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Introduction:

Bioaugmentation provides a cost-effective approach to enhance 
nitrification efficiency and reduce greenhouse gas emissions 
such as nitrous oxide (N₂O), strengthening climate resilience in 
wastewater treatment (Gerardi, 2016; Yao et al, 2022). By 
improving microbial performance, it offers a sustainable solution 
for overloaded treatment systems in low- and middle-income 
countries (Zaveri et al, 2020). 

 Aim:

This study aims to evaluate acclimatised bioaugmentation 
products for enhancing nitrification efficiency and reducing 
nitrous oxide (N₂O) emissions in wastewater treatment. The 
goal is to assess their potential as a cost-effective, climate-
resilient solution for overloaded systems in low- and middle-
income countries.

Objectives:

• To determine the effectiveness of bioaugmentation 
products in enhancing nitrification performance in 
municipal wastewater treatment systems. 

• To compare nitrogen removal efficiencies, including 
ammonia (NH₄⁺-N), nitrite (NO₂⁻-N), and nitrate (NO₃⁻-N), 
between bioaugmentation treatments and untreated 
controls.

• To evaluate microbial community dynamics in 
bioaugmented systems using DNA-based relative and 
absolute abundance analyses

• To monitor nitrous oxide (N₂O) production during 
nitrification and assess its implications for greenhouse gas 
emissions from wastewater treatment.

Testing acclimatization of bioaugmentation products 
before adding to ASP and impact on nitrification

Aim:
To evaluate the nitrification efficiency, microbial activity and 
N₂O reduction of three commercial acclimatised 
bioaugmentation products compared with settled 
wastewater and return activated sludge (RAS) controls.
Sample Collection:
• Settled wastewater and RAS collected from a municipal 

WWTP (p.e. 190,000).
• Stored at 4 °C and analysed within 48 h.
Bioaugmentation Products:
• FritzZyme 7, ATM Colony, Nite-Out II.
• Acclimatised for 72 h at 20 °C, 160 rpm (with daily 

transfer to fresh wastewater).
Batch Tests:
• Two controls: (1) Settled wastewater only; (2) Settled 

wastewater + RAS.
• Bioaugmentation: 430 mL settled wastewater + 20 mL 

acclimatised biomass.
• Duplicate 450 mL bottles, shaken at 20 °C.
Analyses:
• Measured NH₄⁺-N, NO₂⁻-N, NO₃⁻-N, pH, DO, sCOD, 

TSS, VSS and alkalinity
• Respirometry (OxiTop®) for microbial activity.
• N₂O measured with Clark-type microelectrode.
• Microbial populations analysed via flow cytometry and 

16S rRNA sequencing.

Findings:
• Acclimatised bioaugmentation enhanced nitrification compared to controls, 

with higher ammonia removal rates (WW: 1.8, RAS: 3.8, bioaugmented 
products: 5–6 mg/gVSS.h).

• Nitrate accumulation after 32 h was greater in bioaugmented systems (34–
37 mg/L) compared to the WW control (<3 mg/L).

• Partial nitrification occurred: nitrite peaked at 16–18 mg/L with associated 
N₂O emissions (0.03 mg/L), showing stronger AOB than NOB activity.

• Nitrosomonas abundance increased in bioaugmentation treatments (0.25% 
to 0.35%), with the highest growth in bioaugmentation 1 and 2.

• Absolute abundance counts reached up to 8 × 10⁴ cells/mL in 
bioaugmentation product 1, while controls remained low.

• Overall: Acclimatised bioaugmentation improved ammonia oxidation, 
microbial activity, and nitrifier growth, but limited NOB growth led to partial 
nitrification and temporary N₂O emissions.
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