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SUMMARY
When the Mt. Nansen gold and silver mine closed in 1999, action was taken to address immediate concerns over the levels of arsenic and other metals in the tailings pond.  To assist with the longer term planning for reclamation of the mine site that is now underway, more information was needed on the effects of the mine site on the surrounding environment.  In 2005 and 2006, EDI Environmental Dynamics Inc. (EDI) designed and completed a study of the effects of metals contamination at the Mt. Nansen mine site on the land, water and wildlife in the surrounding area.  The purpose of the project was to provide more information on past effects of the mine, current levels of contamination, and ongoing contamination in and around the mine site.  The Project Team surveyed community members from the Little Salmon Carmacks First Nation to help design the study.  Samples of plants, lichens, animals, soils, stream sediments, airborne dust, and water (from Dome and Pony Creeks), were collected and tested to gather information on the levels of metals at the mine site, and to better understand how these metals are moving from the main sources of contamination into the surrounding area.  The results showed that contaminants are being transported by water and air from the three main point sources of contamination: the tailings pond, the Brown McDade pit and the mill site.  Evidence of elevated metals levels was found primarily in vegetation, airborne dust and water, and to a lesser extent in soils and wildlife.  However, the levels of metals present do not appear to pose a significant risk to human health or wildlife.  Based on these results, the study recommends that further reclamation activities at the mine site be focused on the tailings, low-grade ore stockpile, and mill site, and include deactivation of the Dome Creek and Pony Creek stream crossings, removal of debris from the stream channels, and re-vegetation of all disturbed areas.  Planting of live willow stakes to accelerate the re-vegetation of the zone of blackened vegetation is also proposed. 
1.0 Introduction 
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When the Mt. Nansen gold and silver mine was abandoned, there were concerns over the levels of cyanide, arsenic and other metals in the tailings pond.  A treatment program was initiated to remove metals from the water in the tailings pond and allow this water to be released safely into the environment.  Although metal levels in the tailings pond have been treated and monitored since 1999, the effects of these metals on the surrounding land, water and wildlife at the Mt. Nansen mine site have not been fully investigated.  
Metals exist naturally in the environment and provide essential micronutrients for vegetation and wildlife. At elevated levels; however, metals can also harm plants and animals.  If metals are taken up by plants and lichens at higher than normal levels, and this vegetation is then consumed by wildlife, metals can accumulate at higher levels of the food chain in concentrations that may be toxic to animals and humans.  This process is called biomagnification.  
The Little Salmon Carmacks First Nation (LSCFN) and the general Yukon community use the Mt. Nansen area for subsistence and recreational purposes.  Thus, it is important to gain a better understanding of the effects of the mine site on the surrounding environment and on the plants and animals that may be harvested from the mine site.  As the Yukon Government, Abandoned Mines Branch works towards reclamation of the mine site, more information on the ecological effects of the mine is needed to make sure that the issues at the site are addressed.  
In 2005 and 2006, EDI Environmental Dynamics Inc. (EDI) designed and completed a Terrestrial and Aquatic Effects Study for the Mt. Nansen mine site.  The purpose of the project was to provide more information on past effects of the mine, current levels of contamination, and ongoing contamination of the ecosystems in and around the mine site.

1.1 Study Area

The Mt. Nansen gold and silver mine site is located approximately 60 kilometers west of Carmacks, within the Little Salmon Carmacks First Nation Traditional Territory.  The site lies within the watershed of Victoria Creek, a tributary stream to the Nisling River.  The region is quite dry.  Immediately west of the site, wide grassland valleys cover much of the upper Nisling River drainage basin, with spruce forests on the hillsides and low mountains.

The area is used by a variety of wildlife, including woodland caribou, moose, wood bison, grizzly bear and black bear, as well as a number of furbearers and small game. Low snow pack and open grassland valleys provide important winter habitat for big game species, particularly to the west of the mine site. The Nisling River is a spawning stream for chinook salmon; however, most spawning activity occurs in the middle and lower portions of the river and not in the upper reaches near the Mt. Nansen area. Fish species that use water bodies downstream of the mine site include Arctic grayling, burbot, northern pike, round whitefish and slimy sculpin.
1.2 Site History
The Little Salmon Carmacks First Nation has strong ties to the Mt. Nansen area, with numerous accounts of use of the area dating back prior to mining and mineral exploration. The harvesting of animals and plants in the area continues to be an important part of the lifestyle of many members of the Little Salmon Carmacks First Nation.

Exploration and mining at the Mt. Nansen mine took place in several phases between 1963 and 1999.  The first two attempts to mine the site failed due to poor gold recoveries.  Beginning in 1985, a third phase of exploration was carried out by Chevron Minerals in a partnership with BYG Natural Resources Inc. Approval for this phase of mining was granted to BYG in early 1996.  

The BYG mining operation at Mt. Nansen was designed to produce 500 tonnes of ore per day from the Brown-McDade open pit for a minimum of 4 years
.  However, the mine was closed on February 17, 1999 on an order from the Department of Indian and Northern Affairs (DIAND) due to non-compliance with the mine’s water license. Cyanide and arsenic levels in the tailings pond had become elevated and proper treatment facilities were not in place. The stability of the tailings pond dam was also in question, and BYG was not able to meet requirements for an environmental liability bond.  
DIAND, and subsequently the Yukon Government’s Department of Energy, Mines, and Resources (YG-EMR), have assumed responsibility for management of the site.  When BYG stopped working in early 1999, DIAND (and subsequently YG-EMR) managers took action to address the short-term environmental issues on the mine site, including a failed tailings containment system that was allowing a significant volume of contaminated seepage to flow through the tailings pond dam.  From 1999 to 2004, a water containment and treatment program collected and treated water from the tailings pond in order to meet required water quality standards.  By 2005, levels of cyanide, dissolved arsenic, ammonia, and heavy metals had decreased to levels at which the water could be released into the environment without treatment.  
Further work to reclaim the site is currently being planned. The major outstanding environmental issues include build-up of metal-contaminated water in the Brown-McDade open pit, as well as the fate of the tailings stored in the tailings pond.  Studies initiated in 2004 to assess the risk of ground and surface water contamination from the pit are ongoing.  Once a clear understanding of the ecological effects of the mine site has been developed, reclamation activities can be properly planned.  Feedback from the community will be important in planning for final reclamation of the site.
2.0 METHODS USED
The study was conducted in two phases.  Phase one involved a community survey to collect information on which plant and animal species were most important to include in the study.  Phase two involved collecting samples of plants, lichens, animals, soil, stream sediments, airborne dust and water, to gain information on the levels of metals at the mine site, and to better understand how these contaminants are moving from the main sources of contamination at the mine site into the surrounding land and water.  Both phases of the study are described below. 

2.1 Phase I. Community Survey and Site Visit
In late August 2005, EDI conducted a community survey in association with the Little Salmon Carmacks First Nation (LSCFN).  A researcher from the First Nation (Leta Blackjack) assisted EDI staff members in identifying, locating and interviewing local people.  A total of 15 surveys were completed, targeting community members who used the resources within the study area. Survey participants were questioned about the species of plants, animals, and fish that are harvested, or have been traditionally harvested, within a 15 km radius of the mine.  People were also asked questions about how often these species are harvested, what quantities are eaten, where and when they are harvested, and which parts are eaten.  In addition, people’s concerns about the mine site were also discussed. The information gathered through the survey was used to determine the species to be collected and tested for contamination.  

The survey was followed by a two day visit to the mine site with LSCFN elder Clive Blackjack. Mr. Blackjack’s Traditional Knowledge of current and past use of the area by LSCFN members helped the project team to understand and fine-tune the design of the study. This was particularly helpful in selecting the final list of species to be collected and tested for metals levels. 

2.2 Study Design

There are three potential sources of contamination at the mine site; the tailings facility (including tailings pond and seepage pond), the Brown-McDade pit (with associated waste rock dumps), and the mill site, including stockpiles of low-grade ore material adjacent to the site (photos 2.1 to 2.5). The tailings contain 
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high concentrations of silver, arsenic, barium, copper, iron, manganese, lead, antimony and zinc; however, of these only arsenic and antimony appear readily leached
.  No information was found on metals in the waste rock dumps.  However, the Brown-McDade pit walls have high concentrations of silver, arsenic, barium, cadmium, chromium, copper, iron, manganese, lead, antimony and zinc.
  A previous study also found elevated arsenic levels in lichens and plants next to these three potential sources of contamination
.  
Metals from these three sources of potential contamination may move throughout the mine site through two main pathways: by air and by water.  Dome Creek, and to a lesser extent, Pony Creek, may transport and receive contaminants from the three main sources of contamination.  Dome Creek originates from the hill slope next to the mill, flows past the mill and past mill workings, and is then diverted around the tailings facilities. Pony Creek may receive contaminants through the waste rock pile next to the creek (Photo 2.5) and/or through an adit that was once connected to the Brown McDade Pit (Photo 2.6).  In addition to these potential sources and pathways of contamination, another area of interest that was studied is a prominent zone of blackened (dead) vegetation on the banks of Dome Creek immediately downstream of the tailings dam (see Photos 2.7 & 2.8).
The purpose of the study was to determine whether there are elevated levels of metals in the land and water in and around these sources and pathways of contamination, whether contamination is ongoing at the mine site, and whether metal levels in the soils, water, vegetation and wildlife differ from natural levels. 
\
2.3 Phase II. Sampling Program
The study team collected samples of plants, lichens, animals, soils, stream sediments, water, and airborne dust throughout the mine site and in areas outside of the influence of the mine site. These samples were later sent to a laboratory for testing to find out the levels of a number of metals in each sample.  Members of the LSCFN worked with the project team to collect the samples during the fall of 2005.  Samples were also collected throughout 2006.  LSCFN workers were trained in sampling techniques, and while in the field provided additional insight into the dynamics of plants, animals, and human use relating to the area.  
2.3.1 Effects on the Land
Lichens, plants, animals and soil samples were collected from areas close to the three main sources of potential contamination: the tailings pond, the mill site and the Brown McDade pit.  Samples were also collected further up hill and away from these sources of contamination. As well, samples were collected from the areas along Dome and Pony creeks, including the zone of blackened vegetation along Dome Creek.  More samples were collected from an area outside of the influence of any potential contamination from the mine site.  These areas were located several kilometers to the northwest of the mine site and at Rowlinson Creek, approximately 20 km from the mine site.  The samples outside the Mt. Nansen mine site were collected so that metal levels in vegetation, animals, soils and water in these areas could be compared with metal levels at the mine site.  
The vegetation and animal species sampled, as well as the soil, water, stream sediments and airborne dust, were chosen for a variety of reasons: to help trace the pathways by which contaminants may be moving throughout the 
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Photo 2.1 Tailings Pond.
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Photo 2.2 Brown McDade Pit and area.
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Photo 2.3 View of mill site from tailings pond.
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Photo 2.4 Low-grade ore stockpile by mill site.
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Photo 2.5 ‘Waste Rock Pile’ by Pony Creek.
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Photo 2.6 Adit next to Pony Creek.
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Photo 2.7 Tailings pond seepage collection pond.
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Photo 2.8 Close-up of blackened vegetation.
mine site; to help determine whether contamination continues to occur; and to help determine whether there should be any concern over eating plants and animals harvested from the mine site.  

Lichens

Lichens were collected and tested because they can help to trace the movement of contaminants by air.  Lichens receive nutrients mainly from air and rainfall, making them excellent indicators of airborne contamination.  Caribou lichen was collected to provide an indication of airborne contamination, and also because it is used by the LSCFN for medicinal purposes and by caribou as a food source (Table 2.1).

Soils

To support the information on metal levels in lichens and plants, soils were also sampled. Samples were taken from the upper, middle and lower soil layers, (except where permafrost prevented sampling of the lower layer).  Soils were sampled to gain a better understanding of the levels of metals within the mine site and the natural levels of metals in the surrounding area.  

Plants

The plant species collected were chosen as species of importance to the LSCFN and based on a review of previous studies (Table 2.1).  These plants were collected, where available, throughout the mine site and areas outside of the mine.  The following table lists all of the plant, lichen and mushroom species collected. 

Table 2.1 Vegetation species collected.

	Species
	Portion of Plant/Lichen Used by Humans 

	Blueberries 
	Berry  (leaf for medicinal)

	Labrador tea
	Shoot (used for tea)

	Crowberry (Blackberry)
	Berry

	Lowbush cranberry 
	Berry

	Bolete mushroom 
	Whole

	Prickly Rose
	Fruit

	Caribou Lichen
	Whole plant (used for tea) also food source for caribou.

	Caribou horn  (tumble) lichen 
	Whole plant (used for tea) 

	Willow
	Leaf, bark, branch (food source for moose.  

	Spruce, black /white 
	Fresh pitch/sap

	Trembling aspen
	Leaf

	Wheatgrass 
	Not used; however, abundant within pit and tailing facility.

	Foxtail barley 
	Not used; however, abundant within disturbed areas (pit and tailing facility).

	Sphagnum moss
	Not used; however, abundant within area of blackened vegetation located downstream of the tailings pond.   


Dust

Airborne dust was sampled using moss bags containing golden fuzzy fen moss collected from the Rowlinson Creek area. The moss was sent to the laboratory for rinsing, drying, homogenization and analysis of pre-exposure metal concentrations.  Moss bags were constructed from polypropylene mesh about 2 mm in size secured with nylon zip ties.  Each bag contained approximately 3 g dry weight of moss. The moss bags were hung between tree branches with nylon zip ties at the mine site and near Rowlinson Creek, 20 km away from the mine.  Moss bags were hung at three different times of year -- over the winter months, during the spring and early summer, and from summer to early fall. 
Wildlife

Various small and large mammal tissues were also collected near the mine site.  Small mammals were trapped within 500 m of the three main potential sources of contamination (the tailings pond, the mill area, and the pit).  Small mammals were also trapped at the Rowlinson Creek control site, approximately 20 km from the mine site.  Generally speaking, small mammals have small home ranges, making them good indicators of contaminant accumulation.  Because small mammals must be sacrificed for analysis of contaminants, lethal sampling approaches were used. Snap traps, pit fall (drowning traps) traps and rabbit snares were set at each sampling site.  In addition, a local trapper was hired to trap bigger small mammals such as weasels, mink and marten.  The study team also tried to obtain small game species (grouse/ptarmigan).  
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Photo 2.9. Spruce Grouse.
As well, the study team tried to obtain larger mammals that are consumed by humans to address concerns about potential contamination. Attempts were made to obtain any samples available through the Northern Contaminants Program from organs (kidneys and liver) and tissue turned in to Yukon Environment under the current voluntary programs to collect and analyze ungulate parts (as outlined in the hunting regulations).  Data on concentrations of metals in ungulate (caribou and moose) kidneys, livers and muscle tissue were obtained from samples submitted to the Northern Contaminants Program and from other sample submissions to the study team.
2.3.2 Effects on Watercourses & Aquatic Life
The study investigated levels of metals in water, stream sediments and fish.  Sediment samples were collected from Dome, Pony, Back and Victoria Creeks from many of the same locations that were sampled in a previous study.  This allowed for comparison to these past results. 

Slimy sculpin was chosen as the key fish species for assessment of metal levels. Because they don’t move around or migrate as much as other species, slimy sculpin are more likely to be exposed to contaminants over a longer time period.  Sculpin were collected via electrofishing from a number of sites within and outside of the influence of the mine site.  Because the LSCFN and other local community members do harvest Arctic grayling and burbot, some samples of these fish were also collected in the areas of greatest concern (Victoria Creek near mouth of Dome Creek).  Due to their small size, whole slimy sculpin were tested for metal concentrations.  The livers, kidneys and flesh of grayling and burbot were also tested.

2.3.3 Testing of Metal Concentrations

For all of the water, soil, sediment, vegetation and animal tissues samples obtained, laboratory tests were completed to determine concentrations (ug/g or ppm) of the following 33 metals: 
	Aluminum 

Antimony 

Arsenic

Barium Beryllium 
Boron 
Cadmium Calcium Chromium 

Cobalt 

Copper 
	Iron 

Lead 

Magnesium Manganese Mercury Molybdenum Nickel

Phosphorous

Potassium Selenium 

Silicon 
	Silver

Sodium 

Strontium 

Tellurium

Thallium 

Tin

Titanium

Uranium

Vanadium 

Zinc


Metal concentrations of samples collected at the mine site were compared to metal concentrations of samples collected from areas outside of the mine site.  Comparisons were also made between metal concentrations in samples collected from different locations within the mine site, including the main point sources of potential contamination (the tailings pond, mill site and Brown McDade pit).  Where possible, metal concentrations for samples collected at the mine site were also compared to data from previous studies conducted throughout the Yukon.  The laboratory results were analyzed for statistical significance using relevant statistical tests.  
3.0 Results 

3.1 Effects on the Land

3.1.1 Lichens (except caribou horn lichen)

Arsenic, lead, silver, boron, antimony and uranium were present in lichens at levels more than 5 times above the highest level recorded in the Yukon
.  Some lichen samples also had concentrations of copper and zinc that were higher than those recorded outside the mine and throughout the Yukon, as well as titanium levels higher than those from samples outside the mine.  Samples with copper concentrations above Yukon background levels were located near the tailing facilities.  Similarly, all samples with titanium concentrations above control levels were located to the west of the tailings pond.

The study team mapped metal levels in lichens in different areas of the mine site and found that concentrations of lead, arsenic, copper, silver and antimony were significantly higher around the three sources of potential contamination – the mill, the pit, and the pond.  Levels of arsenic, lead, copper, silver and antimony were found to decline with increasing distance from the sources of contamination.  Figure 3.1 shows the zones of influence of the point sources of contamination (pit, pond and mill), based on the results of metal testing in lichens. 

3.1.2 Plants, caribou horn lichen, mushrooms 

Trace metal concentrations in the plant species, caribou horn lichen and mushroom species analyzed as part of this study were compared to metal levels recorded in these species in areas sampled outside of the mine, and to information on metal levels from other studies completed in the Yukon.   Particular attention was given to arsenic, antimony, copper, lead and silver, given the patterns of elevated levels for these metals found in lichens around the potential sources of contamination.

Berries
The study team collected and tested metal levels in crowberry, prickly rose, blueberry and lowbush cranberry.  In crowberry and blueberry, levels of the main trace metals of concern (arsenic, antimony, copper, lead, silver) were not higher than levels found throughout the Yukon.  Not enough fruit-bearing prickly rose stems were found in the study site to make observations about this plant.  Fruit-bearing lowbush cranberry was the most common berry sampled in the study area.  Of the major trace 
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Figure 3.1 Map of zones of influence of sources of contamination at the Mt. Nansen study area, based on levels of metals in lichens.






metals of concern (antimony, arsenic, copper, lead and silver), arsenic was the only element that was detectable by the laboratory, indicating extremely low concentrations of most metals in this fruit.  

Shrubs
Labrador tea and willows were also collected and tested for metals levels.  Labrador tea was a very common plant within the study area. Several elements, particularly arsenic, were commonly higher in the Labrador tea at the mine than outside the mine.  Labrador tea at a site near Pony Creek had fourteen metals with levels above those found outside the mine, including the highest levels of arsenic, antimony, lead, silver, iron and strontium found in the study area for this species.  Antimony levels in samples from the Brown McDade pit area were also significantly higher than samples from outside the mine.  Also, arsenic levels in Labrador tea were significantly higher near the mill, pond and pit than outside the minesite.  

High levels of a number of metals, including antimony, arsenic, lead and silver, were found in willow.  Arsenic and antimony levels were high in the mill area, and silver levels were high near the creeks and the tailings pond.  The highest concentrations of numerous metals, including arsenic, lead, copper, antimony, silver, aluminium, chromium, iron, potassium, silicon, magnesium, molybdenum, thallium, tin, titanium and vanadium, were found at the low-grade ore stockpile.  The vegetation growing directly from tailings pond also had high levels of metals, with significantly higher levels of lead and silver found in willow growing on the dried portion of the tailings pond.
Trees

White spruce sap and trembling aspen were sampled. White spruce was very common in portions the study area; however, only a few trees provided enough fresh sap for collection, making it difficult to detect any trends.  Based on the available data, however, few trace metals appeared to be elevated. 
Trembling aspen was encountered infrequently within the study site. A single sample was collected in the Pony Creek area and was compared to the Yukon background data for this species.  No elevated trace metal concentrations were found through this comparison.
Grasses

Wheat grass and foxtail barley were collected primarily from disrobed areas within the minesite.  Wheat grass samples (consisting of the above ground   portion of the plant) were collected in areas considered to have high contamination potential, including the low-grade ore stockpile near the mill, the pony waste rock pile, tailings pond and the Brown McDade pit.  In general, metal levels found in wheat grass from both the mine site and control site were high compared to other plants. Wheat grass from the tailings pond appeared to have slightly higher levels of some metals, including boron, calcium, and strontium in both of the plants sampled, and arsenic, cadmium, magnesium, sodium and zinc in one plant.  The one sample collected from the pit appeared to have high levels of arsenic, lead and several other metals. Samples from the pony waste rock pile appeared to have slightly higher levels of boron, cadmium, magnesium, manganese, and zinc.  Samples from the low grade ore stockpile (near the mill site) had levels of a few metals that appeared to be high compared to the control sites, including arsenic, boron, cadmium, calcium, phosphorous, manganese and zinc.  Again, because very few plants were collected, it was difficult to make meaningful comparisons of metal concentrations in wheat grass. 
Foxtail barley samples were collected exclusively in potential areas of contamination around the mine site including the tailings pond, pit and the pit waste rock dumps.  Metal concentration data for foxtail barley were compared to metal levels within wheat grass from areas outside the mine. Of interest, the barley sample collected from the tailings pond had high levels of numerous metals, including the highest recorded levels for copper in any plants in this study (not including blackened vegetation).

Caribou horn lichen
Tumble lichen, also locally known as caribou horn lichen, was encountered in parts of the study area, primarily at higher elevations.  Very few samples were collected, making meaningful comparisons difficult.  However, levels of a number of metals appeared elevated when compared to samples from outside of the mine, including aluminum, arsenic, barium, iron, lead, silicon, silver, and titanium. 
Mushrooms
A single sample of a bolete mushroom was collected within the study area, making comparisons difficult. However, the sample collected within the study site did show moderate levels of both arsenic and lead in comparison to mushrooms collected throughout the Yukon.
3.1.3 Blackened Vegetation

Blackened sphagnum moss was sampled in plots next to Dome Creek and further uphill and away from the creek.  Living sphagnum next to the upland zone of blackened moss was also sampled.  Metal concentrations in blackened sphagnum moss samples obtained nearest to the creek ranged from three times greater (for aluminum) to 114 times greater (for copper) than those taken furthest from the creek and in the living vegetation.  While all metals in the sphagnum sampled closest to the creek were substantially higher (an average of 32 times higher), the metals showing the greatest concentrations were cobalt (at 95.5 times greater), copper (at 114 times greater), iron (at 63 times greater), and uranium (at 104 times greater).  Metal concentrations generally dropped moving upslope in the zone of blackened vegetation, and declined sharply moving from the zone of blackened vegetation into the adjacent living vegetation. 
Labrador tea and willow were also collected within the zone of blackened vegetation. Interestingly, the highest levels of barium, boron, copper, iron, sodium, and strontium found in Labrador tea were from the area of blackened vegetation.  However, the levels of most metals found in willow from the area of blackened vegetation were much lower than those found in willow in the disturbed areas around the mine site, including the low grade ore stockpile and tailings pond.

3.1.4 Soils

Soils were collected to provide information on natural and human-induced processes occurring in the mine site and surrounding area.  Soil samples were collected from areas found to contain high levels of metals in lichen samples, as well as from the zone of dead/blackened vegetation along the bank of Dome Creek.  Samples were taken from the upper (A-horizon) and middle (B-horizon) soil layers, as well as the lower soil layer (C-horizon) where sampling was not restricted by permafrost conditions.  
There were noticeable differences between the soil layers.  Mean metal levels in the lowest layer (C-horizon) were often higher compared to the other layers, perhaps as a result of the underlying geology of the area.  The middle layer (B-horizon), which mostly consisted of volcanic ash, appeared to be relatively depleted of several elements (arsenic, barium, copper, iron, magnesium, manganese).This suggests that movement of metals between the soil horizons in this area may be restricted.  The surface layer (A-horizon) was relatively acidic (pH ~ 4.5) most likely due to a well-developed organic soil layer, which typically contains humic and fluvic acids.  The slightly elevated levels of arsenic, cadmium, and mercury found in this layer are also likely the result of this higher organic matter content, as these metals are known to be readily taken up by organic substances.
Soils in the zone of blackened vegetation had higher concentrations of metals in the upper and middle layers (A and B-horizons), and more specifically the middle layer (B-horizon).  This contrasts with results found in other areas of the mine site, where the lower layer generally had the highest metal concentrations.  Soils just outside of the zone of blackened vegetation also had high levels of metals elevated in the upper and middle layers (A and B horizons) when compared to the lower layer (C-horizon) and to soils outside of the mine.  This suggests that the contamination associated with the zone of blackened vegetation extends beyond the obvious area of dead organic matter.

Soil levels of arsenic were the most noteworthy of all the metals analyzed.  High levels of arsenic were found at several sampling sites, mostly within the upper soil horizon.  The area of highest arsenic concentrations was in the upper soil layer around the mill site.  Notable levels of arsenic were also found in some areas near the blackened vegetation.  Many sites, both inside and outside of the mine, had arsenic levels that exceeded the Canadian Council of Ministers of the Environment (CCME) guidelines for industrial sites (12 ug/g)
.  Two samples also exceeded the Yukon Contaminated Sites Regulations limit of 100 ug/g for industrial sites (toxicity to soil invertebrates and plants)
.  No other metals of interest were present in levels above CCME (2002) guidelines for contaminated sites. 
3.1.5 Wildlife
Small Mammals and Birds

In general, the tissues of small mammals and birds collected at the mine site showed elevated levels of some metals, in comparison to the areas sampled outside of the mine.  In many cases, however, these levels were not as great as the highest levels recorded in the Yukon. 

Very few shrews and ground squirrels were trapped. Based on the available information, however, no significant differences were found between metal concentrations at Mt. Nansen and areas outside of the mine.  In red-backed voles, however, concentrations of arsenic, cadmium, chromium, silver and lead were notably higher in liver samples obtained at the mine site.  In spruce grouse kidneys, concentrations of aluminum and arsenic were higher at the mine site than areas outside the mine.  Levels of cadmium and lead were also higher in spruce grouse livers and kidneys at the mine site than outside the mine, but lower than the highest levels recorded in the Yukon.  In spruce grouse gizzards, levels of arsenic and cadmium were notably higher at the mine site than outside the mine.  However, there were no notable metal levels in spruce grouse muscle tissue.  
In gray jay livers, concentrations of arsenic, lead, silver and manganese were higher at the minesite.  In snowshoe hare kidneys, the highest concentrations of aluminum, arsenic, barium, cadmium, and lead were 4 to 21 times higher, and the level of zinc was slightly higher, in samples collected in the mine site as compared to outside of the mine.  However, only levels of lead in mine site snowshoe hare kidneys were higher than those recorded in the Yukon
.  In snowshoe hare livers, the highest concentrations of arsenic, barium, cadmium and lead were found at the mine site.  However, all metal concentrations for snowshoe hare livers from the mine were within the range of levels found throughout the Yukon for this species.  
One marten was trapped at the mine site. Its kidneys had levels of aluminum that were 6 times higher than the highest concentration of aluminum found in marten samples collected throughout the Yukon. There were no other notable differences in concentrations of metals between the marten liver sample collected at the mine site and livers collected throughout the Yukon. 

Moose and Caribou
Metal concentrations in moose and caribou tissues from the Mt. Nansen mine site were compared to concentrations in moose and caribou tissues from other parts of the Yukon. Concentrations of some elements, such as zinc, were fairly consistent for each organ, even between species, with the exception of one individual moose that had unusual levels of several elements.  This individual moose was shot near the Mt. Nansen tailings pond and was sampled because there was a concern about contamination from a human consumption standpoint. This sample (liver) had relatively high concentrations of aluminium, copper, iron and tin, and very low concentrations of renal (kidney) zinc.  Significantly higher levels of copper were found in moose liver and caribou kidney from animals harvested near Mt. Nansen.  Significantly higher levels of chromium were found in caribou kidneys from animals harvested near Mt. Nansen. With these exceptions, no other evidence of elevated levels of any of the metals of concern was found at the Mt. Nansen mine site in comparison to other areas of the Yukon. 
3.1.6 Moss Bags

In the winter, metal levels from the mine site were found to be similar or only slightly higher than levels outside the mine.  In the spring, levels of arsenic, lead and, to a lesser extent, antimony, silver and cadmium, were considerably higher in the moss bags deployed around the tailings pond than the other sites.  Arsenic and lead levels were also somewhat higher at the pit and mill site than outside the mine.  In the late summer/early fall, lead, antimony, arsenic and silver levels were also highest around the tailings pond, although not as high as in the spring/early summer.  Interestingly, the highest levels of arsenic, lead, silver and copper were generally located to the east or southeast of the tailings pond.
3.2 Effects on Watercourses & Aquatic Life
3.2.1 Water Quality

In general, the water sampling results showed higher levels of metals and dissolved anions upstream from the tailings pond, but downstream from the mill site, along Dome Creek. The most significantly elevated metal was zinc. Levels of zinc at the upper site were above the CCME (2002) Guidelines for Protection of Aquatic Life (0.03 mg/L).  However, 600 m downstream concentrations dropped below the detection limit.  
3.2.2 Sediments

Initial 2005 laboratory (Cantest) results for metal concentrations in sediments were drastically lower for most metals at all sample sites (including controls) than in previous studies using the same sites and procedure
 
 
. Accordingly, the samples were sent to a second lab (Norwest), which produced similar results to those of the first lab (Cantest).

Concentrations of a number of metals, including antimony, arsenic, copper, lead, silver and zinc, were highest in sediments collected from Dome Creek, just downstream of the mill site, and in Pony Creek downstream of the adit and waste rock pile.  
3.2.3 Fish
In general, metal levels in sculpin were relatively similar between the mine site and sites outside of the influence of the mine (Rowlinson Creek), with some metals (silicon and copper) found in slightly higher concentrations in Rowlinson Creek fish.  However, five metals were significantly higher in sculpin captured in the mine site, including arsenic, cadmium, lead, selenium, and silver.  Aside from the influence of the mine site, another factor that appeared to affect arsenic concentration was the size of the sculpin captured, with larger sculpin having higher arsenic concentrations than smaller individuals. 
Metal concentrations in Arctic grayling were very low in tissue collected from the mine, and were generally below values obtained by a previous study in a pristine spring-fed stream in the Tetlin National Wildlife Refuge in Alaska
.  For burbot, arsenic levels were slightly higher in both liver and muscle tissue samples from the mine, but these differences were not statistically significant. 
4.0 Discussion of Results

The results on metal concentrations in each of the plant, lichen and animal species collected, as well as the soils, stream sediments, airborne dust and water, provide information on the sources and pathways of historical and ongoing contamination at the Mt. Nansen mine site.  Several of these pathways, including movement of contaminants by air and water, are discussed below.  The implications of these results on consumption of plants, lichens and animals harvested from the mine site are also discussed. 
4.1 Movement of Contaminants by Air
The results from the lichens reveal information about the movement of contaminants by air.  The elevated levels of arsenic, lead, antimony, silver and copper in lichens demonstrate past aerial contamination around the mine site.  In general, this effect has been most apparent around the mill site, followed by the Brown McDade pit, and to a lesser extent, the tailings pond.  
The lichen results and the moss bag results together provide information on the timing of metals movement by air.  In general, the moss bags around the tailings pond displayed the highest levels of arsenic, lead and antimony, especially in the spring and summer months, indicating that movement of contaminants by airborne dust is most prominent in this location.  The dispersion of contaminants in the summer/early fall in an eastern to south-eastern direction is fairly consistent with the dominant wind direction on the site (from the southwest).  The combination of high levels of metals in moss bags and lichens at the tailings pond suggests that the contamination around the pond is ongoing.  Conversely, the relatively lower levels of metals in the moss bags combined with high metals levels in lichens at the mill site indicate that the spread of metals here is likely related to the past mining activities at the site.  
During the operation of the mill there are accounts of significant dust being generated in this area
.  Not only was there a crusher that created significant dust as it broke down the ore, but also truck traffic and activity (i.e., dumping) was common in this area. This may explain the dispersion of metals by air around the mill that was evident in all directions, covering approximately 100 to 150 meters from the edge of the mill site and associated disturbed ground.
The results also showed that movement of contaminants by air may be affecting some shrubs.  In willow and Labrador tea, levels of arsenic (and antimony in willow only) appeared to be higher near the sources of contamination.  As the plants were not washed it is possible that these higher levels could be a result of dust on the plant surface, rather than root uptake from the soils.
It appears that some soils immediately adjacent to the sources of contamination (especially the mill) may have been influenced by aerial contamination.  The highest levels of antimony, arsenic, copper and lead were found in the upper soil layer (A-horizon) in the mine site but in the lower layer (C-horizon) in areas outside of the mine.  Although soils immediately next to the potential sources of contamination had some higher metal levels, it is unclear whether this result is related to the mine and/or mining activities or to natural geological conditions.
The results of this study indicate that a significant source of metals contamination killed the vegetation along the banks of Dome Creek.  According to a local source, a perforated drainpipe was laid out along the slope of the right bank during active mining, where it was used to discharge contaminated water from the mining operation.  The levels of many metals in the dead, blackened plant material were extremely high; however, metals only appeared to be somewhat elevated in the soils (relative to the plants) and only in the upper and middle layers (A and B-horizons).

4.2 Movement of Contaminants from Water to Land
Many of the vegetation samples collected within the potential contamination sources (low grade ore stockpile, Brown McDade pit and tailings pond) were among the highest for several metals, including arsenic, lead and copper. This is consistent with a past study indicating that these areas had high levels of certain metals
.  Levels of most metals in willow were higher near Pony and Dome Creeks than further upland. Poor water quality in the past at Pony and Dome creeks likely impacted the plants near these creeks.

4.3 Uptake of Contaminants by Small Mammals and Birds

Small mammals and birds showed slightly higher levels of some metals around the mine site. Metals that were generally higher in animals at the mine site included arsenic, cadmium, chromium, lead, and silver.  These differences may be related to the mine site and/or natural geological conditions.  Of the metals found to have elevated levels in small mammal samples from the mine site, most were within levels found in other areas and/or in other wildlife or domestic livestock, and as such likely do not pose a significant threat of toxicity to wildlife.

4.4 Movement of Contaminants by Water
The results indicate that the headwaters of Dome Creek are negatively impacted by nearby sources of contamination, including the mill site, low grade ore stockpile, former tailings facility (pre-BYG era), roads, and past exploration activity.  Generally, the surface water in the upper parts of the Dome Creek has higher levels of sulfates, calcium, and magnesium.  The water quality is affected by high amounts of zinc, which was preset at a level approximately 16 times higher than CCME guidelines for aquatic life.  As a result, aquatic life is likely limited in this part of Dome Creek (no fish have been documented in Dome Creek).  Generally, water quality improves downstream due to the natural processes occurring within the stream and stream banks.  In this regard, zinc levels are effectively being reduced moving downstream from the ponds. This is likely due to several factors that help to balance zinc levels, including dilution, the relatively high acidity of the water, and an abundance of organic matter on the creek banks.

4.4.1 Sediments

With a few exceptions, the levels of metals identified in sediments during this study are generally lower than those obtained in past studies
 
 
. Almost every natural system has a tendency to reduce contamination once it is introduced into the system. It appears that this natural process may be occurring in this area as well, which would explain the overall decrease in levels of several metals when compared to past data.

Still, the analysis of metal levels in stream sediments in key areas within and around the mine site did confirm the presence of some above-normal levels which may be the result of past mining activities.  Stream sediments with the highest concentrations of contaminants were found near the mill, as well as in Pony Creek below the adit and waste rock pile. The results obtained in this study indicate that the mill site and surrounding area has been a major source of contamination.

Downstream of the mill site, metal levels are mildly elevated in Dome Creek; however, this has not translated into obvious, elevated levels in Victoria Creek. In fact, most metal levels in Victoria Creek downstream of the mine site (Dome and Back Creeks) have similar metal levels upstream of the mine.  In addition, comparing arsenic levels in Victoria Creek with a past study shows that levels are declining in Victoria Creek.
 
4.4.2 Fish

Slimy sculpin appeared to have slightly higher levels of some metals in Victoria Creek downstream of Dome Creek.  These levels could be a result of the natural water quality in the area, the Mt. Nansen mine site and/or a placer operation on Back Creek.  The slightly higher metal levels in burbot from the mine site do not provide significant evidence that metals are biomagnifying up the food chain.  Levels within grayling appeared to be within normal ranges for this species and are not a concern in terms of toxicity to the species. Provided that metal levels within the water remain within CCME standards for the protection of aquatic life, metal levels for fish within the zone of influence is not expected to be a concern in the future.

4.5.4 Harvesting at the Mine Site

Although the results do not raise concerns over consumption of plants, lichens or animals harvested from the mine site, as a precautionary step, collection should be limited at or immediately within 200 m of the three sources of contamination (the mill site/pit/pond).

5.0 Recommendations
The observed dispersion of metals around the tailings pond in 2006 indicates that the tailings are an on-going source of contamination. Reclamation plans should include methods to eliminate continued movement of contaminants by air at the pond site. The tailings could be moved or covered with a suitable growing medium, thick enough to prevent the rooting of plants in the tailings.  Movement of the tailings would also aid in addressing water quality concerns in this area. 
The low grade ore stockpile should also be moved and/or capped. While it does not appear to be a notable source of aerial contamination, the high metal levels found in plants growing in this area are a concern.  As vegetation becomes more prominent, there is more opportunity for the metals to accumulate in the natural ecosystem.  In addition, these materials may be impacting sediments and likely water quality in the upper portion of Dome Creek.

The mill area should be properly reclaimed so that it does not contribute sediments and possible contaminants to Dome Creek. This includes deactivating the stream crossing, removing debris from the stream channel, re-contouring and re-vegetating all disturbed areas.

The Pony Creek stream crossing adjacent to the adit should be should be deactivated.  Associated with this, waste rock directly in the Pony Creek stream channel should be removed. The waste rock adjacent to the creek should be re-vegetated. Re-vegetation may be enhanced by the introduction of topsoil to the area.

To accelerate vegetation growth in the area of blackened vegetation, the area should be planted with live willow stakes (i.e. bioengineering). This method involves driving willow stakes into the ground approximately 1 m, which would promote root growth in the lower soil layer (C-horizon). Willow growth in this area will allow for additional organic matter to establish which, in turn, may allow for other plants to establish. The on-going contamination into the watercourses (Dome Creek) at the mill site should be investigated and addressed. The sediment and the water quality results of this study indicate that contamination may be ongoing and will likely continue without intervention.

Possible contributors to contamination in the area include the low-grade ore stockpile, extensive waste in the stream channel (metal and debris from old vehicles and equipment), erosion around the mill site and the old tailings facilities in this area.

Reclamation of the area to prevent further contamination would bring benefit the ecological health of the water and land (i.e. plants growing on creek banks as well higher levels of the food chain) in the Mt. Nansen mine site.
This Summary Report is the condensed version of a longer research report entitled Mt. Nansen Terrestrial and Aquatic Effects Study 2005-06, also prepared by EDI Environmental Dynamics Inc.  For a more detailed explanation of the study design, sampling methods, data analysis and results, please refer to the long report. 
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