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Comparative Evaluation of Conventional
Heterotrophic and Non-Conventional Autotrophic
Denitrification for Tretiary Nitrate removal from

Wastewater
Abstract:

This study evaluates the performance of two biological systems for tertiary
nitrate removal from secondary-treated wastewater : a conventional
heterotrophic denitrification reactor requiring an external organic carbon
source, and a non-conventional sulfur-limestone autotrophic denitrification
reactor. Laboratory experiments were conducted using synthetic wastewater
under controlled conditions to examine the effects of three operational
parameters: influent nitrate concentration, hydraulic retention time (HRT), and

temperature.

The heterotrophic system achieved high removal efficiency at low and
moderate nitrate loads, however, its performance declined at higher
concentration due to carbon limitation and increased sensitivity to temperature
fluctuation. In contrast, the sulfur-limestone reactor exhibited greater
operational stability across all tested conditions, maintaining effective nitrate
removal even at elevated influent concentrations and lower temperatures,
owing to the characteristics of sulfur—oxidizing autotrophic bacteria and the

buffering capacity of limestone.

Increasing the HRT improved the performance of both systems, although the
heterotrophic reactor responded more rapidly while the autotrophic system
required a longer retention time to reach optimal efficiency. From an
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environmental and operational perspective, the heterotrophic system produced
more sludge and required continuous carbon dosing and strict anaerobic
control, whereas the sulfur-limestone reactor generated significantly less
sludge, maintained a stable biological environment, and did not require

external carbon addition.

Overall, the comparative analysis indicates that the sulfur-limestone
autotrophic system represents a more stable and sustainable option for
tertiary nitrate removal, particularly in low-carbon wastewater or under
variable operational conditions. These findings provide a practical basis for
selecting the most appropriate denitrification technology according to local

treatment requirements.

Keywords: nitrates, heterotrophic Bacteria, Autotrophic Bacteria, Wastewater.
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