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1.0 INTRODUCTION 
 
There is an ongoing concern in the Lesser Slave Lake watershed regarding water quality. Algal blooms 
have occasionally been observed in the lake. These blooms, if persistent, may degrade future water 
quality for aquatic life, and for recreation activity. The internal source of phosphorus in Lesser Slave Lake 
was estimated to be 65% of the total phosphorus load. Major tributaries to the lake were identified as 
the main source of external phosphorus load (contributing about 25% of the load) (Hutchinson et al. 
2015). In addition to phosphorus, sediment loading to the lake is a concern.  Sediment accumulation at 
the mouths of rivers creates sandbars or spits and shallow water. In particular, the community is 
concerned with the increasing size of the sand bar between the east and west basins of Lesser Slave 
Lake.  
 
Historic water monitoring programs have not been implemented consistently through time, resulting in 
water quality data that varies by site, the frequency in number of samples collected annually, and 
different parameters collected. Inconsistent data collection limits the ability to establish and understand 
baseline conditions or long-term trends, and/or plan mitigation strategies to improve water quality. Past 
monitoring efforts have not been consistent, leading to questions regarding the findings and relevance 
to current conditions. 
  
In 2017, the Lesser Slave Watershed Council initiated a comprehensive water monitoring program in the 
Lesser Slave watershed. The monitoring program was initiated in response to Recommendation 10.3.3 z 
in the Lesser Slave Integrated Watershed Management Plan (PESL 2018). The recommendation 
proposed a comprehensive, long-term water monitoring program be implemented for tributaries to 
Lesser Slave Lake, with the objectives to: 

¶ Collect baseline data 

¶ Evaluate water quality condition in comparison to relevant federal and provincial guidelines, and 
existing historic data 

¶ Establish site-specific water quality objectives when sufficient data becomes available (at least 
five years) 

 
This report summarizes the results of the fourth year (2020) of water monitoring data collected by the 
Lesser Slave Watershed Council.   
 

2.0 BACKGROUND 
 

2.1 Overview of Water Quality 
 
The LSWC water quality program monitors routine parameters (water temperature, dissolved oxygen, 
pH, conductivity, phosphorus (total and dissolved), nitrogen (total, organic and inorganic), total 
suspended solids, and fecal coliform bacteria. A short description (sources, concerns) of some of the 
water quality parameters is provided below.  
  
Conductivity  Conductivity is the measure of minerals (e.g., sodium, chloride, magnesium, potassium) 
dissolved in the water (total dissolved solids), or the salinity. Sources can include soil and mineral 
weathering, surface runoff from saline soils, groundwater discharge, municipal and industrial effluents, 
agricultural runoff and aerosol fallout. Excessive salts added to soils may interfere with extraction of 
water by plants. High total dissolved solids may also affect taste and palatability of drinking water and at 
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high concentrations may have a laxative effect. High conductivity water is also undesirable in most 
industrial process waters. EC is measured as the resistance of a solution to electrical flow; therefore, the 
purer the water is (i.e., the lower its salinity) the greater its resistance to electrical flow will be. 
Conductivity is expressed as micro Seimens per centimetre (µS/cm) (Cole 1994). The ȫǎŀŦŜΩ irrigation 
guideline for electrical conductivity is Җ1000 µS/cm (GoA 2018).  
 
Total Phosphorus and Dissolved Phosphorus  Phosphorus is an essential nutrient required for plant 
growth. Sources of phosphorus can include animal manures (e.g., cattle, waterfowl), commercial 
inorganic fertilizers, sewage treatment plants, food processing plants, urban runoff, atmospheric 
deposition, and natural concentrations found in soils and bottom sediments. Total phosphorus (TP) 
measures the nutrient in all forms whether particulate or dissolved, organic or inorganic. Dissolved 
phosphorus (DP) indicates the phosphorus not associated with sediment particles. Dissolved phosphorus 
is a closer measure of the nutrient more readily available for plant growth, though the phosphorus in 
particulate form is potentially available through time. The particulate phosphorus concentration gives an 
indication of the sediments suspended in the water column.  
  
Excessive nutrients in water can cause eutrophic conditions with increased algae and weed growth. In 
some circumstances, increased plant abundance can change the chemistry of the water, affect oxygen 
concentrations (through photosynthesis / respiration and decay of organic matter), affect aesthetics and 
affect the physical movement of water. Dense growths of filamentous algae and aquatic plants can 
physically block culverts and clog water intakes. Certain strains of algae can impart an off-taste to 
drinking water and in some instances blue-green algae produce a toxin that can cause toxicity and 
health issues for humans, livestock and waterfowl (Cole 1994). Until 2014, Alberta had a total 
phosphorus guideline of 0.050 mg/L for the protection of aquatic life but changed the guideline to the 
ƴŀǊǊŀǘƛǾŜ άǇƘƻǎǇƘƻǊǳǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ǎƘƻǳƭŘ ōŜ ƳŀƛƴǘŀƛƴŜŘ ǎƻ ŀǎ ǘƻ ǇǊŜǾŜƴǘ ŘŜǘǊƛƳŜƴǘŀƭ ŎƘŀƴƎŜǎ ǘƻ 
algal and aquatic plant communities, aquatic biodiversity, oxygen leveƭǎΣ ŀƴŘ ǊŜŎǊŜŀǘƛƻƴŀƭ ǉǳŀƭƛǘȅΦέ 
Future monitoring effort is required to establish water quality objectives for tributaries in the Lesser 
Slave watershed. 
  
Nitrogen  Total Nitrogen (TN) is the sum of nitrate-nitrogen (NO3-N), nitrite-nitrogen (NO2-N), ammonia-
nitrogen (NH3-N) and organically bonded nitrogen. Total nitrogen should not be confused with total 
kjeldahl nitrogen (TKN) which is the sum of ammonia-nitrogen plus organically bound nitrogen but does 
not include nitrate-nitrogen or nitrite-nitrogen. There is no PAL guideline for TKN and the guideline for 
total nitrogen is a narrative similar to total phosphorus.  
 
Nitrate and nitrite nitrogen are mobile, dissolved forms of nitrogen. Nitrate is the principal and most 
stable form of inorganic nitrogen in aquatic environments. Nitrate is a plant nutrient; however, elevated 
concentrations can result in the excessive growth of algae and aquatic plants. High concentrations of 
nitrate can also pose a toxic risk for infants and livestock. The chronic PAL guideline for nitrate is 3.0 
mg/L and the acute PAL guideline is 124 mg/L (GoA 2018). Nitrite is an intermediate form in the 
nitrification/denitrification pathway; it is usually found in low concentrations because of its instability in 
the presence of oxygen. Chronic and acute nitrite PAL guidelines vary with chloride.  
 
Total Suspended Solids  Total suspended solids (TSS) is a measure of the suspended particles such as 
silt, clay, organic matter, plankton and microscopic organisms which are held in suspension in water. 
Suspended solids can transport nutrients and contaminants (e.g., metals) downstream and may be 
aesthetically undesirable. Excessively high TSS in irrigation water can cause the formation of crusts on 
top of the soil which can inhibit water infiltration and plant emergence, and impede soil aeration. The 



Lesser Slave Watershed 2020 Water Monitoring Report 
 

Palliser Environmental Services Ltd. Page 3 
 

formation of films on plant leaves can reduce sunlight and impede photosynthesis. TSS residues can 
reduce the marketability of some leafy crops such as lettuce. High TSS can interfere with the treatment 
of drinking and industrial process water. As high concentrations of TSS settle out the capacity of lakes, 
reservoirs and rivers can be lowered, requiring dredging and higher maintenance costs. Total suspended 
solids concentrations are expressed as milligrams per litre (mg/L) of water. 
 
The potential effects of elevated suspended sediment and sediment deposition on fish and fish habitat 
include: 
ω irritation and damage to fish gills, resulting in fish coughing and increased respiration; 
ω behavioural responses such as altered movement of fish (e.g., short-term to long-term habitat 

avoidance); 
ω decline in feeding success as turbidity increases and as sedimentation progresses, which 

negatively affects primary and secondary production; 
ω increased embeddedness from sediment deposition altering the porosity of coarse substrate 

types which can alter spawning habitats and impair egg development and fry emergence; 
ω increased stress and reduced disease resistance; and, 
ω alteration of benthic invertebrate habitat and production (Anderson et al. 1996, Robertson et al. 

2006, Levesque and Dube 2007). 
 
Fecal Coliform Bacteria  Fecal coliform bacteria (FCB) are specific to the intestinal tracts of warm-
blooded animals (e.g., cattle, birds, pets etc.) and humans and are thus a more specific test for animal 
waste or sewage contamination. Escherichia coli are one species of fecal coliform bacteria. Bacterial 
contamination also indicates potential viral and parasitic contamination which can affect drinking water, 
irrigation and recreation. FCB can be a concern for fresh garden produce particularly leafy crops such as 
lettuce. Fecal coliform bacteria levels are expressed as the number of bacteria colonies per 100 mL of 
water (cfu/100 mL). The irrigation guideline for fecal coliform bacteria is 100 cfu/100 mL (GoA 2018). 
The recreation guideline for fecal coliform bacteria (Escherichia coli) is Җ100 cfu/100 mL (geometric 
mean, 30-d interval) and Җонл cfu/100 mL (statistical threshold, no more than 10% of samples should 
exceed over a 30-d interval) (GoA 2018). 
 

3.0 METHODS 
 

3.1 Field Sampling 
 
Grab samples were collected approximately every two weeks from May to July, and monthly (August-
October) at fourteen sites. Three sites were monitored to represent the upper, middle and lower 
reaches of the Driftpile River, Swan River and South Heart River. Two sites were monitored to represent 
the upper and middle reaches of the East Prairie River and West Prairie River.  The Grouard Channel 
upstream of Lesser Slave Lake was also monitored at the same frequency.  In 2020, the LSWC sampled 
on May 5/6, May 19/20, June 2/3, June 16/17, June 29/30, July 14/15, July 28/30, August 18/19, 
September 15/16 and October 13/14. The lower Swan River was not sampled on June 17 and 29 as the 
site was inaccessible due to poor road conditions. Note that sampling in 2018 and 2020 was initiated in 
May compared to April in 2017 and 2019. 
 
LSWC staff completed the field sampling.  Samples were only collected when flows could be visually 
detected.  Sample bottles were submersed to mid-depth by hand or using a sample pole (with sample 
bottle attached) when the water was deep or fast-flowing.  Each sample container was prepared using 
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standard protocols (e.g., triple rinsing and preservation, where required). Sterile sample containers were 
provided by the analytical laboratory. The water samples were kept on ice in coolers and transported to 
ALS Laboratories in Edmonton.  ALS Laboratories is CALA1 accredited for criteria and standards 
established by the Association under their Certificate of Laboratory Proficiency.  
 
Samples were analysed using APHA2 approved methods for routine parameters (e.g., specific 
conductivity), nutrients (total phosphorus (TP), total dissolved phosphorus (TDP), nitrate+nitrite 
nitrogen (NO3+NO2-N), total kjeldahl nitrogen (TKN) and total nitrogen [TN; calculated]), total suspended 
solids (TSS) and fecal coliform bacteria (FCB).  
 

Field measurements (in situ) were taken for the parameters temperature, pH and dissolved oxygen using 
a HACH® HQD Portable Meter, Rugged 101 probe series. 
 
Additional samples were collected on May5/6, June 2/3, June 29/30 July 28/30, August 18/19, 
September 15/16 and October 13/14 at the Swan River (upper, middle and lower sites), upper West 
Prairie River, middle East Prairie River and middle Driftpile River for metals analysis (total and dissolved). 
Sampling for metals analysis from 2017 to 2019 only included the Swan River sites. The West Prairie 
River, East Prairie River and Driftpile River were added as metal analysis sites in 2020 to provide 
reference sites to compare to the Swan River sites.  Seven metals samples were collected at each site 
from 2018 to 2020, compared to 5 samples at each site in 2017. In 2020, the lower Swan River was not 
sampled on June 29 for metals as the site was inaccessible due to poor road conditions. 
 

3.2 Streamflow Data 
 
Daily mean streamflow data for 2017 to 2020 was retrieved from the Alberta Environment and Parks 
(AEP) Monitoring Section for sites listed in Table 1. Streamflow data ƛǎ ŎƻƴǎƛŘŜǊŜŘ άbŜŀǊ wŜŀƭ ¢ƛƳŜ Cƭƻǿǎ 
όbw¢ύέ ŀƴŘ ŀǊŜ ōŜǎǘ ŜǎǘƛƳŀǘŜǎ ŀǾŀƛƭŀōƭŜ ŀǘ ǘƘŜ ǘƛƳŜΦ This data may differ from Water Survey of Canada 
(WSC) data that will be posted in the future (G. Rojas, pers. comm.). All streamflow data should be 
considered interim, until the Water Survey of Canada validation is complete. 
 

                                                            
1
 CALA ï Canadian Association for Laboratory Accreditation Inc. 

2
 APHA ï American Public Health Association  
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Table 1.  Streamflow gauging stations, Lesser Slave Lake watershed, and missing data (dates and days) 
for the period April 1 to October 31, 2017 to 2020. 

Site (Station Name) 2017 2018 2019 2020 

Driftpile River near 
Driftpile (07BH003) 

None 
Apr 1-29; May 1-7; Jun 
12-20 (45 d) 

Apr 1-30 (30 d) 
Apr 1-28, Oct 17-31 
(43 d) 

Swan River near Kinuso 
(07BJ001) 

Apr 8-11; Jul 1; Aug 25; 
Oct 15, 19, 28-29 (10 d) 

Apr 1-9; May 15-31; Jun 
1-4 (50 d) 

Apr 1-30; Aug 12; Sep 
10, 11; Oct 23-28 (39 d) 

Apr 1-30, Oct 26-31 
(36 d) 

Swan River near Swan 
Hills (07BJ003) 

None 
Apr 1-30; May 1-8; Jun 
12-14, 16-30; Jul 1-2, 5-
31; Aug 1-2 (60 d) 

Apr 1-28; May 24-Jun 
13; Jun 29-Jul 8; Jul 25, 
26; Aug 13-Sep 10 (90 d) 

Apr 1-27, Oct 26-31 
(33 d) 

East Prairie River near 
Enilda (07BF001) 

Aug 16, 17; Oct 16 (3 d) 
Apr 1-30; May 1-8; Jun 6 
(39 d) 

Apr 1-30 (30 d) 
Apr 1-27, Sep 4, Oct 
26-31 (34 d) 

West Prairie River near 
High Prairie (07BF002) 

May 17 (1 d) 
Apr 1-30; May 1-8; Jun 
13; Jul 18; Aug 14-31 (68 
d) 

Apr 1-May 8; Oct 9-11; 
Oct 28, 29 (43 d) 

Apr 1-28, Oct 26-31 
(34 d) 

South Heart River near 
Big Prairie Settlement 
(07BF905) 

None Apr 1-30; May 1-8 (38 d) 
Apr 1-May 8; Oct 29 (39 
d) 

Apr 1-28, Sep 4, Oct 
26-31 (35 d) 

South Heart River near 
Peavine (07BF010) 

May 3-13, 18, 20-31; 
Jun 1, 5-8; Jul 6, 15; Aug 
12, 13, 15 (34 d) 

Apr 1-30; May 1-15, 18, 
24; Jun 20, 22; Aug 3-16, 
21-31; Sep 1-30; Oct 1-
31 (135 d) 

Apr 1-May 8; Aug 5-16; 
Sep 12-Oct 31 (100 d) 

Apr 1-28, Oct 17-31 
(43 d) 

Average missing days 
per station (range) 

7 (0 - 34) 62 (38 - 135) 53 (30 - 100) 37 (33 - 43) 

 
Streamflow data for the April 1 to October 31 monitoring period was isolated from the AEP data set.  
Streamflow data collection for the April 1 to October 31 period contains missing data; therefore, the 
datasets are incomplete (Table 1). In 2017, there was only an average of 7 missing days per station 
(range: 0 to 34 days). Missing streamflow data was substantial in 2018 when there was an average of 62 
missing days per station (range: 38 to 135 days) and 2019 when there was an average of 53 missing days 
per station (range: 30 to 100 days). In 2020, there was an average of 37 missing days per station (range: 
33 to 43 days). A substantial period of missing data each year limits the comparison of streamflow 
between years.  
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Figure 1.  Water quality monitoring site locations in the Lesser Slave watershed, April-October, 2017 to 2020. 
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3.3 Precipitation Data 
 
Daily precipitation data for the period January 1 to December 31 was retrieved from Alberta Agriculture 
ŀƴŘ CƻǊŜǎǘǊȅΩǎ ǿŜōǎƛǘŜ όhttp://agriculture.alberta.ca/acis/alberta-weather-data-viewer.jsp). Fourteen 
weather stations are located in the Lesser Slave watershed; two stations are situated in the Town of 
Slave Lake (Figure 2). Precipitation data for the monitoring period April through October was available 
for seven sites: Peavine, High Prairie AGDM, High Prairie Banana Belt, Slave Lake, Slave Lake RCS, House 
Mountain Lookout and Flattop Lookout. Incomplete precipitation data was available for Gift Lake Auto, 
Salt Prairie Auto, Kinuso Auto, Salteaux Auto, Swan Dive Auto and Enilda Auto; therefore, these sites 
were excluded from further consideration in this report. Marten Hills Auto was also excluded as its 
location was not as relevant as other sites in the watershed.  
 

 
 
Figure 2.  Weather stations in the Lesser Slave watershed. 
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House Mountain Lookout 

High Prairie Banana Belt 

High Prairie AGDM  

Flattop Lookout 

Slave Lake 

Slave Lake RCS 
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http://agriculture.alberta.ca/acis/alberta-weather-data-viewer.jsp
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