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Cell Identification/Integrity & Release
Intra- and extracellular compounds

oWe only monitor geosmin and MIB
oHuman detection 7 ng/L; no CI2
oMajor cause of customer complaints &

distrust
oResponsible for Earth/Musty odour
— 1pum (e @ 6/28/2011
X 8,000 2.00kV LEI S5EM WD B.6mm 2:2B:42




ALGAL BLOOM AND T&O MONITORING PATHWAYS
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Monitoring of Benthic Cyanobacteria

Benthic cyanobacteria can be a significant

source of cyanotoxins and T&O compounds?®. Do you think your
However, only 20% of utility respondents 50“"‘;9 ;:‘";P_:"“’d
o " v
lnclud_e benthic T\onltorlng in t.helr routine . Yii o o . No
sampling. Benthic cyanobacteria may explain <
instances where metabolites are detected ina 2
water supply without visible evidence of a
bloom. Figure 8 illustrates benthic Attached to Are there floating Does your uulrty h_ave
cyanobacteria in surface water sources and aquatio plants ;‘am_"" "‘”“:; a:?;:;ﬁ toxins
mrr&pondmg_samp]mg methods. Figure 9 Yes " Iinesg Bl = E;:-_;\No Yes 8 with no visible I '“l>-: N No
presents a decision tree to evaluate potential ° oyanobacterial bloom? N \
risks related to benthic cyanobacteria. : bk | B
1. Sorap mats off the walls or Keep monitoring
ocollect floating mats for events
2 Characterize detected
algae/oyanobacteria species
3. Test for T&O and toxins in
the mats and water
Test source water for
oyanobaoteria specific
Benthic ‘ . ) toxinor T_ROgenes [, )
Ovanobastiria . ; Floating Toxin and/or ", Nooyanobaoteria
Ocourrence in i Mats T&O genes \ toxin and/or
Surface Waters detected T&O genes
deteoted
L. Survey reservoir for benthic cyanobacteria occurring T&";;"zz‘; Wt:tn?'
attached to sediments, walls eto. T&O genes st No genes
2 Test source and product water for toxins or T&O Jatscted specific T&O genes [[:::*\ detaotad
compounds .
3. If deteoted, optimize conventional treatment to | |
ffectively remove toxi d T&O compounds 3 .
4, ;benthio oynmb:ot:i?i:n widespread, explore 1. Test souroe and product water Oonhm.!e gk
ik ot for toxins or T&0O compounds monitonng
2. If detected, optimize conventional for events

treatment to effectively remove
toxins and T&O compounds

Figure 9. Decision tree on determining issues with benthic cyanobacteria at the drinking water source

Deploying artificial
substrates e.g., wood,
PVC, and tilein
reservoirs and allowing
for biofilm development.

Raking the
sediment.

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

Fguro8. y of benth

sourcas and

Utilty Guidance Manual for the
ing and Management

©of Oyanobacterial Blooms.
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Table 2 Sumerary table of source water control stz stapmee
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Chemical treatment
oan be targeted to
portions of the water
body most susceptible.
Boats often must be
used to apply such
treatments.

Chemical additives bind to the
Phosphorus and then settle to
the reservoir’s bottom, forming
a layer of chemical precipitant.

» Ag Phosphorus
Chemical additives

') P-boun to
chemical additives

Chemical
precipitant

Reservoir

Chemical treatment methods consist of
algaecides and nutrient sequestering chemicals
frequently are applied by boat. Copper and
peroxide-based algaecides damage cellular
integrity and cause cell death (Figure 11),
limiting bloom expansion in a drinking water
source. Nutrient sequestering additives such as
alum, polyaluminum chloride (PACI), iron salts,
and bentonite clays bind P in the water column,
creating nutrient limited conditions that inhibit
cyanobacteria growth. A detailed review of
chemical methods is available®.

Healthy Algal Cell

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”



Biomanipulation: Benefits & Factors to Consider

+Has fewer ecologioal impaots when « Internal nutrient loading should be
compared to chemical control controlled.

Db « Insufficient fish removal or addition can
« Treatment can be impacted by impact treatment.

continued external nutrient inputs. « Extent of macrophyte cover and

stability can influence overall
performance.

« Macrophyte control may not be
effective in eutrophio turbid sources as
cyanobacteria will have competitive
advantage.

« Macrophyte establishment impaoted
by source characteristics e.g., depth,
size, and bed slopes.

Figure 13. Summary of biological control methods and factors to consider for implementation.

Fish Removal

« Reduces bioturbations by fish

» Promotes growth of
macrophytes

+ Unintended consequences

may ocour from modification

of biodiversity

Floating Artificial
Wetlands

The floating mats (left) act
as a nutrient sink for
excess P. Performance is
dependent on the amount
of plants added and can
be impacted by depth.

Barley Straws

As the straws decompose,
they produce chemicals
than inhibit oyanobacterial
growth. May take 2-8 weeks
before the straws begin
oyanobacteria control

Traditional Source Water Management

Traditional scurce water management
methods typically utilize mechanical
active intervention in a water body

to improve ecological conditions.

AMore Intuitive Approach
Biological control methods foous on

restoring ecosystem balance, utilizing
physiological relationships to achieve
more natural conditions in a water body.

The exposed roots in the photio
zone release allelochemicals
(chemicals that hinder the growth
of another organism) that
suppress all phytoplankton
growth, inoluding cyanobacteria.

Figura 12. Y officaoy

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



Protocols for algal bloom management — vom —— g © veoua

Source mitigation using sonication Lo B | Py

CENTRAL

networks

HIGHLANDS
WATER

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

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

10

« Centenary Reservoir Walkway 3
- Historical distribution (n=56) compared to i
post-sonicator distribution (n=10) 3

- Statistically significant difference observed
Water treatment plant intake stream

Historical (n=94) and post-sonicator (n=20)
Statistically significant difference observed
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Protocols for algal bloom management
Source mitigation using sonication

Dominant Cyanobacteria
Species Biovolumes —

Centenary Reservoir "
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TREATMENT ISSUES/UNKNOWNS?

Identified organisms using macroscopic taxonomy Extra info obtained by genomics

15

@ Cyanobacteria

@elainabact@
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- . . Ra
s Raw.water  Post-filter
Raw water :
: y .&ﬁm Contents lists available at ScienceDirect
m Total CB # Cylindrospermopsis 7o Water Research
Microcystis Anabaena ELSEVIER journal homepage : www.elsavier .com/locate/watres
M er] sSMo pe d i d B Tota | Di atom Diagnosing water treatment critical control points for cyanobacterial | @

removal: Exploring benefits of combined microscopy, next-generation &

. Total G A sequencing, and cell integrity methods
Arash Zamyadi " ", Caitlin Romanis ‘, Toby Mills , Brett Neilan ¢, Florence Choo *,

Lucila A. Coral ", Deb Gale ', Gayle Newcombe ¥, Nick Crosbie ", Richard Stuetz *,
Rita K. Henderson "



Sampling results: Pre-oxidation using pre-KMnO,:
% cell removal & total MIB

100 : p
Microcystis and green algae / High removal rate but the
resist oxidation 7 L.
\ / remaining were healthy
] s % cells
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Raw water Raw water + Surface of  Filtered water Finished water
KMnO4 sedimentation
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Sampling results: Pre-oxidation using pre-O,

% cell removal & total geosmin

__100 +—— Diatoms, Planktolyngbya and 7
E Anabaenopsis resist oxidation
: |
T
g 80 L
@ \ m Total CB
E 60 - 4 % Cylindrospermopsis
o
T % Anabaenopsis
=3
E 20 1 ok % Planktolyngbya
= // ® % Total Diatom
-
2 % m % Total GA
po M -
2
L&)
- 0

Post
sedimentation

Post-pre O,

Geosmin (ng/L) :

% viable

100

80 +

60 +

40 -

20 +

High removal rate & the
remaining were damaged
cells

a A

Post
sedimentation

Raw water Rawwater+\ Post-pre O,

Return of

sludge
supernatant

15.9 15.1 8.7 7.6 BDL BDL BDL
Raw water Return of sludge Post pre- Surface of Filtered water Post Finished water
recovery ozonation sedimentation interozonation

supernatant tank and BAC

Accumulation of geosmin in sludge: 20.6 ng/L



OXIDATION — UNKNOWNS?

Understand the phenomena governing cell wall damage & release of intracellular
metabolites during oxidation:

Fate of Cylindrospermopsis cells post ozonation

Contents lists available at ScianceDirect

Water Research

Flowcytometry confirmed
complete cells damaged but not
at the same Ievel' Diagnosing water treatment critical control points for cyanobacterial :)

removal: Exploring benefits of combined microscopy, next-generation | &
sequencing, and cell integrity methods

journa I homepage : www.elsevier.com/locate/watres

Arash Zamyadi * ™", Caitlin Romanis ¢, Toby Mills “, Brett Neilan , Florence Choo ",
Lucila A. Coral ™, Deb Gale ', Gayle Newcombe £, Nick Crosbie ", Richard Stuetz °,
Rita K. Henderson "



Using Advanced Spectroscopy and Organic Matter
Characterization to Evaluate the Impact of Oxidation on
Cyanobacteria

Understanding oxidation: sl

Understand the phenomena governing
oxidation of cells, biomarker indicating toxin
production, triggers of toxicity, release of
intracellular metabolites

Saber Moradinejad ! =, Caitlin M. Glover ' =, Jacinthe Mailly ' =, Tahere Zadfathollah Seighalani ' =,
Sigrid Peldszus 2 E. Benoit Barbeau ! EG, Sarah Dorner ! E, Michele Prévost ' = and
Arash Zamyadi 1" &

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

Microcystis
aeruginosa

Anabaena flos-
aquae



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)
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What if we oxidize them all together:

Concept: Application:
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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

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

GTX2,
Saxitoxins GTX3 and | Nodularink
C1,C2

Microcystin-
LA

MIB and

Anatoxin A .
geosmin

Oxidant Microcystins Cylindrospermopsin

Free chlorine

pH pH

Monochloramine

Chlorine dioxide

Permanganate
Ozone
Hydroxyl radical 2 2 pH
Cold plasma | 2 gL 2 ? ? ? ? ? 2
oxidation*

*Treatment technology currently at bench-scale.




FATE OF CELLS?
Cell accumulation in sludge?

Clarification

$ v

Recycle to head

of plant '

Sludge
Lagoon

Detad
Minimized Potential ' 'I?ET'
nimiz n A
e for Cell Growth or ; =
Releaco Toxin Reloase .
Solids contain Solids contain
healthy cells with damaged cells with
intracellular toxins some or all intracellular
that can proliferats toxins released
Source: Water Research Foundation 4315 &
4523
A4

Potential for Disposal Minimizes Disposal
Concems due to Concerns
Intracellular Toxin

Figure 11. Potential Impacts of Cyanobacteria on WTP Residuals Management



Fate of cells and metabolites after
coagulation in sludge:

30 -

—&— intracellular mLR
] 3 _®-__ —e—extracellular mLR
Weignt NoWeghing | 25 ~e
4_ Re;qmu::‘:m 28634 - . \
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0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Time (days) Time (days)
RESULTS: INCREASE OF DOC CONCENTRATION WITH . .
TIME; MYPONGA WATER AND CULTURED M. Results: Concentration of MC-LR as a function of
AERUGINOSA. RED DOTTED LINE REPRESENTS time in days; Myponga water and
MAXIMUM EXPECTED INCREASE FROM CELL LYSIS cultured M. aeruginosa.

ALONE.
Similar results for MC-LA.



Fate of cells and metabolites after
coagulation in sludge:

Equation b
Weight eignting |
4 Resigual Su m 050803
of Squares
Adj. R-Square 0.95694
lue Eror
DoC Intercept 1032 7256
e 1874 0.014%8
3 E |
—
=
=
£
3 2 m N
2 -
< -
14
- m
n
o S — ; ; . ; " . ; ' i
0 5 10 15 20 25

Time (days)

RESULTS: INCREASE OF DOC CONCENTRATION

WITH TIME; MYPONGA WATER AND CULTURED C.

RACIBORSKII. RED DOTTED LINE REPRESENTS
MAXIMUM EXPECTED INCREASE FROM CELL
LYSIS ALONE..

—a— intracellular CYN
—e— extracellular CYN

“’_7_”_7. =gt -

CYN (ug/L)

2] . 7_:.7_./-" /"\ o

T T T T y T v ]
0 5 10 15 20 25

Time (days)

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

cultured C. raciborskKii.



Single point use:
Cyanobacterial cell accumulation in the
sludge;

Example of treatment adjustment used
by Melbourne Water:

—PCin situ probe reading

B Cyanobacteria microscopic analysis
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View Article Online
View Journal | View Issue

Cyanobacterial management in full-scale water
treatment and recycling processes: reactive
dosing following intensive monitoring

Arash Zamyadi,**" Rita K. Henderson,” Richard Stuetz,* Gayle Newcombe,®

Kelly Newtown® and Brendan Gladman®

KMnO, concentration

A Initial KMnO4: 10 mg/L
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Application of GAC for removal

22 column pilot setup - Lorne Park WTP - Ontario
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Assessing the remaining service life of fuII scale GAC for H,0, quenching and T&O
compound removal




22 Column Pilot Set-up at Lorne Park WTP




Application of GAC for removal

Colum preparation: GAC sampling from the full-scale contactors
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Application of GAC for removal MIB

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

120

Depth
100 (cm)
Minlet
E 80
a9 M 25
?é’ 60 W50
S 40 - m75
20 - m100
0 - m Outlet

Virgin
Bed volume [




Application of GAC for removal geosmin

Geosmin Removal Using Full-scale & Virgin

Centaur GAC
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Ongoing work: Understating BAC

Assessment package for Melbourne Water:
 lIdentity 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)

GAC filters '

Sampling =¥ dry shipper % lab

North Melbourne Reservoir _, i
A
1

e\

% _I -. _.I -,_._ . - §

165 rRNA gene metabarcoding J' Genome resolved metagenomics
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WATER RESEARCH FOUNDATION (#4912)

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

* Project Team
« SNWA — Faith Kibuye, Eric Wert (PI)
» Water Research Australia— Arash Zamyadi (coPl) Utility Guidance Manual for the
e . N\ firin Monitoring and M t
University of Adelaide — Virginie Gaget (coPl) of‘:;“',:'::;i 2't‘eriaf‘é‘;%‘;':;e“
* Hazen — Christine Owen (coPl)

 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/ 91 ‘\\




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
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ELROFPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

MWEHI

La solution oux odeurs
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Walter and Eliza Hall Institute of -
MELBOURNE

Medical Research (WEHI)



