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Research Question

What is the fate of cyanotoxins inside drinking water 

distribution systems?

Bio-degradation? Bio-accumulation?

Adsorption?

Accumulation rate?

Possible release?



Drinking Water Distribution Laboratory (DWDL)

PVC pipe loop of the DWDS at Queen’s University

o Two PVC pipe loops (200m, 4”)

o Qmax =15 L/s, Vmax = 1.6 m/s, 

WSSmax = 5.6 Pa

o Open/Closed operation 

o Total Volume of 5200L 

o Temperature control 

o High-end online 

instrumentation

Cyanotoxins



DWDL Experiment Design

•Chlorine 
disinfection
•Flushing at max 
flowrate of 14 L/s.
•Steady flow at
0.9 L/s.

Flushing

Pipe loop
Setup

Biofilm
Growth

Cyanotoxin
Phase

•DW Bacteria Inoculation
•NB feed for 4 weeks
•+8 weeks stabilization 
period (mimic stress of 
DWDS)

•Quick inoculation 
of cyanotoxins
•4 weeks of 
monitoring

•Rapid flow rate 
increase
•Q = 6.5 L/s



Cyanobacterial Toxins Guidelines
Jurisdiction Parameter Limit Notes 
Canada (federal 
guideline)

Total microcystins in drinking 
water 1.5 µg/L Seasonal maximum acceptable 

concentration.
Canada 
(precaution for 
infants)

Total microcystins in drinking 
water 0.4 µg/L Used as a reference for infant formula 

water during bloom events.

Ontario Microcystin-LR 1.5 µg/L Ontario Drinking Water Quality 
Standard.

British Columbia Total microcystins in drinking 
water 1.5 µg/L Seasonal maximum acceptable 

concentration. 

DWDL pipe loop
o Volume of 5200L

o Target 10x the limit of 1.5 µg/L = 15.0 µg/L

o Total mass of cyanotoxin = 15.0 µg/L x 5200L = 78 mg



Cyanotoxin Production

•CPCC300
•Toxic Strain

Cyanotoxins

•BG-11 Media
•Adapted protocol from 
Shahmohamadloo et al. 2019

Microcystis 
aeruginosa

Batch 
Culture

Cell Lyse

•3x Freeze/Thaw
•3.6G Centrifugation •Final volume of 60L 

•C ≈ 590 µg/L
•M ≈ 35.4 mg



Biofilm production Granular Activated Charcoal (GAC) filters used to 
harvest microorganisms from Kingston, ON tap water

Biofilms!

•GAC Filters
•Water temp = 20°C
•Continuous flow
•> 1 year

Microbes 
Harvesting

•GAC + Nutrient Broth #3 (1:1)  
•Continuous mixing
•1 Week incubation at 20°C

Microbes
Inoculation

Microbes
Amplification

•Solution 
addition to tank
•Start of growth 
phase

•Steady flow (0.9 L/s)
•Water temp = 16°C
•Weekly addition of nutrients
•Growth period of 4 weeks

Biofilm
growth



Data Collection

Bulk water and biofilm microorganisms monitoring
o Cell counts via flow cytometry (Attune, Thermo Fisher Sci.)

o Volatile Suspended Solids (SSCv)

Cyanotoxins
o Bulk water sampling 3x week (Cyanotoxin Phase)

o Microcystins (Adda specific) ELISA kit, ENZO

o Filter & Unfiltered samples

o Run in duplicate



Results – Microbial and Biofilm Activity
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Results – Cyanotoxins  

Total cyanotoxins after mixing

78% 
recover



Main findings

o The inoculation of the cyanotoxin solution triggered microbial activity 

in biofilms, resulting in a fast organic matter fixation.

o After inoculation cyanotoxin concentration exponentially decreased 

from the bulk water suggesting its uptake by biofilms. 

o At the very last week before flushing, a recover of 78% of original 

cyanotoxin levels was detected.

o Flushing has not resulted in further cyanotoxin increase, but this 

result might have been impacted by their earlier release.
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