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Cell Identification/Integrity & Release 
Intra- and extracellular compounds

oWe only monitor geosmin and MIB
oHuman detection 7 ng/L; no Cl2
oMajor cause of customer complaints & 
distrust

oResponsible for Earth/Musty odour



ALGAL BLOOM AND T&O MONITORING PATHWAYS

64

Sample 
Multiple 
Locations 
in 
waterbody

Chlorophyll and 
Phycocyanin 
probes help 
justify when a 
trip to the field is 
required.

FlowCam Cyano: identify 
organisms, plus count, 
and concentration.

Thermo GC-
MS/ECD to 
quantify 
MIB/Geosmin

T&O 
Path

Toxin 
Path

qPCR
Dip SticksThermo LC-

MS/MS
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Gaget et. al (2021) “Benthic cyanobacteria: a utility-
centered field study”; Under review
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CHEMICAL 
CONTROL 

STRATEGIES

K.E. Greenstein, A. Zamyadi, C.M. Glover, C. Adams, E. Rosenfeldt, E.C. Wert (2020) Delayed Release of Intracellular Microcystin Following Partial Oxidation of Cultured and Naturally Occurring 
Cyanobacteria. Toxins, 12(5), 335. 

A. Zamyadi, K. E. Greenstein, C. M. Glover, C. Adams, E. Rosenfeldt, E. C. Wert (2020) Impact of hydrogen peroxide and copper sulfate on the delayed release of microcystin. Water, 12(4). 

Kibuye et. al (2021) “A critical review on operation and performance of source water control strategies for cyanobacterial blooms: Part I-chemical control methods”
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Kibuye et. al (2021) “A critical review on operation and 
performance of source water control strategies for 
cyanobacterial blooms: Part II-mechanical and biological 
control methods”; ACCEPTED!



Risk
Management

Funding

In kind

Total value

Outputs

Start End

Trial package for Intelligent Water Network (IWN) & Veolia:
• Trialling of non-chemical dosing for cyanobacteria mitigation at the 

source
• Developed the sampling protocol to collect systematic algal and 

cyanobacterial, and water quality data
• Sonication equipment was installed Dec 2020
• Data analyse and interpretation is ongoing

Protocols for algal bloom management  
Source mitigation using sonication
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Centenary Sonicator introduced Alert Level 1

Total Cyanobacteria Biovolumes – Statistical 
Observations
• Preliminary analysis (Log-normal distribution)

- Practicality of controls?
- Data from only 1 bloom season
- Testing is lower during non-bloom 

periods
• Centenary Reservoir Walkway

- Historical distribution (n=56) compared to 
post-sonicator distribution (n=10)

- Statistically significant difference observed
• Water treatment plant intake stream

- Historical (n=94) and post-sonicator (n=20)
- Statistically significant difference observed

Protocols for algal bloom management  
Source mitigation using sonication



Risk
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Funding

In kind

Total value
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Start End

Dominant Cyanobacteria 
Species Biovolumes –
Centenary Reservoir
• Disruptions in dominant 

species observed after 
sonicator installation

• Microcystis sp. undetected in 
2020/2021 bloom season

• Cyanogranis sp. and Anathece
sp. dominant in recent blooms
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Synechocystis sp. Microcystis sp. Pseudanabaena sp Dolichospermum

Cyanogranis sp. Alert Level 1 Sonicator introduced

Protocols for algal bloom management  
Source mitigation using sonication



TREATMENT ISSUES/UNKNOWNS?
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Identified organisms using macroscopic taxonomy Extra info obtained by genomics



Raw 
water

Post 
addition of 

KMnO4

Post 
sedimentation

Sampling results: Pre-oxidation using pre-KMnO4:

High removal rate but the 
remaining were healthy 
cells

Post addition of KMnO4 Post sedimentation

Microcystis and green algae 
resist oxidation

% cell removal & total MIB



Raw water Raw water + 
Return of 

sludge 
supernatant

Post-pre O3
Post 

sedimentation

% cell removal & total geosmin

High removal rate & the 
remaining were damaged 
cells

Post-pre O3 Post 
sedimentation

Diatoms, Planktolyngbya and 
Anabaenopsis resist oxidation

Sampling results: Pre-oxidation using pre-O3



OXIDATION – UNKNOWNS?
Understand the phenomena governing cell wall damage & release of intracellular 
metabolites during oxidation: 
Fate of Cylindrospermopsis cells post ozonation
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Flowcytometry confirmed 
complete cells damaged but not 
at the same level!
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a. b.

c. d.

Pre-oxidation Post-oxidation

Chlorination for 
maximum dose-
contact time (CT) 120 
mg.min/L and 
ozonation for 
maximum dose-
contact time (CT) 50 
mg.min/L
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Understand the phenomena governing 
oxidation of cells, biomarker indicating toxin 
production, triggers of toxicity, release of 
intracellular metabolites

Understanding oxidation:



Enhanced Darkfield Microscopy with Hyperspectral Imaging (EDM/HSI) allows 
for spectra (400–1000 nm) to be generated from a specific pixel (containing a 
cell component of interest)

Understanding oxidation:



What if we oxidize them all together:

B. Nisol, S. Watson, Y. Leblanc, S. Moradinejad, M. R. Wertheimer, A. Zamyadi (2019) Cold 
plasma oxidation of harmful algae and associated metabolite BMAA toxin in aqueous suspension. 
Plasma Processes and Polymers, 16(2). https://doi.org/10.1002/ppap.201800137S



CYANOTOXIN OXIDATION

80

*Treatment technology currently at bench-scale. 

Oxidant Microcystins
Microcystin-

LA
Cylindrospermopsin Anatoxin A Saxitoxins

GTX2, 
GTX3 and 

C1, C2
Nodularins

MIB and 
geosmin

BMAA

Free chlorine pH pH Slow/no 
oxidation pH pH

Monochloramine
Slow/no 
oxidation

? ?

Chlorine dioxide
Slow/no 
oxidation

? ? ?

Permanganate ? ? ? Slow

Ozone pH pH pH

Hydroxyl radical ? ? pH

UV High doses High doses High doses
High 

doses
? ? ?

High 
doses

High 
doses

Cold plasma 
oxidation*

LR and LL ? ? ? ? ? ? ?

WRF4692 - #WRFCyanoToxinOxid:
Release of Intracellular Cyanotoxins During Oxidation of Naturally 
Occurring and Lab Cultured Cyanobacteria
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FATE OF CELLS?

Source: Water Research Foundation 4315 & 
4523

Cell accumulation in sludge?



RESULTS: INCREASE OF DOC CONCENTRATION WITH 
TIME; MYPONGA WATER AND CULTURED M.
AERUGINOSA. RED DOTTED LINE REPRESENTS 
MAXIMUM EXPECTED INCREASE FROM CELL LYSIS
ALONE.

Results: Concentration of MC-LR as a function of 
time in days; Myponga water and
cultured M. aeruginosa.

Similar results for MC-LA.

Fate of cells and metabolites after 
coagulation in sludge:



RESULTS: INCREASE OF DOC CONCENTRATION 
WITH TIME; MYPONGA WATER AND CULTURED C.
RACIBORSKII. RED DOTTED LINE REPRESENTS 
MAXIMUM EXPECTED INCREASE FROM CELL 
LYSIS ALONE..

Results: Concentration of cylindrospermopsin 
(CYN) as a function of time in days; Myponga 
water and
cultured C. raciborskii.

Fate of cells and metabolites after 
coagulation in sludge:
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PC in situ probe reading

Cyanobacteria microscopic analysis

KMnO4 KMnO4

KMnO4

KMnO4

KMnO4

KMnO4

R² = 0.9978

0

2

4

6

8

10

0 200 400 600 800 1000

KM
nO

4
co

nc
en

tr
at

io
n

Time (Minutes)

Initial KMnO4: 10 mg/L

Single point use: 
Cyanobacterial cell accumulation in the 
sludge;

Example of treatment adjustment used 
by Melbourne Water:



Assessing the remaining service life of full-scale GAC for H2O2 quenching and T&O 
compound removal

22 column pilot setup - Lorne Park WTP - Ontario

Application of GAC for removal



22 Column Pilot Set-up at Lorne Park WTP



Colum preparation: GAC sampling from the full-scale contactors

Application of GAC for removal



MIB removal using full-scale & virgin centaur GAC      
(similar results for 1 year old GAC and geosmin)
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Application of GAC for removal MIB



Geosmin Removal Using Full-scale & Virgin 
Centaur GAC
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Risk
Management

Funding

In kind

Total value

Outputs

Start End

Assessment package for Melbourne Water:
• Identity potential functions of cyanobacteria 

in the reservoir, as well as the BAC biofilm 
communities with focus on stagnation
- PhD student at University of Melbourne 

funded by an ARC Discovery Gant
- Supervisors: Linda Blackall, Dug Romney, 

Arash Zamyadi (Melbourne), Jillian Banfield 
(University of California Berkeley)

Ongoing work: Understating BAC



WATER RESEARCH FOUNDATION (#4912)

• “Developing Guidance for Assessment and Evaluation of 
Harmful Algal Blooms, and Implementation of Control 
Strategies in Source Water”

91

• Project Team
• SNWA – Faith Kibuye, Eric Wert (PI)
• Water Research Australia– Arash Zamyadi (coPI)
• University of Adelaide – Virginie Gaget (coPI)
• Hazen – Christine Owen (coPI)
• University of Toronto – Ron Hofmann, Husein

Almuhtaram

• https://www.waterrf.org/research/projects/developing-guidance-
evaluation-and-implementation-control-habs-source-water

• https://www.waterra.com.au/research/communities-of-
interest/algal-innovation/



Dr Arash Zamyadi  
WaterRA Research Manager (hosted by Melbourne Water) & Senior Lecturer
Chemical Engineering | Faculty of Engineering and Information Technology
The University of Melbourne, Victoria 3010 Australia

T: +61 4 3773 1414 E: arash.zamyadi@unimelb.edu.au / arash.zamyadi@waterra.com.au

https://findanexpert.unimelb.edu.au/profile/862353-arash-zamyadi


