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Abstract. The presence of antibiotics in the environment
hasreceiveda lot ofattention in recent years due to their
ability to promote and spread antimicrobial resistance.
In this work, the biodegradation of the antibiotics
ciprofloxacin (CIP) and sulfamethoxazole (SMX), as
well as the concurrently generation of their
biotransformation products (BTPs) were assessed in an
anaerobic packed bed biofilm reactor (APBBR) treating
sanitary sewage. Initially, anaerobic batch assaysathigh
concentrations of the antibiotics (5 mg L™) were
performed to identify the metabolites generated during
the CIP and SMX biodegradation in methanogenic
condition. From the mass transitions (m/z) of the
identified BTPs, they were analyzed along the spatial
profile of the APBBR fed with sewage (300 ngCIP L*
and 400 ngSMX L approximately). Three BTPs were
identified: one related tothe biodegradation of CIP (m/z
316)andtworelatedto the biodegradation of SMX (m/z
256 andm/z 270). The molecular structures ofthe BTPs
revealedthatthe biotransformation occurs mainly in the
isoxazole ringof SMXand there was a dehydroxy lation
in the CIP molecule. Nonetheless, the sulfonamide and
fluoroquinolone molecular structures remained intact in
the anaerobic effluent stream, thus presenting residual
antimicrobial activity in the environment.

Keywords: Anaerobic fixed bed biofilm reactor;
Antibiotics; Emerging micropollutants;
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1. Introduction

Among the emerging micropollutants, antimicrobial
compounds cause great concern related to the
development of resistance genes in bactera.
Furthermore, during sanitary sewage treatment,
antibiotics are generally partially degraded, generating
metabolites that may be more toxic than their parent
compounds (Majewsky et al. 2014). Therefore, the

identification of these biotransformation products
(BTPs) playsan importantrole in the environmental and
public health context. Achermann et al. (2018)
empbhasize the importance of focusing on the study of
antibiotics’ BTPs, since they may still have antimicrobial
residualactivity in the environment, with few changes in
the originalmolecule.

The antibiotics ciprofloxacin (CIP — fluoroquinolone
class)and sulfamethoxazole (SM X —sulfonamide class)
are widely used in human and veterinary medicine, and
are frequently detected in sanitary sewage. Studies on the
biotransformation products of antibiotics usually apply
initial concentrations of the analyte in the order of
mg L%, not reflecting the levels found in the
environmental matrices. Research on the metabolic
pathways of anaerobic biotransformation of antibiotics is
incipient (Alvarino etal. 2016) andthere are few studies
considering the typically concentrations found of these
pharmaceuticals in anaerobic systems.

The application of fixed bed biofilm reactors as
alternative for the anaerobic wastewater treatment
presents some advantages such as its ability to maintain
high solids retention time; low content of suspended
solids effluent; and the biofilm formation can increase
the resistance totoxic compounds (Carneiro et al. 2020).
In this context, the main objective of this study is to
identify the CIPand SMX BTPs formedalong the spatial
profile in an anaerobic fixed bed biofilm reactor, in order
to elucidate their possible metabolic pathways during the
anaerobic digestion of sanitary sewage.

2. Material and methods

The treatment system consisted of a bench-scale
anaerobic packed bed biofilm reactor (APBBR) of 2.7 L
— Figure 1. The fixed bed was filled with cylindrical
matrices of polyurethane foamwith a diameter of 0.8cm
and heightof 1.2 cm, resulting in bed porosity of 59%.
The seed biomass was a granular methanogenic sludge
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from a full-scale UASB bioreactor (Tieté, Sdo Paulo,
Brazil). The reactor feedingwas initially done with lab-
made sewage (composition detailed in Carneiro et al.
(2019)) and then with sanitary sewage. The physical
chemical characteristics of each bioreactor feeding
streams are detailed in Table 1. The temperature was kept
in mesophilic range (30 °C) and the hydraulic retention
timewasset in 12 h. The spatial profile of CIP and SMX
decay along the reactor was assessed and the kinetic
modelwith best fit of the data was the first order model
with residual concentration.
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Figure 1. Schematic representation of the up-flow
anaerobic packed bed biofilm reactor (APBBR)
accordingto Carneiro etal. (2020). The sampling points
correspond to the different length/diameter (L/D) ratios.

Table 1. Physical-chemical characteristics (average +
standard deviation) of each bioreactor feeding stream
accordingto Carneiro etal. (2019).

Parameter Lab-made Sanitary
sewage Sewage
COD* (mgL™?) 270+25 393+108
CIP(ngL™) 333+117 22099
SMX (ng L™ 382+60 428+137
pH 747+0,17 7,50+0,26

* Chemical Oxygen Demand

To evaluate the BTPs, batchassays were initially carried
out with 5 mg L to identify the metabolites of the CIP
and SMX anaerobic biodegradation. The batch assays
were performed under the following conditions: 72h of
incubation, 125rpm, 30°Cand 1.0 gVSS g *foam. From
the mass transitions of the identified metabolites, they
were analyzed along the spatial profile of the APBBR.
For each reactor sampling point (Figure 1,
length/diameter ratio ranging from 0 to 7.9), a sample
volume of 400 mL was collected, which was filtered at
0.45 um and then passed through the solid phase

extraction (SPE) procedure followed by liquid
chromatography-mass spectrometry (LC-MS/MS) -
ABSciex QTRAP 5500. The positive ESI modewas used
forallof the analytes.

3. RESULTSAND DISCUSSION

The APBBR presented quite a high performance
in organic matter and antibiotics removal, as shown in
Table 2.

Table 2. Results of APBBR performance (average *
standard deviation) regarding the COD, CIP and SMX
removalaccordingto Carneiro etal. (2019).

Parameter Lab-made Sanitary
sewage Sewage
COD Removal (%) 90+4 80+7
CIPRemoval (%) 88+8 67+19
SMXRemoval (%) 91+4 78+9

Three BTPs were identified in the batch assays - one
related tothe CIP biodegradation (BTP1 - m/z 316.2154)
and two relatedto the SMX biodegradation (BTP2 - m/z
256.0747 and BTP3 - m/z 270.094). Based on the mass
spectra (MS/MS) obtained for each identified BTP, the
molecular structures for these compounds have been
proposed, as presented in Figure 2.

Regarding CIP, the BTP1 (m/z 316) has not been
previously identified in the literature. It presented a
cleavage in the carboxylic group, while the structures of
the piperazinering, cyclopropylgroupandthe C—F bond
remained intact (Figure 2a). Pan et al. (2018) identified
some BTPs from CIP biodegradation by a pure culture of
Thermus sp. isolated from a pharmaceutical sludge and
previously adapted to the fluoroquinolone. The authors
found changes in the piperazine ring (BTPs of m/z 190,
223, 263, 306, 334, 348 and 360), cleavages in the
cyclopropyl group (BTPs of m/z190 and 223), and the
C-Fbond (BTP of m/z 190). Jia et al. (2018) also found
cleavage in the piperazine ring (BTPs of m/z 306, 263)
in anaerobic sulfate-reducing condition. Inaddition, they
observed hydroxylation of the molecule (BTP of m/z
348), replacement of the fluorine atom by the hydroxyl
group (BTP of m/z 330), and a cleavage of the carboxylic
group and itsreplacementby —OH (BTP of m/z 304). In
anoxic condition Liu etal. (2013) observed no cleavages
in the molecule, only changes in the piperazinering with
the addition of the -NObond (BTP of m/z 361) orthree
oxygen atoms (BTP of m/z 374).

The two BTPs (BTP2 and BTP3) from SMX
biodegradation showed changes in theisoxazole ringand
no changes were observed in the aniline ring, as
highlighted in Figure 2b and 2c. Jia et al. (2017) ako
identified the BTP m/z 256 in anaerobic sulfidogenic
condition and still found a BTP derived from the total
cleavage of the isoxazole ring - BTP m/z 173.
Furthermore, the authors observed the methy lation and
hydroxylation of the isoxazole ring. Other research has
shown changes in the aniline ring, e.g. the loss of the
benzene ring amino group in aerobic and anaerobic
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conditions (Poirier-Larabie et al. 2016) and the
replacement of the amino group by the hydroxyl group
(Mdlleretal. 2013). The BTP m/z 270 found in this study
was not identified in previous studies in the literature.
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Figure 2. Diagrams of the possible biotransformation
pathways of CIP (a)and SMX (b and c) duringthe
anaerobic digestion in the APBBR.

Figure 3 showsthe CIPand SMX decay profile together
with the relative areas of the BTPs chromatograms
detected along the APBBR spatial profile, represented by
the L/D (length/diameter) ratio. It was found that the

generation of BTPs occurred concurrently with the
antibiotics’ biodegradation. In addition, there was no
significant biodegradation of the metabolite generated
along the APBBR profile. The results found show that
the differences in the substrate matrix (lab-made and
sanitary sewage) caninfluence the biochemical reactions
involved in the generationof BTPs.

4. CONCLUSIONS

The anaerobic packed bed biofilm reactor (APBBR) was
able to remove the antibiotics CIP and SMX from
sewage, presenting high removal efficiencies (81 + 16%
for CIP and 85 + 10% for SMX). The analysis strategy
forthe identification ofthe BTPsof CIP and SMX during
the anaerobic digestion was feasible to detect three
metabolites (one BTP from CIPand 2 BTPs from SMX
biodegradation). The molecular structures of the BTPs
and their possible metabolic pathways along the
bioreactor removal spatial profiles showed that the
sulfonamide and fluoroquinolone molecules remained
intact in the anaerobic effluent stream. Thus, the
antibiotics might still be bioactive in the environment.
Further studies are needed to predict the toxicological
impacts of these metabolites generated on the aquatic
biota and human health.
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Figure 3.CIPand SMXBTPsidentifiedalongthe APBBR spatial profile operated with lab-made and sanitary sewage—
m/z316 (BTP1-aandb), m/z256 (BTP2candd)and m/z270 (BTP3eand f).
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