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Introduction
The Vermilion River Stewardship (VRS) has completed its 2013 to 2015 Lower Vermilion Source Water
Quality Monitoring Project (Project) for the Vermilion River system. The objectives of the Project were to
characterize the lower Vermilion River to identify the negative inputs and outputs to water quality, and to
ultimately recommend a course of action to protect and restore water quality on the Vermilion River.
The Vermilion River is about 248 km in length, with its headwaters rising in Tramp Lake, about 70
2
km north of Capreol, and drains an area of approximately 4,429 km . The Vermilion and its
tributaries are the main drain for the Vermilion River Watershed. As the river runs through the
District of Sudbury, it hosts a wide range of land use, that includes mining, industrial, agricultural,
urban and suburban development.
The Vermilion provides habitat for numerous endangered species such as the Bald Eagle, Blanding’s
Turtle, Whippoorwill, Lake Sturgeon, Common Nighthawk, as well as numerous others, and is a popular
recreation destination to those seeking diverse beauty, recreation, and tranquility.
The Vermilion River has experienced a long legacy of impacts from its 8 Municipal Wastewater
Treatment Facilities (WWTFs), 2 mining/smelting industrial WWTFs, 3 municipal sewage lagoons, 3
smelters, and 1 hydroelectric impoundment. Sudbury’s WWTFs were not built to accommodate the
extremes of climate change, and consequently, several times each year, during heavy rain events,
large volumes of partially treated and untreated sewage are released directly into the Vermilion
River system. Approximately 131,000 Sudbury residents rely on WWTF and sewage lagoons to
dispose of their waste, and the remaining 29,000 residents in the Greater Sudbury region likely rely
on septic tank systems.
In recent years, water bodies within the Vermilion River system have shown signs of nutrient
enrichment, and some have had recurring Cyanobacteria (blue-green algae) blooms. However, in
October of 2011 a bloom was observed throughout the entire lower arm of the Vermilion River
system, from Simon Lake all the way out to its confluence with the Spanish River.
This blue-green algae bloom was a wake-up call for local stakeholders, and especially for those
families who draw their water directly from the river using filtration systems that may or may not be
effective in filtering out the toxins. There are also o ver 13,000 people living in Naughton, Whitefish,
Lively and Copper Cliff who receive their drinking water from the Vermillion River at the Vale water intake.
VRS took immediate action by forming a Strategic Planning Committee (SPC), with an aim to
explore ways to determine the source/s of pollution within the Vermilion River system, and to
recommend a course of action. To address this public health and safety threat, the VRS decided to
conduct a comprehensive sampling program to characterize the water quality of the lower Vermilion
River, to identify the negative inputs and outputs. Samples were to be taken, and the data analyzed to
inform the VRS of appropriate corrective action.
The VRS subsequently applied for and received a $103,200 Ontario Trillium Foundation (OTF)
grant. In November of 2012, shortly after VRS received the first installment of the OTF grant, a blue green algae bloom was reported on Ella Lake, a small lake that is used as the headpond for the
Lorne Falls Dam. This bloom persisted from November of 2012 throughout the winter months, and
only in April of 2013, during ice break-up and the Spring freshet did the bloom dissipate.
Early in 2013 VRS contracted with CS to coordinate, plan and execute the Lower Vermilion Water
Quality Monitoring Project (Project). The Project was initially for a 2-year term; however, with the help of
the OTF, KGHM International, and in-kind assistance from CS and our VRS volunteers, the Project was
extended into a third year.
Before the sampling began in the Spring of 2013, new partners were attracted to the Project because of
its size and scope, as well as the Vermilion’s historic challenges with blue-green algae blooms and heavy
metal contamination resulting from over 100 years of mining in the area. The University of Ontario
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Institute of Technology came on board to do a phytoplankton study, and Queen’s University agreed to do
sediment core sampling.
There were 28 sampling sites strategically located along the Vermilion River system. Our base line
sampling site was located on the Vermilion River several kilometers above the old Moose Mountain Mine
site, north of Capreol. Sample sites were also located on the Whitson and Onaping Rivers, Junction,
Lilly, Copper Cliff, Meatbird, Fairbank and Levy Creeks, as well as interconnecting lakes. Sampling
extended to within a short distance of the confluence of the Vermilion River with the Spanish River.
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On behalf of VRS, Conservation Sudbury (CS) sampled at 28 sites, once each month for 6 months in
2013, 2014, and at 22 sites in 2015, for a total of 468 water quality samples and 336 phytoplankton
samples.
The standard water quality indicators were tested, which included clarity, dissolved oxygen, chloride,
sodium, nutrients (phosphorus and nitrogen), trace metals, suspended solids, bacteria, contaminants, and
other general chemistry parameters. In addition, Phytoplankton, and Chlorophyll a samples were also
taken to help understand the influence that current land-use activities and flow regulation have on water
quality and the ecological health of the riverine ecosystem.
All samples were collated and analyzed, and formed the basis for the water quality and phytoplankton
studies.
What follows is a brief overview of the three studies that were completed under this Project:
1. Conservation Sudbury’s Final Report covers the details and findings of the water quality study
(Addendum-1);
2. Master of Science Thesis from the Faculty of Science, Applied Bioscience, at the University of
Ontario Institute of Technology covers the phytoplankton study (Addendum-2), and a
th
3. 4 year Bachelor of Science (Honours) Thesis, from the Department of Biology at Queen’s
University covers the sediment core sample taken from Wabagishik Lake (Addendum-3).
The data that was collected for this Project is now available to the community for other initiatives that
relate to healthy freshwater ecosystems.
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Surface Water Quality
In late 2012, VRS contracted with Conservation Sudbury (CS) to provide two technicians to help VRS
plan and conduct the water quality Project. CS provided expertise and advice in the planning and
technical aspects, and conducted the sampling for the 3-year term of the Project.
In order to avoid the potential for spreading invasive species, it was determined that the best way to
conduct the sampling throughout the Vermilion River system was to find lake partners at each location
that would be willing to transport our technician/s out onto the lake and river locations to sample. 16 Lake
Partner volunteers quickly made themselves and their boats available to help with the Project. This
saved VRS considerable grant dollars that had been budgeted for mileage to haul a boat throughout 28
sample site locations within the Vermilion River Watershed, and also avoided the potential for spreading
invasive species. All Lake Partners who assisted were awarded with gas cards at the end of each year,
and a Certificate of Appreciation was awarded at the close of the Project.
The reader will find a comprehensive report by CS in Addendum-1 of this document, entitled, “Vermilion
River Watershed Surface Water Quality, Report on Current Conditions, 2016”. Please note that when
reading the Charts beginning on Page 27 of this report, that the site to the far left, Monitoring Site 1
(located below Milnet and above Roberts River), is considered the base line, and is the least impacted of
all other monitoring sites by pollutants. All sites to the right in the line charts reveal the increase in
contaminants into the river system, with many elements exceeding the provincial limits.

CS Technician and Lake Partner volunteer in process of water
quality sampling on McCharles lake.
CS Technician taking Secchi Disk
reading to test water clarity on
McCharles Lake.
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Phytoplankton Study
Dr. Andrea Kirkwood, Associate Professor of Biology, in the Faculty of Science, with the University of Ontario
Institute of Technology (UOIT), joined the Lower Vermilion Water Quality Monitoring Project in April of 2013,
after a series of Tweets exchanged with VRS about a blue-green algae bloom that occurred on the Vermilion
River system (Ella Lake) throughout the late fall of 2012, and which persisted until ice break-up in April of
2013. Dr. Kirkwood’s lab investigates the impacts of human activities on aquatic ecosystem health in rivers,
lakes and wetlands. Blue-green algae are Dr. Kirkwood’s specialty, and her student, Carrie Strangway, was
very interested in doing her Master of Science Thesis on a Project with such a large scope, especially when
we already had confirmed incidents of blue-green algae on the Vermilion River system.
UOIT’s contributions were:




Processing of 336 phytoplankton samples to determine taxonomic composition and abundance
Analyzed phytoplankton data in conjunction with the water quality data provided by CS
Based on analysis of the phytoplankton and water quality data, UOIT produced the following
documents:
o Master of Science Thesis by Carrie Strangway
o Peer-reviewed scientific publication(s) authored by Strangway and Kirkwood
o Thesis work will be presented at conferences, with credits to VRS, OTF & CS
o Final report for VRS authored by Strangway and Kirkwood
o All costs were covered by UOIT
o In-kind value - $75,000 - almost $60,000 is cost of phytoplankton analysis (based on
standard consulting fees) and the rest being the cost of lab equipment and supplies

Dr. Andrea Kirkwood and Carrie Strangway at Simon Lake in 2013.
The thesis was submitted and published in partial fulfillment of the requirements for a degree of Master of
Science in the Faculty of Science, Applied Bioscience, University of Ontario Institute of Technology,
December 2015, entitled:
A slide presentation made by Carrie at a Vermilion River Stewardship General Meeting on 14 October 2015,
may be viewed here.
Lower Vermilion Source Water Quality Monitoring Project

An investigation of land-use impacts on water quality and phytoplankton communities of the Vermilion River
and major tributaries, Sudbury, Ontario, Canada, by Carrie Strangway.
Abstract
The Vermilion River and major tributaries (VRMT) receive numerous inputs from point and non-point sources
along their continuum. In addition to these inputs from the surrounding landscape, a hydroelectric
impoundment and control dams/weirs have modified the natural flow regime. Further development in the
Vermilion watershed has been proposed and there are concerns that it will push the system beyond a tipping
point, leading to a state of permanent impairment. In order to understand how ecosystem health may be
impacted by future stressors baseline water quality and phytoplankton data were collected monthly (6 months
per year) over a period of two years (2013-2014) for twenty-eight sites. Landscape-scale data were also
extracted for these sites using the geographical information software QGIS.
A broad range of quaternary geology types, land-cover types, and road densities were found to exist in the
VRMT study area. Impervious land-cover types (i.e. barren and developed land-cover) and road density were
positively correlated with many water quality parameters, whereas, forest land-cover was negatively
correlated with many water quality parameters. Principal component analyses revealed that sites on the mainstem of the Junction tributary exhibited above average values for the majority of water quality parameters.
Notably, sites located downstream of the Sudbury WWTP had above average values for chlorophyll-a, total
phosphorus, nitrate, and nitrite, whereas the site upstream had above average values pH and total kjeldahl
nitrogen.
Further correspondence analyses and canonical correspondence analyses demonstrated that the abundance
and composition of major phytoplankton groups and genera were different between sites and likely influenced
by the surrounding landscape (i.e. point and non-point sources) and water quality differences. For all CCAs
general biological/chemical parameters and nutrients were slightly better predictors at explaining the variation
in phytoplankton biomass compared to metals. Of these general biological/chemical parameters and
nutrients, many of parameters were important or moderately important (e.g. Chl-a, CaCO3, DOC, Cond, Cl,
TP, TN, TKN, NO3, and NO2). The major phytoplankton group Chlorophyta (i.e. green algae) was abundant
at many sites located in Junction tributary in 2013 and in 2014, however, CC-12 which was also located in the
Junction tributary was primarily dominated by the major phytoplankton group Bacillariophyta (i.e. diatoms)
and had extremely low biomass for all sampling dates. In addition, the major phytoplankton group
Cyanophyta (i.e. blue-green algae) was regularly abundant later in the sampling season at ELA-25 for both
years and this major phytoplankton group was mainly comprised of Microcystis. (See full text of Thesis in
Addendum-2).

Lower Vermilion Source Water Quality Monitoring Project

9

Sediment Core Sampling
Following an introduction by Dr. Andrea Kirkwood, Dr. Brian Cumming, Ph.D., Director, School of
Environmental Studies, Co-Director, Paleoecological Environmental Assessment & Research Lab (PEARL),
Professor, Department of Biology, Queen’s University, expressed an interest in taking part in our Lower
Vermilion Water Quality Monitoring Project.
th

Dr. Cumming recommended a 4 year undergraduate student, Zara Jennings, to do sediment core sampling
on Wabagishik Lake, which is on the lower arm of the Vermilion River system. Dr. Cumming and Zara arrived
in September of 2013 with a boat and crew, and within a few hours the sediment core sample was taken,
sectioned, bagged, recorded, and then they were back on the road again.
Queen’s University’s contributions were:











1 sediment core from the deep central basin of Wabagishik Lake, Vermilion River
Core sectioned into 0.25-cm intervals
Core dated in Queen’s gamma counting facility to establish a time-depth profile
Metal analysis on a sample core
Methylmercury analysis
Assessments of the changes in the diatom or invertebrate assemblages
Detection of changes in production do to cumulative impacts
th
4 year Bachelor of Science (Honours) Thesis, Department of Biology at Queen’s University
Dollar cost for lab fees was under $900
In-kind value of $4,000 for sampling and thesis work
Dr. Brian Cummings and Zara Jennings on Wabagishik Lake in 2013.

The core reflects the cumulative impacts that have occurred over the past 50 to 200 years through the
examination of sedimentary records in the deep lake basin where sediment accumulation has likely been
continuous over this time frame. To assess environmental change, it is necessary to determine background
conditions and natural variability; understand how a system has changed over time; and understand the
processes responsible for the observed changes.
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The Paleoecological Environmental Assessment Lab (PEARL), at Queen’s University specializes in the
development of paleolimnological approaches to assess environmental change. The science of
paleolimnology uses the biological, chemical and physical remain in dated sediment cores, and is a valuable
technique to reconstruct environmental change.
The lower Vermilion River has been receiving effluent from the mining industry and human habitation for more
than 100 years. The Vermilion suffers the cumulative impacts of watershed development from a variety of
sources including: new and redeveloped mines; enhanced nutrient additions from diffuse and point sources; a
hydroelectric facility, as well as changes in climate - all of which could adversely impact water quality (e.g.
metal contamination, enhanced primary production). Given the legacy of contamination of the lower
Vermilion River, and the threat of future adverse impacts from mining, development and climate, the
Vermilion River Stewardship (VRS) has been active in assessing changes in water quality and quantity within
the Vermilion River Watershed.
Anthropogenic influences can have detrimental impacts on water quality. Activities in the watershed have the
potential to increase aquatic production including increased release of nutrients from human activities, as well
as changes in climate. Changes in the assemblages of diatoms and scaled chrysophytes have been shown
to be an excellent indicator of changes in production.
The thesis was submitted to the Department of Biology in partial fulfillment of the requirements for the degree
of Bachelor of Science (Honours) at Queen’s University, Kingston, Ontario Canada, April 2014, entitled:
Recovery of Chironomidae from metal contamination in a multi-stressor environment: a paleolimnological
analysis of a circumneutral Sudbury, Ontario Lake, by Zara Jennings.
ABSTRACT
Metal contamination and eutrophication of freshwater resources represent major threats to water-quality
worldwide. Sudbury Ontario, the world’s second largest mining and smelting center, became severely
contaminated before successful remediation efforts initiated in the 1970’s were able to restore aquatic and
terrestrial environments. However, the individual impact of metal contamination in isolation from the effects of
acidification on aquatic communities remains relatively unexplored. In the face of additional stressors,
including cultural eutrophication and climate warming, the potential for aquatic communities to fully recover to
pre-disturbance conditions as a result of reduced metal contamination is uncertain. Paleolimnological
techniques were utilized to characterize the response of chironomid assemblages in circumneutral Lake
Wabagishik to declining metal concentrations whilst experiencing a warmer and more productive
environment.
Geochemical analysis tracked declining Cu, Ni, Pb, Cd, As, Zn and Co concentrations since 1956. NIRSinferred chlorophyll-a concentrations increased since 1951, consistent with that of an oligotrophic basin that
has slowly eutrophied. The pre-remediation chironomid assemblage was comprised of oligotrophic and metaltolerant taxa. Following emission reductions, the relative abundance of eutrophic and metal-sensitive taxa
increased. In comparison to aquatic communities from other metal contaminated lakes, changes in the
chironomid assemblage were relatively small, likely reflecting the suppression of aqueous metals and low
bioavailability due to the circumneutral nature of Lake Wabagishik. The results of this study reveal that direct
chemical measurements do not necessarily dictate biological responses and that toxicity arises from an
interaction of contamination with the specific local conditions. (See full text of Thesis in Addendum-3).
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Queen’s University Sediment Core Sample Results
VRS presented to the Ministry of Environment and Climate Change in July of 2014, on the heavy metal
contamination in Wabagishik Lake. This presentation was based on Zara’s findings, and is located here.
Below are graphs that reflect key core sample results representing the years 1951 to 2013. You will see that in
most respects heavy metal contamination has been improving over time, with some exceptions. However, the
graphs reflect what is contained in the sediment layers, and reminds us that we must be careful not to stir it up.

Lower Vermilion Source Water Quality Monitoring Project

12

Lower Vermilion Source Water Quality Monitoring Project

13

Lower Vermilion Source Water Quality Monitoring Project

14

Lower Vermilion Source Water Quality Monitoring Project

15

Note: Phosphorus and Chlorophyll a in the sediment are on the rise from 1951 levels.
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Note: The sediment core sample was taken in early September of 2013. Dissolved oxygen (DO) was
measured once every meter until its full depth of 16 meters. As the chart below indicates, the DO at 1 meter
below the surface measured 7.44 mg/L, and began to drop dramatically at 12 meters, and continued to drop
until it reached the bottom, a depth of 16 meters, to 0.17 mg/L.
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Conclusion
The three individual studies contained within this Project are each very informative on their own; however,
when observed together as a whole, they not only confirm the degree of nutrient and heavy metal
contamination, but also point to key contributors within the watershed.
There is a tremendous amount of data resulting from this Project, especially in regards to the water quality
sampling. VRS has not yet had sufficient time to thoroughly study the data; so there is still a great deal of
work yet to be done. Further study of the data will help determine in greater detail whether there may be
other contributing factors to water quality and sediment conditions. VRS would also like to examine and
compare the City of Sudbury wastewater records, as well as timing of heavy rain events to determine any
correlation with some of the spikes in nutrient and heavy metal pulses that are evident throughout the
watershed – see Charts in Addendum-1, Appendix A.
The mining industry, with both its historic and current contributions of heavy metals, are continuing to have a
serious impact on both water quality and sediments within the watershed. However, sediment sample results
indicate that mine effluent and air emission treatments have been improving over time, at least with most
heavy metals.
Nickel, Copper and Lead levels in sediment have been improving over time; however, levels in Wabagishik
Lake still exceed the Severe Effect Level (SEL) under the Provincial Sediment Quality Guidelines (PSQG),
and levels in water quality sampling also exceeded the Provincial Water Quality Objectives (PWQO) at most
sample sites. Iron has consistently exceeded the SEL under the PSQG, and has stayed at relatively constant
levels since 1951. Arsenic levels have fallen in water quality sampling to within the PWQO; however, arsenic
in the sediment spiked in 2013, and exceeded the SEL under the PSQG. Manganese levels in the sediment
have exceeded the SEL since 1956, and took a huge spike in 2013. We have yet to analyze the Manganese
levels in water quality sampling. It was surprising to see that Mercury levels in the sediment in Wabagishik
Lake are only at the Low Effect Level, especially considering the fish consumption restrictions on the lake as
a result of mercury levels in fish tissue.
The reader will also note that Phosphorus levels in the sediment spiked in 2013, and that Chlorophyll a has
been increasing over time. Full detail and information regarding Chlorophyll a is contained within
Addendums-2 and 3.
The charts contained within Addendum-1 clearly point to the main contributors to heavy metal contamination
and nutrient enrichment.
Although the E. coli spikes registered exceeded the guidelines in 31 samples throughout the watershed, the
PWQO were not officially exceeded. These pulses are of concern for VRS because of the public health and
safety issue, and points to the need for further investigation to see whether the spikes correlate with
wastewater bypass events.
Additionally, the phytoplankton study (Addendum-2) reported “the major phytoplankton group Cyanophyta
(i.e. blue-green algae) was regularly abundant later in the sampling season at ELA-25 for both years and this
1
major phytoplankton group was mainly comprised of Microcystis”. ELA – 25 is situated on Ella Lake in the
bay area, where the blue-green algae bloom occurred throughout the winter of 2012/2013, and is the
headpond/impoundment for the Lorne Falls Hydroelectric Facility.
The phytoplankton study also indicated that sample sites located on the junction sidearm had higher levels of
nutrients than other sites; however, Lilly Creek and Meatbird Creek sample sites, which are also located in
the Junction sidearm, were not as impacted – likely because these sites were within the tributaries and not
impacted by the Sudbury WWTF. The study revealed that the Sudbury WWTF is likely responsible for the
elevated nutrients at sites downstream of it; however, another source for the elevated concentrations of TN
and TKN were probably from mining/smelting WWTFs, and/or runoff from the Clarabell Mill property.
1

Addendum-2, P-3.
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The data for the Lower Vermilion Source Water Quality Monitoring Project has effectively been validated
through the phytoplankton study, as the Thesis by Carrie Strangway (Addendum-2), has now been peer
reviewed and published. Having the data validated by the UOIT saved the Project several thousands of
dollars.
The Strategic Planning Committee will continue to analyze the data to determine a course of action. VRS has
already presented some findings to the Ministry of Environment and Climate Change, however, we will also
meet with key industry, municipal and provincial agencies to present the results of our Project, and to explore
ways of mitigating some of the more concerning issues challenging the Vermilion River Watershed.
VRS wishes to thank the Ontario Trillium Foundation, Conservation Sudbury, KGHM International,
the University of Ontario Institute of Technology, Queen’s University, and the many volunteers.
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Addendum-1
Vermilion River Watershed
Surface Water Quality Study Report on
Current Conditions,
by Conservation Sudbury
(Link to Document on Web)
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Addendum-2
Phytoplankton Thesis
by Carrie Strangway, University of Ontario Institute of Technology
(Link to Document on Web)
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Addendum-3
Sediment Core Thesis
by Zara Jennings, Queens University
(Link to Document on Web)
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