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Biochar is a stable, carbon-rich material produced through the pyrolysis of organic matter
under limited oxygen conditions. The present study aimed to produce biochar from
municipal sewage sludge and evaluate its efficiency in removing nutrients, including
nitrate, phosphate, and ammonium, from shrimp farm wastewater. Sewage sludge
samples were collected from Bandar Abbas during the spring of 2023 and air-dried prior
to processing. The dried samples were compressed in alumina crucibles and pyrolyzed
in an electric furnace at temperatures of 300, 400, 500, 600, and 700°C to produce
different biochar treatments. Following biochar synthesis, the physicochemical
properties of the resulting biochars were characterized. Morphological analyses
demonstrated that the synthesized biochars possessed porous structures and greater
specific surface areas compared with the original sewage sludge. Elemental analyses
further revealed that increasing pyrolysis temperature resulted in higher carbon, nitrogen,
and sulfur contents, whereas oxygen content decreased. To evaluate nutrient removal
efficiency, the synthesized biochars were applied to shrimp farm wastewater. The results
showed that biochar produced at 700°C (BC700) exhibited the highest phosphate
removal efficiency, reaching 91.7%. The optimal treatment conditions for phosphate
removal were identified as 2.5 g of BC700 with a contact time of 2 h, resulting in
approximately 95% phosphate removal from the wastewater. Among all treatments,
BC700 also demonstrated the highest nitrate removal efficiency among the non-modified
biochars, removing approximately 52% of nitrate. The highest nitrate removal was
achieved using 3 g of BC700 with a contact time of 180 min. Furthermore, iron-modified
biochar (Fe-BC) significantly enhanced nitrate removal efficiency, achieving up to 98%
removal under optimal conditions of 2 g dosage and 2 h contact time. Overall, the
findings indicated that BC700 was the most effective biochar for phosphate removal,
whereas iron-modified biochar showed superior performance for nitrate removal. The
study further demonstrated that the application of sewage sludge-derived biochar can
substantially reduce nutrient loads and organic matter in aquaculture wastewater, thereby
decreasing the environmental impacts of shrimp farming effluents on aquatic

ecosystems.
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EXTENDED ABSTRACT

Introduction

Sustainable management of sewage sludge represents a major environmental challenge
worldwide. Instead of conventional disposal methods such as landfilling, pyrolysis technology
provides an effective approach for converting sewage sludge into biochar, a stable carbon-rich
material with valuable physicochemical properties. The utilization of sewage sludge-derived
biochar as an adsorbent for wastewater treatment aligns with circular economy principles and
offers an environmentally sustainable strategy for pollution control (Gherghel et al., 2019). The
adsorption capacity of biochar is primarily associated with the formation of functional groups
such as hydroxyl, aliphatic, amide, aromatic, and hetero-aromatic compounds during pyrolysis.

One of the major environmental concerns in coastal regions is the discharge of nutrient-rich
wastewater from shrimp farming activities. Intensive and uncontrolled expansion of shrimp
aquaculture has resulted in significant environmental degradation in many coastal ecosystems
worldwide (Saha, 2017). Effluents from shrimp farms contain high concentrations of nutrients
and organic matter that can contribute to eutrophication and deterioration of water quality.
Previous studies have shown that biochar application in shrimp ponds may improve
environmental conditions through adsorption of heavy metals and toxic compounds,
enhancement of system buffering capacity, and reduction of harmful microbial populations
(Fagbohungbe et al., 2017). However, research on the application of biochar for nutrient
removal from shrimp farm wastewater remains limited. Therefore, the present study aimed to
synthesize biochar from municipal sewage sludge and evaluate its efficiency in removing
nitrate, phosphate, and ammonium from shrimp farm effluent.

Materials and Methods

Biochar was synthesized from municipal sewage sludge collected from the wastewater
treatment plant in Bandar Abbas through a pyrolysis process. The sludge samples were heated
under low-oxygen conditions at different pyrolysis temperatures of 300, 400, 500, 600, and
700°C to produce various biochar treatments. After cooling, the resulting biochars were
characterized as adsorbent materials with high specific surface area and adsorption capacity.

To evaluate nutrient removal efficiency, synthesized biochars were exposed to shrimp farm
wastewater containing nitrate, phosphate, and ammonium. The adsorption efficiency was
determined by measuring nutrient concentrations before and after treatment. Different biochar
doses and contact times were tested to identify optimal treatment conditions. In addition, iron-
modified biochar (Fe-BC) was prepared to improve nitrate adsorption performance.

The removal efficiency of nutrients was attributed to the strong adsorption properties and

surface chemical interactions of biochar. Thermodynamic analyses were also conducted to
compare the adsorption performance of standard biochar and iron-modified biochar.

Results
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The results demonstrated that biochar produced at 700°C (BC700) exhibited the highest
phosphate removal efficiency, reaching approximately 91.7%. Under optimal conditions, the
most effective treatment involved 2.5 g of BC700 with a contact time of 2 h, which removed
approximately 95% of phosphate from shrimp farm waste water. Among the non-modified
biochars, BC700 also showed the highest nitrate removal efficiency, removing approximately
52% of nitrate from the wastewater. The maximum nitrate removal was achieved using 3 g of
BC700 with a contact time of 180 min.

To enhance nitrate adsorption performance, iron-modified biochar (Fe-BC) was synthesized
and evaluated. Optimization of dosage and contact time revealed that 2 g of Fe-BC with a
contact time of 2 h increased nitrate removal efficiency to approximately 98%. Thermodynamic
analyses further confirmed the superior adsorption capacity of Fe-BC compared with BC700
for both nitrate and phosphate removal.

The findings suggested that chemical adsorption was the dominant mechanism involved in
nutrient removal from shrimp farm effluent.

Conclusion

In the present study, biochar synthesized from sewage sludge of the Bandar Abbas wastewater
treatment plant was successfully evaluated as an adsorbent for nutrient removal from shrimp
farm wastewater. The results demonstrated that biochar produced at 700°C (BC700) had the
highest efficiency for phosphate removal (approximately 92%) and moderate efficiency for
nitrate removal (approximately 52%). Furthermore, iron modification of biochar significantly
improved nitrate adsorption performance, increasing removal efficiency to approximately 98%
under optimized conditions. The superior adsorption properties of Fe-BC were confirmed by
thermodynamic analyses, indicating its enhanced affinity for nutrient adsorption compared with
non-modified biochar.

Overall, the study highlights the considerable potential of sewage sludge-derived biochar,
particularly iron-modified biochar, as an efficient, sustainable, and environmentally friendly
adsorbent for the treatment of nutrient-rich wastewater from shrimp farms. Application of this
approach could contribute to reducing nutrient pollution, improving water quality, and
minimizing the environmental impacts of aquaculture effluents on coastal aquatic ecosystems.
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