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Introduction

The Bayfield River drains an area of 496 km2 in southwestern Ontario and outlets into Lake Huron at 
Bayfield, Ontario.  The lower Bayfield River watershed is an 89-km2 area that spans inland from Bayfield 
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.  A recent 
article in USA Today recognized the Bayfield Main Beach as one of the top five Great Lakes beaches (Bly, 
2011), which may draw more tourists to the area.

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.

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 each 
year 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 of the criteria for Blue Flag designation is related to the concentration of Escherichia coli (E. coli) in 
lake water at the beach.  This criterion has been revised for 2012 (Blue Flag, 2011), but it previously 
required that no more than 20% of the 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 (HCHU) in 2007 showed that the two beaches in Bayfield did not meet this criterion.  In an 
attempt to obtain a Blue Flag designation, the Bayfield community is interested in reducing E. coli 
concentrations in the Bayfield River.
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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.  The monitoring program was continued in 2009 through 2011, capturing the 
entire swimming season to correspond with the HCHU’s beach water quality monitoring.  Funding for the 
monitoring program was provided through a grant each year from the Municipality of Bluewater to the 
BRA.  The 2011 monitoring results and recommendations for further work towards achieving the 
objectives are presented in this report.

Methods

Ten 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 eight sites were located on tributaries (streams or drains) flowing into the Bayfield River.  A few 
changes were made to the sampling locations monitored in 2011 compared with 2008 through 2010.  One 
of the tributaries monitored in 2008 through 2010, HB5, was often dry, so it was replaced by site HB8, 
which is located approximately 1.5 kilometres downstream.  An additional tributary site, HB9, was 
monitored this year with funding from the Erb Family Foundation.  Finally, site MB1 on the Bayfield River 
was replaced with site MB3, which is located further upstream, because MB1 receives back-flow from the 
lake and does not entirely represent river inputs into the lake.

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 2011.  On the June 14 sampling date, only nine of the ten sites were sampled 
because monitoring had not yet begun at HB9, one of the new sites added this year.  Only nine sites were 
sampled between July 12 and October 11 because site HB1 was dry.  On the October 26 sampling date, 
only eight sites were sampled because the sample bottles for HB1 and HB4 broke in transit.  Water 
samples were sent to the ALS Laboratory Group in London, Ontario, where they were analyzed for the 
concentration of E. coli.

On June 14, samples were collected at an additional three sites that were not sampled during the rest of 
2011.  Data for these sites are presented in the Appendix.

In 2010, the BRA expressed interest in determining how E. coli concentrations in the Bayfield River 
compare to those at the Bayfield beaches.  Additional samples were therefore collected at site MB3 
during June, July, and August when the ABCA was in the area for other monitoring programs.  This 
produced a dataset of E. coli concentrations at a Bayfield River site for comparison with Bayfield beach E. 
coli data collected by the HCHU on the same dates.

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.

The results were compared with 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 ten sampling locations 
(Table 1) and higher concentrations were typically associated with higher flows following rain events (e.g., 
August 9 and September 27) (Figure 2).  This standard was exceeded more frequently at sampling sites 
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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).

Table 1.  Escherichia coli concentrations, in colony forming units (cfu) per 100 mL, at ten sites in 
the lower Bayfield River watershed between June and November 2011.  Concentrations exceeding 
100 cfu/100 mL are in bold font.

Site Sampling DateSampling DateSampling DateSampling DateSampling DateSampling DateSampling DateSampling DateSampling DateSampling DateSampling DateSampling DateSite
Jun 14 Jun 28 Jul 12 Jul 26 Aug 9 Aug 23 Aug 30 Sep 13 Sep 27 Oct 11 Oct 26 Nov 8

HB1 180 190 10
HB2 380 480 430 890 2680 380 290 90 150 170 60 10
HB3 410 200 640 960 6210 260 260 140 620 90 140 460
HB4 340 650 260 360 80 150 240 110 1290 160 160
HB6 550 360 190 560 290 120 90 80 2950 40 240 80
HB7 140 600 230 440 3340 160 190 100 2710 60 240 10
HB8 200 50 210 780 1350 190 150 30 140 190 100 280
HB9 380 500 370 5870 180 200 30 1050 80 40 30
MB2 20 130 40 80 90 80 30 10 1230 10 110 30
MB3 70 170 60 60 100 30 50 10 2250 20 430 10

Figure 2.  Escherichia coli concentrations, in colony forming units (cfu) per 100 mL, 
in the lower Bayfield River watershed between June and November 2011.  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.
During 2011, the geometric mean of E. coli concentrations exceeded the 100 cfu/100 mL standard at 
seven of the ten sampling locations (Table 2).  Of the sites that were sampled in 2008 through 2011, five 
sites consistently had geometric means greater than the standard, one site exceeded the standard during 
two of the years, and one site (the only one on the Bayfield River itself) exceeded the standard during one 
year.  Median concentrations for sites on the Bayfield River were consistently lower than 100 cfu/100 mL 
in 2008 through 2011, while median concentrations for tributary sites were generally greater than 100 cfu/
100 mL (with the exception of HB1 in 2008; Figure 3).  The 90th percentile of E. coli concentrations was 
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greater than 1000 cfu/100 mL at five of the ten sites sampled in 2011 (Table 2).  Of the sites sampled in 
2008 through 2011, six sites had 90th percentiles in excess of 1000 cfu/100 mL in 2008, five in 2009, 
seven in 2010, and four in 2011.  Three of the sites have consistently had 90th percentiles greater than 
1000 cfu/100 mL, while four of the sites have had 90th percentiles greater than 1000 cfu/100 mL during 
two or three of the years monitored.

Table 2.  Geometric mean and 90th percentile of Escherichia coli concentrations, in colony 
forming units (cfu) per 100 mL, for sites in the lower Bayfield River watershed in 2008 through 
2011.  (Data sources:  Upsdell and Veliz, 2009a; Upsdell and Veliz, 2009b; Upsdell and Veliz, 2011).

Site
Geometric Mean

(cfu/100 mL)
Geometric Mean

(cfu/100 mL)
Geometric Mean

(cfu/100 mL)
Geometric Mean

(cfu/100 mL)
90th Percentile

(cfu/100 mL)
90th Percentile

(cfu/100 mL)
90th Percentile

(cfu/100 mL)
90th Percentile

(cfu/100 mL) Number of SamplesNumber of SamplesNumber of SamplesNumber of Samples
Site

2008 2009 2010 2011 2008 2009 2010 2011 2008 2009 2010 2011
HB1 53 555 492 70 414 1870 2750 190 6 4 5 3
HB2 312 106 300 235 1667 3072 4672 1427 8 11 11 12
HB3 298 467 858 385 5414 2708 7022 2325 8 11 11 12
HB4 180 338 415 248 1066 1254 2014 906 8 11 11 11
HB6 243 242 310 219 1145 3268 2060 1277 8 11 11 12
HB7 266 202 957 238 6268 570 3936 2899 8 11 11 12
HB8* 183 951 12
HB9* 215 2978 11
MB2 99 38 101 55 2294 252 1364 460 8 11 11 12
MB3* 69 976 12
* Monitoring at this site began in 2011.

Precipitation is monitored by the ABCA in the lower Bayfield River watershed at Varna, Ontario, and 
rainfall in 2011 was similar to normal conditions (ABCA, 2011).  During 2011, rainfall at Varna was 
generally lower than during 2008, higher than during 2009, and the same as 2010.  The shift from year to 
year in geometric means and 90th percentiles for the sites sampled in 2008 through 2011 does not follow 
changes in rainfall.  This may be related to the number of rainfall events sampled by chance each year, 
following the sampling schedule of every two weeks.  It is also unlikely that rainfall is the only determinant 
of E. coli concentrations, as E. coli levels also respond to shifts in activities taking place near the 
sampling locations.

The geometric mean of E. coli concentrations at a site on the lower Bayfield River (MB3) was higher than 
those for the Bayfield Main and South beaches (Table 3).  Two of the samples from the river exceeded the 
100 cfu/100 mL standard, compared with one sample from the Bayfield Main Beach and three samples 
from the Bayfield South Beach.  From June to mid-July, E. coli concentrations at the beaches tracked 
those in the river, increasing and decreasing with river concentrations (Figure 4).  Beginning at the end of 
July and continuing through August, beach concentrations did not track river concentrations as well.  E. 
coli concentrations at the Bayfield South Beach exceeded the concentrations in the river considerably on 
June 28 and July 26.  The Bayfield Main Beach concentration also exceeded the river concentration 
considerably on July 26.  These results suggest that contributions from the Bayfield River are not the only 
determinant of E. coli concentrations at the Bayfield beaches.  Other possible contributors include 
waterfowl, septic systems, and storm water drain outlets.  Factors such as water temperature and wind 
and current direction also influence E. coli concentrations in beach water.
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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 through 2011.  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 sources:  Upsdell and Veliz, 2009a; Upsdell and Veliz, 2009b; 
Upsdell and Veliz, 2011.)
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Table 3.  Escherichia coli concentrations, in colony forming units (cfu) per 100 mL, at 
one site in the lower Bayfield River (MB3) and two public beaches in Bayfield between 
June and August 2011.  Concentrations exceeding 100 cfu/100 mL are in bold font.
Date Bayfield River Bayfield Main Beach Bayfield South Beach
Jun 14 70 35 119
Jun 21 30 10 10
Jun 28 170 54 840
Jul 5 50 15 42
Jul 12 60 22 78
Jul 19 40 16 13
Jul 26 60 437 567
Aug 2 180 38 10
Aug 16 50 18 25
Aug 23 30 34 34
Geometric Mean 61 32 54

It should also be noted that the monitoring that has taken place between 2008 and 2011 is exploratory, as 
it is very difficult to interpret changes at sites over time with data from only four years.  Water quality data 
varies annually due to conditions such as precipitation and ten years of data may be required to assess 
changes in water quality as a result of environmental improvements on the landscape.

Figure 4.  Escherichia coli concentrations, in colony forming units (cfu) per 100 mL, at one site in 
the lower Bayfield River (MB3) and two public beaches in Bayfield between June and August 2011.  
Black horizontal dashed line marks 100 cfu/100 mL.  Please note that symbols (e.g., squares) 
represent samples that were collected and lines between symbols are included to better display 
differences between sites, not to indicate concentrations of E. coli on days that were not sampled.
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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. As was recommended in the past, funding and community interest has been found to develop a 
Subwatershed Plan for the lower Bayfield River, including Trick’s Creek.  A steering committee of 
landowners has been formed and development of the plan is in progress.  Many specific 
recommendations for the lower Bayfield River watershed will result from this process.  A rough draft of 
this plan will be available in the spring of 2012.

3. Continued monitoring of water quality in the lower Bayfield River watershed is needed to determine if 
improvements result from the implementation of best management practices in the watershed.

NOTE:  The President of the Bayfield Ratepayers Association (BRA) has advised the Ausable 
Bayfield Conservation Authority (ABCA) that the BRA will submit its comments and 
recommendations regarding the results of this report to the ABCA, Municipality of Bluewater, 
Huron County Health Unit, Blue Flag program, BRA members, and any other interested parties in 
February 2012.

Acknowledgements

We gratefully acknowledge funding support from the Municipality of Bluewater and the Erb Family 
Foundation.

We would like to thank several private landowners for access to sampling locations adjacent to their 
properties in order to obtain a broader sense of water quality in the lower Bayfield River watershed.

References

ABCA (Ausable Bayfield Conservation Authority).  2011.  Ontario Low Water Response.  Exeter, Ontario: 
ABCA.

Blue Flag.  2011.  Blue Flag Beach Criteria and Explanatory Notes 2011.  Retrieved 7 December 2011 
from Blue Flag website:

 http://www.blueflag.org/Menu/Criteria/Beaches/Beach+Criteria+and+Expl+notes+2011

Blue Flag.  2008.  Blue Flag Beach Criteria and Explanatory Notes 2008-2009.  Retrieved 9 November 
2009 from Blue Flag website:   http://www.blueflag.org/Menu/Criteria/Beach+Criteria/
BeachCriteriaExplanatoryNotes2008.pdf

Bly, L.  2011, July 1.  Dr. Beach picks top Great Lakes beaches.  USA Today, Travel.  Retrieved 22 
December 2011 from USA Today website:
http://travel.usatoday.com/destinations/story/2011/07/Five-great-Great-Lakes-beaches/49003198/1

MOEE (Ministry of Environment and Energy).  1994.  Water Management Policies, Guidelines, and 
Provincial Water Quality Objectives of the Ministry of Environment and Energy.  Government of 
Ontario Publication No. 3303E.

Upsdell, B., and M. Veliz.  2011.  Escherichia coli Monitoring in the Lower Bayfield River Watershed 2010.  
Ausable Bayfield Conservation Authority.  Exeter, Ontario.

Upsdell, B., and M. Veliz.  2009a.  Escherichia coli Monitoring in the Lower Bayfield River Watershed 
2008.  Ausable Bayfield Conservation Authority.  Exeter, Ontario.

Upsdell, B., and M. Veliz.  2009b.  Escherichia coli Monitoring in the Lower Bayfield River Watershed 
2009.  Ausable Bayfield Conservation Authority.  Exeter, Ontario.

Ausable Bayfield Conservation Authority
E. coli Monitoring in Lower Bayfield River Watershed 2011

Unknown
Jan 16, '12, 10:59 AM
Added: Space

Unknown
Jan 16, '12, 10:59 AM
Added Text 

Unknown
Jan 16, '12, 10:59 AM
Added Text 

Unknown
Jan 16, '12, 10:59 AM
Added Text 

Unknown
Jan 16, '12, 10:59 AM
Added Text 

Unknown
Jan 16, '12, 10:59 AM
Added Text 

Unknown
Jan 16, '12, 10:59 AM
Added Text 

Unknown
Jan 16, '12, 10:59 AM
Added Text 

http://www.blueflag.org/Menu/Criteria/Beaches/Beach+Criteria+and+Expl+notes+2011
http://www.blueflag.org/Menu/Criteria/Beaches/Beach+Criteria+and+Expl+notes+2011
http://www.blueflag.org/Menu/Criteria/Beach+Criteria/BeachCriteriaExplanatoryNotes2008.pdf
http://www.blueflag.org/Menu/Criteria/Beach+Criteria/BeachCriteriaExplanatoryNotes2008.pdf
http://www.blueflag.org/Menu/Criteria/Beach+Criteria/BeachCriteriaExplanatoryNotes2008.pdf
http://www.blueflag.org/Menu/Criteria/Beach+Criteria/BeachCriteriaExplanatoryNotes2008.pdf
http://travel.usatoday.com/destinations/story/2011/07/Five-great-Great-Lakes-beaches/49003198/1
http://travel.usatoday.com/destinations/story/2011/07/Five-great-Great-Lakes-beaches/49003198/1


9

Veliz, M., H. Brock, and J. Neary.  2006.  Ausable Bayfield Conservation Authority Watershed Report Card 
2007.  Ausable Bayfield Conservation Authority.  Exeter, Ontario.

Appendix

Table A1.  Escherichia coli concentrations, in colony 
forming units (cfu) per 100 mL, for three sites in the 
lower Bayfield River watershed that were sampled on 
June 14, 2011, but did not continue to be sampled for 
the monitoring program.
Site Escherichia coli (cfu/100 mL)
HB10 270
HB11 80
MB1 40
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