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I. ABSTRACT 
 

A three-year multidisciplinary study was conducted on the relationship between mine 
waste contamination and the effects on aquatic and terrestrial habitats in the Methow River below 
abandoned mines near Twisp in Okanogan County, Washington (U.S.A.). Ore deposits in the area 
were mined for gold, silver, copper and zinc until the early 1950’s. An above-and-below-mine 
approach was used to study potentially impacted sites. Although the dissolved metal content of 
water in the Methow River was below the limits of detection, eleven chemicals of potential 
environmental concern were identified in the tailings, mine effluents, groundwater, streamwater 
and sediments (Al, As, B, Ba, Cd, Cr, Cu, Mn, Pb, Se and Zn).  The potential for ecosystem level 
impacts was reflected in the risk of contamination in the mine waste to communities and 
populations that are valued for their functional properties related to energy storage and nutrient 
cycling. Dissolved and sediment metal contamination changed the benthic insect community 
structure in a tributary of the Methow River below Alder Mine, and at the population level, 
caddisfly larval development in the Methow River was delayed. Arsenic accumulation in bear hair 
and Cd in fish liver suggest top predators are effected. In situ exposure of juvenile triploid trout 
(Oncorhynchus mykiss) to conditions at the downstream site resulted in reduced growth and 
increased mortality among exposed individuals.  Histopathological studies of their tissues revealed 
extensive glycogen inclusions suggesting food is being converted into glycogen and stored in the 
liver but the glycogen is not being converted back normally into glucose for distribution to other 
tissues in the body. Subcellular observations revealed mitochondrial changes including a decrease 
in the number and increase in the size of electron-dense metrical granules, the presence of 
glycogen bodies in the cytoplasm, and glycogen nuclei in exposed trout hepatocytes, which are 
signs that Type IV Glycogen Storage disease is occurring. GSD IV is caused by either a deficiency 
or inactivation of the glycogen branching enzyme that results in the synthesis of an abnormal 
glycogen molecule hat is insoluble and has decreased branch points and increased chain length. 
These results show that the effects of mine waste contaminants can be expressed at all levels of 
organization from molecular to ecosystem-level responses.   
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II. INTRODUCTION 
 
 

The University of Washington, College of Forest Resources and the Center for Streamside Studies 
in Seattle, Washington, are being funded by the Bonneville Power Administration and the Northwest 
Power Planning Council (NWPPC) to conduct a three-year research project and measure the effects of 
contaminants released from the abandoned Alder Mill, Alder Mine and Red Shirt Mill, which are located 
in an upland area near the Methow River south of Twisp, in Okanogan County, Washington. The 
Northwest Power Planning Council was directed by act of Congress in 1980 to protect, mitigate and 
enhance fish and wildlife populations that have been affected by the construction and operation of 
hydroelectric dams. The current NWPPC Fish and Wildlife program recognized the potential impact of 
abandoned mines on fish habitat and linked the Endangered Species Act and the Clean Water Act by 
describing the kind of ecological change needed to improve the survival and productivity of diverse fish 
and wildlife populations.  

Results we obtained from a preceding Bonneville Power Administration project, contract number 
98BI-09396, revealed that acid mine drainage and waste-rock leachate from the Alder Mine site were 
impacting the water, substrates and benthic macroinvertebrates of Alder Creek, a tributary of the Methow 
River. We showed the chemical, biological, and physical characteristics of Alder Creek have been altered 
and that impacts were greatest where AMD entered Alder Creek and declined downstream from the zone 
due to dilution, precipitation, and sedimentation.  

At the confluence of Alder Creek and the Methow River, where side channels serve as rearing 
habitats for juvinile salmonids including steelhead/rainbow (Salmo gairdneri) and Chinook salmon 
(Oncorhynchyus tshawtscha), water quality is considered to be good (Milton 1995). Although high 
concentrations of heavy metals are common in sediments even when they are undetectable in the water 
column (Dissmeyer 2000, USEPA 2000a), sediment quality in the Methow River has not been examined. 
Numerous stream sediment samples from widely dispersed sites in tributaries of the Methow River, 
including Alder Creek, have been analyzed for heavy metals as part of an assessment of mineral resource 
potential in the Okanogan National Forest (Grant 1982 and Boleneus and Chase 1999). While there are no 
state standards for metals in freshwater sediments, there are three sets of sediment guidelines adopted by 
the WDOE (Raforth et al., 2000) that can be used to evaluate the findings of the USFS 
 study.  Although the values for adverse effect can vary widely between the three guidelines, it appears 
that guidelines may be exceeded for Zn and Cu at six sites in the Alder Creek and Gold Creek watersheds, 
which are tributaries of the Methow River where numerous inactive mines are known to exist.              

Under certain biogeochemical or physiological conditions, contaminated soil, groundwater and 
sediments can provide a long-term source of microelements that can be toxic to aquatic organisms. The 
purpose of this project is to (1) describe the pathway of heavy metal dispersion from their source to 
sediments in the Methow River, and 2) assess ecological risk along the exposure pathway at various levels 
of biological organization including ecosystem, community, population, individual, tissue, and cellular.  

When concluded, this study will describe the processes responsible for the release of metals from 
small abandoned mine sites in an arid upland environment, their dispersal pathways, and their chemical 
and biological impacts on a large mainstem river. Based on these processes and pathways, specific 
remediation recommendations will be proposed. 
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III. SUMMARY OF PAST YEAR ACTIVITIES AND HIGHLIGHTS 
 
Field studies were started in March 2000 and laboratory analysis of chemical and biological 

samples began in September 2001. Data analysis and manuscript preparation also began in September 
2001. Highlights of the performance periods from March 15, 2001 to March 14, 2002 are: 

1. Submission of a manuscript on Health Risks Associated with Contamination of 
Groundwater by Abandoned Mines near Twisp in Okanogan County, Washington, to the 
Journal of Environmental Geochemistry and Health. 

 2. Prepared first draft of manuscript on the Chemical, Physical and Biological Effects of 
Mine Waste Contamination on a Headwater Stream in the North Cascade Mountains, 
Washington. 

3. Prepared first draft of manuscript on Trace Element Release and Dispersion from Sulfur-
Bearing Mine Waste and the Contamination of Sediments in the Methow River, Okanogan 
County, Washington. 

4. Began draft of manuscript on Ecosystem Level Effects of Contaminants from Abandoned 
Mine Waste near Twisp in Okanogan County, Washington. 

5. Completed Above-and-below controlled trout exposure study and measured effects of 
exposure to contaminated sediments on growth and mortality among juvenile triploid trout. 

6. Completed transmission electron microscopic (TEM) analysis of liver and kidney thin 
sections for mitochondrial biomarkers of exposure to metal contaminants. 
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Tissue samples were then dehydrated in a series of alcohol and embedded in Eponate. Ultrathin 
sections obtained with a Reichert/Jung Ultra-cut E microtome were collected on copper grids, 
contrasted with uranyl acetate and lead citrate. Duplicate samples not contrasted with uranyl 
acetate and lead citrate were also prepared to control for the effects of staining on the presence of 
electron-dense granules in mitochondria. Specimens were observed with a Phillips CM 100 
transmission electron microscope (TEM).  
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VI. KEY FINDINGS TO DATE 

Ecosystem 
Table 1 lists median concentrations of the eleven inorganic elements that were identified as 

chemicals of potential environmental concern (COPECs) based on the comparison of their 
concentrations in tailings, AMD, groundwater, and  sediments from the nearby Methow River to 
benchmarks for aquatic and terrestrial microbes, plants, animals, and estimated background 
concentrations. All eleven elements were COPECs in the tailings, but the number of COPECs in 
AMD, groundwater and Methow River sediments declined to 4, 2 and 3 respectively.  
 
 Since the concentration of COPECs would be relatively constant over time in tailings and 
because plants, earthworms, and microbes are immobile, no averaging over time was necessary. 
Also, since the maximum element concentration in tailings would imply that at least some 
organisms are at risk, when the median element concentrations exceed benchmark values as they 
do in this study it would be reasonable to expect that most organisms at the site would be exposed 
to potentially toxic levels of the element. Table 2  shows five of the COPECs, Al, B, Cd, Mn, and 
Zn, were accumulated in aspen leaves from sites contaminated with tailings and that these 
elements became magnified in aspen leaf miner larvae that fed on the contaminated leaves. 
 
 Terrestrial wildlife average their exposure to inorganic contaminants in AMD as they move 
across a range. Aquatic organisms also average their exposures over time in water where the 
concentration of dissolved contaminants varies seasonally. Three COPECs, Cd, Mn, and Zn were 
also were also found accumulating in triploid trout gill samples (Table 2), Cd was elevated in trout 
liver samples and As was found accumulating in the hair collected from black bears in the vicinity 
of the Alder Mine.  
 
Community  

The species composition in contaminated Alder Creek was distinctly different from 
reference stations along Poorman Creek. Forty-eight taxa were identified in this study. A 
comparison of the community structure of the Poorman Creek reference stations to that of Alder 
Creek, including the 34 most abundant taxa, is given in Figure 3. The number of taxa and 
abundance of macroinvertebrates was less in Alder Creek stations 4-6 than in Poorman Creek 
reference stations 7-9. Abundance in Alder Creek recovered from its minimum at station 4 to 
levels that were similar to the downstream levels in Poorman Creek at station 6 (n=6, r=0.95, 
p<0.05) . A similar trend for taxa richness in Alder Creek revealed an increase with distance 
downstream from mine outfall (n=6, r=0.95, p<0.05). 

 
 Baetis, Cinygmula, Chloroperlidae, Heterlimnius, and Chironomidae, the dominant taxa 

based on overall abundance, could be found at all sites in the reference stream (Poorman Creek) 
although not always in the same order. Of the dominant taxa in Poorman Creek, Baetis, 
Chloroperlidae, Heterlimnius, and Chironomidae were reduced by at least 50% in Alder Creek. 
Cinygmula was the second most abundant taxa in Poorman Creek and in Alder Creek it was the 
second least abundant. Out of the 48 taxa found in Poorman Creek, 17 taxa (35%) were absent 
from Alder Creek. Simulidae, which occurred infrequently in Poorman creek, was the dominant 
taxa in Alder Creek.  
 

For all stations in Alder Creek, 10 taxa (i.e., Baetis, Pelecorhynchidae, Amphinemura, 
Zapada, Heterlimius, Simulidae, Chironomidae, Gammaridae, Polypectropus, Ryacophila) 
accounted for 80% of the total individuals, which is similar to reference stations 7-9 in which 11  
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 X. EXPECTED ACCOMPLISHMENTS FOR  
3/15/2002 – 3/14/2003 PERFORMANCE PERIOD 

 
1. Complete preparation and examination of gill, liver, kidney and small intestine tissue  
 sections stained with H&E, Mallory’s and Mallory-Parker stains using light microscopy. 
 
2. Complete preparation and examination of gill, liver, kidney and small intestine tissue  
 sections from trout using transmission electron microscopy. Midgut epithelial cells  

will also be examined for evidence of heavy metal exposure in aquatic and terrestrial  
invertebrate larva. 

 
3. Use transmission electron microscopy and energy dispersive x-ray analysis to identify the  

heavy metal composition of the submitochondrial granules in trout and invertebrate larva.  
Relate metals affecting mitochondrial function to tissue, organ, individual, population,  
community and ecosystem level effects of heavy metal pollution. 

 
4. Recommend restoration guidelines and biological goals that target identified pathways  

and processes of metal pollution affecting salmon habitat in the Methow basin. 
 

5. Present paper, “Contamination from Abandoned Mines and its Impact on Organisms in 
the Methow River, Washington, USA” at the International Conference “Disturbed  
Landscapes” in September 2002 at the Brandenburg University of Technology, Research  
Center for Mining Landscapes, Cottbus, Germany. 

 
6. Submit peer review journal publications. 
 
7. Analyze data and format for submission to Web-Archive (e.g., WDOE and BPA) 

 
8. Prepare final Report. Include bibliography of reports, posters, and presentations 
 
  
 
 
 

 


