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1. DRINKING WATER SOURCES
1a. GLENMORE AND BEARSPAW RESERVOIRS
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3. METHODS AND KEY RESEARCH QUESTIONS

1b. RMWB DRINKING WATER TREATMENT PLANT

WHAT BACTERIA ARE PRESENT?

16S rRNA GENE SEQUENCING

• The Bow and Elbow rivers (which respectively flow to the Bearspaw
and Glenmore reservoirs) are the major sources of drinking water in
Calgary, Alberta

• The Athabasca river is the primary source of drinking water for Fort
McMurray in the Regional Municipality of Wood Buffalo (RMWB);
water is pumped from the river to two reservoirs

• Bacteria—with a focus on cyanobacteria and other
taste and odour formers—will be identified and
analyzed from the whole bacterial communities

• Historically, the reservoirs have not experienced significant longterm impacts from climate change-exacerbated landscape
disturbances and are considered oligotrophic (low nutrient) systems

• In 2016, the severe Horse River wildfire resulted in the evacuation of
~90,000 people and loss of ~600,000 ha of forest and peatland
comprising about 5% of the watershed

• Key risks to the reservoirs include stormwater pollution, runoff from
high precipitation events, development, and wildfires; agricultural,
industrial, and recreational activities also require consideration

• Increased concentrations of suspended sediment and phosphorus, as
well as more aromatic dissolved organic carbon have been
consistently observed at the plant intake

• DNA from one liter (1 L) water samples and
sediment will be extracted and the 16S rRNA gene
will be sequenced and analyzed in a suite of
bioinformatic tools for:
• Assigning taxonomy to sequences (QIIME2)
• Creating taxonomic plots (AXIOME3)
• Generating alpha and beta diversity plots
(RStudio/mirlyn)
• Constructing phylogenetic trees (MEGA)

WHAT FACTORS INFLUENCE BACTERIAL GROWTH?

• Environmental and water quality parameters
including temperature (°C); pH; and nitrogen (TN,
NO3-, NO2-, NH4), dissolved organic carbon, and
phosphorus (TP, PO43-) concentrations will be
measured
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• Significant correlations between the parameters
and bacterial relative abundance will be projected
as triplots onto an ordination space showing
dissimilarity between sample communities

2. WATER QUALITY IMPACTS
2a. TASTE & ODOUR COMPOUNDS

2b. EUTROPHICATION AND BLOOMS

• In recent years there has been growing concern with the presence of
geosmin, a compound with an earthy or musty odour

• Legacy effects of the 2016 wildfire and nutrient loading have resulted
in yearly summer blooms in raw water intake ponds and
cyanobacterial growth in the plant's clarifiers

• The Bearspaw Reservoir experienced elevated geosmin
concentrations in 2020 (14 ng/L) and 2021 (21 ng/L) leading to a
significant increase in consumer complaints
• Bacteria within sediment and biofilms growing on macrophytes are
suspected as the source of geosmin within these systems
• Significant increases in rainfall and snowmelt, resulting in
enhanced turbidity and delivery of pollutants and nutrients, may lead
to cyanobacterial proliferation and liberation into the water column

PCoA PLOT GENERATION

ARE TOXIN OR TASTE & ODOUR GENES PRESENT?

• Quantitative PCR (qPCR) will be utilized to quantify
the cyanobacterial 16S rRNA, microcystin (mcyE)
and geosmin (geoA) genes
• Gene counts will be obtained to identify the total
bacteria and the potentially toxic and taste and
odour compound producing bacteria present in
each sample

• Cyanobacteria can disrupt water treatment processes by clogging
filters and impeding coagulation; they also can release toxins of
human health concern (e.g., microcystin)
• Water treatment plants are not typically designed to treat
cyanotoxins; while ozonation is especially effective, it is not currently
used at the RMWB water treatment plant

MARKER GENE IDENTIFICATION

IS THERE POTENTIAL FOR TOXIN OR TASTE & ODOUR PRODUCTION?

METAGENOMIC SEQUENCING
• Samples containing mcyE or geoA genes will be
selected for metagenomic sequencing to
identify additional genes within the biosynthetic
pathways for microcystin and geosmin
• Only bacteria that contain all required genes in the
toxin or taste and odour biosynthetic pathways
have the potential to produce these nuisance
compounds
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4. SIGNIFICANCE
• Increase in bloom or taste and odour event frequency: Climate change-exacerbated disturbances contribute to the global prevalence of taste and
odour events and cyanobacterial bloom frequency yet post-disturbance bacterial communities in drinking water sources are largely uncharacterized
• Human health concerns and removal: Bacteria may pose human health and aesthetic concerns that are challenging and costly to treat and managing
them may require draining clarifiers or implementing additional expensive treatment technologies such as ozonation
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• Guidance for treatment decisions and monitoring: The data in this study will be linked to watershed, reservoir, and water treatment plant-scale data
to develop recommendations for microbial community monitoring to manage treatment threats from climate change-exacerbated disturbances
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