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EXECUTIVE SUMMARY

In 2008, a team of scientists, led by Drs. David Schindler and Erin Kelly of the University of
Alberta [called Kelly et al. throughout the report; et al. is Latin for “and others”], conducted an
intensive short-term study to determine if oil sands operations in the Athabasca region of Alberta
were releasing pollutants to the watershed of the Athabasca River and the river itself. The
findings of the study were published in two articles in a prestigious scientific journal. These
articles stated that the oil sands development is a greater source of contaminants than was
previously recognized. Many of the pollutants that they found in snow pack and river samples
are toxic at low concentrations (trace metals), while others could harm fish embryos in the rivers
(polycyclic aromatic compounds, PAC). They also indicated that current monitoring programs

throughout the oil sands region are inadequate to determine impacts of these chemicals.

Since their publication in 2009 and 2010, these articles have received considerable attention and
generated controversy. In September 2010, Premier Ed Stelmach of Alberta announced that he
would work with Prof. Schindler to set up an independent panel of experts in the field of water
pollution and its effects on aquatic systems. The panel, called the Water Monitoring Data
Review Committee, was instructed to review the articles by Kelly et al. and reports by Alberta
Environment and the Regional Aquatics Monitoring Program (RAMP). They were charged with
examining study designs, data, and statistical approaches, to determine if the conclusions among

these reports were consistent and comparable.

Although many reports, studies and articles have been written on environmental impacts of the
oil sands, the Committee decided to focus on four documents. These were the two articles by

Kelly et al., one Alberta Environment report by T. Hebben and one RAMP Review report.

The focused, short term sampling campaign used by Kelly et al. was adequate for estimating
short-term inputs to the watershed in the region of the oil sands development and potential
impacts to the aquatic ecosystem. The Alberta Environment study included monitoring at a
limited number of stations, and was not specifically intended to determine impacts from the oil
sands operations. The RAMP program has many monitoring sites, but the low sampling

frequency each year limits this program’s ability to determine impacts from oil sands operations.
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Monitoring of chemicals in river systems, particularly large complex systems such as the
Athabasca River and its tributaries, is not easy. Concentrations can vary substantially over time
(season, flow rate) and over space within the system. As a result, it is difficult to use a few
measurements of concentrations of contaminants in river water and fine surface sediments to
assess environmental impacts. The water and fine surface sediments in a stream or river
represent materials in transit and will always contain, at any given location, materials more or
less recently arrived from upriver. Even with constant inputs from oil sands operations, one
would not necessarily expect an increase over time in concentrations of contaminants in water

and sediment in rivers, even at points downstream of these operations.

Conclusions in Kelly et al.’s articles and the report by Alberta Environment are based on
monitoring chemicals that might have an effect, as opposed to monitoring actual effects on
organisms (biological monitoring). They mostly assess risks by comparing chemical
concentrations in their samples to either water quality guidelines (for trace metals) or published
concentrations that may cause an effect on certain aquatic organisms (for polycyclic aromatic
hydrocarbons, PAHs). The need for data that can be used in comprehensive risk assessment

cannot be over-emphasized.

Kelly et al.’s study has limitations on its ability to estimate the amount of contaminants entering
the river and its watershed from the oil sands activities. There were large disparities between the
estimated emissions from oil sands operations and Kelly et al.’s estimated deposition near these
facilities. Their results, therefore, carry the implication that considerably more particulate matter
and trace metals are being released from the oil sands facilities than is being reported in the
National Pollutant Release Inventory, or that there are other airborne sources. Recent studies
show that levels of polycyclic aromatic hydrocarbons (PAHs) in sediments of the Athabasca
delta and mercury in the eggs of birds nesting there have been increasing, as have arsenic
concentrations in the sediments of Lake Athabasca. The articles by Kelly et al. have served to
point out some of the gaps in data and understanding in linking sources and effects. In
particular, at the time they were done, there were no other studies on atmospheric deposition of

contaminants in the oil sands area, especially to terrestrial ecosystems.
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The Alberta Environment report was intended to document long-term trends in about 100
chemicals in the Athabasca River, over time and along the river. It was not intended to assess
impacts of the oil sands on the river. The limitations in quantity and accuracy of long-term trace
metal data made it difficult for the author to apply trend tests to them. The report did state,
however, that concentrations of a few trace metals in the river exceeded water quality guidelines

on some occasions.

Although Alberta Environment monitored polycyclic aromatic hydrocarbons (PAH) in the river,
they were mostly undetected in the river samples. Therefore, the author did not conduct trend
analyses on PAH. A fair amount of effort and resources have apparently been devoted to
generate the mostly non-detect data for PAH and other organic contaminants. Failure to detect
PAHs in the sample cannot be a reflection of available analytical technology between 1990 and
2007. Although it is likely that concentrations in the river are generally low, it appears the
laboratories Alberta Environment used do not have the capability of measuring the low
concentrations of PAC found in the water. The Committee believes there were deficiencies in
the sampling design and methodology for this study. The development of appropriate detection
limits based on the potential for toxic effects would have made the study more relevant. Some
aquatic organisms can accumulate PAHs to concentrations that would result in harm even from

very small concentrations in the environment.

The Regional Aquatics Monitoring Program (RAMP) has a very extensive monitoring design.
But the Committee believes the program is spending large amounts of time and resources on
obtaining water quality data that are difficult to interpret because the systems they are monitoring
are large, complex and variable, and their sampling frequencies are too low and the sampling
locations are not adequate to account for this. Although many different trace metals are
measured in the samples collected, only a few of these fit the program’s monitoring criteria and
hence the others are not reported. Data for all trace metals measured in water samples should be

included in future reports by RAMP.
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To assess contaminants in the rivers and watershed that are contributed by oil sands operations is
made difficult by the scarcity of information on natural historical background levels and on true
reference sites. This is generally understood, but must be kept in mind where the various reports
refer to "upstream" versus "downstream," “background" versus "near development," and "test"
versus "baseline" sites or conditions. There are at least four underlying causes for absence of
adequate reference sites. First, no monitoring programs were put in place until well after oil
sands operations began. Second, once they were in place occasional changes in analytical labs
used and in detection limits have complicated assessment of temporal trends. Third, locations
and amounts of natural inputs, especially by groundwater inflows, are poorly known. In many
cases such natural inputs are upriver of oil sands operations. And fourth, aerial dispersal and
subsequent deposition of contaminants generated by oil sands operations will often be

southward, i.e. upriver of Fort McMurray, as winds are frequently from the north.

There are several reasons for the apparent differences of opinion about whether oil sands
contaminants are derived from natural sources or the oil sands industry (“the controversy”). Two
main reasons are: 1) each of the databases in these reports is limited in terms of quality, quantity
and/or lack of spatial and temporal resolutions. They cannot scientifically justify all of the
inferences that have been reported; and 2) each study used different reference sites to compare

levels of contaminants attributed to natural sources and human activities.

Taking into consideration all data and critiques, we generally agree with the conclusion of Kelly
et al. that PACs and trace metals are being introduced into the environment by oil sands
operations. However, their estimates of PAC deposition rates must be regarded as only
approximate and preliminary in nature. We agree with Kelly et al. that it is improbable that the
snowpack-deposited contaminants could have resulted from wind erosion of bitumen outcrops or
bitumen-containing soils in undisturbed landscapes — especially under snow-cover. Information
on PAC concentrations in water provided by Kelly et al. is less conclusive. While many of the
differences they document are consistent with large inputs of contaminants from oil sands
operations, their water data do not allow for a quantitative analysis of the relative contributions
of natural loadings and those due to oil sands operations. The comments above are equally valid

for trace metals.
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We generally see no conflict among the conclusions from Kelly et al., the Alberta Environment
report, and the RAMP reports. Although the Alberta Environment trace metals data from before
2004 are invalid, most of the data in these reports are valid. The Kelly et al. study was highly
focused, the Alberta Environment study examined long-term trends, and RAMP elucidated
patterns in water quality and inputs over space and time, but at a low sampling frequency.
Because all of these studies had a different focus, their conclusions generally did not conflict,

despite occasional differences in interpretations or neglected patterns.

We think Kelly et al.’s study, in spite of some uncertain statements on loadings and risks, has
been important in pointing out deficiencies in current monitoring programs in the oil sands area.
We believe it is in the best interests of the public and the oil sands industry to make sure all

monitoring programs are conducted with scientific rigor and oversight.

The studies by Kelly et al. have served to focus attention on some critical issues that can be
resolved in a new monitoring program now being designed by a committee set up by the Alberta
Minister of the Environment. This program can build on elements and concepts of the three
existing programs to address the issues of whether the releases from oil sands production are
causing adverse effects on aquatic and terrestrial organisms. This monitoring should consider
effects in tributaries, especially during critical periods of flow in the river. The accumulation of
residues in the delta, Lake Athabasca and their biota also merit special attention, with expanded

biological monitoring and focused scientific investigations to assess risk.
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1.0 INTRODUCTION

A group of scientists led by Dr. Erin Kelly et al. and Prof. David Schindler of the University of
Alberta published two articles in a scientific journal',”. These articles suggested that the oil
sands industry is releasing trace metals and polycyclic aromatic compounds (PACs) that are
potentially harmful to the Athabasca River and its watershed. Thirteen trace metals were
reported on in one of these articles. These are called “priority pollutants” by the U.S.
Environmental Protection Agency. These metals can be toxic and last a long time in the
environment.

Polycyclic aromatic compounds could harm fish populations and other aquatic organisms, and
possibly people using the river as a water supply. Kelly et al. measured all of these contaminants
in snowpack to estimate their deposition from the atmosphere from oil sands activities and local
emissions. They also measured these contaminants in the water of the Athabasca River and its
tributaries in the oil sands area, and in Lake Athabasca and the Athabasca Delta.

Alberta government reports suggest that the majority of oil sands-related pollutants detected
downstream of oil sands activities are derived from the release from natural bitumen outcrops
(hydrocarbons) resulting from local geology. Work to assess the relative importance of various
factors on water quality in the Athabasca River system is complex and ongoing. Kelly et al.,
however, have doubts about whether Alberta’s monitoring programs are adequate to determine
the amounts and sources of these chemicals that may be entering the watershed and river. They
also suggested that the monitoring programs of RAMP and Alberta Environment are unable to
assess the impacts of oil sands activities on the water, aquatic life, and other natural resources
very well.

Premier Ed Stelmach of Alberta announced on September 24, 2010 that the government would
work with Prof. Schindler to put together an independent committee of six scientists who are
experts in the field of water pollution and its effect on aquatic ecosystems. The committee,
called the Water Monitoring Data Review Committee, was given a mandate to review data and
conclusions from the work of Kelly et al. and the Alberta monitoring programs. Prof. Schindler
suggested three of the committee members and the Government of Alberta suggested the other
three members. The Minister of Alberta Environment announced the committee members on
October 7, 2010.

! Kelly, E.N., J.W. Short, D.W. Schindler, P.V.Hodson, M. Ma, A.K. Kwan and B.L. Fortin. Oil sands development
contributes polycyclic aromatic compounds to the Athabasca River and its tributaries. Proc. Nat. Acad. Sciences,
106:52, p 22346-22351.

2 Kelly, E.N., D.W. Schindler, P.V. Hodson, J.W.Short, R. Radmanovich, and C.C. Nielsen. Oil sands development
contributes elements toxic at low concentrations to the Athabasca River and its tributaries. Proc. Nat. Acad.
Sciences, 107:37, p 16178-16183.
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Members of the Water Monitoring Data Review Committee

The names and brief biographies of the six members of the committee follow in alphabetical

order:

1.2

Peter Dillon: Dr. Dillon is the director of the Water Quality Centre at Trent University
and a professor in the Environmental and Resource Studies and Chemistry departments.
His expertise is in the field of watershed biogeochemistry.

George Dixon: Dr. Dixon is the vice-president of research and professor of biology at the
University of Waterloo. His specialty is effects of toxic chemicals, including metals and
oil sands process water, on aquatic organisms, principally fish.

Charles Driscoll: Dr. Driscoll's research focuses on environmental chemistry,
biogeochemistry (the study of cycles of chemical elements and their interactions with
living things) and water quality response to ecosystem disturbance. He is a university
professor of environmental systems engineering at Syracuse University in New York
State and is a member of the U.S. National Academy of Engineering.

John Giesy: Dr. Giesy is a professor and Canada research chair in Environmental
Toxicology in the Department of Veterinary Biomedical Sciences and Toxicology Centre
at the University of Saskatchewan. He is regarded as one of the world’s eminent
ecotoxicologists (study of toxic effects, caused by natural or synthetic pollutants, to entire
ecosystems) and a fellow of the Royal Society of Canada.

Stuart Hurlbert: Dr. Hurlbert is the former director of the Center for Inland Waters and
professor emeritus at San Diego State University. He specializes in human population
issues, biostatistics and limnology.

Jerome Nriagu: Dr. Nriagu is a professor in the School of Public Health as well as a
research professor in the Center for Human Growth & Development at the University of
Michigan. A fellow of the Royal Society of Canada, Dr. Nriagu is an expert who has
published extensively on toxic trace metals in the Canadian environment.

Purpose of the Water Monitoring Data Review Committee (WMDRC)

The charges to the WMDRC were to:

Review the two technical articles published by Dr. Kelly et al. in the Proceedings of the
National Academy of Sciences USA, and 2) surface water data and reports from RAMP
and Alberta Environment, to compare findings and determine if the quality of data is
adequate to support conclusions from each of the two groups.

Examine study designs, methodology, data handling, and statistical techniques for the
studies of both the Kelly et al. and the Government of Alberta.

Determine if the conclusions from the University of Alberta scientists and the
Government of Alberta are consistent and comparable.
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e If there are differences in the data supporting the conclusions, are they important? Are
there any gaps in the data, and are these relevant?

e Identify the risks and impacts in the use of the data.

e  Other reports and articles can be reviewed to find more information to help with this
report.

1.3 The Approach of the Water Data Monitoring Review Committee

Our approach was to have teleconference meetings regularly, instead of in-person, and have
representatives from Prof. Schindler’s team, Regional Aquatics Monitoring Program, Alberta
Environment, Wood Buffalo Environmental Association, industry and Environment Canada,
answer specific questions about their work, both written and verbally (see Table 1). First
Nations representatives were also invited to tell us about their impressions of oil sands impacts.
The WDMRC also toured the oil sands area to get a better understanding of the issues and listen
to staff from the mining industry, regulators, Alberta Environment, and RAMP, as well as from
Dr. Kelly and Prof. Schindler of the University of Alberta. The committee intended to determine
whether conclusions from the two groups are warranted based on the data.

We were also provided with a huge volume of material in the form of published and unpublished
reports, raw data, and scientific papers to use in our work. Because of the limited amount of
time we had to produce the report, the committee decided to focus its analysis on four reports.
These were the two papers in the Proceedings of the National Academy of Sciences in 2009 and
2010 on deposition rates and concentrations of PACs and trace metals in the Athabasca River
region (by Kelly et al.); a major report from Alberta Environment (AENV) in 2009 titled
Analysis of Water Quality Conditions and Trends for the Long-Term River Network: Athabasca
River, 1960-2007 and another major report in 2010 titled Regional Aquatics Monitoring
Program 2009 Technical Report (RAMP). These studies had different objectives, are based on
markedly different data sets, and asked different questions of those data sets and hence can be
considered to be representative of many water quality reports addressing local impacts of the oil
sands industry. It should be emphasized that atmospheric inputs were considered in the papers
by Kelly et al. 2009 and 2010 but were not addressed in the reports by RAMP and AENV.
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Table 1 Schedule of meetings and speakers interviewed

DATE MEETING SPEAKER
December 6™ and 7™, 1) Mining Operations Overview Suncor
2010
2) Science & Regulatory Overview Alberta Environment
3) RAMP Overview RAMP and Hatfield
Consultants
4) Kelly/Schindler Overview Erin Kelly and David
Schindler
December 16, 2010 1) Wood Buffalo Environmental WEBEA
Association Overview
January 7, 2011 — 1) Kelly/Schindler Erin Kelly and David
Questions and Answer Schindler
Sessions with:
2) Alberta Environment
3) RAMP Hatfield Consultants and
RAMP
January 21, 2011 1) Fort McKay First Nation
February 3, 2011 1) Environment Canada
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1.4 The Athabasca Oil Sands

The deposits of heavy oil known as the oil sands lie in northeastern Alberta, and occupy an area
of 142,000 km? (54,000 mi*) (ERCB 2010). The area contains the two largest rivers in the
province, the Peace and Athabasca rivers. The Athabasca River and some of its tributaries flow
through natural oil sands formations downstream of Fort McMurray, the largest settlement in the
area.

The oil sands in Alberta are the second largest reservoir of oil in the world (after Saudi Arabia).
They are estimated to contain 27 billion m’ (170 billion barrels) of recoverable oil. About 20%
of this oil can be extracted with surface mining. The remainder will require in-Situ processes,
which would result in less land disturbance. At present, there are 22 producing heavy oil
operations in the Athabasca oil sands. Thirty-nine projects are either experimental, proposed or
under construction. Four of the proposed projects would be surface mining, while the rest would
be in-place operations. Many more are either proposed or producing in the Cold Lake and Peace
areas of Alberta (Alberta Energy 2010).

The first commercial oil sands operation began in 1967. Capital investment in oil sands projects
began to accelerate in the 1990s. Actual investments exceeded $1 billion in the 1990s and
reached $4.2 billion in 2000. The rapid growth in investment was sustained during the last
decade and averaged over $16 billion per year from 2006 to 2008 (Royal Society 2010). The
increase in investment closely matched synthetic crude oil (SCO) production. Approximately
17% of the estimated established bitumen reserves in the Athabasca oil sands region were under
active development as of the end of 2008, and 3% of the estimated established bitumen reserves
of the Athabasca oil sands region has been extracted by the end of 2008.

With increasing development of the oil sands, there has been a growing public concern about
impacts on the environment. There are several potential sources of air pollutants from the
operations including surface mining, stationary fuel combustion, flaring, industrial processes,
venting, on-site transportation, burning of natural gas to generate steam required for in-situ
bitumen extraction processes, fugitive dusts tailing piles, and others. Volatile contaminants may
also originate from tailing ponds, out-gassing from bitumen at mine faces and as fugitive
emissions wherever hydrocarbons are handled. While the point sources of emissions (notably
combustion and upgrading sources) may be regulated using the permit process, the non-point
sources are notoriously difficult to estimate and control.

Through the years, the public has been concerned about the amount of water being taken out of
the Athabasca River for the oil sands industry. Between 2.2 and 5 barrels of river water are
withdrawn to produce each barrel of synthetic crude oil. For in-situ operations, up to half a
barrel of fresh water is required to produce each barrel of bitumen. The amount of water
permitted to be withdrawn from the river for all oil sands projects — existing and future — is less
than 3% of its average annual flow. During periods of low river flow, Alberta Environment
limits water consumption to 1.3% of annual average flow. As a result, industrial users at times
will be restricted to less than half of their normal requirement given current approved
development and current flows in the river (Alberta Energy 2010).
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Figure 1 Total bitumen production

Water pollution is also a major concern for people in the area. Although tailings ponds are not
allowed to discharge into local water bodies, impacts on water quality could result from:

e Leaks and seepage from oil sands operations;

e Spills of mine-impacted waters or chemicals used on site;

Deposition of air-borne contaminants into aquatic ecosystems via precipitation and
runoff;

Dust and runoff from mining sites;

Extraction of groundwater and drawdown of aquifers linked to surface water bodies;
Alteration in the hydrology of aquatic environments; and

Acidification from air emissions

Licenced air and water discharges (RAMP website 2010).

1.5 Monitoring Programs to Assess Environmental Impacts

The large quantities of air and water pollutants emitted by individual operations and the large
number of these sources are grounds for concern about adverse impacts on local air and water
quality. In response to such concerns, Environment Canada established two long-term
monitoring sites on the Athabasca River, first at the town of Athabasca in 1960 and then Old Fort
in 1978. In 1975, Alberta Environment (AENV) set up the Alberta Oil Sands Environmental
Program with the aim of identifying the potential long-term impacts of oil sands development.

In 1987, Albert Environment took over the operation of the two Environment Canada stations as
part of the provincial Long-term River Network (LTRN) and subsequently added two additional
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monitoring sites near Hinton in 1999 and at Fort McMurray in 2002. AENV has recently
initiated extensive and integrated monitoring within the Muskeg River watershed, as well as a
contaminant loading study throughout the oil sands region and historical sediment quality
assessments (coring studies). The rapid expansion of oil sands development in the last 20 years
led to the establishment of many research and monitoring organizations and programs to collect
data on water and air quality in the oil sands area. These include, among others, the Cumulative
Environmental Management Association (CEMA), Wood Buffalo Environmental Association
(WBEA), Canadian Oil Sands Network for Research and Development (CONRAD), and the
Regional Aquatics Monitoring Program (RAMP).

The Regional Aquatics Monitoring Program (RAMP), an industry-funded multi-stakeholder
initiative, was established with a mandate to “determine, evaluate and communicate the state of
the aquatic environment and any changes that may result from cumulative resource development
within the Regional Municipality of Wood Buffalo” (RAMP 2009). The Cumulative
Environmental Management Association (CEMA) was established to develop guidelines and
management frameworks on how best to reduce cumulative environmental effects due to
industrial development. The Wood Buffalo Environmental Association (WBEA), another
industry funded organization, was established to monitor and provide information on air quality
and air-related environmental impacts in the Municipality of Wood Buffalo. In addition,
individual oil sands companies undertake regular or periodic water quality monitoring in streams
and rivers near their operations to satisfy permit requirements. Alberta Sustainable Resource
Development monitors and manages the fisheries resource in the region and Water Survey of
Canada maintains several hydrology stations in the area. Besides these routine monitoring
programs, a number of universities and government laboratories conduct periodic studies on
specific aspects of local aquatic ecosystems and their response to oil sands development. With
so many organizations and agencies conducting uncoordinated measurements with diverse
objectives using a wide variety of methods, a large database on water (and to a limited extent,
air, sediments, and aquatic organisms) has been generated. The data are of variable quality,
which can lead to contradictory and conflicting conclusions concerning environmental impacts.

In 2008, a team of scientists led by Dr. Erin Kelly and Prof. David Schindler of the University of
Alberta conducted studies which led to the publication of two articles in the Proceedings of the
National Academy of Sciences. These articles suggested that the oil sands industry is releasing
trace metals and polycyclic aromatic compounds (PACs) at levels that are potentially harmful to
the Athabasca River and its watershed. They measured the contaminants in snowpack to
estimate their deposition from the atmosphere from oil sands activities and local emissions.
They also measured these contaminants in the water of the Athabasca River and its tributaries in
the oil sands area, and in Lake Athabasca and the Athabasca Delta. Their results contradicted
statements from the Regional Aquatics Monitoring Program and other government studies to the
effect that the majority of oil sands-related pollutants detected downstream of oil sands activities
were derived from the weathering of bitumen outcrops along the river and its tributaries. The
work by Kelly et al. cast some doubt on whether Alberta’s monitoring programs are adequate to
determine the amounts and sources of these chemicals that may be entering the watershed and
river. They also questioned whether the RAMP and Alberta Environment monitoring programs
are scientifically rigorous and able to assess adequately the impacts of oil sands activities on the
water, aquatic life, and other natural resources.
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1.6 Is There a Controversy?

A joint Canada-Alberta-NWT government study for the Northern Rivers Ecosystem Initiative
(NREI) (Brua et al. 2003) found that the tributaries passing through the Fort McMurray oil sands
regions as well as downstream and the Delta of Athabasca River and western Lake Athabasca
contained significant levels of PAHs, which they said were likely derived from natural bitumen
in the region. They showed that on occasion, some PAHs exceeded the Interim Sediment Quality
Guidelines. Other NREI scientists (Parrot et al. 2004) also found slight differences in indicators of
fish reproductive capacity, such as decreased sex steroid production by testes and ovaries of
slimy sculpin) in fish exposed to oil sands along the Steepbank River near anthropogenic
disturbance, as well metabolic indicators, such as mixed function monooxygenase enzymes, in
livers of slimy sculpin between oil sands and reference sites.

Based on an extensive review of the literature and some analysis of data from other sources,
Timony and Lee (2009) found increased levels of PAH when sites downstream of industry were
compared with sites upstream of industry. They suggested that the concentrations of PAHs in
sediment, mercury in fishes, arsenic in water and sediment and of criteria air contaminants such
as fine particulates, volatile organic compounds, and sulphur dioxide had increased significantly
over time and that increased rates of fish abnormalities were being observed by local fishermen.
They claimed that the levels of PAHs, mercury, and arsenic in the lower Athabasca River system
and criteria air pollutants around the oil sands operations had reached levels to be of some
concern with regard to human and ecosystem health.

The two articles by Kelly et al. (2009, 2010) reported that deposition from the atmosphere and
concentrations of polycyclic aromatic compounds (organic chemicals typically found in fossil
fuels) and certain trace metals were higher in snowpack and in streams near the oil sands plants
than at locations farther away from the oil sands development. They claimed that the inputs of
these toxic substances from these activities (via the air and water) are having significant impacts
on the Athabasca River, its tributaries and watershed.

In contrast to the studies above, the RAMP’s monitoring data were interpreted to suggest that
“there were no detectable regional changes in aquatic resources related to oil sands
development,” although there were a few exceptions at particular locations.

Recently, Alberta Environment concluded that “surface water quality conditions of the lower
Athabasca River reflect both natural and anthropogenic influences”. This conclusion is based on
(a) known and predicted natural and industrial sources of contaminants to the river; (b) results of
long-term surface and groundwater monitoring; and (c) preliminary results of new monitoring
and research.

An underlying current in the differing interpretations of the trace metals data is the definition of
baseline versus background levels. Kelly et al. regarded all areas more than 50 km away from
the site nearest the upgraders as background for their snow data. They also regarded
concentrations in tributaries in areas of the watershed with less than 25% development as being
indicative of background levels. It is unlikely that ecosystems with true background
concentrations of trace metals exist anywhere near a major industrial development such as the oil
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sands facilities, which have been in existence for about 40 years. Their data pertain to current
baselines concentrations that would have likely increased over time. The ratios of the trace metal
concentrations “near development” and baseline sites reported in the papers by Kelly et al.
should give an underestimation of the magnitude of the anthropogenic influence.

In contrast, RAMP (2010a) uses the terms Test to describe aquatic resources and physical
locations (i.e., stations, reaches) downstream of a focal project and Baseline to describe aquatic
resources and physical locations (i.e., stations, reaches, data) that are (in 2009) or were (prior to
2009) upstream of all focal projects. Data collected from test locations are analyzed against
baseline conditions to assess potential changes. The terms test and baseline depend solely on
location of the aquatic resource in relation to the location of the focal projects. The Athabasca
delta was considered unique in their analysis because there are no regional baseline sites that
provide a truly adequate comparison. In that case, the baseline condition was considered to be
all of the previous data from 1998 to 2008. This approach to estimating baseline conditions is
roughly equivalent to control charting techniques that are designed to determine when processes
are out of control and is clearly inappropriate for ascertaining the natural versus anthropogenic
inputs of the chemicals of interest. Hebben (2009) did not have baseline stations and hence based
his assessment of anthropogenic input on temporal changes (increases) on trace metal (and
PAHs) at the monitoring stations. Without reliable data on background concentrations
(especially true for metals and PAHs that occur naturally), it would be difficult if not impossible
to realistically estimate the relative inputs of the contaminants from natural versus anthropogenic
sources.

As well, the laboratories used by RAMP could not achieve the low detection limits needed to
measure PAHSs, and as a result there were many non-detects. The laboratory used by Kelly et al.
(2009) was much better at achieving data above detection limits, and therefore they could
discriminate concentrations of PAHs among their sampling sites.

2.0 TECHNICAL EVALUATION OF THE REPORTS AND PAPERS

Various limitations were found in all of the four reports reviewed as well as in other documents
the WMDRC consulted. The summary below should have important implications for future
monitoring work, which could include some re-analyses of older data sets. Specific suggestions
for improved data analysis are given in the Appendix.

2.1 General Assessment of the Paper by Kelly et al. (2009) on Polycyclic
Aromatic Compounds (PACs)

2.1.1 Study Design

In 2008, Kelly et al. (2009) conducted a detailed study of the loading of polycyclic aromatic
compounds (including, but not limited to the standard suite of polycyclic aromatic hydrocarbons
or PAHs) in the Athabasca River catchment. The purpose of their research was to determine the
relative contribution of industrial activities to the input of PACs compared with the natural inputs
of these compounds from the naturally occurring bitumen. They sampled water (February-
March, June-August) using polyethylene membrane devices (PMDs) and snowpack (March).
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Sampling sites were chosen in the Athabasca River, its tributaries, the Athabasca Delta and Lake
Athabasca. The Athabasca River sites were chosen upstream and downstream of the mining and
processing areas; these were in the McMurray geologic formation, which includes the bitumen
deposits. It was assumed in the sampling design that the upstream sites would reflect the natural
loading of PACs from geological sources only. In four tributary catchments, three sample sites
were chosen: one upstream of the McMurray formation and mining areas; one within the
McMurray formation but above the mining areas; and one near the confluence of the tributary
with the Athabasca River, downstream of the mines and McMurray formation. In the summer
sampling, additional downstream sites were included. The choice of upstream sites in the
tributary catchments was originally based on 2006 Landsat imagery. However, increasing
industrial activity between 2006 and 2008 resulted in loss of some of the tributary sites as
reference sites. The change in extent of development between 2006 and 2008 could be evaluated
using the Landsat imagery, resulting in the authors categorizing tributary sites as minor or major
impacts, each in mid-catchment or at the stream mouth. This separation was used as a basis for
subsequent statistical analysis. In addition to the water samples, accumulated snowpack was
sampled ‘““at most sites” during the March sampling period.

A concern with the work of Kelly et al. (2009) is that it is difficult to identify the sampling
locations because of the scale of the map shown in the paper (their Fig. 1) and lack of
geographically referenced co-ordinates of the stations (RAMP IT 2010a; 2010b). This is not a
consequential criticism but rather a limitation of the PNAS format which restricts paper length.
The authors have made detailed site location data available whenever asked. Two major
criticisms of the Kelly et al. (2009) study include the short period over which samples were
collected (less than a year), and the relatively few reference sites. While longer term studies
would clearly be advantageous, Kelly et al. (2009) were limited by available resources and
recognized that their study was, in effect, a short term “pilot” or preliminary analysis of spatial
patterns of contaminants adjacent and more remote from the oil sands facilities that could
provide baseline data for future measurements rather than a comprehensive study. The few
reference sites are, in part, explained by the rapid changes in developed area over only two years
(2006 to 2008), making planned reference sites unsuitable after they were chosen.
Unfortunately, this is an ongoing fact of life with studies in this area as development continues at
a rapid pace. It is essential that this problem of adequate reference sites be addressed in any new
long-term monitoring efforts that are undertaken.

Snow samples were collected from 12 sites on the Athabasca River, the Athabasca Delta and
Lake Athabasca in March 2008. Duplicate samples were collected at one site on the main river.
Snow water equivalents were measured at each site (5 replicates) so that the measured
concentrations could be converted to aerial deposition rates for PAC and metals. The snow
samples were melted, stirred, sub-sampled, and filtered through 0.45-micron glass fiber filters
which were then frozen. The filtrate was spiked with a suite of labeled standards then extracted
with a solvent called dichloromethane and stored at -20 degrees C.

PACs in water were measured using polyethylene membrane devices (PMDs), which were
placed in the river and tributaries for 30 days, an adequate time for equilibration. The PMDs
were rigorously cleaned prior to use. One trip blank and five field blanks were included in both
winter and summer sampling periods. There was limited replication of samples; two PMDs were
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employed at each site but were located at different depths in the water column. Duplicate PMDs
were deployed at two sites, one presumed to have high PAC levels and one presumed to have
low levels, but these were located “within 500 m” rather than at the same location. The
supplementary information (Kelly et al. 2009) appended to the original paper provides extensive
details of the sample work-up procedures prior to analysis.

2.1.2 Quality Assurance and Data Validation

The Royal Society of Canada (2010) noted that Kelly et al. (2009) sampled at only one location
in the river at each site (although at two depths). Kelly et al. have subsequently elaborated upon
details of the sample collection protocols in written comments submitted to this Committee

(E. Kelly, pers. comm. 2011). There is nothing to suggest that the methods they used in sample

collection were not scientifically rigorous.

An alternate sampling device, a polyethylene membrane device, is often employed in studies of
organic contaminants in water, but as Kelly et al. (2009) in correspondence have pointed out,
these devices use the compound triolein to absorb the organics. This increases the chance of
contamination and also removes the possibility that the sample collected from the membrane
device is in equilibrium with the surrounding water.

Samples collected using PMDs necessarily include only the dissolved fraction of the PACs. The
snow samples indicate that atmospheric deposition of particulate material containing PACs was a
significant input to the landscape. Although transport of the particulate material through the
terrestrial portion of the landscape is unlikely to be significant, some of the particulate material is
deposited directly on the water and/or ice cover. Kelly et al. (2009) measured this portion of the
input, at least during the winter period with their snowpack measurements. A comprehensive
study should include the particulate component at all times of the year.

Kelly et al. (2009) describe analytical methods in detail in the supplementary information
attached to their paper. All analyses were conducted at the University of Alberta
Biogeochemical Analytical Laboratory using gas chromatography coupled with a mass selective
detector. The laboratory at the University has an excellent reputation and has conducted trace
organic analyses for a considerable length of time. The detection limits and the reproducibility
for the work reported here were excellent, and are well within the values expected of a high
quality analytical laboratory. Although concentrations of some analytes were below detection
limits, there is no indication that this resulted in any bias in the results or affected the conclusions
of their studies. One problem common to studies of PACs is that for some compounds there are
no accepted international standards. This applies to all studies of such compounds.

PMDs, filters (from snowpack samples) and geologic samples of oil sands material were
extracted, concentrated, loaded on a chromatography column and eluted with pentane to collect
the alkane fraction followed by a pentane-dichloromethane mixture to elute the PACs. The
extracts of the soluble fraction in the snowpack were filtered through sodium sulphate,
concentrated by evaporation and analyzed in hexane. The quality assurance/quality control
(QA/QC) procedures included spiking each sample with isotopically-labelled standards.
Samples with the chemical signature of diesel fuel (containing only 2 and 3-ring compounds)
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were considered contaminated and discarded. This contamination is almost certainly the result
of small-scale environmental spills and not a result of the authors sampling techniques. The
authors divided the measured compounds into 4 groups: dibenzothiophenes,
phenanthrenes/anthracenes, fluoranthenes/pyrenes and benzanthracenes/chrysenes. By
comparing the ratios of the classes found in the geologic samples with those found in PMDs and
snow, they attempted to identify the sources of the PACs in the samples.

Duplicate samples from sites characterized as “impacted” or “reference” agreed within better
than 20%, a level that is acceptable for these chemical parameters. PMD trip and field blanks
were low in both winter and summer, although concentrations in field blanks were higher in
impacted areas than in reference areas in summer, suggesting that they collected PACs from
atmospheric exposure. In some cases in summer, the field blanks yielded higher PAC
concentrations than those measured at upstream and midstream sites, indicating that the PACs
collected from the atmosphere might have subsequently leached into the water. Although these
explanations are entirely plausible, it would have been beneficial to have replication of samples
at some of the sites so this could have been assessed more rigourously.

2.1.3 Data Processing and Manipulation (these comments also apply to the trace
metals paper by the same authors)

In the absence of high quality emission data (at the time the papers were written) to drive a
general atmospheric and deposition model, area-wide deposition of each contaminant was
calculated from total mass of the element inferred from snowpack samples in two steps: (i)
sample results expressed on a mass per unit area were regressed against distance from Station 6
on the Athabasca River (AR6) assuming that the functional relationship between distance
(independent variable) and element mass per unit area was exponential; (ii) assuming that
atmospheric flux the total deposition of each contaminant was calculated by finding the
integrated deposition within a circle centered on station AR6 and extending to a distance of
about 46 km where the data indicated that the deposition was above background.

Kelly et al. mostly acknowledged potential problems in estimates of deposition rates. These
estimates are very approximate and possibly biased. First, the scatter of points about their
regression lines suggests that there are uncertainties in their loading estimates. That, combined
with their small sample size, would have generated wide confidence intervals. Second, the
deposition rates were calculated with the assumption that wind dispersal of pollutants from oil
sands operations would have been about the same in all compass directions. Yet, Kelly et al.
(2010) acknowledged that winds are predominantly from the north or the south and sampling
stations for snowpack were located predominantly north and south of the oil sands operations
near station AR6. That situation might have resulted in overestimates of contaminant deposition.
On the other hand, snowpack sampling stations were located out in the open on the iced over
river and tributaries. If winter winds are strong, those locations might have been subject to wind
scour. Contaminant-containing surface snow could have been blown away and redeposited in
forests or low-lying areas. That would tend to underestimate the actual deposition rates from the
river snowpack data. Further information on these issues may be found in the Appendix.

2.1.4 Conclusions
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The quality assurance/quality control (QA/QC) procedures used by Kelly et al. would have led to
minimal risk of contamination or loss of sample integrity. The Committee concludes that the
field methods used by Kelly et al. (2009) were adequate in excluding contamination during the
sample collection procedures. As well, the laboratory methods employed by Kelly et al. (2009)
for PAC analysis were well-documented and were satisfactory. There is no indication that their
methods caused any erroneous conclusions.

Despite the problems discussed above, the spatial patterns suggested by the Kelly et al. (2009)
study are noteworthy. The snowpack data provide evidence that PACs are being emitted to the
atmosphere by oil sands upgrading facilities and deposited mostly within 30 km of main
industrial operations. There are no grounds for concluding that wind-driven transport of bitumen
from natural, undisturbed landscapes would be a substantial contributor to PAC deposition in
snow pack. Upriver/downriver and disturbed/undisturbed watershed comparisons of
concentrations of PAC are also suggestive of input of PAC from oil sands operations, but
without additional data on amounts of input of PACs from specific natural sources and seasonal
patterns of PAC concentrations in surface waters, little can be said about the relative
contributions of natural sources vs. oil sands operations. A more detailed study with more
intensive sampling would have been necessary to accurately determine the absolute and relative
loadings to the river.

Water collected from the Athabasca River and its tributaries would not reflect the cumulative
inputs of contaminants from oil sands operations. Their samples of water and fine sediments
from the river represent materials in transit from upriver. Contaminant concentrations in
sediments and organisms in the depositional environment of the Athabasca River delta are likely
to be among the best indicators of environmental threats. There is moderately strong evidence in
Alberta Environment’s own data set that PAC levels in delta sediments are gradually increasing
over time.

Taking into consideration all data and critiques, the WMDRC agrees with Kelly et al.‘s
conclusion that PACs are being introduced into the environment by oil sands operations. While
many of the differences they document are consistent with large inputs from oil sands operations,
their water data do not allow even approximate assessment of the relative contributions of natural
loadings and those due to oil sands operations.

2.2 General Assessment of Paper by Kelly et al. (2010) on Trace Metals

2.2.1 Study Design

Kelly et al. (2010) investigated the Athabasca River, its tributaries, the Athabasca Delta, and
Lake Athabasca to test the hypothesis that increased concentrations of trace metals in these water
bodies are from natural sources, as claimed in the various reports by the Alberta Government
(Hebben 2009 and RAMP IT 2010a). Kelly et al. (2010) collected winter snowpack samples
from 31 sites in March 2008 and surface water samples from 38 sites in February 2008 and 48
sites in June 2008. All sites on the Athabasca River were exposed directly to McMurray
Geologic Formation where most of the oil sands occur (this requirement was designed to level
out the geologic source contributions) and were chosen upstream or downstream of the oil sands
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mining and processing facilities. Three sites along each of four tributaries affected by oil sands
development were also sampled along with two undeveloped reference tributaries.

The limitations in the sampling are similar to those discussed above for the PAC paper. In
particular, the limited number of samples and the fact that the sampling strategy did not include a
time dimension are shortcomings that have been noted in a number of previous commentators on
these papers (Royal Society of Canada 2010; RAMP IT 2010b).

The snowpack samples were collected with a plastic shovel, acid-washed Teflon scraper, and an
acid-washed Teflon scoop. Samples were placed into acid-washed 2-L Teflon jars (for mercury)
or acid-washed wide-mouthed high-density polyethylene bottles (for other trace metals) and
stored frozen until analysis. The unfiltered lake/river water samples were collected at all sites
using an ultraclean sampling protocol (necessary in any effort to quantify the very low
concentrations of trace metals in some of the water and snow samples analyzed). Details of the
sample collection protocols have subsequently been elaborated upon by Kelly et al. in written
comments submitted to this Committee (E. Kelly pers. comm. 2011) and there is nothing to
suggest that the methods used in sample collection by Kelly et al. (2010) was not scientifically
rigorous.

Whether Kelly et al. (2010) should have filtered the water samples from the streams, rivers and
lake has generated some debate. This problem has remained an enigma and contentious issue in
the field of trace metals research since the 1960s. The decision to filter or not filter samples
depends on the particular use for the data to be generated. Measurement of total metal
concentration would seem logical if the goal of a study is related to source identification, which
is the case in the study by Kelly et al. (2010). However, the relative distribution of total metal
concentrations is generally a poor indicator of the origin of the metals without a clear
understanding of the biogeochemical processes in the various parts of the area under study.
Instead, differences in metal ratios between reference versus impacted bodies of water would
provide a better index of source contributions. The data in Kelly et al. (2010) show differences
in metal ratios in the tributaries, Athabasca River, Athabasca Delta and Athabasca River.
Unfortunately the Committee did not have the time or resources to evaluate the significance of
such variations.

Unfiltered (total) snow and river water and filtered (dissolved) snow samples were analyzed for
mercury at the University of Alberta Low-Level Mercury Analytical Laboratory by cold vapor
atomic fluorescence spectrometry (CVAFS). Samples were analyzed for other elements at the
Queen’s University Analytical Services Unit using inductively coupled plasma atomic emission
spectroscopy with an ultrasonic nebulizer (ICP-AES) and at the Royal Military College
Analytical Sciences Group using ICP-MS. Although the two laboratories used in the analysis of
metals other than mercury are accredited by the Canadian Association for Laboratory
Accreditation to International Organization for Standardization/International Electrotechnical
Commission (ISO/IEC) standard 17025, Kelly et al. (2010) did not indicate which metals were
analyzed by what laboratory or how the results obtained by the two instrumental methods
compare with each other.

Samples of bitumen from oil sands were analyzed for trace elements, after microwave digestion,
at the Université du Québec a4 Rimouski Laboratoire de Chimie Marine et Spectrométrie de
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Masse, Institut des Sciences de la Mer de Rimouski, by ICP-MS. The three university
laboratories used by Kelly et al. (2010) are high quality laboratories in the analysis of trace
metals using well-established methods and front line instrumentation.

2.2.2 Quality Assurance and Data Validation

Quality assurance must be considered a critical aspect of any monitoring program on trace metals
because of the ultra-low levels of the analytes and high susceptibility of samples to
contamination. Quality assurance (QA) involves a variety of tasks aimed at preserving the
integrity of samples and enhancing the quality of the data and generally includes fieldwork,
laboratory analysis, and data validation. Data validation is a process used to determine if data
are accurate and complete before it is disseminated prior to its dissemination. The Committee
finds the method used by Kelly et al. (2010) to be adequate in excluding any overt contamination
during sample collection and analysis procedures.

2.2.3 Data Processing and Manipulation

The comments in Section 2.1.3 above on uncertainty of estimated deposition rates are equally
valid for trace metals.

2.2.4 General Observations

Kelly et al. (2010) showed that 1) the deposition of particulate metals (lead, mercury, nickel and
beryllium) decreased sharply with distance from upgrading facilities near Site AR6, similar to
the behavior previously demonstrated for polycyclic aromatic compounds (PACs); 2) the
deposition patterns for many metals decreased sharply with distance from the upgrading facilities
but also increased locally near oil sands development. Metals in this category included
particulate antimony, arsenic, cadmium, chromium, copper, silver, thallium, and zinc; and
dissolved antimony, chromium, copper, nickel, thallium, and zinc; 3) deposition of particulate
lead, mercury, nickel and beryllium in snow was correlated with deposition of particulate
polycyclic aromatic compounds (13) (r*> 0.8, except for mercury, r* = 0.5; all P < 0.002); 4) the
concentrations of some trace metals (cadmium, nickel, zinc, mercury, thallium) in tributary water
increased significantly near oil sands development and were significantly correlated with overall
land disturbance; 5) in winter, concentrations of chromium, mercury, nickel, and silver in the
Athabasca River under ice were elevated relative to concentrations just downstream of tailings
ponds, impoundments, or other oil sands development infrastructure than upstream, and the
concentrations of beryllium, selenium, silver, thallium and zinc were detectable near oil sands
development but not upstream; 6) large seasonal differences were observed in levels trace metals
in the streams and Athabasca River water samples.

The observations by Kelly et al. (2010) (above) provide a body of evidence to show that the oil
sands facilities and activities are releasing trace metals into the surrounding environment. The
exact amounts and the impacts in the surrounding ecosystems are unclear, however.

Kelly et al. (2010) estimated that 34,000 metric tons of airborne particulates were deposited in
2008 within 50 km of upgrading facilities (AR6). The majority of the particulates was said to
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consist of oil sands bitumen, as indicated by the large proportion of oil per unit particulate mass
and similar distributions of trace metals and polycyclic aromatic compounds in oil sands and
particulates. According to the National Pollutant Release Inventory (NPRI 2010), the emission
of total particulate matter by oil sands facilities located in all parts of Alberta in 2008 totaled
only 7,272 tons. The disparity between the reported emissions (NPRI’s value) and deposition
(Kelly et al.’s value) of particulate matter is huge. The calculated snowpack deposition rates for
trace metals near the oil sands facilities are also significant, the total (dissolved + particulate)
deposition in March 2008 varying from 1 pg/m* for mercury to 2900 pg/m” for chromium,
3303 ug/m2 for nickel and 10,448 ug/m2 for zinc. Kelly et al. (2010) estimated total snowpack
deposition of lead, mercury and nickel over a 4-month in 2008 at sites within a 50-km radius of
ARG Station to be 162, 1.1 and 583 kg, respectively; prorating these values to yearly rates result
in annual deposition estimates of 486, 3.3, and 1749 kg/yr, respectively. By contrast, the
emissions of total PAC, lead, cadmium and mercury by the entire oil sands industry in
2007/2008 were estimated to be 6/4 kg, 893/761, 134/136, and 82/85 kg (NPRI - National
Pollutant Release Inventory, 2010). Assuming that about 20% of these emissions occur in the
Athabasca Oil Sands area, based on reported cumulative production in various parts of Alberta
(Royal Society of Canada, 2010; Table 2.4), it would appear that the deposition rate for lead
(commonly particulate-associated) exceeds the emission rate in the area, whereas only about
20% of the emitted mercury (commonly in gas phase) is deposited locally. The reason for this
apparent disparity between the amounts emitted (particulates and many trace metals) and
deposited is unclear but strongly indicates a need for an assessment of fugitive sources of
airborne particulates in the region. It is also conceivable that considerably more particulate
matter and trace metals are being released from the oil sands facilities than is being reported in
the NPRI.

As discussed above, Kelly et al. (2010) observed an elevated deposition of total mercury in snow
pack near areas developed for oil sands production in the Athabasca River region of Alberta,
compared to background sites. This pattern led them to suggest that enrichment of mercury
deposition occurred locally near oil sands development due upgrading facilities. These
observations are interesting and probably should be repeated (see below). However taken at face
value they lead to additional questions. There are two Mercury Deposition Network (MDN)
sites in Alberta, but further south than the oil sands region (AB 13 Henry Kroeger; AB 14
Genesee). The wet mercury deposition for these sites was 4.3 and 5.9 ug/m*-yr in 2007 and 4
and 4.1 pg/m*-yr in 2008, respectively. Taken from Figure 1 of Kelly et al. (2010), mercury
deposition in snow pack for the near development sites appears to be approximately 0.3 pg/m?.
The background sites appear to be less than these values, approximately 0.05 pg/m”. If the
accumulated snow pack represents deposition for 3 months, these values could be roughly
prorated on an annual basis to 1.2 pg/m*-yr and 0.2 pg/m*-yr for the near development and
background sites, respectively. Although crude, these estimates for atmospheric mercury
deposition in oil sand region deposition appear to be well below the regional MDN values. Also
it should be noted that the MDN values represent wet-only deposition, while the snow pack
should represent total deposition during winter.

This discrepancy is difficult to understand and interpret. If the Kelly et al. (2010) estimates are
accurate, they would represent very low deposition values. It could be that the Kelly et al.
(2010) values are simply the result of very limited observations that should be repeated. As a
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result of atmospheric emissions and transport of different forms or species, mercury pollution is
the result of local, regional and global scale emissions (Evers et al. 2007; Driscoll et al. 2007).
The higher concentrations of mercury in snowpack near development sites reported by Kelly et
al. (2010) are presumably due to oil sands operations.

Concentrations of total mercury in tributary and Athabasca River water were also measured
during winter and summer (Kelly et al. 2010). At all sites, they found substantially greater
concentrations of mercury during summer than winter. For tributary waters they found
significantly greater concentrations of mercury at sites that were less disturbed by development
than those that were more disturbed by development. In the Athabasca River, concentrations of
mercury were relatively low upstream of the development area. Mercury concentrations were
greater in river water immediately downstream of the development area. These concentrations
were even less downstream of the development area and in the delta of the Athabasca River.
These concentrations of mercury decreased further in Lake Athabasca. It was suggested that
contaminants in snowpack are likely released as a pulse to surface waters during spring melt
(Kelly et al. 2010). This conclusion would only be valid if the mercury was delivered bound to
particles from the oil sands operations and would seem unlikely if the emission was in the gas
phase since the residence time of gaseous mercury in watersheds is decades to centuries (Demers
et al. 2007). The range of mercury concentrations reported by Kelly et al. (2010) is similar to
that reported in RAMP (2009) although the sampling stations are undoubtedly different. It is
difficult to make any conclusions of the role of oil sands activities in the supply of riverine
mercury in the Athabasca River region without more data.

Findings about concentrations of mercury in biota collected from the oil sands region may be
relevant to this discussion Hebert et al. (in press). First, mercury concentrations in California
Gull eggs from Egg Island (in Lake Athabasca, 60 km NE of the delta) increased 40% between
1977 and 2009 (P = 0.04). Second, in 2009 mercury concentrations in Common Tern eggs from
Mamawi Lake in the delta area had mercury concentrations 61% higher than in Common Tern
eggs from a colony in a more pristine environment (Rocky Point), about 40 km up the Peace
River from the delta (P = 0.0074). These observations suggest that more attention should be 