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DEDICATION

This study is dedicated to:
the people of Fort Chipewyan, who have aright to a healthy future;

and to my mom, Doris, who gave me a shovel on my fifth birthday and taught me to dig
until I reached the bottom.

Author’s Note

Readers are invited to send relevant observations and to comment on points of fact or
interpretation. | can be reached at ktimoney@interbaun.com.
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SUMMARY

This study examined water and sediment quality indicators in the area of Fort
Chipewyan, Alberta. Data were analyzed and discussed in the contexts of water and
sediment quality guidelines, wildlife contaminants, and ecosystem and public health.

Some of the findings of this study are:

(1) The people and biota of the Athabasca River Delta and western Lake Athabasca are
exposed to higher levels of some contaminants than are those upstream. Because the
ecosystem around Fort Chipewyan is dominated by deltaic and lacustrine processes, it is
fundamentally different from the mainstem Athabasca and Peace Rivers. Fort Chipewyan
lies within a depositional basin in which metals and other contaminants tend to
accumulate in fine-textured sediments.

(2) Overall, the primary contaminants of concern may be arsenic, mercury, and
polycyclic aromatic hydrocarbons (PAHs). Concentrations of these contaminants, already
high, appear to berising.

(3) People most at risk of adverse health effects are those who eat an abundance of
country food and those who consume untreated surface water.

(4) In water, chemical constituents of concern include: arsenic, aluminum, chromium,
cobalt, copper, iron, lead, phosphorus, selenium, titanium, and total phenols; the
herbicides dicamba, mcpa, bromacil, and triallate; and the pesticide lindane. Other
possible constituents of concern include: ammonia, antimony, manganese, molybdenum,
and nickel.

(5) In sediment, constituents of concern include: arsenic, cadmium, PAHSs, and resin
acids.

(6) Mercury levelsin fish used for human consumption present a serious concern. If US
EPA standards are applied, al walleye (pickerel), al female whitefish, and ~ 90 % of
mal e whitefish exceed subsistence fisher guidelines for mercury consumption. The
human fetus is the most sensitive age-group.

(7) An Alberta government sponsored report on the risk of cancer due to lifetime
exposure to arsenic was reviewed. The report used questionabl e statistical methods and
assumptions and underestimated levels of arsenic in water and sediment and the fish
consumption rate of many Fort Chipewyan residents. Higher arsenic levelsin the lower
Athabasca River/western Lake Athabasca than found elsewhere, coupled with the clear
link between arsenic exposure and various diseases, call for in-depth study.

(8) When scientific data and traditional knowledge on fish deformities are considered
together, they indicate that rates of fish abnormalities may be higher than expected, may
be increasing, and may be related to declines in water quality. PAH and other
contamination, changes in water and sediment quality, and changes to the food web may
underlie the fish deformities.
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(9) A peer-reviewed epidemiologic and toxicologic study of disease rates and levels of
exposure to environmental toxins in communities of the lower Athabasca River is
needed. A well-designed study would allow epidemiologists to control for factors such as
time of residence in the lower Athabasca River basin, diet, lifestyle, water supply, and
demographic factors such that deviationsin expected rates of disease could be detected if
present. Toxicologists could quantify the level of risk associated with exposure to
environmental toxins in the region.

(10) For the seven parameters assessed in the fieldwork (arsenic, mercury and
methylmercury, polycyclic aromatic hydrocarbons, dioxins and furans, naphthenic acids,
nitrogen, and coliform bacteria), the local water treatment plant appears to do a good job
of removing impurities. For safety’ s sake, afull chemical profile of the treated water
should be conducted with low detection limits.

(11) Reports of increased algal growth, softer and watery fish flesh, and an apparent
increase in total coliform levelslend support to the notion that increased water
temperatures, perhaps coupled with adequate to high concentrations of nitrogen and
phosphorus and changes in the aguatic food web, are bringing about aguatic changes.

(12) Thereisapaucity of data available from near Fort Chipewyan and from western
Lake Athabasca. While there is awealth of data available for river areas upstream of the
Fort Chipewyan area, much of the Athabasca River data has become privately held in
recent years.

(13) This study has likely underestimated the cumulative risk posed to the people and the
ecosystem of the lower Athabasca River and western Lake Athabasca. More needs to be
learned regarding the concentrations of many parameters in water, sediments, and
wildlife, including mercury, arsenic, polycyclic aromatic hydrocarbons, and naphthenic
acids.

(14) Concentrations of many parameters vary widely both in time and space, in some
cases by factors of 10 to 100. This fact has three important implications. (a) asingle
measurement may mislead unless placed in context; (b) reliance on averages or medians
asameansto interpret data may underestimate health risk; (c) short-term peaksin
concentration (pollution events) may have a disproportionate effect on public and
ecological health that is difficult to determine.

(15) An environmental monitoring program independent of control by vested interestsis
needed. The program should be affiliated with a university and report regularly in open
public forum to the people of Fort Chipewyan.



INTRODUCTION

Background

Concern over the health of residents of Fort Chipewyan, Alberta has been rising
in recent years. Health professionals and members of the general public have watched
friends and family members grow sick with a variety of illnesses. At the same time,
industrial developments on Lake Athabasca and upstream of the community on the Peace
River, and, in particular, on the Athabasca River, have led many people to ask whether
the illnesses in the community have an environmental cause. Environmental and public
health concerns have been expressed in Fort Chipewyan and in other northern
communities that industrial developments are leading to declines in the quality of air and
water (NRBS 1999; MRBB 2004).

The need for a study of Ft. Chipewyan water and sediment quality isrooted in
five facts: (1) The community islocated in a depositional basin downstream of major
industrial developments known to release contaminants into the Athabasca River. (2)
Natural background levels of some riverborne contaminants may pose arisk to human
health. (3) The Athabasca River isthe primary source of the community’s water supply.
(4) Thereis awidespread perception among local people that rates of disease are above
normal and are causally related to environmental contaminants. (5) The chief agency
responsible for protection of public and environmental health, the Alberta Government,
has a vested interest in oil sands development.

Dr. John O’ Connor was the first medical professional to publicly call attention to
the question of elevated disease rates in the community. In radio interviews he stated that
he had found abnormally high incidences of bile duct cancers (cholangiocarcinomas),
colon cancers, lymphomas, leukemia, autoimmune diseases such as lupus, thyroid
cancers, overactive thyroid, and a host of skin rashes.

In response, the government of Alberta conducted a study of disease incidence
(Alberta Health and Wellness 2006). The government reported statistical confidence
intervals of expected disease rates and compared them to observed disease rates. It found
elevated incidences of diabetes, hypertension, renal failure, and lupus in Fort Chipewyan.
Injuries and poisoning accounted for 16.5% of deathsin Ft. Chipewyan compared to a
provincial average of 3.8%. The overall Fort Chipewyan First Nations cancer rate was
reportedly about 29% above the Alberta non-First Nations average. The government
declined to conclude the cancer rate in Fort Chipewyan was elevated, perhaps due to the
imprecise nature of its statistical estimates.

Study of the government report led Timoney (2007) to conclude that: (1) Dueto
the small population of Fort Chipewyan, statistics offered a blunt tool for detection of
elevated rates of disease. Wide confidence intervalsin a small population limit the power
to detect elevated rates of disease. (2) Expected cancer rates are subject to variations
related to statistical assumptions and methods. For example, the upper 95 percent
confidence interval for the expected number of cases of prostate cancer in the community
was 28 by the Indirect Standardized Incidence Ratio (I1SIR) method, 16 by the binomial
method, and 13 by the Monte Carlo method. The ISIR method produced the highest
upper confidence intervals of the three methods (see Alberta Cancer Board 2007) and
was the method used by Alberta Health and Wellness. The fact that estimates of the upper
confidence limit for the number of prostate cancer cases differed by more than 100%
demonstrates the approximate nature of the statistics of small populations. For the
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concerned citizen of Fort Chipewyan it might raise the question: how can the Alberta

government be certain that cancer rates are not elevated?

This study seeks to provide timely answers to some of the questions that people
have about water and sediment quality as it relates to public and environmental health. It
is designed to be a short-term study focussed on water and sediment quality relevant to
the community’s health. It is a beginning that will answer some questions, raise others,

and recommend directions for the future.

The Study Region

Fort Chipewyan is located at the west end of Lake Athabascain northern Alberta
near the junction of the Peace and Athabasca Rivers (Figure 1).
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Figure 1. Fort Chipewyan
(noted by arrow) and regional
place names in northern Alberta
and adjacent Saskatchewan and
the Northwest Territories. WPP
refers to Wildland Provincial
Park. Map courtesy of Spatial
Vision Group, Vancouver.



As of 2001, about 195,000 people lived in the Peace River watershed (MRBB
2004). Thethreelargest cities are Grande Prairie in Albertaand Ft. St. John and Dawson
Creek in British Columbia. About 12% of the population was aboriginal. Upstream of
Fort Chipewyan, there are two hydroelectric dams, one coal mine, and one gold mine.
Large-scale forestry operations supply wood to numerous sawmills and fiber to six pulp
and paper mills, five of which discharge waste into the Peace River and its tributaries
(there is a zero-effluent mill in Chetwynd, BC; MRBB 2004). Agricultural land covers
about 23% of the basin.

More than 155,000 people lived in the Athabasca River watershed as of 2001.
Within the Municipality of Wood Buffalo (the lower Athabasca River region), the
population has more than doubled in the past 10 yearsto a 2006 total of 79,810 people, a
growth of 114% (RMWB 2006). The largest citiesin the watershed are Ft. McMurray,
Hinton, and Whitecourt. About 13% of the population was aboriginal in 2001.
Conventiona oil and gas and oil sands industries cover much of the basin. There are
three coal minesin the river’ s upper reaches and the forest industry operates several
sawmills and panelboard factories, four pulp and paper mills and one newsprint mill.
Agricultural land covers about 12% of the basin.

The primary environmental threat facing Fort Chipewyan’sfutureisthat it lies
downstream of significant economic and industrial activity. Forest industry tenures have
been granted to most public lands in northern Alberta. Oil and gas extraction and
exploration and the forest industry have dissected and fragmented most of the landscape
of northern Alberta. Seismic lines, pipelines, industrial service roads, and registered roads
in northern Alberta extend for atotal distance in excess of hundreds of thousands of
kilometers.

Oil sands developments have impacted and will continue to impact the region
(MRBB 2004). Impacts come from large-scale water consumption; land disturbance;
cumulative impacts on wildlife, soil, and plant species, and contaminant effects on human
and ecosystem health.

During the extraction of bitumen from oil sands, large volumes of water
contaminated with polycyclic aromatic hydrocarbons, naphthenic acids, and salt are
produced, stored in waste water ponds and reclaimed in aguatic systems (Dixon et al.,
undated). Key contaminants of concern associated with the oil sands industry are PAHSs,
naphthenic acids, trace metals, and salinity. Chronic environmental toxicity of lands
subjected to bitumen extraction has been most strongly associated with salinity and
naphthenic acids.

Contaminated dust, made airborne during oil sands mining operations, may have
not only local and regional effects on air quality but also contribute to the contaminant
burden of the Athabasca River. This hypothesis requires study.

Wastewater issues facing the lower Athabasca River include the continued
accumulation of tailings waters; releases of sewage, refinery effluent, cooling water, dyke
seepage, industrial site drainage projects (of wetlands, overburden, mine runoff), mine
depressurization water, and tailings release water (M cEachern 2004).

Water and Sediment Quality Parameter s Assessed

Water and sediment concentrations were determined for seven parameters of
concern: arsenic, total mercury and methylmercury, polycyclic aromatic hydrocarbons,
dioxins and furans, naphthenic acids, total nitrogen and nitrate + nitrite, total coliform
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and fecal coliform bacteria. These data were placed in context by areview, and analysis
where possible, of existing regional data for those parameters. Additionally, data on other
parameters of concern or that have exceeded water or sediment quality guidelines were
discussed. Data were discussed in the context of regional toxicological and exposure risk
studies where possible.

Arsenic

Arsenic is anatural metallic element found in the Earth’s crust. It can enter water
systems when geological deposits and soils leach the element. Humans increase the level
of available arsenic through the burning of fossil fuels, oil sands, gold, and base metal
mining, in agricultural pesticides and additives, and through the burning of waste.

Across Canada, drinking water generally contains fewer than 5 pg/L of arsenic
(Health Canada 2006a). For most Canadians, the primary exposure to arsenic is through
food, followed by drinking water, soil, and air (Health Canada 2006a).

Arsenic is aknown carcinogen and has been linked with bile duct, liver, urinary
tract, and skin cancers, vascular diseases, and Type |l diabetes (Guo 2003; Merck 2003).
Long-term adverse health effects of high levels of arsenic in drinking water include
thickening and discol oration of the skin; nausea and diarrhea; decreased production of
blood cells; abnormal heart rhythm and blood vessel damage; and numbness in hands and
feet (Health Canada 2006a). Short-term exposure may result in gastro-intestinal
disorders, muscular cramping or pain; rashes and weakness or flushing of skin;
numbness, burning, or tingling in hands and feet; thickening of the skin on palms and
soles of feet; and loss of movement and sensory responses (Health Canada 2006a).
Exposure to arsenic is becoming a national issue, and potentially, a national crisis.

Mercury

Mercury isanatural metallic element that occurs in many forms. Natural sources
of mercury include weathering of rocks and minerals, forest fires, volcanoes, undersea
vents, and hot springs. It is also released from flooded soils, afact of direct relevance to
people living in or near a delta. Humans have increased the amount of mercury in the
environment through metal smelting, the burning of coal and other fossil fuels, municipal
and hospital waste incineration, sewage release, cement manufacturing, and leaching of
mercury waste from landfills or storage (Environment Canada 2005). Dental amalgam,
used to fill cavities, isan aloy of silver and mercury.

The chemistry of mercury is complex and is related to reduction-oxidation
potential, pH, organic content, sulfur content, and other characteristics of the water and
sediments (Ullrich et al. 2001). Once released into the environment, inorganic mercury is
converted to toxic methylmercury, the primary form of mercury in shellfish and fish (US
EPA 2001). The ability of methylmercury to accumulate in fatty tissue and to bind to
proteins makes it readily biomagnified by aquatic biota and may pose a threat to humans
and other fish-eating animals. Sediments can act as both a source and a sink of mercury
and, once contaminated, can remain toxic to aguatic life for long periods (Ullrich et al.
2001).

Uncontaminated freshwater usually contains < 0.005 pg/L total mercury, of which
up to about 30% may be methylmercury (Ullrich et al. 2001). The range in the methyl to
total mercury ratio in Canadian freshwater is <1 to 73% (Environment Canada 2005).
Uncontaminated freshwater sediments may contain up to 200 to 400 pg/kg, with about 1
to 1.5% as methylmercury.



Fish at the top of the food chain bioaccumulate methylmercury to levels 1-10
million times greater than the concentration of methylmercury in the surrounding waters
(USEPA 2001).

Mammals with toxic levels of mercury exhibit abnormal behavior, eating
disorders, loss of balance, lack of coordination, and paralysis of legs (Environment
Canada 2005). Human exposure to mercury is associated with a variety of serious
neurological and organic disorders whose nature depends on the species of mercury and
the route and severity of the exposure.

Children and pregnant women, those with impaired kidney function, and people
who consume large amounts of fish and wild meat are most at risk of adverse health
effects.

Polycyclic Aromatic Hydrocarbons (PAHS)

PAHs are alarge group of organic ring compounds that are found or formed in
some geol ogic deposits (petrogenic, e.g., oil sands) and can be created during combustion
(pyrogenic) or viamicrobia degradation. They are hydrophobic and tend to bind to
organic matter and small particlesin the water column and in sediments. PAHs can
bioaccumulate in the food chain; they do not biomagnify.

Pyrogenic PAHs are diverse but generally have a high concentration of
unsubstituted parent compounds and/or molecular weights greater than C3
dibenzothiophene (Page et a. 1993). They are released during bitumen production and
wildfires, in cigarette smoke, in vehicle exhaust, from asphalt roads, from burning of coal
and from residential wood burning, agricultural burning, municipal and industrial waste
incineration, and from hazardous waste sites (ATSDR 1995). Around the home, PAHs
are found in tobacco smoke, smoke from wood fires, creosote-treated wood, some foods,
and contaminated milk. Cooking meat at high temperatures, such as during grilling or
charring, increases the PAH content (ATSDR 1995). PAHs of pyrogenic origin in animal
tissue and fecal samplesin Alaskawere dominated by unsubstituted phenanthrene,
fluoranthene, and pyrene whereas those of petrogenic origin (fresh oil spill) were
dominated by naphthal enes and akylated naphthalenes (Murphy et al. 2003). Weathering
of fresh petroleum usually resultsin losses of naphthalenes such that alkyl-substituted 3-
ring PAHs become dominant in older or weathered petroleum (J. Short, pers. comm.,
October 2007)

Generally, petrogenic PAHSs are characterized by alkylated forms of their parent
homologues. The chemistry of oil sands geologica deposits near the Athabasca River is
variable. In one study, alkylated forms of phenanthrene and anthracene (217,000 pug/kg),
dibenzothiophenes (158,500 ug/kg), fluoranthene and pyrene (32,400 pug/kg), fluorene
(26,400 pg/kg), naphthalene (19,100 pg/kg), and benzo(a)anthracene and chrysene (9,300
png/kg) were dominant (Evans et al. 2002). In deposits with visible oil and bitumen, the
PAH content can reach 7.7 to 216 million pg/kg (Akre et al. 2004). Sediment PAH
concentrations in the lower Athabasca River and its delta are generally about 1/100 the
concentration found in oil sands deposits (Evans et a. 2002, their Figure 3). PAH
concentrations of some sediments in Lake Athabasca and Richardson Lake ranged from
1259-1867 pg/kg (Evans et al. 2002). Oil sands mixtures eroding into the Athabasca
River can berichin 3- and 4-ring alkylated PAHSs, afact of considerable toxicologic
importance.

Because PAHs can come from geologic and combustion sources, identification of
the source can influence decisions regarding the liability for cleanup and remedial
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options. Geologic deposits may differ in their ages, degree of weathering, and geologic
source. Techniques are being devel oped that attempt to differentiate petrogenic sources of
PAHs (e.g., Akre et al. 2004). Once released, PAHs may be subject to losses from
evaporation, dissolution, microbial degradation and photo-oxidation, and hence the
‘signature’ of a PAH source is subject to change over time.

Shell Canada (2006) maintained that PAHs originating from industrial ‘ oil sands
developments' can be differentiated from * natural petroleum sources' through PAH
ratios—viz., a phenanthrene:anthracene ratio > 5 and a fluoranthene:pyreneratio< 1
indicated a‘natural’ source. This view seems unlikely given the complex and dynamic
nature of PAH assemblages. Liu et a. (2005) stated that a phenanthrene:anthracene ratio
< 10 and afluoranthene:pyrene ratio > 1 indicated a pyrogenic rather than a petrogenic
source and did not mention differentiation of ‘oil sands’ from natural petroleum sources.
Benzothiophene, dibenzothiophene, and naphthobenzothiophene, which contain a sulfur
atom, are important for discriminating among petroleum sources (J. Short, pers. comm.,
October 2007). ‘Fingerprinting’ of PAH assemblages may prove of immense importance
in the futureif it can differentiate between natural and industrial sourcesin the lower
Athabasca River oil sands region.

In an attempt to set water quality objectives for the lower Athabasca River,
Golder (2007) defined PAH groups with similar structures based on their toxic
equivalency to benzo(a)pyrene. Toxic equivalents were based on datain US EPA (1993)
and OMEE (1997). PAH groups 1-3 are carcinogenic. PAH Group 1 includes types with
atoxicity equivalent to that of benzo(a)pyrene; PAH Group 2 includes types with a
toxicity equivalent to one-tenth, and PAH Group 3 includes types with atoxicity
equivalent to one-hundredth that of benzo(a)pyrene.

Laboratory studies on animals have demonstrated that PAH exposure can lead to
reproductive and birth defects and decreased body weight and harmful effects on skin,
body fluids, and the immune system. Many PAHs are known or expected human
carcinogens (ATSDR 1995). Fishes exposed to Athabasca River PAHs can have elevated
liver EROD, an indicator of interference with estrogen metabolism (Sherry et a. 2006).
Fish hatching alterations, increases in mortality, spinal malformations, reduced size,
cardiac dysfunction, edema, and reduction in the size of the jaw and other craniofacial
structures have been observed in fishes exposed to PAHs (Tetreault et al. 20033,
Colavecchiaet al. 2004, 2006, 2007; Incardona et al. 2004).

Dioxins and Furans

Adsorbable organic halides, which include toxic chemicals such as dioxins,
furans, and chlorinated phenolics, are produced as industrial contaminants (often from
pulp mills) and can be introduced via treated sewage and atmospheric deposition (MRBB
2004). Incineration of municipal and medical waste is the largest source of dioxins and
furansin Canada (Health Canada 2001). Other sources include the backyard burning of
garbage, especiadly plastics; the production of iron and steel; combustion of fuel and
wood; and electrical power generation (Health Canada 2001).

Dioxins and furans can travel long distances in the atmosphere and can
bioaccumulate in the food chain. The major route of exposure for humans is ingestion of
food such as meat, milk products, and fish, and smoking of tobacco (Heath Canada
2001).
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High levels of dioxins and furans have been documented in some fish species of
the Athabasca River (MRBB 2004). Dioxins and furans have been detected in Lake
Athabasca sediments (Evans 2000).

Thereis strong evidence that dioxin exposure is linked to non-Hodgkin's
lymphoma and soft tissue sarcoma and good evidence that associates dioxin exposure
with Hodgkin' s disease, stomach cancer, altered sex ratio, hormonal changes, menstrual
disorders, and thyroid disorders (Janssen et al. 2004). Skin, liver, and immune system
effects have been observed (Health Canada 2001).

Naphthenic Acids

Naphthenic acids are natural constituents of bitumen that have arelatively high
solubility in water, alow affinity for soil particles, are found in oil sands deposits, and
tend to persist in the water column (McMartin 2003). During bitumen extraction from oil
sands, naphthenic acids are concentrated in tailings. Under natural conditions, naphthenic
acids may enter surface waters through groundwater mixing and through erosion of oil
sands deposits. In oil sand extraction areas, naphthenic acids may enter surface waters
through tailings pond and pipeline leaks. Typically, naphthenic acid concentrationsin
industrial tailings ponds are about 100 to 3000 times greater than they arein the
Athabasca River.

Since oil sand deposits can contain hundreds of kinds of naphthenic acids, it is not
known at present which naphthenic acids are the most toxic. Toxicity is more afunction
of the content and complexity of the naphthenic acid mixture rather than one of
concentration. Adverse health effects may result from repeated exposure of mammals to
naphthenic acids (Rogers et al. 2002). Much more needs to be |earned about the effects of
long-term human exposure to naphthenic acids.

Nitrogen

Nitrogen is a naturally occurring essential element that existsin avariety of
organic and inorganic formsin water. Assimilation of ammonia and nitrate by plants and
microorganisms forms organic nitrogen. Nitrates and nitrites are formed in many ways,
both natural and industrial. Among the natural pathways are nitrification of ammonia and
precipitation of nitric and nitrous oxides. Fertilizer use, release of industrial and
municipal wastes, and leaching of farm animal wastes and septic tanks are major sources
of nitrates. Nitrites can be formed from nitrates by denitrification in sediments that lack
oxygen.

When total nitrogen isin excessit can contribute to eutrophication, odors, and
harmful algal blooms. Nitrate in drinking water may affect human health in the genera
population at levels of 100-200 mg/L (McCasland et al., undated). Newborn babies are
more susceptible to nitrite, which can bind to infant hemoglobin and cause an oxygen
transport deficit. Studies linking nitrate in drinking water with cancer have involved high
nitrate levels (>/= 100-200 mg/L ), much higher than observed in al but extremely
polluted waters.

Coliform Bacteria

Coliform bacteria are common and widespread within both ecosystems and
organisms. They are usually harmless. Fecal coliforms and Escherichia coli are coliforms
whose presence indicate that water may be contaminated with human or animal wastes.
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Coliform bacteria are useful indicators for the presence of pathogenic microorganisms
associated with fecal contamination and waterborne illnesses (Ayebo et a. 2006).

The location of the sewage disposal and domestic water supply intake at Fort
Chipewyan may be unique in Alberta. While the domestic water intake is normally
‘upstream’ of the sewage outfall, thisis not always the case. When water levels on the
Peace River are higher than those at Lake Athabasca, the Rochers River and other outlet
channels cease to flow north. Instead a‘flow reversal’ occurs and waters from the Peace
River flow south. At that time, municipal sewage entering the Rochers River from
Mission Creek flows south to Lake Athabasca and may contaminate the waters around
Fort Chipewyan. Thereis aso concern that the town sewage treatment plant may be
under-capacity for the size of the population. Another potential source of future
contamination is sewage emptied into Lake Athabasca from the Allison Bay settlement
northeast of Fort Chipewyan.

METHODS
Field Methods

Water and Sediment Samples

The field crew was composed of Vanessa Phillips (University of Alberta), local
guide Robert Grandjambe, and Kevin Timoney (Treeline Ecological Research).

Water samples were gathered from four sites and sediment samples from three
sites during the period 31 May to 1 June 2007 (Tables 1, 2 and Figures 2-6). Water
samples were gathered from below the water surface after triple rinsing the appropriate
container with the water to be sampled.

Due to unacceptably high detection limits for total mercury in water, a second set
of total mercury samples was taken from the four sites on 28 August 2007.

Sediments were gathered with an Ekman grab sampler. The contents of the
sampler were emptied into a clean glass tray and homogenized with a spatula prior to
placing into containers. Sediments gathered for metal analyses were homogenized with a
plastic spatula while those gathered for organic analyses were homogenized with a metal
spatula.

Samples were stored overnight (31 May) in a cooler stored in a basement, then
shipped by air to Edmonton and covered with bagged ice (1 June) for delivery to the ALS
lab on the morning of 2 June.

PAH and naphthenic acid sampling protocols did not call for field preservation of
water and sediment samples. Microbes may have used the PAHs and naphthenic acids as
carbon sources, or both compounds may have adhered to sample container surfaces.
Microbial degradation or adhesion to containers may have decreased the levels of PAHs
and naphthenic acids below detection limits.

Traditional Knowledge Interviews

Elders with extensive knowledge of water were interviewed with a set of
guestions. Their responses were recorded digitally for later study. Each interview lasted
from one-half hour to two hours.
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Interview questions
1. Do you drink untreated water from the Athabasca River and other rivers
and lakes? If not, did you drink it in the past?
2. If so, do you think the water tastes or smells differently than it
used to?
3. How doesit taste differently? Saltier? Oily smell?
4. When did you notice the change?
5. Have you noticed oil slicksin the Athabasca River? If so, when and where?
5a. Do you have any photographs of oil spills or oiled animals?
6. Have you noticed fish kills? If so, when and where?
7. Have you noticed oiled birds? If so, when and where?
8. Have you noticed oiled muskrats? Bloody noses? Die-offs? If so, when
and where?
8a. What happens to muskrats when they contact contaminants/oil?
8b. What happens to waterfowl when they contact contaminants/oil?
9. Have you noticed changes in the taste of meat, fish, waterfowl?
If so, when, where, what changes?
10. Have you noticed any changes in the abundance of waterfowl, rats, beavers, otters,
mink, walleye, jackfish, whitefish, lake trout, burbot that might be related to
water quality?
11. Have you noticed any human diseases that did not occur in the past?

Analytical M ethods

Water and sediment analyses were conducted by the AL S Laboratory Group,
Edmonton, Alberta with the exception of total mercury in water which were analyzed by
Flett Research Ltd., Winnipeg, Manitoba. Details are provided in Appendix 1.

Data gathered during this study were compared to pre-existing water and
sediment quality data and to toxicological and pathological data from the region and
placed in the context of existing water and sediment quality guidelines.
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Table 1. Water quality parameters and collection containers.

Parameter Medium Container

Total Coliforms  (in water) 250 mL sterilized plastic bottle with
sodium thiosulfate preservative

Feca Coliforms  (in water) 250 mL sterilized plastic bottle with
sodium thiosulfate preservative

Total Coliforms  (in sediment)  whirlpack

Fecal Coliforms  (insediment) whirlpack

Mercury (total) (in water) 125 mL teflon bottle (with 0.4% HCI);
bottle is rinsed repeatedly with sample
water, then filled)

Mercury (total) (in sediment)  ziploc bag

Methylmercury  (insediment) 125 mL jar

Methylmercury  (in water) 1L amber jar

Arsenic (total) (in water) 250 mL plastic bottle (with 5 mL of 20%
nitric acid, from vial)

Arsenic (total) (in sediment)  ziploc bag

PAHs (in water) 2x1 L amber glass bottles

PAHs (insediment) 125 mL amber jar

Dioxins and (in water) 2x1 L amber glass bottles

Furans

Dioxins and (insediment) 500 mL amber jar

Furans

Naphthenic Acids (in water) 1 L amber glass bottle

Naphthenic Acids (insediment) 125 mL amber glassjar

Total Kjeldhahl N (in water) 500 mL plastic bottle (with 2 mL of 1.1
sulfuric acid, in vial)

Total N by (insediment)  whirlpack

combustion

Nitrate-Nitrite (in water) 500 mL routine bottle

Table 2. Location of the sample sites (UTM zone 12, NAD 27). See Figures 2-6.

Site Easting Northing Comments

Fletcher Channel 496635 6491684 site about 200 m south of the Canoe
Portage — Fletcher Channel divergence;
east side of thalweg; water depth 2.8 m

Rochers River at Mission Creek 488649 6506892 site about 10 m north and 15 m west of
the mouth of Mission Creek; water depth
19m

Water Intake for Fort Chipewyan, 491666 6507606 site about 300 m south of Fort Chipewyan

Lake Athabasca Lodge; water depth 6.0 m

Water Treatment Plant in Fort 491139 6508410 treated water sample taken from tap inside

Chipewyan

of plant
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Lake
Athabasca

Fletcher
Channel

Figure 2. Overview of the study area with location of the water and sediment samples. a.
Fletcher Channel. b. Rochers River at Mission Creek. c. Water intake in Lake Athabasca.
d. Water treatment plant. The bidirectional red arrow signifies that the Rochers River can
flow either north (the typical direction) or south. Note the apparent sharp transition
between Lake Athabasca-origin water (light turquoise) and Athabasca River-origin water
(grayish brown) in this false colour image. Landsat 7 image, 10 September 2002,
courtesy of Spatial Vision Group, Vancouver. Image: crop of

rgb_321 L7 p43r19s00 2002seplO.tif.
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Figure 3. a. Location of the Fletcher

/__ Channel sample, UTM NAD 27. b. View

JHIPEWY 2

17

north from the sample site towards the
divergence of Canoe Pass (Canoe

- Portage), left, and Fletcher Channel, right,

1 June 2007.
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Water Treatment Plant
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Figure 5. a. Location of the Fort
Chipewyan Lake Athabasca water intake
sample and the raw water sample from the
water treatment plant, UTM NAD 27. b.
View north from the sample site near the
water intake pipe in Lake Athabasca
towards the Environment Dock and the
Fort Chipewyan Lodge, 31 May 2007.
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Figure 6. Location of the water treatment plant and ponds, 12 August 2006.
a. The water treatment plant. b. Two reservoir ponds. ¢. Backwash pond. d. Two sewage
ponds.
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RESULTS and DISCUSSION

1. Regulatory Guidelines and Pre-existing Regional Data

Guidelines are prepared by government agencies as a means of summarizing
information about water, sediment, air, food, or other natural or manufactured products.
A guideline may be developed by a government agency as aregulatory limit used in
enforcement of laws. A guideline may be developed to provide information to consumers
asto what is safe to eat or drink. Alternatively, guidelines may be developed to inform
the public about the levels of contaminants that would be expected to produce a given
effect on an organism or a system.

In any case, aguideline is subject to change over time and to differ among
jurisdictions. As ageneral rule, the guideline for a particular water or sediment quality
parameter tends to decrease over time as more information comes to light. For example,
in 1978, the Canadian maximum acceptable concentration for arsenic in drinking water
was 50 pg/L. By 2002, the Canadian environmental quality arsenic drinking guideline
had fallen to 25 pg/L. Presently, Health Canada (2006b) proposes a maximum acceptable
concentration of 5 pg/L arsenic.

Similarly, if we compare a guideline across categories or jurisdictions, awide
variation may be found. In the case of human consumption of fish containing mercury,
the present Canadian mercury guideline is 0.5 mg/kg for general consumers, 0.2 mg/kg
for subsistence fishers, while the US EPA mercury consumption guideline is 0.40 mg/kg
for recreational fishers and 0.049 mg/kg for subsistence fishers.

Guidelines then, are simply that—they are meant to guide discussion and to
structure knowledge. Whether the value for a chemical, biological, or physical parameter
is acceptable or not is subject to change over time and to vary between jurisdictions or
between individual risk profiles.

Nor should failure to exceed a guideline be interpreted as a ‘safe’ condition. Some

people, e.g., babies and people with weakened immune systems, are
more susceptible to contaminants than other people. The human
body does not face asingle contaminant or stressor in the course of a

lifetime. Instead, we are immersed in amilieu of stressors that change over time and
differ among people. One person might face a contaminant burden of stored, fat soluble
organochlorine pesticides, PCBs, and dioxins. Another person might face a contaminant
burden of arsenic, mercury, and lead. It could well be that neither person has
concentrations of these toxins that exceed individual guidelines. Y et the combined
contaminant burden in either person might result in an adverse health effect.

Precautionary common sense dictates, then, that responsible agencies should seek
to minimize the overall contaminant burden faced by each person.

Tables 3 and 4 list relevant current water and sediment quality guidelines.

Table 5 provides a summary of some regional observations of relevant water and
sediment quality data. These data, and others not included in Table 5, provide a context
for discussion of the results. | apologize for the difficulty in reading Table 5 but | have
tried to collate alarge amount of datainto one table.

The primary challenge to making comparisons of regional water and sediment
quality isthe absence of standardized statistical reporting. Many data are presented in
reports in summary form without supporting raw data or information on the form of the
statistical distributions, means, medians, quartiles, percentiles, and other measures.
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Without raw datait can be difficult or impossible to generate or to compare homologous
statistics. In one case, a study might report a 90™ percentile while another study might
report a 95" percentile. One study might report numeric values for observations while
another study might report for the same parameter the number of sitesin exceedence of a
guideline, but not the actual values. Some studies report the number of observations,
some studies do not. In some casesit is unclear whether the datum reported is a median
or amean.

Some studies present novel statistical measures that, while not without merit, may
not be comparable to other studies. (Golder 2007, their Table 4.1) reported a maximum
long-term average of the median background concentration [meaning unclear] of 0.034
mg/L for naphthenic acids in the lower Athabasca River (without site locations and
number of samples). In comparison, Imperia Oil (2006, volume 6, their Table 5-23)
reported a mean naphthenic acid concentration of 0.74 mg/L for the Athabasca River
(without site locations and number of samples). These summary values differ by afactor
of 22. When it is realized that both these reports drew upon a host of other reports for
their data, few of which received normal scientific peer review, it is difficult not to
suspect that the message contained in the raw data has been muddled.

In short, conducting a meta-analysis or even making meaningful comparisonsisa
challenge.
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Table 3. Canadian water and sediment quality guidelines as a context for the selected parameters.

Guidelines Water Sediment
Drinking Water Aquatic Life
Total Coliforms 0 colonies/100 mL  no guidelines no guidelines
Fecal Coliforms 0 colonies/100 mL  no guidelines no guidelines
Mercury Total 1 pg/l MAC 0.013 pg/L acute 170 pg/kg 1SQG
0.005 pg/L chronic
Methylmercury no guidelines 0.001 pg/L chronic no guidelines
exposure
Arsenic Tota 5ug/L proposed  5pug/L 5.9 mg/kg 1SQG
MAC
PAHs see Table4 see Table 4 see Table 4
Dioxinsand Furans  no guidelines no guidelines 0.85 ng TEQ/kg
(PCDD/Fs) 1SQG
Naphthenic Acids no guidelines no guidelines no guidelines
Nitrogen Tota 10.0 mg/L 1.0 mg/L chronic  no guidelines
(total inorganic and
organic)
Nitrate+Nitrite 3.2mg/L for 0.06 mg/L for no guideline
nitrite; no guideline nitrite; no guideline
for nitrate for nitrate

itemsin red are from CCME (2002)

MAC = max acceptable concentration

IMAC = interim MAC

I1SQG = interim sediment quality guideline
itemsin green are from Health Canada (2006b)
itemsin blue are from Alberta Environment (1999)
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Table 4. Canadian water and sediment quality guidelines for selected PAHs.*

Guidelines Water (ug/L)
PAH Drinking  Aquatic Life
Water
Acenaphthene 5.8
Acridine 44
Anthracene 0.012
Benzo(a)anthracene 0.018
Benzo(a)pyrene 0.01 0.015
Benzo(b)fluoranthene 5.8
Fluoranthene 0.04
Fluorene 3.0
Naphthalene 11
Phenanthrene 04
Pyrene 0.025
Quinoline 34
Sediment (ug/kg, 1SQG)

Benzo(a)anthracene 317
Benzo(a)pyrene 319
Chrysene 57.1
Dibenzo(a,h)anthracene 6.22
Fluoranthene 111.0
Fluorene 21.2
2-Methylnaphthalene 20.2
Naphthalene 34.6
Phenanthrene 41.9
Pyrene 53.0

* CCME (2002)
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Table 5. A summary of some water and sediment quality observations from the region.

Guidelines Water Sediment Location, Date, N Reference
Total Coliforms Mean 31 colonies/ 100 mL, median 12, range 4-384 Fort Chipewyan water intake, n=103, this study, Table 9
all but three values between June 2001
and July 2007
Fecal Coliforms Mean 5.1 colonies/ 100 mL, median 4, range 4-44 Fort Chipewyan water intake, n=101, this study, Table 9
all but three values between June 2001
and July 2007
Mercury Total: mean 0.0093 pg/L, median 0.0050 pg/L, 90" tile 0.0200 AR above Embarras Portage Donald et a. (2004)
pg/L, max 0.0510 pg/L (07DDO0001), Aug 1989 — Sep 2001,
98
Total: mean 0.0126 pg/L, median 0.0050 pg/L, 90" tile 0.0300 PR at Peace Point (07KC0001), Aug Donald et al. (2004)
pg/L, max 0.1300 pg/L (many values above aquatic life 1989 — Sep 2001, 99
acute guideine of 0.013 ug/L)
Total: 0.036 ug/L @; 0.10 ug/L @@ (above aquatic life acute lower AR Golder (2007, Table 4.1)
guideline of 0.013 pg/L)
Total: maxima, winter 1.3 pug/L, spring 0.05 pg/L, summer AR between Fort Creek and Embarras, Imperial Qil (2006,
0.11 pg/L, fall 0.4 ug/L* (above aquatic life acute guideline winter 1968-2003, n=90; spring, Table 5-25)
of 0.013 pg/L) summer, fall, 1976-2003, n=30, n=56,
n=56
Mean (?) <0.1 pg/L, “modelled background median” 0.027 AR downstream of Steepbank R., Suncor (2005, VVolume 3,
Mg/L, range <0.0006-3.6 ug/L (above aquatic life acute years undefined, n = 122; the ‘mean’  Table 60)
guideline of 0.013 pg/L ; upper values exceed human statistic was not defined
drinking guideline of 1 pug/L )
Mean (?) <0.05 pg/L, “modelled background median” 0.030 AR upstream of EmbarrasR., years ~ Suncor (2005, Volume 3,
Hg/L, range <0.005-0.8 pg/L (above aquatic life acute undefined, n = 171; the ‘mean’ Table 61)
guideline of 0.013 pg/L) statistic was not defined
see Table 10 western Lake Athabasca this study
Methylmercury see Table 10 western Lake Athabasca this study
Arsenic */ Dissolved: mean 0.3 pg/L, median 0.3 pg/L, 90" tile 0.4 pg/L, AR above Embarras Portage Donald et a. (2004)
max 1.0 pg/L (07DDO0001), Aug 1989 — Sep 2001,

Dissolved: mean 0.3 pg/L, median 0.3 pg/L, 90" tile 0.5 pg/L,
max 1.2 ug/L

Total: mean 0.526 pg/L, median 0.416 pg/L, 95" tile 1.229
Mg/L, max 2.9 pug/L

Dissolved: mean 0.6 pg/L, median 0.4 pg/L, 95" tile 1.4 pg/L,
max 4.6 pg/L

Total: 0.79 ug/L @; 29.0 ug/L @@ (above MAC for drinking
water of 5.0 ug/L)

102

PR at Peace Point (07K C0001), Aug
1989 — Sep 2001, 92

RAMP acid-sensitive lakes, 2001,
2003, 2004, 2005, n?

AR at Old Fort (07DD0010), 1987-
2002, n =74 values >/= 0.2 pg/L

lower AR

Donald et a. (2004)
RAMP (2006)

Timoney datafile: old
fort arsenic.syd, from
Alberta Environment
data

Golder (2007)
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PAHs

Mean (?) 1 pg/L, “modelled background median” 0.9 pg/L,
range 0.2-10 pg/L (upper valuesin range above MAC for
drinking water of 5.0 pg/L)

Mean (?) 0.5 ug/L, “modelled background median” 0.9 pg/L,
range <0.1-18 pg/L (upper valuesin range above MAC for
drinking water of 5.0 pg/L)

“PAH Group 2”: 0.034 pg/L@@ #
“PAH Group 3”: 0.016 pg/L @@ ##

Dioxinsand Furans see Table 8, this study

(PCDD/Fs)

Naphthenic Acids

0.034 mg/L@; 0.63 mg/L@@

80-110 mg/L typical concentration in tailings ponds
mean 66.6 mg/L +/- 19.6 s.d., 951 tile 98.8 mg/L
maximum 2 mg/L; median <1 mg/L

8.2 mg/kg (above | SQG)
6.6 mg/kg (above | SQG)
median 4.7 mg/kg, max 4.8 mg/kg

median 4.5 mg/kg, max 6.6 mg/kg

of six PAHs from LA sediments
near Fort Chipewyan for which
there are sediment guidelines,
phenanthrene levels (assayed by
GCMS) approached guidelines,

with one exceedence at Site D (42

po/kg, see Table 11); If results of
their fluorescence assays are used,

there wer e exceedences at all five

study sitesfor both 2-
methylnaphthalene and for
phenanthrene

of 8 PAHsfor which guidelines
exist, only exceedence for
phenanthrene (48 pg/kg), AR
below Alpac mill

maximum concentrations of
seven of nine PAHs exceeded
sediment quality guidelines (see
Table 12)

see Table 14, this study

AR downstream of Steepbank R.,
years undefined, n = 35; the ‘ mean’
statistic was not defined

AR upstream of Embarras R., years

Suncor (2005, Volume 3,
Table 60)

Suncor (2005, Volume 3,

undefined, n = 57; the ‘mean’ statistic Table 61)
was not defined

RAMP site EMR-2, Sep 2005 RAMP (2006)
RAMP site GIC, Sep 2005 RAMP (2006)
RAMP site GIC, 1997-2004, fall, n= RAMP (2006)

3

AR “between Fort Creek and Imperia Oil (2006,
Embarras’, 1997-2003; n =21 Table 5-29)

lower AR (site locations not specified) Golder (2007)

lower AR (site locations not specified) Golder (2007)

see Figure 9 Bourbonniere et al.
(1996, Table 5)

AR below Alpac, 5 December 1995;  Crodley (1996, Appendix
six sediments at the single site; AR B)

near Fort Mackay, two sediments at

single site, 11 Oct 1994

AR “between Fort Creek and Imperia Oil (2006,
Embarras’, 1997-2003; n for each pah Table 5-29)

varied from 20 to 22

lower AR (site locations and n not
specified)

Syncrude and Suncor tailingsponds  Rogers et al. (2002)
AR tailings pond water McEachern (2004)
AR upstream of the Muskeg River, fall Imperial Qil (2006,
1968-2003, n = 28 volume 3, Table 5-23)

Golder (2007, Table 4.1)
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Total Nitrogen

Nitrate+Nitrite

maximum 5 mg/L; median 1 mg/L

maximum< 1, 1, <1, <1 mg/L

“average” 0.74 mg/L

mean 0.54 mg/L, median 0.52, 90" tile 0.86 mg/L, max 1.70
mg/L (max above chronic exposure guideline of 1.0 mg/L
for protection of aquatic life from Alberta Environment
1999)

mean 0.54 mg/L, median 0.26, 90" tile 1.27 mg/L, max 4.04
mg/L (max above chronic exposure guideline of 1.0 mg/L
for protection of aquatic life from Alberta Environment
1999)

0.77 mg/L @; 4.4 mg/L @@ (above chronic exposure
guideline of 1.0 mg/L for protection of aquatic life from
Alberta Environment 1999)

Dissolved: mean 0.078 mg/L, median 0.040, 90" tile 0.201
mg/L, max 0.292 mg/L

Dissolved: mean 0.071 mg/L, median 0.069, 90" tile 0.115
mg/L, max 0.394 mg/L

AR between Muskeg River and Fort  Imperial Oil (2006,
Creek, fall 1972-2003, n =13 volume 3, Table 5-24)
AR between Fort Creek and Embarras; Imperial Qil (2006,
winter (1968-2003), n=6; spring, volume 3, Table 5-25)
summer, fall (1976-2003), n = 3,3,10

AR, summarized from several reports, Imperial Oil (2006,
location and n not specified; itis volume 6, Table 5-23)
unclear whether the value refersisa
median or amean; nor is the value
easily reconciled with the value from
Golder (2007, above in table)

AR above Embarras Portage
(07DDO0001), Aug 1989 — Sep 2001, n
=101

Donald et a. (2004)

PR at Peace Point (07KC0001), Aug Donald et al. (2004)
1989 — Sep 2001, n =92

lower AR Golder (2007)

AR above Embarras Portage Donald et a. (2004)
(07DD0001), Aug 1989 — Sep 2001,

102

PR at Peace Point (07KC0001), Aug Donald et al. (2004)
1989 — Sep 2001, 96

* theratio of dissolved arsenic to total arsenic in RAMP (2006) acid-sensitive lakes for the years 2001, 2003, 2004, 2005 was: 0.84 for means and 0.84 for medians and 0.79 for
the 95" tile. To estimate mean and median total arsenic from dissolved arsenic, multiply the latter by 1.19; to estimate the 95™ tile of total arsenic, multiply the dissolved value by

1.27. Thisempirical dissolved to total arsenic factor isthe same used by EPA (2003).

NseeFigure 7.

& the medians were reported as “<” values, despite the fact that the medians exceeded the reported minimum values; this likely arose due to the improved detection limits over time
(1968 or 1976 to 2003); this rendered the medians virtually meaningless

@ “maximum... long-term average” of the median background concentration, from Golder (2007, their Table 4.1)
@@ “maximum... peak background concentration” (value of the 99.91 percentile), from Golder (2007, their Table 4.1)

# PAH Group 2 includes benzo(a)anthracene and other types with atoxic equivalency factor of one-tenth that of benzo(a)pyrene, from Golder (2007)
## PAH Group 3 includes chrysene and other types with a toxic equivalency factor of one-hundredth that of benzo(a)pyrene, from Golder (2007)
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2. Water and Sediment Quality

Water Quality

Arsenic

Arsenic levels near Fort Chipewyan were 2.6 ug/L at the Lake Athabasca water
intake; 3.4 ug/L in the Rochers River near Mission Creek; and 1.6 pg/L in the Fletcher
Channel. Arsenic was below the detection limit (0.4 pug/L) in treated tap water.

Arsenic concentrations for untreated L ake Athabasca water near Fort Chipewyan
are relatively high in comparison to regional values. For the Peace River at Peace Point,
the 90™ percentile for dissolved arsenic, 1989-2001, was 0.4 ug/L (Table 5).

Modelled median arsenic concentrations for the Athabasca River reaches
“downstream of Steepbank River” and “upstream of Embarras River” were both 0.9 pg/L
(ranges: 0.2-10 and <0.1-18 ug/L, Table 5).

For RAMP acid-sensitive lakes, 2001-2005, the 95™ percentile for total arsenic,
was 1.229 ug/L (Table 5). The mean dissolved arsenic concentration along the Muskeg
River was 1.144 ug/L (1976-2000, for 9 sites for which the mean was not affected by
values below detection limits) (Alberta Environment 2001).

For the dataset (n=488)* of lower Athabasca River dissolved arsenic observations
above the detection limit, the mean = 1.533 pg/L, median = 0.600 pg/L, 95™ percentile =
5.0 ug/L. For the same dataset but with values at the detection limit set to one-half the
detection limit, (n = 539)*, the mean = 1.433 pg/L, median = 0.600 pg/L, 95" percentile
=49 ug/L) (Figure7).*

Figure 7 demonstrates the decline in publicly available water quality data over
time, an unfortunate result of cutbacks in Alberta government-funded water quality
monitoring. The apparent decline in number of exceedences since the early 1980sis
difficult to explain. There were some large oil spillsin the 1970s and perhaps these are
reflected in the higher arsenic concentrations. It is also possible that decline in sampling
effort made it less likely that exceedences were detected.

* Kolmogorov- Smirnov test of normality, probability of normal distribution = 0.0000 for both
datasets; both datasets are positively-skewed and strongly kurtotic).
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Comparison of the various datasets supports the view that levels of total arsenicin
western Lake Athabasca (Table 6) and in the lower Athabasca River (Figure 7) are high
relative to those in the region at large.

Table 6. Total arsenic concentrations in western Lake Athabasca over the period 1987-94
in ug/L. Datafile courtesy of R. Tchir, Alberta Environment “datafor 07ma_07md.csv”.
Site 0.5 km south of Fort Chipewyan water intake is Alberta Environment number
ABO7MDO0010.

L ake Athabasca Arsenic Dataset Mean Median 95" percentile n
Vaues > detection limit (D.L.) 0.9 0.7 2.7 51
All values (<detection limit setto %2 D.L.) 0.8 0.6 2.7 54
Vaues>D.L., a site 0.5 km south of LA 12 0.7 2.8 8
water intake

All values (<detection limit set to ¥2D.L ), at 11 0.6 2.8 9

site 0.5 km south of LA water intake
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Figure 7. Concentration of dissolved arsenic in the lower Athabasca River, 1976 to 2003,
n = 488 observations >/= 0.2 ug/L. In this graphs, stations* with values below detection

[imit were coded as missing. Y-axisis power-transformed 0.5. * Lower Athabasca River Stations

(Downstream of Fort McMurray), 07DA: 0190, AT OLD AOSERP DOCK MILE 26.3; 0400, U/S OF THE CONFLUENCE
WITH MUSKEG RIVER MILE 34.5; 0410, U/S FROM THE CONFLUENCE WITH MUSKEG RIVER - RIGHT BANK; 0970,
ABOVE THE FIREBAG RIVER - MILE 82.4; 1500, SITE 4 - MILE 19 - AOSERP; 1520, SITE 6 - MILEAGE 29.8 - AOSERP,
1540, AT FORT MACKAY — AOSERP; 1550, BELOW CONFLUENCE WITH THE TAR RIVER - MILE 52.4 — AOSERP; 07DD:
0010, AT OLD FORT - RIGHT BANK; 0020, 13.0 MILES BELOW CONFLUENCE WITH THE FIREBAG RIVER,; 0040, AT
EMBARRAS AIRPORT - AT WSC GAUGE ARC KM 111.3; 0105, D/S OF DEVILS ELBOW AT WINTER ROAD CROSSING,;
0150, EMBARRAS RIVER NEAR LAKE ATHABASCA; 0360, BIG POINT CHANNEL OUTLET - DELTA SITE - AOSERP.
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Total Mercury

Total mercury was 0.00139 pg/L at the Rochers River, 0.00161 pug/L at the Lake
Athabasca water intake, 0.00325 ug/L at the Fletcher Channel, and 0.00083 ug/L for
treated tap water (Table 7). The total mercury level in the Fletcher Channel approaches
the chronic exposure guideline for protection of aquatic life (0.005 ug/L, Table 3).

Other data place the preceding mercury concentrations in context. Many observed
mercury concentrations exceed aguatic life protection guidelines (Table 5).

For the Athabasca River above Embarras Portage the 90" percentile mercury
concentration was 0.02 pug/L with amaximum of 0.05 pg/L; for the Peace River at Peace
Point, the 90" percentile mercury concentration was 0.03 pg/L with a maximum of 0.13
Mg/l (Table5; Donad et a. 2004).

A lower Athabasca River maximum of the median background concentration of
0.036 pg/L was reported by Golder (2007). Maximum mercury concentrations for the
Athabasca River between Fort Creek and Embarras were: 1.3, 0.05, 0.11, and 0.4 pg/L
for winter, spring, summer, and fall (Table 5). Modelled median mercury concentrations
for the Athabasca River reaches “ downstream of Steepbank River” and “upstream of
Embarras River” were 0.027 and 0.030 pg/L, respectively (ranges: <0.0006-3.6 and
<0.005-0.8 ug/L, Table 5).

The mean mercury concentration along the Muskeg River was 0.128 pg/L (1976-
2000, for 11 sites for which the mean was not affected by values below detection limits)
(Alberta Environment 2001).

The maximum mercury concentration observed in five lakes in the Athabasca oil
sands region was 0.006 pug/L and at Poplar Creek Reservoir was 0.0024 pg/L (Shell
Canada 2006). The ratio of methylmercury to total mercury in these sample ranged from
4 to 21% with amean of about 10%.

Of 64 observations of total mercury in Lake Athabasca (1977-1994), 60 were
below the detection limit of 0.1 pg/L; the other values were: 0.1, 0.2, and 0.2 ug/L (due
west of the tip of Sandy Point) and 0.2 pug/L (composite of main area of lake) (data
courtesy of R. Tchir, Alberta Environment). Improved methods and detection limits since
the mid-1990s mean that older mercury estimates and ‘ non-detects' may be unreliable.

Overall, the total mercury data are a cause for concern in that values sometimes
exceed acute guidelines for protection of aguatic life (0.013 pg/L) and commonly exceed
chronic guidelines for protection of aquatic life (0.005 pg/L). The fact that mercury
bioaccumulates in the food chain makes the observed mercury levels directly relevant to
public health.

Methylmercury

Methylmercury was present in small quantitiesin untreated water (0.000124 to
0.000134 pg/L, Table 7). Methylmercury concentrationsin five lakes and one reservoir
in the Athabasca oil sands region (0.00005 to 0.00039 ug/L; Shell 2006) were in the same
range as those found near Fort Chipewyan. The chronic exposure guideline for protection
of aquatic lifeis 0.001 pg/L (Table 3).

While these concentrations in water do not appear to be cause for concern,
biomagnification of methylmercury in fishes poses a health risk to the people of Fort
Chipewyan (see section 3 of Other Data and Observations for a discussion).

30



Polycyclic Aromatic Hydrocarbons (PAHS)

PAHs in water were below the detection limit of 0.01 pg/L in the 2007 sample
(Table 7).

For the lower Athabasca River, Golder (2007) reported a*“maximum... peak
background concentration” (99.91 percentile) for PAH Group 2 of 0.034 pg/L and for
PAH Group 3 of 0.016 pg/L (Table 5). The human health guideline for PAH groups 2
and 3 is estimated at 0.0029 pg/L by Golder (2007). In the United States, concentrations
of 0.004-0.024 ug /L of PAHs in drinking water have been observed (ATSDR 1995).

Maximum peak background concentrations for PAH groups 2 and 3 in the lower
Athabasca River have exceeded human health guidelines. Unfortunately, because the data
in Golder (2007) were presented in summary form without statistics, it is not possible to
determine how often the human health guidelines have been exceeded.

Dioxins and Furans

Penta, hepta, and octachlorinated dibenzo-dioxins were detected in the surface
waters (Table 8). No furans were detected in surface waters (detection limits 0.1 to 0.2
pg/L). Neither dioxins nor furans were detected in treated drinking water. The highest
value observed was 7.9 pg/L for PSCDD at the Lake Athabasca water intake. Overall, the
dioxin concentrations would be considered low or very low (see Carey et a. 2004).

Naphthenic Acids

No naphthenic acids were detected in the four water samples (detection limit of
0.01 mg/L). Thisresult is surprising in that naphthenic acids are known to be present in
the lower Athabasca River (Table 5), albeit at concentrations of <1 mg/L.

Nitrogen

The treated water nitrogen concentration was 0.2 mg/L (Table 7). Total nitrogen
concentrations in the surface waters ranged from 0.6 to 1.0 mg/L, perhaps higher than
typical of total nitrogen concentrations in the lower Athabasca and Peace Rivers (Tables
5, 7). The possibility that total nitrogen levels are higher in the waters near Fort
Chipewyan than in theriversis supported by Hall et al. (2004) who found a mean total
nitrogen concentration of 1.95 +/- 1.01 mg/L in lakes (n=57) as compared to 0.33 +/- 0.15
mg/L in flowing rivers (n=9) of the Peace-Athabasca Deltain October 2000.

Median and mean values for total nitrogen in RAMP acid sensitive lakes (2002-
2005) were 0.96 and 1.27 mg/L respectively (RAMP 2006). Median total nitrogen
concentrations for the Athabasca River between Fort Creek and Embarras(1968-2003)
ranged from 0.4 to 0.6 mg/L (highest values in spring and summer) (Imperial Oil 2006).

Nitrate + nitrite concentrations were all below detection limit (0.1 mg/L),
consistent with mean concentrations of 0.08 mg/L and 0.07 mg/L observed on the
Athabasca and Peace Rivers (Table 5). Median and mean values for total nitrate + nitrite
in RAMP acid sengsitive lakes (2002-2005) were 0.003 and 0.024 mg/L respectively,
while median and mean values in 348 regional lakes were 0.002 and 0.021 (RAMP
2006). Median nitrate + nitrite concentrations for the Athabasca River between Fort
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Creek and Embarras (1968-2003) ranged from 0.003 to 0.2 mg/L (highest in winter)
(Imperial Qil 2006).

The chronic exposure total nitrogen guideline for protection of aquatic lifeis 1.0
mg/L (Table 3). The water quality data indicate that total nitrogen guidelines are
commonly exceeded in the lakes of the Peace-Athabasca Delta whereas nitrogen
guidelines are not often exceeded in the region’s flowing rivers. It is not possible to
determine whether nitrite guidelines are exceeded in the region since nitrite and nitrate
are reported as one number in the available data.

Levels of nitrogen in the water around Fort Chipewyan do not pose a direct
concern for human health but may pose a concern for aquatic life and indirectly to
humans who depend on wildlife. An abundance of nitrogen in warm and shallow water
may affect humans through environmental nuisances such as odors, eutrophication, and
algal blooms—which can in turn impact aquatic life and waterfowl used for human food.

Coliform Bacteria

Total coliforms were present in the three surface water samples (4-20
colonies/100 mL) but absent in the treated tap water (Table 7). Fecal coliforms were
present in only the Rochers River sample (5 colonies/100 mL).

There are no CCME guidelines for total and fecal coliforms for protection of
aquatic life. For direct contact recreation, the mean of >/= five samples over not more
than a 30-day period should have atotal coliform count < 1000 colonies/100 mL and a
fecal coliform count of <200 colonies/100 mL (Alberta Environment 1999). The coliform
counts for the three surface water samples are well within these guidelines.

Total coliform colonies in untreated surface (“raw”) water ranged between 4 and
384 colonies/ 100 mL over the period December 1996 to July 2007, with a median of 12
and amean of 31 colonies/ 100 mL (Table 9, Figure 8). Two maxima of 300 and 384
fecal colonies were observed on 14 August 2002. Fecal coliformsin raw water over the
period were usually at or below the detection limit of 4 colonies/ 100 mL in the data
provided by Alberta Environment. Two maxima of 38 and 44 fecal colonieswere
observed on 14 August 2002. These counts are well-within the “direct contact recreation”
guidelines of Alberta Environment.

The only public health concern evident in the raw water datais the increasing
trend in total coliform counts over the period (Spearman rank correlation, r = 0.303, n =
103, p = 0.002). Highest bacterial counts are usually observed in the autumn. It is unclear
why the abundance of total coliform colonies increased over the period.

Treated water samples contained no fecal coliforms and no total coliforms over
the period for which data were made available (Table 9). Treatment at the plant is
effectively removing coliform bacteria from the drinking water. Rising temperatures may
underlie the increase in total coliformsin the surface water.

Miscellaneous Parameters of Concern

During 2005, exceedences of water quality guidelines for the Athabasca River
mainstem “downstream of development”, were recorded for: dissolved phosphorus and
total concentrations of phosphorus, aluminum, iron, chromium, cobalt, copper, lead,
titanium, and phenols (RAMP 2006, their Table 5.1-4). Most exceedences were observed
in spring (9 parameters) and fewest exceedences were observed in winter (4 parameters).
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The largest exceedences were for aluminum (2-60 times the guideline) and iron (3 to 59
times the guideline).

The pollution associated with uranium mining on Lake Athabasca requires study
(Evanset al. 2002). The Lorado Mine (closed in 1960) left 0.6 million tonnes of tailings;
and the Beaverlodge Mine (closed in 1982) left six million tonnes (Sierra Club 2001).
The tailings contain about 85% of the radiation in the original ore in the form of
radioactive uranium, thorium, radium, and polonium, as well as heavy metals such as
arsenic, copper, lead, nickel, and zinc. Gunnar (which operated from 1955 to 1964) |eft
five million tonnes of tailings (SE 2006). Large amounts of tailings entered Langley Bay.
Levels of radioactive uranium, radon and lead are reportedly much higher in the bay’s
sediments and its whitefish than in ‘ control’ areas also on Lake Athabasca (SE 2006).
Thetailings at Lorado and Gunnar leach acids and heavy metals. At Gunnar, tailings
entered L ake Athabasca when the retainment dam was destroyed (SE 2006). At
Beaverlodge, most of the tailings were dumped into Beaverlodge Lake (Sierra Club
2001).

Elevated levels of selenium and relatively high levels of growth deformitiesin
fishes have been observed in Beaverlodge Lake (WUO 2005). Relatively high levels of
uranium were observed in 2002 in Labrador tea (Ledum groenlandicum) and in lake
whitefish from Lake Athabasca near Uranium City (AWG 2002). The former Alberta
Premier, Ralph Klein, referred to the situation at Uranium City in 1993 as one of
Canada s “worst environmental nightmares’ (Sierra Club 2001). The cost of cleanup at
Gunnar and surrounding satellite mines has been estimated at $23-24 million dollars over
eight years (Saskatchewan Govt. 2004). Sierra Club (2001) stated that the actual cost
may be nearer to $100-150 million dollars.

The effects of agriculture on the Fort Chipewyan area are not well documented.
Upstream, pesticides and fertilizers are applied in varying amounts to crops such as
canola, oats, peas, and barley (Evans 2000). Over the period 1995 to 2002, five pesticides
were found to exceed water quality guidelines in the Peace and Athabasca River basins
(Anderson 2005). The herbicides dicamba and mcpa exceeded irrigation water quality
guidelinesin 11% of samplesin both rivers; bromacil exceeded guidelinesin the
Athabasca River basin. Guidelines for the protection of aguatic life were exceeded for the
persistent insecticide lindane and for the herbicide triallate. Pesticide concentrations were
generaly < 1 pg/L, with maximum concentrations of 2 to >6 pg/L in the Athabasca River
and 1 to 13.8 pg/L in the Peace River. Aquatic life protection guidelines were exceeded
more often in the Peace River (3.8% of samples) than in the Athabasca River (0.5% of
samples). Lindane is banned for all agricultural usesin the United States but is still used
in Canada.
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Table 7. Summary of water quality values for the four sites.

Parameter Rochers River at LA Water Intake Fletcher Channel Tap Water
Mission Creek
Arsenic Total 3.4 ug/L 2.6 pg/L 1.6 ug/L <0.4 ug/L (ND)*
Mercury Total 0.00139 pg/L 0.00161 pg/L 0.00325 pg/L 0.00083 pg/L
Methylmercury 0.000134 pg/L 0.000134 pg/L 0.000124 pg/L <0.00005 pg/L (ND)
PAHs (CCME) all <0.01 pg/L (ND); al <0.01 pg/L all <0.01 pg/L all <0.01 pg/L
58-84% recovery of  (ND)*; 58-80% (ND)*; 65-74% (ND)*; 61-77%
surrogates recovery of recovery of recovery of
surrogates surrogates surrogates
Dioxinsand see Table 8
Furans
Naphthenic Acids <0.01 mg/L (ND) <0.01 mg/L (ND) <0.01 mg/L (ND) <0.01 mg/L (ND)
Coliforms Total 20 CFU/100mL 4 CFU/100mL 7 CFU/100mL <1 CFU/100mL
(ND)
Coliforms Fecal 5 CFU/100 mL <1 CFU/100 mL <1 CFU/100 mL <1 CFU/100 mL
(ND) (ND) (ND)
Nitrogen Total 1.0 mg/L 0.7 mg/L 0.6 mg/L 0.2 mg/L
Nitrite+Nitrate <0.1 mg/L (ND) <0.1 mg/L (ND) <0.1 mg/L (ND) <0.1 mg/L (ND)

* ND = below the detection limit



Table 8. Concentrations of dioxins and furans from water at four sites near Fort
Chipewyan. Valuesarein pg/L.

Site  T4CDD P5CDD H6CDD H7CDD O8CDD T4CDF P5CDF H6CDF H7CDF O8CDF

RochersR. A ND 2.2 ND (0.1) 1.1 3.7 ND ND ND ND ND
at Mission (0.3) (02 (01 (01 (1) (031
Creek
LA water ND 7.9 ND (0.2 ND 34 ND ND ND ND ND
intake (0.6) (0.2) (02) (02 (01) (02 (0.2
Fletcher ND 1.6 ND (0.2) ND 31 ND ND ND ND ND
Channel (0.2) (0.2) (1) (01 (1) (02 (0.2
Tap water ND ND ND (0.1) ND ND (0.4) ND ND ND ND ND
(0.3) (0.1) (0.2) (1) (01 (01) (0.1 (0.2

A ND = not detected. The value in parentheses is the sample detection limit.
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Figure 8. Total coliform colonies per 100 mL in “raw water” at Fort Chipewyan, with
“lessthan” values included, 3 Dec 1996 to 3 July 2007, n = 103 (100 values between 6
June 2001 and 3 July 2007). Y-axisis power transformed (power = 0.1), lineisa
distance-weighted least squares regression, tension = 0.5. Data provided courtesy of
Kathleen Pongar, Alberta Environment, 23 July 2007.
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Table 9. Statistics for total and fecal coliform colonies per 100 mL in “raw water” at Fort
Chipewyan (3 Dec 1996 to 3 July 2007, 100 values between 6 June 2001 and 3 July
2007) and statistics for total coliforms (presence/absence, 3 Mar 2003 to 8 May 2007)
and fecal coliform colonies per 100 mL in treated water at Fort Chipewyan (3 Mar 2003
to 29 Apr 2003). Data provided courtesy of Kathleen Pongar, Alberta Environment, July
and June 2007.

Raw Water Treated Water (P/A,

(coliforms/100mL)  coliforms/ 100 mL)
Statistic Total Fecal Total Fecal
Mean 31.0 51 0 0
Median 12.0 4.0 0 0
Minimum 4 4 0 0
Maximum 384 44 0 0
n 103 101 423 16

Sediment Quality

To facilitate placing the sediment observations in context, | have included
relevant sediment quality data from a previous study in Lake Athabasca (Bourbonniere et
al. 1996, Figure 9). In order to differentiate the data sources in this section, datafrom
this study appear initalics.

N
Lake Athabasca /
Sediment Sampling Sites
1992, 1993

Riviere des Rochers

R Oullet to Slave R.

e S
{? =
. e NS
= o
T —

Alhabasca
River

Distributary

Channels

L)J 0 25 50 ki A
Willlam R.

Figure 1: Lake Athabasca Sampling Sites 1932-93,

Figure 9. Sample site locations from the sediment study by Bourbonniere et a. (1996).
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Arsenic, Mercury, and Other Heavy Metals

Arsenic

L ake Athabasca sediment arsenic concentrations observed by Bourbonniere et al.
(1996) and in this study are in close agreement with mean of 9.04 mg/kg and a median of
8.80 mg/kg (n = 10, Table 10). The Fletcher Channel sediment arsenic concentration was
1.8 mg/kg. Seven of the ten Lake Athabasca arsenic concentrations exceeded the interim
sediment quality guideline of 5.9 mg/kg. Imperial Oil (2006) reported a median sediment
arsenic concentration 4.5 mg/kg (maximum 6.6 mg/kg, n = 21) for the lower Athabasca
River between Fort Creek and Embarras.

Bourbonniere et al. (1996) noted that arsenic concentrations showed an increasing
trend over time from 1970, starting at 2 mg/kg and increasing to 10 mg/kg by 1990. They
noted that Allan (1979) had found a similar profile for arsenic in the central-west basin of
Great Slave Lake, who suggested that surface enrichment may be related to processing at
gold mines. The sediment arsenic concentration was high at one Langley Bay, Lake
Athabasca coring location near uranium mining activities (Joshi et al. 1989). Uranium
mining might partly explain some of the elevated arsenic valuesin Lake Athabasca, but
Bourbonniere et al. (1996) thought that the arsenic more likely originated from western
Lake Athabasca. They concluded that an east to west transport of arsenic in Lake
Athabasca was unlikely and another source must be invoked to explain higher recent
values for arsenic.

Mercury and Methylmercury

The available data for total mercury and methylmercury in sediment near Fort
Chipewyan are enigmatic (Table 10). In the Bourbonniere et al. data, most of the total
mercury was in the form of methylmercury. In the sites near Fort Chipewyan (sites B, D,
F, and G), total mercury ranged from 85.0 to 89.0 pg/kg while methylmercury ranged
from 73.0 to 89.0 pg/kg. By comparison, total mercury was 60 pg/kg at the Rochers
River site of this study but below detection limits at the other two sites (< 50 pg/kg).
Methylmercury was found at two of the three sites, but at concentrations more than 100
times lower than found by Bourbonniere et al.

These differences may be due in part to laboratory methods. Recent sedimentation
may be another factor that may help to explain the low methylmercury concentrationsin
this study. In the spring of 2007, alarge amount of fresh sediment was deposited as a
result of high discharge on the region’srivers. There may have been too little time for
methylation of the mercury in the sediment to proceed. Conversely, sediment
methylmercury concentrations in excess of 1% total mercury may be unrealistic (Ullrich
et a. 2001), which calls into question the accuracy of the methylmercury values reported
by Bourbonniere et al. (1996) which accounted for most of the total mercury.

Total mercury ranged from 42.5 to 200 pg/kg in the sediment of five lakes of the
Athabasca oil sands region; no data were provided for methylmercury (Shell Canada
2006).

Total mercury ranged from 11.1 to 33.0 pug/kg in the sediment of five lakesin
Wyoming, while methylmercury ranged from 0.53 to 3.05 pg/kg, with methylmercury
accounting for 1.8 to 11.0% of total mercury (Peterson and Boughton 2000).

Further analyses of mercury contained in the sediments near Fort Chipewyan are
needed.
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Other Heavy Metals

Lead, chromium, copper, vanadium, and zinc, assessed by Bourbonniere et al.
(1996) exhibited a nearly constant concentration with depth. Zinc and copper
concentrations were relatively high over western Lake Athabasca. Those authors noted
that their concentrations for copper, zinc, arsenic, and total mercury agreed well with the
results of Allan and Jackson (1978) from Lake Athabasca. They concluded “that many of
these metals have sources in the western part of the lake and probably move offshore
according to grain size. Anincreasing trend from river to deltato lake for many of the
same metals studied was reported by Allan and Jackson (1978).”

Cadmium levelsin all of the surface sediments (sites G, F, B, D, and |) exceeded
the interim sediment quality guideline of 0.6 mg/kg by afactor to 3 to 4 times the
guideline.

Imperial Oil (2006, their Table 5-29) noted an exceedence for a maximum
concentration of chromium (1SQG 37.3 mg/kg) of 61.3 mg/kg (Athabasca River, between
Fort Creek and Embarras, fall 1997-2003, n=21; and two of three observations during
summer 1976-95 were also in excess of guideline: 54 and 85 mg/kQ).

Table 10. Heavy metal concentrationsin 1992 surficial sediments in western Lake
Athabasca (from Bourbonniere et al. 1996, their Tables 6 and 7) compared to arsenic and
mercury concentrations at three sites near Fort Chipewyan (this study). Values are in
mg/kg (with exception of mercury for which values are in pg/kg). Note that the sites of
Bourbonniere et al. are arranged in awestmost (site G, top of table) to eastmost (site S3)
pattern.

Site Arsenic  Lead Cadmium Chromium Copper Vanadium Zinc  Total Methyl-
Mercury mercury

G 85 8.8 18 26.5 23.1 36.2 98.286.0 86.0
F 85 8.2 21 27.8 26.6 36.5 102.089.0 89.0
B 31 7.4 2.2 28.8 24.3 326 98583.0 73.0
D 5 85 21 27.8 25.3 36.4 106.085.0 78.0
I 229 109 25 30.6 23.2 404 100.0 74.0 63.0
S1CB (0-6) 55 9.1 ND* 31.7 25.6 46.0 110.0 126 ND (20)
S2CA (0-6) 9.5 7.2 ND* 355 22.7 464  87.1833 21.3
S3CB (0-6) 9.1 5.9 ND* 24.4 14.7 303 54225 ND (20)
RochersR. at 9.1 60 0.281
Mission Ck
LA Water 9.2 ND (50) 0.137
Intake
Fletcher 1.8 ND (50) ND
Channel (0.050)

* detection level of 0.3 mg/kg
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Polycyclic Aromatic Hydrocarbons (PAHS)

PAHs were assessed by the GC/M S method. In order to place those valuesin
context, PAH concentrations determined by the same method by Bourbonniere et al.
(1996) are provided in Table 11. Those data indicate only one exceedence (for
phenanthrene, 42 pg/kg at Bourbonniere' ssite D). It is difficult to compare the data from
this study with those of Bourbonniere et al. due to differences in detection limits. For
those types of PAHs for which a comparison can be made, it appears that the levels of
phenanthrene, pyrene, benzo(b)fluoranthene, and perhaps benzo(a)pyrene observed in
this study were lower than those observed in 1992.

Bourbonniere et al. (1996) detected 11 types of PAHS.

Datafrom the lower Athabasca River (reported by Imperial Oil 2006) indicate
exceedences of sediment quality guidelines for naphthalene, acenaphthene,
dibenzo(a,h)anthracene, benzo(a)pyrene, chrysene, phenanthrene, and pyrene (Table 12).

Sediment samples from the lower Athabasca River and major open-drainage lakes
adjacent to Fort Chipewyan were studied for PAH concentrations by Evans et al. (2002)
(Table 13). Evans et al. (2002) observed that PAH concentrations were variable in space
and time. Overall, sediment quality guidelines were exceeded in 7 % of the samples.
Concentrations of 2-methylnaphthal ene exceeded guidelines in 35.6% of sampleswhile
those of naphthalene, benzo(a)anthracene, and chrysene exceeded guidelines in 6.8% of
samples. Guidelines levels of fluoranthene and pyrene were exceeded only in “Fort
Chipewyan Harbor”. Lower molecular weight PAHs tended to increase in concentration
from upstream sources to downstream depositional areas. Bioassay toxicity testing was
done on some sediment samples using the midge Chironomus tentans, the amphipod
Hyalella azteca, and the oligochaete worm Lumbriculus variegatus. In a 1999 Athabasca
River Delta sample, survivorship was low for C. tentans (42%) and H. azteca (72%).
Growth of Lumbriculus was low in both 1999 (62%) and 2000 (53-58% in two samples).

In the PERD lakes (exclusive of the RAMP river data), four of the PAHS
exceeded guidelines: naphthalene (18.5% of samples), 2-methylnaphthal ene (70.4% of
samples), and fluoranthene and pyrene (both 3.7% of samples). Ratios of unsubstituted to
alkylated PAHsin Athabasca River are on the order of 0.05 to 0.4, indicating that most
PAHSs in Athabasca River sediments are from oil sands deposits rather than from
combustion sources (Shell Canada 2006).

Six PAHs exceeded guidelines in some sediment samples on the Peace and
Athabasca Rivers (phenanthrene, benzo(a)anthracene, benzo(a)pyrene, chrysene,
fluoranthene, and pyrene) (Crosley 1996). The frequencies of exceedences were not
reported, but inspection of the raw data indicated that exceedences were uncommon.

Taken together, the dataindicate that concentrations of PAHs in the lower
Athabasca River and the adjacent delta and western Lake Athabasca can vary greatly in
time and space and may at times exceed guidelines.
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Table 11. Concentrations of PAHs from 1992 surficial sedimentsin western Lake
Athabasca (from Bourbonniere et al. 1996, their Table 5, by GCM S method) compared to
those observed at three sites near Fort Chipewyan (this study). Abbreviations:
Naphthalene (Npth); Fluorene (Fl); Phenanthrene (Ph); Fluoranthene (Fth); Pyrene (Py);
Benzo(b)fluoranthene (B(b)Fth); Benzo(k)fluoranthene (B(k)Fth); Benzo(a)pyrene
(B(a)Py); Benzo(ghi)perylene (B(ghi)Per). See Figure 9 for site locations. Values arein
micrograms/ kg ( = nanograms/ g).

Site Npth Fl Ph Fth Py B(b)Fth B(k)Fth B(a)Py B(ghi)Per
G 4.8 *ND (0.5) 22 11 18 24 ND (0.5) ND (0.5) ND (0.5)
B ~tr(2.7) ND (0.5) 26 11 18 29 ND (0.5) 8.9 22
D 8 ND (0.4) 42 12 21 35 ND (0.4) 15 30
H tr (20) ND(0.6) 25 11 13 36 ND (0.6) ND (0.6) 29
I tr (1.7) ND (1.0) 295 15 135 40.5 ND (1.0) 175 35
Mission ** M 20 NA 10 10 ND (10) ND (10) NA
Creek ND (10) NA
LAwater ND (10) NA 10 NA ND (10) 10 ND (10) ND (10) NA
intake
Fletcher ND (10) NA ND (10) NA ND (10) ND (10) ND (10) ND (10) NA
Channel

 trace values are greater than the method detection but less than the quantitation limit
* ND values are less than the method detection limit (given in parentheses)

** ND values are | ess than the method detection limit (given in parentheses)

M NA = not assessed

Table 12. Maximum concentrations of nine PAHs in the Athabasca River between Fort
Creek and Embarras, fall 1997 to 2003 (from Imperia Qil, 2006, volume 3, their Table 5-
29). Exceedences of guidelines are bolded. PAH assay method was not specified.

PAH Maximum Interim Sediment N Comments
Observed Quality Guideline
(ug/kg) (CCME 2002,

Ho/kg)
Naphthalene 37 346 22
Acenaphthene 11.3 ? 21 noCCME standard, but Imperial (2006)
listed the maximum concentratio