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Descricption

Anaerobic digestion is a biological process widely used for treating
organic waste and producing biogas, primarily methane. However, the
presence of Contaminants Of Emerging Concern (CECs) in waste streams
poses a significant challenge to the efficiency and stability of anaerobic
digestion systems. One such CEC, carbamazepine, commonly found in
sewage sludge, has been identified as a potential inhibitor of methane
production and microbial activity. This overview aims to dissect the
intricate impacts of carbamazepine on anaerobic digestion, shedding light
on its inhibitory mechanisms and the role of microbial communities.

Carbamazepine, a widely used anticonvulsant and mood stabilizer, finds
its way into wastewater treatment plants and subsequently into sludge,
where it can accumulate to concentrations posing a threat to microbial
communities involved in anaerobic digestion. Recent studies have shed
light on the detrimental effects of carbamazepine on methane production
within anaerobic digesters, showcasing a significant reduction in methane
yield proportional to the concentration of carbamazepine present. At
concentrations as low as 0.4 mg/g TS, methane production decreases by
11.3%, while at higher concentrations of 2 mg/g TS, the reduction escalates
10 62.1%.

The impact of carbamazepine on anaerobic digestion extends beyond
mere methane production inhibition. It disrupts the dissolution of organic
matter and the degradation of proteins, crucial processes for microbial
metabolism within anaerobic digesters. Notably, carbamazepine exhibits

selective inhibition towards certain fermentative bacteria, notably
uncultured Aminicenantales, whose abundance decreases significantly
under carbamazepine stress, ranging from 9.5% to 93.4%. These findings
highlight the importance of considering the effects of CECs on both known
and uncultured microbial populations in anaerobic digestion systems.

Furthermore, genomic analysis reveals a wealth of information
regarding the metabolic potential of uncultured microorganisms
associated with anaerobic digestion. Metagenome-Assembled Genomes
(MAGs) associated with acidogenesis or acetogenesis offer insights into
the functional roles of these elusive microbes. Among them, uncultured
Aminicenantales-related MAGs emerge as significant contributors
to acetogenic fermentation, suggesting their crucial role in methane
production. The decline in their abundance under carbamazepine stress
presents a plausible explanation for the observed decrease in methane
yield, emphasizing the intricate interplay between microbial communities
and contaminant exposure in anaerobic digestion.

The inhibitory effect of carbamazepine on anaerobic digestion is
closely linked to its impact on microbial metabolism. Studies suggest that
carbamazepine induces the overproduction of Reactive Oxygen Species
(ROS) within microbial cells, leading to oxidative stress and cellular
damage. This oxidative imbalance disrupts essential metabolic pathways
involved in organic matter degradation and methane production, ultimately
impairing the performance of anaerobic digestion systems.

A deeper understanding of carbamazepine's inhibitory mechanisms
reveals its association with the overproduction of reactive oxygen species,
exacerbating microbial stress and impeding metabolic activities crucial
for anaerobic digestion. This oxidative stress not only compromises the
viahility of known microorganisms but also disrupts the metabolic functions
of uncultured microorganisms, underscoring the need for comprehensive
assessments of CECs' impacts on anaerobic digestion microbiota.

In conclusion, carbamazepine poses a significant threat to the
efficiency and stability of anaerobic digestion processes. Its inhibitory
effects on methane biogenesis and microbial communities underscore
the need for comprehensive strategies to mitigate CECs in waste streams.
Understanding the mechanisms underlying carbamazepine toxicity,
particularly its impact on uncultured microorganisms, is crucial for
optimizing anaerobic digestion systems and ensuring sustainable waste
management practices. Further research into the interactions between
CECs and microbial communities will facilitate the development of targeted
interventions to enhance the resilience of anaerobic digestion processes in
the face of emerging contaminants.
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