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Introduction

“Increased salinization of fresh water can contribute to leaching of 
metals from aging water infrastructure and sediments in pipes…..
Leaching of metals from water infrastructure and sediments has 

contributed to recent well-publicized incidents of increased lead
concentrations in drinking water in Flint, Michigan.” (pg. 2766)

Kaushal, Sujay S. "Increased salinization decreases safe drinking water." Environ. Sci. Technol. 2016, 50, 2765−2766.
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• Majority of research is from out East

• Very few studies from colder, northern environments

– Rock Salt (NaCl) becomes ineffective below -10°C
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• What about Edmonton?

AECOM and Anderson, A.M., 2011. 
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Research Questions:

• What are the spatial and temporal dynamics of major salt 
chemistry in the North Saskatchewan River (NSR)?

• What are the main sources (and their relative 
contributions) of chloride in the sub-basin NSR between 
Devon and Pakan?
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• Studying the sub-basin between Devon and Pakan
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• Essentially focussing on the impact of Edmonton
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Materials and Methods

• LTRN water quality samples from 1987-2017

• Focus on major Anions and Cations 
– Na+, K+, Mg2+, Ca2+, SO4

2-,Cl-, CO3
2-, HCO3

-

• Examine spatial and temporal trends in milliequivalents
(meq/L)
– Change ratios for spatial trends
– Seasonal Kendall tests for temporal trends

• Develop a chloride mass balance 
– 2010-2017 (hydrological years - e.g. Oct. 1 – Sept. 31)
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• Chloride Mass Balance

– Cl loads at Devon (inflow) and Pakan (outflow) (Hydat & LTRN data)

– Point Sources
• WWTP inputs: Gold Bar & Alberta Capital Region (ACR) (Epcor/Approvals)
• Industrial Effluent for all major facilities discharging into the NSR (Approvals database, 

AEP monitoring data)

– Diffuse Sources
• Deicer Applications

– Edmonton Roads (City of Edmonton)
– Provincial Roads (Ministry of Transportation, GIS)
– Private Residence (Canadian Census and literature, GIS)
– Parking Lots (GIS, Literature, Provincial application rates)

• Agriculture (livestock and fertilizer) (Canadian Agricultural Survey and literature)
• Water Softeners (Canadian Census and literature)
• Precipitation (Air monitoring data)

For more info: J.P. Laceby, et al., 2019 Chloride inputs to the North Saskatchewan River watershed: the role of road salts as a 
potential driver of salinization downstream of North America's northern most major city (Edmonton, Canada), Science of The Total 
Environment, Volume 688 (https://doi.org/10.1016/j.scitotenv.2019.06.208)
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Results
NSR Major Ion chemistry

• Characterized by the 
dominance of Ca carbonates, 
and to a lesser extent, Mg 
carbonates.

• 60-85% of the anion charge 
was attributed to HCO3

-

• 50-70% of the cation charge 
was associated with Ca2+
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Longitudinal Trends

Between Devon and Pakan:

• Major increases in Na 
and Cl

• Minor increases in K and 
SO4

RMH  DEVON  PAKAN RMH  DEVON  PAKAN
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Change Ratios
(proportional increase relative to U/S RMH)

• Cl increases by 5.7 times

• Na increases by 4.8 times

• K increases by 2.7 times

A change ratio of 5 means that a value is 5 times or 
500% more than the RMH value

Na

Cl

K
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Results
Change Ratios

A change ratio of 12 means that a value is 12 times or 1200% more than the RMH value
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Temporal Trends:
• Upstream of Edmonton,  

no significant changes in 
Na, K, or Cl at Devon.

•
Downstream of Edmonton 
Na, K, and Cl are 
increasing significantly 
over time at Pakan.

• Rate of Change for Cl at 
Pakan is ~2-6 times the 
other ions
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Results
Temporal Trends:

• The Na:Cl ratio has
decreased significantly 
over the study period

• Trending towards a 1:1 
Na:Cl ratio which is 
indicative of halite, the 
main constituent of road 
salts (the dashed line).
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Results

Devon-Pakan Sub-Basin:
• ~73,000 t yr-1 added to the system 
• ~5.6 t km-2 yr-1

Edmonton City Limits:
• ~36,000 t yr-1 added to the system 
• ~52.7 t km-2 yr-1
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Discussion

Jamie Summers & Robin Valleau in Orillia Matters, January 28, 2019
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Discussion

THE GOOD: Cl is still well below guidelines (120 mg/L) 

At Pakan: the maximum Cl concentration was 25 mg/L and 
the median over the study period is ~4  
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Discussion

THE BAD: Cl concentrations exceed guidelines in 
Edmonton NSR Tributaries during snow melt runoff

Reed Froklage (2016) Alberta Creek Watch – A report card on urban creek water quality (2016) 
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THE SALTY: Cl yield in Edmonton is one of the higher rates in the 
literature (outside of the Greater Toronto region)

Discussion



Classification: Protected A

Conclusion



Classification: Protected A

Na
Cl

K

Conclusions

KEY FINDINGS:

• Na & Cl increased ~500% at Pakan
(relative to RMH)

• There is a significant temporal increase 
of both Na and Cl at Pakan and not at 
Devon
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Conclusions

KEY FINDINGS:

• Na & Cl increase in March at Pakan and 
in April at Devon

• The Na:Cl ratio is decreasing over time

• Road Salts (~50%) the main source of Cl 
in the Devon-Pakan sub-basin
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FUTURE OUTLOOK:

• Climate change may reduce 
the dilution of salts and other 
contaminants in the NSR

• Important to be cognizant of the 
salinization risks in the NSR 
and across Alberta

• Indeed, once you have a Cl 
problem it is incredibly difficult 
and expensive to manage Cañedo-Argüelles, Miguel, et al. "Saving freshwater 

from salts." Science 351.6276 (2016): 914-916.
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For more salinization info For Southern Alberta:
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For provincial scale chloride information:

https://www.alberta.ca/water-indicators-chloride.aspx
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For more provincial scale information:

https://www.alberta.ca/water-indicators-chloride.aspx
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