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Abstract Several advantages are gained by the use of 

granular sludge in wastewater treatment plants (WWTP), 

such as higher biomass retention, faster settling 

properties, lower energy costs and smaller operational 

land space. However, relatively few studies have been 

carried out on the biodegradation of recalcitrant 

pollutants in these systems, compared to research 

performed on conventional WWTP with floccular 

sludge. For instance, bioaugmentation of bacterial strains 

with metabolic abilities of interest in biological reactors 

for wastewater treatment has been intensively studied in 

conventional WWTP systems, but not in systems with 

granular sludge. In the project “Bioaugmentation and 

conjugative plasmid transference using bacteria from 

extreme environments to enhance biodegradation of 

recalcitrant pollutants in WWTP granular sludge”, 

funded by the Portuguese Foundation for Science and 

Technology, a group of bacterial strains showing 

potential capacity to metabolize recalcitrant pollutants 

(paracetamol, ibuprofen,  fluoxetine and polyethylene 

terephthalate) was isolated and their genomes are being 

sequenced with the aim of identifying genes putatively 

involved in the metabolic pathways of interest. In 

addition, biodegradation experiments are being 

performed in laboratory-scale granular sludge 

bioreactors bioaugmented with selected isolates. 
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1. Introduction 

Wastewater treatment plants (WWTPs) for urban sewage 

are important sources of persistent pollutants to the 

environment and concern on harmful environmental 

impact is growing due to chronic trace concentration 

exposure caused by WWTPs inability to completely 

degrade such type of pollutants.  

Studies with activated sludge have revealed percentages 

of Paracetamol (PMOL) removal from 80% to 99.9%, 

revealing hydroquinone and 4-aminophenol as its 

intermediate metabolites, and allowed to isolate several 

PMOL degrading Pseudomonas strains by supplying 

synthetic WWTP with PMOL as the sole carbon source 

(De Gusseme et al. 2011; Zhang et al. 2013). Yet, its 

detection in receptor ecosystems suggests that the 

disposal in sewage overwhelms its removal in WWTPs 

(Peake et al. 2015). Moreover, it is possible to cultivate 

PMOL-degrading granules using this drug as the sole 

carbon and nitrogen source (Hu et al. 2012), but to our 

knowledge the biodegradation of this drug in bioreactors 

with granular sludge remains to be studied using realistic 

medium with more carbon sources. 

Ibuprofen (IBU) is metabolized to 1-hydroxy-ibuprofen, 

2-hydroxy-ibuprofen and carboxy-ibuprofen, and is 

removed in WWTPs with efficiencies of 90 to 100% 

(Ferrando-Climent et al. 2012; Larsson et al. 2014). 

However, high usage results in its presence in effluents 

(Gros et al. 2010 Pereira et al. 2015), and trace 

concentrations can have toxicological effects on aquatic 

organisms (Han et al. 2010). Bacterial strains able to 

degrade IBU have been isolated (Marchlewicz et al. 

2017). Yet, a study on IBU degradation using granular 

sludge with synthetic wastewater revealed a removal 

efficiency of just 45% (Zhao et al. 2015).  

Fluoxetine (FLX) and its metabolite norfluoxetine 

(NFLX) have been detected in raw and treated sewage as 

well as in environmental waters (Barclay et al. 2012; 

Yang et al. 2020). Both mimic the effects of serotonin 

and have toxicological effects on several aquatic 

organisms (Silva et al. 2012). Some studies indicated 

these drugs are removed from waters mainly through 

adsorption to sediments (including WWTP sludge), 

where they are persistent (Moreira et al. 2015; Yang et 

al. 2020). However, results of other works indicated that 

biodegradation has a major role in the removal (Moreira 

et al. 2014; Velázquez et al. 2017). Plus, Amorim et al. 

(2016) showed that a granular sludge system exhibited 



preferential removal of the (R)-enantiomer of FLX and 

stated that biological-mediated processes occurred. 

Polyethylene terephthalate (PET) is a polymer that 

makes up more than 50% of global fibre production. 

Research on the biodegradation of PET (e.g. Auta et al. 

2017) and bio-based PET (e.g. Fernández de Villalobos 

et al. 2022) by bacterial strains and communities is on-

going, but only slight changes in the structure of the 

polymer have been reported thus far. It is known that 

PET microfibers (< 5 mm) accumulate in activated 

sludge (Chen et al. 2020), and some types of bacteria 

frequently identified in WWTPs’ bioreactors, such as 

different species of genus Pseudomonas, have been 

reported to have the capacity to metabolize different 

types of both pharmaceuticals and plastics (Cacciari et al. 

1993; Nwachkwu et al. 2010). Yet, the biodegradation of 

microplastics in the sludge from granular systems 

remains to be studied. 

Bioaugmentation of bacterium strains with metabolic 

abilities of interest in biological reactors for wastewater 

treatment is a known concept. It has been applied on 

conventional sludge systems, inclusively aiming to 

improve the removal of the drugs targeted in this project 

proposal. In systems with granular sludge, there are few 

studies applying this concept. Still, they prove the 

concept is viable also with granular sludge and pave the 

way for new applications. For example, a laboratory 

scale reactor with aerobic granular sludge unable to 

remove 2-fluorophenol (2-FP) exhibited a high removal 

performance after bioaugmentation with a 2-FP 

degrading strain, which was successfully retained by the 

granules (Duque et al. 2011). 

The project “Bioaugmentation and conjugative plasmid 

transference using bacteria from extreme environments 

to enhance biodegradation of recalcitrant pollutants in 

WWTP granular sludge” has the goals of selecting 

bacterial strains from extreme environments (preferably 

carrying plasmids with genes putatively involved in 

degradative pathways) showing potential to degrade 

PMOL, IBU, FLX and PET, and to investigate the use of 

the selected strains to improve the biodegradation of such 

pollutants in bioreactors with granular sludge. The 

results so far obtained are encouraging and thus a 

summary of project objectives methods and current 

achievements is presented.  

2. Materials and methods 

The selection of degradative strains was divided in three 

phases: 1) enrichment culture, 2) microbial isolation and 

3) confirmation of degradative abilities. The enrichment 

culture was made in liquid cultures using inorganic salt 

(IS) medium independently amended with the target 

pollutants and their known intermediate metabolites plus 

inoculum from different sources affected by recalcitrant 

drugs and also from diverse extreme environments. The 

isolation was performed by plating dilutions of the 

enriched liquid cultures in solid IS media amended with 

the target pollutants. To confirm the degradative abilities 

of strains, they were incubated in IS medium amended 

with the target drugs or microplastics and the medium 

was periodically sampled to analyze the target pollutants 

and their metabolites by High Performance Liquid 

Chromatography. Then, the selected strains were 

classified using 16S rRNA gene sequences and whole 

genome sequencing performed through the Pacific 

Biosciences (PacBio) technology with the aim of looking 

for genes putatively determinant of degrading capacities.  

3. Results and discussion 

From the enrichments using samples from mines in the 

Iberian pyrite belt, seven isolates potentially degrading 

PMOL were obtained, from the genera Aeromonas, 

Bacillus (two isolates), Niallia, Paraburkholderia, 

Rhizobium and Variovorax, as well as one isolate 

potentially degrading hydroquinone, from the genus 

Mycolicbacterium. The enrichments from benthic marine 

samples collected on reefs resulted in eight paracetamol-

degrading isolates, four belonging to the genus 

Paenibacillus, one to Micrococcus, another to 

Microbacterium, while the remaining two could not be 

classified. From the same marine samples, two isolates 

belonging to the genus Bacillus showed potential to grow 

on PET films as sole carbon source. From the 

enrichments using marine sediments exposed to 

pollutants, three morphologically distinct colonies have 

been isolated from paracetamol plates, one colony from 

FLX plates and five colonies from IBU plates, which are 

being used in tests to confirm their degrading capacity. 

Moreover, up to now, whole genome sequencing was 

performed for three of the selected strains and genome 

assembling and genes annotation is ongoing. Plus, 

bioreactors with granular sludge bioaugmented with the 

isolated Mycolicbacterium strain are being evaluated for 

the biodegradation of paracetamol and the results so far 

obtained show best removal of this drug’s metabolites 

hydroquinone and 4-aminophenol comparing with the 

non-bioaugmented control reactors. 
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