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The Slave River Environmental Quality Monitoring Program

The Slave River Environmental Quality Monitoring Progran (SREQMP) was a five year
multimedia sampling program operating from 1990 to 1995, to characterize baseline conditions
of theaguatic ecosysteminthe Slave River at Fort Smith, Northwest Territories (NWT), Canada.

This report provides asummary of the Slave River Environmental Quality Monitoring Program
Final Five Year Report (Sanderson et al., 1997). Further details on the study design, fidd and
analytical methods, and interpretation of results areincluded in the full report, which is available
from the Water Resources Division of the Department of Indian Affars and Northern
Development in Y ellowknife.

The SREQM P was a successful project that met the objectives of determining contaminant levels,
developing a baseline and providing information for transboundary negotiations.

The comprehensive sampling program devel oped asolid baseline for theaquatic ecosystem of the
Slave River in the NWT, against which future changes can be measured. The data set can be
considered representative of the current conditions of the aguatic ecosystem. By taking an
ecosystem approach, the most appropriate indicator for each type of contaminant was established
which will allow future monitoring to be more focussed. The vast database compiled will be
invaluablein devel oping ecosystem objectivesto protect thisnorthern environment and isessential
for transboundary negotiations. This will dlow the NWT to enter into agreements with their
neighbours which will ensure the continued use of this resource for many generations.

MAJOR CONCLUSIONS

In general, the results of the study indicate that many parameters were present at extremely low
levels or were not detected even with state of the art analytical techniques. Of those compounds
which were found, metals and polycyclic aromatic hydrocarbons (PAHS) are most likely from
natural sources, while pesticides and polychlorinated biphenyls (PCBs) indicate atmospheric
transport. Thedetection of chlorinated phenolics, dioxinsandfurans, although at low levels, could
be aresult of downstream transport. While some findings may warrant further study, overall the
levels of contaminants measured in the aquatic environment at Fort Smith are not likely to cause
adverseeffects. All resultsare currently undergoing ahuman heal th assessment by Health Canada.
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Water

A review of sampling dates and daily discharge rates reveals that samples were collected at
representativetimesand flows. Thisfact, along with the comparability to historical data, indicates
that the SREQM P water data can be considered representative of the current conditions. It can be
expected, therefore, that the sediment and fish data are al so representative of the aguatic system.

A comparison between grab and centrifugate results shows that levels of metals were lower after
centrifugation. This suggests that the metals detected in the Slave River are primarily associated
with suspended sediments.

Sediment

The results indicate that suspended sediment is a good medium for monitoring organic and
inorganic contaminants. Since historic suspended sediment qudity data for the Slave River are
not available, vaues collected from the SREQM P are the baseline for future comparisons. Future
results can be compared to this databaseto verify the occurrence of downstream transport or detect
a change in contaminant levels.

Thosemetal sfound in high concentrationsin the grab water sampleswere al so detected at el evated
levelsinthesuspended sediment sampl es, which supportsthe conclusionthat metal sare associ ated
with suspended particul ates.

Results of the Daphnia magna and Microtox bioassays indicated that the suspended sediment
sampl es collected were not acutely toxic.

Fish

The Slave River Environmenta Quality Monitoring Program focussed on sampling those fish
which were most likely to be consumed by local people. Comparison of K factors (plumpness)
to other NWT fish indicate that walleye, northern pike, lake whitefish and burbot collected from
the Slave River and control |akes were robust.

Future monitoring should focus on burbot liver as it fulfills both public health and scientific
criteria. Inthe wholefish samples, walleye had higher values and awider range of contaminants
than lake whitefish and northern pike and therefore could also serve as a good indicator of
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environmental pollution.

For metals, the percentages of detection and the range of values were generally comparable
between the Slave River and the control lakes. This suggests similar sources of metds, either
geological or arborne.

The presence of chlorinated phenolics, organochlorine pesticides, PCBs, toxaphene,
polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) in fish
from both the Slave River and the control sites suggests that the contaminants are being
transported to these sites via the atmosphere.

The MFO liver enzyme data set determined that the Slave River fish had low levels of induction,
suggesting a pristine environment.

RECOMMENDATIONS
Further Monitoring

Water

Some metal levels in water samples were above the Canadian Guidelines for the Protection of
Freshwater Aquatic Life (CPFAL). However these levels were within the range of historical
values, which are considered to be the result of natural weathering of rocks. Whileit isunlikely
then that these concentrations would cause any adverse impacts to aquatic life, further research
may bewarranted, sincetoxicity of metalstendsto increasein softer waters such asthose observed
at the Fort Smith site.

Sediment

Follow up studies on the toxicity and natural variability of the metalsin the suspended sediments
in the Slave River at Fort Smith could be warranted.

Since the concentrations of some PAHSs in suspended sediment were above bottom sediment
guidelines, further monitoring of these compounds may be warranted to determineif the source
is natural or anthropogenic.
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Presence of chlorinated phenolics and dioxin and furan isomers could indicate downstream
transport of these contaminants from developments and therefore may warrant further study.

A comparison of the SREQM Pdatato the bottom sediment data collected in the depositional areas
of the Slave River Deltaand results from sediment cores from Great Slave L ake, would be useful
in studying the fate and transport of contaminants.

Fish

The presence of elevated levels of some metals may justify further study to ascertain their source
and impact on the aguatic system. Since accumulation of metalsisinfluenced by biological factors
such as species and age, further analysis of the data may also be warranted to highlight species
specific trends.

For chlorinated phenolicsand PCCD/Fs, levelsare higher inthe Slave River than the control sites,
which suggests that these fish are exposed to an additional source of organochlorines, most likely
associated with upstream development. Further monitoring may be warranted.

Several factors point to a natural source of PAHs in the Slave River. Concentrations of PAHs

were not similar to patterns seen at sitesdownstream of oil spills. Therefore further study may be
warranted to verify if the source is natural and determine impacts.

Other General Recommendations

An ecosystem approach should be considered in future studieswhen developing abaseline. The
use of this approach provides a complete database and allows the most appropriate medium for
each parameter to be monitored. Thisensuresthat specific bioindicators can be determined. With

a comprehensive monitoring program, important results are less likely to be missed.

When designing asampling program, local people should beinvolved in all aspects of the project
from identification of concerns to choice of sampling locations and presentation of results.

When dealing with large multimedia sampling programs, there should be a continual review of
results to ensure that objectives are being met.

With long term monitoring programs, both methods and detection limits may change over the
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years. These changes should be well documented.

When developing a baseline for a relatively pristine environment, state of the art analytical
techniques with low detection limits should be employed despite the costs.

When resultsinvolvetracelevelsof contaminants, special attention should be paid to the handling
of less-than-detection values. Itisessential to the analysis of the results and an important factor
to consider.
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The Slave River Environmental Quality Monitoring Program

INTRODUCTION

The Slave River Environmental Quality Monitoring Program (SREQMP) was a five year
multimedia sampling program operating from 1990 to 1995, to characterize baseline conditions
of theaguatic ecosystem inthe Slave River at Fort Smith, Northwest Territories (NWT), Canada.
The comprehensive nature of the program madeit thefirst of itskind inthe Northwest Territories.

The SREQM Pwasacooperative program among the Water ResourcesDivision of the Department
of Indian Affairs and Northern Development (DIAND), the Government of the Northwest
Territories' Department of Renewable Resources (GNWT), the Department of Fisheries and
Oceans (DFO) and Environment Canada (DOE).

OBJECTIVES

In general terms, the objectives of the Slave River Environmental Quality Monitoring Program
were to:

i) addressconcernsof northernersregarding possible contamination of fish, water and suspended
sediment from pulp mill, hydrocarbon and agricultura developments upstream; and

ii) providebaselinedataon contaminant levelsin fish, water and suspended sediment at theNWT
boundary to support transboundary water negotiations between Alberta and the NWT.

WHY THE STUDY WAS DONE

With a mean annual discharge of 3400 m*/s, the Slave River is the largest tributary of the
Mackenzie River (Reid, pers. comm., 1997; Figure 1-1). The river draws its flow from a
catchment area of approximately 600,000 km?, nearly all of which islocated in the provinces of
Alberta, British Columbiaand Saskatchewan (Alberta Environment, 1986). The NWT portion of
the Slave River basin is located downstream of al three jurisdictions. Bilateral discussions



between the NWT and Albertaidentified potential impacts on downstream water resources asthe
most important issue in transboundary negotiations (Letourneau et al., 1988).

The Slave River isimportant to the northern subsistence lifestyle. Itisadirect source of drinking
water, provides habitat for fish and wildlife species, isamajor source of country foodsand isboth
culturally and spiritually significant. Over 5,000 people live along the NWT portion of theriver,
mainly in Fort Resolution and Fort Smith.

In the late 1980s, industrial activity increased in the upstream portion of the basin (Figure 1-1).
Two of theexisting five pulp and paper operations had doubled their capacity and approvalswere
in place for four new mills. Three oil sands plants were to expand with a new one to be
established. The agricultural sector in Alberta was also expanding. Evidence of impacts far
downstream from such developments had been demonstrated by closures of fisheriesin British
Columbia due to pulp mill contaminants and in Lake Athabasca due to an Albertatar sands spill.
Since all contaminants discharged by upstream developments could be deposited in the NWT,
serious concerns were raised about the potential for similar problems on the Slave River in the
Northwest Territories, aswell as Great Slave L ake and the Mackenzie River which it feeds. The
Alberta Pacific (ALPAC) Pulp Mill environmental assessment hearings of 1989 intensified
interest. People wanted to know “Can we drink the water?’” and “ Can we eat the fish?’

Not enough information was known about the NWT portion of the Slave River to assess the
impacts of increasing development on the aquatic ecosystem. Inorder to provide accurate baseline
dataand monitor changes due to upstream devel opment, it became apparent that a comprehensive
monitoring program was required for the Slave River.

In January 1990, the Slave River Technical Advisory Committee was formed with membership
from DIAND Water Resources, GNWT Renewable Resources, DFO and DOE. Its main roles
were to plan, design, and implement a multi-media monitoring program on the Slave River, and
to achieve and maintain consistency and a high level of quality in the data produced. A basin
assessment report was prepared to examine the existing and potential contaminant sources within
the upper basin, outline the users of the NWT portion of the Slave River and summarize all of the
information known to date on the environmental quality of the basin (MacDonald, 1990). In
March 1990, the committee held a workshop to develop a practical environmental monitoring
programfor the Slave River with aquatic environmental quality expertsfrom government agencies
and the public sector (MacDonald and Smith, 1990). Using thesereports, the Committee designed
and implemented the SREQMP.



Figure 1-1 Mackenzie River Basin - Upstream Industrial Activity (Source, NRBS Report to the
Ministers, 1996)






WHAT WAS STUDIED: THE ECOSYSTEM APPROACH

The Slave program was designed to search for the most likely contaminants in the most
appropriate media(Table 2.1). By studying different components of the aquatic environment, the
SREQMP incorporated an ecosystem approach to monitoring.

Table2.1. Summary of Analytical Parametersand Sampling M edia.
Parameter Grab Centrifugate Suspended Fish
Water Water Sediments muscle/bile/liver

M etals X X X X X
EOCI X X X X X
Chlorophenols X X X X X
Organochlorine X X X X
Pesticides
PCBs X X X
PAHSs _ X X GCMS HPLC GCMS
Dioxins/Furans - - X X - X
MFOS - - - - - X
Basic Parameters Physicals, BOD, - particle size, TOC, age, sex, weight,

Major lons toxicity tests length, % lipids

WHAT WASLOOKED FOR: ANALYTICAL PARAMETERS

The parameters were selected based on the current knowledge of the chemical composition, fate
and effects of the effluents from developments upstream in the basin, including pul p and paper
mills, oil and gas development and agricultural activities (MacDonald, 1990).

Metals have both natural and anthropogenic sources, including mining and oil and gas

developments. Most arerequired in small quantitiesby all living things, but inlarge quantitiesthey
can be harmful to biota.

Halogenated hydrocarbons (hydrocarbons containing chlorine, bromine, fluorine or iodine) are
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released into the environment through a variety of anthropogenic sources including agriculture,
chemical manufacturing, and the production of bleached pulp and paper. The Extractable Organic
Chlorine (EOCI) method providesanindex of theamount of contamination by chlorinated organic
compounds and is capabl e of detecting all solvent extractable halogenated compounds (Birkholz,
1993).

Chlorinated phenolics have a variety of uses including disinfectants, pesticides, dyes and wood
preservatives and are released into the aquatic environment from pulp and paper operations,
bleached kraft mills, wood processing and treatment plants, and sewage treatment plants
(Pastershank and Muir, 1996). These compounds are toxic, persistent and are known to
bioaccumulate (Kovacs et al., 1984) and include chlorinated guaiacols, catechols, vanillins,
syringeal dehydes and veratrol es.

Polycyclic aromatic hydrocarbons (PAHS) are associated with the effluents from hydrocarbon
developments, including tar sands and mining operations. Several are highly toxic to aguatic
organisms (Eisler, 1987) and may be carcinogenic.

Polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) arelarge
families of chlorinated hydrocarbons consisting of 75 PCDD and 135 PCDF congeners (each
congener having a different chlorine substitution pattern). The most toxic congeners are those
which are substituted at the 2,3,7, and 8 position (Safe and Phil, 1990). PCDDs are by-products
of various processesfrom chemical, pul p and paper, metallurgical and dry-cleaning industriesand
have been detected in the effluent of bleached kraft pulp and paper mills (Swanson et al., 1993).
PCDDstend to be rapidly sorbed to most soils and sediments (Isensee and Jones, 1975), but can
also be transported through the atmosphere over long distances (Fiedler et al.1990). These
substances have been associated with a wide range of toxic effects in animals. 2,3,7,8-
tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), themost toxic isomer, isreadily bioaccumulated by
anumber of aguatic organisms (Fletcher and McKay,1993).

Organochlorine pesticides, including DDT, toxaphene, dieldrin, mirex, chlordane and lindane,
were analyzed. These compounds are characterized by their persistence, toxicity, widespread
occurrence and tendency to bioaccumulate (CCREM, 1987).

Toxaphene (camphechlor) isacomplex mixture of chlorinated camphene and bornane derivatives
which have different physical and chemical properties (CCREM, 1987) and a broad spectrum of
pesticidal activity. In Canada, toxaphene was experimentally utilized as a pesticide but was



banned in 1982.

Polychlorinated biphenyls (PCBs) are chlorinated aromatic hydrocarbons which are highly
lipophilic, persistent in the environment and have been found to bioconcentrate (CCREM, 1987).
Sourcesof PCBsentering theenvironment includeincompl ete combustion of PCB wastes, sewage
and |eaching from dumpsand landfills (Hammond, 1972). Exposureto PCBsmay resultinawide
variety of effectson aquatic organismsincluding acute and chronic toxicity, reproductivetoxicity,
developmental abnormalities, and growth retardation (Moore and Walker, 1991). 1n 1980, the use
and importation of PCBs was totally prohibited in Canada (Environment Canada, 1980).

WHERE WERE THEY LOOKED FOR: SAMPLING MEDIA

One of the main gods of the sampling program was to compare baseline quality with known
guidelines, most of which relate to water. However, since many organic contaminants which can
impact the aguatic environment are not detectable in the water column, monitoring water done
was insufficient. Contaminants were monitored in the environmental media(i.e. water, sediment,
biota) where they were likely to be present, accumulate and cause impacts.

Water

Grab and centrifugate water samples were analysed due to drinking water concerns, for
comparison to water quality guidelines and to set water quality objectives for transboundary
negotiations. Grab samples are raw river water samples which contain suspended sediment and
can be compared to historicvalues. Centrifugate water samples are collected from the outflow of
the centrifuge, so the suspended sediment has been removed (Figure 2-7), allowing each
component to be studied separately. Collection of large volumesof centrifugate allowed for better
recovery rates, an important consideration since organic contaminant levels were expected to be
near detection limits.

Suspended Sediment

Suspended sediment samples were collected because metals and organic contaminants tend to
adsorb to the sediment and particles which are suspended in the water column. In fast flowing
waters such as the Slave River, these particles remain suspended in the water column for along
period and can betransported great di stances downstream (MacDonald and Smith, 1990; Swanson
et al., 1993). Many toxic chemicals have been closely associated with suspended particul ates,
even when levels were below detection in the water samples (Ongley et al., 1988). Asaresult,
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it wasfelt that monitoring suspended sediment would serve as an early warning of environmental
degradation. As no historic sediment quality data were available for the Slave River, this
monitoring would also help meet the program’s goal of establishing baseline environmental
conditions.

Fish

Fish were sampled because they serve as a good early warning system for contamination in an
aguatic environment, due to their ability to bioaccumulate environmental pollutants. Fish can be
alarge part of people’ sdiet inthe NWT, so thereis an immediate public health concern. Results
could be compared to existing Health Canadagui delines and woul d establish baseline conditions.

Fish species were chosen based on their presence and residency time, their importance in human
consumption patterns, potential for the fish to accumulate contaminants, their trophic level in the
aquatic food chain, and degree of sediment exposure (MacDonald and Smith, 1990). Burbot (Lota
lota), lake whitefish (Coregonus clupeaformis), walleye (Stizostedion vitreum) and northern pike
(Esox lucius) were selected as the best candidate species for the monitoring program.

Muscle, bile, liver and/or whole fish samples were collected from each species. Whole fish
contaminant analysis provided an indication of the ecosystem level availability of contaminants
(Whittle, 1989), while fish muscle samples were analysed as they are consumed by people and
dogs.

Burbot livers were analysed as they are also eaten as part of a subsistence diet (L utra Associates
Ltd., 1989). As adetoxifying organ and filter, the liver isamajor site for the deposition of any
toxic compounds in the fish. In addition, burbot liver has a high lipid (fat) content which makes
it attractiveto lipophilic chlorinated organic contaminants (Vossand Y unker, 1983). Liver MFO
enzyme activity can also indicate exposure to specific contaminants.

Bileis produced by theliver and plays amajor rolein the excretion of foreign substances (Figure
3-30). Concentrations of those compounds which are rapidly metabolized by fish can therefore
be much higher in bile than in other fish tissues (Swanson et al., 1993).



Figure2-7 Thewater collected after centrifuging (centrifugate) did not contain any appreciable
amount of sediment.

Figure 3-30 Bilewas collected with a sterile syringe taking care not to break the gdl bladder, in
order to avoid contamination of the liver.
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WHERE AND HOW THE SAMPLES WERE COLLECTED: SAMPLING
METHODS

General

Samples were collected from the Slave River at Fort Smith, Northwest Territories below the
Rapids of the Drowned (Figures 2-3 and 2-5). Asthis sitewasdownstream of the Albertas NWT
border and upstream of any major tributariesin the NWT, it was representative of watersflowing
into the NWT. Collection of grab and centrifugate water, suspended sediment, and fish samples
from approximately the same location on the Slave River allowed for the integration of the study
components and comparison of the biological and chemical data.

Water and Sediment

In order to choose a representative water quality site, water from a cross-sectional transect of the
river was sampled. Theresultsfrom the site evaluation showed no detectabl e difference between
sites or depths indicating that the river was well mixed. Grab water samples were collected
monthly from just below the water surface. Centrifugate water and suspended sediment samples
were collected by pumping river water from aone meter depth through a Sedi-Samp |1 Continuous
Flow Centrifuge (Figure 2-7; Puznicki, 1993). The centrifuge removes and stores the suspended
sediment (Figure 3-15) and the remaining water sample isreferred to as centrifugate. Sampling
took place four times a year, to coincide with stages of the hydrological cycle - spring freshet,
summer low flow, post-freeze up and pre-breakup (Figure 2-2), in order to determine seasonal
variability (Table 3.1).

Table 3.1 Centrifugate Water and Suspended Sediment Sampling Dates
Y ear 1990-91 1991-92 1992-93 1993-94 1994-95
Dates - Aug 8 June 11 June 11 June 15
Oct 17 Sept 18 Sept 17 Aug 23 Sept 22
Dec 17 Dec 17 Jan 13 Jan 13 Jan 10
Feb 18 Feb 20 Mar 8 Mar 7
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Fish

Fish sampling sites were determined through consultation with local fishermen. The four sets of
rapids upstream of the site acted as anatural barrier to fish movement, ensuring that fish samples
wereresident inthe NWT (Figure 2-3). Thelife history of the species selected and the timing of
the Slave River domestic fishing dictated two sampling sessionsper year. Walleye, northern pike
and lake whitefishwere gill netted from the Slave River just bel ow the Rapids of the Drowned and
from Leland Lake during the open water season in September. Net sizes used in the SREQMP
were similar to those used by local fishermen (mesh sizes of 89 and 114 mm and lengths of 23 or
46 m), in order to provide agood indication of the contaminant levelsinthosefishwhich arelikely
to be consumed (Figure 3-20). Burbot were caught with baited hooks under the ice in December
from Bell Rock on the Slave River as per the advice of local fishermen and from Alexie Lakein
March. Biological data(weight, fork length, sex, gonad maturity and gonad weight) wererecorded
and ageing structures removed (Figure 3-21 and 3-31). Fish tissues were sampled according to
the requirements specified by each analytical lab.

Control Sites

Control sites for the fish sampling program (Leland and Chitty/Alexie Lakes: Figure 1-1) were
chosen to account for natural variability, and to differentiate between changes due to upstream
sources and natural processes (including long range atmospheric transport and other regional non-
point sources). No river comparableto the Slave River in termsof flow and sediment regime exists
in the western NWT, so two lakes were chosen which were outside of the influence of existing
development, and provided the necessary fish species, size and numbers. Although these sites
were valid for fish, the geographical variability was too great to allow for direct comparison of
water and sediment data. Asaresult, therewereno control sitesfor water and sediment samples.
Instead, water quality data were compared to historic values collected from the Slave River at
Fitzgerald between 1960 and 1992 (WER Agral td., 1993). Blanks, spiked samplesand Standard
Reference Materials also provided Quality Assurance and Quality Control (QA/QC) for these
samples.
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Figure 2-3 SREQMP - Fort Smith, NWT Sampling Sites
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Figure2-5 SlaveRiver, Rapidsof the Drowned at Fort Smith - Winter: Theriver doesnot freeze
completely due to the turbulence caused by the rapids.

Figure 3-15 The sediment was scraped from the sdes and bottom of the centrifuge bowl with
clean Teflon-covered stainless steel spatulas and mixed thoroughly.
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Figure2-2 SREQMP - Pre- and Post-Dam Mean Annual Hydrographs - Slave River at
Fitzgerald
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Figure 3-20 During open water season, fish were captureed using 89mm and 114 mm stretched
mesh gillnets.

Figure 3-21 Fish samples collected from the Slave River were taken to the DIAND Fort Smith
District warehouse, where atemporoary lab was set up for processing.
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Figure 3-31 Otoliths were collected from the cranial cavity.
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WHAT WASFOUND: RESULTSAND DISCUSSION

A large portion of the results were below the detection limit, which limited the extent of statistical
analysis that was possible. Also the detection limits for individual parameters varied over the
course of the program, as aresult of improved analytical methods and differences in |aboratory
techniques. Due to these factors, for most parameters the means were not calculated, as they
would not accurately reflect the data. Instead, maximum and minimum values were included in
the summary tables, aswell asthe total number of samples and the number below detection. The
range of values presented are conservative, in that the highest concentrations were used. For
example, in the case of replicate samples, the highest value was retained. If the result was less
than detection, the full detection limit was recorded.

All sediment data were presented on adry weight basis, while fish results were recorded on awet
weight basis. Sediment results were not corrected for surrogate recoveries, with the exception of
the dioxin and furan analysis. For fish samples, results from the organochlorine pesticide, PCB,
and dioxin and furan analyses were corrected for surrogate recoveries.

WATER SUMMARY

Thetwo types of water samples (grab water and centrifugate) were analyzed separately. Thegrab
sampleswere analyzedfor 37 physical, biological and chemical (major ions, nutrientsand meta's)
parameters, while centrifugate samples were tested for 29 physical and chemical parameters, as
well as organic compounds (EOCI, 44 chlorinated phenolics, 13 pesticides, total PCBs and 17
PAHS).

Water: Physicalsand Metals

The Slave River water at Fort Smith is soft to moderately soft, with a median pH of 7.9. BOD
readings are characteristic of an unpolluted site (McNeely et al., 1979) and the fecal coliform
count is low (<3 to 12 colonies/100ml). The presence of the rapids causes the water to be well
oxygenated and may be responsible for the resuspension of particulate matter during the winter.

SREQMP water sample data were compared to the range of historical results collected between
1960 and 1992, from the Slave River at Fitzgerald, Alberta(WER AgraLtd.,1993). Regression
analysesonturbidity and TSS datafrom Fort Smith showed no flow dependency (McCarthy etal.,
1997a). Therefore the data were summarized with descriptive statistics (means and standard
deviation) by seasons; spring (May and June), summer (July and August), fall (September and
October) and winter (November to April) (Figure 5-1). This allowed seasonal patterns to be
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identified and visually compared. Statistical comparisonsof meanswere not attempted dueto the
low number of samples and the high standard deviations. For Fitzgerald water quality data, WER
Agra(1993) assessed the dependence of the parameters on flow using regression analyses, while
seasonal trends were tested statistically with the Kruskal-Wallis test.

Trends observed for physical and chemical parameters in grab water at the Fort Smith site are
generaly similar to those detected at Fitzgerald. One exception was total suspended sediment
(TSS), which was higher in winter at Fort Smith. Thiswaslikely aresult of under ice frazil slush
at the former site, produced by the supercooled water from the upstream rapids (Ashton, 1986),
scouring theriver bed and resuspending sediments, especially sand (Figure 5-2). Thislocal effect
could explain why the metad concentrations in the winter were between the high spring and low
fall values and also why TSS did not show flow dependency at Fort Smith. At Fitzgerald, both
metals and TSS levels were highest in the spring, decreased through summer and fall, and were
lowest in the winter. Some parameters, such as turbidity, color, sulphate and phosphorus,
exhibited this trend at both Fort Smith and Fitzgerald (Table 5.1, 5.2, 5.4).

Table5.1, 5.2, 5.4 Grab Water Samples- Mean Seasonal Concentrations
Parameter Spring Summer Fall Winter
TSS (mg/L) 215.1 72.8 74.6 132.3
(SD; n) (148.5; 10) (48.1; 5) (54.8;7) (155.7; 22)
Colour (units) 190.4 74.2 38.9 18.0
(SD; n) (348.7; 12) (39.9; 5) (15.4; 9) (12.5; 24)
Chloride 45 4.7 6.3 6.0
(SD; n) (1.5; 12) (1.2;5) (1.1;9) (2.7; 24)
Copper 9.1 5.3 2.6 3.7
(Sb; n) (6.2; 8) (2.1;3) (2.1;5) (3.8;12)
Iron 7001.3 4583.3 1385.6 3372.8
(SD; n) (4368.8; 8) (2270.5; 3) (621.7; 5) (3709.2; 12)
Nickel 10.9 6.3 2.2 5.6
(SD; n) (8.5;7) (2.1;3) (1.1;5) (4.5; 13)
Zinc 31.8 17.0 6.6 22.6
(SD; n) (24.9; 8) (7.6; 3) (3.2;5) (25.1; 12)
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Figure5-1 SREQMP - Grab and Centrifugate Water Sampling Dates (Fort Smith) vs Mean
Daily Discharge (Fitzgerald)
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Figure5-2 Average Percentage of Particle Size Distribution by Season
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Other parameters, such as chloride, were lowest in spring and summer and highest during fall and
winter at both sites (Table 5.1, 5.2, 5.4). This may be aresult of the higher flowsin spring and
summer diluting the concentrations of these compounds contributed by groundwater (WER Agra
Ltd., 1993).

A number of parameters showed only slight changes throughout the year. A comparison of data
from the Slave and Hay Rivers (WER AgraLtd., 1993) showed a much lower flow dependency
for water quality parameters from the Slave River. This may be aresult of the mixing effects of
L ake Athabasca and the influence of flow regulation by the Bennett Dam on water quality in the
Peace River (Shaw et al., 1990; Figure 2-2).

Findings suggest that the metals detected in the Slave River are associated with suspended
sediments. A comparison between grab and centrifugate results showed that levels of dissolved
parameters, such asconductivity and major ions, weresimilar in both types of samples(Table5.5).
However, characteristics such as turbidity, colour and metals were lower after centrifugation,
indicating that they are associated with suspended sediments.

Table 5.5 Comparison of Concentrations (ug/L) in Grab vs Centrifugate Samples
Sept 22, 1994 March 7, 1995

Parameter Grab Centrifugate Grab Centrifugate
Conductivity 218 218 246 243
Calcium 315 25.5 27.1 25.1

M agnesium 6.1 6.1 6.48 6.02
Sodium 6.53 6.47 7.22 6.93
Chloride 6.95 6.93 7.37 7.21
Turbidity 24 3 19 6.2
TSS 39 <3 108 4
Arsenic 0.7 0.4 0.8 <0.3
Cobalt 0.3 <0.1 0.5 <0.1
Copper 18 12 5.8 0.7
Iron 1200 167 1720 163
Lead 1.3 0.3 4.3 0.4

M anganese 325 5.2 27.8 7
Nickel 2.6 1.2 3.7 1.2
Zinc <5 <5 13.4 <0.5
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Water: Organic Parameters

Only a limited number of organic parameters were detected in Slave River centrifugate water
samples, and at very low levels. Still, their presence indicates the possibility of downstream
transport. The chlorinated phenolic compounds detected at Fort Smith have been detected
downstream of the bleached kraft pulp mill at Grande Prairie, and shown to be transported over
long distances (Swanson et al., 1993). Low molecular weight PAHs (naphthalene and
methylnaphthal ene) were present in a few centrifugate samples. EOCI and pesticides were not
detected, but this could be aresult of the high detection limits.

Water: Overall

SREQM P data were compared to the Guidelines for Canadian Drinking Water Quality (CDWQ)
and the Canadian Guidelines for the Protection of Freshwater Aquatic Life (CPFAL). The
concentrations of all organic and inorganic parameters measured in water during the SREQMP
were below existing guidelines, with the exception of chromium, copper, iron, lead, manganese,
and zinc in grab water samples. However these levels were within the range of historica values,
which WER Agra Ltd. (1993) considered to be the result of natural weathering of rocks. While
itisunlikely then that these concentrationswoul d cause any adverseimpactsto aquatic life, further
research may be warranted, sincetoxicity of metalstendsto increasein softer waters such asthose
observed at the Fort Smith site.

A review of sampling dates and daily discharge rates (Figure 5-1) reveals that samples were
collected at representative times and flows. This fact, along with the comparability to historical
data, indicate that the SREQMP water data can be considered representative of the current
conditions. It can be expected therefore that the sediment and fish data are al so representative of
the aguatic system. The data set can dso serve as a baseline against which future changes can be
measured.

SUSPENDED SEDIMENT SUMMARY

During the SREQM P, suspended sediment samples were tested for total organic carbon (TOC),
metals, EOCI, chlorinated phenoalics, dioxins and furans, pesticides and PAHs. No historic data
wereavailablefor quality of suspended sediment from the Slave River. Thereforetheinformation
provided by this study constitutes the first database for suspended sediment, and can be used as
a baseline against which future monitoring can be compared.

Suspended sediment results were compared to the Draft Interim Freshwater Bottom Sediment
Quality (FSQ) Guidelines (Environment Canada, 1995). Two assessment values were generated
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for each element, the threshold effect level (TEL) and the probable effect level (PEL). The TEL
represents the concentration below which the adverse effects are expected to occur rarely. The
PEL definesthelevel abovewhich adverseeffectsare predicted to occur frequently. Vaueswhich
fall in the range between the two levels are occasionally expected to be associated with adverse
biological effects.

Results were also compared to the Ontario Sediment Quality (OSQ) Guidelines for bottom
sediments (OSQG, 1992), if national guidelineswere unavailable. Sediment with concentrations
abovethe Lowest Effect Level (LEL) Guidelines havethe potential to adversely affect the aguatic
biota. Sediment samples with concentrations above the Severe Effect Level (SEL) Guidelines
must be assessed for biologica impact and remediation must be implemented.

It should be noted, however, that the above guidelines have been devel oped for bottom sediments,
not suspended sediments. Therefore they are included only as a reference for comparative
purposes.

Suspended Sediment: Particle Size Distribution

The suspended sediment samplescollected from the Slave River bel ow the Rapids of the Drowned
are composed of sand, silt and clay particles, the proportions of which vary with the seasons
(Figure 5-2). Sand content was found to be highest in thewinter, most likely aresult of under ice
frazil slush, scouring the river bed and resuspending sediments.

Suspended sediments have been recognized as important carriers of contaminants. As
contaminants sorb strongly to the finer particulates, their concentrations should be highest when
silt and clay levels are at a maximum (CCREM, 1987). This trend was observed during the
SREQMP, as correlations were noted between metal levels and clay with r* values ranging from
0.26t00.71. However, the strongest corrd ationswere observed between metal levelsand organic
content, as r? values ranged between 0.5 and 0.9 (McCarthy et al., 1997a). These results are
supported by studies which show that arsenic, lead, nickel, and zinc can be removed from solution
by the presence of suspended solids, organic matter and clays (CCREM, 1987).

Suspended Sediment: Metals

Suspended sediment samples were analyzed for 29 inorganic elements, of which auminum,
barium, boron, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury,
nickel, phosphorous, strontium, titanium, vanadium and zinc were detected in all samples. This
suggests that metal sareassociated with suspended sediment, an observation which was supported

31



by the comparison of centrifugate and grab water sampleresults (Table 5.5). Those metalsfound
in high concentrations in the grab water samples were also detected at elevated levels in the
suspended sediment samples.

A few sampleshad concentrations of arsenic, cadmium, chromium, copper, manganese, nickel and
zinc above the Threshold Effect Levels (TEL) or Lowest Effect Levels(LEL) . However, arsenic
and nickel weretheonly metal s detected above the Probabl e Effect Levels (PEL ), in one and four
samples (n=18), respectively. All metal concentrations but one manganese result, were
substantially below the Severe Effect Level (SEL). Asthe source of metals in the grab samples
is likely to be natural, this would hold true for the suspended sediments also. Therefore it is
unlikely that the metal levels would have an adverse impact on the aquatic biota of Fort Smith.
However the toxicity of mixtures of metals has been shown to be more than additive (Reeder et
al., 1979), and may be modified by the presence of organic matter (US EPA, 1979). Therefore,
follow up studies on the toxicity and natural variability of the metalsin the suspended sediments
in the Slave River at Fort Smith could be warranted.

Table 5.7 Comparison of Metal Concentrationsin Suspended Sediment Samples
(n =18) to Draft Interim Freshwater Bottom Sediment Quality Guidelines (ug/Q)
Metal # of samplesabove | TEL # of samples PEL # of samples
detection limit * above TEL *x above PEL
Arsenic 12 5.9 9 17.0 1
Cadmium 15 0.596 7 3.53 0
Chromium 18 37.3 3 90.0 0
Copper 18 35.7 2 197 0
L ead 18 35.0 0 91.3 0
M ercury 18 0.174 0 0.486 0
Nickel 18 18.0 16 35.9 4
Zinc 18 123 1 315 0

* TEL = Threshold Effect Levels (Environment Canada, 1995)
** PEL = Probable Effect Levels (Environment Canada, 1995)
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Suspended Sediment: Organic Parameters

L evels of organic contaminants measured in the suspended sediment sampleswere generally low.
EOCI, organochlorine pesti cidesand PCBswere bel ow the detection limitsin all sediment samples
tested during the SREQMP, and therefore below guidelines. Results of the Daphnia magna and
Microtox bioassaysindicated that the suspended sediment samples collected during the SREQM P
were not acutely toxic.

Suspended Sediment: Chlorophenols

Of the 44 chlorinated phenolic compounds analyzed in suspended sediment samples, only 21 were
detected; five types of chlorophenols, seven chlorocatechols, four chloroguaiacols, three
chloroveratrolesand one chlorovanillin. Although no guidelinesare available for comparison, the
low levels and frequency of detection suggest that adverse impacts on the environment are
unlikely. However, further monitoring may be warranted, as suspended sediments in the
Wapiti/Smoky system were found to be important carriers of chlorinated phenolics, and were
shown to be transported over long distances (Swanson et al., 1993). Similar compoundsto those
which were detected downstream of the Grande Prairie mill were also detected at Fort Smith,
which could indicate downstream transport of these contaminants.

Suspended Sediment: Dioxins and Furans

Five of the 17 dioxin and furan isomers tested (2,3,4,7,8 P.CDF; OCDF; 2,3,7,8 TCDF,
1,2,3,4,6,7,8 H,CDD and OCDD) were detected in the suspended sediment samples. In addition,
six of the eight homologues were present in the samples analyzed. Although the most toxic
isomer, 2,3,7,8 TCDD, wasbelow detectionin all samples, the 2,3,7,8-substituted dioxin and furan
isomers have the potential to degrade to this compound (McCubbin et al., 1992). Suspended
sediments were found to be important carriers of dioxins and furans in the Wapiti/Smoky River
system and transported over long distances (Swanson et al., 1993). The presence of similar
compoundsin the suspended sediment of the Slave River (although at lower levels and frequency
of detection), may also indicate downstream transport of these contaminants and thus warrant
further study. No guidelines presently exist for dioxins and furans in suspended or bottom
sediments, but their detectionin only afew samplesand at low level ssuggest that they areunlikely
to have adverse impacts on the environment.

Suspended Sediment: PAHs

All of the 17 PAHs tested for, with the exception of acenaphthylene, were present in at least one
suspended sediment sample. This would be expected as concentrations of PAHS in aguatic
ecosystemsare generally highestin sediments (NRCC, 1983). Thefrequency of detection of high

33



molecular weight compounds is supported by those studies which found that sorption is the
primary removal mechanism for PAHs (Knap and Williams, 1982) and that these compounds are
sorbed rapidly by organic and inorganic materials (Meyersand Quinn, 1973). Most hydrophobic
compounds are associated with the finer silt and clay particles of the suspended sediment
(Forstner, 1991). Thiswasobserved inthe SREQMP, as PAH concentrations appear to be highest
during the summer sampling season, when the silt and clay contents were at a maximum (Figure
5-2).

Although PAHs with fewer than three rings are not usually sorbed as extensively as high
molecular weight PAHs (Karickhoff et al., 1979), low molecular weight PAHs were detected in
many of the suspended sediment samples collected from the Slave River, often with higher
maximum concentrations. This finding could indicate the need for further studies on the source
and transport mechanism of low molecular weight PAHs in this system.

Although some PAH concentrations were above the TEL and/or LEL, all resultswerewell below
the PEL and the SEL. Chronic bioassays conducted on Lake Erie sediments with similar PAH
concentrations concluded that these levels were not sufficient to cause adverse effects. It is
unlikely therefore, that the PAH levels detected in the Slave River sediments would adversely
impact the agquatic biota (McCarthy et al., 1997a). However, since the concentrations and
frequency of detection of PAHs in suspended sediment are high, further monitoring of these
compounds may be warranted.

Suspended Sediment: Overall

The above results indicate that suspended sediment is a good medium for the monitoring of
organic and inorganic contaminants. Although the overall concentrations of contaminants were
low, interesting results were noted that could warrant further study, such asidentifying the source
of metas and PAH compounds. Future results could be compared to this database to verify the
occurrence of downstream transport or detect an increase in contaminant levels. A comparison
of the SREQM P data to the bottom sediment data collected in the depositiond areas of the Slave
River Delta and results from sediment cores from Great Slave Lake, would be useful in studying
the fate and transport of contaminants.
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FISH SUMMARY

Fish: Biological

Comparison of K factors (plumpness) to other NWT fishindicate that walleye, northern pike, lake
whitefish and burbot collected from the Slave River, Leland Lake and Alexie Lake can be
considered robust.

Fish: Metals

Analyses for 29 inorganic parameters were conducted on the muscle of |ake whitefish, northern
pike, and walleye, and the muscle and liver of burbot. Many of the elements (calcium, copper,
iron, magnesium, manganese, mercury, potassium, phosphorous, sodium, strontium and zinc) were
detected in most muscle and liver samples (86 to 100%) from both the Slave River and control
lakes. Of the other metals, aluminum, barium, boron, chromium, lead and nickel were present
in agreater percentage of fish muscle samples, while tin and cadmium were found in a greater
percentageof liver samples. Thisimpliesthat certain metalstendto be preferentially accumul ated.
Some metals (beryllium, cobalt, and vanadium) were detected in fewer than 6 percent of the
samples, whileotherswereall below detection limit (antimony, bismuth, molybdenum and silver).

The percentages of detection and the range of valueswere generadly comparable betweenthe Slave
River and the control lakes. Thissuggestssimilar sources of metals, either geological or airborne.
However, Slave River fish samples usually had higher maximum metal concentrations than those
from the control sites, especially arsenic, where the range of values was always higher in Slave
River fish samples. The main exception to these findings was northern pike from Leland Lake,
which had the highest maximum concentrations of iron, mercury and zinc. These variations may
reflect differences in the biological characteristics of the fish samples, such as age, or in the
environmental conditions (Iake vs river) between the sampling sites.

Comparison of metal concentrationsin SREQM P fish muscleto datafrom other sitesinthe NWT,
reveal ed higher maximum concentrations of arsenic, chromium, mercury, nickel and zinc in fish
from this study. However, further investigations such as age comparisons, would be required to
determine if these differences were significant. The source of nickel, iron and zinc is probably
natural, since values detected in grab water sampleswere historically high. Although arsenic was
higher inthe Slave River, the values are still low. Chromium was high in water and sediment but
no historical data are available to determine if sources are natural.
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Fish: Mercury

Mercury was detected in all of the 492 muscle samples analyzed during the SREQM P with values
ranging from 0.02 to 1.09 pg/g, and in 56 of the 58 liver tissues tested, with levels between 0.01
and 0.09 pg/g (Table5.18). Theseresultsare comparableto data collected in 1988 and 1989 from
the Slave River, where concentrations ranged from 0.13 to 0.80 pg/g in muscle of walleye, and
from 0.17 to 0.54 pg/g in northern pike muscle (Grey et al., 1995).

Table5.18 Mercury Concentrations - Mean and Range (ug/g) in Fish Tissues (n)
Muscle Liver
Species Slave Leland Alexie Slave Alexie
Walleye 0.28 0.34
0.05-0.97 0.11-0.80 - - -
(72) (38)
Norther n pike 0.25 0.30
0.06-0.52 0.11-1.09 - - -
(66) (32)
Lake whitefish 0.04 0.09
0.02-0.12 0.03-0.30 - - -
(76) (40)
Burbot 0.12 0.13 0.02 0.03
0.02-0.21 0.07-0.24 <0.0025-0.07 0.01-0.09
(36) (22) (36) (22)

Fish absorb the methylated form of mercury from the environment and store it in their body
(Sorensen, 1991). As a consequence, mercury biomagnifies through the food chain, the result
being that piscivorous species show the highest concentrations of the metal (Lafontaine, 1994).
Thisis seen in the muscle samples from the Slave River where walleye, northern pike and burbot
had higher mercury levels than lake whitefish (Table 5.18).

WithinthesouthernNWT, thereare several geological zoneswithrelatively high mercury content,
including the area around Great Slave Lake. The occurrence of comparable levels of mercury in
the Slave River, control lakesand other NWT sites, may reflect geol ogical sourcesor atmospheric

deposition rather than anthropogenic point sources (Grey et al., 1995).

In Canada, the maximum allowable level of mercury in the edible portion of commercial fishis
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0.5 pg/g, while a tolerance concentration of 0.2 pg/g has been set for frequent consumption
(Healthand Welfare Canada, 1969 and 1984). Although somemusclesamplesfrom the SREQMP
had mercury concentrations higher than these limits, the average values were bel ow the guideline
of 0.5 pg/g for commercial fish (Table 5.18). Average values for pike and walleye were above
the guideline of 0.2 pg/g for subsistence consumption. These results are undergoing a human
health assessment by Health Canada. Further monitoring of mercury in fish may be warranted,
especialy since fish from the Slave River are an important part of the subsistence diet.

The presence of elevated levels of some metals may justify further study to ascertain the source
of metals in the Slave River and the impact of these metal on the aquatic system. Since
accumulation of metalsisinfluenced by biological factorssuch as speciesand age, further analysis
of the data may aso be warranted to highlight species specific trends.

Fish: Organic Parameters

During the SREQMP, muscle of lake whitefish, northern pike, walleye and burbot, and liver of
burbot were analyzed for chlorinated phenolics, organochlorine pesticides, PCBs, PCDDs and
PCDFs, and PAHSs. In addition, bile sampleswere tested for general contamination of the fish by
EOCI and PAHs.

Concentrations of chlorinated phenalics, organochlorine pesticides, PCBs, toxaphene and
PCCD/Fsweregenerally highest in burbot livers. Their highlipid (fat) content (12 to 48%) makes
them attractive to lipophilic chlorinated organic contaminants (Voss and Y unker, 1983). Asa
detoxifying organ and filter, the liver isamajor site for the deposition of many toxic compounds
in the fish. The usefulness of burbot liver as a bioindicator has been proven in this study both
because of itsimportance in asubsistence diet and asa sink for contaminants. Future monitoring
should focus on this medium as it fulfills both public health and scientific criteria

In the whol efish samples, walleye had higher values and awider range of contaminants than lake
whitefish and northern pike and therefore could also serve as a good indicator of environmental
pollution. Compared to the composite muscle samples, individual whole fish and liver analysis
reveal ed the presence of alarger variety of isomers, as well as a wider range of concentrations.

The presence of EOCI, chlorinated phenolics, organochlorine pesticides, PCBs, toxaphene and
PCCD/Fsin both the Slave River and the control sites suggests that the contaminants are being
transported via the atmosphere. Thisis not unusual given the volatility of these compounds and
their persistencein the environment. Atmospheric transport has been found to beimportant in the
global movement of chlorinated compounds (Hoff et al, 1992). In addition, several studies have
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documented the atmospheric transport and deposition of these contaminants to remote locations
in the north (Muir et al., 1996).

The contribution of atmospheric deposition to thetotal concentration seemed to vary with thetype
of organochlorine compound. For example there was no significant differencein concentrations
of HCH isomers between the Slave River and the control lakes (McCarthy et al., 1997b), whereas
for many compounds, levelsare higher inthe Slave River than the control sites. Thissuggeststhat
these fish are exposed to an additional source of organochlorines, most likely associated with
upstream development. Another possible explanation could be differences in the length of the
food chain betweenthe Slave River and the control sites. These explanations are discussed further
using chlorinated phenolics, dioxins and furans and toxaphene, respectively, as examples.

Fish: Chlorinated Phenolics

Higher levels of chlorinated phenolics and PCDD/Fs in the Slave River than the control lakes
could reasonably be linked to the downstream transport of the bleached kraft pulp mill effluent.
For example, chlorophenols and chloroguaiacols, found in bile samples from Slave River fish,
were also detected in bile samples from fish captured downstream of the Grande Prairie Pulp Mill
(Swanson et al., 1993). 3,4,5-trichloroguaiacol, the most common chlorophenolic found near
bleached kraft pulp mills (Kirkegaard and Renberg, 1988), was only detected in walleye and lake
whitefish bile samples from the Slave River. Further monitoring of these chlorinated phenolics
may therefore be warranted.

Fish: Dioxinsand Furans- General

PCDDswere present in burbot liver and wholefish samplesof all speciesfrom the Slave River and
the control lakes, with hexa-, hepta-, and octa- isomers bei ng detected the most often. The highest
concentrations measured were usually of the octa- congeners. 2,3,7,8-TCDD was found in all
species except northern pike. The higher chlorinated congeners were also detected by Muir and
Pastershank (1997) in fish from the Athabasca, Peace and Slave River basins, especially in burbot
livers. However, their study found that in muscle of fish caught downstream of Hinton, and burbot
livers throughout the basins, the major PCDD/F congenors were 2,3,7,8-TCDD and -TCDF.

For PCDFs, 2,3,7,8-TCDF and OCDF were found in burbot liver and wholefish samples of all
species from the Slave River and the control lakes, except lake whitefish from Leland Lake.
PCDFs with 6 and 7 chlorine atoms were also detected in a few specimens of every species
investigated. The presence of the high molecular weight isomers could suggest a source of tetra-
and pentachlorophenol fungicide (Hagenmaier and Brunner, 1987). 2,3,7,8-TCDF was the most
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frequently detected congener in fish muscle from the Fort Chipewyan domestic fishery, longnose
sucker and northern pike livers from the Wapiti/Smoky and Peace Rivers, muscle of fish from
downstream of Hinton, as well as burbot livers from northern Alberta (Muir and Pastershank,
1997).

Fish: Dioxinsand Furans - Detailed

The walleye wholefish and burbot liver results are discussed in further detail, since higher
concentrations and a wider variety of PCDD/F congeners were detected in these samples. This
was also observed in northern Alberta burbot liver (Muir and Pastershank, 1997).

Results for 2,3,7,8-TCDD, 2,3,7,8-TCDF and total TCDD/Fs in walleye wholefish and burbot
liver from the Slave River and the control sites are presented in Figures 5-3 to 5-6. The data
consist mainly of alarge number of non-detection values. This, together with multiple detection
limits (theresult of improved analytical methods and differencesin laboratory techniques) limited
statistical analysis. As aresult, time-based scattergrams were used to analyze the data.

Inwalleye, 2,3,7,8-TCDD and 2,3,7,8-TCDF made up 100 percent of the total TCDD and TCDF
detected, in all cases but one (Figure 5-3 and 5-4). This was generally true for TCDF in burbot
liversfrom both sites (Figure 5-6), but not for TCDD (Figure 5-5). Non 2,3,7,8-TCDD congeners
contributedto thetota TCDD valueinburbot livers, especially intheearly yearsof thestudy. This
declinein non 2,3,7,8-TCDD congeners parallels the changes in the pulp mill bleaching process
(Swanson et al., 1993; Pastershank and Muir, 1995)

In walleye from the Slave River, 2,3,7,8-TCDD was found above detection in 8 samples from
1991-92, two in 1993-94 and onein 1994-95 (Figure 5-3). Only one of the samplesfrom Leland
Lake revealed the presence of this congener. Figure 5-4 shows that 2,3,7,8-TCDF was above
detection in the first two years from both sites. In 1993 and 1994, only a few samples from the
Slave River were above the detection limit.

2,3,7,8-TCDD was detected in most burbot liver samplescollected from the Slave River, but only
inthose samplescollected in 1990-91 from Alexie Lake (Figure5-5). 2,3,7,8-TCDF was detected
inamost all burbot liver samplesfrom both sites (Figure 5-6). Thiscompound wasfound in 86%
of all burbot liver samples reviewed by Muir and Pastershank (1997) from the Athabasca, Peace
and Slave River basins. Values in the Slave River samples appeared to decrease after 1991, a
trend which was also observed by Swanson et al. (1993) and Muir and Pastershank (1997).
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However, it should be noted that in 1991 the analytical methods for the SREQMP improved.
Analysis and quantification performed by GC-low resol ution mass spectrometry wasreplaced by
GC-high resolution mass spectrometry, which has greater selectivity and sensitivity (ie. lower
detectionlimits). Thiscaused detection limits to decrease for the samplesand potentially resulted
in more peaks identified as PCDDs and PCDFs. However due to the greater selectivity of this
method, there was also the potential that peaks which would be rgected by the high resolution
method may have been included in the previouslow resolution results. Thiscould result in higher
valuesbefore 1991, which appear to decreasein later years. Alsoin early years, thelaboratory did
not monitor for chlorinated diphenyl ethers. These compounds have been found to cause
interferences in the determination of PCDD/Fs (ie. false positives, Huestis and Sergeant, 1992).
It is therefore possible that the decrease in values over the years may be partially explained by
changes in anaytical methods.

Total TCDD levels were higher in burbot liver (maximum 17 pg/g) than walleye wholefish
(maximum 2.56 pg/g) samples. This was the same for total TCDF values (burbot maximum 45
pg/g, walleye maximum 2.34 pg/g). Thisislikely dueto the greater lipid content in burbot liver
compared to walleye whole fish.

For walleye, TCDD and TCDF valueswere only slightly higher in the Slave River than the control
site, suggesting atmospheric sources. In burbot liver, the levels were higher in the Slave River
than the control lake, especially for TCDFs. Thisindicatesriverine sources, most likdy the pulp
mills upstream. The presence of PCDDs and PCDFs in fish and sediment downstream of pulp
millsusing chlorine bleaching, such asthosefound in northern Alberta, hasbeen well documented
and issummarized in Muir and Pastershank (1997). The predominant TCDD/Fsidentifiedin the
effluents of bleached kraft pulp mills were 2,3,7,8-TCDD, 2,3,7,8-TCDF and 1,2,7,8-TCDF
(Muller and Halliburton, 1990).

Total TCDF values were two to five times higher than total TCDD levelsin burbot liver samples
from the Slave River. Routinely, tetrafuran isomer concentrations were two to ten times higher
than those of tetradioxin at siteswhere the major source of contamination is suspected to originate
from bleached kraft mill discharges (Whittle, 1989; Pastershank and Muir, 1995; Muir and
Pastershank, 1997).
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Figure 5-3 SREQMP TCDD Levelsin Walleye Wholefish - Slave River and Control Site
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Figure5-4 SREQMP TCDF Levelsin Walleye Wholefish - Slave River and Control Site
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Figure 5-5 SREQMP TCDD Levelsin Burbot Liver - Slave River and Control Site
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Figure 5-6 SREQMP TCDF Levelsin Burbot Liver - Slave River and Control Site
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The detection of TCDDs and TCDFsin Slave River samples, although at lower levels than those
detected in northern Albertasites, indicates that these compounds are present in the environment
even thousands of kilometres downstream of the closest pulp mill. There appeared to be a
decreaseintotal TCDD/F levelsin burbot liversafter 1990, which agreeswith thefindingsof Muir
and Pastershank (1997) and Swanson et al., 1993 and may be an indication of process changesin
the pulp mills due to substitution of molecular chorine with chlorine dioxide. However, the
decline could also be due to analytical method changes.

A regulatory limit of 20 pg/g 2,3,7,8-TCDD in the edibleportion of fishwas set by Health Canada
for commercial fish sale and export (Department of Health, 1996). All of the concentrations of
2,3,7,8 TCDD measured during the SREQM P were substantially below this level. Dioxin and
furan resultsin fish samplesfrom 1988 to 1991-1992 were assessed by Health Canada for human
consumption and no concerns were noted. Results from fish collected after 1992 are till
undergoing assessment.

For compounds such as DDT and related pesticides, higher concentrations in Slave River burbot
liver than those from Alexie Lake may have been a result of past use in the Athabasca River
system for biting fly control (Somerset al., 1987).

Another factor contributing to the higher levels found in the Slave River fish might berelated to
the length of the food chain. Burbot from the Slave River may have been feeding at a higher
trophic level than those from Alexie Lake (Pastershank and Muir, 1996). Thiswas confirmed by
stable isotope information and stomach content analysis collected for fish from Great Slave Lake
and the Slave River, which had similar levels of PCB and toxaphene to those samples collected
from the SREQMP (Evans, 1994, Pastershank and Muir, 1996; Tallman et al., 1996).
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Fish: Toxaphene

The ranges of concentrations of toxaphene measured in fish are given in Table 5.30. Whole fish
samples of walleye, northern pike and lake whitefish from the Slave River showed concentrations
ranging from <0.002 to 0.137 pg/g, with the highest levels detected in walleye. In Leland Lake
samples, only walleye had detectable levels. Toxaphene was detected in burbot livers from both
sites, in al of the samples but one, with amaximum of 1.97 pg/g. For all species, concentrations
in the control lakes were consistently lower than those in the Slave River.

Table 5.30 Toxaphene Concentration (ug/g; % detection) in Fish.
Species Site Toxaphene
<0.002-0.137
Slave
Walleye (44)
(Whole) <0.002-0.090
Leland
(27)
Norther n pike <0.03-0.035
Slave
(Whole) (30)
L ake whitefish <0.03-0.063
Slave
(Whole) (20)
0.061-1.97
Slave
Burbot (100)
(Liver) , 0.015-0.112
Alexie
(96)

Thelevelsof toxaphenemeasuredinfish collected in 1990-91 werenot considered to pose ahealth
hazard by Health Canada (Kirkpatrick, 1992). However, intheten burbot samples collected from
the Slave River in 1991-92, the levels of toxaphene were higher than in the previous year.

In order to set regulatory limits for contaminants that may be found in foods, Health Canada uses
Tolerable Daily Intakes (TDIs). The TDI refers to an amount of a substance or chemical
contaminant that can be safely consumed every day of your life and isbased on body weight. For
toxaphene, the TDI has been established at 0.2 pg/kg of body weight per day (Huston, 1992).
Based on the mean level of toxaphene detected in the Slave River burbot livers collected in 1991-
92 (0.897 ug/g), Health Canada stated that a 60 kg person could safely eat 13.4 grams per day or
93.8 grams per week (Huston, 1992). This is approximately one burbot liver per week. Since
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Health Canada assumed that people in the NWT ate 20 grams of burbot liver per day (Huston,
1992), a consumption limit was issued. This limit states that those people who eat burbot liver
should not eat more than one per week (GNWT, 1992).

The results collected since 1992 are currently undergoing an assessment for human health risks.
It should be noted however, that in subsequent years, the mean and maximum val ues of toxaphene
in burbot livers appear to decrease and are similar to or less than those detected in 1990 (Table
5.31), for which Health Canadadid not adviselimitson consumption. Thisdecreaseinlevelsmay
be reflected in the final assessment by Health Canada which has not been received to date.

Table 5.31 Toxaphene Concentrations (ug/g) in Burbot Liver Samples
Y ear 1990-91 1991-92 1992-93 1993-94 1994-95
M ean 0.362 0.897 0.226 0.451 0.405
Range 0.090-1.057 0.137-1.887 0.061-0.374 0.283-0.783 0.153-0.961
n 11 10 10 10 10

Advances in the analysis for toxaphene, which occurred in 1992, may have contributed to this
apparent decrease in values. Before this, toxaphene was quantitated based on 12 peaks on the
chromatograph, some of which might have had interferencesfrom organochl orines, thereby giving
higher values (Sergeant, pers.comm., 1997). After 1992, quantitationwas based on adifferent set
of 20 peaks. Although the detection limit increased from 2 to 30 ng/g, the new methodol ogy
allowed for more accurate results (Huestis et al., 1995). This detection limit was still considered
an acceptable limit for health risk assessments (Andrews, 1993).

There is no record of specific use of toxaphene in the NWT (GNWT, 1992) but it has been
detected in other northernfish studies (Kidd et al., 1995; Muir et al., 1996) at levels similar to or
higher than those detected in the SREQMP. Concentrations of toxaphene in burbot liver samples
collected from Great Slave Lake and Slave River Deltaare comparableto levels observed at Fort
Smith (Evans, 1994, Pastershank and Muir, 1996).

Theresults of thisstudy (Table 5.30 and 5.31) indicatethat toxaphene is present and bioavailable
in the environment of the Slave River and the control lakes, which indicates an atmospheric
source. It has accumulated in fish muscle, but higher levels were found in burbot liverswhichis
probably due to the lipophilic nature of the contaminant. Further monitoring of toxaphene in the
Slave River may be warranted.
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Fish: PAHs

Several factors point to a natural source of PAHs in the Slave River. The results of the
HPL C/Fluorescence screening at the benzo(a)pyrene and phenanthrene wavel engths showed that
both types of fluorescent aromatic compounds (FA Cs) were detected in the majority of the bile
samples tested, indicating ageneral exposure to polycyclic aromatic materials. The control sites
had lower values and different profiles than those from the Slave River, which suggeststhat there
were sources of PAHs in the Slave River which were not present in the control lakes. Although
thelevels of both groups of FACs present in the bile samplesfrom the Slave River were consi stent
with those observed for contaminated sites (Birkholz, 1994), the chromatogramswere not similar
to those reported for the bile of fish associated with oil spill events or petroleum products (Krahn
etal., 1987; 1992). Only low molecular weight PAH parent compounds were detected in Slave
River muscle and liver samples, suggesting natural or atmospheric sources.

HEALTH ASSESSMENT

All datacollected from this study have been sent to Health Canada, but a human health assessment
has not yet been completed. Therefore, existing Health Canada guidelines for the consumption
of fish were included for comparative purposes only. All levels of organic contaminants were
below existing Health Canada guidelines.

52



REFERENCES

Alberta Environment, 1986. Draft Slave River Basin Overview. Prepared for the Alberta/N.W.T.
Technical Committee. 87pp.

Andrews, P. 1993. Letter from the Bureau of Chemical Safety, Health Canada, dated August 18,
1993 to Juanetta Peddle, DIAND Water Resources, Y ellowknife, NWT. 1p.

Ashton, G. (Ed.) 1986. River and L ake | ce Engineering. Water Resources Publications, Littleton,
Colorado. 485p

Birkholz, D.A. 1993. In-house evaluation of the Martinsen method for extracting chlorinated
catechols, vanillans, guaiacols and phenols from fortified water. ETL In-house assessment.

Birkholz, D.A. 1994. Letter from the Manager of Environmental Services Pulp and paper
division, Research and devel opment division, EnviroTest L aboratoriesdated August 19, 1994
to Juanetta Peddle, DIAND Water Resources, Y ellowknife, NWT. 6pp.

CCREM. 1987. Canadian Water Quality Guidelines. Prepared by the Task Forceon Water Quality
Guidelines, Canadian Council of Resource and Environment Ministers, Environment Canada,
Ottawa, Ontario.

Department of Health, 1996. Departmental consolidation of the Food and Drugs Act and of the
Food and Drug Regulations with amendments to December 19, 1996. Ottawa.

Eisler, R. 1987. Polycyclic aromatic hydrocarbon hazards to fish, wildlife and invertebrates. A
synoptic review. Contaminant Hazard Reviews Report No. 11. US Dept of the Interior. Fish
and Wildlife Service. Patuxent Wildlife Research Centre. Laurel, Maryland.

Environment Canada, 1980. Environmental Contaminants Act. Chlorobiphenyl Regulations No.
1, Amendment. The Canada Gazette Part I1. Vol. 114.(13): 2272-2274. Queen’s Printer for
Canada, Ottawa.

Environment Canada, 1995. Interim Sediment Quality Guidelines. Soil and Sediment Quality

Section, Guidelines Divison. Ecosystem Conservation Directorate Evaluation and
Interpretation Branch, Ottawa, Ontario.

53



Evans, M., 1994. Biomagnification of persistent organic contaminants in Great Slave Lake. In:
J.L. Murray and R.G. Shearer (eds.). Synopsis of Research Conducted under the 1994/95
Northern Contaminant Program, Environmental Studies No. 72. Ottawa. Indian and Northern
Affairs Canada. pp. 295-300.

Fiedler, H., O. Hutzinger and C.W. Timms. 1990. Dioxins. Sources of environmental load and
human exposure. Environ. Toxic. Chem. 29: 157-234.

Fletcher, C.L. and W.A. McKay. 1993. Polychlorinated dibenzo-p-dioxins (PCDDs) and
dibenzofurans (PCDFs) in the aguatic environment - A literature review. Chemosphere 26:
1041-1069.

Forstner, U. 1991. Inorganic sediment chemistry and elemental speciation. In: Sediments:
chemistry and toxicity of in-place pollutants. R. Baudo, J. Giesy and H. Muntau (eds.). Lewis
Publishers, Ann Arbor, Michigan. pp. 61-106.

GNWT. 1992. Epinorth - The Northwest Territories Epidemiology newsletter. Vol. 4. No. 10.
November 1992. Medical Directorate, GNWT Department of Health. 5pp.

Grey, B.J.,, SM. Harbicht and G.R. Stephens. 1995. Mercury in fish from rivers and lakes in
southwestern NWT. Northern Water Resources Study. 61pp.

Hagenmaier, H. andH. Brunner. 1987. | somer specific anaysisof pentachlorophenyl and sodium
pentachlorophenate for 2,3,7,8 substituted PCDD and PCDF at sub-ppb levels. Chemosphere
16: 1759-1764.

Hammond, A.L. 1972. Chemical pollution: polychlorinated biphenyls. Science 175: 155-156.

Health and Welfare Canada, 1969. Health Protection Branch, Ottawa.

Health and Welfare Canada. 1984. Medical Services Branch, Ottawa.

Hoff, R.M., D.C.G. Muir and N.P. Grift. 1992. The annual cycle of PCBs and organohal ogen
pesticidesin southern Ontario. 1. Air concentration data. Environ. Sci. Technol. 26: 266-275.

54



Huestis, S.Y. and D.B. Sergeant. 1992. Removal of chlorinated diphenyl ether interferences for
analyses of PCDDs and PCDFs in fish. Chemosphere, Vol. 24, No. 5: 537-545.

Huestis, S.Y., M.R. Servos, D.B. Sergeant, M. Legett and D.G. Dixon. 1995. Methods for
determination of organochlorine pesticides, polychlorinated biphenyl congeners and
chlorinated dibenzo-p-dioxinsand dibenzofuransin fish. Cdn. Tech. Rep. of Fish. and Aquatic
Sci. #2044.

Huston, B.L.(PhD.). 1992. L etter from the Chief, Chemical Evaluation Division, Health Canada,
dated November 12, 1992 to Vicki Jerome, GNWT, Department of Health. 2pp.

Isensee, A.R. and G.E. Jones. 1975. Distribution of 2,3,7,8, tetrachloro-dibenzo-p-dioxin (TCDD)
in an aquatic model ecosystem. Environ. Sci. Technol. 9:668-672. (Cited in U.S. EPA 1979).

Karickhoff, SW., D.J. Brownand T.A. Scott. 1979. Sorption of hydrophobic pollutantsonnatural
sediments. Water Res. 13: 241-248.

Kidd, K.A., D.W. Schindler, D.C.G. Muir W.L. Lockhart and R.H.Hesslein. 1995. High
concentrations of toxaphene in fishes from a subarctic lake. Science 269:240-242.

Kirkegaard, A. and L. Renberg. 1988. Chemical characterization of organochlorine compounds
originating from pulp mill effluentsin fish. Water Sci. Technol. 20: 165.

Kirkpatrick, D.C. 1992. L etter from the Director, Bureau of chemical safety, Health Canada, dated
February 3rd, 1992 to Dr. lan Gilchrist, GNWT, Department of Health. 3pp.

Knap, A.H. and P.J. Le B. Williams. 1982. Experimental Studies to determine the fate of
petroleum hydrocarbons from refinery effluent in an estuarine system. Environ. Sci. Technol.
16: 1-4.

Kovacs, T.G., R.H. Voss, and A. Wong. 1984. Chlorinated phenolicsof bleached kraft mill origin.
Water Res. 18(7): 911-916.

Krahn, M.M., D.G. Burrows, G.M. Ylitalo, D.W. Brown, C.A. Wigren, T.K. Collier, S-L. Chan

and U. Varanasi . 1992. M ass Spectrometric analysis for aromatic compounds in bile of fish
sampled after the Exxon Valdez Oil Spill. Environ. Sci. Technol., 26: 116-126.

55



Krahn, M.M., D.G. Burrows, W.D. MacLeod, Jr., and D.C. Malins. 1987. Determination of
individual metabolites of aromatic compounds in hydrolyzed bile of English sole (Parophrys
vetulus) from polluted sites in Puget Sound. Washington. Arch. Environ. Contam. Toxicol.,
16: 511-522.

Lafontaine, C. 1994. An evaluation of the metal concentrations in the tissues of five fish species
under theinfluence of metal contaminated tailings of Discovery Mine, GiauqueLake, N.W.T.,
1992. Prepared for Water Resources Division, Indian and Northern Affairs Canada,
Y ellowknife, NWT.

Letourneau, J., J. Jasper, and S. Lewis. 1988. NWT Interests and Needs. Prepared by the Water
ResourcesDivision, Indian and Northern AffairsCanada, Y ellowknife, NWT and Department
of Renewable Resources, Government of the Northwest Territories. TBW/0016.

LutraAssociates Ltd. 1989. The survey of fish usersin Dene and Metis communitiesin and near
the Mackenzie River watershed: Vol. 1. prepared for Indian and Northern Affairs,
Y ellowknife. xi+61pp+appendices.

MacDonald, D.D. 1990. An assessment of ambient water quality conditions in the Slave River
Basin, Northwest Territories. prepared for Water Resources Division, Indian and Northern
Affairs Canada, Y ellowknife, NWT. 65pp.

MacDonald, D.D. and S.L. Smith, 1990. An approach to monitoring ambient environmental
quality in the Slave River Basin, Northwest Territories: Towards a Consensus. prepared for
Water Resources Division, Indian and Northern Affairs Canada, Y ellowknife, NWT. 65pp.

McCarthy, L.H., T.G. Williams, G.R. Stephens, J. Peddle, K. Robertson, and D.J. Gregor. 1997a.
Baseline Studies in the Slave River, NWT, 1990-1994: Part |I. Evaluation of the chemical
quality of water and suspended sediment from the Slave River, NWT. Prepared for Water
Resources Division, Indian and Northern Affairs Canada, Y ellowknife, NWT. Sci. Tot. Env.
197:21-53.

McCarthy, L.H., G.R. Stephens, D.M. Whittle, J. Peddle, S. Harbicht, C. LaFontaine and D.J.
Gregor. 1997b. Baseline Studiesin the Slave River, NWT, 1990-1994: Part |1. Body burden
contaminants in whole fish tissue and livers. Prepared for Water Resources Division, Indian
and Northern Affairs Canada, Y ellowknife, NWT. Sci. Tot. Env. 197:55-86.

56



McCubbin, N., H. Edde, E. Barnes, J. Folke, E. Bergman and D. Owen. 1992. Best available
technology for the Ontario pulp and paper industry. Report prepared for Water Resources
Branch, Ontario Ministry of the Environment. February, 1992.

McNeely, R.N., V.P. Neimanis and L. Dwyer. 1979. Water Quality Sourcebook. A Guide to
Water Quality Parameters. Water Quality Branch, Inland Waters Directorate, Environment
Canada, Ottawa. 55pp.

Meyers, P.A. and J.G. Quinn. 1973. Association of hydrocarbons and mineral particlesin saline
solutions. Nature (London) 244 23-24.

Moore D.R.J. and S.L.Waker 1991. Canadian water quality guidelines for polychlorinated
biphenylsin coastal and estuarinewaters. Scientific SeriesNumber 186. Environment Canada,
Ottawa, Ontario. 61pp.

Muir, D.C.G., B. Braune, B. Demarch, R. Norstrom, R. Wagemann, M. Gamberg, K. Poole, R.
Addison, D. Bright, M. Dodd, W. Duschenco, J. Eamer, M. Evans, B. Elkin, S. Grundy, B.
Hargrave, C. Hebert, R. Johnstone, K. Kidd, B. Koenig, L. Lockhart, J. Payne, J. Peddle, and
K. Reimer. 1996. Chapter 3. Ecosystem Uptake and Effects. In: Shearer, R. (Ed), Canadian
Arctic Contaminants Assessment Report, Indian and Northern Affairs Canada, Ottawa 1996.

Muir, D.C.G. and G.M. Pastershank. 1997. Environmental contaminants in fish: Spatid and
temporal trendsof polychlorinated dibenzo-p-dioxinsand dibenzofurans, Peace, Athabascaand
Slave River basins, 1992 to 1994. NRBS Report No. 129. 80 pp.

Muller, E.F. and D. Halliburton. 1990. Canada’s proposed regulation to control chlorinated
dibenzo-para-dioxinsand furansin effluents from pulp and paper mills. Environment Canada,
Ottawa. Presented at the 10th Internationa Dioxin Conference, Bayreuth, F.R.G.

NRCC. 1983. Polycyclic aromatic hydrocarbons in the aquatic environment: Formation, sources,
fateand effectson aquatic biota. Associate Committee on Scientific Criteriafor Environmental
Quality, National Research Council of Canada, Ottawa. NRCC No 18981. 209pp.

Ongley, E.D., D.A. Birkholz, J.H. Carey and M.R. Samoiloff. 1988. Iswater arelevant sampling

media for toxic chemicals? An alternative environmental sensing strategy. Journal of
Environmental Quality 17 (3): 391 - 401.

57



0SQG. 1992. OntarioMinistry of the Environment. Guidelinesfor the protecti onand management
of aguatic sediment quality in Ontario. 23pp.

Pastershank, G.M. and D.C.G. Muir. 1995. Contaminantsin environmenta samples: PCDDs and
PCDFsdownstream of bleached kraft mills- Peaceand AthabascaRivers, 1992. NRBS Project
Report No. 44. 80pp.

Pastershank, G.M. and D.C.G. Muir. 1996. Environmental contaminantsin fish: Polychlorinated
biphenyls, organochlorine pesticides and chlorinated phenols, Peace, Athabasca and Slave
River Basins, 1992 to 1994. NRBS Project Report No. 101. 143 pp.

Puznicki, W. 1993. Field manual: Sedisamp 11, field portable continuousflow centrifuge. Internal
Report. Water Resources Division, Indian and Northern Affairs Canada, Y ellowknife, NWT.

51 pp.

Reeder, SW., A. Demayo and M.C. Taylor. 1979. Cadmium. In: Guidelines for Surface Water
Quality. Vol.1. Inorganic Chemical Substances. Water Quality Branch, Inland Waters
Directorate, Environment Canada, Ottawa.

Safe, S., and D. Phil. 1990. Polychlorinated biphenyls (PCBs), dibenzo-p-dioxins (PCDDs),
dibenzofurans (PCDFs), and related compounds: Environmental and mechanistic
considerationswhich support the devel opment of toxic equivalency factors (TEFs). Crit. Rev.
Toxicol. 21: 51-88.

Sanderson (Peddle), J., C. Lafontaine, and K. Robertson, 1997. Slave River Environmental
Quality Monitoring Program, 1990-95, Final Five Y ear Study Report. Department of Indian

and Northern Affairs, Water Resources Divison, Y ellowknife, NWT. 3 volumes.

Shaw, R.D., L.R. Noton, A.M. Anderson and G.W. Guenther, 1990. Water quality of the Peace
River in Alberta. Alberta Environment. 247 pp.

Somers, J.D., B.C. Gosky and M.W. Barrett. 1987. Organochlorine residues in northeastern
Alberta otters. Bull. Environ. Contam. Toxicol. 39:783-790.

Sorensen, ElsaM. B. 1991. Metal poisoning in fish. CRC Press. Boca Raton, Fl. 374 pp.

58



Swanson, S., R. Schryer, B. Shelast, K. Holley, I. Berbekar, P. Kloepper-Sams, JW. Owens, L.
Steeves, D. Birkholz, and T. Marchant. 1993. Wapiti/Smokey River Ecosystem Study.
Submitted to Weyerhaeuser Canada.176 pp.

Tallman, R.F.,, W.M. Tonn and A. Little. 1996. Diet, food web and structure of the fish
community, Lower Slave River, June to December 1994 and May to August, 1995. NRBS
Report 119. 91pp.

U.S. EPA. 1979. Cadmium. In Water-related Environmental Fate of 129 Priority Pollutants. VVol.
1. Introduction, Technical Background, Metas and Inorganics, Pesticides, Polychlorinated
Biphenyls. Office of Water Planning and Standards, U.S. Environmental Protection Agency,
Washington, D.C. EPA-440/4-79-029a. pp. 9-1 to 9-20.

Voss, R.H. and M.B. Y unker, 1983. A study of chlorinated phenolic discharge into kraft mill
receiving waters. Contract Report to the Technica Advisory Committee, Council of Forest

I ndustries.

WER Agra Ltd. 1993. Data review of water quality monitoring at the Albertal NWT boundary.
Prepared for: Alberta Environmental Protection. 42pp.

Whittle, D.M. 1989. Baseline contaminant level sin sel ected Slave River fish species. prepared for
Water Resources Division, Indian and Northern Affairs Canada, Y ellowknife, NWT. 15pp.

Per sonal Communications

Reid, Bob. 1997. Indian and Northern Affairs, Water Resources Division, Y ellowknife, NWT.
Sergeant, Dave. 1997. Department of Fisheries and Oceans, Burlington, Ontario.

59



