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Cell identification/integrity & release 

Intra- and extracellular compounds



Toxic and nuisance blooms are within our water supply systems: 

Cyanobacteria breakthrough into flocculation system:

What’s the impact? 

https://doi.org/10.1016/j.watres.2019.01.002

https://doi.org/10.2166/h2oj.2021.067

https://doi.org/10.1016/j.watres.2019.01.002
https://doi.org/10.2166/h2oj.2021.067


Coagulant & PAC 

dosing

Pre-chlorination• Cyanobacteria increase

• Water quality decline

• Recreation primary contact
• Chemical usage 

increase

• Disinfection by-product increase

• Public health – toxins

• Public perception – 

taste & odours, water 

restrictions 

• Sludge increase

• Filter 

breakthrough

• Environmental – 

cessation of 

supernatant 

return
• Infrastructure strain

• Overall treatment costs

Impact on the entire supply system! 



In recycling treated wastewater: The entire bloom ecosystem including cellular 

epibiont, associated microbial and chemical contaminants are of concern, beyond 

toxins and T&O issues:  



Develop scalable approaches for treatment in manufactured water 
Hydrogen peroxide for source and ozone as AOP!

https://doi.org/10.2166/wqrj.2025.052

Maybe we can stop or control the breakthroughs? 
But what options do we have? 

https://doi.org/10.2166/wqrj.2025.052
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Raw water Raw water + 
Return of 

sludge 
supernatant

Post-pre O3
Post 

sedimentation

High removal rate & the 
remaining were damaged 
cells

Post-pre O3 Post 
sedimentation

Oxidation using 5mg/L O3 : 

O3 works but expensive at high dose, and challenging to diffuse

A. Zamyadi, C. Romanis, T. 
Mills, B. Neilan, F. Choo, L. 
Coral, D. Gale, G. 
Newcombe, N. Crosbie, R. 
Stuetz, R. Henderson 
(2019) Diagnosing water 
treatment critical control 
points for cyanobacterial 
removal: Exploring 
benefits of combined 
microscopy, next-
generation sequencing, 
and cell integrity methods. 
Water Research, 152, 96-
105. 

https://doi.org/10.1
016/j.watres.2019.01
.002

https://doi.org/10.1016/j.watres.2019.01.002
https://doi.org/10.1016/j.watres.2019.01.002
https://doi.org/10.1016/j.watres.2019.01.002
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Scalable approaches 
for algal treatment 
in manufactured 
water:
Nanobubble

Jia et al., 2023
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Scalable approaches 
for algal treatment 
in manufactured 
water:
Nanobubble

Jia et al., 2023
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Scalable approaches for algal/cyanobacterial treatment in manufactured water 
Ozone nanobubble oxidation

Lab and pilot scale trial November 2024 to March 2025

https://doi.org/10.1101/2025.10.15.682302 

https://doi.org/10.1101/2025.10.15.682302


Lab and pilot scale trial November 2024 to March 2025
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Lab and pilot scale trial November 2024 to March 2025



Lab and pilot scale trial November 2024 to March 2025

Scalable approaches for 
algal/cyanobacterial 
treatment in manufactured water 
Ozone nanobubble oxidation

Absolute abundance of 

cyanobacterial strains in 

WWTP-post-aeration and 

Class-C recycled water with 

and without ozone 

nanobubble oxidation (90 

minutes of contact). 

ARGs were analysed pre and post 

ozone nanobubble application:  

https://doi.org/10.1101/2025.10.15.682302 

https://doi.org/10.1101/2025.10.15.682302


Lab and pilot scale trial November 2024 to March 2025

Scalable approaches for algal/cyanobacterial treatment in 
manufactured water 
Ozone nanobubble oxidation

Comparative reduction of cyanobacteria cell 

numbers and total cell viability by conventional 

ozone and ozone nanobubbles in the lagoon-based 

wastewater treatment

Pre-ozone nanobubble Post-ozone nanobubble



Lab and pilot scale trial November 2024 to March 2025

Oxidation efficient but high energy cost or OH&S risk; how can we improve this, maybe with an AI driven 
decision tool? 

Step 1 - kinetics model:

Develop scalable approaches for treatment in manufactured water 
Ozone nanobubble AOP



Lab and pilot scale trial November 2024 to March 2025

AI guided timely intervention? 

Step 2 - Use AI-based 
image segmentation 
and clustering tool to 
identify and count 
the cell, and then 
calculate the 
ozonation 
performance using 
the rates from Step 1, 
as a fast decision 
tool:
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Hey mate, 
• what about characterizing the 

bubbles and reactive oxidant 
species? 

• Can we improve the nanobubble 
production to beyond 40%?

• How long do they actually last in 
water? CT?

• What’s their impact on 
downstream processes? 



Ozone 
Nanobubbles (NBs) 
Technologies for 
Water Treatment 
(2024-2027)



1. Metagenomics (MAGs) and 
Visualisation
• Cyanobacteria and epibionts
• rRNA targeted fluorescence in situ 

hybridization

2. Culturing
• Cyanobacteria and epibionts
• Metataxonomics
• Chemotaxis – epibiont to 

cyanobacteria
• Novel control strategies

3. Antibiotic Resistance Genes (ARGs)
• Sequences from metagenome 

assembled genome
• ARGs in genomes/plasmids and in 

extracellular polymeric substances
• Implications

4. Novel Oxidation 
Treatment
• Hydrogen peroxide and 

ozone nanobubble 
application

• New mechanistic model
• Impact on cyanoHAB 

ecosystem

ARC – Discovery Project. Four Key Research Questions to address Knowledge Gaps in Cyanobacterial Oxidation

Cyanobacteria

Epibionts  



O3 
nanobubble

PFAS

PFAS

O3  nanobubble capturing PFAS Separating captured PFAS on O3 
nanobubble using GAC 

GAC

Class C water 
contaminated 
with PFAS

O3  nanobubble 
to enhance 
PFAS capture
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Trial stream

Control stream

Explore the use of ozone 
nanobubbles for enhanced PFAS 

removal from water on GAC



THANK YOU! 
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Contact: arash.zamaydi@monash.edu
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