Anaerobic digestion of catechol wastewater in magnetite powder-added AnSBR system
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Introduction

Catechol is a phenolic compound extensively utilized as a solvent in various industrial processes and is
also a by-product of the degradation of numerous aromatic compounds. It is commonly detected in wastewater
streams originating from industries such as olive oil production, winemaking, and leather tanning, with reported
concentrations typically ranging from 200 to 1000 mg/L (Casa, 2003; Converti, 1990; Subramanyam & Mishra,
2008a). Notably, coal gasification wastewater has been found to contain substantially higher levels of catechol,
reaching up to 5300 mg/L (Subramanyam & Mishra, 2008b). Owing to its high organic load and widespread
occurrence, catechol constitutes a significant pollutant of concern in industrial wastewater treatment
(Subramanyam & Mishra, 2008b). Owing to its high organic load and widespread occurrence, catechol constitutes
a significant pollutant of concern in industrial wastewater treatment.

Anaerobic digestion (AD) is a biological treatment technology that employs methanogenic
microorganisms to convert organic pollutants into methane under anaerobic conditions. This process not only treats
pollutants but also enables the recovery of energy in the form of biogas, making it a sustainable option for treating
industrial organic wastewater. Given the elevated chemical oxygen demand (COD) associated with catechol-laden
effluents, anaerobic digestion emerges as a promising treatment strategy. However, catechol is known to exert
strong inhibitory effects on methanogenesis, posing a significant challenge to the stability and efficiency of the
process. Magnetite, a conductive mineral, has been demonstrated to facilitate direct interspecies electron transfer
(DIET), thereby enhancing both the degradation of organic matter and methane production. Therefore, this study
investigates the feasibility of a magnetite-supplemented anaerobic sequencing batch reactor (AnSBR) for the
treatment of catechol wastewater, with a focus on evaluating accelerated AD and improved tolerance to catechol-
induced inhibition.

Materials and Methods

Four lab-scale AnSBRs were operated: two with magnetite (CM reactors) and two without (CO reactors).
Each reactor was fed with synthetic wastewater containing 10.0 g COD/L catechol as the sole carbon source.
Magnetite was dosed at 20 mM. Anaerobic conditions were established using N2:CO: gas (8:2), and the OLR was
increased progressively by decreasing the hydraulic retention time (HRT) over 170 days.
To evaluate the microbial community’s tolerance to catechol, 28 anaerobic batch assays were conducted using
inocula derived from each reactor (CA from CO, CMA from CM). Each bottle was fed with 1.0 g COD/L acetate
and varying concentrations of catechol (0-9 g COD/L). Biogas production was monitored daily, and gas
composition was analyzed via GC-TCD. Liquid samples were analyzed for catechol and VFAs by HPLC and GC-
FID, respectively. SMA was calculated using the modified Gompertz model, and IC50 values using a four-
parameter logistic model.

Results and Discussion

Control reactors without magnetite supplementation exhibited process failure when operated at an OLR of
0.667 g COD/L/day, requiring a recovery period of more than 20 days to regain stability. In contrast, CM reactors
supplemented with magnetite maintained stable performance even at this higher loading rate, corresponding to a
33% increase in OLR compared to the maximum stable operation of control reactors (CO: Stage 4, 0.5 g
COD/L/day; CM: Stage 6, 0.667 g COD/L/day)v(Figure 1,2). Furthermore, the maximum specific methane
production rate in CM reactors reached 94.85 + 1.02 mL CH4/g VSS/day, which is approximately 18% higher than
that of CO reactors (80.11 + 12.92 mL CH./g VSS/day). These results demonstrate that magnetite supplementation
not only enhances process stability under elevated loading conditions but also improves the efficiency of methane
generation and catechol degradation in anaerobic environments.

To further investigate microbial tolerance, batch toxicity assays were conducted using inocula from each
reactor. The inoculum from magnetite-supplemented reactors (CMA) and from control reactors (CA) were exposed
to increasing catechol concentrations (0-9 g COD/L), with acetate provided as the substrate. The CMA group
exhibited significantly greater tolerance to catechol toxicity, with an IC50 of 1359 mg/g VSS and an IC90 of 2911
mg/g VSS, compared to the CA group, which showed an IC50 of 935 mg/g VSS and an IC90 of 1341 mg/g VSS.
These values indicate that CMA was able to alleviate catechol-induced inhibition by approximately 25.2% at the
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IC50 level and 40.4% at the IC90 level, relative to CA (Figure 3). In addition, the lag phase for methane production
in CMA was consistently shorter across all tested catechol concentrations, suggesting a more robust and resilient
microbial response.
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Figure 1. Methane production at various organic loading rates in the CO reactor (without magnetite
supplementation) and the CM reactor (with magnetite supplementation).
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Figure 2. Anaerobic inhibition assay against catechol

Conclusion

These findings confirm that magnetite-supplemented AnSBR systems significantly enhance both
operational stability and microbial resilience under catechol toxicity. Reactors supplemented with magnetite were
capable of maintaining stable performance at higher OLR and demonstrated superior methane production
efficiency compared to control reactors. Moreover, the enriched microbial consortia from magnetite-supplemented
systems exhibited greater tolerance to catechol, as reflected in improved resistance to inhibition and shorter lag
phases in methane production. These results indicate that long-term operation with magnetite promotes the
development of a more robust and functionally adapted microbial community. Therefore, magnetite

supplementation presents a viable strategy for improving the anaerobic treatment of catechol-containing industrial
wastewater.
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