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7 Creswell Drive 
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Dear Mr. Angelo: 

 

Re: J180050 - Oak Lake Water Quality Monitoring Report 2020 

We are pleased to submit our report on 2020 monitoring of Oak Lake. Oak Lake is a typical kettle lake with 

moderate nutrient concentrations that are driven by shoreline development practices, septic systems, 

agricultural inputs and internal loading. Data collected in 2020 indicate that the re-routing of the tile drain in 

2019 has likely contributed to reduced nutrient concentrations (i.e., phosphorus and un-ionized ammonia), 

bacteria concentrations (Pseudomonas aeruginosa) and the absence of an algal bloom.  

Water level management was identified as a major concern for residents and their properties but there are 

differing opinions on a water management objective. HESL assisted the City of Quinte West with the 

installation of a staff gauge to monitor water levels in Oak Lake and the development of procedures and 

practices to monitor and record water level data. 

Improvements observed in Oak Lake are encouraging, however water quality and aquatic biota are natural 

variable from year to year and therefore additional monitoring is recommended to confirm the results 

observed in 2020, track improvements in water quality associated with the implementation of management 

recommendations and to monitor the lake for emerging water quality issues.  

Please contact me if you have any questions or concerns. 

Sincerely, 

per: Hutchinson Environmental Sciences Ltd. 

 

 

 

 

 

Kristopher Hadley, Ph.D. 

kris.hadley@environmentalsciences.ca  
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Executive Summary 

Hutchinson Environmental Sciences Ltd. (HESL) was retained by the City of Quinte West to complete a 

Water Quality Monitoring Report of Oak Lake. This “Oak Lake Water Quality Monitoring Report” was 

designed to assess the effectiveness of the re-routed tile drain, assess temporal variability of water 

chemistry and algal abundance, and present a water level monitoring plan. 

HESL staff collected water quality and phytoplankton samples on May 7th, August 18th, and October 29th of 

2020 to highlight seasonal variability in water quality and algae and maintain consistency with our previous 

2018/19 field sampling program. Samples were collected from 5 open water monitoring sites (OL-1, 2, 4, 

7, and 9) for a full list of water quality parameters and from 6 additional sites for bacteria only (OL-3, 5, 6, 

8, 10, 11). Phytoplankton (i.e., algae) samples were collected from OL-1. 

Nutrient concentrations indicated that Oak Lake is mesotrophic and average annual phosphorus 

concentrations have remained stable at ~0.014 mg/L since 2001. Elevated nutrient concentrations 

previously observed at OL-9, resulting from an inflowing agricultural tile drain appear to have been 

significantly improved following the re-routing of the tile drain in 2019. Average unionized ammonia 

concentrations declined substantially between 2018/19 (mean = 0.01 mg/L) and 2020 (mean = 0.004 mg/L), 

especially at OL-9 (2018/19 = 0.017 mg/L vs 2020 = 0.003 mg/L). No exceedances of the PWQO un-ionized 

ammonia guidelines were noted in 2020. Pseudomonas aeruginosa concentrations were lower in 2020 

while the remaining bacteria parameters were similar to 2018/19 results and consistently lower in recent 

monitoring than concentrations measured as part of past studies.  

The phytoplankton community at OL-1 followed typical seasonal succession during both years of our 

sampling program.  Phytoplankton was dominated by Chrysophytes and Cryptophytes in the winter, with 

substantially increased green algae (Chlorophytes) relative abundance in the spring of 2019 and increased 

cyanobacteria during the late summer/fall sampling event in both years. The filamentous algal colonies 

observed in the water during spring and summer 2019 sampling were comprised of Mougeotia spp., a 

diverse genus of green algae which includes many of the most common filamentous green algal species in 

freshwaters. Blooms of filamentous green algae, such as Mougeotia, can be a nuisance for recreational 

uses but are non-toxic to humans and other aquatic life. No blooms were noted in 2020 following the re-

route of the agricultural tile drain. Water chemistry, climate and algae can significantly vary annual and 

therefore the potential for future blooms still exists.   

In 2020, HESL assisted the City of Quinte West with the installation of a staff gauge to monitor water levels 

in Oak Lake and the development of procedures and practices to monitor and record water level data.  Data 

collected from the recently installed staff gauge is expected to inform the development of water 

management objectives and, if necessary, an altered water control system for Oak Lake. The Standard 

Operating Procedure for the collection of water level data is explained and appended to this report. 
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1. Introduction  

In 2018, Hutchinson Environmental Sciences Ltd. (HESL) was retained by the City of Quinte West to 

complete a Water Quality Assessment of Oak Lake with input from the Ministry of Environment, 

Conservation and Parks (MECP) and Lower Trent Conservation (LTC). The “Oak Lake Water Quality 

Monitoring Report and Lake Management Plan” (HESL, 2019) was designed to characterize water quality 

conditions in Oak Lake and develop lake management recommendations through public engagement, 

background review, field investigations and expert input. The study was completed in 2019 and included a 

recommendation to re-route a tile drain, which drained approximately 40 hectares of adjacent agricultural 

land into the lake.  The tile drain was re-routed along Foxboro Stirling Road (#14), approximately 500 m 

north up to the wetland northeast of Oak Lake (Figure 1). Recommendations related to development 

planning, sewage treatment systems, shoreline development practices, water level management, aquatic 

vegetation management, waterfowl control and long-term monitoring were also included in the 2019 report. 

HESL completed a water quality monitoring program in 2020 to determine the benefit of the re-routed tile 

drain, assess temporal variability of water chemistry and algal abundance and build on the existing dataset. 

HESL also installed a staff gauge and developed a water level Standard Operating Procedure (SOP) as a 

first step in developing water level management objectives. The purpose of this report is to assess the 2020 

water quality data and present the water level SOP. 

2. Background 

Oak Lake is a small (51 ha), shallow, isolated lake with no defined inflows or outflows. Hydrology is driven 

by groundwater and surface runoff from a small (287 hectare) agriculturally-dominated watershed with 

deep, loamy soils (Figure 1; Ontario Lake Assessments, 2000). Oak Lake has a mean depth of 3.3 m, a 

maximum depth of 10.6 m and only 11% of the lake is greater than 7.5 m (LTC, 2002; MECP, 2018). It 

supports a warmwater fish community, including Northern Pike (Esox Lucius), Smallmouth Bass 

(Micropterus dolomieu), Largemouth Bass (Micropterus salmoides), Yellow Perch (Perca flavescens), Rock 

Bass (Ambloplites rupestris), Brown Bullhead (Ameiurus nebulosus), Pumpkinseed (Lepomis gibbosus) 

and Longnose Gar (Lepisosteus osseus; LTC, 2002).  

Previous data collection on the lake by the City of Quinte West, and the MECP identified several 

management challenges including phosphorus enrichment, oxygen deficiency, elevated nearshore bacteria 

concentrations, and excessive growth of the aquatic macrophyte Eurasian Water Milfoil (Myriophyllum 

spicatum). Rising lake levels was also identified as a major concern for residents and their properties during 

completion of the 2019 study and the issue was assessed during the survey of residents and by inspection 

of several culverts located in the northern portion of the lake. No clear consensus could be reached to 

define water level management objectives during the initial lake management plan but as part of an ongoing 

initiative to develop management objective for water levels, a staff gauge was installed in 2020 alongside 

operating procedures for recording seasonal water level data. 
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3. Methods  

3.1 Water Quality 

HESL staff collected water quality samples on May 7, August 18 and October 28 of 2020 to capture 

seasonal variability in water quality and maintain consistency with our previous field sampling program. 

Samples were collected from 11 open water sites (OL-1 to OL-11; Figure 2). Comparisons between 2018-

19 and 2020 data were focused on open water data; winter data was collected in 2019 but was not included 

in the comparisons to ensure temporal comparisons were suitable. Winter samples were not collected in 

2020 because ice conditions were not safe on the intended sampling date.   

Sample sites were selected to a) overlap previously sampled locations to allow for temporal comparisons 

and b) characterize water quality across the lake (Table 1). Samples were either analyzed for a full suite of 

chemical parameters (i.e., water quality station) or just bacteria (i.e., bacteria only station), to overlap with 

historical data and to help characterize bacteria concentrations which are often spatially variable (Figure 2; 

Table 1). OL-1-bottom was also sampled approximately 1-m off bottom and samples were analyzed for 

total suspended solids, total phosphorus and total iron to support the assessment of internal phosphorus 

loading. All samples were collected, stored on ice and analyzed by ALS Laboratories in Kitchener or 

Winnipeg depending on the parameter. 

Samples collected from the water quality sampling stations were analyzed for the following parameters: 

total hardness, total suspended solids, total alkalinity, total ammonia, chloride, nitrate, total Kjeldahl 

nitrogen, total phosphorus, sulfate, dissolved organic carbon, E. coli, fecal coliforms, fecal streptococcus, 

Pseudomonas aeruginosa, chlorophyll a, and metals, while samples collected from the bacteria only 

sampling stations were analyzed for E. coli, fecal coliforms, fecal streptococcus and Pseudomonas 

aeruginosa. Temperature, conductivity, dissolved oxygen, and pH were measured with a YSI multimeter at 

0.5 m depth during each event at every sampling location. Field measurements of temperature, 

conductivity, dissolved oxygen, and pH were also measured at 1-m water depth intervals at OL-1 throughout 

the water column during each water sampling event. 

Water quality parameters were evaluated against applicable Provincial Water Quality Objectives (PWQOs; 

MOE, 1994) and Canadian Water Quality Guidelines (CWQGs) for the protection of Freshwater Aquatic 

Life (FAL) (CCME, 2012). PWQOs are protective of all life forms of aquatic life at all life stages during 

indefinite exposure to water and are used to make water quality management decisions. CWQGs provide 

science-based goals for the quality of aquatic ecosystems.  

3.2 Phytoplankton 

Phytoplankton (i.e., algae) samples were collected from OL-1 on May 7, August 18 and October 28, 2020 

to characterize seasonal variability of algal assemblages and inter-annual variability when compared to 

2018/2019 data.  Samples were preserved with Lugol’s iodine solution and submitted to ALS Laboratories 

in Winnipeg, Ontario for taxonomic identification to the lowest practical taxonomic level and enumeration 

(cells/unit volume of water). Phytoplankton abundance was evaluated against World Health Organization 

(WHO, 2003) guidelines for cyanobacteria. 
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Table 1. Type of Water Quality Sampling Locations. 

Sample Site 

Water 

Quality 

Station 

Bacteria 

Only 

Station 

Sample Site 

Descriptions 
GPS Coordinates 

Water 

Depth 

(m) 

OL-1 ✓  Long-term deep water 

quality 

44°15'59.21"N 

77°31'20.76"W 
12 

OL-1-Bottom1 
✓  

OL-2 ✓  Nearshore water quality 
44°15'51.76"N 

77°31'23.48"W 
0.8 

OL-3  ✓ Nearshore water quality 
44°16'0.53"N 

77°31'31.26"W 
1.2 

OL-4  ✓ Nearshore water quality 
44°16'8.37"N 

77°31'27.83"W 
2.4 

OL-5  ✓ Nearshore water quality 
44°16'8.50"N 

77°31'16.12"W 
0.9 

OL-6  ✓ Nearshore water quality 
44°16'15.67"N 

77°31'10.13"W 
1.2 

OL-7 ✓  Nearshore water quality 
44°16'24.26"N 

77°31'3.70"W 
1.1 

OL-8  ✓ Nearshore water quality 
44°16'14.51"N 

77°31'0.18"W 
0.8 

OL-9 ✓  

Nearshore water quality 

adjacent to inflowing 

agricultural drainage 

prior to re-routing 

44°16'5.91"N 

77°30'55.61"W 
2.1 

OL-10  ✓ Nearshore water quality 
44°15'57.46"N 

77°31'6.87"W 
0.8 

OL-11  ✓ Nearshore water quality 
44°15'53.42"N 

77°31'14.17"W 
1.0 

1 Samples were only analyzed for total suspended solids, total phosphorus and iron. 

3.3 Statistical Analyses 

Trends in total phosphorus were assessed using the Mann Kendall Trend test. The significance of water 

quality differences between years or sites was tested, where possible, using the non-parametric Kruskal 

Wallis test.  Where statistically significant (p < 0.05) differences were identified, we performed pairwise 

post-hoc Dunn’s tests to identify which sites differed significantly.  Kruskal Wallis and Dunn’s tests were 

performed in Excel using the RealStats package.  Results were corrected following the Benjamini–

Hochberg procedure (Benjamini and Hochberg, 1995) to adjust p-values to account for Type I error of 

multiple comparisons. 
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Censored data are measurements which fall below the detection limit of the laboratory analysis. There is 

no universally accepted method of treating censored data. For this report, we substituted the value of the 

detection limit for any data below detection.   

4. Results 

4.1 Water Quality 

Water quality results for select parameters from 2018/19 and 2020 are presented in Table 2 to inform the 

assessment of inter-annual variability and the success of the tile drain re-routing. Water quality and bacteria 

results from 2018-2020 for the open water period (i.e., minimum, maximum, and mean) are summarized by 

site in Appendix A.  

A master spreadsheet with all water quality results is presented in Appendix B, while additional laboratory 

related water quality information such as Chains of Custody, Sample Receipt Confirmations and Certificates 

of Analysis are provided in Appendix C.  

4.1.1 Temperature 

Temperature profiles followed typical seasonal stratification found in dimictic lakes and temperature 

measurements indicated that the lake was almost fully mixed in spring with a slight temperature gradient 

change with depth, fully mixed in fall, and thermally stratified during summer sampling in 2018 – 2020. 

Stratification, the separation of the lake into distinctive thermal layers which do not mix, likely became 

established in May/June and persisted throughout the summer until fall overturn in September (Figure 3). 

The establishment of thermal stratification in lakes prevents mixing of water between the warm surface 

waters (epilimnion) and the relatively cool deeper water (hypolimnion) and as a result prevents oxygen rich 

surface water from mixing with oxygen depleted bottom waters. As oxygen is consumed in the deep water 

over time by bacterial decomposition and other processes, anoxia may develop and result in internal 

phosphorus loading to the lake (See Section 3.1.2). No marked differences were noted between water 

temperatures in 2018/2019 and 2020 sampling periods. August surface water temperature reached a peak 

of 25°C in both monitoring periods. The August 2020 temperature profile indicated that the thermocline, 

which is the layer between warmer water near the surface and cooler water near the lakebed and is defined 

as the area where there is >1°C change per 1 m depth interval, was located 5-11 m in summer. 
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Figure 3. Seasonal Temperature Profiles in Oak Lake 

 

4.1.1 Dissolved Oxygen 

Dissolved oxygen (DO) concentrations were similar between sites and followed a seasonal pattern where 

the lowest concentrations were recorded in summer and concentrations increased in fall and winter/spring 

in an inverse relationship with water temperature (Figure 4). The solubility of dissolved oxygen is related to 

the temperature of the water with lower DO when water temperature increases. 

In the summer of 2018, dissolved oxygen increased between 6 and 7 m, where photosynthesis by algal 

communities provided increased oxygen.  A mid-depth oxygen peak was not observed in 2020, which may 

be the result of lower summer algal abundance (Section 3.2) but could also be affected by the time of day 

of sampling and other factors such as light availability, and cloud cover.   

In both years DO sharply declined below 7 m, reaching 0.39 mg/L in 2018/19 and 0.08 mg/L in 2020 near 

bottom, indicating the bottom of the lake was anoxic (i.e., lacked oxygen; Figure 4). Dissolved oxygen 

concentrations (and water temperatures) were similar throughout the water column during May and October 

sampling, indicating the lake was mixed and not thermally stratified as mentioned previously. Our results 
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are consistent with data collected by Ontario Lake Assessment (OLA, 2002) throughout the open water 

season in 2001, which also recorded extended periods of anoxia in the deep basin of Oak Lake. 

Anoxic conditions recorded in the dissolved oxygen profiles were shown to impact water quality in 2020.  

Marked increases in total phosphorus and total iron concentrations were noted in August at 1m off the 

bottom.  Detailed discussion of the impact of anoxic conditions on Oak Lake are provided in the analysis of 

total phosphorus concentrations (Section 4.1.2.1). 

Figure 4. Seasonal Dissolved Oxygen Profiles in Oak Lake. 
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4.1.2 Nutrients  

4.1.2.1 Phosphorus  

Phosphorus is the primary limiting nutrient in freshwaters in support of macrophyte and algal growth. 

Phosphorus can enter lakes via external loading from the watershed, precipitation or through internal 

loading. Effluent from sewage treatment systems and stormwater runoff can have particularly high 

phosphorus loadings. Concentrations ranged between 0.005 mg/L at OL-7 and 0.0441 mg/L at OL-9 which 

is adjacent to the tile drain outlet in 2018/19 at open water sites (excluding winter samples) with an average 

concentration of 0.0146 mg/L. No winter data was collected during the 2020 sampling campaign and no 

marked seasonal effects were noted in the 2020 phosphorus data (seasonal averages 0.0121 – 0.0155 

mg/L). Spatial variability in phosphorus was observed in 2018/19, where average concentrations were 

higher at OL-9 (0.06 mg/L) than the rest of the sites (0.01 mg/L - 0.03 mg/L). OL-9 is located at the outlet 

of the watercourse that used to drain the adjacent tile drains. In contrast, mean phosphorus concentrations 

were 0.012 mg/L at OL-9 in 2020 indicating water quality improvements associated with re-routing the tile 

drain (Table 2; Figure 6). Phosphorus concentrations at the remaining sites ranged from 0.012 to 0.018 

mg/L in 2020. The average total phosphorus concentration across all sites and samples in 2020 was 0.0136 

mg/L. 

The average phosphorus concentration at OL-1 was 0.010 mg/L in 2018/2019 and 0.012 mg/L in 2020 

during the open water season, both of which are below the PWQO for phosphorus concentrations during 

the ice-free period that is recommended to “avoid nuisance concentrations of algae in lakes” (PWQO = 0.02 

mg/L). A total of 72 samples have been collected and analyzed at OL-1 as part of a variety of background 

studies between 1999 and 2014. Historical phosphorus concentrations ranged between 0.002 and 0.032 

mg/L with an average concentration of 0.014 mg/L. Annual average phosphorus concentrations at OL-1 

between 1999 - 2018 were calculated from historical data and were consistent over time beyond a 

somewhat elevated concentration in 1999 (0.02 mg/L; Figure 5).  Mann Kendall trend analysis did not find 

a significant trend over time in total phosphorus concentrations (p>0.05). 

Phosphorus concentrations at OL-1, 1 m off bottom, ranged between 0.0116 mg/L on May 7th, 2020 and 

0.134 mg/L on August 18, 2020 (Table 3). Phosphorus concentrations at OL-1 were similar near the surface 

and 1 m off bottom with the exception of August samples in both sampling periods (Table 3). Concentrations 

were >10x higher near bottom on August 18th, 2020 suggesting significant internal loading of phosphorus 

from anoxic sediments into Oak Lake.  This is supported by elevated iron concentrations (0.404 mg/L) in 

the same sample.  High iron concentrations are often associated with anoxic bottom waters in lakes (Molot 

et al. 2014). Total suspended solids concentrations were elevated in the OL-1 bottom sample (8.4 mg/L) 

which indicates that sediment disturbance likely inflated the TP and total iron concentrations, however the 

evidence is still strong that internal loading of nutrients occur following periods of extend thermal 

stratification and deepwater anoxia (i.e., lack of dissolved oxygen) in the deep water of Oak Lake. 
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Table 2. Summary of Inter-annual Water Quality Comparisons (excluding winter 2019) 

Parameter Year(s) 
OL-1 OL-2 OL-4 OL-7 OL-9 Combined Sites 

Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean 

Total Phosphorus (mg/L) 
2018-2019 0.009 0.011 0.010 0.008 0.011 0.010 0.010 0.014 0.012 0.005 0.016 0.011 0.022 0.044 0.030 0.005 0.044 0.015 

2020 0.0103 0.0131 0.0119 0.011 0.017 0.013 0.009 0.015 0.012 0.018 0.018 0.018 0.012 0.014 0.013 0.009 0.018 0.014 

Nitrate (mg/L) 
2018-2019 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.02 0.020 0.027 0.020 

2020 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.020 0.020 0.020 

Total Kjeldahl Nitrogen 
(mg/L 

2018-2019 0.500 0.650 0.560 0.530 0.590 0.563 0.460 0.570 0.510 0.460 0.710 0.603 0.630 0.780 0.687 0.460 0.780 0.585 

2020 0.490 0.550 0.520 0.450 0.980 0.650 0.470 0.550 0.500 0.520 0.790 0.677 0.500 0.650 0.557 0.450 0.980 0.581 

Un-ionized Ammonia (mg/L) 
2018-2019 0.0058 0.0251 0.0155 0.0005 0.0090 0.0049 0.0009 0.0056 0.0033 0.0023 0.0214 0.0101 0.0075 0.0308 0.0170 0.0005 0.031 0.010 

2020 0.0003 0.0021 0.0011 0.0002 0.0050 0.0019 0.0003 0.0175 0.0060 0.0002 0.0087 0.0057 0.0002 0.0073 0.0031 0.0002 0.017 0.004 

Chlorophyll a (mg/L) 
2018-2019 2.7 6.9 4.7 2.6 6.7 4.4 2.7 4.3 3.6 2.8 5.7 4.2 3.4 8.4 6.5 2.55 8.44 4.68 

2020 2.1 10.2 5.1 2.2 10.5 5.5 2.5 11.3 5.5 6.2 6.9 6.5 3.3 17.7 8.3 2.08 17.7 6.19 
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Figure 5. Average Annual Phosphorus Concentrations at OL-1 Over Time 

 

Table 3. Phosphorus Concentrations at OL-1 from Near Surface Samples and Samples Collected 1 

metre off Bottom. 

 16-Aug-

2018 
29-Oct-2018 

11-Feb-

2019 

8-May-

2019 

7-May-

2020 

18-Aug-

2020 

28-Oct-

2020 

OL-1 

(top) 
0.0108 0.0086 0.0532 0.0104 0.0123 0.0103 0.0131 

OL-1 

(btm) 
0.0321 0.007 0.0193 0.0137 0.0116 0.134 0.0143 

1 Note that this TP concentration was inflated by elevated total suspended concentrations due to disturbance of the lakebed during 

sampling. 
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Figure 6. Spatial comparison of Total Phosphorus Concentrations. 

4.1.2.2 Nitrogen Parameters 

Nitrate occurs from nitrate oxidation of nitrogen compounds, notably ammonia from septic systems and 

agricultural runoff, and it can cause excessive growth of algae and macrophytes when phosphorus is also 

enriched. Nitrate was below detection limit (0.2 mg/L) during all three sampling events at all water quality 

stations in 2020 and at all open water sampling events in 2018/19 apart from one measurement of 0.027 

mg/L at OL-9 (Appendix B).  

Total Kjeldahl Nitrogen (TKN) is a measure of ammonia plus organic nitrogen and is generally related to 

the supply of ammonia from the hydrolysis of organic compounds. TKN concentrations ranged between 

0.46 mg/L and 0.78 mg/L in 2018/19, and between 0.45 and 0.98 mg/L in 2020 (Table 2). Average 

concentrations were slightly but not significantly (p>0.05) higher at OL-9 in 2018/19 (0.69 mg/L) than 2020 

(0.56 mg/L) while the mean concentrations from all sites were similar in 2018/19 (0.59 mg/L) and 2020 

(0.58 mg/L). There are no provincial or federal water quality guidelines for TKN but McNeeley et al. (1979) 

recommended that a range of 0.1 mg/L to 0.5 mg/L is indicative of surface waters that are not affected by 

organic inputs.   

Ammonia concentrations were converted to un-ionized ammonia because it is the most toxic form to aquatic 

biota and has a PWQO of 0.02 mg/L. Concentrations ranged between 0.0005 mg/L and 0.031 mg/L in 

2018/19 and averaged 0.01 mg/L. Un-ionized ammonia concentrations in 2020 ranged from 0.0002 to 

0.0175 mg/L, and averaged 0.004 mg/L and were significantly (p<0.05) lower than in 2018/19 (Table 2), no 

exceedances of the PWQO guidelines were noted in 2020. Average unionized ammonia concentrations 

declined substantially in 2020 at OL-9 to 0.003 mg/L from 0.017 mg/L in 2018/19.  
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4.1.3 Other Notable Parameters 

4.1.3.1 Metals 

Concentrations of metals in Oak Lake are summarized in Appendix A and B.  Beryllium, Bismuth, Cesium, 

Lithium, Silver, Tellurium, Thallium, Thorium, Tin, Tungsten, Vanadium and Zirconium were all below 

detection limits in all samples collected. Eighteen of the metals measured have available Provincial Water 

Quality Objectives (PWQO). No exceedances of PWQO guidelines were noted. A single exceedance of the 

water quality guideline for cadmium (0.0001 mg/L) was noted during May sampling at OL-2 (0.00018 mg/L) 

in 2020 (Appendix A).  Cadmium may be released to lakes by natural weathering, atmospheric deposition, 

or fertilizers (Health Canada, 2020). All other samples collected at other stations in May and all other 

samples collected at OL-2 during the summer and late-fall sampling were below detection limit suggesting 

either sample contamination or a short-term localized source.  Additional sampling during 2021 spring 

freshet will inform if any additional investigation is warranted.  

We found a single exceedance of the PWQO for iron (0.404 mg/L); however, it was in the August sample 

collected 1 metre off bottom at OL-1 and was elevated due to disruption of the lakebed during sampling 

and entrainment of suspended solids. 

4.1.3.2 Chlorophyll a 

Chlorophyll a is a photosynthetic pigment which is often used as a proxy to determine the abundance of 

algae in lakes and rivers. A detailed examination of phytoplankton assemblages is provided in Section 4.2. 

The average chlorophyll a concentration was higher in the winter (7.84 µg/L) than the other seasons (3.4 

µg/L - 5.9 µg/L) in 2018/19, which was likely a result of limited light availability under ice.  Algae tend to 

cluster in the winter directly under the ice which can result in increased chlorophyll a concentrations.  In 

2020 chlorophyll a concentrations were highest during late-fall sampling in October (10.2 – 17.7 mg/L), this 

may have been a result of several factors including decay of macrophytes that had accumulated during the 

growing season and elevated phytoplankton concentrations.  During 2020 spring and fall sampling events 

chlorophyll a concentrations were between 2.08 and 6.90 mg/L, similar to 2018/19 values (Table 2). 

4.1.4 Bacteria 

E. coli are a species of fecal coliform bacteria that comes from warm-blooded animals, including humans 

and are a useful indicator of potential pathogens in the water. Values in 2020 ranged from less than the 

detection limit to 42 colony forming units (CFU)/100 mL and averaged 2 CFU/100 mL during the open water 

period, which is not significantly different (p>0.05) than the average E. coli counts from the previous years 

sampling (average 2; range 0-14 CFU/100mL; Figure 7; Table 4). No E. coli counts exceeded the PWQO 

of 100 E. coli/100 mL nor Health Canada’s single-sample maximum concentration of 400 E. coli/100 mL 

(Health Canada, 2012). Provincial and Health Canada water quality guidelines are based on a geometric 

mean of 5 samples within a one-month period because bacteria concentrations are notably variable both 

spatially and temporally.  Bacteria sampling to the degree required by the Health Canada and PWQO 

guidelines was beyond the scope of this study, however the guidelines provide a useful point of reference. 

Fecal coliforms are a subset of total coliform bacteria and are commonly fecal in origin. Concentrations 

ranged from 0 CFU/100 mL - 68 CFU/100 mL (mean = 6 CFU/100 mL) during the open water period in 

2020 (Table 4). Average fecal coliform concentrations were not significantly (p>0.05) different in 2020 (13 

CFU/100 mL) than 2018 (2 CFU/100mL) and still markedly lower than those measured in 2001 (mean = 
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114 CFU/100 mL). Average concentrations of fecal coliforms in the summer of 2020 (15 cells/100mL) were 

substantially higher than in the spring (0 cells/100 mL) and fall (4 cells/100mL). 

Fecal streptococcus refer to all members of genus names Streptococcus and Enterococcus, which are 

commonly referred to as Fecal streptococci and are an index of fecal pollution used for recreational waters. 

Concentrations ranged from 1 CFU/100 mL - 124 CFU/100 mL (mean = 19 CFU/100 mL) during the open 

water period in 2020 (Table 4). Despite elevated concentrations at several sites in August 2020, average 

open water concentrations were not significantly different than those recorded in 2018/19 (7 CFU/100mL) 

and were lower than those reported in 2001 (mean = 53.5 CFU/100 mL). We are not aware of provincial or 

federal water quality guidelines for Fecal streptococcus so those comparisons have not been completed 

but studies have indicated that rates of gastroenteritis increased when densities exceeded 32 CFU/100 mL 

and bathers exhibited higher illness rates at 20 CFU/100 mL (Environmental Protection Agency, 2012). 

Marked seasonal variability in Fecal streptococcus was noted during 2020 sampling.  Average 

concentrations were relatively low in spring (4 cells/100mL) and summer (5 cells/100mL) but increased 

significantly (p<0.05) in late fall sampling event (48 cells/100mL). Fall migration of waterfowl is one possible 

source of seasonal fecal pollution in the lake, Canada Geese were present on the water during the October 

sampling event but specific data on birds was not collected as part of the field program. 

Pseudomonas aeruginosa is a causative agent in many infections when present in recreational waters. 

Pseudomonas aeruginosa concentrations ranged from 1 CFU/100 mL - 117 CFU/100 mL (mean = CFU/100 

mL) during the open water period in 2018/19.  In 2020 we observed a significant decline (p<0.05) in P. 

aeruginosa in Oak Lake; all samples collected were below the detection limit (i.e., <1 CFU/100mL; Figure 

7; Table 4). Levels of Pseudomonas aeruginosa in Ontario recreational waters range from 0 CFU/100 mL 

to more than 100 CFU/100 mL with a median level is typically less than 1 CFU/100 mL (MOE 1984). For 

recreational waters, British Columbia recommends that at least 5 samples are collected in a 30-day period 

and the level of Pseudomonas aeruginosa not exceed 2 CFU/100 mL in at least 75% of the samples 

(Ministry of Water, Land and Air Protection, 2001). This level of sampling is not currently within the scope 

of the water quality sampling at Oak Lake. 
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Figure 7. Bacteria Summary by Site – Inter-annual Comparison. 
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Table 4. Summary of Inter-annual Bacteria Variability Concentrations 

Parameter Year 
OL-1 OL-2 OL-3 OL-4 OL-5 OL-6 

Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean 

E. coli 
2018-2019 0 2 1 0 2 1 1 2 2 0 10 4 0 6 3 1 2 2 

2020 0 1 0 0 1 0 0 2 1 0 4 1 0 42 14 0 2 1 

Pseudomonas aeruginosa  
2018-2019 1 4 2 1 11 4 29 29 29 1 49 17 21 21 21 58 58 58 

2020 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Fecal Coliforms 
2018-2019 0 2 1 0 4 2 0 4 2 0 6 3 2 4 3 0 2 1 

2020 0 1 0 0 11 4 0 31 10 1 7 3 0 68 23 0 11 4 

Fecal Streptococcus 
2018-2019 1 3 2 1 5 3 1 19 10 1 1 1 3 3 3 4 15 10 

2020 1 50 23 1 14 6 1 124 43 1 33 12 2 43 23 12 5 2 

 

Parameter Year 
OL-7 OL-8 OL-9 OL-10 OL-11 Combined Sites 

Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum Mean 

E. coli 
2018-2019 1 4 3 1 2 2 1 3 2 0 2 1 0 14 7 0 14 2 

2020 0 3 2 0 3 2 0 3 2 0 1 1 0 0 0 0 42 2 

Pseudomonas aeruginosa  
2018-2019 1 62 26 117 117 117 1 16 6 12 12 12 16 16 16 1 117 17 

2020 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Fecal Coliforms 
2018-2019 2 6 3 0 2 1 0 10 5 0 2 1 1 14 8 0 4 3 

2020 0 12 7 0 7 4 1 16 6 0 17 6 0 2 1 0 68 6 

Fecal Streptococcus 
2018-2019 1 12 5 1 1 1 2 31 18 13 34 24 2 4 3 1 19 7 

2020 1 66 23 2 10 5 2 66 25 2 110 44 1 2 2 0 124 19 
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4.2 Phytoplankton 

Phytoplankton in Oak Lake were sampled on May 7th, August 18th and October 28th, 2020 at OL-1 to 

characterize the algal community and for comparison to previous years sampling. 

The phytoplankton community followed typical seasonal succession during our sampling program in both 

2018/19 and 2020 sampling periods. Phytoplankton was dominated by Chrysophytes and Cryptophytes in 

the winter and early spring, although the substantial increase in green algae (Chlorophytes) relative 

abundance in the spring observed in 2018/2019 (including a significant nuisance algae bloom documented 

in July, 2019) was not observed in 2020 (Figure 8, Figure 9).  Summer and fall sampling during both field 

campaigns was characterized by increased cyanobacteria, however no blooms were recorded in 2020.  

Figure 8. Summary of 2018/2019 Phytoplankton Relative Abundance at OL-1. 
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Figure 9. Summary of 2020 Phytoplankton Relative Abundance at OL-1. 

Total algae cell counts, not including the blooms recorded on July 4th, 2019, were on average higher in 

2020 than 2018/19.  Average algae abundance ranged from 368 to 1557 cells/mL in 2018/19 with an 

average of 856 cells/mL, however during the bloom cell count reached 123,000 cells/mL.  In 2020 algae 

abundance ranged from 1203 to 1479 cells/mL with an average of 1352 cells/mL. 

5. Discussion 

5.1 Water Quality 

Water quality improvements were noted in multiple parameters which can be attributed to the re-routing of 

the agricultural tile drain near OL-9 such as total phosphorus and un-ionized ammonia. Nutrient 

concentrations indicate that Oak Lake is mesotrophic and average annual phosphorus concentrations have 



J 1 8 0 0 5 0 ,  C i t y  o f  Q u i n t e  W e s t  

Oak Lake Water  Qual i ty  Moni tor ing Report  –  2020  

 

  Hutchinson Environmental Sciences Ltd.  

 210414_J180050-Oak Lake Water Quality Report-Final.docx  24 

 

remained stable at ~0.014 mg/L since 2001. A small decrease in the average open water total phosphorus 

concentration was noted in 2020 (0.0136 mg/L) relative to 2018/19 (0.0146 mg/L). We noted marked 

declines in total phosphorus concentrations at OL-9 in 2020 relative to 2018/19, while phosphorus 

concentrations at many of the other sites remained similar year to year suggesting that the re-routing of the 

agricultural tile drain helped improve the water quality of Oak Lake. Likewise, un-ionized ammonia 

concentrations decreased significantly in Oak Lake and no exceedances of the un-ionized ammonia 

provincial guideline were noted in 2020. 

Strong thermal stratification was apparent in the water column and low deep-water oxygen, and high 

phosphorus and iron concentrations suggest internal loading (i.e., the release from sediments) to Oak Lake 

represents an ongoing management challenge. The release of phosphorus and iron from anoxic sediments 

into overlying waters has been shown to favour cyanobacterial dominance in lakes (Molot et al., 2014; 

Verschoor et al. 2017).  The recycling of nutrients into lakes via internal loading can be especially difficult 

to manage in kettle lakes, such as Oak Lake, where retention time (i.e., the time that water spends in the 

lake) is high due to low input and output from the lake. 

Concentrations of E. coli, fecal coliforms and fecal streptococcus were relatively similar in 2018/19 in 2020 

and lower than concentrations measured as part of past studies (OLA 2001). Pseudomonas aeruginosa 

concentrations were significantly higher in 2018/19. Elevated concentrations of Pseudomonas aeruginosa 

(117 CFU/100 mL) during 2018/19 sampling suggested that runoff posed a threat to water quality in Oak 

Lake, those concentrations were below detection in 2020 but should continue to be monitored to determine 

if lower concentrations in 2020 are the result of inter-annual variability or water quality improvements 

associated with the tile drain re-route and stewardship efforts around the lake. 

5.2 Phytoplankton 

The phytoplankton community at OL-1 followed typical seasonal succession during both years of our 

sampling program.  Phytoplankton was dominated by Chrysophytes and Cryptophytes in the winter and 

early spring, with substantially increased green algae (Chlorophytes) relative abundance in the spring of 

2019 and increased cyanobacteria during the late summer/fall sampling event in both years. Phytoplankton 

succession in northern, temperate waterbodies is driven by changes in nutrients, water stability and light 

regime, and Oak Lake is no different.  

Cyanobacteria identified during August sampling was similar in both sampling years and included species 

of Anabaena, Aphanizomenon, Aphanocapsa, Aphanothece, Chroococcus, Gomphosphaeria, 

Planktolyngbya and Pseudanabaena, some of which can produce toxins which are harmful to humans and 

aquatic life.  The World Health Organization (WHO) guidelines suggest low probability of adverse health 

effects at 20,000 cells/mL of cyanobacteria.  Cyanobacteria concentrations in Oak Lake during our sampling 

program were measured at 601 cells/mL in 2018/19 and 428 cells/mL in 2020, well below the WHO 

guideline, however ongoing monitoring for cyanobacterial blooms is recommended in addition to public 

education on identifying and reporting potential algal blooms to the appropriate authority (i.e., Ministry of 

Conservation and Parks; MECP). 

 

The filamentous algal colonies observed in the water during spring sampling of 2019 were not detected in 

2020.  Although spring algae abundance was higher in 2020 than 2019, we documented an overall 

decrease in algae during the year and no nuisance or harmful algal blooms were reported to our knowledge. 
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Algae are inherently variable season to season and inter-annually. Ongoing seasonal algae monitoring on 

the lake is likely not necessary and could be removed from the monitoring program, but contingency 

sampling should be included in the program moving forward if a bloom is detected by residents or the City. 

5.3 Water Level Management Plan 

Prior to the initial Lake Management Study, rising lake levels were identified as a major concern for 

residents and their properties. This concern prompted an investigation of historical water level data which 

included review of historical water levels, a survey of stakeholders and field investigations (i.e., an 

examination of water levels, determination of the impact of culvert elevation on water levels during each 

sampling event). This study did not, however, reveal any consensus or majority opinion on water level 

management among lake residents.  

While no clear consensus on water level concern resulted from the initial study, preliminary water level 

targets were identified including relatively stable year-round water levels that avoid flooding damage, 

submersion of sewage treatment systems, erosion of shorelines and uprooting of trees in the riparian zone 

but also allows for boating access to docks and doesn’t cause water lines to be exposed. Recommendations 

resulting from the preliminary investigation of water levels in Oak Lake consisted of mitigation measures to 

avoid further property damage through replacement of several culverts, sediment maintenance within the 

culverts, and ongoing monitoring of water levels through the installation of a staff gauge. As a result of 

public concern, the City also removed culverts located at the northern end of the wetland which appeared 

to partially control water levels through the system in late winter 2019 to help lower water levels in Oak 

Lake.  In 2020, HESL assisted the City of Quinte West with the installation of a staff gauge to monitor water 

levels in Oak Lake (Figure 10) and the development of procedures and practices to monitor and record 

water level data (Appendix D).  Data collected from the recently installed staff gauge is expected to inform 

the development of water management objectives and if necessary, an alternative water control system for 

Oak Lake. 

The staff gauge was installed on August 18th, 2020 in the substrate of Oak Lake and therefore may be 

subject to heaving which could affect measurement consistency over time.  To account for this possibility a 

survey was conducted during installation which included three on shore temporary benchmarks (Figure 11). 

The datum at the gauging station should be periodically checked by running levels from the benchmarks to 

the gauge at the station to ensure consistency in water level measurement over time. How often this is 

done is largely determined by the conditions. According to the BC MOE guidance, a gauging station may 

require checking only two or three times during a season under normal conditions (BC MOE, 2009). 

However, that guidance states that a level check during each visit to the station is required for a gauge with 

a history of instability, or in an area of fluctuation due to frost. 
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6. Conclusions and Recommendations 

Data collected in 2020 indicate that the re-routing of the tile drain in 2019 has likely contributed to reduced 

nutrient concentrations (i.e., phosphorus and un-ionized ammonia), bacteria concentrations (Pseudomonas 

aeruginosa) and the absence of an algal bloom.  However, inter-annual variability in water quality and 

especially algae, can be driven by numerous factors and therefore ongoing monitoring of the lake is 

recommended to document the impact of the tile drain reroute and other initiatives on the water quality and 

ecology of Oak Lake. We recommend: 

• Long-term monitoring of phosphorus from OL-1 is continued during spring overturn to provide a 

high-level indication of the trend in phosphorus in Oak Lake. 

 

• Ongoing seasonal sampling of field parameters, nutrients, bacteria and phytoplankton are collected 

at the water quality stations to best define water quality conditions and assess the effectiveness of 

management recommendations as they are completed. 

 

Marked internal loading of phosphorus was noted at OL-1 as a result of anoxic conditions near the sediment 

water interface of Oak Lake.  Internal loading of phosphorus can be particularly difficult to manage in lakes 

with high residence times such as Oak Lake and often requires active management techniques such as 

oxygenation/aeration or sediment inactivation.  We recommend controlling external inputs of phosphorus 

to the lake as a priority including repairing, updating and maintaining septic systems as necessary and 

controlling non-point source runoff to the lake.  Without these measures in place, active management 

techniques are unlikely to result in sustainable improvement to water quality in Oak Lake. 

A variety of previous recommendations have focused on improving shoreline development practices on 

Oak Lake, but little has changed over the intervening time period. We recommend that: 

• Improved shoreline and property management should be made an enforceable condition of any 

application for a building permit or redevelopment on Oak Lake. 

 

• Stewardship activities on existing lots that do not seek a building permit are encouraged through 

public awareness and education. 

Elevated fall bacteria may be linked with waterfowl migration and therefore we have reiterated the 

recommendations were made in our initial report on controlling the waterfowl population in the lake and 

mitigating their impact on nutrients and bacteria.  The following techniques are recommended to control 

nuisance Canada Geese populations on Oak Lake: 

• Discourage feeding by residents 

• Landscape Alteration 

o Increase natural shoreline buffer to make the nearshore less appealing to Geese 

o Obstruct views of the shoreline to make Geese feel less comfortable 

o Install barriers such as flash tape or monofilament strands along the shoreline to prevent 

goose access to lawns  

• Use a professional dog handler to scare geese away from the site. 
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The installation of a staff gauge and development of procedures and practices to monitor and record water 

level data in Oak Lake represents the crucial first steps in establishing an informed Water Management 

Plan. HESL will continue to work with the City to facilitate the collection of water level data for inclusion in 

future monitoring reports. 
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