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Introduction 
 
The lower Bayfield River watershed is an 89-km

2
 area that outlets into Lake Huron at the north end of 

Bayfield, Ontario, and spans inland to encompass the small urban centres of Clinton and Vanastra 
(Figure 1).  While much of the Bayfield River in this area is bordered by woodlands, land use in the 
watershed is dominated by agriculture (70 %, Veliz et al., 2006).  The area is also valued by both local 
residents and tourists for trout and salmon fishing along the Bayfield River and recreation at beaches 
along the Lake Huron shoreline. 
 
Issues surrounding water quality have been ongoing around the Lake Huron shoreline for many years.  In 
response to these issues, the Municipality of Bluewater and representatives from the agricultural sector 
(Huron County Federation of Agriculture) and residents' associations (Bayfield Ratepayers Association, 
Bluewater Shoreline Residents’ Association) have committed to pursuing a Blue Flag designation for 
Bluewater beaches and the Bayfield harbour.  This internationally-recognized designation would assure 
the local community and visitors that water quality is good at these locations. 
 
One criterion for Blue Flag designation is that not more than 20 % of the Escherichia coli (E. coli) samples 
collected from a beach site exceed 100 colony forming units (cfu) per 100 mL, with sampling occurring at 
least every 17 days throughout the swimming season (June through September) (Blue Flag, 2008).  
Analysis of data collected by the Huron County Health Unit in 2007 showed that the two beaches in 
Bayfield did not meet this criterion.  It was hypothesized that the main source of E. coli to these beaches 
is the Bayfield River and that, in order to obtain a Blue Flag designation, key sources of E. coli in the river 
would need to be isolated and remediated. 
 
In 2008, the Bayfield Ratepayers Association (BRA) collaborated with the Ausable Bayfield Conservation 
Authority (ABCA) to establish a water quality monitoring program in the lower Bayfield River watershed.  
The objectives of this monitoring program were to:  1) determine typical concentrations of E. coli at 
various locations in the watershed; and 2) identify actions that can be taken to reduce E. coli contributions 
from the Bayfield River to Bluewater beaches.  E. coli sampling in 2008 began partway through the 
summer swimming season, so the monitoring program was continued in 2009 to capture the entire 
swimming season and correspond with the Huron County Health Unit’s beach water quality monitoring.  
Funding for the monitoring program in 2008 and 2009 was provided through a grant from the Municipality 
of Bluewater to the BRA.  The 2009 monitoring results and recommendations for further work towards 
achieving the objectives are presented in this report. 
 
Methods 
 
Nine sampling locations were distributed throughout the lower Bayfield River watershed to provide a 
spatial analysis of E. coli concentrations.  Two sites were located on the Bayfield River itself and the 
remaining seven sites were located on streams or drains flowing into the Bayfield River.  Since the 
purpose of monitoring E. coli concentrations in the lower Bayfield River watershed was to determine 
concentrations that are typical of this watershed, not to single out individual landowners, the sampling 
locations have been kept confidential.  This confidentiality is essential to building future stewardship 
opportunities. 
 
Water samples were collected from the sampling locations every two weeks between mid-June and the 
beginning of November 2009.  On the July 16 sampling date, only eight sites were sampled because one 
of the streams was dry.  Between July 30 and October 22, seven sites were sampled because two of the 
streams were dry.  Water samples were sent to the ALS Laboratory Group in London, Ontario, where 
they were analyzed for the concentration of E. coli. 
 
Geometric means, medians, and 90th percentiles were used to summarize E. coli concentrations.  A 
geometric mean reduces the effect of uncommonly high or low concentrations on a mean.  A median 
marks the middle of the concentrations at a site, with half of the concentrations being greater than the 
median and half being lower.  The 90th percentile is the concentration below which 90 % of the samples 
for a given site occur. 
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The results were compared with two standards:  the Blue Flag criterion explained in the introduction 
section above and the Ontario Ministry of Health and Long-term Care recreational guideline of 100 
cfu/100 mL, which is typically applied to beaches and reservoirs used for swimming (MOEE, 1994). 
 
Results and Discussion 
 
E. coli concentrations exceeding the 100 cfu/100 mL standard occurred at all nine sampling locations 
(Table 1, Figure 2) and higher concentrations were typically associated with higher flows following rain 
events (e.g., June 18 and September 22).  This standard was exceeded more frequently at sampling sites 
located on tributaries of the Bayfield River (those with HB site codes) as opposed to sites located on the 
Bayfield River itself (those with MB site codes). 
 
During 2009, the geometric mean of E. coli concentrations exceeded the 100 cfu/100 mL standard at 
eight of the nine sampling locations, compared with seven sampling locations during 2008 (Table 2).  The 
median concentration exceeded 100 cfu/100 mL at seven of the nine sampling locations in both 2008 and 
2009 (Figure 3).  For five of the nine sites, the 90th percentile was greater than 1000 cfu/100 mL in 2009, 
which is fewer than the eight sites at which this occurred in 2008 (Table 2). 
 
Precipitation is monitored by the ABCA in the lower Bayfield River watershed at Varna, Ontario.  During 
2009, rainfall at Varna was lower than during 2008 and lower than normal (ABCA, 2009), which could 
account for fewer sites having 90th percentiles greater than 1000 cfu/100 mL in 2009 than in 2008.  
However, geometric means and 90th percentiles increased between 2008 and 2009 at some sites, 
suggesting that rainfall is not the only determinant of E. coli concentrations.  E. coli levels may be 
responding to shifts in the activities taking place near the sampling locations. 
 
At all nine sampling locations, more than 20 % of the samples exceeded the 100 cfu/100 mL standard in 
2008 and 2009 (Table 2).  E. coli concentrations higher than 100 cfu/100 mL are typical of streams in 
rural watersheds, where stream E. coli concentrations also tend to be higher than ones at beach 
locations.  Sources of beach water E. coli are usually close in proximity, including waterfowl and septic 
systems in addition to river inputs.  Beach water E. coli concentrations are affected by several factors, 
such as water temperature and wind and current direction.  Therefore, high stream E. coli concentrations 
do not necessarily result in beach concentrations exceeding the 100 cfu/100 mL standard. 
 
It should also be noted that the monitoring that has taken place in 2008 and 2009 is exploratory, as it is 
very difficult to interpret changes at sites over time with data from only two years. 
 
Recommendations 
 
1. Decreasing the 90th percentile of E. coli concentrations for each sampling location so that it is 

consistently below 1000 cfu/100 mL (i.e., 90 % of the samples collected from each location would 
have concentrations less than 1000 cfu/100 mL) continues to be a reasonable goal. 

2. Water quality should continue to be monitored at the nine existing sites in the lower Bayfield River 
watershed between June and November 2010. 

3. The community should be engaged by developing a Subwatershed Plan for the Trick’s Creek 
subwatershed because community engagement is best achieved by focusing on a small watershed 
area and Trick’s Creek is important to the Bayfield River from a water quantity perspective.  To begin 
this process, a committee of landowners from the subwatershed should be formed to evaluate various 
approaches for identifying and engaging the community in water quality improvement projects.  The 
community will identify the goals of the Subwatershed Plan and direct the plan’s implementation.  If 
additional funding is available, two water quality monitoring sites could be added within the Trick’s 
Creek subwatershed. 
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Table 1.  Escherichia coli concentrations, in colony forming units (cfu) per 100 mL, at nine sites in the lower Bayfield River watershed 
between June and November 2009.  Concentrations exceeding 100 cfu/100 mL are in bold font. 

Sampling Date 
Site 

Jun 18 Jul 2 Jul 16 Jul 30 Aug 13 Aug 27 Sep 10 Sep 22 Oct 8 Oct 22 Nov 5 

HB1 1680 70 430        1870 
HB2 1320 210 5700 150 590 40 20 170 10 10 10 
HB3 760 460 5300 980 340 490 280 260 30 420 830 
HB4 2100 560 690 160 210 350 350 310 120 350 150 
HB5 660 230         100 
HB6 1000 470 130 410 90 180 30 6670 410 20 250 
HB7 320 110 90 230 260 330 270 930 160 70 130 
MB1 80 30 30 80 70 260 60 1140 160 70 250 
MB2 30 50 10 20 70 10 10 450 110 20 120 

 
Table 2.  Geometric mean and 90th percentile of Escherichia coli concentrations, in colony forming units (cfu) per 100 mL, and 
percentage of samples exceeding 100 cfu/100 mL for nine sites in the lower Bayfield River watershed in 2008 and 2009. 
(Data source:  Upsdell and Veliz, 2009.) 

Geometric Mean 
(cfu/100 mL) 

 
90th Percentile 

(cfu/100 mL) 
 

Percentage of Samples 
> 100 cfu/100 mL 

 Number of Samples 
Site 

2008 2009  2008 2009  2008 2009  2008 2009 

HB1 53 555  414 1870  33 75  6 4 
HB2 312 106  1667 3072  75 55  8 11 
HB3 298 467  5414 2708  63 91  8 11 
HB4 180 338  1066 1254  75 100  8 11 
HB5 349 248  9241 660  83 67  6 3 
HB6 243 242  1145 3268  63 73  8 11 
HB7 266 202  6268 570  63 82  8 11 
MB1 292 107  3589 612  63 36  8 11 
MB2 99 38  2294 252  38 27  8 11 
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Figure 1.  Map of the lower Bayfield River watershed.  Inset map shows the location of the lower 
Bayfield River watershed in relation to the combined whole watersheds of the Ausable and 
Bayfield Rivers. 
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Figure 2.  Escherichia coli concentrations, in colony forming units (cfu) per 100 mL, at nine sites 
in the lower Bayfield River watershed between June and November 2009.  Black horizontal dashed 
line marks 100 cfu/100 mL. 
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Figure 3.  Escherichia coli concentrations, in colony forming units (cfu) per 100 mL, in the lower 
Bayfield River watershed in 2008 (top) and 2009 (bottom).  Line through centre of box is median 
concentration.  Box represents 50 % of concentrations, while bars represent 80 %.  Circles show 
outliers (i.e., concentrations that are much higher or lower than rest).  Black horizontal dashed 
line marks 100 cfu/100 mL.  (Data source:  Upsdell and Veliz, 2009.) 
 

2008 

2009 


