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Rare toxic algae behind fish deaths in

river Oder, say researchers

TOXIC AND CAN CAUSE MASS FISH KILLS

Lethal algae blooms-an
ecosystem out of balance

Toxic formatio 1S aCross the USand the

Baltic are part of a worrying trend linked to
the climate crisis and farming mdhud S
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Another approach is to aggregate cells by dosing cationic chemicals

WHY USE CATIONIC CHEMICALS SPECIFICALLY?

» In the working pH range, algal cells are negatively
charged

WHY AGGREGATE CELLS?

» Individual cells are small (3-15 um)

» Aggregates are > 300 um
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Another approach is to aggregate cells by dosing cationic chemicals

WHY USE CATIONIC CHEMICALS SPECIFICALLY?

» In the working pH range, algal cells are negatively
charged
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WHY AGGREGATE CELLS? Cyanobacteria-laden water Cell Aggregation Step Sedimentation Step

» Individual cells are small (3-15 um)

» Aggregates are > 300 um
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Different types of chemicals have been used for cyanobacterial cell aggregation
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Why is this evaluating and understanding this important?

Cationic charges can destabilise anionic cell membranes and rupture them

Knowledge is not new - approaches routinely used in drug delivery, anti-microbial
studies

Environmental

Science ¥ Journal of ] ( Erran
Materials Chemistry B

Analysis of the Destabilization of Bacterial Membranes by
Quaternary Ammonium Compounds: A Combined

Effect of polycation nanostructures on cell

membrane permeability and toxicityt The great escape: how cationic polyplexes

overcome the endosomal barrier

dels.

Introduction

Coagulants and flocculants are cationic and used for cyanobacterial bloom management
heavily

Used not just in WTPs, but also in remote/recreational lakes and catchments



What happens when cells get damaged?

Toxins

Release

of Nutrients (N & P)

Organic C-compounds

T&O compounds
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Cell lysis can cause release of intra-cellular matter “Perpetual” cyanobacteria blooms in Dutch
within process train and sIudge holding tanks and lakes. Lurling (2020), Hydrobiologia, 847 (21), p:4447-4467
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What are we doing in this study?

» Evaluate intracellular material release when using 8 commonly employed coagulants and flocculants
> Ferric chloride

Aluminium sulphate (Alum)

Aluminum Chlorohydrate

Alkaline (Mg*2)

Polyacrylamides (LT22S and Poly 4190)

PDADMAC

Polyaluminium chloride
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> Over a time period of 0-168h, assess cell damage and release of:

> Toxins
> Nutrients

> Intracellular organic carbon

> Toxic strain of cyanobacteria examined: Microcystis aeruginosa (CS-555/1)

> Cell concentration: 6-8x10° cells/mL

» Lab-scale study using a bench-top flocculator



All the test coagulants/flocculants achieved >90% cell removal

Mean Efficiency (%]
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PDADMAC - 96.1+3.7% ACH - 97.2+x2.6% 90.1+x7.8%
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PACI - 99.1£0.3% Alum - 98.5%x0.7% LT22S - 84.729.5% NaOH - 95.8+x4.1%




All coagulants/ flocculants caused immediate cell damage

Unstained floc (PDADMAC) SYTOX Green stained floc

» Flocs with cells that are damaged appear green due to stain penetration
> Undamaged cells appear red (none were detected in any samples)

» All fluorescence microscopy assays conducted at Oh post-sedimentation



DOC increased with storage — indicative of IOM release

Red line is baseline DOC just before

starting jar tests

Storage of separated sludge upto 168

h causes definitive increases in DOC

Sharp steady increase for most

coagulants/flocculants
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> Nitrites increased (sometimes with storage)

» Ferric chloride good for short-term

» Phosphates
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Total Microcystin concentrations increased significantly with storage

PDADMAC

ACH
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Poly 4190 Ferric
Chloride

LT22s

Alkaline

9 types of toxins identified including MC-
LR, MC-LR demeth, MC-RR, MC-RR
demeth, MC-YR,MA-LA, MC-LW, MC-LF,

Nodularin

All coagulants/ flocculants contribute to

toxin release

Toxin concentrations fluctuate in the
first 24h; likely due to complexation with
the coagulants/ flocculants (or column

interactions)

Storage of separated sludge degrades

cells, causing significant toxin release

MC-RR demethylated contributed to >90%

of total toxins



Key takeaways from this study



Questions and unknowns

WTPs use pre-oxidation and coagulant + flocculant

Assess proportions of cell damage within flocs

Correlation between charge density and proportions of cell damage - is there a sweet spot?
Interference from background OM

U-shaped vs linear increase in DOC not observed for all coagulants and flocculants
Preferential removal/ complexation of certain toxins?

Does cell damage mean complete disintegration or just a crack on the cells?



Thank you
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