nogueras et al., 2017; Bonvin et al., 2013; Tian,
Zou, et al., 2019). Antibiotics can rapidly break down or fragment upon exposure to light; this
is referred to as direct photodegradation(Tian, Zou, et al., 2019; Wammer et al., 2013; Zepp &
Cline, 1977). Chemical species mediated photodegradation depends on the particular reactive
oxidizing species(e.g., hydroxyl radicals (-OH), singlet oxygen ('0;), superoxide (Oz -),
hydrogen peroxide (H.02), peroxyl radicals (-OOR)) which are produced when added
photosensitizers are irradiated with UV light(S. Li & Hu, 2016; Tian, Zou, et al., 2019). Indirect
photolysis has a significantly higher reaction rate compared to direct photolysis, making it a
crucial factor in the organic micropollutants degradation(Tian, Zou, et al., 2019; H. Xu et al.,
2011). Algae in naturally occurring bodies of water are good photosensitizers and may produce
reactive oxygen species when irradiated (Zepp & Schlotzhauer, 1983). Tian et al. (2018)
discovered that Chlorella vulgariswhen irradiated resulted in an over 96%
chlortetracyclineclearance rate, which is likely due to algae-induced photodegradation, as no
further chemicals were used(Tian, Zou, et al., 2019). To complement these, Tian et al. (2019)
reported that the algae C. wulgaris, Microcystis aeruginosa, and Scenedesmus sp.increase the
rate of photodegradation of chlortetracycline, whereas Zhang et al. (2012) reported that the
rate of degradation of norfloxacin in a suspension of C. vu/garis under UV irradiation is thrice
than in the absence of algae (Tian, Wei, et al., 2019; J. Zhang et al., 2012). Guo and Chen (2015)
have achieved exceptional results in the elimination of residual antibiotics and sludge
inactivation using the alga-activated sludge combination method. (R. Guo & Chen, 2015).
Microalgae treatment of pharmaceuticals outperformed activated sludge (>70%). Wastewater
treatment with algae is feasible. (Villar-Navarro et al., 2018).

Extracellular organic matter (EOM) containing proteins, polysaccharides, and humic-like
compounds is the main contributor to photodegradation by producing active species upon
exposure to light(L. Li et al., 2012; Tenorio et al., 2017; Tian, Wei, et al., 2019; Tian, Zou, et al.,
2019). Algal EOMs produce ROS to photodegrade antibiotics. Several investigators have studied
the photodegradation of two fluoroquinolone medications by Platymonassubcordiformis and
Isochrysisgalbana, specifically ciprofloxacin hydrochloride and enrofloxacin (Ge & Deng, 2015).
Both algae contributed to the photodegradation of the two medicines. P. subcordiformis,
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however, increased the average rate of photolysis to 76.1%, but in case of/. ga/bana, it was only
68.7%. Tian et al. (2019) examined the efficacy of three distinct algal species' indirect
photolysis on CTC: M. aeruginosa, Scenedesmus meyen, and C. vulgaris. All retrieved
photosensitizersencouraged the decomposition of CTC to differing degrees, the highest being
for C. vulgaris(Tian, Wei, et al., 2019). Under UV light, Chlamydomonas reinhardtii had a
removal rate of 100% for cefradine (CED), whereas Chlorella pyrenoidosa had a rate of
77.99%(Du, Feng, et al., 2015; Jiang et al., 2019).

4. Antibiotic resistance genes after algae-based treatment for antibiotic removal

The gathered biomass should be thermochemically treated to eliminate any antibiotics(Leng &
Huang, 2018; Zhuang et al., 2019). A microalgae-bacteria consortium successfully removed
sulfamethoxazole (~54%), according to Rodrigues et al(da Silva Rodrigues et al., 2020).

This collaboration effectively removed (>90%) the antibiotics cephalexin and erythromycin.
These findings demonstrate that even low concentrations of antibiotics in water, results in the
spread of ARBs and ARGs. Cheng et al. (2020) showed that the use of Gal/dieriasulphurariain an
algae-based wastewater treatment system reduced the amount of ARBs and the relative
abundance of ARGs (qnrA, gnrS, and tetW) in bacterial strains that survived the process (Cheng
et al., 2020).

5. Conclusion:

This review focuses on the use of algae-based technologies for efficient antibiotic elimination.
Bioaccumulation, biodegradation, and bioadsorption have been identified as the primary
microalgal antibiotic elimination strategies(Hena et al., 2021, Leng et al., 2020; J. Q. Xiong et
al., 2018a). This study investigated the involvement of bacteriophages in the transmission of
antibiotic resistance genes (ARGs) by identifying ARGs in phages and comparing them to the
quantity of ARGs in bacteria that survived. Four out of the five genes identified in the
bacteriophage algal system exhibited a notable drop, indicating that the transmission of
antibiotic resistance genes by phages in algal therapy is infrequent. This study identified
numerous advantages of the algal wastewater treatment system over secondary wastewater
treatment for managing ARG and ARB.

Conflict of Interest
On behalf of all authors, the corresponding author states that there is no conflict of interest.

References

1. Achermann, S., Bianco, V., Mansfeldt, C. B., Vogler, B., Kolvenbach, B. A., Corvini, P. F. X.,
& Fenner, K. (2018). Biotransformation of Sulfonamide Antibiotics in Activated Sludge: The
Formation of Pterin-Conjugates Leads to Sustained Risk. Environmental Science &
Technology, 52(11), 6265-6274. https://doi.org/10.1021/acs.est.7b06716

2. Almaguer, M. A., Cruz, Y. R.,, & da Fonseca, F. V. (2021). Combination of Advanced
Oxidation Processes and Microalgae Aiming at Recalcitrant Wastewater Treatment and



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4359 of 26

10.

11.

12.

13.

14.

Algal Biomass Production: a Review. £Environmental Processes, &2), 483-5009.
https://doi.org/10.1007/s40710-020-00492-x

Alvarino, T., Nastold, P., Suarez, S., Omil, F., Corvini, P. F. X., &Bouju, H. (2016). Role of
biotransformation, sorption and mineralization of 14C-labelled sulfamethoxazole under
different redox conditions. Science of The Total Environment, 542, 706-715.
https://doi.org/10.1016/J.SCITOTENV.2015.10.140

Angulo, E., Bula, L., Mercado, I., Montarno, A., &Cubillan, N. (2018). Bioremediation of
Cephalexin with non-living Chlorella sp., biomass after lipid extraction. Bioresource
Technology, 257, 17-22. https://doi.org/10.1016/).BIORTECH.2018.02.079

Anjali, R., & Shanthakumar, S. (2019). Insights on the current status of occurrence and
removal of antibiotics in wastewater by advanced oxidation processes. Journal of
Environmental Management, 246, 51-62.
https://doi.org/10.1016/J.JENVMAN.2019.05.090

Araujo, L. C. A. de, S4, R. A. de Q. C. de, & Lima, A. V. A. (2021). Effects of Antibiotics on
Impacted Aquatic Environment Microorganisms. In S. M. da Silva (Ed.), Emerging
Contaminants (p. Ch. 11). IntechOpen. https://doi.org/10.5772/intechopen.93910
Ashfaq, M., Li, Y., Wang, Y., Chen, W., Wang, H., Chen, X., Wu, W., Huang, Z., Yu, C. P., &
Sun, Q. (2017). Occurrence, fate, and mass balance of different classes of pharmaceuticals
and personal care products in an anaerobic-anoxic-oxic wastewater treatment plant in
Xiamen, China. Water Research, 123, 655-667.
https://doi.org/10.1016/)J.WATRES.2017.07.014

Avdeef, A. (1996). Assessment of Distribution-pH Profiles. In V. Pliska, B. Testa, & H. van
de Waterbeemd (Eds.), Lipophilicity in Drug Action and Toxicology (pp. 109-139).
Baena-Nogueras, R. M., Gonzdlez-Mazo, E., & Lara-Martin, P. A. (2017). Photolysis of
Antibiotics under Simulated Sunlight Irradiation: Identification of Photoproducts by High-
Resolution Mass Spectrometry. Environmental Science & Technology, 51(6), 3148-3156.
https://doi.org/10.1021/acs.est.6b03038

Bai, X., & Acharya, K. (2016). Removal of trimethoprim, sulfamethoxazole, and triclosan
by the green alga Nannochloris sp. Journal of Hazardous Materials, 315, 70-75.
https://doi.org/10.1016/J.JHAZMAT.2016.04.067

Bai, X., & Acharya, K. (2017). Algae-mediated removal of selected pharmaceutical and
personal care products (PPCPs) from Lake Mead water. Science of The Total Environment,
5871-582, 734-740. https://doi.org/10.1016/).SCITOTENV.2016.12.192

Balarak, D., & Chandrika, K. (2019). Batch Studies on Biosorption of Ciprofloxacin on
Freshwater Macro Alga Lemna minor. /nternational Journal of Pharmaceutical
Investigation, X3), 117-121. https://doi.org/10.5330/ijpi.2019.3.22

Besha, A. T., Liu, Y., Fang, C., Bekele, D. N., & Naidu, R. (2020). Assessing the interactions
between micropollutants and nanoparticles in engineered and natural aquatic
environments. Critical Reviews in Environmental Science and Technology, 5(2), 135-215.
https://doi.org/10.1080/10643389.2019.1629799

Bonvin, F., Omlin, J., Rutler, R., Schweizer, W. B., Alaimo, P. J., Strathmann, T. J., McNeill,
K., & Kohn, T. (2013). Direct Photolysis of Human Metabolites of the Antibiotic



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4360 of 26

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sulfamethoxazole: Evidence for Abiotic Back-Transformation. Environmental Science &
Technology, 4713), 6746-6755. https://doi.org/10.1021/es303777k

Carusso, S., Juarez, A. B., Moretton, J., & Magdaleno, A. (2018). Effects of three veterinary
antibiotics and their binary mixtures on two green alga species. Chemosphere, 194, 821-
827. https://doi.org/10.1016/J.CHEMOSPHERE.2017.12.047

Chen, Y. di, Duan, X., Zhou, X., Wang, R., Wang, S., Ren, N. qi, & Ho, S. H. (2021).
Advanced oxidation processes for water disinfection: Features, mechanisms and
prospects. Chemical Engineering Journal, 409, 128207.
https://doi.org/10.1016/).CEJ.2020.128207

Chen, S., Zhang, W., Li, J., Yuan, M., Zhang, J., Xu, F., Xu, H., Zheng, X., & Wang, L. (2020).
Ecotoxicological effects of sulfonamides and fluoroquinolones and their removal by a
green alga (Chlorella vulgaris) and a cyanobacterium (Chrysosporumovalisporum).
Environmental Pollution, 263. https://doi.org/10.1016/j.envpol.2020.114554

Cheng, X., Delanka-Pedige, H. M. K., Munasinghe-Arachchige, S. P., Abeysiriwardana-
Arachchige, I. S. A., Smith, G. B., Nirmalakhandan, N., & Zhang, Y. (2020). Removal of
antibiotic resistance genes in an algal-based wastewater treatment system employing
Galdieriasulphuraria: A comparative study. Science of the Total Environment, 711.
https://doi.org/10.1016/j.scitotenv.2019.134435

Coogan, M. A., Edziyie, R. E., La Point, T. W., & Venables, B. J. (2007). Algal
bioaccumulation of triclocarban, triclosan, and methyl-triclosan in a North Texas
wastewater treatment plant receiving stream. Chemosphere, 6710), 1911-1918.
https://doi.org/10.1016/)J.CHEMOSPHERE.2006.12.027

Crini, G., & Badot, P. M. (2008). Application of chitosan, a natural aminopolysaccharide,
for dye removal from aqueous solutions by adsorption processes using batch studies: A
review of recent literature. Progress in Polymer Science, 33(4), 399-447.
https://doi.org/10.1016/J.PROGPOLYMSCI.2007.11.001

da Silva Rodrigues, D. A., da Cunha, C. C. R. F., Freitas, M. G., de Barros, A. L. C., e Castro,
P. B. N., Pereira, A. R., de Queiroz Silva, S., da Fonseca Santiago, A., & de Cassia Franco
Afonso, R. J. (2020). Biodegradation of sulfamethoxazole by microalgae-bacteria
consortium in wastewater treatment plant effluents. Science of the Total Environment,
749. https://doi.org/10.1016/j.scitotenv.2020.141441

Dabié¢, D., Babi¢, S., & Skori¢, 1. (2019). The role of photodegradation in the environmental
fate of hydroxychloroquine. Chemosphere, 230, 268-277.
https://doi.org/10.1016/).CHEMOSPHERE.2019.05.032

Daneshvar, E., Zarrinmehr, M. J., Hashtjin, A. M., Farhadian, O., & Bhatnagar, A. (2018).
Versatile applications of freshwater and marine water microalgae in dairy wastewater
treatment, lipid extraction and tetracycline biosorption. Bioresource Technology, 268,
523-530. https://doi.org/10.1016/J.BIORTECH.2018.08.032

Davis, T. A., Volesky, B., & Mucci, A. (2003). A review of the biochemistry of heavy metal
biosorption by brown algae. Water Research, 3718), 4311-4330.
https://doi.org/10.1016/S0043-1354(03)00293-8



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4361 of 26

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

de Godos, I., Mufioz, R., &Guieysse, B. (2012a). Tetracycline removal during wastewater
treatment in high-rate algal ponds. Journal of Hazardous Materials, 229-230, 446-449.
https://doi.org/10.1016/J.JHAZMAT.2012.05.106

de Godos, I., Mufioz, R., &Guieysse, B. (2012b). Tetracycline removal during wastewater
treatment in high-rate algal ponds. Journal of Hazardous Materials, 229-230, 446-449.
https://doi.org/10.1016/j.jhazmat.2012.05.106

Doll, T. E.,, & Frimmel, F. H. (2003). Fate of pharmaceuticals--photodegradation by
simulated solar UV-light. Chemosphere, 52(10), 1757-1769.
https://doi.org/10.1016/5S0045-6535(03)00446-6

Du, Y., Feng, Y., Guo, R., & Chen, J. (2015). Enhancement by the artificial controlled
culture for the algal treatment of antibiotic ceftazidime: a three-step response
performance and high-removal efficiency. RSC Adv., 5(89), 72755-72763.
https://doi.org/10.1039/C5RA06855)

Du, Y., Wang, J., Wang, Z., Torres, O. L., Guo, R., & Chen, J. (2018). Exogenous organic
carbon as an artificial enhancement method to assist the algal antibiotic treatment
system. Journal of Cleaner Production, 194, 624-634.
https://doi.org/10.1016/J.JCLEPRO.2018.05.180

Du, Y., Zhang, S., Guo, R., & Chen, J. (2015). Understanding the algal contribution in
combined UV-algae treatment to remove antibiotic cefradine. RSC Advances, 5(74),
59953-59959. https://doi.org/10.1039/C5RA10806C

Dudley, S., Sun, C., Jiang, J., & Gan, J. (2018). Metabolism of sulfamethoxazole in
Arabidopsis thaliana cells and cucumber seedlings. Environmental Pollution, 242, 1748-
1757. https://doi.org/10.1016/J.ENVPOL.2018.07.094

Ebele, A. J., Abou-Elwafa Abdallah, M., & Harrad, S. (2017). Pharmaceuticals and personal
care products (PPCPs) in the freshwater aquatic environment. Emerging Contaminants,
3(1), 1-16. https://doi.org/10.1016/J.EMCON.2016.12.004

Elmolla, E. S., & Chaudhuri, M. (2011). Combined photo-Fenton-SBR process for antibiotic
wastewater treatment. Journal of Hazardous Materials, 192(3), 1418-1426.

Fair, R. J., & Tor, Y. (2014). Antibiotics and bacterial resistance in the 21st century.
Perspectives in Medicinal Chemistry, 6, 25-64. https://doi.org/10.4137/PMC.S14459
Galvin, S., Boyle, F., Hickey, P., Vellinga, A., Morris, D., & Cormican, M. (2010).
Enumeration and characterization of antimicrobial-resistant Escherichia coli bacteria in
effluent from municipal, hospital, and secondary treatment facility sources. Applied and
Environmental Microbiology, 76(14), 4772-4779. https://doi.org/10.1128/AEM.02898-
09

Garcia-Rodriguez, A., Matamoros, V., Fontas, C., &Salvadé, V. (2013). The influence of
light exposure, water quality and vegetation on the removal of sulfonamides and
tetracyclines: a laboratory-scale study. Chemosphere, 90 8, 2297-2302.

Ge, L., & Deng, H. (2015). Degradation of two fluoroquinolone antibiotics photoinduced
by Fe(lll)-microalgae suspension in an aqueous solution. Photochemical and
Photobiological Sciences, 14(4), 693-699. https://doi.org/10.1039/c3pp50149c



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4362 of 26

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

Goncalves, A. L., Pires, J. C. M., & Simdes, M. (2017). A review on the use of microalgal
consortia for wastewater treatment. Algal Research, 24, 403-415.
https://doi.org/10.1016/).ALGAL.2016.11.008

Grimes, K. L., Dunphy, L. J., Loudermilk, E. M., Melara, A. J., Kolling, G. L., Papin, J. A., &
Colosi, L. M. (2019). Evaluating the efficacy of an algae-based treatment to mitigate
elicitation of antibiotic resistance. Chemosphere, 237.
https://doi.org/10.1016/j.chemosphere.2019.124421

Gulkowska, A., Leung, H. W., So, M. K., Taniyasu, S., Yamashita, N., Yeung, L. W. Y.,
Richardson, B. J., Lei, A. P., Giesy, J. P., & Lam, P. K. S. (2008). Removal of antibiotics from
wastewater by sewage treatment facilities in Hong Kong and Shenzhen, China. Water
Research, 42(1-2), 395-403. https://doi.org/10.1016/J.WATRES.2007.07.031

Guo, R., & Chen, J. (2015). Application of alga-activated sludge combined system (AASCS)
as a novel treatment to remove cephalosporins. Chemical Engineering Journal, 260, 550-
556.

Guo, R. X., & Chen, J. Q. (2012). Phytoplankton toxicity of the antibiotic chlortetracycline
and its UV light degradation products. Chemosphere, 8A11), 1254-1259.
https://doi.org/10.1016/).CHEMOSPHERE.2012.01.031

Guo, W. Q., Zheng, H. S,, Li, S., Du, J. S., Feng, X. C,, Yin, R. L., Wu, Q. L., Ren, N. Q., &
Chang, J. S. (2016). Removal of cephalosporin antibiotics 7-ACA from wastewater during
the cultivation of lipid-accumulating microalgae. Bioresource Technology, 221, 284-290.
https://doi.org/10.1016/).BIORTECH.2016.09.036

Halling-Sgrensen, B. (2000). Algal toxicity of antibacterial agents used in intensive
farming. Chemosphere, 40(7), 731-739. https://doi.org/10.1016/S0045-
6535(99)00445-2

He, S., & Xue, G. (2010). Algal-based immobilization process to treat the effluent from a
secondary wastewater treatment plant (WWTP). Journal of Hazardous Materials, 178(1-3),
895-899. https://doi.org/10.1016/J.JHAZMAT.2010.02.022

Helene, B., Benjamin, R., Trello, B., F.-X., C. P., & A, K. B. (2012). Isolation of Bacterial
Strains Capable of Sulfamethoxazole Mineralization from an Acclimated Membrane
Bioreactor. Applied and Environmental Microbiology, 78(1), 277-
279.https://doi.org/10.1128/AEM.05888-11

Hena, S., Gutierrez, L., &Croué, J. P. (2020). Removal of metronidazole from aqueous
media by C  wulgaris. Journal of Hazardous Materials, 384, 121400.
https://doi.org/10.1016/).JHAZMAT.2019.121400

Hena, S., Gutierrez, L., &Croué, J. P. (2021). Removal of pharmaceutical and personal care
products (PPCPs) from wastewater using microalgae: A review. Journal of Hazardous
Materials, 403, 124041. https://doi.org/10.1016/)J.JHAZMAT.2020.124041

Hom-Diaz, A., Norvill, Z. N., Blanquez, P., Vicent, T., &Guieysse, B. (2017). Ciprofloxacin
removal during secondary domestic wastewater treatment in highrate algal ponds.
Chemosphere, 180, 33-41. https://doi.org/10.1016/j.chemosphere.2017.03.125

Ji, B., Zhang, M., Gu, J., Ma, Y., & Liu, Y. (2020). A self-sustaining synergetic microalgal-
bacterial granular sludge process towards energy-efficient and environmentally



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4363 of 26

5T.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

sustainable municipal wastewater treatment. Water Research, 179, 115884.
https://doi.org/10.1016/).WATRES.2020.115884

Jiang, R., Wei, Y., Sun, J., Wang, J., Zhao, Z., Liu, Y., Li, X., & Cao, J. (2019). Degradation of
cefradine in alga-containing water environment: a mechanism and kinetic study.
Environmental Science and Pollution Research, 26(9), 9184-9192.
https://doi.org/10.1007/s11356-019-04279-y

Jiao, S., Zheng, S., Yin, D., Wang, L., & Chen, L. (2008). Aqueous oxytetracycline
degradation and the toxicity change of degradation compounds in photoirradiation
process. Journal of Environmental Sciences, 20(7), 806-813.
https://doi.org/10.1016/5S1001-0742(08)62130-0

Kiki, C., Rashid, A., Wang, Y., Li, Y., Zeng, Q., Yu, C. P., & Sun, Q. (2020). Dissipation of
antibiotics by microalgae: Kinetics, identification of transformation products and
pathways. Journal of Hazardous Materials, 387.
https://doi.org/10.1016/j.jhazmat.2019.121985

Kim, S., & Aga, D. S. (2007). Potential Ecological and Human Health Impacts of Antibiotics
and Antibiotic-Resistant Bacteria from Wastewater Treatment Plants. Journal of Toxicology
and Environmental Health, Part B, 71(X(8), 559-573.
https://doi.org/10.1080/15287390600975137

Kolar, B., Arnus, L., Jeretin, B., Gutmaher, A., Drobne, D., &Durjava, M. K. (2014). The
toxic effect of oxytetracycline and trimethoprim in the aquatic environment.
Chemosphere, 115(1), 75-80. https://doi.org/10.1016/).CHEMOSPHERE.2014.02.049
Leng, L., & Huang, H. (2018). An overview of the effect of pyrolysis process parameters on
biochar stability. Bioresource Technology, 270, 627-642.
https://doi.org/10.1016/J.BIORTECH.2018.09.030

Leng, L., Huang, H., Li, H., Li, J., & Zhou, W. (2019). Biochar stability assessment methods:
A review. Science of The Total Environment, 647, 210-222.
https://doi.org/10.1016/J.SCITOTENV.2018.07.402

Leng, L., Wei, L., Xiong, Q., Xu, S., Li, W,, Lv, S., Lu, Q., Wan, L., Wen, Z., & Zhou, W.
(2020). Use of microalgae based technology for the removal of antibiotics from
wastewater: A review. Chemosphere, 238, 124680.
https://doi.org/10.1016/).CHEMOSPHERE.2019.124680

Li, H., Pan, Y., Wang, Z., Chen, S., Guo, R., & Chen, J. (2015a). An algal process treatment
combined with the Fenton reaction for high concentrations of amoxicillin and cefradine.
RSC Adv., 5(122), 100775-100782. https://doi.org/10.1039/C5RA21508K

Li, H., Pan, Y., Wang, Z., Chen, S., Guo, R., & Chen, J. (2015b). An algal process treatment
combined with the Fenton reaction for high concentrations of amoxicillin and cefradine.
RSC Adv., 5(122), 100775-100782. https://doi.org/10.1039/C5RA21508K

Li, J., Min, Z., Li, W., Xu, L., Han, J., & Li, P. (2020). Interactive effects of roxithromycin and
freshwater microalgae, Chlorella pyrenoidosa. Toxicity and removal mechanism.
Ecotoxicology and Environmental Safety, 191, 110156.
https://doi.org/10.1016/J.ECOENV.2019.110156



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4364 of 26

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Li, L., Gao, N., Deng, Y., Yao, J., & Zhang, K. (2012). Characterization of intracellular &
extracellular algae organic matters (AOM) of Microcystic aeruginosa and formation of
AOM-associated disinfection byproducts and odor& taste compounds. Water Research,
46(4), 1233-1240. https://doi.org/10.1016/).WATRES.2011.12.026

Li, S., & Hu, J. (2016). Photolytic and photocatalytic degradation of tetracycline: Effect of
humic acid on degradation kinetics and mechanisms. Journal of Hazardous Materials, 318,
134-144. https://doi.org/10.1016/J.JHAZMAT.2016.05.100

Li, S., Zhang, C., Li, F., Hua, T., Zhou, Q., & Ho, S. H. (2021). Technologies towards
antibiotic resistance genes (ARGs) removal from aquatic environment: A critical review.
Journal of Hazardous Materials, 411, 125148.
https://doi.org/10.1016/J.JHAZMAT.2021.125148

Li, W. C.,, & Wong, M. H. (2015). A comparative study on tetracycline sorption by
Pachydictyoncoriaceum and  Sargassum  hemiphyllum. International Journal of
Environmental Science and Technology, 12(8), 2731-2740.
https://doi.org/10.1007/s13762-014-0690-0

Li, X., Wu, S., Yang, C., & Zeng, G. (2020). Microalgal and duckweed based constructed
wetlands for swine wastewater treatment: A review. Bioresource Technology, 318,
123858. https://doi.org/10.1016/).BIORTECH.2020.123858

Liu, R., Li, S., Tu, Y., & Hao, X. (2021). Capabilities and mechanisms of microalgae on
removing micropollutants from wastewater: A review. In _Jjournal of Environmental
Management (Vol. 285). Academic Press.
https://doi.org/10.1016/j.jenvman.2021.112149

Liu, Y., Chen, X., Zhang, J., & Gao, B. (2015). Hormesis Effects of Amoxicillin on Growth
and Cellular Biosynthesis of Microcystis aeruginosa at Different Nitrogen Levels. Microbial
Ecology, 693), 608-617. https://doi.org/10.1007/s00248-014-0528-9

Liu, Y., Guan, Y., Gao, B., & Yue, Q. (2012). Antioxidant responses and degradation of two
antibiotic contaminants in Microcystis aeruginosa. Ecotoxicology and Environmental
Safety, 86, 23-30. https://doi.org/10.1016/J.ECOENV.2012.09.004

Liu, Y., Wang, Z., Yan, K., Wang, Z., Torres, O. L., Guo, R., & Chen, J. (2017a). A new
disposal method for systematically processing of ceftazidime: the intimate coupling
UV/algae-algae treatment. Chemical Engineering Journal, 314, 152-159.

Liu, Y., Wang, Z., Yan, K., Wang, Z., Torres, O. L., Guo, R., & Chen, J. (2017b). A new
disposal method for systematically processing of ceftazidime: the intimate coupling
UV/algae-algae treatment. Chemical Engineering Journal, 314, 152-159.

tuczkiewicz, A., Jankowska, K., Fudala-Ksiazek, S., &Olanczuk-Neyman, K. (2010).
Antimicrobial resistance of fecal indicators in municipal wastewater treatment plant. Water
Research, 44(17), 5089-5097. https://doi.org/10.1016/J.WATRES.2010.08.007
Manallack, D. T. (2007). The pK a Distribution of Drugs: Application to Drug Discovery. In
Perspectives in Medicinal Chemistry.

More, T. T., Yadav, J. S. S, Yan, S., Tyagi, R. D., &Surampalli, R. Y. (2014). Extracellular
polymeric substances of bacteria and their potential environmental applications. Journal



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4365 of 26

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

of Environmental Management, 144, 1-25.
https://doi.org/10.1016/J.JENVMAN.2014.05.010

Nakajima, N., Teramoto, T., Kasai, F., Sano, T., Tamaoki, M., Aono, M., Kubo, A., Kamada,
H., Azumi, Y., & Saji, H. (2007). Glycosylation of bisphenol A by freshwater microalgae.
Chemosphere, 696), 934-941. https://doi.org/10.1016/).CHEMOSPHERE.2007.05.088
Nguyen, H. T., Yoon, Y., Ngo, H. H., & Jang, A. (2021). The application of microalgae in
removing organic micropollutants in wastewater. Critical Reviews in Environmental
Science and Technology, 57(012), 1187-1220.
https://doi.org/10.1080/10643389.2020.1753633

Nguyen, T. T. D., Nguyen, T. T., An Binh, Q., Bui, X. T., Ngo, H. H., Vo, H. N. P., Andrew
Lin, K. Y., Vo, T. D. H., Guo, W., Lin, C., & Breider, F. (2020). Co-culture of microalgae-
activated sludge for wastewater treatment and biomass production: Exploring their role
under different inoculation ratios. Bioresource Technology, 314, 123754.
https://doi.org/10.1016/).BIORTECH.2020.123754

Norvill, Z. N., Shilton, A., &Guieysse, B. (2016). Emerging contaminant degradation and
removal in algal wastewater treatment ponds: ldentifying the research gaps. Journal of
Hazardous Materials, 313, 291-309. https://doi.org/10.1016/)J.JHAZMAT.2016.03.085
Norvill, Z. N., Toledo-Cervantes, A., Blanco, S., Shilton, A., Guieysse, B., & Mufoz, R.
(2017). Photodegradation and sorption govern tetracycline removal during wastewater
treatment in algal ponds. Bioresource Technology, 232, 35-43.
https://doi.org/10.1016/j.biortech.2017.02.011

Nozzi, N. E., Oliver, J. W. K., Atsumi, S., Jones, P. R., & Sriram, G. (2013). Cyanobacteria as
a platform for biofuel production. Frontiers in Bioengineering and Biotechnology, 1, 1-6.
https://doi.org/10.3389/fbioe.2013.00007

Park, J., Kim, C., Hong, Y., Lee, W., Chung, H., Jeong, D.-H., & Kim, H. (2020). Distribution
and Removal of Pharmaceuticals in Liquid and Solid Phases in the Unit Processes of
Sewage Treatment Plants. /nternational journal of Environmental Research and Public
Health, 173), 687. https://doi.org/10.3390/ijerph17030687

Patel, M., Kumar, R., Kishor, K., Mlsna, T., Pittman, C. U., & Mohan, D. (2019).
Pharmaceuticals of Emerging Concern in Aquatic Systems.: Chemistry, Occurrence, Effects,
and Removal Methods. https://doi.org/10.1021/acs.chemrev.8b00299

Peng, Z., Wu, F., & Deng, N. (2006). Photodegradation of bisphenol A in simulated lake
water containing algae, humic acid and ferric ions. Environmental Pollution, 144(3), 840-
846. https://doi.org/10.1016/J.ENVPOL.2006.02.006

Perera, I. A., Abinandan, S., Subashchandrabose, S. R., Venkateswarlu, K., Naidu, R.,
&Megharaj, M. (2019). Advances in the technologies for studying consortia of bacteria and
cyanobacteria/microalgae in wastewaters. Critical Reviews in Biotechnology, 395), 709-
731. https://doi.org/10.1080/07388551.2019.1597828

Pflugmacher, S., Schroder, P., & Sandermann, H. (2000). Taxonomic distribution of plant
glutathione S-transferases acting on xenobiotics. Phytochemistry, 54(3), 267-273.
https://doi.org/10.1016/S0031-9422(00)00116-3



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4366 of 26

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Pflugmacher, S., Wiencke, C., & Sandermann, H. (1999). Activity of phase | and phase li
detoxication enzymes in Antarctic and Arctic macroalgae. Marine Environmental Research,
48(1), 23-36. https://doi.org/10.1016/S0141-1136(99)00030-6

Pires, J. C. M., Alvim-Ferraz, M. C. M., Martins, F. G., & Simdes, M. (2013). Wastewater
treatment to enhance the economic viability of microalgae culture. £nvironmental Science
and Pollution Research, 20(8), 5096-5105. https://doi.org/10.1007/s11356-013-1791-
X

Polianciuc, S. I., Gurzau, A. E., Kiss, B., Stefan, M. G., & Loghin, F. (2020). Antibiotics in
the environment: causes and consequences. Medicine and Pharmacy Reports, 93(3), 231-
240. https://doi.org/10.15386/mpr-1742

Prata, J. C., Lavorante, B. R. B. O., Maria da, M. da C., & Guilhermino, L. (2018). Influence
of microplastics on the toxicity of the pharmaceuticals procainamide and doxycycline on
the marine microalgae Tetrase/mischuii. Aquatic Toxicology, 197, 143-152.
https://doi.org/10.1016/J.AQUATOX.2018.02.015

Quijano, G., Arcila, J. S., &Buitrén, G. (2017). Microalgal-bacterial aggregates: Applications
and perspectives for wastewater treatment. Biotechnology Advances, 35(6), 772-781.
https://doi.org/10.1016/).BIOTECHADV.2017.07.003

Rodriguez-Mozaz, S., Vaz-Moreira, |., Varela Della Giustina, S., Llorca, M., Barceld, D.,
Schubert, S., Berendonk, T. U., Michael-Kordatou, |., Fatta-Kassinos, D., Martinez, J. L.,
Elpers, C., Henriques, I., Jaeger, T., Schwartz, T., Paulshus, E., O’Sullivan, K., Parnanen, K.
M. M., Virta, M., Do, T. T., ... Manaia, C. M. (2020). Antibiotic residues in final effluents of
European wastewater treatment plants and their impact on the aquatic environment.
Environment International, 140, 105733. https://doi.org/10.1016/J.ENVINT.2020.105733
Rosgaard, L., de Porcellinis, A. J., Jacobsen, J. H., Frigaard, N. U., & Sakuragi, Y. (2012).
Bioengineering of carbon fixation, biofuels, and biochemicals in cyanobacteria and plants.
Journal of Biotechnology, 162(1), 134-147.
https://doi.org/10.1016/J.JBIOTEC.2012.05.006

Sheng, G. P., Yu, H. Q., & Li, X. Y. (2010). Extracellular polymeric substances (EPS) of
microbial aggregates in biological wastewater treatment systems: A review. Biotechnology
Advances, 28(6), 882-894. https://doi.org/10.1016/).BIOTECHADV.2010.08.001

Shi, X., Yeap, T. S., Huang, S., Chen, J., & Ng, H. Y. (2018). Pretreatment of saline
antibiotic wastewater using marine microalga. Bioresource Technology, 258, 240-246.
https://doi.org/10.1016/J.BIORTECH.2018.02.110

Song, C., Wei, Y., Qiu, Y., Qi, Y., Li, Y., & Kitamura, Y. (2019). Biodegradability and
mechanism of florfenicol via Chlorella sp. UTEX1602 and L38: Experimental study.
Bioresource Technology, 272, 529-534.
https://doi.org/10.1016/J.BIORTECH.2018.10.080

Stravs, M. A., Pomati, F., & Hollender, J. (2017). Exploring micropollutant
biotransformation in three freshwater phytoplankton species. Environmental Science:
Processes & Impacts, 196), 822-832. https://doi.org/10.1039/C7EM00100B



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4367 of 26

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Sun, M., Lin, H., Guo, W., Zhao, F., & Li, J. (2017). Bioaccumulation and biodegradation of
sulfamethazine in Chlorella pyrenoidosa. Journal of Ocean University of China, 16(6),
1167-1174. https://doi.org/10.1007/s11802-017-3367-8

Sun, P., Li, Y., Meng, T., Zhang, R., Song, M., & Ren, J. (2018). Removal of sulfonamide
antibiotics and human metabolite by biochar and biochar/H,0; in synthetic urine. Water
Research, 147, 91-100. https://doi.org/10.1016/)J.WATRES.2018.09.051

Sun, W., Qian, X., Gu, J., Wang, X.-J., & Duan, M.-L. (2016). Mechanism and Effect of
Temperature on Variations in Antibiotic Resistance Genes during Anaerobic Digestion of
Dairy Manure OPEN. Scientific Reviews, 6(30237). https://doi.org/10.1038/srep30237
Sutherland, D. L., & Ralph, P. J. (2019a). Microalgal bioremediation of emerging
contaminants - Opportunities and challenges. Water Research, 164, 114921.
https://doi.org/10.1016/J.WATRES.2019.114921

Sutherland, D. L., & Ralph, P. J. (2019b). Microalgal bioremediation of emerging
contaminants - Opportunities and challenges. Water Research, 164, 114921.
https://doi.org/10.1016/J.WATRES.2019.114921

Tamer, E., Hamid, Z., Aly, A. M., Ossama, E. T., Bo, M., & Benoit, G. (2006). Sequential UV-
biological degradation of  chlorophenols. Chemosphere, 63(2), 277-284.
https://doi.org/10.1016/J.CHEMOSPHERE.2005.07.022

Tan, X., Liu, Y., Zeng, G., Wang, X., Hu, X., Gu, Y., & Yang, Z. (2015). Application of
biochar for the removal of pollutants from aqueous solutions. Chemosphere, 125, 70-85.
https://doi.org/10.1016/)J.CHEMOSPHERE.2014.12.058

Tenorio, R., Fedders, A. C., Strathmann, T. J., & Guest, J. S. (2017). Impact of growth
phases on photochemically produced reactive species in the extracellular matrix of algal
cultivation systems. £nvironmental Science: Water Research & Technology, 3(6), 1095-
1108. https://doi.org/10.1039/C7EW00172)

Tian, Y., Wei, L., Yin, Z., Feng, L., Zhang, L., Liu, Y., & Zhang, L. (2019). Photosensitization
mechanism of algogenic extracellular organic matters (EOMs) in the photo-transformation
of chlortetracycline: Role of chemical constituents and structure. Water Research, 164,
114940. https://doi.org/10.1016/).WATRES.2019.114940

Tian, Y., Zou, J., Feng, L., Zhang, L., & Liu, Y. (2019). Chlorella vulgaris enhance the
photodegradation of chlortetracycline in aqueous solution via extracellular organic
matters (EOMs): Role of triplet state EOMs. Water Research, 149, 35-41.
https://doi.org/10.1016/J.WATRES.2018.10.076

Tiwari, B., Sellamuthu, B., Ouarda, Y., Drogui, P., Tyagi, R. D., & Buelna, G. (2017). Review
on fate and mechanism of removal of pharmaceutical pollutants from wastewater using
biological approach. Bioresource Technology, 224, 1-12.
https://doi.org/10.1016/J.BIORTECH.2016.11.042

Torres, M. A., Barros, M. P., Campos, S. C. G., Pinto, E., Rajamani, S., Sayre, R. T.,
&Colepicolo, P. (2008). Biochemical biomarkers in algae and marine pollution: A review.
Ecotoxicology and Environmental Safety, 71(1), 1-15.
https://doi.org/10.1016/).ECOENV.2008.05.009



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4368 of 26

1009.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Tran, N. H., Chen, H., Reinhard, M., Mao, F., & Gin, K. Y. H. (2016). Occurrence and
removal of multiple classes of antibiotics and antimicrobial agents in biological
wastewater treatment processes. Water Research, 104, 461-472.
https://doi.org/10.1016/).WATRES.2016.08.040

Usha, M. T., Sarat Chandra, T., Sarada, R., & Chauhan, V. S. (2016). Removal of nutrients
and organic pollution load from pulp and paper mill effluent by microalgae in outdoor
open pond. Bioresource Technology, 214, 856-860.
https://doi.org/10.1016/).BIORTECH.2016.04.060

Villar-Navarro, E., Baena-Nogueras, R. M., Paniw, M., Perales, J. A., & Lara-Martin, P. A.
(2018). Removal of pharmaceuticals in urban wastewater: High rate algae pond (HRAP)
based technologies as an alternative to activated sludge based processes. Water Research,
7139, 19-29. https://doi.org/10.1016/J.WATRES.2018.03.072

Wammer, K. H., Korte, A. R., Lundeen, R. A., Sundberg, J. E., McNeill, K., & Arnold, W. A.
(2013). Direct photochemistry of three fluoroquinolone antibacterials: Norfloxacin,
ofloxacin, and enrofloxacin. Water Research, 41), 439-448,
https://doi.org/10.1016/J.WATRES.2012.10.025

Wang, L., Ben, W., Li, Y., Liu, C., & Qiang, Z. (2018). Behavior of tetracycline and macrolide
antibiotics in activated sludge process and their subsequent removal during sludge
reduction by ozone. Chemosphere, 206, 184-191.
https://doi.org/10.1016/)J.CHEMOSPHERE.2018.04.180

Wang, S., Poon, K., & Cai, Z. (2018). Removal and metabolism of triclosan by three
different microalgal species in aquatic environment. Journal of Hazardous Materials, 342,
643-650. https://doi.org/10.1016/).JHAZMAT.2017.09.004

Wang, X., Dou, X., Wu, J., & Meng, F. (2021). Attenuation pathways of erythromycin and
biochemical responses related to algal growth and lipid synthesis in a microalga-effluent
system. Environmental Research, 195, 110873.
https://doi.org/10.1016/J.LENVRES.2021.110873

Wang, X. S., Li, Z. Z., & Sun, C. (2009). A comparative study of removal of Cu(ll) from
aqueous solutions by locally low-cost materials: marine macroalgae and agricultural by-
products. Desalination, 235, 146-159.

Wang, Y., Liu, J., Kang, D., Wu, C., & Wu, Y. (2017). Removal of pharmaceuticals and
personal care products from wastewater using algae-based technologies: a review.
Reviews in  Environmental Science and  Bio/Technology, 16(4), 717-735.
https://doi.org/10.1007/s11157-017-9446-x

Wu, S., Li, Y., Zhao, X., Du, Q., Wang, Z., Xia, Y., & Xia, L. (2015). Biosorption Behavior of
Ciprofloxacin onto Enteromorpha prolifera. Isotherm and Kinetic Studies. /nternational
Journal of Phytoremediation, 1710), 957-961.
https://doi.org/10.1080/15226514.2014.935288

Xiao, R., & Zheng, Y. (2016). Overview of microalgal extracellular polymeric substances
(EPS) and their applications. Biotechnology Advances, 34(7), 1225-1244.
https://doi.org/10.1016/J.BIOTECHADV.2016.08.004



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4369 of 26

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Xie, P., Chen, C., Zhang, C., Su, G., Ren, N., & Ho, S. H. (2020a). Revealing the role of
adsorption in ciprofloxacin and sulfadiazine elimination routes in microalgae. Water
Research, 172. https://doi.org/10.1016/j.watres.2020.115475

Xie, P., Chen, C., Zhang, C., Su, G., Ren, N., & Ho, S. H. (2020b). Revealing the role of
adsorption in ciprofloxacin and sulfadiazine elimination routes in microalgae. Water
Research, 172. https://doi.org/10.1016/j.watres.2020.115475

Xie, P., Ho, S. H., Peng, J., Xu, X. J., Chen, C., Zhang, Z. F., Lee, D. J., & Ren, N. Q. (2019).
Dual purpose microalgae-based biorefinery for treating pharmaceuticals and personal
care products (PPCPs) residues and biodiesel production. Science of The Total
Environment, 688, 253-261. https://doi.org/10.1016/J.SCITOTENV.2019.06.062

Xiong, J. Q., Kim, S. J., Kurade, M. B., Govindwar, S., Abou-Shanab, R. A. I., Kim, J. R., Roh,
H. S., Khan, M. A., & Jeon, B. H. (2019). Combined effects of sulfamethazine and
sulfamethoxazole on a freshwater microalga, Scenedesmus obliguus: toxicity,
biodegradation, and metabolic fate. Journal of Hazardous Materials, 370, 138-146.
https://doi.org/10.1016/J.JHAZMAT.2018.07.049

Xiong, J. Q., Kurade, M. B., Abou-Shanab, R. A. |, Ji, M. K., Choi, J., Kim, J. O., & Jeon, B. H.
(2016). Biodegradation of carbamazepine using freshwater microalgae
Chlamydomonasmexicana and Scenedesmus obliquus and the determination of its
metabolic fate. Bioresource Technology, 205, 183-190.
https://doi.org/10.1016/).BIORTECH.2016.01.038

Xiong, J. Q., Kurade, M. B., & Jeon, B. H. (2017a). Biodegradation of levofloxacin by an
acclimated freshwater microalga, Chlorella vulgaris. Chemical Engineering Journal, 313,
1251-1257. https://doi.org/10.1016/j.cej.2016.11.017

Xiong, J. Q., Kurade, M. B., & Jeon, B. H. (2017b). Biodegradation of levofloxacin by an
acclimated freshwater microalga, Chlorella vulgaris. Chemical Engineering Journal, 313,
1251-1257. https://doi.org/10.1016/j.cej.2016.11.017

Xiong, J. Q., Kurade, M. B., & Jeon, B. H. (2018a). Can Microalgae Remove Pharmaceutical
Contaminants from Water? Trends in Biotechnology, 36(1), 30-44.

Xiong, J. Q., Kurade, M. B., & Jeon, B. H. (2018b). Can Microalgae Remove Pharmaceutical
Contaminants from Water? Trends in Biotechnology, 36(1), 30-44.

Xiong, J. Q., Kurade, M. B., Kim, J. R., Roh, H. S., & Jeon, B. H. (2017). Ciprofloxacin
toxicity and its co-metabolic removal by a freshwater microalga Chlamydomonas
mexicana. Journal of Hazardous Materials, 323, 212-219.
https://doi.org/10.1016/j.jhazmat.2016.04.073

Xiong, J. Q., Kurade, M. B., Patil, D. V., Jang, M., Paeng, K. J., & Jeon, B. H. (2017).
Biodegradation and metabolic fate of levofloxacin via a freshwater green alga,
Scenedesmus obliquus in synthetic saline wastewater. Algal Research, 25, 54-61.
https://doi.org/10.1016/j.algal.2017.04.012

Xiong, Q., Liu, Y. S., Hu, L. X, Shi, Z. Q., Cai, W. W., He, L. Y., & Ying, G. G. (2020). Co-
metabolism of sulfamethoxazole by a freshwater microalga Chlorella pyrenoidosa. Water
Research, 175, 115656. https://doi.org/10.1016/J.WATRES.2020.115656



Indrani Ghosh/Afr.J.Bio.Sc.6(Si4)(2024) Page 4370 of 26

132.

133.

134.

135.

136.

137.

138.

1309.

140.

141.

142.

143.

Xu, H., Cooper, W. J., Jung, J., & Song, W. (2011). Photosensitized degradation of
amoxicillin in natural organic matter isolate solutions. Water Research, 45(2), 632-638.
https://doi.org/10.1016/J.WATRES.2010.08.024

Xu, W. hai, Zhang, G., Zou, S. chun, Li, X. dong, & Liu, Y. chun. (2007). Determination of
selected antibiotics in the Victoria Harbour and the Pearl River, South China using high-
performance liquid chromatography-electrospray ionization tandem mass spectrometry.
Environmental Pollution, 7145(3), 672-679.
https://doi.org/10.1016/J.ENVPOL.2006.05.038

Yang, K., Lu, J., Jiang, W., Jiang, C., Chen, J., Wang, Z., & Guo, R. (2017). An integrated
view of the intimate coupling UV irradiation and algal treatment on antibiotic:
Compatibility, efficiency and microbic impact assessment. Journal of Environmental
Chemical Engineering, 5(5), 4262-4268. https://doi.org/10.1016/J.JECE.2017.08.028

Yu, Y., Zhou, Y., Wang, Z., Torres, O. L., Guo, R., & Chen, J. (2017). Investigation of the
removal mechanism of antibiotic ceftazidime by green algae and subsequent microbic
impact assessment. Scientific Reports, A1). https://doi.org/10.1038/s41598-017-
04128-3

Yuan, F., Hu, C., Hu, X., Wei, D., Chen, Y., & Qu, J. (2011). Photodegradation and toxicity
changes of antibiotics in UV and UV/H(2)O(2) process. Journal of Hazardous Materials,
185(2-3), 1256-1263.

Zambrano, J., Garcia-Encina, P. A., Hernandez, F., Botero-Coy, A. M., Jiménez, J. J., &
Irusta—-Mata, R. (2021). Removal of a mixture of veterinary medicinal products by
adsorption onto a Scenedesmus almeriensis microalgae-bacteria consortium. Journal of
Water Process Engineering, 43. https://doi.org/10.1016/j.jwpe.2021.102226

Zepp, R. G., & Cline, D. M. (1977). Rates of direct photolysis in aquatic environment.
Environmental Science & Technology, 11, 359-366.

Zepp, R. G., & Schlotzhauer, P. F. (1983). Influence of algae on photolysis rates of
chemicals in water. Environmental Science & Technology, 178), 462-468.
https://doi.org/10.1021/es00114a005

Zeraatkar, A. K., Ahmadzadeh, H., Talebi, A. F., Moheimani, N. R., & McHenry, M. P.
(2016). Potential use of algae for heavy metal bioremediation, a critical review. Journal of
Environmental Management, 181, 817-831.
https://doi.org/10.1016/J.JENVMAN.2016.06.059

Zhang, B., Li, W., Guo, Y., Zhang, Z., Shi, W., Cui, F., Lens, P. N. L., & Tay, J. H. (2020).
Microalgal-bacterial consortia: From interspecies interactions to biotechnological
applications.  Renewable and  Sustainable  Energy  Reviews, 7178, 109563.
https://doi.org/10.1016/).RSER.2019.109563

Zhang, J., Fu, D., & Wu, J. (2012). Photodegradation of Norfloxacin in aqueous solution
containing algae. Journal of Environmental Sciences (China), 24(4), 743-749.

Zhuang, X., Zhan, H., Song, Y., Huang, Y., Yin, X., & Wu, C. (2019). Reutilization potential
of antibiotic wastes via hydrothermal liquefaction (HTL): Bio-oil and aqueous phase
characteristics. Journal of  the Energy Institute, 92(5), 1537-1547.
https://doi.org/10.1016/J.JOEI.2018.07.020



