
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lynde Main Subwatershed  © Lou Wise

June 2008 

LYNDE CREEK WATERSHED 
EXISTING CONDITIONS REPORT 

CHAPTER 11 – SURFACE WATER QUALITY 

Lynde Main Subwatershed    © Lou Wise



 

Page 2 of 37 

 
 
 

TABLE OF CONTENTS 
 
1.0 INTRODUCTION.................................................................................... 4 
2.0 STUDY AREA AND SCOPE...................................................................... 5 
3.0 METHODOLOGY .................................................................................... 8 

3.1 Water Quality Index........................................................................................ 8 
3.2 Water Quality Collection............................................................................... 10 

3.2.1 Chemical Water Quality........................................................................ 10 
3.2.2 Biological Water Quality ....................................................................... 11 

4.0 FINDINGS ........................................................................................... 13 
4.1 Lynde Creek Watershed............................................................................... 13 

4.1.1 Chemical Water Quality........................................................................ 13 
4.1.2 Biological Water Quality ....................................................................... 15 

4.2 Subwatershed Findings................................................................................ 15 
4.2.1 Lynde Main Subwatershed................................................................... 16 

4.2.1.1 Chemical Water Quality.................................................................... 16 
4.2.1.2 Biological Water Quality ................................................................... 23 

4.2.2 Heber Down Subwatershed ................................................................. 25 
4.2.2.1 Chemical Water Quality.................................................................... 25 
4.2.2.2 Biological Water Quality ................................................................... 25 

4.2.3 Kinsale Subwatershed.......................................................................... 27 
4.2.3.1 Chemical Water Quality.................................................................... 27 
4.2.3.2 Biological Water Quality ................................................................... 27 

4.2.4 Ashburn Subwatershed ........................................................................ 29 
4.2.4.1 Chemical Water Quality.................................................................... 29 
4.2.4.2 Biological Water Quality ................................................................... 29 

4.2.5 Myrtle Station Subwatershed ............................................................... 31 
4.2.5.1 Chemical Water Quality.................................................................... 31 
4.2.5.2 Biological Water Quality ................................................................... 31 

5.0 CONCLUSIONS.................................................................................... 33 
6.0 REFERENCES....................................................................................... 35 
APPENDIX A: Chemical Parameters Analyzed .............................................. 36 
Appendix B: Chemical Parameters Analyzed ................................................ 37 
 

LIST OF TABLES 
 

Table 1: Description of Parameters in the Surface Water Quality Index.......................9 
Table 2:  Summary statistics and trends in surface water quality parameters from 

two sites in the Lynde Creek watershed, analyzed using parametric and 
non-parametric statistical tests. ................................................................14 

Table 3: Biological water quality monitoring in the Lynde Main subwatershed, 
2001.......................................................................................................23 

Table 4: Biological water quality monitoring in the Heber Down subwatershed, 
2001.......................................................................................................25 

Table 5: Biological water quality monitoring in the Kinsale subwatershed, 2001. .......27 
Table 6: Biological water quality monitoring in the Ashburn subwatershed, 2001. .....29 
Table 7: Biological water quality monitoring in the Myrtle Station subwatershed, 

2001.......................................................................................................31 



 

Page 3 of 37 

 
 
 
 

LIST OF FIGURES 
 
Figure 1: Lynde Creek watershed. ............................................................................7 
Figure 2: Water quality monitoring stations in the Lynde Creek watershed................12 
Figure 3: Comparison of the distributions of chloride concentrations at Stations SWQ1 

and SWQ8............................................................................................16 
Figure 4: Chloride concentrations at SWQ1. ............................................................17 
Figure 5: Chloride concentrations at SWQ8. ............................................................17 
Figure 6: Phosphorus concentrations at SWQ1. .......................................................18 
Figure 7: Phosphorus concentrations at SWQ8. .......................................................18 
Figure 8: Nitrate concentrations at SWQ1. ..............................................................19 
Figure 9: Nitrate Concentrations at SWQ8...............................................................19 
Figure 10: Copper concentrations at SWQ1.............................................................20 
Figure 11: Copper concentrations at SWQ8.............................................................21 
Figure 12: BOD and DO concentrations at SWQ1. ...................................................21 
Figure 13: BOD and DO concentrations at SWQ8. ...................................................22 
Figure 14: Dissolved Oxygen (DO) at SWQ1. ..........................................................22 
Figure 15: Dissolved Oxygen (DO) at SWQ8. ..........................................................23 
Figure 16: Water quality monitoring stations in the Lynde Main subwatershed. .........24 
Figure 17: Water quality monitoring stations in the Heber Down subwatershed.........26 
Figure 18: Water quality monitoring stations in the Kinsale subwatershed. ...............28 
Figure 19: Water quality monitoring stations in the Ashburn subwatershed...............30 
Figure 20: Water quality monitoring stations in the Myrtle Station subwatershed. .....32 
 
 



 

Page 4 of 37 

 

 
 

1.0 INTRODUCTION 
 
Water is a valued public resource; streams with unimpaired water quality satisfy a 
wide variety of needs, such as consumption, recreation, and industry.  Streams with 
impaired water quality can pose health risks for local residents, livestock, or wildlife. In 
order to provide effective management recommendations, it is imperative that water 
quality of the watershed is well understood.  
 
Surface water quality is generally described with measures of chemical, physical and 
biological characteristics.  These measured values can then be compared with 
established standards.  The water quality can assist in determining the level at which 
existing conditions in the watershed are able to sustain and promote wildlife diversity 
and fish populations, to support vegetation, and to ensure adequate safe water 
supplies for human consumption, agriculture, and recreational uses.  Degradation of 
water quality can diminish the aesthetic value of water resources, adversely affect 
terrestrial and aquatic species, and/or create health hazards for humans. 
 
Considerable changes in water quality may be attributed to both natural and human-
related causes.  Natural causes such as physical and geochemical rock weathering 
often result to increased turbidity and concentrations of some constituents in stream 
waters. These natural causes, however, have been surpassed by water quality 
changes brought about by human activities that are mostly related to changes in land 
use, behavioural changes and other developments.  It was observed through the years 
that these changes generally generate more and more pollution which adversely 
affects the physical, chemical and/or biological conditions in both surface and 
groundwater environments. The general and most common, among others, include 
toxic, organic, nutrient, bacterial and sediment (turbidity). 
 

Toxic pollution is caused by the addition of elements such as heavy metals and inorganic 
and organic compounds, which can be toxic to all life forms.   

Organic pollution is caused by the addition of biomass, which requires chemical 
breakdown, thus resulting in oxygen depletion.  Primary sources are industrial waste and 
sewage. 

Nutrient pollution is caused by the introduction of excessive concentrations of plant 
nutrients such as nitrogen and phosphorus from agricultural runoff, lawn fertilizers, 
domestic wastewater, sewage and industrial discharges.  Depletion of dissolved oxygen 
levels results from increased bio-production.   

Bacterial (Pathogenic) pollution results from coliform (e.g., E. coli) and/or disease-
carrying organisms from mammals.  Sources are generally domestic sewage and livestock 
wastes.   

Sediment pollution is caused by the excessive suspension of soil materials that may be 
eroded from development sites, agricultural areas or streambanks in the watercourses.  
Concentration of solids or high turbidity may reduce biological activity, deplete oxygen 
levels and eventually result in stream sterilization. 

‘water quality is 
generally described 
with measures of 
chemical, physical 
and biological 
characteristics’ 
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Aside from pollution types, it is also essential to determine whether the contaminants 
came from point or non-point sources.  Point source pollutants are those originating 
from industries, storage structures and certain processing plants while non-point 
sources are widespread and generally mobile.  Non-point sources include acid rain, 
road salting, fertilizer and pesticide applications, and accidental chemical spills from 
moving vehicles.   
 
Applicable Legislation and Policies 
Surface water quality monitoring activities in the Lynde Creek and all watersheds 
within CLOCA jurisdiction are governed by principles, regulations and guidelines 
embodied in federal and provincial legislations on water resources management and 
protection.  The Environmental Protection Act, 1990 and Ontario Water Resources Act, 
1990 are two of the prominent legislations related to the protection and management 
of water resources.  These legislations have been subjected to numerous amendments 
to keep up with changes and developments.  The Ontario Water Resources Act has 
provisions that prescribe and regulate standards of quality for water supplies, sewage 
and industrial waste effluents discharging to streams and water courses.  The 
Environmental Protection Act is more concerned with on site standards and 
exceedences brought about by construction developments.  The Nutrient Management 
Act 2002, deals with nutrient load management mostly originating from agricultural 
lands and septic sources.  The recently enacted Clean Water Act 2006 is aimed to 
ensure the safety of drinking water by identifying potential risks to local sources.  The 
source water protection strategies developed in CLOCA as well as in each of the other 
Conservation Authorities are directed towards attaining the Clean Water Act’s 
objectives at the community level.   
 
In line with the above-mentioned legislative and regulatory instruments,  a surface 
water quality monitoring strategy was developed to generate tools that will assist 
managers, decision-makers and implementers to properly address water 
contamination concerns and immediately mitigate if not totally eliminate its adverse 
effects during the early stage of detection.  
 
 
 
 
 
 
 
 
 
 

2.0 STUDY AREA AND SCOPE 
 
The Lynde Creek watershed is situated entirely within the Regional Municipality of 
Durham and covers an area of approximately 130 km2 (Figure 1). The watershed 
drains southerly towards Lake Ontario from its headwaters in the Oak Ridges Moraine. 
The Lynde Creek watershed is divided into five subwatersheds: Lynde Main, Heber 
Down, Kinsale, Ashburn, and Myrtle Station.  
 

‘the Environmental 
Protection Act, 
1990 and Ontario 
Water Resources 
Act, 1990 are two 
of the prominent 
legislations related 
to the protection 
and management 
of water resources’
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Surface water quality information is collected by CLOCA at sites throughout the 
watershed. This information is used to identify trends in the quality of the water using 
various indicators.  This chapter reports on these indicators and the state of the 
surface water quality within the Lynde Creek.  
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Lynde Creek Watershed                           © CLOCA 

‘water quality 
information is 
collected by CLOCA 
across the 
jurisdiction’ 

Lynde Creek Watershed                                        © CLOCA
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Figure 1: Lynde Creek watershed. 
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3.0 METHODOLOGY 
 

3.1 Water Quality Index 
 
The Water Quality Index (WQI) is a collection of chemical water quality parameters 
that assist in determining the surface water quality conditions.  The WQI parameters 
were chosen based on the monitoring programs in place, historical studies, and their 
significance as a water quality indicator.  The WQI parameters, their description, 
method of calculation and significance as an indicator of watershed condition are 
presented in Table 1. 
 
Parametric and non-parametric tests were both used for statistical trend analyses.  
Parametric tests are hypothesis tests for probability which assume that data have a 
particular distribution (usually a normal distribution). Non-parametric tests (also 
called distribution-free) are hypothesis tests for probability not requiring the 
assumption that data follow a particular distribution. (Helsel, D.R., et.al., 2002). 
Water quality data, including the parameters that are not in the WQI list, were 
statistically analyzed using Microsoft Excel for most parametric analysis and 
AquaChem was used for both parametric and non-parametric analysis. AquaChem is 
a software package developed by Waterloo Hydrogeologic Inc. for graphical and 
numerical analysis and modelling of water quality data. 
 
 

‘WQI parameters 
were chosen based 
on the monitoring 
programs in place, 
historical studies, 
and their 
significance as a 
water quality 
indicator’ 
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Table 1: Description of Parameters in the Surface Water Quality Index 

Indicator What it Measures Why it is important 
Chloride The concentration of 

Chloride in the water 
Once Chloride is dissolved in a solution it tends to remain there.  Chloride is present in road salt, fertilizers and 
industrial wastewater.  In high concentrations chloride can be toxic to aquatic organisms.   

Phosphorus The concentration of 
Phosphorus in the water 

Phosphorus binds to soil particles and thus is an indicator of soil delivery to streams.  Phosphorus is present in 
soaps, fertilizers and pesticides, increased concentrations in water can cause algae blooms.  

Nitrogen Compounds The concentration of the 
various compounds of 
Nitrogen (i.e. Nitrate and 
Nitrite) 

Nitrogen, in the form of Nitrate, is a nutrient with sources and effects similar to Phosphorus.  It is also 
potentially toxic in aquatic systems when in the form of ammonia or nitrite the latter of which is a very transient 
stage in the nitrification process converting ammonia to nitrite.  A firm Provincial Water Quality Objectives 
(PWQO) does not exist for nitrate at this time, however sustained high levels (e.g. 1-10 mg/L) are suspected to 
stress aquatic life.(1)  

Copper  The concentration of 
Copper in water  

The toxicity of copper to marine organisms is difficult to generalize and the level of tolerance varies among 
marine organisms. Aquatic invertebrates are thought to be slightly more sensitive to copper than fish.   Copper 
has a limit of 1 mg/L under the Ontario Drinking Water Standard (ODWS) while the PWQO set a lower limit 5 
µg/L limit in drinking water. 

Biological Oxygen Demand 
(BOD) and Dissolved 
Oxygen (DO) 

BOD and DO in mg/L The BOD of water corresponds to the amount of oxygen required for aerobic microorganisms to oxidize organic 
matter into a stable inorganic form.  High BOD level corresponds to low Dissolved Oxygen concentrations which 
could lead to stress responses in aquatic organisms. No official guideline for BOD level exists.  BOD levels above 
2 mg/L (or 5 mg/L during exclusively dry weather) indicate the presence of a persistent organic load to the 
system.  The Canadian water quality objective for DO ranges from 5.0 – 6.0 mg/L for warm water biota and 6.5 
– 9.5 mg/L for cold water biota depending on life stages.(2)  

Benthic The benthic invertebrate 
organisms living in the 
stream sediments 

Benthic organisms generally: 
• have limited mobility, making them vulnerable to many stresses in the creek;  
• have short life cycles;  
• are easily collected and identified; and, 
• exists in almost all aquatic habitats. 

Note:  (1)This table was taken in part from the Upper Thames River Watershed Report Cards 2001. 
(2) Toronto and Region Conservation Authority, 2002
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3.2 Water Quality Collection 
 
Different types of water quality information have been collected by CLOCA and MOE 
through the Provincial Water Quality Monitoring Network Program since 1964.   
Biological water quality is based on aquatic life, while chemical water quality is 
assessed by analyzing the concentrations of various chemicals in the water.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2.1 Chemical Water Quality 
 
CLOCA has two chemical water quality sampling programs in place, the Provincial 
Water Quality Monitoring Network (PWQMN) and CLOCA’s own water quality 
monitoring program.  The location of the chemical water quality sites is shown in 
Figure 2.   
 
The PWQMN was designed to collect surface water quality information province 
wide.  The objectives of the PWQMN are to collect, document and assess long term 
water quality.  The Ministry of Environment operates the program across the 
province while CLOCA assists in collecting samples from 10 sites, 2 that are located 
within the Lynde Creek watershed, on monthly intervals from April through 
November.  There are also 2 additional PWQMN stations that ceased to operate 
within the watershed.  These historic PWQMN Stations (SWQ30 and SWQ31) have 
water quality records from 1977 to 1988.  The samples collected under the PWQMN 
program are sent to the Ministry of Environment (MOE) laboratory and tested for 41 
parameters (APPENDIX A: Chemical Parameters Analyzed (York-Durham 
Environmental Laboratory)). 

‘CLOCA has 2 
chemical water 
quality sampling 
programs in place, 
the Provincial 
Water Quality 
Monitoring Network 
(PWQMN) and 
CLOCA’s own water 
quality monitoring 
program’ 

Monitoring Well Construction 
Heber Down Conservation Area            © CLOCA 
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Supplemental to the PWQMN water quality sampling, CLOCA independently conducts 
water quality sampling at 10 stations, one of which is located within Lynde Creek. 
The samples from these stations are collected twice during the summer months on 
the same day that the PWQMN sampling occurs.    The samples collected under this 
program are submitted to Durham-York Region Environmental Laboratory for 
analysis of 46 physical-chemical parameters. 
 
3.2.2 Biological Water Quality 
 
Biological water quality has been collected under two programs within CLOCA, 
BioMAP and the Ontario Benthos Biomonitoring Network (OBBN) (Figure 2).  
 
Using the BioMAP protocol (Griffiths, 1999), 14 sites within the Lynde Creek 
watershed were assessed in 2001. Through this program, invertebrates were 
collected from each site and identified generally to the species level. Certain aquatic 
invertebrates are known to be tolerant of poor water quality conditions, while others 
are more sensitive (i.e. intolerant) and are only found in areas of good water quality. 
The numbers of tolerant/intolerant individuals at each site were used to evaluate 
whether or not the water quality was impaired.   
 
The OBBN (Jones, et al., 2005) protocol also involves the sampling and identification 
of benthic microinvertebrates to serve as indicators of environmental quality.  
Through this program, test sites are compared to minimally impacted “reference” 
sites to determine the level of degradation.  
 
It would be worthy to note that the BioMAP information is historical and its 
methodology has not been used since 2004.  The only benthic sampling procedure 
that CLOCA currently use is the OBBN methodology.    
 
While every effort has been made to accurately present the findings reported in this 
chapter, factors such as significant digits and rounding, and processes such as 
computer digitizing and data interpretation may influence results. For instance, in 
data tables, no relationship between significant digits and level of accuracy is 
implied, and values may not always sum to the expected total. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Lynde Creek Watershed © CLOCA

‘certain aquatic 
invertebrates are 
known to be 
tolerant of poor 
water quality 
conditions, while 
others are more 
sensitive (i.e. 
intolerant) and 
are only found in 
areas of good 
water quality’  
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Figure 2: Water quality monitoring stations in the Lynde Creek watershed. 
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4.0 FINDINGS 
 

4.1 Lynde Creek Watershed 
 
4.1.1 Chemical Water Quality 
 
Statistical tests (trend analyses) were performed for WQI parameters that have 
sufficient data to process.  Trend analysis results either show downward or upward 
trends which, apart from Biological Oxygen Demand (BOD), are indicative of 
improving or deteriorating water quality, respectively.  In the Lynde Creek 
watershed, statistical trend analysis was performed on chloride, phosphorus, 
nitrogen compounds, copper, biological oxygen demand (BOD) and dissolved 
oxygen.  The statistical and parametric trend analyses that include mean, standard 
deviation and simple linear regression were used to graphically show trends. The 
variability of water quality caused by both seasonal and streamflow changes was 
dealt with using non-parametric trend analysis.  This non-parametric analysis utilized 
the Mann-Kendall Test trend estimator included in the AquaChem water quality 
management software.  This statistical tool also determines whether parameter 
concentrations are significantly increasing or diminishing over time but unlike linear 
regression , Mann-Kendall Test is not restricted by distributional assumptions, nor 
grossly affected by gross data errors, outliers or non-detects (missing data), and 
irregularly spaced measurement periods.  In this test, non-detects are assigned the 
smallest measured value such that all samples are taken into consideration in the 
analysis.  
 
The results of statistical analyses and parametric and non-parametric tests are 
presented in Table 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

‘statistical trend 
analysis was 
performed on 
chloride, 
phosphorus, 
nitrogen 
compounds, 
copper, biological 
oxygen demand 
(BOD) and 
dissolved oxygen’ 

Lynde Creek Watershed           © CLOCA 
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Table 2:  Summary statistics and trends in surface water quality parameters from two sites in the Lynde Creek watershed, analyzed using parametric and non-parametric 
statistical tests. 

Parameter Sampling 
Period 

Number of 
Samples Min Max Mean Standard 

Deviation 
Linear 

Regression 2
5

th
 

P
er

ce
n

ti
le

 

M
ed

ia
n

 
5

0
th

 
P

er
ce

n
ti

le
 

7
5

th
 

P
er

ce
n

ti
le

 

MKS (1) 
 

(S) 

MKS (2) 
 

   (Z) 

MKS (3) 
 
 

              
Lynde Creek – SWQ1              

Chloride (mg/L) 1964-1997; 
2003-2006 304 4 131 47.898 22.982 R=0.5948 31.613 40.13 59.25 20605 11.633 increasing trend 

Phosphorus, Total (mg/L) 1964-1997 307 0.007 4.76 0.11542 0.33785 R=-0.1732 0.032 0.047 0.098 -13822 -7.6896 decreasing trend 
Nitrate, total, filtered (mg/L) 1981-1994 149 0.02 3.14 0.89903 0.69897 R=-0.1723 0.31 0.715 1.41 -12385 -2.1074 decreasing trend 
Nitrate, total, unfiltered (mg/L) 1994-2006 23 0.084 1.67 0.53535 0.34699 R=-0.1759 0.354 0.455 0.704 -11 -0.2641 no trend 

Copper (ug/L) 1980-1997; 
2003-2006 161 0.405 57 4.1 5.8 R=-0.3556 4 3 1.3 -5696 -8.3 decreasing trend 

BOD, 5 day, total demand (mg/L) 1964-1994; 
2003 271 0.2 24 1.6916 1.8622 R=-0.1421 0.9 1.3 2 -6386 4.2819 decreasing trend 

Dissolved Oxygen (mg/L) 1964-1997; 
2003-2006 291 1.2 17 9.2648 2.7693 R=0.002 7.3 9.4 11.2 522 0.31406 no trend 

              
Lynde Creek – SWQ8              

Chloride (mg/L) 1977-1994; 
2003-2006 81 10.5 58.9 28.541 14.116 R=0.778 15.5 25.2 42.1 1474 6.0075 increasing trend 

Phosphorus, Total (mg/L) 1977-1994; 
2003-2006 81 0.003 0.562 0.037951 0.074013 R=-0.0098 0.01 0.018 0.03 -529 -2.1535 decreasing trend 

Nitrate, total, filtered (mg/L) 1981-1994 39 0.09 2.14 1.2599 0.35997 R=-0.5801 1.155 1.24 1.4 -248 -2.9879 decreasing trend 

Nitrate, total, unfiltered (mg/L) 1994; 2003-
2006 17 0.583 1.02 0.77818 0.12298 R=-0.3074 0.677 0.783 0.878 -10 -0.37073 no trend 

Copper (ug/L) 1990-1994; 
2003-2006 56 0 4 0.94 0.87 R=-0.1681 0.5 0.56 1 -216 -1.5 decreasing trend 

BOD, 5 day, total demand (mg/L) 1977-1994; 
2003 52 0.2 3.8 0.81077 0.69264 R=0.2899 0.375 0.6 1 292 2.2965 increasing trend 

Dissolved Oxygen (mg/L) 1977-1994; 
2003-2006 67 1.38 19.8 9.7433 3.3234 R=-0.3036 8.7 10.2 11.545 -488 -2.6356 decreasing trend 

(1) Mann Kendall Statistics (MKS) S (trend statistic) indicating increasing or decreasing trends 
(2) Mann Kendall Statistics (MKS) Z (test statistics) approximated Z-value for calculating probability 
(3) Mann Kendall Statistics (MKS) results 95% significance 
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4.1.2 Biological Water Quality 
 
Biological quality in the Creek was assessed in 2001 at 14 sites throughout the 
watershed (Figure 2).  Of the 14 sites sampled for biological water quality, 7 sites 
were considered impaired.  Biological water quality (Hilsenhoff scores) data, i.e. 
macroinvertebrates were also collected during fisheries assessment sampling 
conducted using the Ontario Stream Assessment Protocol (OSAP – Stanfield, 2005) 
between 1996 and 2001.  
 
Although sites were limited, differences in water quality were observed between water 
quality sites dominated by urban and agricultural land uses and those dominated by 
natural land cover.  Of those found within urban areas, 75% were found to be 
impaired.  Within natural areas, 83% of sites sampled were unimpaired as indicated by 
macroinvertebrate communities’ characteristic of high water quality areas.  Only half of 
the sites found within agricultural areas were impaired; however, sites found to be 
unimpaired were typically in close proximity to headwater areas (CLOCA 2006).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2 Subwatershed Findings 
 
This section is organized such that summaries on the concentration and distribution of 
each index parameter are shown, where applicable, at all stations.  Long-term data 
records were only available from Stations SWQ1 and SWQ8, so much of the trend 
analyses reported herein were based on these data. 

‘differences in 
water quality were 
observed between 
water quality sites 
dominated by 
urban and 
agricultural land 
uses’ 
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4.2.1 Lynde Main Subwatershed 
 
4.2.1.1 Chemical Water Quality 
 

The Lynde Main subwatershed is predominantly urbanized, having much of the built 
area of Whitby and the more recently developed Village of Brooklin within its limits.  
Station SWQ1 (PWQMN) along Lynde Creek is near Victoria Road within the Lynde 
Creek Marsh.  This station has the longest record (36 years) of water quality data 
among all stations in the watershed. This station is situated downstream of the main 
urbanized area in Whitby (Figure 16).  
 

Another PWQMN Station, SWQ8, is situated midstream of Lynde Creek at intersection 
with Baldwin St., Brooklin.  It is approximately 10 kilometers upstream of SWQ1 
(Figure 16).  Although the monitoring site is situated within a residential community, 
the surrounding areas are predominantly agricultural.  The locality, however, is 
experiencing rapid urbanization through residential developments. 
 

Two stations (SWQ30 and SWQ31) within the Lynde Main subwatershed had short 
period of record (one year and 11 years, respectively) and ceased operation in 1988. 
However, these stations provided information on the existing conditions in the 
immediate vicinity of their locations at the time of sampling.  Moreover, these stations 
are among the few stations in the entire CLOCA jurisdiction that have bacteriological 
test results. 
 

Chloride 
The chloride content in the Lynde Main subwatershed showed an increasing trend over 
time at both SWQ1 and SWQ8 using the Mann-Kendall analysis (Table 2).  It is 
generally observed that recorded chloride concentrations at SWQ1 are relatively higher 
than those test results from water samples taken at SWQ8 (Figure 3). However, no 
maximum values exceeded the 250 mg/L limit set under the ODWS. 
 

 
 
Figure 3: Comparison of the distributions of chloride concentrations at Stations SWQ1 and SWQ8. 

‘the chloride 
content in Lynde 
Main subwatershed 
showed an 
increasing trend in 
SWQ1 and SWQ8 in 
the Mann-Kendall 
trend analysis’ 
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Concentration of chloride aggregated by month revealed that the median 
concentrations of chloride in SWQ1 are higher during the months of January, June 
November, and December.  Relatively lower median concentrations prevail during the 
months of February, March, August and September (Figure 4). Because of poor 
sampling distribution, the resultant monthly aggregated chloride concentration in 
SWQ8 was not as well defined as SWQ1 but nevertheless showed consistently high 
median concentrations of chloride from July to December (Figure 5). No test results 
for chloride concentrations were recorded at SWQ8 during the months of January and 
February. Appendix B: Chemical Parameters Analyzed (Ministry of Environment 
Laboratory) shows the list of tested parameters and allowable or prescribed 
concentration limits – ODWS and PWQO.  
 

 
 
Figure 4: Chloride concentrations at SWQ1. 
 

 
 
Figure 5: Chloride concentrations at SWQ8. 
 
 

‘median  
concentrations of 
chloride in SWQ1 
are higher during 
the months of 
January, June, 
November and 
December’ 
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Phosphorus 
Statistical analyses (parametric and non-parametric) showed a decreasing trend in 
phosphorus concentration in SWQ1 and SWQ8 (Table 2).  Monthly aggregated analysis 
in SWQ1 revealed that median concentrations are higher during the months of March, 
June and July while lower median concentrations were observed in January, October, 
November and December (Figure 6). In SWQ8, no test results were recorded during 
the months from January to April while the aggregated monthly median concentrations 
of phosphorus from May to December in this station are several folds lower than at 
SWQ1 (Figure 7).  While both stations recorded high median concentrations in the 
month of July, the recorded median values at SWQ8 did not even reach half of the 
phosphorus concentration measured in SWQ1.   
 

 
 
Figure 6: Phosphorus concentrations at SWQ1. 
 

 
 
Figure 7: Phosphorus concentrations at SWQ8. 

‘statistical analyses 
(parametric and 
non-parametric) 
showed a 
decreasing trend in 
phosphorus 
concentration in 
SWQ1 and SWQ8’ 
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Nitrate 
Over the years, there have been significant changes in the methods for testing nitrate.  
These changes have enabled only partial statistical analysis of laboratory results using 
different methods at different sampling durations.  The earlier method required water 
samples to be filtered before testing for nitrate and this showed laboratory results with 
decreasing trends for both SWQ1 (1981-1994) and SWQ8 (1991-1994).  The current 
procedure of testing for nitrate in unfiltered samples has inadequate number of test 
results to allow valid statistical analysis.  However, interpretation of the scatter plots 
revealed that the nitrate concentrations showed steeply increasing trend on samples 
collected throughout 2006 samples on both SWQ1 and SWQ8 stations (Figure 8 and 
Figure 9).  

 
 

Figure 8: Nitrate concentrations at SWQ1. 
 

 
 

Figure 9: Nitrate Concentrations at SWQ8. 

‘over the years, 
there have been 
significant changes 
in the methods for 
testing nitrate’ 
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Copper (Cu) 
Both parametric and non-parametric analysis showed that copper concentrations in 
SWQ1 declined noticeably over time.  The decline in trendline, however, is not nearly 
as pronounced in SWQ8 (Figure 10 and Figure 11). Although it is a common 
occurrence that the 5 ug/L Cu concentration (PWQO limit) is exceeded in samples 
collected earlier than 1995 in SWQ1, the concentration of this metal in the succeeding 
samples remained below this PWQO limit.  Cu concentrations in SWQ8 ranged from 
0.09 to 4.0 ug/L and for samples collected after 2003, Cu concentrations remained 
below 2.0 ug/L except for an outlier having a concentration of 5.52 measured in 
October 31, 2006.  Outliers, which are numbers that are much larger or smaller than 
most of the other values in the dataset, are normally determined statistically. Although 
outlier data are not uncommon especially in voluminous datasets, their presence may 
be attributed to a number of reasons, such as accidental spills, effluent discharge 
surges, to name a few.  By examining the trends in the data, it can be determined 
whether the occasional outlier is important or not. On the other hand, consistently 
high concentrations measured in close temporal proximity may no longer be 
considered as outliers and should be treated with a higher level of concern to merit an 
investigation.    
 

 
 

Figure 10: Copper concentrations at SWQ1. 
 

‘outlier data are not 
uncommon 
especially in 
voluminous 
datasets, 



 

    Page 21 of 37 
 

 

 
 

Figure 11: Copper concentrations at SWQ8 
 
Biological Oxygen Demand (BOD) and Dissolved Oxygen (DO) 
Unlike previous parameters where general trends in both monitoring stations are 
similar, BOD and DO do not show similar patterns (Figure 12 and Figure 13).   It 
would be worthy to note however that the absence of DO concentrations in the graphs 
denotes missing data rather than non-detects.  Dissolved oxygen in SWQ1 showed no 
trend despite the volume of record (291 test results) processed, while a decreasing 
trend is observed in SWQ8.  There is a decreasing trend for Biological Oxygen Demand 
(BOD) in SWQ1 and the opposite was observed in SWQ8.  Sampling for BOD at both 
stations was discontinued in 2003. 

 
 
Figure 12: BOD and DO concentrations at SWQ1. 
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Figure 13: BOD and DO concentrations at SWQ8. 
 
At both stations (Figure 14 and Figure 15), dissolved oxygen (DO) concentrations 
aggregated monthly showed that median values did not drop below the critical level of 
5 mg/L set by the Canadian Water Quality Objectives.  Few extremely low median 
values were recorded from June to August on SWQ1 and the lowest value of 1.2 mg/L 
was in October 2004 (Figure 12).  Similar to other parameters, the fewer samples 
collected at SWQ8 resulted in a less easily interpreted graph of monthly aggregates, 
but nonetheless revealed the months when DO concentrations can decrease below the 
critical level, i.e. July to October (Figure 15). Again at SWQ8, no DO concentrations 
were recorded in the months of January and February. 
 
 

 
 
Figure 14: Dissolved Oxygen (DO) at SWQ1. 
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Figure 15: Dissolved Oxygen (DO) at SWQ8. 
 
 
4.2.1.2 Biological Water Quality 
 
Biological water quality in the creek was assessed in 2001 at six sites throughout the 
subwatershed (Figure 16).  Of the 6 sites sampled for biological water quality, 2 sites 
were considered impaired (Table 3).  In addition, biological water quality (Hilsenhoff 
scores) data was collected during stream fisheries assessment sampling between 1996 
and 2001. 
 
Table 3: Biological water quality monitoring in the Lynde Main subwatershed, 2001. 
Site BioMAP Status Impairment Concern 
LY01 Impaired Cumulative effects of development and agriculture 
LY03 Impaired Nutrient enrichment/garbage 
LY05 Unimpaired Slight nutrient enrichment 
LY08 Unimpaired Slight nutrient enrichment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

‘biological water 
quality in the creek 
was assessed in 
2001 at six sites 
throughout the 
subwatershed’ 
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Figure 16: Water quality monitoring stations in the Lynde Main subwatershed. 
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4.2.2 Heber Down Subwatershed 
 
4.2.2.1 Chemical Water Quality 
 
The Heber Down subwatershed is generally classified as agricultural with just one 
residential hamlet.  The focus of interest in the area is the reported elevated 
concentration of nitrate in some shallows private wells in this lone hamlet. The shallow 
aquifers in these areas may have been cross-contaminated by septics, other shallow 
wells or surface water.  Further understanding of the surface water - groundwater 
interaction through the hydrological modelling currently under development and 
covers the whole of CLOCA, should provide a better pattern of contaminant migration 
in the area.  
 
Monitoring station SWQ9 is the only surface water sampling station at Heber Down 
subwatershed (Figure 17). Monitoring at this station only started in the fall of 2004, 
resulting in too few records to merit statistical analyses of trends. At this station, the 
highest recorded nitrate level during the monitoring period of two years was only 1.63 
mg/L. The maximum recorded chloride concentration is 58.2 mg/L which is far below 
the ODWS limit of 250 mg/L.  Despite the fact that agricultural and recreational (i.e. 
golf course) land uses predominate, the maximum phosphorus concentration recorded  
was unusually low at 0.035 mg/L.  Copper concentration is also relatively low at 1 ug/L 
and BOD never exceeded 1 mg/L. 
 
4.2.2.2 Biological Water Quality 
 
Biological water quality in the creek was assessed in 2001 at 4 sites throughout the 
subwatershed (Figure 17).  Of the 4 sites sampled for biological water quality, 2 sites 
were considered impaired (Table 4).  In addition, biological water quality (Hilsenhoff 
scores) data was collected during various fisheries assessment programs between 
1996 and 2001. 
 
Table 4: Biological water quality monitoring in the Heber Down subwatershed, 2001. 
Site BioMAP Status Impairment Concern 
LY06 Unimpaired None 
Ly07 Impaired Organic enrichment/cattle access 
LY09 Unimpaired None 
LY10 Impaired Organic enrichment/cattle access 
 
 

Heber Down Subwatershed            © Lou Wise 
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Figure 17: Water quality monitoring stations in the Heber Down subwatershed. 
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4.2.3 Kinsale Subwatershed 
 
4.2.3.1 Chemical Water Quality 
 
No surface water quality data are available on record in the Kinsale subwatershed 
(Figure 18). 
 
4.2.3.2 Biological Water Quality 
 
Biological quality in the creek was assessed in 2001 at 4 sites throughout the 
subwatershed.  Of the 4 sites sampled for biological water quality, all were considered 
impaired (Table 5).  In addition, biological water quality (Hilsenhoff scores) data was 
collected for over 70 sites during various fisheries assessment programs between 1996 
and 2001 (Figure 18). 
 
Table 5: Biological water quality monitoring in the Kinsale subwatershed, 2001. 
Site BioMAP Status Impairment Concern 
LY02 Impaired Organic enrichment 
LY04 Impaired Organic enrichment/cattle access 
LY02 Impaired Organic enrichment 
LY04 Impaired Organic enrichment/cattle access 
 
 
 

Kinsale Subwatershed              © Lou Wise
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Figure 18: Water quality monitoring stations in the Kinsale subwatershed. 
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4.2.4 Ashburn Subwatershed 
 
4.2.4.1 Chemical Water Quality 
 
No surface water quality data are available on record in the Ashburn subwatershed 
(Figure 19). 
 
4.2.4.2 Biological Water Quality 
 
Biological quality in the creek was assessed in 2001 at 3 sites throughout the 
subwatershed (Figure 19).  Of the 3 sites sampled for biological water quality, 2 sites 
were considered unimpaired (Table 6).  In addition, biological water quality (Hilsenhoff 
scores) data was collected during various fisheries assessment programs between 
1996 and 2001. 
 
Table 6: Biological water quality monitoring in the Ashburn subwatershed, 2001. 
Site BioMAP Status Impairment Concern 
LY12 Unimpaired Slight organic enrichment 
LY13 Unimpaired None 
LY14 Impaired Organic enrichment 
 
 

Ashburn Subwatershed           © Lou Wise
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Figure 19: Water quality monitoring stations in the Ashburn subwatershed. 
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4.2.5 Myrtle Station Subwatershed 
 
4.2.5.1 Chemical Water Quality 
 
No surface water quality data are available on record in Myrtle Station subwatershed 
(Figure 20). 
 
4.2.5.2 Biological Water Quality 
 
Biological quality in the creek was assessed in 2001 at 1 site in the subwatershed 
(Figure 20).  This site was considered unimpaired (Table 7).  In addition, biological 
water quality (Hilsenhoff scores) data was collected during various fisheries 
assessment programs between 1996 and 2001. 
 
Table 7: Biological water quality monitoring in the Myrtle Station subwatershed, 2001. 
Site BioMAP Status Impairment Concern 
LY11 Unimpaired None 
 
 

 
Myrtle Station Subwatershed                 © Lou Wise 
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Figure 20: Water quality monitoring stations in the Myrtle Station subwatershed. 
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5.0 CONCLUSIONS 
 
 
Water is critical for all living things on this planet, but quantities of water can be 
polluted by minute amounts of harmful substances.  In addition, substances that are 
considered useful to humans, such as fertilizers, pesticides and metals, can easily 
make their way into surface water through runoff from roads, lawns, agricultural 
fields, industrial sites, etc. and accumulate to levels that may be harmful to humans 
or wildlife.  While the results reported here are only from a few parameters that have 
been measured over the long term, since 1964, other contaminants have been 
measured (see Appendix A and B).  By omitting a discussion of these parameters, it is 
not implied that their levels are meeting provincial or federal guidelines; they will be 
examined in detail in future updates of this chapter when a sufficient number of data 
records have been collected to warrant statistical analyses.   
 
Evaluation of the chemical parameter monitoring in SWQ1 (1980-2006) and SWQ8 
(1990-2006) and biological water quality monitoring (1996-2001) resulted in the 
following conclusions:  
 

 Chloride concentrations at both chemical water quality stations show 
increasing trends and this is likely the result of road salting associated with 
rapid urbanization in the area.  However, none of the test values exceeded or 
even came close to the 250 mg/L limit set in the Ontario Drinking Water 
Standard (ODWS).  The monthly aggregated graph in SWQ1 shows a better 
pattern than SWQ8 because of the difference in the distribution and amount of 
datasets.  Moreover, the SWQ1 dataset depicts relatively higher median values 
during the months starting October and ending January and again in June and 
July. In the upstream station SWQ8, the high median values were observed in 
July and August.  Continuous monitoring of the spatial and temporal 
distribution of the chemical would yield data that could be correlated with the 
on-going assessment of threats on drinking water under the Source Water 
Protection Program. This provides an opportunity to correlate potential 
pollutant sources with the existing water quality information. 

 
 The decreasing trend in phosphorus content over time in both SWQ1 and 

SWQ8 may be the result of land conversions from agricultural to residential 
and commercial uses.  It may also reflect the application of best management 
practices in agricultural lands, including but not limited to the application of 
slow release fertilizers. Having nearly similar pattern of distribution as 
chlorides, the median concentrations of phosphorus were observed to be 
higher during the months of March, June and July.  Considering that median 
concentrations of phosphorus consistently exceed the interim limit of 30 ug/L 
set under the PWQO specifically in SWQ1, inventory of potential sources of 
this chemical in addition to continued monitoring should provide a better 
understanding of the causes of phosphorus enrichment in Lynde Creek aquatic 
environment. 

‘water is one of the 
most sensitive, if 
not the most 
sensitive material 
on earth’ 
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 Significant changes in analytical method for testing nitrate yielded a set of 

data of varying results specifically with respect to filtered and unfiltered 
samples.  The results from the earlier method of analyzing filtered samples 
show decreasing trends for both SWQ1 and SWQ8.  The recent and more 
widely accepted method of analyzing unfiltered samples has inadequate 
number of samples to statistically analyze trends over time.  However, visual 
analyses of scatter plots show that recent data from these two stations reveals 
steeply increasing trends during the 2006 sampling period.  Continued 
monitoring of nitrate concentrations should provide a better understanding of 
the seasonal and annual fluctuations in this parameter as well as its current 
and future potential to affect the aquatic environment. 

 
 Copper (Cu) concentrations in Lynde Creek channels have improved 

significantly since this metal was first monitored in the early 1980s.  In the 
past four years, concentrations just exceeded 4 mg/L and 2 mg/L in Stations 
SWQ1 and SWQ8, respectively.  These measured values are within the 5 mg/L 
limit prescribed in the PWQO.  With this trend in concentration, copper should 
not be of serious concern within Lynde Creek watershed. 

 
 Biological oxygen demand (BOD) and dissolved oxygen (DO) are two water 

quality parameters that under ideal conditions should behave inversely 
proportional to each other.  However, rarely are ideal conditions attained in 
the natural environment due to numerous factors such as changes in climate 
(precipitation and temperature), chemical flux, and urban developments to 
name a few.  Considering missing data as gaps rather than non-detects for 
DO, the average concentration of DO in both monitoring stations (SWQ1 and 
SWQ8) have been consistently uniform in the rage of 8 to 10 mg/L and rarely 
dropped below the 5 mg/L critical level (Provincial Water Quality Objective).  
Likewise, BOD levels rarely rose beyond 5 mg/L in SWQ1 and there is no 
record that the parameter exceeded this value in SWQ8 which simply suggests 
that persistent organic loads are not present in the system throughout the 
observation period.   

 
Although land uses and cover in the immediate vicinity of the monitoring stations 
have a direct influence on its water quality, upstream land uses and cover are also 
important contributors to the overall composition of the water sample collected in 
each station.  In the case of Lynde Creek watershed, 75% of the biological sampling 
sites were found to be impaired within urban areas, while 83% of sites in natural 
areas were unimpaired. Half of the agricultural sites were impaired, and unimpaired 
agricultural sites were typically close to headwater areas.  Generally, the distribution 
of the biological water quality sampling sites was not extensive enough to provide 
insight into the water quality within each subwatershed.  Each subwatershed has both 
impaired and unimpaired sites except for the Kinsale subwatershed where all sites 
were impaired.  The Heber Down subwatershed has the highest proportion (75%) of 
unimpaired sites.  All unimpaired sites are within the mid to upper reaches of the 
watershed.  In the lower reaches, the landscape is dominated by urban land uses and 
is subject to the cumulative effects of all upstream land uses.  As a result, the 
biological water quality is impaired in these reaches. 
 

‘of the biological 
sampling sites 
within urban areas, 
75% were found to 
be impaired and 
83% of sites in 
natural areas were 
unimpaired’ 
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APPENDIX A: Chemical Parameters Analyzed 
(York-Durham Environmental Laboratory) 
 

ANALYTE Transfer Code Unit MDL 
Alkalinity as CaCO3 ALK mg/L 10.0 
Aluminum as Al Al mg/L 0.0007 
Ammonia+Ammonium as N NH3 mg/L 0.03 
Antimony as Sb Sb mg/L 0.003 
Arsenic as As As mg/L 0.0007 
Barium as Ba Ba mg/L 0.0001 
Beryllium as Be Be mg/L 0.0002 
BOD (5 day) BOD mg/L 0.2 
Cadmium as Cd Cd mg/L 0.0001 
Calcium as Ca Ca mg/L 0.13 
Calculated Conductivity CCD μmho/cm 0.01 
Calculated Dissolved Solids CDS mg/L 20 
Chloride as Cl CHL mg/L 0.1 
Chromium as Cr Cr mg/L 0.0003 
Cobalt as Co Co mg/L 0.0002 
Colour COL TCU 1 
Conductivity CON μmho/cm 0.01 
Copper as Cu Cu mg/L 0.0002 
Flouride as F FLU mg/L 0.04 
Hardness as CaCO3 HAR mg/L 1.0 
Ionic Balance ION % 0.01 
Iron as Fe Fe mg/L 0.0002 
Langelier Index LIX  -2.0 
Lead as Pb Pb mg/L 0.0007 
Magnesium as Mg Mg mg/L 0.04 
Manganese as Mn Mn mg/L 0.0001 
Molybdenum as Mo Mo mg/L 0.0002 
Nickel as Ni Ni mg/L 0.0001 
Nitrate as N NO3 mg/L 0.03 
Nitrite as N NO2 mg/L 0.05 
pH (units) pH Units 0.01 
Phosphate as P PHO mg/L 0.1 
Potassium as K K mg/L 0.02 
Selenium as Se Se mg/L 0.002 
Sodium as Na Na mg/L 0.2 
Strontium as Sr Sr mg/L 0.0001 
Sulphate as SO4  SO4 mg/L 0.2 
Suspended Solids SUS mg/L 0.9 
Titanium as Ti Ti mg/L 0.0001 
Total Anions TAN meq/L 0.01 
Total Cations CAT meq/L 0.01 
Total Kjeldhal Nitrogen TKN mg/L 0.05 
Total Phosphorus as P P mg/L 0.006 
Turbidity (NTU) TUR NTU 0.05 
Vanadium as V V mg/L 0.0003 
Zinc as Zn Zn mg/L 0.0002 
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Appendix B: Chemical Parameters Analyzed 
(Ministry of Environment Laboratory) 
 

PARAMETER DESCRIPTION UNITS 
ALKALINITY, TOTAL mg/L 
ALUMINUM, UNFILTERED TOTAL µg/L 
AMMONIUM, TOTAL UNFILTERED REACTIVE mg/L 
BARIUM, UNFILTERED TOTAL µg/L 
BERYLLIUM, UNFILTERED TOTAL µg/L 
CADMIUM, UNFILTERED TOTAL µg/L 
CALCIUM, UNFILTERED TOTAL mg/L 
CHLORIDE, UNFILTERED TOTAL mg/L 
CHROMIUM, UNFILTERED TOTAL µg/L 
COBALT, UNFILTERED TOTAL µg/L 
CONDUCTIVITY, 25C µg/L 
CONDUCTIVITY, AMBIENT µg/L 
COPPER, UNFILTERED TOTAL µg/L 
DISSOLVED OXYGEN mg/L 
HARDNESS, TOTAL mg/L 
IRON, UNFILTERED TOTAL µg/L 
LEAD, UNFILTERED TOTAL µg/L 
MAGNESIUM, UNFILTERED TOTAL mg/L 
MALATHION nanogram/L 
MANGANESE, UNFILTERED TOTAL µg/L 
METHOPRENE nanogram/L 
METHOPRENE ACID nanogram/L 
METHOXYCITONELLAL nanogram/L 
MOLYBDENUM, UNFILTERED TOTAL µg/L 
NICKEL, UNFILTERED TOTAL µg/L 
NITRATES TOTAL, UNFILTERED REACTIVE mg/L 
NITRITE, UNFILTERED REACTIVE mg/L 
NITROGEN, TOTAL, KJELDAHL REACTIVE mg/L 
PH (-LOGH+CONCENTRATION) none 
PH FIELD none 
PHOSPHATE, FILTERED REACTIVE mg/L 
PHOSPHORUS, UNFILTERED TOTAL mg/L 
POTASSIUM, UNFILTERED TOTAL mg/L 
RESIDUE, PARTICULATE mg/L 
SODIUM, UNFILTERED TOTAL mg/L 
STROTIUM, UNFILTERED TOTAL µg/L 
TEMPERATURE, WATER Deg. C 
TITANIUM, UNFILTERED TOTAL µg/L 
TURBIDITY Forman 
VANADIUM, UNFILTERED TOTAL µg/L 
ZINC, UNFILTERED TOTAL µg/L 
 
 


