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EXECUTIVE SUMMARY 

This report describes the methods and results associated with the 2019 horizontal sampling of 

conductivity-phosphorus in the various bays of Lake Heney. The data were obtained to support the 

understanding of the average phosphorus concentration in the lake, and to potentially identify point 

sources of phosphorus for potential consideration in terms of understanding the mass balance of 

phosphorus. Sampling was conducted in late summer, concurrently with the vertical sampling of water 

quality of Lake Heney, which captures worst-case conditions when the lake is most stratified. A total of 

seven bays were sampled in Lake Heney. 

In each bay, conductivity was measured at 1 s intervals (roughly) along the shorelines to identify potential 

spikes. As no sudden increases in specific conductivity were identified, the horizontal gradient sampling 

was conducted in the middle of each bay, from shore outwards. The horizontal gradient sampling 

consisted of measuring conductivity and collecting a water sample at seven intervals. 

Specific conductivity varied between 103 and 130 µS/cm in all bays. Concentrations of total phosphorus 

in samples collected ranged between 4 µg/L and 19 µg/L, with the majority of samples being below the 

“target” level of 15 µg/L. Concentrations of total phosphorus that were above than the “target” level of 

15 µg/L included three of the seven samples collected from Gradient 3 (17 µg/L, 18 µg/L, 19 µg/L), one of 

the seven samples collected from Gradient 4 (18 µg/L), and one of the seven samples collected from 

Gradient 6 (19 µg/L). Overall, there appears to be no clear relationship between phosphorus and 

conductivity in the bays of Lake Heney.  

Although, some of the data suggest that there are point sources of phosphorus near the shorelines, 

phosphorus concentrations tend to quickly become diluted to the mean annual phosphorus concentration 

for the lake (i.e. ≤ 7 µg/L). This dilution is also supported by the fact that the results from the vertical 

sampling in Baie Bertrand and Baie des Morts conducted in 2019. The additional sampling was done in 

order to test the assumption that the lake mid-point is representative. A comparison of the whole lake 

total phosphorus concentrations for the main basin, Baie Bertrand and Baie des Morts indicated that the 

use of the lake middle as a sampling point is, in fact, representative, as well as being conventional. 
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1.0 INTRODUCTION 

Lake Heney, situated near Gracefield, Québec, is relatively large (12.32 km2) and deep (32.5 m). The Lake 

Heney watershed contains > 800 buildings, > 500 cottages, and > 300 shoreline dwellings (Carignan, 2015).  

The lake has had a history of challenges related to water quality, relative to other large lakes in the area.  

Excessive loading of nutrients in waterbodies, such as nitrogen and phosphorus, can lead to eutrophication. 

Eutrophication is the process whereby nutrient enrichment promotes algal blooms which can have negative 

effects on the health of a waterbody. Phosphorus is regarded as the most limiting nutrient for the growth of 

phytoplankton and is therefore the leading cause of algal blooms (Schindler et al. 2008; Márquez-Pacheco et 

al. 2013; Søndergaard et al. 2013).   

The effects of phosphorus loading in Lake Heney were exacerbated from 1994 to 1999 when a fish farm 

(Truiticulture S.L.) was in operation and releasing effluent into a tributary to the lake (Carignan 2003; 2015). 

The Québec Ministry of the Environment and Wildlife reported that the nutrient-rich wastewater from the 

fish farm contributed 450 out of a total 1143 kg (about 40 %) of annual external contributions of phosphorus 

to Lake Heney (Bird and Mesnage 1996). According to Bird and Mesnage (1996), other external contributions 

to phosphorus inputs included inputs from tributaries (312 kg), cottage septic systems (195 kg), and 

atmospheric fallout (186 kg). Bird and Mesnage (1996) estimated the flushing of phosphorus from Lake Heney 

at approximately 231 kg, such that a little over 900 kg of phosphorus was retained in the lake each year (Bird 

and Mesnage 1996; Prairie 2005). Kilgour & Associates (2019a) provides a re-evaluation of the mass balance 

of TP into Lake Heney, concluding that estimates from precipitation and tributaries were reasonable but 

absolute values may depend on the year and total precipitation.   

Since the fish farm closed in 1999, the average concentration of total phosphorus in Lake Heney remained 

around 22 to 25 μg/L. The release of phosphorus from sediments was considered to be partially a function of 

lower than normal concentrations of reactive iron (Fe) in surficial sediments (Carignan 2003a, Prairie 2005). 

Between November 20 and December 6, 2007, and during autumn turnover, 217 metric tons of iron (1576 

tons of FeCl3 solution) were distributed to the surface of the lake along transects (Carignan 2014).  

Regular water quality monitoring has taken place in Lake Heney since early 2007 (eight months before the 

iron treatment) in order to characterize variations over time. In 2015, the lake association commenced 

sampling the quality of water of the Lake Heney watershed lakes (four major lakes in the major drainages to 

Lake Heney). Sampling was completed by Dr. Carignan (Université de Montréal) from 2007 until March 2014 

(Carignan 2014), by Golder Associates Ltd. (Ottawa) from May 2014 until the end of 2015 (Golder 2015; 2016), 

and by Kilgour & Associates Ltd. (KAL, Ottawa) in 2016 (KAL 2017), and 2017 (KAL 2018) and 2018 (KAL 2019b). 

The Lake Heney average total phosphorus data support a conclusion that concentrations in the lake are 

declining. In 2018, concentrations of total phosphorus in Lake Heney were lower than values reported during 

the pre-treatment period (i.e. 1999 to November 2007, KAL 2019b).  

The regular water quality monitoring has generally focused on the main basin of Lake Heney and has 

consisted of vertical sampling of the water column. Kilgour & Associates Ltd. was retained in 2019 to conduct 

vertical sampling of Baie Bertrand and Baie des Morts in Lake Heney, in addition to the vertical sampling of 

the main basin of Lake Heney and the watershed lakes. That sampling was completed from June 2019 to 

November 2019 and will be subsequently reported.  
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Kilgour & Associates was also retained in 2019 to sample gradients of conductivity-phosphorus in the various 

bays of Lake Heney. The objective of the sampling was to use conductivity as a tracer for water quality and 

to obtain detailed data for the majority of the bays and shoreline areas of Lake Heney. The data were 

obtained to support the understanding of the average phosphorus concentration in the lake, and to 

potentially identify point sources of phosphorus for potential abatement. This technical report provides the 

detailed methodologies and data summaries associated with the horizontal sampling in Lake Heney.  

2.0 MATERIALS AND METHODS 

2.1 Location and Timing 

Sample locations for the horizontal lake-based water quality program are illustrated in Figure 1. Sampling 

was completed in late August (August 28 and 29, 2019) when the lake was well stratified.  

2.2 Measures of Conductivity-Phosphorus 

Conductivity was measured using a YSI Professional Plus electronic meter. In each bay, conductivity was 

measured at 1 s intervals (roughly) along the shorelines to identify potential spikes. If no sudden increases in 

conductivity were identified, the horizontal gradient sampling was conducted in the middle of the bay, from 

shore outwards. The horizontal gradient sampling consisted of measuring conductivity and collecting a water 

sample at seven intervals. The water samples were submitted to Bureau Veritas (previously Maxxam) and 

analysed for total phosphorus. 



Lake Heney Horizontal Sampling 
HLF 876 
January 8, 2020 

 
Kilgour & Associates Ltd. 3 
   

 

Figure 1 Bays selected for the horizontal lake-based water quality program, 2019 
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3.0 RESULTS  

3.1 Specific Conductivity along Shorelines 

Water levels in the lake were very low at the time of sampling, such that several docks were out of water. 

Average water temperature was 22.5 °C, pH was 8.6 and dissolved oxygen concentrations were around 9.2 

mg/L. Few variations in conductivity were observed along the shorelines of the bays in Lake Heney. 

Conductivity of surface waters along the shorelines of the bays for Gradient 1, Gradient 4, Gradient 5, 

Gradient 6 and Gradient 7 varied between 126 and 130 µS/cm, with an average conductivity of 127 µS/cm or 

128 µS/cm (Error! Reference source not found.). Conductivity varied more in the bays for Gradient 2 (Heney 

Lake outlet) and Gradient 3, which are located at the south end of the lake and were heavily vegetated. In 

the bay for Gradient 2, conductivity of surface waters along the shorelines varied between 104 µS/cm and 

117 µS/cm, with an average of about 110 µS/cm.  

Table 1 Measures of specific conductivity along the shorelines of several bays in Lake 
Heney, 2019 

Location 
Shoreline Specific Conductivity (µS/cm) 

Min Max Mean 

Gradient 1 128 129 128.5 

Gradient 2 104 117 110 

Gradient 3 105 126 109 

Gradient 4 126 130 127 

Gradient 5 126 128 127 

Gradient 6 127 129 128 

Gradient 7 127 129 128 

 

3.2 Horizontal Gradient Sampling 

As no sudden increases in specific conductivity were identified in the seven bays, the horizontal gradient 

sampling was conducted in the middle of each bay, from shore outwards to a depth of about 2 m (Figure 1). 

Sampling was conducted at intervals of 25 to 125 m apart, depending on the size of the bay. The relationship 

between total phosphorus and specific conductivity for each gradient is demonstrated in Figure 2. The 

relationship between total phosphorus and the distance from shore is demonstrated in Figure 3.  

Samples collected along Gradient 1 (in Baie Bertrand) were approximately 30 m apart. Concentrations of total 

phosphorus were less than the “target” of 15 µg/L in all seven samples. Total phosphorus ranged between 5 

µg/L and 11 µg/L, while conductivity ranged between 127.3 µS/cm and 128.5 µS/cm. There was no clear 

relationship between phosphorus and conductivity (Figure 2). The sample collected closest from shore had 

the highest total phosphorus concentration (Figure 3), reflecting input from Lac Noir into Lake Heney (Figure 

1). 

Samples collected along Gradient 2 (Heney Lake outlet) were approximately 125 m apart, as the bay is longer 

than the others. Concentrations of total phosphorus were less than the “target” level of 15 µg/L in all seven 
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samples. Total phosphorus ranged between 5.3 µg/L and 12 µg/L, while conductivity ranged between 103.9 

µS/cm and 118 µS/cm (Figure 2). Total phosphorus appears to decrease with increases in conductivity. Total 

phosphorus concentrations were somewhat higher closer to “shore” (Figure 3), which happens the be the 

Heney Lake outlet. There appears to be dilution of total phosphorus as the distance from shore becomes 

greater.  

Samples collected along Gradient 3 were approximately 30 m apart. The bay was heavily vegetated which 

made it difficult to get close to shore. Concentrations of total phosphorus were above than the “target” level 

of 15 µg/L in three of the seven samples. Total phosphorus ranged between 5.5 µg/L and 19 µg/L, while 

conductivity ranged between 108.7 µS/cm and 121.1 µS/cm (Figure 2). Total phosphorus appears to increase 

with increases in conductivity. The three elevated total phosphorus concentrations were those collected 

furthest from shore (Figure 3). These elevated concentrations likely reflect spikes in zooplankton, as the 

water samples were not filtered.  

Samples collected for Gradient 4 were approximately 20 m apart. Concentrations of total phosphorus were 

above than the “target” level of 15 µg/L in one of the seven samples. Total phosphorus ranged between 6.0 

µg/L and 18 µg/L, while conductivity ranged between 128.3 µS/cm and 129.5 µS/cm (Figure 2). There appears 

to be no clear relationship between phosphorus and conductivity. The elevated total phosphorus 

concentration was the sample closest to shore (Figure 3), likely reflecting the presence of the Pavillon 

Whitefish fishing lodge, with numerous cottages clustered around the bay. 

Samples collected for Gradient 5 were approximately 35 m apart. Concentrations of total phosphorus were 

not above than the “target” level of 15 µg/L in any of the seven samples. Total phosphorus ranged between 

4.1 µg/L and 7.3 µg/L, while conductivity ranged between 126.6 µS/cm and 128.8 µS/cm (Figure 2). There 

appears to be no clear relationship between phosphorus and conductivity. There also appears to be no 

relationship between phosphorus and the distance from shore (Figure 3).  

Samples collected for Gradient 6 were approximately 25 m apart. Concentrations of total phosphorus were 

above than the “target” level of 15 µg/L in one of the seven samples. Total phosphorus ranged between 5.1 

µg/L and 19 µg/L, while conductivity ranged between 128.2 µS/cm and 129.6 µS/cm (Figure 2). There appears 

to be no clear relationship between phosphorus and conductivity. The elevated total phosphorus 

concentration was sample G6-2, collected second closest from the shoreline (Figure 3). This elevated sample 

likely reflects a spike in zooplankton which has been captured by the water sample. Vegetation in this bay 

was moderate. 

Samples collected for Gradient 7 were approximately 20 m apart. Concentrations of total phosphorus were 

not above than the “target” level of 15 µg/L in any of the seven samples. Total phosphorus ranged between 

5.3 µg/L and 8.7 µg/L, while conductivity ranged between 127.9 µS/cm and 128.6 µS/cm (Figure 2). There 

appears to be no clear relationship between phosphorus and conductivity. There also appears to be no 

relationship between phosphorus and the distance from shore (Figure 3). 
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Figure 2 Relationship between total phosphorus and conductivity of surface waters from 
seven different bays in Lake Heney, 2019 
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Figure 3 Relationship between total phosphorus and the distance from shore for water 
samples collected from seven different bays in Lake Heney, 2019 

4.0 CONCLUSION 

Concentrations of total phosphorus in samples collected ranged between 4 µg/L and 19 µg/L, with the 

majority of samples being below the “target” level of 15 µg/L. Concentrations of total phosphorus that were 

above than the “target” level of 15 µg/L included three of the seven samples collected from Gradient 3 (17-

19 µg/L), one of the seven samples collected from Gradient 4 (18 µg/L), and one of the seven samples 

collected from Gradient 6 (19 µg/L). Overall, there appears to be no clear relationship between phosphorus 

and conductivity in the bays of Lake Heney.  

Although, some of the data suggest that there are point sources of phosphorus near the shorelines, 

phosphorus concentrations tend to quickly become diluted to the mean annual phosphorus concentration 

for the lake (i.e. ≤ 7 µg/L). This dilution is also supported by the fact that the results from the vertical sampling 

in Baie Bertrand and Baie des Morts conducted in 2019. The additional sampling was done in order to test 

the assumption that the lake mid-point is representative. A comparison of the whole lake total phosphorus 



Lake Heney Horizontal Sampling 
HLF 876 
January 8, 2020 

 
Kilgour & Associates Ltd. 8 
   

concentrations for the main basin, Baie Bertrand and Baie des Morts indicated that the use of the lake middle 

as a sampling point is representative, as well as being conventional. 

5.0 CLOSURE 

This report was prepared for exclusive use by the Heney Lake Foundation and may be distributed only by the 

Foundation. Questions relating to the data and interpretation can be addressed to the undersigned. 

Respectfully submitted, 

KILGOUR & ASSOCIATES LTD. 

 

___________________________ 

Catherine Proulx, MSc 

Project Scientist 

 

 

 

___________________________ 

Bruce Kilgour, PhD 

Project Director 
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