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Report Objective 


 


Kettle Creek Conservation Authority was contracted by the City of St. Thomas to collect water quality 


data from three sites in Lake Margaret.  The 2019 data will contribute to the baseline water quality data 


collected in 2016.  The information collected is summarized in this report.  Sample locations used in 


2019 were based on the monitoring completed in 2016 (KCCA, 2016). 


 


Executive Summary 


 


The 2019 baseline study focused on the three lake monitoring stations.  In general, the water quality 


in Lake Margaret is within expected ranges for this type of water body. Most sampled values are 


under provincial water quality standards. There is no immediate concern regarding the current water 


quality results, although it should always be the objective to measure and improve the natural 


environment using a continuous improvement model.  Compared to the 2016 monitoring data, there 


is little change between 2016 and 2019.  Most parameters have similar results.  Moving forward, the 


monitoring objectives of Lake Margaret need to be clearly defined.  If recreation is an objective, then 


additional, specific monitoring should be conducted in the future to obtain supplementary baseline 


data. 


 


Key Findings: 


 Nitrate concentrations were observed to be elevated in both the spring and fall (when 


compared to 2016 sampling).  The higher values could be due to the very wet spring and fall 


contributing to surface runoff into the lake.  The watershed received over 180% of the 


monthly normal rain amount in May 2019 


 Analysis of the phytoplankton community in August revealed that the most common algae is 


cyanobacteria (blue-green algae), however, the numbers observed were well below the 


recreational guidelines.  Additional sampling is recommended to obtain a better 


understanding of the seasonal phytoplankton community. 


 Additional data may be required to confirm normal background levels of TSS before a suitable 


benchmark can be determined for Lake Margaret with regards to the TSS guideline. 


 2019 phosphorus results suggest that Lake Margaret falls into the eutrophic range (CCME, 


2004).  Additional sampling is recommended to obtain a better understanding of phosphorus 


loading in the waterbody.   


 E. coli grab sample results were well below the recreational guidelines, however further 


sampling would be required to determine the suitability of Lake Margaret as a recreational 


body of water using the geometric mean methodology outlined in the 2018 guideline 


(MHLTC). 


 Aquatic plants were observed to be in large concentrations in the shallower areas of the lake, 


including at the boat launch, which was choked with weeds for much of the sampling season.  
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Mapping out the extent of the aquatic plants could help in determining potential areas in the 


Lake that would be suitable for recreation, i.e. a beach. 
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1.0  Background 


 


Lake Margaret, located in St. Thomas, Ontario, is a man-made lake derived from a gravel pit.  Gravel 


extraction activities ended approximately 20 years ago.  Prior to 2000, the lake was approximately 17.2 


ha (42.5 acres) in surface area with a uniform bottom profile reflecting its historical use as a gravel pit.   


 


After 2000, the lake underwent some enhancements to improve fish habitat and water quality 


conditions.  The lake surface area was reduced to 14.2 ha (35 acres) to improve lake turnover rates 


(BioLogic, 2013).  Two additional deep water refuges were excavated towards the east end of the lake, a 


wetland was created in the southeast corner and three islands plus shoreline habitat structures (root 


wads and submerged logs) were installed.  The lake ranges in depth from one to three meters with a 


deeper six meter hole in the south central portion of the lake. 


 


The only inflow tributary to Lake Margaret is the Eames Drain which collects surface water from an 80 


ha (195 acres) watershed dominated by agricultural land use.  The lake also receives water input from 


surface runoff from adjacent lands, direct precipitation and groundwater (BioLogic, 2013).  The lake 


outflows are east to Mill Creek and north to Pinafore Lake. 


 


 


 
Lake Margaret accessed from Google Maps 2020 (Imagery CNES/Airbus, First Base Solutions, Maxar Technologies, SWOOP, Elgin County) 
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2.0  Methodology and Equipment 


 


The 2019 Lake Margaret environmental monitoring program involved two parts:  water quality sampling 


using grab samples and lake profiling (dissolved oxygen, temperature, conductivity and pH). 


 


For the 2019 field season, KCCA staff collected monthly water samples from three monitoring stations in 


Lake Margaret.  Sampling began in April and was completed in November 2019.  Sampling on the lake 


was conducted with the assistance from the St. Thomas Fire Department using their inflatable zodiac 


craft and outboard motor.  Lake stations were mapped and located using a Magellan eXplorist 500 


handheld GPS unit to ensure that samples were collected from the same site each month.  The boat 


remained on station during the sampling process with the use of an anchor. 


 


Sample Locations (Figure 1) 


Station 1: Lake Margaret Surface (LM1) 


Station 2: Lake Margaret Deep at one meter off the bottom (motb) (LM2) 


Station 3: Lake Margaret Surface (shallow) (LM3) 


 


At all stations, in situ water quality parameter data was collected using a calibrated YSI multiparameter 


sonde (YSI ProDSS).  Surface dissolved oxygen, pH, water temperature, turbidity and conductivity were 


collected and recorded at each station.  Digital photographs were taken during each sampling event to 


record any changes at the sites.  Any unusual activity, such as wildlife sightings or sources of pollution 


were also recorded on the data sheet. 


 


At all stations, water samples were collected and analysed at AGAT Laboratories for the following 


parameters (based on the 2016 KCCA report):  


 Ammonia 


 Nitrate 


 Nitrite 


 Total Kjeldahl Nitrogen (TKN) 


 Total Phosphorus 


 Total Suspended Solids (TSS) 


 Escherichia coli (E. coli) 


 Total Coliforms 


In addition, Chlorophyll α and phytoplankton samples were collected in August. 


 


Dissolved oxygen, temperature, pH and conductivity profiles were taken at the lake stations (LM1, and 


LM3) using the YSI multiparameter sonde, water clarity was measured with a sechhi disk. 


 


In comparison, since 2012, KCCA has been conducting lake monitoring in Lake Whittaker near 


Harrietsville, Ontario.  Lake Whittaker is an 11 hectare groundwater-fed natural kettle lake that ranges 


in depth from 4-12 meters.  Weekly dissolved oxygen, temperature, pH and conductivity profiles are 
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collected in addition to monthly total phosphorus samples at three locations on the lake.  One station is 


near the inlet (LW1), one station is near the outlet (LW3) and one station is located at the deepest part 


of the lake.  Two samples are collected at LW2:  one at the surface and one collected at one metre off 


the bottom (1motb).  Once a season in August, a full set of water quality parameters are collected at the 


deep station (LW2) which include approximately 55 different parameters that span:  general chemistry, 


nutrients, metals, bacteria and Chlorophyll α.  In addition, weekly beach testing is conducted at both 


beaches during the camping season in accordance with the Middlesex-London Health Unit.   


 


The parameters established for Lake Whittaker were based on the following established objectives for 


the lake (HESL, 2012):  


 


1. Improve and maintain oxygenated habitat that is free of toxic substances for warm water 


fisheries i.e., 5 mg/L at 10-19°C and 4 mg/L at 20-25°C (surface water temperature). 


2. Reduce nuisance production of algae and the risk of cyanobacteria dominance, with a target 


of 20,000 cyanobacterial cells/ml which is in line with the World Health Organization (WHO, 


2003) guideline for low risk due to irritant effects of cyanobacteria during recreational body 


contact with water and the Canadian Recreational Water Quality Guideline (CRWQG, 2012) 


of 100,000 cells/ml. 


3. Improve and sustain aesthetic qualities of water (i.e., water clarity and odour) with a 


recommended target for secchi depth of ≥ 2m during the open water season to provide an 


indicator of water clarity and provides a measure of algal abundance. 


4. Reduce phosphorus loading from Lake Whittaker to Kettle Creek to improve and protect 


downstream aquatic resources from eutrophication by maintaining concentrations at or 


below those measured at spring turnover over the open water period which will reduce the 


effects of internal phosphorus loading. 


5. Continue to manage E. coli to the lowest possible levels to maintain water quality for body 


contact uses where E.coli concentrations at each beach area meet the PWQO for 


recreational body contact of 100 CFU/mL based on a geometric mean of at least 5 samples 


taken within one month period. 


 


Since Lake Whittaker is a similar, local body of water, with analogous water quality and is impacted by 


comparable environmental factors, where appropriate, Lake Whittaker monitoring data is compared in 


this report to Lake Margaret data to provide further insight into the results.  Unless otherwise indicated, 


data referenced from Lake Whittaker for comparison is from the August sampling events from 2016-


2019. 


 


Lake surface water grab samples were collected using Ministry of the Environment and Climate Change 


(MOECC) approved standards (CCME, 2011) using the bottles provided by AGAT Laboratories.  Deep 


water samples were collected with a VanDorn water sampler that was triple rinsed with sample water.  


Surface samples at LM1 and LM3 were collected at one meter from surface, while the LM2 sample was 


collected at one meter off the bottom (1motb).   
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In situ field data was collected with a sonde that was calibrated prior to each sample day.  All water 


samples were kept cool in a cooler with ice packs until they could be delivered to AGAT Laboratories 


immediately after all of the day’s samples were collected. 


 


Water quality results received from AGAT Laboratories were inputted into an Excel spreadsheet for 


analysis.  If a Provincial Water Quality Objective (PWQO) was available for a parameter, the PWQO was 


included in the chart as a dashed line to indicate if any of the collected data exceeded the objective. 


 


Provincial Water Quality Objectives (PWQO) are numerical and narrative criteria which serve as 


chemical and physical indicators representing a satisfactory level for surface waters (i.e. lakes and rivers) 


and, where it discharges to the surface, and the ground water of the Province. The PWQO are set at a 


level of water quality which is protective of all forms of aquatic life and all aspects of the aquatic life 


cycles during indefinite exposure to the water. The PWQO for protection of recreational water uses are 


based on public health and aesthetic considerations. 


 


Provincial Water Quality Objectives are intended to provide guidance in making water quality 


management decisions.  They are used to assess ambient water quality conditions, infer use 


impairments, and assist in assessing spills and monitoring the effectiveness of remedial actions. 
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Station Descriptions 


 


Station 1:  Lake Margaret Surface (LM1) and 


Station 2:  Lake Margaret Deep (LM2) 


LM1 is located in the deep area of Lake Margaret near the southwest part of the lake.  The depth of the 


water is on average 6m.  This deeper water area is free of macrophytes (aquatic vegetation) and in early 


summer you could see almost to the bottom.  LM1 samples are collected at 1m depth while LM2 


samples are collected from one meter off the bottom (1motb) of the lake. 


 


 
 


Station 3:  Lake Margaret Surface (LM3) 


LM3 is located in the shallow area of Lake Margaret near the east part of the lake near one of the 


islands.  The depth of the water is on average 3m.  Most of the shallow end of the lake was covered in 


macrophytes, however, some areas remained open during the entire sampling season.  Usually you 


could see the bottom at any time.  LM3 samples are collected at 1m depth. 
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3.0  Monitoring Results 


 


Conductivity 


 


Conductivity, which varies with water temperature, indicates water’s ability to conduct electrical current 


and reflects the amount of dissolved ions present in the surface water.  High conductivity often indicates 


contaminants entering the system from a sewage lagoon or faulty septic system.  Input from a failing 


septic system would raise the conductivity due to the presence of chloride, phosphate and nitrate ions, 


as opposed to an oil spill, which would not conduct electrical current and would lower conductivity.  At 


this time there is no recreational or environmental guideline for conductivity. 


 


In 2019, the conductivity values at the surface in Lake Margaret (LM1 and LM3) ranged from 324 to 477 


μs/cm.  The deep water site (LM2) ranged from 360 to 475 μs/cm indicating consistency across all three 


sites.  The 2019 conductivity results are also comparable to what was observed in 2016.  


 


pH 


 


Power of Hydrogen, or pH is a unitless parameter that is described as the logarithm of the reciprocal of 


the hydrogen ion concentration.  pH represents a measure of the acidity (pH less than 7) or alkalinity (pH 


greater than 7) of a solution.  A pH of 7 represents a neutral solution.  Both natural and human 


processes can alter pH including geology and geochemistry of rocks and soils, biological activity, nutrient 


cycling, industrial effluents and atmospheric deposition.  pH affects ammonia toxicity to aquatic 


organisms and can affect the biological impact of other materials.  A pH of 6.5-8.5 is an acceptable range 


to aquatic biota (MOECC, 1994).  Both alkaline (pH greater than 11) and acidic waters (pH less than 4) 


may cause eye irritation. To protect the public against the risk of eye irritation, the pH of recreational 


waters should be in the range of 5.0 to 9.0 (Health Canada, 2012) 


 


In 2019, pH observed in the surface water samples collected at LM1 and LM3 ranged between 8.19 and 


9.17. A wider range of values was observed at the deep water site (LM2) (at approximately 5-6m in 


depth) of 7.92 to 9.53, however most values fall within the acceptable range for the recreational 


guidelines (Figure 3).  The process of photosynthesis by algae and plants uses hydrogen, thus increasing 


pH levels. Likewise, respiration and decomposition can lower pH levels.  There is little difference in pH 


values observed when compared to the 2016 pH results.  


 


August water quality samples collected from Lake Whittaker over the last three years (2016-2019) have 


an average pH of 7.82 and typically range between 7.52 and 8.56. 


 


Total Suspended Solids 


 


Total Suspended Solids (TSS), measured in mg/L, is a measure of the sediment in the water column and 


consists of silt, clay, fine particles of organic and inorganic matter, plankton and other microscopic 


organisms.  Elevated levels of TSS in a stream ecosystem are detrimental to benthic invertebrate 
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communities and can affect aquatic food chains as well as impairing fish growth and development at all 


life stages.  Increased TSS can cover fish spawning areas, clog gills and suffocate eggs.  Suspended 


sediment can affect water clarity, light penetration and the depths to which aquatic plants can grow.  


Sources include sewage treatment plant effluent, municipal storm drain discharge, industrial discharge 


and soil erosion.  Highly turbid water is also undesirable for municipal and industrial supply, recreation 


and esthetics. 


 


TSS concentrations were less than 5 mg/L in all samples collected in Lake Margaret (LM1, LM2, LM3) 


over the course of the sampling season. These values are generally lower than what was observed in 


2016 with no unusual spikes in the data.  2019 was considered to be very wet, which potentially 


increased the amount of water in Lake Margaret and helped to dilute the TSS concentrations in the lake.  


 


The Canadian Water Quality Guidelines for the Protection of Aquatic Life (CWQG) Total Particulate 


Matter fact sheet (2002), recommends a maximum increase of 25mg/L from background levels for any 


short-term exposure (e.g. a 24-hour period).  The guideline also states that a maximum average increase 


of 5mg/L from background levels for longer term exposures (e.g. inputs lasting between 24 hours and 30 


days).  As a result, additional data may need to be collected to confirm normal background levels of TSS 


before a suitable benchmark can be determined for Lake Margaret with regards to the TSS guideline. 


 


August water quality samples collected from Lake Whittaker over the last three years (2016-2019) have 


an average TSS of 7 mg/L and typically range from 6 to 23 mg/L. 


 


Total Phosphorus 


 


Total Phosphorus is an essential nutrient for plant and animal life and is part of the cycle of 


decomposition and photosynthesis.  Eutrophication occurs when there is excessive phosphorus loading 


in a waterbody.  The increased nutrient levels result in accelerated algae or plant production.  However, 


overgrowth of plants and algae and the resulting decomposition can lead to oxygen depletion (anoxia).  


Domestic and industrial effluents (soaps, cleaning products) and urban and agricultural inputs 


(fertilizers, pesticides) are the main anthropogenic sources of phosphorus in our watershed.  


Phosphorus is not toxic to aquatic life, but excess concentrations can lead to undesirable changes in 


aquatic ecosystems (e.g. reduced biodiversity, reduced oxygen concentration, toxic algae blooms, and 


impaired aesthetics and recreation opportunities).  According to the MOECC guidelines and the PWQO, 


levels of 0.02 mg/L (20 μg/L) of phosphorus should be a target to avoid nuisance algal growth in lakes 


(MOECC, 1994).  


 


Phosphorus concentrations for the most part hovered slightly below the PWQO of 0.02 mg/L during the 


2019 monitoring season (Figure 5).  The highest concentrations were recorded in Lake Margaret at the 


deep station (LM2) from the samples collected at one metre off the bottom in May (0.056 mg/L).  The 


deep site had the highest concentration of phosphorus in 2016 as well (Figure 5b).  Thirty-tree percent 


of the samples collected in Lake Margaret in 2019 at all sites combined exceeded the phosphorus 


PWQO. 
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Phosphorus concentrations were typically higher in the lake bottom than at the surface.  This could be 


attributed to phosphorus being released from the bottom sediments into the water column. 


Comparable results were seen in the Lake Margaret data collected in 2010 and 2011 (BioLogic, 2013).  


Similarly, the bottom sediments are also a source of phosphorus loading in Lake Whittaker.  No nuisance 


algae blooms or significant water clarity issues were observed in 2019, suggesting that the surface water 


quality is suitable for aesthetic and recreational uses. 


 


2019 phosphorus results suggest that Lake Margaret falls into the eutrophic range (CCME, 2004).  As a 


result, additional sampling is recommended to obtain a better understanding of phosphorus loading in 


the waterbody.  


 


The Kettle Creek watershed is a contributor of phosphorus to Lake Erie.  Over the last 10 years, 95% of 


the phosphorus samples collected across the Kettle Creek watershed exceed the PWQO.  Ninety-three 


percent of the phosphorus samples collected in Lake Whittaker over the last three years (2016-2019) 


have exceeded the PWQO.   


 


Orthophosphate 


 


Orthophosphate or reactive phosphate (PO4
-3) is the form of phosphorus which is more biologically 


available (easily used by algae) and, as a result, is more ecologically significant.  Compared to other Lake 


Erie tributaries studied, the reactive phosphate levels are much higher in Kettle Creek—due in part to 


the natural attributes of the watershed combined with its intensive agricultural and urban land use. 


 


Orthophosphate concentrations were below the reported detection limit of (0.1 mg/L) in Lake Margaret 


for the entire sampling season at all sites.  


 


As a comparison, over the last three years (2016-2019), orthophosphate has also not been detected in 


the surface water samples collected from Lake Whittaker.  However, samples collected from 1motb 


range in value from 0.22 mg/L to 0.33 mg/L which suggest that orthophosphate is entering the water 


column from the bottom sediments in Lake Whittaker. 


 


Nitrogen 


 


Nitrate is the most soluble form of nitrogen and generally makes up the vast majority of total available 


nitrogen in the water.  Nitrate is actively taken up by aquatic plants and algae and can have indirect toxic 


effects resulting from nutrient enrichment.  Anthropogenic sources of nitrate to surface water include 


sewage treatment plant effluent, industrial wastewaters, faulty septic systems, landfills, livestock waste, 


urban and agricultural pesticide and fertilizer runoff, and atmospheric deposition.  


 


Nitrate concentrations were below reported detection limits in Lake Margaret at all three sites from 


June until September.  However, Nitrate was detected in the surface water sites (LM1 and LM3) in 


samples collected in April and May at the beginning of the sampling season, and at the end of the 
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sampling season in November.  The deep water site (LM2) also had a spike in nitrate concentrations in 


May.  The early and late season values could be due to the very wet spring and fall contributing to 


surface runoff into the lake.  Compared to results from 2016, nitrate was not detected in samples until 


November. 


 


Over the last three years (2016-2019), nitrate concentrations have not been detected in samples 


collected from Lake Whittaker, which suggests that there may be a source of nitrate loading in Lake 


Margaret not present at Lake Whittaker. 


 


Ammonia (NH3) is another highly soluble component of total nitrogen.  Anthropogenic sources of 


ammonia include:  sewage treatment plant effluent, faulty septic systems, landfills and industrial 


wastewaters, agricultural sources such as livestock waste and fertilizer, urban and agricultural pesticide 


runoff and gas exchange with the atmosphere.  The unionised component of total ammonia is toxic to 


aquatic organisms and fluctuates depending on the pH and temperature of the environment.  The higher 


the pH and temperature, the more toxic the ammonia levels are.   


 


Ammonia in surface water is naturally converted to Nitrite (NO2) then to Nitrate (NO3) through a process 


called nitrification.  This conversion, in addition to increasing nitrate concentration, removes oxygen 


from the water, which can adversely affect fish and invertebrates.  High concentrations of nitrate can be 


acutely toxic to aquatic organisms and lower concentrations can have chronic effects (i.e. directly 


affecting amphibian growth and reproduction).  The PWQO has set a limit of 0.02 mg/L (MOECC, 1994), 


for surface water concentration of un-ionized ammonia to prevent toxicity to aquatic biota. 


 


Ammonia concentrations were typically below 0.25 and hovered around the PWQO at all three lake 


monitoring sites.  However, Ammonia concentrations spiked at all three sites in November, probably 


due to the lake turning over in the fall (Figure 7). 


 


Ammonia concentrations in Lake Margaret were typically lower than Lake Whittaker which regularly 


exceeds the PWQO, measuring on average 0.065 mg/L at the surface and 2.83 mg/L  at the bottom (data 


from 2016-2019). 


 


Bacteria 


 


Total Coliforms 


Coliforms is a common name for a group of bacteria.  They are found in the feces of humans, warm-


blooded animals and in soil.  Coliform bacteria are not necessarily pathogenic or dangerous to humans.  


However, coliforms are generally found in great numbers and are hardier than other pathogenic 


bacteria.  Therefore, the presence of coliforms is used as a possible indicator of fecal contamination and 


of the presence of other pathogenic microorganism associated with fecal contamination. 


 


Fecal coliform bacteria are a subgroup of the total coliform group and are a gram native bacillus (rod 


shaped bacteria).  This bacterial subgroup of micro-organisms can be found in the intestines of animals 
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and is associated with fecal material. The presence of fecal coliform bacteria in a water sample often 


indicates recent fecal contamination which in turn suggests that there is a greater risk that pathogens 


are present.  Some waterborne pathogenic diseases include ear infections, dysentery, typhoid fever, 


viral and bacterial gastroenteritis, and hepatitis A.  Sources of fecal coliform bacteria include:  direct 


discharge of waste from mammals and birds, agricultural (manure spreading on fields) and storm runoff, 


untreated human sewage and faulty septic systems.  Untreated organic matter that is contaminated 


with high levels of fecal coliform bacteria can decrease the concentration of dissolved oxygen in 


waterways through aerobic decomposition.  The PWQO for fecal coliform bacteria is zero (0) CFU/100 


ml for drinking water, and 200 CFU/100 ml for recreational activities (MHLTC, 2018).   


 


Colony forming units (CFU) are a measurement used by laboratories.  This measurement refers to the 


number of colonies of bacteria that grow on a test dish in the laboratory.  Each colony of bacteria forms 


a separate small dot, which can be seen under a microscope, on the test dish.  The number of dots is 


counted which gives the number of colony forming units. 


 


Escherichia coli (E. coli) bacteria is a species of fecal coliform bacteria that is specific to fecal material 


from humans and other warm-blooded animals.  Most E. coli are harmless and are found in great 


quantities in the intestines of warm-blooded animals.  The presence of E. coli in a water sample usually 


indicates a recent fecal contamination where their might be a risk of intestinal disease-causing bacteria 


viruses and protozoa.  The PWQO for E. coli is zero (0) CFU/100 ml for drinking water and 200 


CFU/100ml for recreational activities (MHLTC, 2018).  In 2018, the guidelines for recreational activities 


changed from 100 CFU/100ml to 200 CFU/100ml, which is noted in Figure 8b. 


 


Assessment of the bacterial quality of recreational water requires more than a single sample. Due to the 


uneven distribution of bacteria throughout the water column and water surface, the count of 


microorganisms in a single "grab sample" does not represent the average concentration in a particular 


body of water (Ministry of Health and Long-Term Care (MHLTC), 2018).  E. coli concentrations can be 


affected by wind, waves, rain events stirring up the lake bottom, and high numbers of animals, such as 


Canada Geese using the beach area.  A random sample may demonstrate a concentration that is far 


above or below the average. In obtaining an accurate assessment of the quality of recreational water, 


the results of a number of samples must be combined in such a way that a random, unrepresentative 


sample will not unduly influence the average.  To monitor beach water quality, a geometric mean is 


determined from a minimum of five samples per site taken within a given swimming area and collected 


within a one month period. If the geometric mean E. coli level for the sample series at a given site 


exceeds 200 E. coli per 100 mL, or a single-sample maximum concentration is greater than or equal to 


400 E. coli/100mL, then the site should be considered unsuitable for swimming and bathing (MHLTC, 


2018). 


 


Lake Margaret E.coli concentrations were below the recreational guideline for the entire sampling 


season at all three sites (Figure 8).  While monthly grab samples collected from the lake did not exceed 


the recreational guideline, not enough samples were collected at each sampling event to calculate a 


geometric mean as per the Operational Approaches for Recreational Water Guideline document (2018).  
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Further sampling would be needed to fully determine the suitability of the lake as a recreational body of 


water, however, the 2016 and 2019 results suggest that the potential is there.  Perhaps some dedicated 


sampling using the approved protocol at a potential beach location in 2020 would be able to provide a 


more solid perspective on the E.coli data. 


 


Recreational beach monitoring is conducted at Lake Whittaker weekly from mid-June to the end of 


September.  Five samples are collected at each beach using the approved Operational Approaches for 


Recreational Water Guideline document (2018) where the depth of water is 1 to 1.5 meters.  Samples 


for bacteriological analysis must be obtained 15 to 30 centimeters below the water surface. 


 


The average geometric mean for Lake Whittaker data collected during the swimming season at both 


recreational beaches from 2017-2019 is 39.74 CFU/100ml.  Typically one or both beaches are posted for 


high levels of bacteria once a year, usually in July and often due to thunderstorm activity.  Beaches have 


never been posted for more than 48 hours.  While sampling efforts in Lake Margaret in 2019 did not 


focus on recreational guidelines for beach sampling, the low E.coli results may suggest that there is 


potential for recreational use of Lake Margaret in the future if proper testing was conducted. 


 


Dissolved Oxygen 


 


Dissolved Oxygen (DO) analysis measures the amount of gaseous oxygen (O2) dissolved in an aqueous 


solution.  Oxygen is present in water through diffusion from the surrounding air, by aeration (rapid 


movement such as riffles and rapids), and as a waste product of photosynthesis.  Warm water biota 


require DO levels between 5 and 8 mg/L, whereas cold water organisms (e.g. salmonids) require DO 


levels between 4 and 7 mg/L (MOECC, 1994).  DO concentrations vary diurnally and seasonally with 


temperature and photosynthesis and can be depleted through decomposition of organic matter. 


 


The highest DO concentrations were from the surface lake stations (LM1 and LM3) and typically ranged 


from 3.16 mg/L to 12.29 mg/L.  However, bottom waters (LM2) were typical for anoxic (low oxygen) 


conditions from May to October until the lake turned over.  Fish can usually avoid these stressed areas if 


there is sufficient lake volume for individuals to find refuge. 


 


Monthly oxygen profiles, (in addition to temperature, conductivity and pH profiles), were collected from 


the surface lake stations at LM1 and LM3.  Oxygen profiles at LM3 were slightly higher than the top 


three meters of LM1.  This could be due to the higher amounts of oxygen producing aquatic plants 


associated with the shallow waters of Lake Margaret and LM3.  Results collected in 2019 were similar to 


what was observed in 2016. 


 


Oxygen stratification at LM1 was apparent throughout the sampling season except for April and 


November (Figure 10b).  Oxygen stratification was also seen at LM3 (Figure 11b) in the shallower waters 


from June to August, however there was very little change in temperature from the surface to the 


bottom throughout the sampling season. 
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Surface water temperature is influenced by season, weather conditions, time of day and streamflow.  


Typically, peak daily temperatures occur in late afternoon, and daily lows occur just before dawn.  


Temperature directly affects the solubility of gases (e.g. dissolved oxygen) and controls biological (e.g. 


metabolism) and chemical reaction rates (e.g. the equilibrium between unionized ammonia and 


ammonium is temperature-dependent). 


 


Chlorophyll α and Secchi Disk 


 


Chlorophyll allows plants (including algae) to photosynthesize, i.e., use sunlight to convert simple 


molecules into organic compounds. Chlorophyll α is the predominant type of chlorophyll found in green 


plants, algae and some species of bacteria.  Chlorophyll α is a measure of the amount of algae growing 


in a waterbody. It can be used to classify the trophic condition of a waterbody.  Although algae are a 


natural part of freshwater ecosystems, too much algae can cause aesthetic problems such as green 


scums and bad odours, and can result in decreased levels of dissolved oxygen.  Some algae also produce 


toxins that can be of public health concern when they are found in high concentrations.  Algae control is 


a major concern in pond management, especially in smaller bodies of water, where excessive algae 


growth can quickly become a problem. 


 


One of the symptoms of degraded water quality condition is the increase of algae biomass as measured 


by the concentration of chlorophyll α. Waters with high levels of nutrients (phosphorus and nitrogen) 


from fertilizers, faulty septic systems, sewage treatment plants and urban and agricultural runoff may 


have high concentrations of chlorophyll α and excess amounts of algae.  These nutrients cause the algae 


to grow or bloom. When algae populations bloom, then crash and die in response to changing 


environmental conditions, they deplete dissolved oxygen levels—a primary cause of most fish kills.  


 


In 2019, a Chlorophyll α sample was collected in August from the deep water station at LM1.  Dillon and 


Rigler (1975) demonstrated a strong correlation between secchi depth and chlorophyll α.  The 


relationship of secchi to chlorophyll α in Lake Margaret did not fit the relationship for the August 


sample.  This is probably due to a heavy rain event that occurred within 48 hours of sampling that stirred 


up the surface water of the lake. A copy of Dillon and Rigler’s figure can be viewed as Figure 21 in the 


BioLogic (2013) report.  


 


Sampling Date Chlorophyll α 
(μg/L) 


Secchi Disk Depth 
(m) 


Expected Secchi Depth (m) 
(from Figure 21) 


20-Aug-2019 1.4 2.5 5 


 


Sechhi depths are measured with a black and white painted disk to determine the depth of light 


penetration and therefore the limit of photosynthetic activity.  Below the sechhi depth, light penetration 


is insufficient to support photosynthesis and plant/plankton growth.   


 


Lake Margaret was relatively clear for most of the 2019 sampling season, with visibility at LM3 to the 


bottom and often to the bottom at the deeper LM1 site. Lake Whittaker’s clarity tends to be higher with 
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corresponding secchi disk readings in the spring and fall and lower secchi readings during the summer 


months.    


 


Phytoplankton 


 


Phytoplankton are microscopic organisms that live in fresh and salt water environments.  Some 


phytoplankton are bacteria, some are protists, and most are single-celled plants. Among the common 


kinds are cyanobacteria (blue-green algae), silica-encased diatoms, dinoflagellates, green algae, and 


chalk-coated coccolithophores.   


 


Like terrestrial plants, phytoplankton have chlorophyll that is used in the process of photosynthesis.  


Phytoplankton growth depends on the availability of carbon dioxide, sunlight, and nutrients.  When 


conditions are right, phytoplankton populations can grow explosively, a phenomenon known as a 


bloom. Blooms in the Great Lakes are easily visible in satellite images. A bloom may last several weeks, 


but the life span of any individual phytoplankton is rarely more than a few days. 


 


Phytoplankton abundance was relatively low in Lake Margaret with a total cell density of 407 at site LM1 


representing a total of nine phytoplankton genera belonging to nine different classes (Table 1). The 


phytoplankton community was dominated by cyanobacteria (Class Cyanophyceae, or “blue-green 


algae”), which represented an average of 31% of the total cell density among sites.  The percentage 


increases to 88% if the uncharacterized algae, likely from the genus Aphanocapsa are included in the 


total. However, the 230 cells in that genus were too small to properly identify. 


 


Table 1:  Density of Phytoplankton Cells in Lake Margaret (LM1) by Genus. 


Genus cells/mL Phytoplankton Type 


Anabaena 130 Cyanobacteria 


Ceratium 3 Dinoflagilate 


Chlorella 6 Green Algae 


Cocconeis 6 Diatom 


Cymbella 3 Diatom 


Oocystis 17 Green Algae 


Staurastrum 6 Green Algae 


Surirella 3 Diatom 


Synedra 3 Diatom 


Uncharacterized Algae 230  


Total Cells 407  
Sample analysis comments from the testing laboratory indicate that the uncharacterized algae specimens observed were likely from the genus 


Aphanocapsa. 


 


The maximum concentration of cyanobacteria observed in Lake Margaret was 407 cells/mL, which is 


well below the Canadian Guidelines for Recreational Water Use of 100,000 cells/mL (Environment 


Canada, 2012). This guideline is based on the potential for ingestion of toxins during recreational 
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activities and does not consider allergenic or other irritant effects due to exposure to cyanobacteria, nor 


does it consider aesthetics. 


 


The cyanobacteria community in Lake Margaret was dominated by species of the genus Anabaena.  


Anabaena is a genus of filamentous cyanobacteria that exist as plankton. They are known for nitrogen-


fixing abilities, and they form symbiotic relationships with certain plants, such as the mosquito fern. 


They are one of four genera of cyanobacteria that produce neurotoxins, which are harmful to local 


wildlife, as well as farm animals and pets. 


 


Cyanobacteria are known to increase in biomass and bloom activity over the summer months, into fall 


and at fall turnover. Given the presence of cyanobacteria in low cell densities, it may be useful to collect 


additional phytoplankton samples in the spring and fall to see how the phytoplankton genera and 


densities change seasonally.   
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Appendix 1:  Figures 


 


Figure 1:  2019 Lake Margaret Sampling Locations 


Figure 2:  2019 Lake Margaret Conductivity  


Figure2b:  Comparison of 2016 and 2019 Lake Margaret Conductivity 


Figure 3:  2019 Lake Margaret pH  


Figure 3b:  Comparison of 2016 and 2019 Lake Margaret pH 


Figure 4:  2019 Lake Margaret Total Suspended Solids Concentrations 


Figure 4b:  Comparison of 2016 and 2019 Lake Margaret Total Suspended Solids Concentrations 


Figure 5:  2019 Lake Margaret Total Phosphorus Concentrations 


Figure 5b:  Comparison of 2016 and 2019 Lake Margaret Total Phosphorus Concentrations 


Figure 6:  2019 Lake Margaret Nitrate Concentrations 


Figure 6b:  Comparison of 2016 and 2019 Lake Margaret Nitrate Concentrations 


Figure 7:  2019 Lake Margaret Ammonia as N Concentrations 


Figure 7b:  Comparison of 2016 and 2019 Lake Margaret Ammonia as N Concentrations 


Figure 8:  2019 Lake Margaret E. coli Concentrations 


Figure 8b:  Comparison of 2016 and 2019 Lake Margaret E. coli Concentrations 


Figure 9a:  2019 Temperature Profiles—Deep Station (LM1) 


Figure 9b:  2019 Dissolved Oxygen Profiles—Deep Station (LM1) 


Figure 9c:  2019 Conductivity Profiles—Deep Station (LM1) 


Figure 9d:  2019 pH Profiles—Deep Station (LM1) 


Figure 10a:  2019 Temperature Profiles—Shallow Station (LM3) 


Figure 10b:  2019 Dissolved Oxygen Profiles—Shallow Station (LM3) 


Figure 10c:  2019 Conductivity Profiles—Shallow Station (LM3) 


Figure 10d:  2019 pH Profiles—Shallow Station (LM3) 


Figure 11:  2019 Secchi Disk Depth—Deep (LM1) and Shallow (LM3) Stations 
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Sampling Loca ons
Figure 1:  2019 Lake Margaret Sampling Loca ons


LM1 Deep--Surface
LM2 Deep-- 1m off bo om
LM3  Shallow--Surface
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taken by any person in reliance upon the informa on and data furnished hereunder.
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Figure 2: 2019 Lake Margaret Conductivity


LM1 LM2 LM3


2019 Lake Margaret Monitoring Program 21







0


100


200


300


400


500


600


26-May-16 22-Jun-16 20-Jul-16 18-Aug-16 21-Sep-16 28-Oct-16 17-Nov-16 17-Apr-19 22-May-19 26-Jun-19 18-Jul-19 20-Aug-19 12-Sep-19 6-Nov-19


C
o


n
d


u
ct


iv
it


y 
(µ


s/
cm


)


Date


Figure 2b: Comparison of 2016 and 2019 Lake Margaret Conductivity
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Figure 3:  2019 Lake Margaret pH


LM1 LM2 LM3 Min Recreational Range Max Recreational Range


Acceptable pH range for aquatic biota (MOECC, 1994) is 6.5-8.5.
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Figure 3b: Comparison of 2016 and 2019 Lake Margaret pH
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Figure 4:  2019 Lake Margaret Total Suspended Solids Concentrations


LM1 LM2 LM3
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Figure 4b:  Comparison of 2016 and 2019 Lake Margaret Total Suspended Solids 
Concentrations
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Figure 5:  2019 Lake Margaret Total Phosphorus Concentrations


LM1 LM2 LM3 PWQO


2019 Lake Margaret Monitoring Program 27







0


0.05


0.1


0.15


0.2


0.25


0.3


0.35


26-May-16 22-Jun-16 20-Jul-16 18-Aug-16 21-Sep-16 28-Oct-16 17-Nov-16 17-Apr-19 22-May-19 26-Jun-19 18-Jul-19 20-Aug-19 12-Sep-19 6-Nov-19


To
ta


l P
h


o
sp


h
o


ru
s 


(m
g/


L)


Date


Figure 5b: Comparison of 2016 and 2019 Lake Margaret Total Phosphorus Concentrations
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Figure 6:  2019 Lake Margaret Nitrate Concentrations


LM1 LM2 LM3


Nitrates at "not detected" levels in all lake 
samples collected from June to September.
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Figure 6b:  Comparison of 2016 and 2019 Lake Margaret Nitrate Concentrations


LM1 LM2 LM3
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Results were below the Reported Detection 
Limit (RDL) of 0.05 mg/L


Results were Not Detected (ND)
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Figure 7:  2019 Lake Margaret Ammonia as N Concentrations
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Figure 7b:  Comparison of 2016 and 2019 Lake Margaret Ammonia as N Concentrations
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Figure 8:  2019 Lake Margaret E. coli Concentrations
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Figure 8b: Comparison of 2016 and 2019 Lake Margaret E. coli Concentrations
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exceedance guidelines from 100 
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Figure 9a:  2019 Temperature Profiles--Deep Station (LM1)
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Figure 9b:  2019 Dissolved Oxygen Profiles--Deep Station (LM1)
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Figure 9c:  2019 Conductivity Profiles--Deep Station (LM1)
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Figure 9d:  2019 pH Profiles--Deep Station (LM1)
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Figure 10a:  2019 Temperature Profiles--Shallow Station (LM3)
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Figure 10b:  2019 Dissolved Oxygen Profiles--Shallow Station (LM3)
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Figure 10c:  2019 Conductivity Profiles--Shallow Station (LM3)
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Figure 10d:  2019 pH Profiles--Shallow Station (LM3)
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Figure 11:  2019 Secchi Disc Depth--Deep (LM1) and Shallow (LM3) Stations
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Appendix 2:  2019 Laboratory Results and Raw Data 


 


Table 1:  Water Quality Laboratory Results (LM1) Surface (1m) 


Table 2:  Water Quality Laboratory Results (LM2) Deep (1motb) 


Table 3:  Water Quality Laboratory Results (LM3) Surface (1m) 
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Table 1:  Water Quality Laboratory Results (LM1)


LM1 Lake Margaret  Deep Site Surface (1m)


Sample Date 17-Apr-19 22-May-19 26-Jun-19 18-Jul-19 20-Aug-19 12-Sep-19 6-Nov-19 PWQO CWQG


Sample Time Units 10:45:00 10:30:00 10:45:00 13:45:00 10:45:00 10:30:00 10:30:00


Total Ammonia-N mg/L 0.14 0.05 <0.02 0.02 0.04 0.18 0.25 0.02 0.019


Total Dissolved Solids mg/L 292 266 218 208 196 242 250


Total Kjeldahl Nitrogen (TKN) mg/L 0.46 0.64 0.55 0.55 0.47 0.86 0.74


Dissolved Orthophosphate (P) mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10


Total Phosphorus mg/L 0.015 0.033 0.015 0.017 0.017 0.019 0.022 0.02


Total Suspended Solids mg/L 3 2 <1 <1 <1 2 3


Sulphide mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05


Nitrite (N) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.06


Nitrate (N) mg/L 0.2 0.18 <0.05 <0.05 <0.05 <0.05 0.11 13


Nitrate + Nitrite mg/L 0.2 0.18 <0.07 <0.07 <0.07 <0.07 0.11


Conductivity µs/cm 477 462 350 330 356 392 429


Water Temperature ºC 8.21 15.9 23.3 26.75 26.1 22.4 7.60


Dissolved Oxygen mg/L 10.94 11.31 10.71 10.04 7.89 7.71 10.68 5.5-9.5


Dissolved Oxygen % 114.4 126.0 125.3 98.0 88.9 88.9


pH N/A 8.86 8.89 8.19 8.87 8.69 8.22 8.91 6.5-8.5


Turbidity FNU 3 1.9 1.2 0.5


Microbiology


Total Coliform CFU/100ml 164 NDOGT 14500 800 9300 3000 600 1000


Escherichia coli CFU/100ml 6 36 ND 3 11 56 22 200


Detection Above the Provincial Water Quality Objective (PWQO)


Values with less than (<) symbol are below the Reported Detection Limit (RDL)


Field Parameters


Limits


Inorganics


2019 Lake Margaret Monitoring Program 41







Table 2:  Water Quality Laboratory Results (LM2)


LM2 Lake Margaret Deep Site 1 Meter off the Bottom (1motb)


Sample Date 17-Apr-19 22-May-19 26-Jun-19 18-Jul-19 20-Aug-19 12-Sep-19 6-Nov-19 PWQO CWQG


Sample Time Units 11:00:00 10:30:00 11:00:00 14:00:00 11:00:00 10:45:00 10:45:00


Total Ammonia-N mg/L 0.02 0.04 <0.02 0.07 0.03 0.05 0.25 0.02 0.019


Total Dissolved Solids mg/L 288 266 192 196 198 220 240


Total Kjeldahl Nitrogen (TKN) mg/L 0.41 0.55 0.42 0.55 0.48 0.69 0.77


Dissolved Orthophosphate (P) mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10


Total Phosphorus mg/L 0.015 0.056 0.014 0.015 0.014 0.015 0.02 0.02


Total Suspended Solids mg/L 3 1 1 <1 1 2 3


Sulphide mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05


Nitrite (N) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.06


Nitrate (N) mg/L <0.05 0.18 <0.05 <0.05 <0.05 <0.05 0.13 13


Nitrate + Nitrite mg/L <0.07 0.18 <0.07 <0.07 <0.07 <0.07 0.13


Conductivity µs/cm 475 461 387 360 379 402 428


Water Temperature ºC 8.21 15.5 21 25.53 25.2 21.3 7.36


Dissolved Oxygen mg/L 5.99 11.47 5.82 5.22 1.97 3.8 10.26 5.5-9.5


Dissolved Oxygen % 64.5 113.4 75.6 61.0 23.7 81.2 85.1


pH N/A 8.71 8.42 8.53 8.96 7.92 8.16 9.53 6.5-8.5


Turbidity FNU 3 2 1.6 0.8


Microbiology


Total Coliform CFU/100ml 173 NDOGT 7500 400 9200 2100 1000 1000


Escherichia coli CFU/100ml 4 42 1 1 15 53 2 200


Detection Above the Provincial Water Quality Objective (PWQO)


Values with less than (<) symbol are below the Reported Detection Limit (RDL)


Limits


Inorganics


Field Parameters
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Table 3:  Water Quality Laboratory Results (LM3)


LM3 Lake Margaret Shallow Site Surface (1m)


Sample Date 17-Apr-19 22My19 26-Jun-19 18-Jul-19 20-Aug-19 12-Sep-19 6-Nov-19 PWQO CWQG


Sample Time Units 11:15:00 10:30:00 11:15:00 14:30:00 11:30:00 11:00:00 11:00:00


Total Ammonia-N mg/L 0.04 0.04 <0.02 0.02 0.03 0.06 0.25 0.02 0.019


Total Dissolved Solids mg/L 294 274 172 196 210 206 238


Total Kjeldahl Nitrogen (TKN) mg/L 0.3 0.59 0.51 0.48 0.5 0.81 0.77


Dissolved Orthophosphate (P) mg/L <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10


Total Phosphorus mg/L 0.02 0.024 0.017 0.014 0.02 0.017 0.024 0.02


Total Suspended Solids mg/L 4 4 1 <1 1 2 3


Sulphide mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05


Nitrite (N) mg/L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.06


Nitrate (N) mg/L 0.18 0.15 <0.05 <0.05 <0.05 <0.05 0.1 13


Nitrate + Nitrite mg/L 0.18 0.15 <0.07 <0.07 <0.07 <0.07 0.1


Conductivity µs/cm 476 461 324 327 365 396 428


Water Temperature ºC 8.3 16 23.9 27.95 25.9 21.9 6.88


Dissolved Oxygen mg/L 12.29 10.28 10.25 9.36 3.16 7.41 11.21 5.5-9.5


Dissolved Oxygen % 100.7 107.9 121.4 119.6 61.6 84.6 92.1


pH N/A 8.57 8.42 8.38 9.17 8.32 8.21 8.31 6.5-8.5


Turbidity FNU 2.9 2.2 1.9 0.7


Microbiology


Total Coliform CFU/100ml 197 NDOGT 3500 1000 11300 7700 1400 1000


Escherichia coli CFU/100ml 12 18 1 7 43 96 43 200


Detection Above the Provincial Water Quality Objective (PWQO)


Values with less than (<) symbol are below the Reported Detection Limit (RDL)


Limits


Inorganics


Field Parameters
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Appendix о:  Site Photographs 
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Aptil 17, 2019 


Lake Margaret 


Looking east  at the 


shallow site (LM3)


near one of the 


islands. 


Lake Margaret  


Deep sites 


(LM1 Surface and 


LM2 at 1m off the 


bottom) 


Thank you to the City 


of St. Thomas Fire 


Department for their 


assistance during this 


monitoring program. 
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June 26, 2019 


Lake Margaret 


Looking west to the 


deeper area of the 


lake .   


Lake Margaret  


Onsite at LM1 and 


LM2  


 


Lake Margaret 


Onsite at LM3.  Lots 


of macrophytes ob-


served. 


2019 Lake Margaret Monitoring Program 46







November 6, 2019 


Lake Margaret 


Looking east towards 


the shallow end of 


the lake.  


Lake Margaret  


Onsite at LM1 and 


LM2  


 


Lake Margaret 


Onsite at LM3.  
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No fish community or benthic macroinvertebrate collections were conducted as part of this monitoring 


program, however field notes were taken throughout the sampling season.  Aquatic vegetation 


(macrophytes) were observed in the shallow areas of Lake Margaret including water lilies along the 


shoreline as well as other unidentified species.  In the 2016 Google satellite image below, you can clearly 


see the extent of the aquatic vegetation along the edges of the lake, primarily in the shallower areas 


which could be considered an impediment to recreational use of the lake.  On several sampling events, 


the boat launch area was so choked with aquatic plants that we had to use paddles to manoeuver out to 


deeper water before starting up the outboard motor.  Similar conditions were experienced in 2019, 


however the updated Google satellite imagery of Lake Margaret is obscured by cloud cover. 


 
2016 Google Maps Satellite image accessed on December 9, 2016. 


 


2019 Lake Margaret Monitoring Program 48










