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Abstract

The Salmon River in Idaho is the largest un-dammed tributary to the Columbia River
drainage; it contains the most stream habitat for anadromous salmonids of all the tributary
watersheds that make up the Columbia River drainage. Panther Creek, a major tributary
to the Salmon, receives metals contaminated mine drainage from t-heBlackbird Mine.
This survey was conducted to: (1) make a reconnaissance of the distribution of metals
contamination in Panther Creek sediments, (2) determine whether sediments collected
from Panther Creek were toxic to aquatic invertebrates, and (3) assemble other data
relating to the exposure potential and effects of contaminants of concern to natural
resources for which NOAA has trustee responsibilities (anadromous salmon and trout).
Data on mine effluents from headwaiters areas, contamination in downstream surface
water and sediments and sediment-water partitioning are compiled. These are compared
to accompanying benthic communities and fish populations in Panther Creek.

Arsenic, cobalt and copper concentrations in sediments downstream of the mine effluents
were elevated up to 300 times the upstream concentrations while only cobalt and copper
were elevated in surface water. Cobalt and copper but not arsenic were readily released
from sediments in leaching tests. Toxicity of metals in Panther Creek sediments was
estimated through laboratory growth and survival testing with the amphipod Hyalella
azteca. Cobalt and copper but not arsenic concentrations in sediment were strongly
correlated with Hyalella toxicity. Normalalizing metals concentrations to the amount of
organic carbon in the sediment significantly increased the strength of the correlations,
suggesting that the organic carbon content may moderate the bioavailability of copper
and cobalt in sediments. Surface water and sediment contamination patterns
corresponded to altered benthic community structure and reduced fish populations. The
effects of copper and cobalt to invertebrates and salmonids from controlled experiments
reported in the literature and those observed in Panther Creek are similar. Additionally,
studies from other areas with similar metals contamination strongly suggest that
(1) copper contamination impedes homing and downstream migratory behavior in
anadromous salmonids, and (2) metals in the food chain are an important factor in
reducing the survival and growth of juvenile salmonids.
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I. Site Description and History

The Blackbird Mine, on a high divide in the Salmon River Mountains at the edge of the
River of No Return Wilderness in east-central Idaho, is about 36 km southwest of the town
of Salmon. Two streams, Big Deer Creek to the North, and Blackbird Creek to the south,
drain the mining area. Both streams flow east into Panther Creek which then flows north to
the mainstem of the Salmon River (Figure 1). Panther Creek is one of the seven major
tributaries of the Salmon River, which, in turn, is the largest sub-basin of the Columbia
River, excluding the Snake River, and has the most stream habitat available for anadromous
salmonids. Panther Creek, 71 km long with a drainage area of about 1380 km2, makes up
about 10 percent of the overall Salmon River watershed by area. Panther Creek contributes
between about 8 percent (February) and 19 percent (May) of the mean Salmon River
flowsl.

The Blackbird mine is one of the largest cobalt deposits in North America. The primary
sulfide ores are a cobalt-arsenic sulfide called cobaltite (CoAsS), chalcopyrite (CuFeS2),
pyrite (FeS2), and pyrrhotite (FeS). Mining gold and copper has continued intermittently
since the 1890s. The mine has been inactive since 1982. It has about 24 km of
underground workings (12 levels with 8 portals), a five-ha open pit, and about 34 ha of
exposed metals- contaminated mine waste (Bennett 1977; Reiser 1986).

Panther Creek formerly supported large anadromous chinook salmon and steelhead trout
runs. The loss of anadromous fish runs in the Panther Creek drainage has been linked
closely with mining activity and mine practices at the site. Some of the earliest reports
(ea. 1930) on mining in the area suggest that all mine tailings were channeled directly into
Blackbird Creek (Reiser 1986). Settling ponds and tailings pipelines were subsequently
constructed in the 1940s and 1950s. These containment methods frequently failed with
periodic spills of tailings going unchecked into Blackbird and ultimately, Panther Creek*.
Open-pit mining began in about 1954 in the Big Deer drainage, resulting in contaminated
mine drainage entering Panther Creek via Big Deer and Bucktail creeks (Reiser 1986).

Welsh et al. (1965) described the mining activity as follows:
. .

“Above Blackbird Creek, no stream pollution exists. From 1948 to 1961, a mine
located at the head of Blackbird Creek employed a flotation process for ore
separation. A number of reagents were used, including sodium sulfide, sulfuric
acid, and pine oil. The effluent was then run into a settling pond where the sediment
dropped out. During the winter the pond would freeze and sediment escaped into
Blackbird Creek and Panther Creek. Unless lime was added at the settling pond, the
water in Blackbird Creek was highly acidic. After entering Panther Creek, the
acidity was dissipated by neutral water and a heavy reddish precipitate which
persisted for about 10 miles formed on the bottom of the stream.”

In December 1983, the Idaho Attorney General filed suit for recovery of damages for injures
to natural resources caused by releases of hazardous substances from the Blackbird Mine
site against Noranda Mining Inc., Howmet Turbine Component Corporation, and the Hanna
Mining Company, alleging pollution damages to state surface and ground waters. The suit
and related claims are still unresolved. In May 1993, EPA proposed the Blackbird Mine for
inclusion on the Superfund National Priorities List (NPL).

1 Gauged near the mouth of Panther Creek from 1945-1977 (CBFWA 1990)

2 Nelson et al. (1991) p. 443 includes a photo of this practice; Blackbird Creek flowed directly through

tilings piles.
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Figure 1. Blackbird Mine study area in the Salmon National Forest, Lemhi County, Idaho.
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II. Pathway Characterization

The Blackbird and Big Deer Creek drainages are the pathways for contaminant migration
from source areas at the mine to Panther creek the habitat ofconcern for NOAA trust
resources (anadromous fish). The Blackbird mine study area is located in tanarea of high
mountain ridges, and steep canyons varying in elevation from 2,370 m at the divide between
the two drainages to 990 m at the confluence of Panther Creek with the Salmon River
(Figures 1 and 2). A tributary to Blackbird Creek, Meadow Creek flows south through the
mine area before joining Blackbird Creek, then flowing about 10 km downstream from the
mine to join Panther Creek about 40 km above its confluence with the Salmon River.
Bucktail Creek has its headwaiters in mine waste just below the open pit it then joins the
South Fork of Big Deer, and then Big Deer Creek, before joining Panther Creek about 19
km above its confluence with the Salmon River.

Besides the Blackbird Mine, there are few likely sources of chemical contamination to the
Panther Creek watershed. The patented (privately owned) mine lands are surrounded by the
Salmon National Forest. The River of No Return Wilderness borders the Blackbird mining
district to the west, including upper Big Deer Creek. There are several comparatively small
mining sites on other Panther Creek tributaries, including the Blackpine Mine on Copper
Creek and the Copper King Mine on Beaver Creek. These other mines do not appear to
measurably contribute to Panther Creek metals contamination. This is discussed further in
Section IV.

The Acid Mine Drainage Problem
Mining activities release metals both by breaking up previously impermeable rocks and
exposing them to water, and by exposing sulfide-containing rocks to oxygen, resulting in
rapid alteration and dissolution. Acid mine drainage (AMD) often results when sulfide
minerals are either in the ore or in the surrounding waste rock. Aided by bacterial
decomposition, acid is produced when metal sulfide ores react with oxygen-rich water,
forming metal ions, sulfate, and hydrogen ions. When these sulfide minerals, particularly
pyrite and pyrrhotite, are exposed to oxygen and water, they begin to oxidize almost
immediately. In the absence of calcareous materials, the initial chemical reactions produce
acid and liberate heavy metals associated with the waste deposit. As the reactions proceed,
temperature and acidity increase, resulting in an increased reaction rate. Between pH levels
of 2 and 4, bacteria and ferric iron catalyze the reactions, and rates can be five to six orders
of magnitude faster than the original inorganic rate. Once established, these reactions may
continue undiminished without oxygen and throughout the low temperatures of winter.
Spring snowmelt then flushes the metal salts and toxic solution from the interstices of the
waste rock into the downstream waters (Nordstrom 1982; Smith et al. 1992).

Surface Runoff Pathway
Infiltration and runoff provide the surface water pathway for transporting contaminants from
surface deposits at the site to the downstream aquatic habitats of concern result from.
Precipitation, mostly snowfall, liberates soluble metals from contaminated surface deposits
and transports them downstream through Meadow and Bucktail creeks (Figure 2). During
the stable low-flow conditions of late summer to late winter, acid mine drainage from mine
water, and contaminated springs and seeps at the bases of waste piles create surface runoff
pathways. During spring runoff, the amount of contaminants and the number of sources
greatly increase through the surface runoff pathway. Waste rock is eroded as: sheet runoff
removes thin layer containing metal evaporation salts from waste piles, tailings piles, and
road surfaces (constructed from waste reek and mill tailings); gully erosion of waste piles
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Figure 2. Drainage features and types of contamination associated with the Blackbird mine, Lemhi County, Idaho.
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occurs; channel scour resuspend and increases contaminate stream sediment load; and
releases metals from snow containing contaminated dust layers (Reiser 1986). The
Blackbird Creek floodplain contains sulfidic tailings (Beltman et al. 1993). In semi-mid
areas of North America, metal sulfates precipitate in surface sediments as porewaters
carrying by-products of sulfide oxidation evaporate. The crusts will form on stream-side
tailings on the floodplain. The salts dissolve readily and release metals in water-soluble
forms (Nimick and Moore 1991).

Relationship of snowpack to acid mine drainage

Studies of snowpack chemical contamination, sources of snowpack contamination, snow
meltwater contamination, and streamflow contamination at the site have shown that the
snowpack was a major pollution sink and pathway for acid mine drainage. The steep, open-
pit walls and other windblown areas of the mine stay snow-free much of the winter. Highly
contaminated blowing “snowdust” from these areas settled and accumulated on the surface
of the snowpack. It contributed water-soluble oxidation products directly to runoff and
provided reactive material for further oxidation. Snow meltwater from the site was triply
contaminated: (1) contaminants from the snowdust probably concentrate on the surface of
ice crystals; (2) contaminants are wicked by capillary action into the snowpack base from the
ground surface; and (3) sheet flow surface water picks up soluble oxidation products on its
way to stream courses. These soluble oxidation products were quickly flushed from the
snowpack into streamflow at the first thaw, with a spike of greatly increased metals levels
occurring several weeks before peak spring runoff. Sampling later during the spring runoff
showed reduced metal concentrations due to dilution (Fanner and Richardson 1980).

Baldwin et al. (1978) reported a similar trend following extensive sampling over several
seasons. They reported that streamflow and metals concentrations in the surface water
pathways in the Blackbird mining area were closely interrelated. Metal concentrations were:
(1) low during winter months, (2) increase sharply during the initial spring runoff period,
(3) were very low during the latter part of the spring runoff, and (4) rise gradually during
later summer months. About 75% of the total annual metal productions occurred during
April and May.

I
Groundwater Pathway

Groundwater at the Blackbird area occurs in both fracture-controlled bedrock systems and in
alluvial (unconsolidated surficial) deposits. Near-surface bedrock groundwater is expressed
as seeps, springs, and mine portal discharges. Two major alluvial aquifer systems have
been identified at the site: (1) natural alluvial material containing groundwater, which is in
direct hydraulic contact with streams at the site, and (2) groundwater flow through the large
deposits of mine wastes in the Blackbird and Bucktail drainages (Baldwin et al. 1978).
Figure 3 shows potential groundwater flow patterns in the headwaters of Bucktail Creek
relating to the mine workings. Since the Baldwin study, Noranda has reportedly routed
most of the mine water that flows through the underground workings to the 6850 foot level
where they collect and treat the water although no as-built descriptions of the current mine
conditions were available (Reiser 1986).
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Figure 3. Blacktail Pit and the headwaters of Bucktail Creek, During August 1992 (a drought year), the 7117 portal was dry and the 7265 portal
was draining mine water.



III. Potentially Exposed Resources

Habitat Characterization
The habitats for anadromous fish at risk from contamination from the Blackbird Mine
include the entire length of Panther Creek and, potentially, the mainstem of the Salmon
River, the downstream limit of the chemical contamination signal from Blackbird has not
been delineated beyond its confluence with the Salmon River (discussed in Section IV).
Panther Creek and its tributaries, as part of the Middle Salmon-Panther hydrologic unit, are
designated as critical habitat for the threatened Snake River spring/summer chinook salmon
(Oncorhynchus tshawytscha3; NMFS 1993). Also, all surviving individuals of the
endangered Snake River sockeye salmon (Oncorhynchus nerka) must pass by Panther
Creek on their migratory pathway up the Salmon River to their last remaining spawning
grounds in Redfish Lake in the Salmon River Basin upstream from the Panther Creek
drainage (NMFS 1991b, 1993). The loss of habitat in Panther Creek resulting from water
quality degradation from the Blackbird Mine was specificallycited as a contributing factor
leading [o the decline of the Snake River spring/summer chinook salmon species (NMFS
1991a).

Essential features of critical habitat for both listed sockeye and chinook salmon species
include adequate substrate, water quality, water quantity, water temperature, water velocity,
cover/shelter, food, riparian vegetation space, and migration conditions. The water,
bottom, and adjacent riparian zone are included as critical habitat including river reaches that
are not presently inhabitated by them. Because of the contribution of essential habitat
elements such as food, water quality, gravel, and large woody debris, critical habitats were
designated on a hydrologic unit rather than an individual reach basis (NMFS 1993).

Habitats for the anadromous chinook salmon and steelhead trout occur in Panther Creek
from its mouth for about 65 km upstream to the upstream limit of anadromous salmonid
habitats near Opal Creek, and in portions of seven tributary streams. Reiser (1986) made
detailed qualitative and quantitative surveys of salmon and steelhead spawning and rearing
habitats in the Panther Creek drainage to determine the limiting habitat component for
anadromous fish (i.e., rearing or spawning). He stratified Panther Creek into five discrete
salmonid habitat types (Table 1).

3 The reports referenced here generally refer to three forms of chinook salmon that enter the Snake River

(spring-, summer-, or fall-run). Based on evaluating reproductive isolation and genetic/ecological
diversity, the NMFS determined that under the Endangered Species Act, Snake River chinook salmon

consist of two species, the spring/summer and the fail ‘species.” In the Salmon River sub-basin including

Panther Creek, the spring/summer form is the only species occurring. All references to ‘chinook-or

“salmon” in this report refer to Snake River spring/summer chinook salmon.
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Table 1: Panther Creek chinook salmon and steelhead trout habitat types (Reiser 1986).

In the Panther Creek system, summer rearing habitat is the lirrtitin~ factor for anadromous
f“h production, rather’than $awning areas.”Unlike suitable spaw%ing habita~ the majority
of habitat required for steelhead and chinook rearing occurs downstream from Big Deer and
Blackbird Creeks. For both, about 40% of the rearing habitat in the Panther Creek dxainage
occurs between the mouth and Big Deer (leek and about 70%o occurs between the mouth
and Blackbird Creek. These stream surveys emphasim the significance of the lower reaches
of Panther Creek below the mine influences for smoh rearing. Juvenile salmonids would
rear in lower Panther Creek for several months; water quality needs to be sufficient to not
harm juvenile salmonids during this length of exposure for rearing habitat to maintain
steelhead or chinook in the Panther Creek drainage. Metals concentmtions that have been
shown to harm juvenile salmonids are compared to Panther Creek conditions in Section V.

Less than five percent of the of the habitat suitable for chinook salmon spawning in the
drainage is below Big Deer Creek, including available habitat in Clear Creek. For steelhead
only 15 $ZOof the spawning potential exists below Big Deer Creek (Reiser 1986). Thus for
successful reproduction in the Panther Creek system water quality conditions in the lower
reaches must not interfere with the fishes’ passage to the spawning habitat upstream of
Blackbird Creek Studies linking copper concentrations with disrupted upstream passage of
adult salmon and downstream passage of juvenile salmon are also compared to Panther
Creek conditions in Section V. Figure 4 shows the approximate locations of chinook
salmon spawning habitats in the Panther Creek system.

Cascades in Big Deer Creek block passage to anadromous fish at about 1.0 km above the
confluence of Panther. Other than Blackbird Mine effluents, the Big Dwr drainage is
crirrently a roadless, largely pristine area, although the Forest Service plans to build a bridge
across Panther Creek and a road up the Big Deer drainage in order to promote logging in the
drainage (USFS 1993). Blackbird Creek could potentially be habitat for anadromous and
resident fish. The drainage is cumently uninhabitable by most aquatic life below the
confluence of mine effluent from Meadow Creek. The riparian zone in the Blackbird
floodplain is denuded of vegetation in areas where mine tailings are deposited near the
banks. However, Blackbird Creek has a similar size, gradien~ and valley type as Musgrove
Creek, which does provide habitat for anadromous and resident fish.

III. Potentially Exposed Resources 8 PNRS: Blackbird Mine
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Figure 4. Salmon spawning habitats in the Panther Creek drainage. Rearing habitats occur throughout
all reaches of Panther Creek and in the lower reaches of several tributaries (from Reiser 1986).



The subsmates of salmonid streams ,are important habitats for incubating embryos and
aquatic invertebrates that provide much of the food of salmonids, and they provide cover for
fish in summer and winter. Sii[ and sand substrates have little or no value as cover for fish.
Larger substrate materials provide visual isolation and their interstitial spaces are often the
primary cover, along with depth and water turbulence, in some streams. Salmonids will
hide in the interstitial in stream substrates, particularly in winter when the voids are
accessible. The summer or winter carrying capacity of the stream for fish declines when
fine sediments fdl the interstitial spaces of the substrate (Bjornn and Reiser 1991).

Reiser (1986) reported that stations in Panther Creek upstream of Blackbird Mine and in six
unaffected tributaries, fine sediments filled an average of 10% of the substrate interstitial
spaces (range of O-15%, nine study stations). At the Panther Creek stations downstream of
the Blackbud Mine, fine sediments filled an average of LUY%Oof the substrate interstitial
spaces (range 25-6(Y-ZO,five study stations).

Resource Utilization
The “spring/summer” chinook are the only chinook that are found in the Salmon River
drainage. Two groups of steelhead occur in the Salmon drainage. The “A-run” are fish that
pass over the Bonneville Dam by August 25; they are predominately 1-ocean fishd that are
about 63-70 cm long and average about 3 kg. The “B-run” fish that pass Bonneville later,
are predominantly 2-ocean fish, weighing 5-6 kg and are about 80-88 cm long. The Panther
Creek steelhead are all “A-run” (CBFWA 1990). Figures 5 and 6 show seasonal
disrnbution and the life history of chinook and steelhead in the Salmon River subbasin.
Fish species Occurnng in the Panther Creek drainage and chinook salmon redd (gravel nest)
are listed in tables 2 and 3. Chinook salmon spawning counts are traditionally made horn
their distinctive redds which may be counted from the air. No systematic counts of
steelhead spawning by stream have been made in Idaho since they spawn in the spring when
the water is sometimes turbid.

Figure 5. Freshwater life history stages of chinook salmon and steelhead trout in the middle-
Salmon River sub-basin (Everest and Chapman 1972, CBFWA 1990).

4 Refers to the number of years spent in tic? ocean: a l-ocean ~sh has spen[ onc year rearing in tic ocean,

I
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Figure 6. Life history and habitat needs for steelhead trout and chinook salmon in the Salmon River sub-basin
(Life history from Orcutt et al. 1968; Chapman and Bjornn 1969; Everest and Chapman 1972; and
Healey 1991; habitat needs from Reiser 1986 and Bjornn and Reiser 1991).



Table 2. Fish species occurring in the Salmon River and Panther Creek drainages.
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Table 3: Chinook salmon spawning observations (redd counts) and introductions in Panther Creek
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Figure 7. Comparison of chinook salmon redd counts in the Salmon River basin 1957-1992.
Panther Creeks runs were already affected by the Blackbird Mine when these counts
were started. (Source: Table 3; IDFG unpublished data 1992)



Anadromous fish populations throughout the Snake River drainage have precipitously
declined due to many factors (e.g., dams, habitat degradation, overfishing) the deeline in
Panther Creek populations exceed that of nearby streams that also suffer the same
downstream factors. Figure 7 compmes the numbers of chinook salmon redds from various
streams in the Salmon River drainage. Chinook spawning runs in Panther Creek began
clearly declining in the 1950s, long before major downstream dam effects, and were
completely eliminated by 1962 (Chapman et al. 1991). Efforts to reintroduce chinook and
steelhead into Panther Creek have had less success than stocking efforts in other Salmon
River streams (Table 3).

.
mmercial and Rec eatr ional Fisheries

Based on interviews of senior residents on anadromous fish catches in Lemhi county in the
mid 1960s, the Idaho Department of Fish and Game (IDFG) estimated that, prior to 1945,
salmon and steelhead returns in Panther Creek were similar to the Lemhi River’s returns.
From this the department estimated the annual return of adult chinook to Panther Creek to
about 2,(XI0 adults prior to 1945 (Corley 1967). Recently, two independent estimates of
anadromous fish potential productions have been made. Reiser and coworkers estimated
salmon and steelhead production based on detailed habitat inventones of Panther Cm.ek and
tributaries expeeted to support anadromous fish. Based on detailed field surveys of
available habitats, limiting factors, and estimates of survival at different life stages, they
estimated the smelt productions for Panther Creek and tributaries. The number of returning
adult salmon and steelhead were based on smelt-adult returns to the fDFG Pahsimeroi
hatchery, which is on a rnbutary of the Salmon further upstream tiom Panther Creek. For
their estimates Reiser (1986)(1) assumed that all habhms degraded by water quality
problems were restored and (2) used available habitat under different flow conditions. The
Columbia Basin Fish and Wildlife Authority’s System Planning model methods used a
computer watershed database to estimate all accessible habitats mapped and did not involve
field stuveys. They also included an estimate of potential re-established chinook and
steelhead in the Panther Creek drainage under existing degraded conditions. Both models
reportedly considered downstream effects in their capacity estimates. The IDFG maintains a
non-sustaining resident rainbow trout sport fishery on Panther Creek through annual “put
and take” stocking (IDFG 1993).
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Table 4: Estimated Panther Cr. salmonid smolt capacity and expected adult returns
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IV. Chemical Contaminants of Concern

The contaminants of primary concern to NOAA are trace elements that have been mobilized
by mining and enter the Panther Creek watershed at higher concentmtions than would
naturally occur in an undisturbcxl highly mineralized drainage. Antimony, arsenic, cobalt,
copper, iron, manganese, nickel and zinc occur in the Big Deer and Blackbird drainages
above background levels (Behman et al. 1993, Wai and Mok 1986). However, further
from the mine in the larger downstream waters that could support salmonids (Blackbird, Big
Deer, and Panther creeks), only copper, arsenic, and cobalt occur at levels of concern
(exceed water quality criteria or at concentrations in sediments predicted to be harmful).
This review focuses on the disrnbution of these three elements.

No studies of contamination at Blackbird Mine have been undertaken as part of the NPL
remedial process. However many others have collected data on mineralization, the sources,
extent, and fate and effects of the acid mine drainage at Blackbird Mine. The U.S.
Geological Survey, Forest Service, Bonneville Power Administration, University of Idaho,
State of Idaho, and Noranda have conducted studies at the site. Among the signillcant
studies on contaminants of concern are those by Baldwin et al. (1978), Reiser ( 1986), and
Beltman et al. (1993) which describe sources of contaminants at the site. Wai and Mok
( 1986) studied the effects of contaminated sediments on water quality and McHugh et al.
(1987) described background concentrations of metals in the Blackbird region.

Background concentrations of metals in the Blackbird region

Metal-rich wastes from the Blackbird source areas and downstream contamination need to
be evaluated in the context of natural background metals in the area While dissolved copper
concentrations of 0.4 to 4 yg/1 are typical in surface waters of the United States away from
the immediate influence of discharges (Stephan et al. 1994), ambient metals concentrations
in water resulting from natural weathering and leaching of mineralized areas may be above
national criteria levels. However, the natural background geochemistry may be obscured by
the overprint of the mining activities. Natural background concentmtions in mineralized
disrncts need to be characterized to help $wise realistic plans for mediation and
monitoring. Three methods are generally described for estimating natural background
geochemisny of water in mineralized areas that have been mined examination of historical
documents, comparison to natural concentrations in undistur~ similarly mineralized
areas, and predictive theoretical geochernical modeling (Runnells et al. 1992). In the
Blackbud mining Q information from two of the three methods is available. Pre-mining
disturbance geochemical surveys provide a historical record of metals levels. Natural metals
concentrations in undisturbed mineralized areas in the region ate also available for
comparison.

Blackbird Mine deposit is part of a 50 km-long zone of mineralization with naturally
enriched levels of copper, arsenic, and cobalt. Lund et al. (1983) identifkd areas with
copper-cobalt mineralization similar to the Blackbird Mine based on (1) rock units similar to
the stratabound deposit at Blackbird mine; (2) similar form of cobalt mineralization along
Elkhom Creek (3) geochernical anomalies similar to those a.mund Blackbird; (4) the areas
occur within the northwest-trending belt of cobalt-copper mineralization (Idaho Cobalt Belt)
that extends at least 50 km from Iron Creek through the Garden and Elkhom Creek
drainages to the north side of the Salmon River. Tables 5 to 7 present a summarize metals
levels in surface water, stream sediments, and rocks and soils fmm drainages in the
mineralized Idaho cobalt-copper belt areas and non-mineralized areas in the Blackb~d
vicinity.
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Table 5. Background levels of metals reported in surface water in the vicinity of the Blackbird
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Table 6. Background levels of metals reported in stream sediments in the vicinity of the Blackbird

mining area (in mg/kg,dry weight)
Stream Sediments: Drainages with areas of reported high cobalt-copper

mineralization

Bucktail Creek-head
(pre-mining disturbance)

Bucktail Creek-mouth
(pre-mining disturbance)

Elkhorn Creek

Garden Creek

Little Deer Creek-Head
Little Deer Creek-Mouth

Unnamed streams between
Little Deer and Buc+dail
Creeks

Indian Creek
Beaver Cr drainage-upper
Beaver Cr (Mouth)

Copper Creek-Mouth

Iron Creek

Drainages in the E

Bg Deer Cr. above S. Fork
(Blackbird mine
influences)

South Fork Bg Deer Cr.
above Bucktail Cr

Bg Deer Cr. bebw S. Fork -
pre-mining disturbance

South Fork Big Deer Cr.
below Bucktail Cr - pre-
mining disturbance

Yellowjacket Creek

Clear Creek(including
samples below
mineralized Elkhorn)

Panther Creek upstream of
Blackbird

Sources: A; Canney and

Copper tibalt Arsenic

Min. Max, Min. Max. Mm. Max.

10,000 400 m NT

400

7 100

5 500

28 780
370 542

20 297

15 500
27 151
14 27

77

15 25

200 Nr

<lo 500 -

5 500 <lo

238 278 NT
163 261 41

10 436

5 200 <lo
10 14 NT
11 12 NT

8-

10 15 NT

NT

-200

500

NT
52

-a)o

200
NT
NT

21

NT

~ckbird mining area without report{
mineralization

Coooer Cobalt Arsenic~n ‘“
Max Min “ Max Min Max

5 150 5 50 1

7 427 12 15

10 10

80 100

5 70 4 50 C5

C5 70 & 20 <lo

8 67 4 130 7

5

13

NT

NT

5

<10

148

Source/Comments

A Single sample

A Single sample

n. 23, Median Cu value
15 mg/kg, Co median 10
mg~g (B,C)

n.27 Median Cu value was
30 mgkg, Co median was 30
(B,C,D)

D n=3
D, J n=5

n.22. NE side of Blackbird
Ridge (8069 ridge) (B,D)

B,C,D J n=l 1
D
D Bebw Copper King Mine

E Below BlackPine Mine,
n=l
F Authors conclude
background Cu is 20 ppm
n=2 (above mining act”wity)

i high cobalt-copper

Sources

C,G, H

D. H (Single As sample)

A

A

G Median Cu value in upper
Clear and Yellowjacket 20
mgkg. n. 144
B, C,D,G

E,l

inq1966; B: Evans et al. 1993: C: Cater et al. 1975; D: Bennett 1977:
E: This study F: Erdrnan and M-odreski 1984; G: Hopkins et al. 1985; H: Hull 1992; 1: Sauter and Wai
1981: J: Mebane 1994. NT- Not tested
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Table 7. Background levels of metals reported in undisturbed rocks and soils in the vicinity of the
Blackbird mining area (in mg/kg, dry weight)

Blacktail open pit area pr”mr
to mining disturbance

Banks of Blackbird Creek-
above Meadow Creek

North side of Blackbird
mining area (Inc. Lmle
Deer, CWarlz Gulch areas)

Forest topsoil N. of open
pit waste pile

Indian Creek

Elkhorn Creek

Garden Creek

Lower Panther Cr canyon

Beaver Cr drainage

(@per King Mine area)

Salmon River Canyon (near
benchmark 3067)

U.S. soils (average)

copper

Min Max

60 2400

30 700

4 479

1268 1441

11 541

5 1500

5 1500

5 1500

9 130

>20,000

30

Cobalt

Min Max

10

10

6

122

9

&

5

7

10

400

100

273

142

436

700

70

10

45

>2000

8

Arsenic

Min Max

NT

NT

8

-3

-43

C5

NT

NT

NT

10

NT

900

500

500

NT

830

5

Source and comments

A Grid of 371 samples, median
Cu value was 150 ppm, CO 60

A Transed of 66 samples,
median Cu value was 100 ppm,
co 20

B

C Two samples

B

D n=9, median Cu 100pprrr, Co
10ppm, Asl Oppm

D

D

B

Single rock sample chipped
from a cobalt bloom (D,E)

F

Sources: A: Canney et al. 1953; B: Bennett 1977; C: Farmer and Richardson 1980; D: Evans et al.
1993, E: Evans pers. comm., F: Lindsay 1979~,,

NT - Not tested

In addition to geochemical data, extensive outcrops of ferrecrete (literally, iron cement), a
metallifemous material resulting from weathenn~ the sulfide-bearing ore zones, have been
reported in upper Meadow Cre~k. These ancien~streambed outcrop< indicate &at Meadow
Creek has naturally had acid rock drainage, presumably also elevating metals levels
downstream in Blackbird Creek (Peters 1981).

The most extensive data on background levels is for soils, with about 2000 samples from
the 1953 Canney et al. study and 163 from the 1977 Bemett study. Canney et al. reported
about two-thirds of the Blackbird site had elevated cobalt and copper soil levels, defined as
exceeding 100 and 80 ppm respectively. Median soil copper concentrations were 150
mg/kg in undisturbed forested areas where the open pit was subsequently excavat~ median
soil copper concentrations were 100 ppm in undisturbed areas along Blackbird Creek (Table
7). The stream sediment chemistry data from the Blackbird region is also extensive - over
760 sample results were reviewed. In streams not reported to have high cobalt-copper
deposits, median copper concentmtions were 20 ppm; the range was + -427 ppm. Cobalt
concentrations ranged from +-130 ppm; the median concentration was 15 ppm. Few data
on arsenic were available; reported concentrations ranged from 1-148 ppm in sediments
which where were not known to be contaminated by mining (Table 6). Reliable surface

I

i
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\vater data were the most limited data seq with data from 54 samples reviewed. In
mineralized drainages, most copper concentrations were between 2 and 15 ppb, maximum
dissolved copper and cobalt concentrations were 40 and 80 ppb, respectively. In the non-
minemlized drainages, copper concentrations were from <1 to 10 ppb and cobalt
concentrations were less than 10 ppb (Table 5).

From this review, it appears that streams with anomalous y high natuml background metals
levels are small, first-order streams. Their metals signal is quickly lost or reduced once they
join larger second or third-order streams. Median sediment copper concentrations reported
from reconnaissance suxveys of streams with undisturbed, highly mineralized areas
occurring in the drainage were similar to streams without reported mineralized areas -30
ppm and 15-20 ppm respectively. Meadow, Blackbir~ and Bucktail Creeks were naturally
mineralized areas before the mining disturbances occurred. Higher, “mineralized
background” levels seem appropriate to compare with these streams. The other pam of Big
Deer and Panther Creek drainages are generally outside the areas identified in the
geochemical surveys as highly mineralized. For example, Clear Creek may be analogous to
Big Deer Creek which has a highly mineralized tributaty, Bucktail Creek. Clear Creek also
has a highly mineralized rnbutary, Elkhom Creek, yet stream sediment and surface water
values are not significantly higher than the other streams in the region. Metals levels from
the “non-mineralized” drainages may be near background values for Big Deer and Panther
Creeks.

Source and Path way Characterization
The four major sources of contaminants of concern to NOAA are(1) contaminated surface
deposits resulting from mining activities, (2) contaminated water discharged from the mine
openings, (3) contaminated groundwater dischargtxl from seeps and (4) contaminated
streambed sediments in source rnbutaries.

surface der)os &i

Contaminated surface deposits at the site include waste rock piles, mill tailings,
contaminated floodplain soils, and dredge spoils. Figure 8 shows the location of types of
surface contamination at the Blackbird Mine. Limited chemical sampling of the surface
wastes was conducted as part of the 1992 source identification study; results are
summarized in Table 8:
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Table 8. Contaminants levels in Blackbird Mine surface deposits (in mg/kg, dry weight)

Surface Deposits (Including tailings, waste rock and floodplain soils)

Blacktail open pIt

Mine waste piles

Efflorescent crusts on
waste piles

Soils and tailings in
Blackbird Cr floodplain
and along banks

Mill tailings

Sources: A: BeHman e

(@per
~dln Max

2180 5190

1150 13,100

1930 20,200

171 1930

813 21,400

,1.1993. B. IC

Cobalt
Mm Max

181 310

143 2390

1060 2650

26 1060

125 8990

Q 1992.

Arsenic
Wn Max

572 1070

440 5070

471 766

1880 672o

685 4470

Source and comments:

A, B

A

A

A

A, B

Results of this limited sampling show metals levels in disturbed surface deposits in the mine
,area have higher concentrahon~ than in undistu.rbd naturally mineralized &-ea. The
efflorescent crusts are alteration minerals that are formed from the oxidation of primary
sulfides, including eyrithrite, a hydrous cobalt arsenate, and the copper carbonate hydroxide
minerals malachite and azurite. All the alteration minerals identified at the site are very
soluble in water, especially acidic water. High concentrations of metal and metalloids can
be leached to area groundwater and surface water when alteration minerals are dissolved by
snowmelt, rainfall, or shallow groundwater (Beltman et al. 1993, Nordstrom 1982).

Groundwater

Groundwater at the Blackbird area occurs in both fracture-controlled bedrock systems and in
alluvial (unconsolidated surflciaI) deposits. Nero-surface bedrock groundwater is expressed
as seeps, springs, and mine portal discharges. Two major alluvial aquifer systems have
been identifkd at the site: (1) natural alluvial material containing groundwater that is in direct
hydraulic contact with streams at the site, and (2) groundwater flow through the large
deposits of mine wastes in the Blackbird and Bucktail tilnages (Baldwin et al. 1978).
Copper artd cobalt concentrations reported from groundwater expressed as surface springs
and seeps, alluvial groundwater, bedrock groundwater, mine water, and mine adit
discharges are compiled and summarized in Table 9. The few data available-on arsenic in
groundwater suggest that elevated arsenic concentrations occur in alluvial groundwater but
less so in bedrock groundwater. Dissolved arsenic levels in two seeps in the Meadow
Creek drainage were 17 and710 pg/1. Concentrations in seven mine adit water samples
ranged from <2 to 103 y@ with all but one sample below 5 pg/1 (Beltman et al. 1993).

I\’, Chcmlcal Contaminants 01 Cnnccm 23 PNRS: Blackhlrcf Nlinr



24

Table 9. Metals in groundwater at selected sites inµg/1 (dissolved metals except as noted)

Copper

Mm Max

Springs and seeps
Springs along Bucktail

Creek

Springs along Meadow
Creek

7700 open pit waste pile
seep (head 01 Meadow
Cr) 1985

1974-1976

7100 wasle pile seep

7400 waste pile seep

1.250 106,000

116 4420

425,000 650,000

114,000 518,000

21,800 200,000

11,600 353,000

Bedrock groundwate~, mine water, anl
BucktaikBig Deer
drainage

7265 adit ( 1992)

1974-1976

7117 adit (1985)”

1974-1976

Biackbitd dtainage

Mme WOkklCJS

Diamond drill holes in
mine bedrcck

6850 adit (drams to WTP)

Treated 685o adrt
discharge

Haynes-Stelll!e adfi
.

Alluvial groundwate~
Bhckbiid drainage

Meadow Cl afluvium

Meadow Cr alluvium
beneath mine waste

Base of West Fork
Bfack&d ~. Iailmgs
da-n

Bucktail-Big Deer
drainage

Open pit waste pile (head
of Buddai Cr.)

7265 adil waste pde

Sources: A - Beltman et :

37,600

220,000

I2,1OO

<1oo

200

2610

<1oo

<1oo

<1oo

425,000

1,900

112,00C

346,00C

525,00C

35,90C

46,90C

120C

330C

4

~

1800

90,800

3400

1,070,000

9.200

1993: B- Reiser 1986

@bait

Mm Max

1,110 18,800

1,200 6630

NT

25,000 169,000

17,100 106,000

10,200 112,000

k

4.9 69

3.7 65

3,3 4.3

3.5 4,3

2.7 3,1

2.7 3,0

I
mine adit discharges

63,000
NT

44,700

<1oo

1200

8480

<100

<100

4500

157,000

110,000

66,800

216,000

N-r

23,300

17,700

8620

41

130

10,400

75,800

14,600

1,470,000

507,000

; - Baldwin et al, 1978

2.7

2.6 3.1

4.4 4.4

2.8 3.2

2.6 6.7

4.5 5.0

2.9

9.1

6.8

5.2 6.0

3.9 7.0

2.9 3.3

4.1 4.4

3,8 4.4

3- lDEO 19!

Source

A

A

B (tOkd Cu)

C (app. Ill-1)

C (app. Ill-1)

C (app. Ill-1)

A

c (App.Ill-1)

B (total Cu)

C (App. Ill-1)

c
c

AD

A

A

C (App. Ill-1 )

C (App. Ill-1)

c (App.Ill-1)

G(App. Ill-1)

C (App. Ill-1)

.
Dry in Fall 1992

NT Not Tested
Water treatmenl plant
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Sediments in L)at h~}rii V Sf rca m~

The Bi~ EXxr and 131uckbird draina~es are rMthwavs for conmminants in the source areas 10
re:wh a~ladrornous frsh h:ibitats in P~nther ~rwk. ‘Several investigamrs have sampled
suwim sedinwnts in [he Blackbird region as part of gmchcmica] mineral sunrcys and
Blackbird wa(cr- qutility studies. Streanl scdirnenls in [hcse pathways arc grossly
contaminated wi[h metals from the site (Table 10).

Table 10. Contaminants levels in stream sediments draining from the Blackbird mining area
(in mg/kg, dry weight)

Sediments

Copper cobalt Arsenic Year/Source I

Min Max Mm Max Mm Max

Blackbird Cr. I

drairrage
Blackbird Creek 940 9000 260 156o 63o 3790 1980 A

2330 2595 312 471 1121 2550 1985-1986 B
4080 7230 413 977 622 1270 1992 C, D

Big Deer Creek
drainage
Bucktail Cr.-head 1600 2700 152 274 232 1050 1980 A

Bucktail Cr.-mouth 19,000 240 1020 1980 A
15,600 238 698 1992 B

S. Fork Bg Deer Cr. 22,000 91,400 330 1100 67o 987 1977-1980 A,E

Big Deer Cr. 220 2410 65 104 -=50 139 1977-1980 A,E
286 941 20 72 4 11 1992 C

Sources: A: Sauter and Wai 1981; B: Mok and Wai 1989; C: IDE(2 1992; D: Howell 1992;
E: Bennett 1977

Surface water Dathwavs

Surface water chemistry has been studied at the site since the 1960s. Values from the earlier
data sets could not be directly compared between sets since methods for sample collection,
handling, and analyses either varied or were not reported. Studies which described using
standard sample collection, filtration, preservation, and analysis are summarized in Table
11. Results show the same pattern as sediment chemistry in the Panther Creek tributaries.
Metals levels in Blackbird and Big Deer Creeks upstream of Blackbti Mine drainages were
low, they were greatly increased below the mine inputs, and still greatly elevated at their
mouths at Panther Creek.

Metals in snowmel[

The winter snowpack overlying the exposed surface deposits of mine waste and the open pit
is a significant agent for concentrating agd mobilizing metals contamination. Farmer and
Richardson (1980) investigated snowpack, snow melt water chemistry, strearnflow and
stream chemisay at the site between January 1975 and July 1976. Their results showed
extremely high metals concentrations in the snowpack, acidic snowmel[ runoff with high
metals, and a distinct spike in stream copper concentrations from the flush of the fiit melt in
late winter/early spring (Table 12). Later during peak spring runoff (m’hen most other
Blackbird water chemistry data sets were collected) copper concentmtions were much lower.

IV. Chc.mlml CrmlmlinanLs of Concc-m PMU: Blackbird Mine
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Table 11. Contaminants In surface water pathways from the Blackbird mining area
(in µg/l, dissolved metals)

Surface water pathways to Panther Creek:

Tributaries to Panther Creek receiving Blackbird Mine drainage

Blackbird
drainage

Blackbird Cr. above
Meadow Cr

Meadow Creek

Blackbird Creek below
Meadow Creek

Big Deer drainag(

Big Deer Cr. above S.
Fork Bg Deer Cr

S. Fork Big Deer Cr.
above Bucktail Cr.

Bucktail - headwaters

Bucktail Cr. - mouth

S. Fork Bg Deer Cr.

Big Deer Creek

Upper

Min Max

Cebaft Arsemc
(total)

Min Max Min Max

<1.5

12,900

76

<1.0

<1.0

27,000

2380

560

44

4.

19.800

2910

4.!

6.(

308,000

4620

980

310

4410

330

<1.0

0.2

34,800

2080

480

41

<1.(

14,200

2770

1.:

0,,

150,000

3540

1300

220

-42

0.4

<1.6

<1.8

C2

.2

‘2

‘2

24

4.6

3.1

1.2

6.5

-&?

2.2

17

N

Min Max

7.5

3,3

3.1

7.2

7.9

3.8

7.2

7.5

7.5

7.6

4.7

7.6

8.2

8.1

4.4

7.2

8.0

8.0

Source

B

B“

A,B

B,D

B,D

C,D

B,D,E

B,D

B,D,E

Sources: A: Wai and Mokl 986, B. Bellman et al. 1993; C: Hull et al. 1992 (PH values only);
D. McHugh et al. 1987; E. lDECl 1992.

Table 12. Metals snowpack, snowdust, and meltwater runoff in source areas (µg/1 total metals,
except snowdust, mg/kg dry weight,

Windbfown snowdust scraped off the
surface of snowpack, me fted,
decanted, and dried. Compcmted to 2
samples

Snow

Surface runoff from snow melt (1st
snowfall of season-October)

Surface runoff from snow melt (rapid
spring melt-May)

Meadow Cr (peak runoff- minimum; early
spring meft -maximum

Blackbird Cr (peak runoff - minimum; early
spring meft -maximum

Farmerand Richardson
Copper

Min. Max

5157 5350

<1oo 22,100

<1oo 595,000

<1oo 315,000

12,000 68,000

1600 6000

1980)
G&aft

Min Max

505 900

Arsenic
Min. Max

105 1941

d+
Min. Max

NIA NIA

3.8 7.0

2.2 4.3

3.9 55

3.3 4.6

4.2 5.7

IV. Chemical Conmminan[s 01 (.~onccrn F’NRS: Blackblrd hllnc
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IMc’ta Is Ioa dinp from su rfiice wate r nat hwa~

Copper tand cobal[ loading to Panther Creek were eslima[ed by flow and concentration
measurements from 1974-1976, 1980-19S1, and 1984-1985 by Baldwin et al. (1978),
Davies ( 1982) and Reiser ( 1986) with the most comprehensive data collection during 1974-
1976 (Table 13). For 197(5 only, Baldwin et al. (1978) es[inla[e~ annual copper and cobalt
loading from the mine for the entire year (Table 14). While the loadings reported vary
widely between years, the higher loadings are from the Bucktail drainage in spite of its
much smaller discharge. During Baldwin’s 1976 annual loading calculations, the loading
contribution from the 6850 Portal, which has subsequently been collected and treated,
accounted for only 13% of the Blackbird drainage copper loading and 3~0 of the overall

copper from both ti,ainages. Decreasing flows and concentrations in lower Blackbird Creek
suggest losses to the alluvium, and thus contaminated alluvial groundwater. In both
drainages, concentrations and loading are reported to decrease with distance fmm the
sources, as waterborne metals precipitate out on the streambed sediments. Each of the three
stud ies made mass balance comparisons of metals inputs from discrete sources in the
Meadow Creek drainage and outputs below the mine. All found approximately 50’%of the
loading unaccounted for, suggesting significant diffuse, or non-point, loading.

Table 13. Daily average metals loading (kg/day) reported for the Blackbird and Big Deer Drainages,
1974-1976, 1980-1981, 1984-1985

Stable (tow) High %W

Fbw

Blackbird Drainaae Loadinas
Meadow Creek (1974-1 976) 5.4 300

(1 984-1 985) 3.2 13

6850 Portal ‘(1 974-1 976) 2.7 64
(Subsequent years - see table notes) 4.1

Blackbird Cr. below all contaminant. sources (below confluence of W. Fofi 4 km above mouth)

(1980-1981) 11 52

(1 984-1 985) 8.9 41
Blackbird Cr. at the mouth (1 984-1 985) 6.5 26

Bia Deer drainaae Ioadinas
Bucktail Cr. (mouth) (1974-1976) 108 265

(1984-1985)
--

51
Big Deer at the mouth (1 984-1 985) 31 122

Sources: 1974-1976- Davies (1982); 1980-1981 and 1984-1985 Reiser (1 986).
Notes: Mine water from the lowest opening (6850 Portal) was routed through a lime treatment plant

starting in December 1980. Later loading measurements did not include treated discharge; this bw
flow estimate was calculated from Beltman et al. (1993) flow and concentration data.

Table 14. Annual metal loading (tons/year) Blackbird and Big Deer drainages in 1976
(Baldwin et al. 1978)

@par Cobalt Iron Discharge
(acre-t!)

Blackbird Creek 13.4 7.5 15.2 5800

Bucktail Cr. fBio Deer drainaae) 17.5 4.9 Not reooried 97

IV, (..hcmlc~l Contmnlnan[s of Conccm PNRS: Blackbird hlinc



Habitat Exposure Characterization

Panther Creek surface Water

Much chemical diitii on I>an[her creek surface water h~ been collected since the late 1960s,
including lime-series moni[oting. AS with the water chemis~ reported from [he path~vas
tributaries, values from the earlier da[a sets could not be directly compared between se[s -
since methods for sample collection, handling, and analyses either varied or were not
reported. Also, both Reiser and Davies reported in their reviews that some samplings were
chosen from sites below Big Deer and Blackbird Creeks where complete mixing had not
occurred. This generally skewed metal concentmtions below Blackbird Creek too high and
below Big Deer Creek too low. Only the data sets from Wai artd Mok (1986) described
collecting samples over a range of locations and times using standard sample collection,
0.45 ~m filtration, preservation, and analysis. These are summarized and compared with
the water quality criteria for protection of aquatic life in Table 15. For the four time-series
monitoring studies available for review for which values could not be confidently compared
between the data sets, the data from stations up and downstream from Blackbird and Big
Deer creeks are compared within the sets in Figure 9.

All of the time-series monitoring data sets show clear patterns of consistently elevated
copper levels below Blackbird and Big Deer Creeks compared to levels upstream. lle
copper levels in the reach of Panther Creek just above Big Deer Creek generally decrease
with dilution from NaDias Creek, a large rnbutat-v that almost doubles the volume of Panther
Creek. Levels genemhy increase agti” below Big Deer Creek. In three of the four
monitoring studies, higher concentrations were reported dwing the high-flow spring/early
summer runoff.

Table 15. Metals levels in Panther Creek surface waters in µg/1 dissolved metals
(1985-1986 spring-summer sampling)

Cobaft

Upstream of Blackbird
Creek

Below Blackbird
Creek.

Below Big Deer
Creek

Ambient water quality
criteria (chronic -
acute)

Sources: A: Wai and h

Copper

Min Max

<lo 10

20 160

10 60

6.5 9.2

Note: (1)

c 1986 (all me!;

Min Max

<lo <lo

30 120

20 40

5 144

Note: (2)

data); B: Hull

Arsenic

Min Max
<0.02 0.4

0.03 6.2

1.8 2.6

190

Note: (3)

I al. 1992 (pH v:

pH (B)

Mm Max

6.6 8.6

6.6 8.4

6.4 8.5

6.5 --9.0

Jes only); D: E

Sources

A - all

metals
values

D

‘A 1986

Notes: (1)Copper criteria is hardnessdependenl, value is for a hardness of 50 mg/1 as CaC03. Reported

hardness values for Panther Creek range from 10- 60 mgfl (Davies 1982; Hull et al, 1992; Smith 1993).
(2) Cobalt has no national criteria; values are from chronic-acute toxicity for soft water discussion in
Section V. (3) Criieria listed are for trivalent arsenic, generally considered more toxic than other inorganic
arsenic species, rather than total arsenic species. Listed arsenic values are for total speaes; most
arsenic in Panther Creek was in the pentavalent form; the highest trivalent concentration reported was
2.1 pg Il.
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Figure 9. Compilation of Panther Creek copper concentrations above and below [he Blackbird Creek
and Big Deer Creek confluences. Concentrations in (µg/l). 1990-1992 data are for total copper, all
others are for the “dissolved” (filtered) fraction.



Sediments

The objectives of the se.dimen[ Sanlp]ing and analysis portion of (he present study were to:
( 1) reconnoiter nle[:ils conccnr~tions in streambed sediments, aId (2) conduct a pilo[ study
of sediment bioaviiil:]blli[y through [osicity testing. The resul[s were intcncled [o help refine
more comprehensive invcs[igations [hat may be needed to chamc[erizc [he siw and [Osupport

cleanup decisions.

The current study examined the disrnbution of metals in Panther Creek sediments and their
acute toxicity to the freshwater cmstacean Hyalella azfeca. A summary of the results of
chemical sampling follow; results of the toxicity testing are described in section V. The
methods and results of this study are atso presen[ed in more detail in Appendix A.

In October 1992, I collected surface sediments from nine Panther Creek stations between
river kilometer 45 and river kilometer 8, and one sample from the mouth of Copper Creek,
below the Black Pine Mine, a potential contamination source to Panther Creek (l%gure 10).
Station locations were selected to indicate Panther Creek sediment metals concentrations
related to rnbutaries draining the Blackbird Mine (point sources) and distance and dilution
by other rnbutaries [o the Panther Creek drainage. Where possible, stations were sampled
as a cross-section transect across the stream (e.g., near the west bank, midstream, and east
bank). Depositional areas were located in slow water close to the banks, in relatively slow
water mid-stream (e.g., at the tails of pools upstream from rapids, and in fast-water riffles
and runs from eddies behind boulders mid-channel). All samples were analyzed for bulk
metals concentrations, organic carbon conten~ and grain size.

Metals concentrations in Pnther Creek sediments showed increases which were clearly
associated with inflow from Blackbird and Big Deer creeks (Table 16, Figure 11). Copper
levels in the sediments below Blackbird Creek were up to 300 times higher than the
reference stations above its confluence. Levels generally dropped with distance downstream
from Blackbird Creek as Panther Creek is fed by other tributaries. The largest of these,
Napias Creek, nearly doubles [he volume of Panther Creek. Copper levels just upstream
from Big Deer Creek were only elevated 7-10 times the concentrations at the reference
stations upstream from BIackbird Creek. Copper levels below the confluence of Big Deer
Creek increm.ed by 75 to 120 times over the upstream reference levels. At the lowest station
sampld about 32 river kilometers below Blackbird Creek, copper concentrations remained
elevated ]4 to 20 times the concentrations at the upstream reference stations. Cobalt and
amen ic levels showed similar trends. There was no association between metals levels in
Panther Creek and the Copper Creek drainage from the Black Pine Mine.

Controlling for sediment grain size by sampling fine-grained sediments is generally
recommended for determining sediment contamination from anthropogenic sources.
Significantly higher metal concentrations tend to occur on the clay and silt-sized fractions of
sediments rather than on the larger sand and gravel fractions. The variability in grain sizes
could hide a metals dispersion pattern from mine effluents or other anthropogenic sources.
Methods to correct for grain-size variations to determine trends from a pollution source have
also been developed (Horowitz 199 1; H&ason 1984). However, the concepts of grain-size
correction have mainly been developal in relatively low-energy, fine-grained river, lake or
estuarine systems. These grain size corrections may be inappropriate for high-gradient,
coarse grained rivers that drain mining areas because the relationship of increasing metal
concentration with decreasing particle size is subdued. Larger particles stay in place longer,
often in shallow oxygenated areas of a stream and therefore, in these systems, may have
more time to accumulate oxide coatings and associated trace metals than smaller particles
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Figure 10. Panther Creek -Sediment sampling stations (this survey).



(hlcmre e[ al. 1989). Also, much of [he food eaten by sahnonid fishes ii~ streams, bcnthic
mamoinvertebrmes, is produced in the SUIXStr~W. Invertebrates differ in [heir abili[y [o [hrivc
in differen[ substrates. Chironomld midges of \Farious spccics do well i!] silts und muds,
bu[ [he Iurger mayflies (epher~]eropter~ [is), s[oneflics (plecopteransj, md caddistlics
( trichoptmms) prefer a mix[m-e of CO;USCsan~is and gravels. Salnltlnids build [heir nests in
coarse -grained sandy, gravelly sediments and juveniles are closely associated with co;use -
grained substrates in cobble-rubble areas (Bjomn and Reiser 1991). Thus, to investigate
whether aquatic insects and fish were exposed to elevated metals levels throughout the
streambed environmen~ coarse-grained sediment samples from faster water mid-channel
were included in this study.

Results are grouped in Table 16 by samples from finer-grained sediments that were found in
slow water close to banks and more coarse-grained sediments were collected from faster
water midstream. Arsenic, cobalt, and copper concentrations in faster water, midstream
areas downstream of Blackbird Mine were elevated up to 25 times the highest upstream
levels. The trend of increased metals leading from the Blackbird Mine effluents is so
extreme that it overwhelms the variability expected from grain size differences: metals levels
in fine-gained sediments, coarse-grained sediments, and sediments corrected for grain size
differences all show the same trend of very low metals levels upstream of Blackbird,
.Weatly increasing below the Blackbird Creek discharge, dropping with dilution from Napias
Creek, and increasing levels again below the Big Deer Creek discharges.

Sediment arsenic and copper concentrations are also compared to two benchmark biologieal-
effects screening ranges in Table 16. The two ranges, the Ontario freshwater guidelines for
protecting aquatic sediment quality (Persaud et al. 1993) and the NOAA guidelines for
ranking stations sampled in the National Status and Trends program (Long and MacDonald
1992), are Lmthbased upon the co-occurance of adverse biological effects and ranges of
chemical concentrations associated wit-h t-hem. Both give a lower bound to the effects range,
below \vhich adverse effects are seldom obsen’ed, and an upper bound, above which

adverse effects are usually obsen’ed. Most downstream samples exceed the upper bounds
of both ranges; no upstream samples exceed them. Additiomd literature reports on the
effects of sediment-sorbed metals is compared to Panther Creek condtions in section V.

Comparison with previous studies Besides the present study, Sauter and Wai ( 1981)
s[udied the distribution of metals in Panther Creek sediments. Their results showed a
similar clear pattern of contamination associated with the confluences of Blackbird and Big
Deer Creeks with Panther Creek. Figure 11 compares the 1980 and 1992 distributions and
concentrations of arsenic, cobal~ and copper in Panther Creek sediments. There has been
no decrease in metals concentrations shown over these twelve yea-s.

—-

5 Results of grain-size corrections are prc.sen[ed in Appendix A.
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Table 16. Concentrations (mg/kg dry weight) of copper, cobalt, and arsenic in Panther
Creek bed sediments compared with benchmark biological effects screening
levels (this study, except as noted).

Station Copper Arsenic Cobalt

(Figure 10) Near Bank Mid Near Bank Mid Near Bank Mid
(range) Stream (range) Stream (range) Stream

PO - Above Copper Creek* 16-- 7- - - 5- - -

PI - Above Blackbird Creek 8-8 13 7-1o 11 4-5 4

P2 - Befow Blackbird Creek 2280- 2890 - 766 - 888 - 436 - 554 -

P3 - Below Cobaft townsite 351 -2930 149 167 - 344 82 475 -1150 179

P4 - Above Deep Creek 694 -1050 208 167 - 193 99 366 - 485 208

P5 - Above Bg Deer Creek 94 - 109 65 40 - 56 27 112 - 128 108

P6 - Below Big Deer Creek 750 - 889 386 27 - 31 14 73 - 91 76

P7 At Fntzer Gulch 1140 - 1200 135 78 - 147 25 314 - 553 63

P8 - Above Beaver Creek” 232 --- 25 106 ---

Mouth of Panther-(a) 1030 - - 135 - - 544 ---

Lowest/severe effects to 16 110 6 33 16 50

freshwater benthic communities
(b)

Effects ranges 34 27o 8 70
low - median (c)

● Single samples only for Stations PO, P8 and Cu. All other stations had three samples
(a) Mok and Wai (1989), (b) Persaud et al. (1993), (c) Long and MacDonald (1992)
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Mean metal ~ncen~ation~ in panther Creek sediments 1992 (~is study)

Figure 11. Gomparison of 1980 and 1992 distributions of arsenic, cobalt, and copper concentrations
in Panther Creek sediments. Error bars show one standard deviation; station locations are
from Figure 10).



Figure 12. Selected regressions of copper, arsenic, and cobalt versus proportion fines and iron Ievels for all Panther Creek
sediments (critical value of t.001 for 22 degrees of freedom is 3.82, t.01 is 2.83 (Zar 1984))



Effects of contaminated sediments in source areas on
surface water quality

\Vai and hfioli ( 1986)~ and SauIcr iind Wai ( 1981 ) perf-ormwj lcwlling tcs[s to clc[emli[lc the
mobili[y of arsenic, cobali. copper, and iron. I’hev evaluatd [hc shomterm release of
wa[er-soluble [oxic metals and the acid-producing-po[ ential froll~ [he streanl scxiiments by
mixing sediment samples with deionized water and measuring dissolved me[al
concentrations in the leachate (Table 17).

Table 17. Selected concentrations of water-soluble metals leached from stream sediments in
the Blackbird
Hiqhesl equil

Sediment location

Mine tailings

Lower Bucktail Creek

Blackbird Creek

Panther Creek below mine
influences

Big Deer Cr. above mine
effluent

mining area (in µg/l dissolved metals)
rium eoneenfrations in the leaching solution after 10 days I

(2J

5000

30,000

6500
2650

50
50

10

co

6000

60

2000
12,480

10
310

10

As

Nr

NT

NT
11

NT
118

NT

Fe

13,000

2500

18000
5550

10
570

10

i++

3.5

5.3

3.5
4,4

6.5
6.5

6.5

Sources: A: Sauler and Wai 1981; B: Wai and Moli 1986. NT - Not tested

-—____ -- . . ..

A Initial release of
Cu much hgher

A

A
B

A
B

A

Dissolved leacha[e copper concenuations of 50 pg/1 following the stirring of Panther Creek
sediments indicate that the release of copper and cobalt from contaminated in-place
sediments alone, even if complete source control were achieved, could result in
concentmtions that could be toxic in Panther Creek surface water. Much higher
concentrations of copper and cobalt resulted from leaching experiments with the highly
contaminated sediments from the Panther Creek rnbutaries. Wai and Mok further studied
the effects of pH on the leaching of metals from sediment Using a Panther Creek sample
with low metals concentrations,7 they reported that dropping the pH in the overlying water
from 6.3.to 3.8 resulted in a 100 fold in~ease in coppe~”an~a 20-fold increase in c;balt
released from the sediment. This tange of pH shift has been reported for Blackbird Creek
(Table 11). This suggests that during spring runoff conditions when pH drops and stream
velocities increase, copper and cobalt re-mobilize from the sediments. Wai and Mok
reported little release of arsenic under conditions likely to occur in the field. They concluded

I

that the lower soh.rbility of arsenic probably resulted from its strong partitioning behavior
with iron oxides and that its mobility was controlled by this partitioning.

Thus leaching is ,an important mechanism for transporting toxic metals from contaminated
sediments to the surface waters of the Blackbird area. In natural conditions, cloudbursts or
high vcloeity, low pH spring runoff from snowmelt may resuspend the stream sediments
into the surface water, causing cyclic releases of copper and cobalt.

I

6AIs0 published in a shofler journal version as hlok and Wai ( 1989).
7.4s 77 Co 100 and Cu 155 mg/kg; low Icvels rclalivc to Panrhcr Cr. conditions (compare m Figure I I),
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V. Effects on Habitats and Species
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(ll~scrvcd effects in the Panther O-eek area that have been linked 10 conianlinan[s released

trom Blackbird mine include lethali~ [0 salmonids in caged fish testing, r-educed densities (of
salmonids below effluent pathways from the mine, bioaccllmula[ion of contaminants in
salmonids, severeiy stressed macminvefiebrate communities, and sedirncn[ toxicity. The
patterns of observed adverse biological effects in Panther Creek drainage are concordant
with the patterns of surface water and sediment copper, cob.ah, and arsenic contamination
from the Blackbird site. Additionally, other adverse effects that have been observed in
numerous other studies with copper contamination include food chain effects, chronic
toxicity, and behavior changes that may impede migration. Much less information on the
effects of cobalt and arsenic is available. This is discussed separately at the end of this
section.

Macroinvertebrates

Macroinvertebrate communiti~

Benthic macroinvertebratesg are an essential component of nutrient and energy cycling in
aquatic ecosystems and are the primary food source for salmonids (lAatts et aL 1983;
Murphy and Meehan 1991). Field surveys of benthic macroinvertebrate communities are
often used for ecological assessments of sediment and water quality monitoring. They have
several advantages in ecological assessments: Indigenous benthic macroinvertebrates are
ecologically important as an intermediate trophic level between microorganisms and fish.
They are abundant in most streams; have either limited mi~gration patterns or are sessile,
\vhich r-makethem suitable for site specific impacts. Their life spans of several months to a
few years allow them to be used as continuous indicators of sediment and water quality by
integrating spatial and temporal va-iation, rather than a snapshot of conditions at one space
in time (PIatts et al. 1983; MacDonald et al. 1991; La Point and Fairchild 1992). They are
closely associated with sediments, bioaccumulate contaminants, and have variation in
sensitivities to metals pollution (Clements 1991). Additionally, these aquatic insects are the
prim~ food source for rearing juvenile salmonids (Bjomn and Reiser 1991, Healey 1991 ).

Several studies of benthic macroinvertebrates have been conducted in Panther Creek
@tween 1967 and 1992. Corley ( 1967) reported that may flies (Ephemeropterans),
stoneflies (Plecopterans) and caddisflies (Tnchopterans) were abundant in Panther Creek
stations above Blackbird Creek and absent or scarce below.

Subsequent studies that reported using (1) similar quantitative sample collection methodsg,
(2) sampling from similar reaches in Panther CreekIO, and (3) using generally similar levels
of taxonomic identification were compiled and evaluated for this report. Six quantitative
surveys of benthic macroinvertebrates in Panther Creek were located and reviewed: April,
August and November 1981 (Speyer 1982); May 1985 (Mangum 1985); and May and
September 1992 (Smith 1993). Results are summarized using several measurements of

8 Aquatic insects and olber invcmbrates large enough 10 be seen w’ilh a naked c.yc [hat live principally in or

on Ltre bottom.

9 Sampled riffles using quan[i(~[ive Surber samplers wi[h Ihrcc rcplicale ximplcs pcr kxation.
10 Smplc IUti(,ns ~ grou~ inm r~chcs: ups- of B[ackbud Crock (reference); below Blackbird

Crmk (bel~’cen Blackbird and Deep crdcs); above Big Deer Creek (Mwccm Napias and Big Deer creth);

below Big Deer Creek (lxxwccn Big f.lxr and Beaver Creeks); and aI tic rnouti of Panther Creek.
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benthic community structure commonly associated with adverse etfects of metals:
abundance of rnaytlies, number of different may fly species, overall numbers of species, and
relative composi [ion of dominant macroinvertebr-ate groups. Depressed abundance of
rnayflics has consistcn[ly been shown to be an effect of copper pollution (Sprague et al.
1965; Winner C[ al. 1980; CIcr-wnts et al. 198& 1992). Reductions in the number of
differcn[ mayfly species has also been associated with metals contamination (Clements
199 I; ClemeIlts et al. 1992. The relative composition of dominant macroinvertebrate groups
in unpolluted Rocky Mountain streams is expected to have a fairly even distribution of
chironomid midges, mayflies, stoneflies, and caddisflies with substantial representation of
each the generally sensitive orders of may flies, stoneflies, and caddisflies (Andrews and
Minshall 1979; Murphy and Meehan 1991; Barbour et al. 1992). In copper<ontaminated
streams, chironomid midges consistently dominate the cm-um.mities (Sprague et al. 1965;
Winner et al. 1980; Clements et al. 1988, 1992). Overall redueed species richness has also
been consistently reported in studies of effects of copper to benthic macroinvertebrates
(Clements 1991).

Mac roinvertebrate communities in Panther Creek

Figure 13a compares overall densities of mayfiies reported from all the Panther Creek
sutveys above and below the Blackbird mine effluents. Mayflies are abundant above
Blackbird Creek and extremely scarce downstream (median density of about 800 mayflies
per square meter upstream, zero below). Combining these surveys in this manner shows
thab regardless of differences in who conducted the surveys, taxonomic identifkations,
seasons sampled, and differences in sample locations, mayflies have been largely eliminated
downstream of the Blackbird Mine. The box plots in figure 13a compare the median levels
and overall ranges of the may fly densities reported from Panther Creek surveys. The
shaded confidence intervals are constructed so that if two gray boxes fail to overlap, the
corresponding medians are statistically different at approximately the 5% significance level
(Velleman 1988).

Similarly, Figure 13b shows an abrupt decrease in may fly species diversity, with overall
medians of 5 species reported upstream of Blackbird Creek, one species above Big Deer
Creek, and zero species below Blackbird and Big Deer creeks, and at the mouth of Panther
Creek. Additionally, when the overall species richness in Panther Creek was compared, all
surveys showed a reduction in the overall number of benthic macroinvertebrate taxa at
downstream stations compared to the upstream stations.

Figures 13c-h show that in the Panther Creek aquatic macroinvertebrate communities
upstream of Blackbird Creek, the relative proportion of may flies, stoneflies, caddisfiies, and
ch ironomids vary greatly with different seasons and surveys, yet all surveys have
substantial representation of most groups. Below Blackbird, regardless of seasonal and
sampling differences, all sites from all surveys show that chironomid midges dominate the
communities with mayflies, stoneflies, and caddisflies rare or completely eliminated. At
some times, abundances of all benthic macroinvertebrates were very low, indicating that
little prey was available for fish at those times. Figure 14 shows the locations of the shifts
in community composition and reduced invefiebrate abundances in Panther Creek relative to
the Blackbird Mine.
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Figure 13a. Overall ranges of may fly (Ephemeroptera) densities reported from six Panther
Creek benthic macroinvertebrate surveys. 1981-1992 (data from Speyer 1982, Mangum
1985, and Smith 1993)
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Figure 13b. Overall number of may fly (Ephemeroptera) species reported from Panther Creek surveys,
1981-1992 (Speyer 1982; Mangum 1985; Smith 1993).
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Figure 13d
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Figure 14. Composition of dominant benthic macroinvertebrate groups at
Panther Creek stations. Spring and Fall 1992 (Smith 1993).



Despite seasonal and other differences between surveys, results have consistently shown
abundant, diverse populations in Pantier Creek above Blackbird runoff and below,
depauperate populations domina[ed by metals pollution tolerant chironomid and simulidae
midges. Species though[ to be genem]ly sensitive to metals contamination (may flies,
stoneflies, and caddisflics) had greatly diminished numbers or were completely eliminated
downstream of Blackbird runoff. Nearly all life has been eliminated in Big Deer CreA
below mine runoff (Table 18).

I

I
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I

i

Table 18. 1992 Macroinvertebrate community distribution in Big Deer Creek (Cameron 1993).

(Number per square meter; mean of three replicates). Sampling locations are shown on

Fgre 14,

Chironomids

Mayflies (Ephemeropterans)

Stoneflies (Plecopterans)

Caddisflies (Trichopterans)

Other

Total number of taxa

Total macroinvertebrates

Upper Big

Deer

301
1044

316
97

178

16
1938

Upper S. Fork

Big Deer

337
1374
854

2042
387

27
4995

Lower S. Fork

Big Deer

o
0
0
0
0

0
0

Lower Big

Deer

54
0
4

7

4

4

68

Mansum ( 1985) concludtxi that the biomass of benthic macroinvertebrmes in Panther Creek
downstream of”the mine was too low (o support fisheries, with downstream stations
averaging one-sixth of the upstream biomasses.

I

I

Literature on the effects of metals on aauatic insect communities

Published reports on effects of copper contamination on macroinvertebrate communities
indicate that copper in water causes shifts in numbers of taxa, overall abundance, and
cowunit y composition. Winner et al. (1980) compared water chemistry and
macroinvertebrate community structure in two stmtrns, one which received copper,
chromium, and zinc effluent bm a metal plating facility, the other which was
experimentally dosed with copper for 30 months to a rather constant intermediate to low
(maximum of 120 Lg/1) copper dose. In the most heavily stressed sections of both streams,
macroinvertebrates, other than tubif’’cid worms and chironornids, were virtually eliminated
from rock-rubble, riffle habitats. Midge huvae still comprised 75-86% of the insect
communities at the least polluted stations. The correlation coefficient for percentage of
chironomids in relation to copper concentrations was +0.93 (PcO.01 ), showing that the
percent chironomids in benthic samples was highly comelated ~ copper concentration in
irnpacted streams. Winner et al. concluded that the macroinvertebrate community gave a
“predictable. graded response to heavy metals.”
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Cle[IWIItSet J1. ( 198S, 199’2)rcponc-d []1;1[ exposure 10 Copper signitic;~n[ly rcduccd l~lth [he
total number Of individuals iiild number of taxa during each season, wilh the gre;l[cst eltccts
observed in summer. The reln[iv~ abundance Of Ephenl~rOpter-ans (rnayflies) decreased in
tre~[cd streams during each scascm. The response of o[her aquatic instxls, including
Dipterans (UUCflies) and P!ecopternns (stoneflies), varied between seasons, bu[ [hese
~lroups were gener~i]y iess scnsi[ive tt~ copper exposure. ~c relative abundance of the
;ominant chironomids collected, (hthoeladiini, increased in copper-tread streams in winter
and spring. They also noted that Ihe combination of measuring numbers of taxa, overall
abundance, abundance and divcrsi[y of the sensitive rnayflies, and the relative abundance of
insensitive orthoclad chironomids were a reliable indication of heavy metals contarninmion.
Other merncs such as species diversi[y and functional groups varied more with season than
with treatment. Clements et al. (1992) compared benthic communities at copper-zinc
stressed stations with copper-dosed outdoor experimental streams. Sensitivity of 13
dominant taxa was measured in outdoor experimental streams by exposing organisms to (25
Ym) copper for 10 days. Sensitivities, defined as proportional reduction in abundance, in
treated streams relative to conuol ranged from 1.00 for some Ephememptera that were
completely eliminamd [o -0.14 for tma that increased in treated streams (Orthocladiini
Chironornids). Clements et al. observed similar shifts in communities in the experimentally
copperdosed streams and in the copper-zinc stressed streams.

In contrast to mayflies, which have consistently been shown to be generally sensitive to
metals, caddisflies vary greatly in their tolerance to metals. Nebeker et al. (1984) exposed
Clisfornia, a caddisfly typical of mountain streams in the Pacific Northwest, to copper in
soft water in life cycle tests. Copper concentrationsof217 pg/1 prevented completion of the
life cycle, and the no-observed effect level for copper was 8 ~g/1. These results indicate that
some caddisflies are as sensitive as mayflies to copper contamination. However, Winner et
al. ( 1980) found thatsome cadtisflies are quite tolerant of copper pollution, even increasing
in abundance.

These reports fTom field studies and controlled dosing experiments with copper are
consistent with patterns in Panther Creek riffle-run macroinvertebrate community data.
Marked reductions in mayfly density, mayfly species richness, overall species richness, and
shifts in community composition occur which consistently match the patterns of water and
sediment metals contaminauon originating from the Blackbird area (Figures 9 and 11).

Elimination of a broad base of aquatic rnacroinvertebrates, an overall reduction in numbers,
would leave juvenile salmonids solely dependent on the pcdlution-toleram chironomid
midges. Seasonal collapses in chironomid abundances after hatchings would be likely to
leave the juvenile salmonids with few alternative food sources. These data indicate that
severe stress of the Panther Creek aquatic ecosystem with a depauperate food supply for
juvenile salmonids is occurring. The observed aquatic community changes are similar to
those reported in the litemture resulting from metals pollution, and the spatial patterns in the
communities match the sediment and water contamination patterns, all strongly implicating
the Blackbird runoff as the cause.

I
I

I
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sediment Toxicitv Testing

I

I

.~dVCIX ~ff(Xt$\from Stdllllt31(-S(Xbed meLlls Con[alllinil[iorl WC ]Illll[d by dl~ lllC[d S’

bioai’ail:ibility [0 aquii[ic orgimiSrnS. The exten[ and magnilude Of con(amin:i[ion 1S I101

necessarily biologically Signiflcan[ if bioavailabili[y is limited. Although sediments may

contain relatively high concentrations of toxic heavy metals, this presence may not

necessarily cause adverse effects to sedimentdwelling organisms. Bioavailability of
contaminants is difficult to predict from chemieal concentrations. The factors that determine
metals’ sorptive behavior, which affects bioavailability, are complex and poorly understood.
The only means of measuring bioavailability is by meawring and determining a biological
response, such as laboratory bioaccumulation or toxicity testing (Power and Chapman
1992). For this study, bioavailability was measured by exposing the amphipod Hyaklh
uzteca, a freshwater crustacean, to sediments collected from Panther Creek in a 10-day acute
toxicity test.

Hya/e//a azfeca, Amphipcxia, is a small freshwater crustacean that has become routinely used
to screen the toxicity of contaminated sediments. It is common throughout lakes and
streams in temperate and nea-r-arctic North America. Several chariictenstics make it
desirable as a test organism including a short life cycle (3-4 weeks), widespread and
abundant distribution, ecological importance, and a wide tolerance of sediment grain size.
Hyalefla azfeca is an epibenthic detritivore that will burrow in the top 1 cm of the sediment
surface in search of food (ASTM 1991). Tests were perfomwd according to ASTM (1991)
protocols. The endpoints measured were 10 day survival and groawth(measured as dry
weight).

Testinp Methods and Results

Sediment samples from Piinther Creek above Blackbird Creek (station P 1), below Blackbird
Creek (station P2), and below Big Deer Creek (station P6), were tested for acute toxicity to
the freshwater crustacean Hyalefla azteca (Figure 10). Table 19 summarizes the resultsl 1.

The samples from the stations below Blackbird Creek (P2) and Big Deer Creek (P6) had
survival rates of 259o and 249o, respective y. 63% survived from the reference sediments
collected from above Blackbird Creek (Figure 15). A one-way ANOVA was used to test the
hypothesis that Hyaleffa sumival was not significantly different when exposed to sediments
from different Ioeations in Panther Creek, Finding that suxviva.1rates were signiilca.ntly
different, Tukey’s multiple comparison test was used to test for differences between
locations (Zar 1984). Stations P2 and P6 both had significantly reduced survival (p e 0.01 )
from station P1. There was no difference between the survival rates between stations P2
and P6. Since stations P2 and P6 had reduced survival, statistical tests of the survivors for
differences with respect to growth were not made. me square root arcsine data
transformation to correct for proportionally distributed sutival data did not affect the
outcome. The Kruskall-Wallis test statistic and a Tukey-type, non-parametric multiple
comparison test gave similar results.

1‘ Appcrrdl.x A dcscrihcs Ihc methods and rcsulLs d his s[udy in more dc~l.
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Table 19 Melals concentrations In sediments (d~ weight) matched with Hya/e//a

Localion
(Fqure 10)

PI

Mean

P2

Mearr

P6

Mean

Negative
COntrol

arowth and survival.

Arsenic

W&

68
10.7

766
867
888

14
27
31

CXrbalt
(mglkrj)

4.2
45
3.8

436
507
554

76
91
74

kpper

*

83
12.9

2280
27OO
2890

386
750
889

Iron (O/.)

1.21
140
1.36

7.45
8.56
8.41

0.93
1.09
1.20

&
0.87
3,78

2,70
2,71
2.85

0.12
0.28
0,51

Mean survival

(t S.O. )
5.8 f 2.2
64 ?29
6.8 ? 1.8

6.3 * 2.2

3.4 * 0.9
4.0 k 2.5
0.0 * 0.0

2.5 * 2.3

0.0 * 0.0
1.4 * 1.3
5.8 k 0.8

2.4 * 2.7

9.2 * 1.3

Mean dry W.
(mg)

0.17 ?f)08
0.21 ?007
018 too3

0.17 * 0.07
0.18 t 0.07
0.0 ? 0.0

0.0 *OO
0.07 ? 0,07
0.08 ? 0.04

0.15 i 0.04

Gmcentrat ions in dry weight. For survival, a value of 10.0 represents 100% survival (1 O amphipods per
beaker). Sample mean is the mean of five replicates. Locati6n mean is mean of the three samples.
TOC - Totar organic carbon

invertebrate tQ xicitv related to sed iment co ntamination.

Hydelfa sumival was ccmrelated to concentrations of copper, cobalt, and arsenic in Panther

Creek sedirnentsi2. Metal-specific influences in the toxicity of Panther Creek sediments II

\vere evaluated from differences in correlations with metals in the sediments. Both linear
(Pearson’s r) and non-pa-ramernc (Spa-man’s rho) were calculated and were similar.

1

Table 20. Correlation between arnphipod toxiafy and metal concentrations in bed sediments
collected from Panther Creek in October 1992. Correlation coefficients, r, and I
significance levels are shown. Stgnifieance levels : “pc 0.05; ““p<0.01.

Copper Cobalt Arsenic Molarsum Mofarsum
(Cu + co) (CU+CO+AS)

Bulk metal (dry -0.47 -0.48 -0.37 -0.47 -0.45 I
weight)

Normalized to -0.72” -0.81”’ -0.57 -0.83** -0.78’
orqanic carbon

‘% fltrcmcxisl I - ewd, only copper, cofJal L arsenic, and iron showed Lrcnds rela[cd 10 BlackbirdNllrrc
drairqy.
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Figure 15. Amphipodsurvival tests with Panther Creek sediments.
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The results of this study show that high levels of metals are present in Pant-her Creek
sediments below the tributaries draining the Blackbird mining disrnct, and these sediments
are acutely toxic to the epibenthic amphipod Hyalefla. The correlations suggest that H@ellu
toxicity is related to metals concenn-ations in the streambed sediments and that organic
carbon is a factor signitlcandy associated with metals bioavailability. Of the variables
measured in these tests, the mength of association with toxicity was (CO>CU>AS).
Normalizing metals concentrations to the amount of organic carbon in the sediment
increased the strength of the correlations for each of these metals.

Ccxme-grain@ mid-channel sediments had much lower metals levels than the fine-grained
sediments collected from near the stream banks (Table 16). These sediments also had very
low levels of organic carbon, and were well oxygenated due to their more open interstices
and location in faster water. Despite their lower bulk metals levels, these sediments were
acutely toxic to the Hyalelfa, with no survival in any replicates. This increased mortality can
not be entirely accounted for by a possible Hydella intolerance to coarse-grahd sediments,
since some of the reference sediments also had a high propofion of coarse-grained
sediments. These results suggest that, in high gradient, coarse-graineci systems that are
contaminated with metals, targeting the fine-gmined sediments for bioassessment studies
may underestimate the exposure of aquatic life to metals contamination.

V,arious physical and chemical factors have been reported to affect sediment-trace element
chernisn-y and bioavailability, including grain size, organometallic bonding, completing
with iron and manganese oxides, and sultides (Horowitz 1991). Iron normalization has
been reported to affect correlations between sediment lead and arsenic concentrations and
bioaccumulation (Cain C[al. 1992). Normalizing sediment metal concentrations to iron
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Figure 16. Hyatellasurvival correlated with copper, cobalt and arsenic concentrations inPanther Cr. sediments. For
survival, a value of10.0 equals 100% survival; value is the mean of five replicates.



concenu:]tions in the sedimen[s (e.g. Horo~[z 1991) &d not significantly change [he
correlations between sediment metal concentrations and survival. However, these factors
ufft’cling bioavailability of metals are complex and poorly understood. Some s[udics
support Porewa[er metal concenntions as the major controlling faclor for copper toxicity
:tnd some other sedimen[-sorbed conmnlinants. Porewater concentrations appeu to bc
determined by binding phases including sulfides and organic carbon, which regulate
partitioning of copper between sediments and pomwater (Arddey et al. 1993; Kemble et al.
1993). However, these authors reported that while porewater concentrations of copper and
other metals predicted toxicity, porewater concentrations could not be predicted by
normalizing to convcntionals such as acid volatile sulfidesl J. Vandersypen (1993) reported
that porewater copper concentrations did not correlate well with f-fytdeUa toxicity and
suggested that binding with organics also reduced copper toxicity. Deaver et al. (1993)
reported that Hyafella response to copper exposure in sediments was related to organic
m-bon content of the sediments. Increased organic matter content of sediment corresponded
with decreased toxicity. A higher organic carbon content sediment (49io)was amended with
f;ve times more copper sulfate than a lower organic carbon sediment (O.97O)to achieve the
same level of toxicity. Similarly, increased organic carbon content appears to have been
related to reduced metals toxicity in the Panther Creek samples tested.

The H. azfeca ten day-acute survival test has shown low sensitivity in comparative
bioassays with a 29day Hyafe/1.atest or some other test organisms in rnetal-contarninated
sediments (Ingersoll and Nelson 199Q Kemble et al. 1993; Cairns et al. 1984). Fkiing
sicgniticant mortality in a relatively insensitive screening toxicity test suggests that metals in
Panther Creek sediments, particularly copper and cobalt, are readily bioavailable, and are
toxic to macroinvertebrates. These contaminated sediments are likely to have significant
i]dver.se effects on the Panther Creek aquatic ecosystem.

Comt3arison [o sed iment to xicitv in the Iiteraturg

Sediment-sorbed copper and arsenic concentrations that have been iassociated with biological
effects in other freshwater studies are compared to the Panther Creek concentrations from
[his study in Tables 21 and 22. These effects concentrations were developed from several
approaches: (1) spiked sediment bioassays where a known quantity of the test chemic,al is
nixed into the sedirnen~ allowed to equilibrate, and tested for toxici~, (2) c~occurrence
analyses of benthic community structures with chemical concentrations; (3) an apparent
effects threshold (AET), defined as the maximum concentration of a chemical that did not
reduce the stival of the particular indicator (e.g. amphipod sumival, benthic
communihes)l~ and (4) the sediment quality triad an effects based approach that
incorporates measures of sediment chemistry, sediment toxicity, and benthic community
structure and has been used to develop numerical criteria. Also, an extensive review of
effects associated with sediment-sorbed contaminants was developed to rank stations
sampled in the NOAA National Status and Trends (NS&T) program (Long 1992; Long and
MacDonald 1992). All listed effects concentrations are from freshwater studies with the
exception of the NOAA NS&T review, which included marine and estu,arine studies. While
[hesc studies, with the exception of the spiked sediment bioassays, do not establish a cause
and effect relationship between the contaminant levels and effects, they do provide a useful
benchmark of ranges of sediment-sorbed contaminants associated with adverse effects.

‘ 3 The sulfides thal am lIbcratcd from a srdirncn[ sarnplc 10 which acid has been added at room [cmpcr~hm,

generally k iron monosulfidcs bu[ no[ pyrite or okr sulfides.

14 AISO cal Id a n{) cffcc[ concemrahon (NEC) by sornc aulhors
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Using [he NS&’r ranking approilch. a Ioml of 3 I freshwater studies reporting biological
~ifti-ts assoeitiled with sediment-sorbed copper were loeatd and ranked. The ranking
resulted in a freshwater copper effects range-median (ER-M) of 262 mg/kg (dry weight).
Much less infommtion on toxicity of sediment-sorbed arsenic in freshwater and no
information on toxicity of sedin]ent-sorbed cobalt was kxated for [his review. Persaud et
iii. ( 1993) gives a cobalt sedinwn[ quality guideline of 16 and 50 m@g, borrowing the
values from Ontario’s limit for unresrncwd disposal of dredged material in lakes. No
infommtion on the derivation for these values was available at writing. Most of the
concentrations in sediment sarnplcs collected from Panther Creek downstream of Blackbird
Mine exceed the copper median effects concentration of 287 mg/kg, and the highest effects-
concentrations reported for arsenic (70 mg/kg) and cobalt 50 (mg/kg). Concentrations in all
sediment samples from Pant-her Creek up~= of the Blackbird-tie were near or below
the lowest concentration associated with effects for all three metals (Tables 21 and 22).

Table 21. Concentrations of arsenic in sediments associated with effects

Arsenic

6

8

11

14

33

70

888

(mg/kg dry weight)

Biological effeets

Lowest effects level in co-occurrence analyses with benthic communities. Correlated with
fess/depression of the most sensitive freshwater benthic species (lower fifth percentile of
affected species) (a)

NS&T Effects Range-Low (ER-L), the concentration above which adverse effects may begin
or are predicted among sensitive speeies (effeets in the lower tenth percentile of studies) (b)

Highest level found in Panther Creek sediments above Blackbird mine influences (c)

Lowesl level found in Panther Creek sediments below Blackblrd mine influences (c)

Severe effects level. Correlated with Ioss/depression of the most freshwater benlhlc species
(90th percentile of affecled species) (a)

NS&T Effects Range-Median (ER-M), the concentration above which effects are frequently or
always observed or predlc[ed among mosf species (b)

Highest fevel found in Panther Creek sediments below Blac+,bird mine influences (c)

1

NOEC - No observed eHects eoncentratmn; LOEC - Lowest observed effects concentration.

[a) Jaaqumagi 1992; (b) Long and MacDonald 1992; (c) This study.

I
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Table 22. Selected concentrations of copper in sediments associatd with effects

I

I

I

I

I

(in nl~ co~mr/k~ sedinwnt & wei~ht)
“ ,

Copper Biological effects

16 Hlghes! level Iound m Panther Creek sediments above Blackbird mine influences (a)

16 Lowest effects level in co-oaurrence analyses with benthic immunities. Correlated with
fess/depressicm of Ihe most sensitive freshwater benthlc species (fewest fifth percentile of
affected species) (b)

20 Highly toxic to amphipod Hyafella azfeca, Waukegan Harbor, fllirrois (c)

26 LOEC (reduced growth) in 48-hour spiked sediment baassays with the freshwater clam
Corbicula fkmvnea larvae (d)

34 NS&T Effects Range-Low (ER-L), the concentration above which adverse effects may begin
or are predicted among sensitive species (effects in the bwer tenth percentile of studies) (e)

36 LC50 for 14day Ceriodaphnia dubia spiked sediment bioassays (f )

37 Benthic macroinvertebrate AET (depression of mayflies and amphipods), Keweenaw
Waterway, Michgan (g)

40 LC50 for 14day Daphrria magna spiked sediment bioassays, (1)

65 Lowest level found in any Panther Creek sediment samples below Blackbird mine drainage (a)

86 LOEC (reduced survival) in 10-day spiked sediment bioassays with Corbicu/a fluminea
juveniles (d)

110 Severe effects level. Correlated with fossidepression of the most freshwater benthlc species
(90th percentile of affected species) (b)

162 LC50 for 14 day Pimepdes prome/as (fathead minnow) spiked sediment bloassays (f)

170 LC50 for 48 hr. D. magna spiked sediment bioassays (f)

207 NOEC (survival) in 10 d spiked sediment bioassays with amphipod H. az[eca (d)

216 Reduced growth for 14day Chironomus fenkms spiked sediment bioassays (f)

262 LC50 for 10d Hyalella spiked sediment bioassays (f) Median of the effects ranges
(ER-M) reported from 31 freshwater copper-sorbed sediment studies.

270 NS&T Effects Range-Median (ER-M), the concentration above which effects are frequently or
always observed or predicted among most species (e)
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Copper Biological Effects

287 Sedlmenl qualrty lrlad, Clark Fork Rwer, Montana (h)

325 Amphpod Hyale//a ~feca chronic (recf~ed grow-rh) AET, Clark Fork Rwer, Montana (h)

347 LOEC (reduced surwval) in 10 d spiked sediment broassays wrlh amphipod H. azfeca (d)

386 Lowest c-cmcentra!ion in sediments that were toxic 10 the amphipod H. azt~ Panther Creek,
Idaho in 10-day tests. All sediments with higher concentrations also showed toxicity (a)

480 Daphniamagna 48-hour AET, Keweenaw Waterway, Michgan (g)

681 LC50 for 48-hour Daphrtia magna spiked sediment bioassays, Soap Creek Pond, Oregon (i)

857 LC50 for 10day Chironomus remans spiked sediment bioassays, Soap Creek Pond, Oregon(i)

878 Non toxic to rainbow trout sac-fry in 21 day exposure (h)

890 Acutely toxic in 10day tests IO the mayfly Hexagerria and /fya/e//a, Steilacoom Lake, WA (j)

918 LC50 for 10dayHyalella spiked sediment bioassays, Silver Creek, Washington (k)

1026 LC50 for 14day Chironomus tentans spiked sediment bioassays (f)

1078 LC50 for 10day Hya/e//a spiked sediment bioassays, Soap Creek Pond, Oregon (i)

2296 LC50 for 10dayC. fedans spiked sediment bioassays, Tualatin River, Oregon (i)

2930 Highest level found in Panther Creek sediments below Blackbird mine influences (a)

NOEC No observed effects concenlralion; LOEC - Lowest obsewed effects concentration.

~eferences

(a) This study; (b) Jaagumagl 1992; (c) Ingersoll and Nelson 1990; (d) Lynde et al. 1993; (e) Long and
MacDonald 1992: (f) Suedel et al 1994; (g) Malueng et al. 1984; (h) Kemble et al. 1993; (i) Cairns et al.
1984: (j) Bennett and Cubbage 1992; (k) Vandersypen 1993

I
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Fish

Toxisitv @jting

The Idaho Department of Fish and Gamc (lDFG) has conducted in situ (caged fish) s[udics
in Panther Creek using juvenile chinook salmon or rainbow trout. Fish tested in Panther
Creek just below the confluences of Blackbird and Big Deer creeks have shown significant
mortality relative to the upstream controls in some of the tests. AU fish tested in Blackbird
and Big Deer creeks at their mouths with Panther Creek died. These tests are compiled and
summ~zed in Table 23.

Table 23. Panther Creek in situ (caged fish) toxicitytesting 1967-1985.

Percent survival

Test

Aug. 1985 (chinook, 216h

exposure)a

May 1985 (chinook, 216h

exposure)b

May 1984 (chinook, 144h

exposure)c

Apr. 1977 (rainbow trout, 120h

exposure)a

Jul. - Oct. 1976 (rainbow trout,

120h exposure)ae

Sep 1975 (rainbow trou[, 120h

exposure)a

Aug. 1975 (rainbow trout, 120h

exposure)a

Jul. 1972 (rainbow trout, 240h

exposure)a

Summer 1967 (rainbow trout,

72h exposure)d

Panther
Cr above
Blackbkd

100

100

100

100

100

100

100

98

96

Panther
Cr bebw
Blackbird

100

95

60

0

70

5

95

14

0

Panther
Cr above
Big Deer

95

100

100

100

100

NT

NT

60

NT

Panther
Cr bebw
Bg Deer

5

85

f

80

0

NT

NT

o

NT

Mouth of
Blackbird

o

0

NT

NT

NT

NT

NT

NT

NT

-.
a Reiser (1 986); bTOd 1985; cPetmsky and Holubetz (1985). ‘~rleY~ (1967)

e panther ahve and below Blackbhd tested in July, above and bebw Big Deer in ~Ober

‘ Cage disappeared during test

n. 20 for all tests except for n=50 in 1972 and 1967

NT - Not tested

Mouth of
Bg Deer

o

0

NT

NT

NT

NT

N-r

Nr

NT

Most of the caged fish bioassays did not have any corresponding water chemistry
measurements reportedly. However, assuming that the 1985-1986 range of <10 to 160 pg/1

15Tbc only data Iocalcd were from the May 1985 UXJS. Reportedlotafcopper concentrations (1.@) above

Blackbird were c20; below Blackbird 60-7(~ above Big Deer 20; below Big Deer 40-60, and 2 km above

tic mouti of Pan[hcr, 100-110 Kg/1 (75% survival). Two gmb sarnplcseach cage (Torf 1985).
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dissolved copper conccntr:t[ions in lower Panther (_’reekis typical (-l’able IS), sonw of the
cagd fish tests had less toxici[y than would be expected from the literature on acutely lethal
ICWIS of copper to salmonds. (lhet- invest-iga[ors using in situ caged tish studies in copper
con[ami[lated waters have also reported somewhat better survival in in situ caged fish than in
l:ibora[ory test chambers for similar total concenma[ions of copper (h4cKtxin C[ al. 1991,
Phillips and Spoon 1990). There appear to have been Iwo main factors reported from (hese
sludies that may have been relevant to the Panther Creek tests: ( 1) size of the fish used, and
(2) [he foml of the copper in the streams and inorganic and organic cm-nplexing agents dmt
may be present at some times.

~ize of fish used. Several investigators reported that larger juvenile and adult salmonids
were more resistant to copper lethality than the smaller juveniles tested lb In these studies
copper resistance with the larger fish was up to a factor of nine times greater than that for the
smallest “swim-up” larvae (or alevins) which appear to be most vulnerable life stage. In
order to avoid escape from the cages, some of the caged fish field studies used fingerling or
adult fish instead of the more vulnerable, smaller, swim-up alevins and @. Very fine mesh
that could retain the smallest fish larvae may not allow adquate flow through the cage or
may tear out and may not be practical in streams with much flow. Of the toxicity tests
review~ those that used the smallest, most vulnerable larvae were conducted in laboratory
aquariz not in cages. While no standard terminology for salmonid life stages has been
adopted, fry are often described as being between 2050 mm fork length and fingerlings as
between 80-150 mm fork length. The Panther Creek tests described using relative] y hardy
larger juvenile fish (fingerlings). Finlayson and Wilson ( 1989) reported that lethality tests
with strearnside flow-through troughs, rather than in situ cages, using relatively small
chinook fxy (20-60 mm fork length) gave similar results to laboratory toxicity testing.
Phillips and Spoon (1990) conducted in situ caged fish tests initially using both fry and
fingerlings. The larger fingerlings were consistently hardier than the fiy leading them to
drop the fingerlings from the tests. In situ caged fish toxicity testing has been a
recommended approach for detemin ing acute Iethalit y from contaminated water (USRVS
and UW 1987), but may be a reliable indicator of only the most severe .hrtpacts due to
]ogistic~ ]imi[a[ions ca~~ing out the tests with the smallest, most vulnerable life stages of
fish.

Forms and comulexing Copper toxici[y to salmonids is generally accepted to k caused by
ionic copper (the aquo ion [Cu(HzOJ~+, usually referred to as Cuz+) and ionized hydroxides

(CUOH+ CUZ(OH)~ and CU,(OH) ~- ). Few chemical analyses of water in toxicity testing

actually measure species of copper present but report “dissolved” (ftltered) copper or “total”
(unfiltered), where the so-called dissolved values are assumed to represent the ionic, toxic
form of copper. While this may hold as a generality that predictive ability is improved by
using filtered samples, some less toxic copper complexes such as copper hydroxides and
carbonates sorbed to suspended particu Iates, and organic Iigands may pass through a
0.45 pm filter membranes and be included in the “dissolved” value (Sprague 1985). An
examination of the Beltman et al. ( 1993) filtered and un-filtered analyses of water samples
from Blackbird, Big Deer, and Panther creeks showed that, under the low flow, conditions
sampled (September 1992), a higher proportion of total copper from the Big Deer Creek and
Panther Creek below Big Deer was in the dissolved state than were the samples from
Blackbird Creek and Panther Creek below Blackb~d. While not conclusive, these data may
indicate that more sorption to particulate in the Blackbwd drainage than Big Deer occurs
during low flow conditions. Also, the in situ caged fish tests and salmonid population
monitoring (following section) showed greater mortality and fewer fish in Panther Creek

‘6 Laurtn and McDonald 1986; Chakoumakos ct al. 1979; Flnlayson and Wilson 1989; Howarth and
Sprague 1978: Chapman 1978, 1994; and Chapman and Stevens 1978.
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below Big Deer Creek than below Blackbird G-eek, even though higher Iotal copper levels
have been reported below Blackbird Creek (Figure 9).

McKean et al. ( 1991) showed with both caged fish studies and tissue analysis of na[ive fish
thn[ rain txmv trout and coho salmon (C)ncorhynchus kiswch) exposed tocopper
concentrations produced rnetallothionein at levels corresponding with exposure. As
exposure increased, increased sub-lethal effects were observed (gill structure damage and
increased metal lothionein levels). Even when gill histology showed severe damage, all of
the salmon survived a 96-hour LC50 acute lethality test17. McKean et al. (199 I) cautioned
against placing high reliance on acute lethality testing of rainbow trout as an indicator of safe

copper concentrations. They concluded hat the tests may miss all but the grossest effects;
even with high swwival during the length of the test, the fish may incur significant
impairment.

‘7 LC50 is [hc rncdian le[h~lconccnuatiorr,i.e. the concenuationof ma[crialm wa[crto which[ess[
organisms arc exposed which IS cs[ima[ed m he Ictid to 5(YZOof ihc ks[ organisms.
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Lliw3ccu mulation of recta Is in Panther Creek sa Imoni*

Residues of cobal[, copper, iron, zinc, and lead in muscle [issue of salnnnids were
nleasured in 1985 to detemline po[en(ial human health hazards from eating Fish from Panther

Creek below the Blackbird Mine. Fish muscle tissues were composi[ed from three reaches
for analysis: Upper Panther (above Blackbird Cr), middle Panther (below Blackbird but
above BiR Deer Creek) and lower Panther {below Big Deer Creek). Results show increased
residues ~f cobalt and bpper in fish eollec~ed in the ~k.achesbelow Blackbird Credc.
(Figure 17).

oq-

T

-r
Upper Panlher Creek “ Middle Panther Creek - Lower Panther Creek

Figure 17. Mean metals residues (mg/kg wet weight) in muscle tissue from Panther Creek
fish. “*” indicates significantly higher than upper Panther Creek at (p < 0.05)
by Kruskall-Wallis non-parametric multiple comparison test. Error bars show
one standard deviation (Reiser 1986)

Copper accumulates most strongly in fish liver-s, and to a lesser extent, kidneys and gills,
but muscle tissues do not appear to be involved in copper accumulation. Copper levels in
muscle tissue of laboratory exposed fish have been similar to those of controls (Sorensen
1991 ). Panther Creek data show a similar pattern; copper residues below Blackbird are not
as elevated as highly as are cobalt residues. The fact that increased copper residues were
found at aU in a part of the fish were copper does not readily accumulate suggests significant
exposure to copper for these fish.
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y(JQf.1Iation Stud wi

Sa Imonid DODU Iation survevs

Blackbird mine effluents are associated with depressed sahnonid populations in middle and
lower Panther Creek. The fwst fish population surveys in Panther Creek were reporttxi by
Corley (1967). Codey electrofished four 140 m stream sections of Panther Creek, two
above Blackbird Creek, one just below Blackbird Creek, and one between Deep and Napias
creeks. He found no fish below Blackbird Creek, nine fish (two species) at the lowest site,
compared with 24 and 66 fish (three and six species), at the upstream sites. Further
electrofishing in July 1980, found rainbew trout, brook trout, mountain whitefish, and
sculpins upstream from Blackbird Creek. No fish of any species were found in the section
between Blackbird and Big Deer Creeks. Rainbow trout, which are stocked amually, were
the only species collected from lower Panther Creek just above its mixing zone with the
Salmon River (Sgro et al. 1981).

Since 1984, the Idaho Department of Fish and Game has annually monitored the
abundances of juvenile steelhead and chinook in rearing habitats in 166 stream sections in
the Salmon and Clearwater drainages, including five in Panther Creek (Rich et al. 1992).
Fish counts have been made by direct observation by snorkeling with observers moving
slowly upstream spaced to observe the entire stream width, yet not to herd fish upstream.
Snorkel counts have been used since streams in the study area are clear, have low
conductivity, and the unreliability of electrofishing in large streams. Comparisons of
snorkel counts and electrofishinghwnoval estimates in these types of streams support using
snorkeling surveys under these conditions (Petrosky and Holubetz 1987; Hankin and
Reeves 1988; Hillman et al. 1992).

The five reaches are each about 100 m long and include at least one riffle-pool complex
(Petrosky and Holubetz 1985). Direct upstream-downstream comparisons are difficult since
the established monitoring sections are not normalizcxl for habitat variables. Morphological
and physical habitat features, including vaIley and channel type, substrate, and microhabitat
features (e.g. fasr.klow water, pool size, overhanging vegetation, bank type) that provide
feeding and refugia for juvenile fish also affect abundances. For example, Hankin and
Reeves (1988) reported that in undisturbed streams, higher parr abundances are usually
found in lower, larger reaches of streams than in their upper reaches. The reverse has been
reported for Panther Creek Results of the annual IDFG population surveys are compiled in
the following section:

Chinook salmon

Chinook salmon have been rare throughout Panther Creek from 1984-1992 (Table 24). AU
occurrences appear to be related to stocking. Highest abundances were recorded in upper
Panther Creek in 1987 following the mkase of over 3000 adult chinook near the mouth of
Panther Creek in summer 1986 (Table 3). No juvenile chinook were observed in the section
below Big Deer Creek even though this section’s “Type A“ pool-cascade-boulder-habitat
provides an abundance of juvenile rearing habitat (Table 1; Reiser 1986, p. B2- 16).
Sightings of spawning adults and juveniles in viciniiy of Clear Creek are presumably the
progeny of this release or from eggs planted near Clear Creek in 1987.
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Table 24. Annual densities of juvenile chinook in established rnonitoring sections. Panther
Creek. (Petrosky and Holubetz 1985; Petrosky and Everson 1988; IDFG 1992).

Chinook salmon - Age 0 and 1 (fish/100 m2)

Suwey

1984

1985

1986

1987

1988

1989

1990

1991

1992

Above
Blackbird,
section #1

(by Cabin Cr)

o

0

03

0,0

0

0

0

Above
Blackblrd,
seclion #2

(by Moyer Cr)

o

0

56.2

12.5

0

0

0

0

Below Blackbird
G

0.1

0

0

3.2

0.5

0

0

0

0

Below Bg Deer
o

0

0

0

0

0

0

0

0

0

Below Clear Cr

o

0

0

0.1

0.3

0

0.1

0.1

0.1

Rainbow and steelhead trout

Rainbow/steeIhead troutlg densities are highly variable and appcxmto be maintained above
sustainable levels by stocking. l%e LDFG annually stocks Panther Creek with catchable size
rainbow trout for recreational fishing. This “put-and-take” fishery depends on hatchery
reared f~h with no expectation of long term survival (IDFG 1993). Despite this
confounding stocking, IDFG population surveys for rainbow/steeLhead show a trend of
somewhat lower densities of rainbow/steelhead trout downstream of Blackbud Creek
relative to upstream areas. Extremely low densities of fish have been observed in the
section. just below Big Deer Creek, although the “Type A“ pool-cascade-boulder habitat
should suppat high densities of juvenile trout (Table 1). Numbers of rainbw/steelhead
increased somewhat new the mouth of Panther Creek below Clear Creek. Figure 18a
shows the average densities from 1984-1992. The box plots in Figure 18Cillustrate the
high variability of some rainbow/steelhead counts (except for the consistently dspressed
section below Big Deer Creek) suggesting that some surveys countai recently released fish.

Resident salmonids

Brook trou~ bull trout, cutthroat trout, and mountain whitefish populations in Pm-ther Creek
are not supplemented by ongoing stocking. Without the confounding influence of stocking,
resident salmonid counts show a consistent pattern of depressed numbers in Panther Creek
in relation to Blackbird mine effluents (Figure 18b). Compared to upstream sections,
resident salmonids are less abundant at all locations surveyed below Blackbird Creek and
extremely scarce in the section below Big Deer Creek, despite the suitable pool-cascade-
boulder habitat there.

e

] ‘Juvenile rainbow and steelhcad Doul arc indistinguishable in visual surveys and arc rccordcd as
rainbow/steclhcad.
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Figure 18a. Average densities of rainbow-
steelhead trout (stocked annually) monitored
in Panther Creek from 1984-1992.

I A
Above Blackbird site Above Blackbird site Below Blackbird Cr Below Bg Deer Cr Below Clear Cr

#1 (by Cabin Cr) #2 (by Moyer Cr) (n= 9) (n= 9) (n= 9)

(n k 7) (n= 8)

T
I

Figure 18b. Average densities of resident
brook trout, bull trout, cutthroat trout, and
mountain whitefish (not stocked) rnenitored
in Panther Creek from 1984-1992.

1
T

I
‘

I
Above Blackbird site Above Blackbird site Below Blackbird Cr Below Big Deer Cr Below Clear Cr

#1 (by Cabin Cr) #2 (by Moyer Cr)

Downstream

Figure 18. Average densities of rainbow-steelhead trout (stocked annually) and resident salmonids (not stocked)
monitored annually in Panther Creek from 1984-1992. Error bars show standard deviation.



Figure 18c Comparisons of overall densities of juvenile steelhead-rainbow trout monitored
annually in Panther Creek from 1984-1992 (Number trout/100 m2).
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BiE Deer Creek.

Although Big Deer Creek has excellent physical habitat for trout rearing and spawning
(Reiser 1986), resident trout have been eliminated from Big Deer Creek below the
confluence of the South Fork of Big Deer Creek (BIackbwd effluent). Physical habitats and
fish were inventoried by Forest Service rt%earchers in August 1991 (snorkel counts).
Nearby streams of similar size with similar high quality trout habitat have abundant trout
populations. The results of summer 1991 snorkeling surveys among different Panther
Creek tributaries are given in Table 25. Big Deer was not surveyed above the confluence of
the contaminated South Fork (Price pers. comm. 1992).

Table 25. Trout densities in Panther Creek tributaries 1991 (all habitat types)

Moyer Cr. Deep Cr. Napias Cr. Lower Bg Deer Cr. Clear Cr.
# Trouf/100 mz
(all species) 5.8 7.0 9.7 0 17.1

Source: U.S. Forest Service 1992

[n July 1992, two 100-meter” sections of Big Deer Creek above and below the South Fork
effluents were also electrofished (USFS 1993). No fish were found below the confluence
of the South Fork. Above the confluence, rainbow trout were the only fish species
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identified with an overall density in that section of 26 fish/100m2. lle population was
apparently made up of smaller than average fish with abundances comparable to or
somewhat higher than in other Panther Creek rnbutaries sampled or throughout the Salmon
River basin (Rich et al. 1992; USFS 1993). This may be attributed the smaller size of fish
in the upper Big Deer population. This in turn may be related to the trout’s resrnction to the
smaller, upstream habitats away from rearing habitats (larger pool complexes) in the lower
reaches of Big Deer Creek.

Exmcted S~ monid de nsitie~

Based on results of their monitoring both pristine and degmded salmonid habitats and on
salmonid habitat requirements, Scully et al. (1990) estimated rearing potentials (caqing
capacity) for steelhead and chinook parr. Mean steelhead densities fmm 89 streams in the
Salmon and ClearWater drainages that were estimated to be near carrying capacity ranged
from 10.0 -24.4 per square meter for poor to excellent habitats, respectively. Panther
Creek monitoring sections show a trend of reduced juvenile steelhead and chinook densities
relative to both these other streams and upstream sections of Panther Creek. Even with
repeated rainbow-steelhead stockings above and below Panther Creek, surveyed reaches
below Big Deer Creek always show severely diminished abundances, and below Blackbird
Creek, somewhat reduced abundances.
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Lil(2rafUre on CODD cr to xicify to fish

Lethality

The lethality of waterborne copper to sa]monids has been extensively studied. ~ of the
studies reviewed reported increased lethality to salmonids at copper concentrations that have
been reported from Panther Creek downstream of the mine under hardness, alkalinity, and
pH conditions similar to those that have been reported from Panther Creek19. Copper

concentrations that resul[ed in lethality and other adverse effects in several studies are
compared to 1985-1986 Panther Creek copper concentrations in Figure 1920. Most studies
reported concentrations acutely lethal to 50% of the fish, referred to as LC50 values,
between 15-40 pg/1 for exposure times between 4 to 8 days.

Of particular interest for Panther Creek conditions are Chapman’s (1982) early life stage
testing with chinook salmon in low-alkalinity, low-hardness water. The chinook embryo-
larvae were exposed to copper from just before fertilization until about 30 days after swim
up, for a total exposure time of 120 days. The results are summarized in Table 26.
Reduced growth occurred at all concentrations, giving an effects threshold of <7.4 jqji. At
20 ~g/1, 94% of the chinook died compared to 9% in the controls. l%ese 120 day duration
test results are more representative of the extended exposures of several months that juvenile
salmon would encounter rearing in Panther Creek than are the acute (4 to 6 day) toxicity

/

thresholds. Long-term, relatively low-level exposures that appear safe in acute tests could
result in high mortality and place fish at competitive disadvantages due to reduced growth.
Results of these early life stage tests also illustrate seasonal differences in vulnerabilities of /
salmonids to copper toxicity. Brief exposure of swim-up steelhead fry to copper
concentrations between 7 and 20 ~g/1 resulted in a pulse of mortality. Exposure at
fertilization, eyed egg stage, or hatch did not result in a mortality phase. Significance in
nature could be that a brief exposure of copper during swim-up from snowmelt or a
thunderstorm could result in pulse of mortality (Chapman 1994). Co-occumence of chinook
fry emergence in late spring and higher copper concentration in Panther Creek in late spring
increases the likelihood of the occurrence of conditions lethal to early life-stages of ~

salmonids (Figures 5, 6, and 9).

Table 26. Chinook salmon 120-day early life stage testing with copper (Chapman 1982).

copper (@l) 1.2 7.4 9.4 11.7 15.5
(Control)

20.2

Morlality (’%) 8.95 10.00 9.55 20.30 48.50” 94.15* I

Mean length (mm) 47.9 43.0” 40.6” 40.2’ 36.5’

Mean wet weight (q) .990 .624* ,493” .518” ,341” -

“Significantly ddferen( from control, p= .05, Dunnelts Procedure. Total hardness (rng/1 CaCO~)

25.4 f 3.9, alkalinity (mg/1 CaC03) 23.9 t 2,3, pH 7.32 t 0.07.

‘9 h~cKean e[ al. 1991, Cuisimano et al. 1986; Laur6n and McDomId 1986; Seim et at. 1984; Finlayson
and Verrue 1982; McKim 1985; Chapman 1982, 1978; Chapman and Stevens 1978, Miller and hfacKay
1980; Chakoumakos el at. 1979, Howarth and Sprague 1978, Schreck and Lorz 1978, Smvcns 1977; Lot-z
arrd McPherson 1976, Hazel and Meih 1970 and Sprague and Ramsay 1965.

20 Dau from Wti and Mok ( 1986). AI writing, this is the only ai’ailable Panticr Creek s[udy documenting
reliably quantified time-series wamr chcmiswy dara.
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Figure 19. PantherCreek copper concentrations compared with the effects
of dissolved copper to salmonids reported under conditions of
hardness, alkalinity, and pH similar to Panther Creek conditions
(pH 6.5 -8.5, hardness 20-50 mg/l, and alkalinity 10-50 mg/l,
both as as CaCO3).

Source3

(a) Hazel and Meith 1970

(b) Chapman and Stevens 1978

(c) Hara et al. 1976

(d) McKean et af. 1991

(e) Sutterfin and Gray 1973

(f) Chapman 1978

(9) f%iaysofl and Verue 1982
(h) Lorz and McPherson 1976

(i) Saucier et al. 1991

(1) Sprague et al. 1965
(k) Chapman 1982

(1) Chakoumakos et al. 1979

(m) Woodward 1993

(n) Giattini et al. 1982



Effects of cvclic or eDisodic come r exDOsu es or n salmonid toxicitv

Environmenud doses of copper in the Panther Creek would vary cyclically during day-night
temperature changes during spring runoff or in pulses during summer thunderstorms. Seim
et al. ( 1984) studied the chronic relationships between continuous and intermittent copper
exposures and the survival growth and development of steelhead trout embryos and la.mae.
They found a two-fold increase in-chronic toxicity (impaired growth) when steelhead eggs
and fry were intermittently rather than continuously exposed to copper at the same mean
concentration. Similar to spring snow-fed stream flow patterns, copper was introduced
daily for a single 4.5-hour period in which concentrations quickly increased and decreased
four to five times the mean copper concentrations. Steelhead embryos exposed in this
intermittent manner hatched later than control groups or groups continuously exposed to
higher concentrations of copper. Intermittent exposure of copper reduced growth of
steelhead fry more than continuous exposure (EC 50 of 27 pgjl vs. 46 pg/1, respectively,
hardness 120 mkg/l,alkalinity 126 mg/1 CaCOs, pH 7.4-7.9).

Bergman (1993a) simulated pulses of metals that result from runoff from mill tailings in a
river floodplain during summer thunderstorms. Concentrations of metals (copper, zinc,
lead, and cadmium) in concentrations measured during rainstomm were introduced in an 8- 1
hour pulse to aquaria with rainbow trout juvenile and fry. Survival was significantly
reduced for both juveniles and fry after these brief pulse exposures (fry were more
sensitive). Mortality was delayed. In one test all rainbow trout survived during the 8 hour I

pulse but m died during the following 96 hours. Delayed mortality following a pulse from
a rainstoml could significantly reduce sumival of fry in the wild and thus lower recruitment
of subadults into the resident trout populations. Also, because rainstorm pulses are
associattxl with turbid water and because trout fry are ve~ small, fish kills involving trout I
fry could have occurred and gone unnoticed in Panther Creek. While most toxicity tests are
conducted under constant test concentrations, these two studies indicate that variable
exposures encountered in nature may be more severe than estimated in many experiments. ~’

Acclimation

Several studies have shown that salmonids may acquire a tolerance to metals exposure:
I

salmonids may be able to tolerate low levels of metals without succumbing. However the
costs of this acclimation include reduced growth and reduced swimming capacity due to
reduced ability to digest food and thus lower conversion efficiency of food to energy. The I

longer-term consequence of this acquired toleration was starvation, increased susceptibility
to disease and predation, with overall reduce-d survival potential at the population level
(McKim 1985). Dixon andSpraguk(1981 ) found that after fish were pre-exposed to a
sublethal copper level, the fish could Sither become more tolerant or more weakened. Their I

study of the copper response showed that there was a greater increase in tolerance with
higher pre-exposure concermations and also with time of pre-exposure over the three-week
test period. Acclimation approximately doubled acute copper tolerance. When returned to

I

clean water, trout lost their increased tolerance. Acclimation stimulated production of a liver
protein, probably a metallothionein, the apparent defense mechanism. Acclimated fish were
able to maintain their body burden of copper at a steady level, with no increase during I

subsequent exposures that should have been quickly lethal. There was an apparent
threshold for rnggering this defense mechanism at one-fifth the acute toxicity threshold
concentration: above that there was reduced growth and increased tolerance, and below
there was no effect on growth. At lower levels of exposure (one-tenth the lethal level) fish I
did not have a defense mechanism and were more sensitive to subsequent lethal levels.
Miller et al. (1993) subjected rainbow trout to an acute Iethalit y test after pre-exposing them
to dietary and waterborne copper for six weeks. Waterborne pre-exposure significantly

I

increased the tolerance of trout to waterborne copper.
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In rainbow trout, the gill has been shown to be the primary target for waterborne acute
copper toxicity, as opposed to a food chain exposure route. At lower concentrations where
the gills can withstand elevated copper, the liver appears to become the primary organ for
accumulating and detoxifying copper, apparently resulting from increased synthesis of the
specific metal-birding protein metallothionein (Laurt% and McDonald 1987). Cobalt also
binds metallothionein, giving the potential for additive effects when the individual
concentrations of trace metals are below levels expected to be lethal to aquatic life (_Ldand
and Ku wabara 1985). McKean et al. (1991) showed with both caged fish studies and tissue
analysis of native fish that rainbow trout and coho salmon exposed to copper concentrations
produced metallothionein at levels corresponding to exposure. As exposure increasd,
increased sub-lethal effects were observed,that is, gill structure damage and increased
metallothionein production. Even when gill histology showed severe damage, all the
salmon survived a 9&h LC50 acute lethality test. These results caution against solely
relying on acute lethality testing of salmonids: even with high survival (e.g. 959’obelow
Blackbird Creek in May 1984) it would be prudent to consider other variables as well to
interpret conditions accurately.

In studies of wild brown trout (Salmo trumz) acclimated to elevated metals in the Clark Fork
River, Montan% and naive hatchery trou~ the acclimated trout were more resistant to acute
metals elevations as result of genetic and physiological adaptations. Copper generally
becomes toxic by disrupting the osmoregtdatory balancq the metabolic demands from
detoxifying metals to maintain homeostatic balance injure trout populations by diverting
resources from normal growth process. Over the long run, these genetic and physiological
changes have associated costs that may ultimately reduce su.mival in the wild (Bergman
1993 b).

These studies provide clues to the persistence of resident salmonids in all reaches of Panther
Creelq albeit at reduced numbers, downstream of Blackbird Creek.

-.
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Behavior

Even briefly elevated copper levels entering the river from Panther Creek could potentially
interfere with the migration and thus survival of anadrornous populations in the drainage.
Field and laboratory experiments with salmonids have shown avoidance of low
concentrations of copper, disruption of downstream migration by juvenile salmon, loss of
homing ability after chronic low level copper exposure, loss of avoidance response to even
acutely lethal concentrations of copper follow long term habituation to low level copper
exposure.

Saucier et al. (1991) examined the impact of a long-term sublethal copper exposure on the
olfactory discrimination perfommnce in rainbow trou~ When controls were given a choice
between their own rearing water against either well water or non-specific water, they
significantly prefemd their ow’n rearing water, whereas both copper-exposed groups
showed no preference. Their resul(s dernonstra[e that a long-term sublethal exposure to
copper, as it commonly occurs in the “natural” condition, may result in olfactory
dysfunction with potential impacts on fish suwival and reproduction. Chapman ( 1994)
reported that long-term sublethal copper exposures had impaired the avoidance performance
of salrnonids. Steelhead trout, acclimated to low copper levels by surviving about three-
months early life stage toxicity testing, subsequently failed to avoid much higher, acutely
lethal concentrations. Following about three-months continuous exposure to 9 vg/1 copper
from fertilization to about 1-month after swim up, the copper-acclimatai fish and control
fish with no previous copper exposure were exposed to a range of copper concentrations
from 10 to 80 pg/1 in avoidance-preference testing2]. The acclimated trout failed to avoid
even the highest copper concentrations while most of the unexposed fish avoided all
concentrations.

Studies have shown that salmonids can detect and avoid copper at low concentrations when
tested with concentration gradients. (Giattina et al. 1982) reported that the avoidance
threshold of rainbow trout to copper was 4.4 -6.4 pg/1 when tested in steep and shallow
concentration gradients. At exposure to extremely high copper levels, trout showed
diminished avoidance to acutely lethal concentrations. Avoidance thresholds of 2 ~g/1
copper have been reported for Atlantic salmon, concentrations that are less than one-tenth of
the incipient lethal concentrations (Saunders and Sprague 1967). Cutthroat trout have been
shown to have an avoidance threshold of 6.5 ~gjl copper in the laborato~ (Woodward
1993). FLuther, rainbow trout avoided low concentrations of copper but were apparently
intoxicated and sometimes attracted m very high concentrations (Giattina et al. 1982).

Salrnonid preference/avoidance behavior with copper and other metals have been related to
narcotic effects or dysfunction in the chemoreceptors. Numerous studies have shown that
low levels of metals in freshwater cause olfacto~ and chemoreceptor impaimlent in
salmonids and other fish. For example, Hara et al. (1976) examined the effects of copper
on the olfactory response in rainbow trout. Threshold copper concentration of 8 peg/l caused
a minimal depression of bulbar response of rainbow trout to olfactory stimulant.
Irreversible damage to the olfactory receptor occurred at brief exposure to 50 pg/1 copper.
Further physiological and behavioral studies by Rehnberg and Shreck (1986) showed that
copper exposure reduced coho salmon’s ability to detect natural odors.

Field studies have reported that copper impairs both upstream spawning migration of
salmon and dou’ns~eam out rnicgration of juveniles. Avoidance of copper in the wild has
been demonstrated by: delay h upstream passage of Atlantic salmon while moving past the

21 The [INS used tic counterllowa~’odmx-preferenceICSLchambersdescribedinCiialtinaCLal. (1982)

I

I

I
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copper contaminated reaches of the river to their upstream spawning grounds; unnatuml
downstream movement by adults away from the spawning grounds; and by increased
straying from their contaminated home stream into uncontaminated rnbutaries. Avoidance
thresholds in the wild of 0.35 to 0.43 toxic units were higher than laboratory avoidance
thresholds (0.05 toxic units) perhaps because the laboratory tests used juvenile fish rather
than more motivated spawning adults or perhaps of motivation to move upstream, which
was lacking in laboratory tests. For this study 1.0 toxic units was defined as an incipient
lethal level, LLL (analogous to a 24 hr LC50), of 48 vg/1 in soft water22 (Saunders and
Sprague 1967; Sprague et al. 1965). Studies of home-water selection with returning adult
salmon showed that addition of 44 @ copper to their home-water reduced the selection of
their home stxarn by 90% (Sutterlin and Gray 1973).

These results may pertain to natural conditions in Panther Creek. In 1986,3,383 adult
chinook salmon were released at the mouth of Panther Creek (Table 3). At least some fish
must have passed through the Blackbird Mine effluent since the following year juvenile
chinook were observed in Panther Creek above Blackbird Creek (Table 23). Water quality
was not monitored; however, results from fall 1985, 1991, and 1992 (Figure 9) suggest that
the fish would have passed through dissolved copper concentrations of about 20 ug/1.
Releases of similar levels of copper from a mine drainage into a salmon spawning river
resulted in 10% to 22$%0repulsion of ascending salmon during four consecutive years
compmed to l% to 2% swimming back downstream prior to mining (Sprague et al. 1965)

Sublethal copper exposure has been shown to interfere with the downstream migration to
the ocean of yearling who salmon. Lorz and McPherson (1976, 1977); and Lorz et a.L
(1978) evaluated the effects of copper exposure on salmon smelts’ downstream migration
success in a series of 14 field experiments. Lorz and McPherson (1976, 1977) exposed
yearling coho salmon for six to 165 days to copper concentrations varying from 0-30
pg/lzs. They then marked and released the fish during the normal coho migration period
and monitored downstream migration success. The fish were released simultaneously,
allowing for evaluation of both copper exposure concentmnons and expostue duration on
migration success. All exposures resulted in reduction of migration compared with
unexposed control fish. Migration success decreased with both increasing copper
concentrations and increased exposure time for each respective concentration (Figure 20).
Exposure to 30 pg/1 copper for as little as 72 hours caused a considerable reduction in
migration compared to control fish. These concentrations were one-tenth to one-third the
96-hour LC50 for the same stock of juvenile coho salmon in soft water. Lom et al. (1978)
further tested downstream migration with yearling coho salmon previously exposed to
copper, cadmium, copper-cadmium mixtures, zinc, and copper-zinc mixtures. Copper
concentrations in all tests were held at 10 @l. In all cases, the copper exposed fish again
had poorer migratory success than did controls. The other metals did not show the dose-
dependent result found for copper. These studies suggest that exposure to copper
concentrations at levels found”in Panther Creek below the Blackbird Mine may impair
downstream migration, and thus sutvival, of salmon smelts.

Avoidance of chemical contaminants by migratory salmon that home by chemoreception has
been demonstrated to impede migratory pathways, reducing the numbers that spawn. From
1980-1982, sub-lethal levels of a contaminant (fluoride) from an aluminum mill at the John
Day Dam on the Columbia River were associated with a significant delay in salmon passage

22 Hardness was about 20 mg/1 CaCOs

23 Nominat concentrations: measured concentrations were within t 107, nominal concentrations.
Ehckground concenlra[ion of copper in well water was reported m be <2.0 Hgfl, pH 6.8-7.5,atkalini[y
72-75, and hardness 89-99 mg/1, bclh as Cacoj.
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and decreased survival. Salmon took an average of 36 hours to pass up the fish ladder at [he
Bonneville and McNary dams compared to 157 hours delay at the John Day Darn, Greater
than 50% mortality occurred between the Bonneville and McNary dams (above and below
the John Day dam), compared to about 29o mortality associated with the other dams.
Damker and Dey ( 1989) introduced similar levels of the contaminant in streamside test-
flumes alongside a salmon spawning stream (Big Beef Creek, Washington). Significant
numbers of adult chinook salmon failed to move out of their holding area and continue
upstream; those that did move upstream chose the non-contaminant side of the flume. By
adjusting the dose, Damker and Dey predicted a threshold detection limit for avoidance by
salmon. The mill subsequently reduced its release of the contaminant to below these
experimental threshold levels that did not show a response in the streamside tests.
Afterwards, fish passage delays and salmon mortality between the dams decreased to 28
hours and <5% (Damkaer and Dey 1989). This study suggests that the delay due to
avoidance of a chemical affected the spawning success of migrating adult salmonids. These
results are also consistent with the field studies of salmon migration in copper-
contaminanted streams and from laboratory avoidance/preference testing. Experimental
avoidance/preference testing thus appears to be relevant to fish behavior in nature.

Hartwell et al. ( 1987b) compared the avoidance behavior of schools of fish exposed to
metals in an artificial stream supplied with raw river water and in a natural stream. F:sh
exposed continuously for three months to a blend of four metals in river water were tested
during summer in the artificial and natural streams. Control (unexposed) fish avoided
concentrations of metals in the artificial streams at about one-half the concentmtions that they
avoided in the natural stream- Exposed fish did not avoid metals concentrations 42 to 40
times higher than concentrations that the unexposed fish avoided in the artificial and natural
streams, respectively. These comparisons indicate that laboratory avoidance is a relevant
indicator of field behavior and may be somewhat conservative (by a factor of about two in
these tests).

The literature review of both laboratory and field studies clearly indicates that salmonid
behavior is adversely affected by waterborne metals, including copper. These responses ae
supported by field studies of homing adults and outmigrating juveniles. A contaminant
(fluoride) that elicited similar avoidance behavior in strearnside chambers to copper
avoidance in laboratory test chambm wadinked with substantial mortality of salmon by
delaying their migration. These behavior modii7cations resulting from sublethal exposures
may not directly lead to the death of the individual but may nonetheless cause disturbances
of major ecological significance (Rand 1985).
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Figure 20. Reduction in percentage of ye@ng salmon migrating downstream following
copper exposure in fresh water(hn-z and McPherson 1977).1
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Food ch~ in effc~

Metals are available m benthic organisms and fish through uptake of dissolved forms ac~oss
the g-illand assimilation of particulate material through the food chain. Benthic invertebrates
are important food sources for fish and are essential in the aquatic ecosystem for br~~king
down refractory organic material into more readily used forms for trophlc energy mnsfer
and for nutrient cycling (ASTM 199 1). Detrita.1and filter feed invertebrates may accumulate
more metals by ingestion than from water (Kiffney and Clements 1993). Fish that feed at
higher trophic levels may be chronically exposed to metals through the food chain as well as
water and sedimen[. Food chain uptake and waterborne exposure to metal should both be
considered when evaluating the risk of metals contamination to organisms in Panther Creek.

Effects of chronic exposure of rainbow trout to combined waterborne and natural dietary
exposure to metals were studied in the Clink Fork River, Montana. Woodward et al. (1994)
exposed newly ha[checl trout alevins to 12 different combinations of metal-contaminated
water and diet. Benthic invertebrates with relatively high levels of arsenic, copper,
cadmium, lead, and zinc were collected from the Clark Fork River and fed to rainbow trout
for 90 days in waters simulating different ambient metals concentrations from the river.
They found that metals in the food chain were more important in reducing survival and
growth of early life stage fish than were metals in the water. Metals residues in the dietary-
exposed trout were similar to concentrations found in Clark Fork fishes. Concentrations
usd in the tests ranged from no metals to twice the EPA water quality criteria (AWQC).
The fish were fed diets of field-collected forage fish and invertebrates from the Clark Fork
River and from an uncontaminated reference river. Concentrations of arsenic, copper and
lead were 10 to 20 times higher in a diet of invertebrates from the Clark Fork River than
from the reference diet. Survival and growth of tinbow trout were reduced by exposure to
the metal-contaminated invertebrate diet. Metals at twice the water quality criteria had no
effeet on survival or growth of trout independent of the effect of d.ie~ Concentrations of
metals in the metal-contaminated invenebrme diet collected from riffles of the Clark Fork
River were similar to concenuations of metals in arnphipods exposed in the laboratory to
sediment from the river. Although the sediments were not toxic to the amphipods,
bioaccumulation of metals in the amphipods occurred at levels similar to those that in the
invertebrate diet of trout that caused reduced growth and survival (Kemble et al. 1993).
Thus, similar effects on trout may be inferred for Panther Creek where some sediment
stations did have high toxicity, indicating that metals are at least as readily bioavailable to
invertebrates as in the Clark Fork.

Although biomagnification was not obsetved and bioeoncentration factors were small in the
Clark Fork study, the amoqnt of metals transfemd by food was high enough to attain
biologically harmful concentrations in fish. Once in the gut of fish, heavy metals are
absorbed into the gut tissue where they are disrnbuted to the liver, kidney, and muscle. The
contaminated invertebrate diet and/or the water exposure to twice the AWQC also resulted in
scale loss of adult fish. The energetic costs of scale regeneration and potential enhancement
of disease susceptibility may be detrimental to fish in the wild (Farag and Bergman 199S).
Reduced growth of fish receiving dietary metals could be due to the energy required for

. binding the metals to proteins in the livers where they are exereted through the bile or
through deemased assimilation efficiency in the gut (Miller et al. 1993; Woodward et al.
1994). Beeause growth rate directly relates to fecundity in teleost fish, it is important for
reproductive success and is one indicator of population fitness (Bergman 1993). Miller et
al. (1993) and Mount et al. (1993) also studied of dietary effects of copper to rainbow trout
by adding inorganic copper to fish food and by brief exposures of brine shrimp post-hatch
to copper-spiked brine solution. These studies had higher threshold effects concentrations
than did the Clark Fork River study using field collected invertebrates (435 vs. 684 or 828
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mg/kg copper, dry weight respectively). These results suggest that the tield invertebrates
may metabolize the metals into a protein-bound form that is more bioavailable to predators
than the laboratory food-spiking experiments. Thus the laboratory exposures with inorganic
metals may underestimate bioavailabilit y in the wi Id.

Additional studies of metals contamination in streams where copper concenwahons in water
were low, but remained elevated in sediments, macrophytes, or benthic invertebrates,
include the Arkansas River, Colorado and Iron Creek, Idaho. Kiffney and Clements (1993)
found that metals concentrations in aujivuchs (biotic and abiotic material accumulating on
submerged surfaces) are bioavailable and represent a significant source of metals to benthic
macroinvextebrates, even though ambient water concentrations were relatively low.
Sampling sediments and aquatic mosses in Iron Creek, Idaho (within the Blackbird study
area), Erdman and Modreski (1984) found that copper and cobalt were more highly
concentrated in the mosses than in sediments in some areas; macroinvertebrates live in and
ingest these metal-enriched mosses.

In sum, studies on effects of metals in the food-chain for salmonids have demonstrated
increased mortality and decreased growth both in laboratory and field studies (M.iLleret al.
1993, Wood ward et al. 1994). The copper-and other metals-contaminated Clark Fork River
system is relevant in many ways to the copper-and other metals-contaminated Panther Creek
system. The Clark Fork research has demonstrated a consistent pattern of metal
accumulation in tissues, degeneration of digestive cells (likely leading to reduced growth),
cellular damage and synthesis of enzymes rquired to detoxify/excrete metals (incurring a
metabolic cost, that may reduce growth and long term survivability). These effects were
both observed in laboratory-exposed and free-ranging fish, as was cell damage (including
digestive system degeneration, lipid peroxidation and liver abnormalities). These indicators
are diagnostic of copper poisoning in fish. (Bergman 1993c; Farag and Bergman 1993).
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er adve rse effects

Other adverse effects of copper to salrnonids reported in the literature include weakened
immune function and disease resistance, increased susceptibility to stress, liver damage,
reduced growth, impaired swimming ability, and weakened eggshells.

Stevens (1977) reported that pre-exposure to sublethal levels of copper interfered with tie
immune response and reduced the disease resistance in yearling coho salmon. Stevens
vaccinated salmon with the bacterial pathogen Vibrio anguillarum prior to copper exposure
to investigate the effects of copper upon survival and the immune response of juvenile coho
salmon. Following copper exposure the suMvors were challenged under natural conditions
to V. anguillarum, the causative agent of vibriosis in fish. Vibriosis is a disease commonly
found in wild and captive fish from marine environments and has caused kills of coho and
chinook salmon. The fish were exposed to constant concentrations of copper for about one
month at levels that covered the range from “noeffect to causing 10(Y-ZOmortality. l%e
antibody titer level against V. anguilfarum was significantly reduced in fish exposed to this
concentration of copper when compared to that developed in control fish. The survivors of
the copper bioassays were then exposed in saltwater holding ponds for an additional
24 days to the V. angui41arum pathogen. The unvaccinated, non-copper exposed control
fish had 100% mortality and the vaccinated, non-copper exposed fish had the lowest
mortality. The vaccinated, copper< xposed fish had increasing mortality corresponding to
the lower antibody titers levels which in turn con-esponded to the increasing copper
exposure levels. Thus, copper exposure may reduce the fish’s immune function and disease
resistance.

Sch.reck and Lorz (1978) studied the effects of copper exposure to stress resistance in coho
salmon. Fish that were pre-exposed and acclimated to sublethal copper concentrations and
control fish were subjected to severe handling and confinement stress. Copper-exposed fish
survived this stress for a median of 12-15 hours while the control fish had no mortality at
36 hours. Schreck and Lorz concluded that exposure to copper placed a sublethal stress on
the fish which made them more vulnerable to secondary stress including disease, pursuit by
predators, adaptation to saltwater, or handling.

-.,.
Chronic, iow-level copper exposure to brook trout eggs has resulted in weakened chorions
(eggshells) and embryo deformities. After hatching, poor yolk utilization and reduced
growth were demonstrated These overall weakened conditions may reduce survival
chances in the wild (McKirn 1985). Copper accumulation in the liver of rainbow trout
caused degeneration of liver hepatoeytes, which resulted in rduced ability to metabolize
food, reduced growth, or eventual death (Leland and Kuwabara 1985). Waiwood and
Beamish ( 1978 b), Chapman (1982), Seim et al. (1984), McKim (1985), and Woodward
( 1994) have also observed reduced growth of salmon ids to in response to chronic copper
exposures. Waiwood and Bearnish (1978a) reported that rainbow trout exposed to sublethal
copper levels had reduced swimming performance and reduced oxygen consumption
apparently due to gill dama~e and decreased efficiency of gas exchange.

In sum, in addition to direct mortality, copper stress has been shown to be a “loading”
stressor by increasing the cost of maintenance to fish and a “limiting” smessor, limiting
oxygen consumption and food metabolism. Reduced growth may result in increased
susceptibility to predation and impaired swimming ability may result in an impaired escape
reaction and prey hunting, with a possible consequence of reduced survival at population
level.

V. Effects on HabiUK and Spccics 72 PNRS: Blackbird Mine



Toxicitv of cobalt and COt)t)er-COba It mixtures to a~lc Ilfe
. .

Cobalt is generafly rare in natural aquatic systems, and much less infomlation has been
published on cobalt toxicity to aquatic life than copper. EPA presently does not have an
ambient water quality criterion for cobalt due to the rarity of cobalt’s occurrence and to a
lack of toxicological data. Elevated concentrations of cobalt do occur in association with
copper-nickel ores in northeastern Minnesota; the Mimesota Pollution Control Agency has
established cobalt eritena for the protection of aquatic life (Kimball, personal communication
1993). The available literature on cobalt toxicity indicates that it most likely contributes to
the degraded water quality of Panther Creek- Daphniu magna was the most sensitive species
reported for cobalt toxicity followed by rainbow trout and fathead minnows (Table 27). The
large differences in chronic and acute toxic levels of cobalt reported in several of the studies
suggest that cobalt toxicity is slower-acting than metals such as copper. Short-duration tests
thus may underestimate Iong-term risks of cobalt to aquatic life.

Lind et al. (1978) tested the acute toxicity of copper-cobalt mixtures to Daphia pulican”a and
fathead minnows (48-hour and 96-hour LC50’s, respectively). The joint toxicity of copper
and cobalt appeared to be slightly slightly less than additive for fathead minnows and
approximately additive to D. pdicana. These studies indicate that either copper or cobalt
could cause injury to aquatic life at concentrations reported in Panther Creek (Table 15) and
that mixed together this risk is increased.

Toxicitv of arsenic to aauatic life

The available information suggests that arsenic does not play a sign~lcant mle in impacts to
aquatic 1tie in Panther Creek. Although greatly elevated in sediments downstream from
Blackb~d, arsenic has not been reported in surface water at concentrations expected to cause
toxicity to most aquatic life. For example, Birge et al. (1980) reported that the threshold of
toxicity of total arsenic to rainbow trout was 42 p.g/l in 28-day embryo larval tests. The
national chronic criterion for trivalent arsenic is 190 ~g/1. The highest concentration of total
arsenic repomd in Panther Creek was 6.2,~g/1, almost all of which was the less toxic
pentavalent form. The highest Panther Creek concentrations of the more toxic trivalent
arsenic reported were 2.1 pg/1 (Table 15; Mok and Wai 1989). These low levels of arsenic
in surface waters, nearly perfect correlation with iron in Panther Creek sediments (Hgure
12), lack of correlation to arnphipod toxicity (Figure 16), and insolubility in leaching tests
(Table 17) suggest that arsenic is complexed with iron hydroxides and has low
bioavailability under ambient conditions in Panther Creek. Similarly, Cain et al. (1992)
repomd low bioavailabllity and Smith et al. (-1992b) reported little partitioning of arsenic
from sediments to surface waters in streams with elevated arsenic concentrations in
sediments.
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Table 27. Effecls of cc
Species

MN aquatic Ilfe criterion
(chronic)

Daphnia magna

Daphnia magna

D~hnia magna

D. magna

Daphnia magna

Oncorhynchus mykiss
(Rainbow trout)

Pimqphales promelas
(Fathead minnow)

O. mykiss

Panther Cr. upper level

7 species

P. promelas

MN aquatic life criterion
(acute)

O. mykiss

P. promelas

P. promelas

P. promelas

D. pulicaria

MATC-Maximum acceota

an con{
Cobaff
.Q!9!l_

5

5.1

9.3

10

21

27

38

112

120

120

144

290

436

490

531

1232

1245

2025

rrlralions c

Hardness

~

NIA

Hard (22o)

Hard

soft (45)

soft (45)

Hard(220)

Mod-hard
(96)

soft (48)

Mod-hard
(96)

50

Soft (25-
50)

Hard(220)

NIA

Mod-hard
(96)

soft (48)

soft (50)

Soft (48)

SOH (50)

e threshold concentl

1 aquafic life under various conditions
Test endpoint

Crflerion based on protecting Daphnia magna (g)

MATC. NOEC for 28day survival, molting, and
reproduction endpoints(a)

LOEC — reduced reproduction, 28day exposure (a)

Reproductive impairment (160/~ reduction), 21 day
exposure (b)

LC50— 21-day exposure (b)

LC50—28day exposure (a)

LC 1, concentrahon lethal 10 1‘A of test population —
considered the toxicity threshold by the authors.
Embryo-lawal toxicity tests. Treatment maintained
continuously from ferfilizat.km through 4 days
posthatching, giving an 28day exposure period (c)

Chronic toxicity 10 embryos and larvae (significantly

lower groWh & survival than lowest treatment aO.05) (d)

LC1 O, concentration lethal to 10% of test population (c)

Highest level reported from studies with adequate data
quality for quantitative comparisons (f)

Proposed cobatf soft water acute criteria (1 R acute LC50
for 95th percentile of speaes tested in soft water) (e)

MATC from 28day exposure to embryo-larvae (a)

@ileria based on EPA national procedures, direct aquatic
life toxicity, using 14 species (g). 1/2 acute LC50 for
95th percentile of species tested

LCSO, Median lethal concentration of test population. (c)

Acutely toxic (96-hour LC50) to 8-wk old minnows (d)

NOEC in 7day exposure to larvae (<24 h old) (e)

Acutely toxic (96-hour LC50) to 5-15 day old minnows (e)

48.hour LC50 (d)

ion. NOEC- No observed effects concentration.
LOEC - Lowest obse~ed effects concentration. (a) Kimball 1978; (b) Biesinger and Christensen 1972;
(c) Birge et al. 1980; (d) Lind et al. 1978; (e) Diamond et al. 1992;.(f) Table 15; (g) Minnesota Pollution
Control Agency 1990

V. EffccM cm Hablmls am.f Spccics PNKS: Blackbird Mine

1

I



VI. Review

Before large scale operation of the Blackbird Mine began in 1945, chinook salmon and
steelhead trout were numerous in the Panther Creek drainage. By the early 1960s these
anadromous fish populations were eliminated by releases of toxic materials from the
Blackbird Mine. Should they return, anadromous fish in the Panther Creek system would
continue to beat risk during most stages of their life history as the result of metals
contamination in their habitats (Figure 2 1).

Acid mine drainage and copper loading of up to 500 kg/day are the major water quality
problems. Erosion and leaching from the old mine waste dumps and water seeping fmm the
underground mine workings of the inactive Blackbird Mine are the principal sources of
contaminants reaching the river. During high water, sediments from the waste rock piles
enter Panther Creek tributaries, contaminating and silting in the streambed gravels, making
the habitat less suitable for aquatic insects and for fish spawning (Reiser 1986; Chapman et
al. 199 1). Metals concentrations in the surface waters and sediments of Panther Creek
show a pattern of elevated levels below the streams draining the Blackbird Mine. These
elevated levels correspond with the measured impacts to the aquatic biota. Intemnittent
monitoring of copper levels in water over the last 20 years shows little impmvement.
Comparison of metals levels in sediments over a 12-year interval shows no decline. Copper ..
and cobalt levels in surface water and stream sediments, downstream from the Blackbird
Mine area are much higher and are elevated over a larger area than in undisturbed areas with
similar natural copper-cobalt mineralization.

A number of studies have indicated severe stress to the aquatic environment of Panther
Creek, lower Big Deer creek and lower Blackbird Creek associated with releases tim the
Blackbird Mine:

● Chinook spawning runs began declining in the 1950s, long before major downstream
dam effects, and were completely eliminated by 1962.

● Few anadromous fish return to Panther Creek relative to returns to other streams in the
region in spite of re-stocking effom.

c Caged fish studies downstream of Blackbird Creek have shown reduced survival of
salrnonids in short-term exposures with larger juvenile fish, which are not the most
sensitive life stage of these fish.

● There are reduced populations of salmonids in affected reaches relative to upstream
despite repeated stocking efforts.

“ Benthic macroinvertebrates communities, the main food supply for salmonids and an
important indicator of stream impairmen~ are severely stressed in affected reaches.
Overall populations, with the exception of pollution-tolerant chironomids, are
considerably reduced, and sensitive species of mayflies, caddisflies, and stoneflies,
which are principal components of the diet of salmonids, are mostly absent.

● Laboratory toxicity testing of Panther Creek sediments with the amphipod Hyalella
azfeca showed reduced sutival at stations from the downstream reaches relative to the
upstream station.

● Bioaccumulation of metals in salmonids has been shown by increased concentrations
in fish collected below the Blackbird mine.
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Ocean rearing stage- Competitive disadvantage and loss of copper acclimation: Salmon”ds ma)

become acclimated to elevaed copper during rearing, at the cost of reduced grovdh due to energy

required for the liver to detoxify the copper. Smaller fish may not compete well in the ocean.

Migratory delay - reduced

passage: Salmonids avoid

copper and other metals in water

and cannot home on their natal

stream as well. This behavior

results in unnatural delays in

homing salmon moving upstream

or failure to continue purney

altogether, with poorer spawning

suwess the outcome.
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Eggs and embryos: The eggshell

provides some protection. Chronic,

low-level copper exposure has

resulted in weakened chorions

(eggshells) and in embryo deformities

After hatching, poor yolk utilization

and reduced growth demonstrated.

Overall weakened conditions reduce

survival chances in the wild (McKim

1985).
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Figure 21. Risk to salmonids at different life stages in the Panther Creek system resulting from contaminants
released from the Blackbird Mine (compiled from section V).



These studies clearly implicate copper and cobalt releases from the E31ackblrdMine as the
primary cause of the impacts to aquatic twottmes in the Panther Creek drainage.
Additionally, studies from other areas with metals cmmrrtination strongly suggest that
(1) copper contamination impedes homing and downstream migratory behavior in
anadromous salmonids, and (2) metals in the food chain are an important factor in reducing
the sumival and growth of early-life-stage salmonids.

Limited improvement in Panther Creek water quality apparently has occurred as a possible
result of water treatment of some mine discharges. Small numbers of resident trout and
other salmonids are found below Blackbfi (leek, and a few steelhead and chinook have
returned to its lower, most diluted, reaches. However, benthic communities remain
affected, and the resident fish appear to be present in reduced abundanws. Continuing
copper releases into Partther Creek from the site are likely to adversely affect rearing habitat
and upstream and downstream migration of these fish.

Of the ten essential features of critical habitats for threatened and endangered Snake River
salmon species24, four are degraded due to Blackbird Mine discharges: (1) substrate quality,
(2) water quality, (3) food, and (4) migration conditions. These features must be restored
for Panther Creek drainage to once again be productive for these species.

24 Essential features are adequate: (1) substrate; (2) water quality; (3) water quantity; (4) water temperature;
(5) water velocity; (6) cover/shelter (7) f@ (8) riparian vegemtion: (9) space and (10) migration
conditions (Section HI).
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Appenclix A: Sediment sampling and bioassal’s, Panther.
Creek, Idaho

C.A. Mebane
NOAA Coastal Resources Coordination Branch

( Hazardous Ma[erials Response ii[]d Assessment Division
I

7600 Sand Point Way NE
Seattle, WA 98 I I5

I Abstract

Panther Creek, Idaho, receives acid mine drainage from [he Blackbird mining disrnct. A

\ survey was made of [he distribution of r~letals-contan~inated sedimen[s in Panther Creek
and their toxicity {o aquatic inverrebmtes Sedirrlent samples were collected near suspected
point sources of contamination and were tested for particle size, organic carbon, bulk

I
metals concentrations, and acute toxicity to the aqumic invertebrate Hyafelfa azreca
(Amphipoda). Results showed a pattern of copper, arsenic, and cobalt enrichment that was

. . clearly associatd with the rnbutties draining the mine area, Blackbird and Big Deer

I

Creeks. Copper concentrations in sedimen[s downstream of the tributaries were up to 300
times concentrations in sediments upstream. At the lowest station sampled, 32 km below
the confluence of Blackbird Creek, the uppernlost u-ibutary, copper concentrations were
still eleva[ed over 20 times the upstream concentrations. Strearnbed sediment samples

i
collected from below Blackbird and from below Big Deer Creeks were significantly toxic in
controlled laboratory tests with an aquatic invertebrate (P < .01) compared to sediments
from upstream from both creeks.

1 Introduction

The objectives of this present study were [o(I) conduct a reconnaissance smdy of metals
levels in smeambcd sediments, and (2) conduct a pilo[ study of bioavailability of sediment-
sorbed contaminants through toxicity testing. The results were intended to help refine more
comprehensive investigations tha[ may be needed to base cleanup decisions. Trace metals
have been released by hard rock mining disturbances a[ the headwaiters of two rnbutaries to
Panther Creek, Blackbird Creek and Big Deer Creek (Platts et al. 1979). Streambed
sediments may accumulate metals from the surface wa[ers of these rnbutaries by the settling
of suspended particulate in quiet depositiomd areas of the stream and by precipitation of
dissolved metals out of solution onto the bottom substrates. [n addition to becoming a sink
for trace metals, streambed sediments may continue to be a source of contamination to the
overlying waters due to resuspension and resorption of sediment-sorbed metals back into
the water column (Mok and Wai 1989). In addition to their role as a sink and source of
contaminants to [he overlying water, if they are bio~vailable in place, contaminated
sediments can have direct and indirect adverse effects on aquatic ecosystems.
Contaminated bottom sediments may have direcl toxic effects on bottom dwelling fauna,
such as aquatic invertebrates. Contaminants may also be passed up the food chain, for
example as bottom feeding aquatic invertebrates accumulate them before being eaten by
trout or other predatory fish.

Adverse effects are limited by the metals bioaviiil:ibili[y to organisms. The extent and
m~gnitude of contamination is not necessarily biologically significant if bioavai]ability is
limited. Although sedirnen[s may contain relatively high concentrations of toxic
compounds, this presence may not cause adverse effects to sediment dwelling organisms.
Bioavailability of contaminants is difficult to predict from chemical concentrations. The
factors detem~ining conttiminants sorptive behavior, which :~ffects bioavailability, are a
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complex and poorly undersmod process. The only means of measuring bioavailability is
by measuring and detem~ining a biological response, such as l~bor~tory bioaccumulation or
toxicity testing (Power and Chapman 1992).

For this study, bioavailability was measured by exposing the amphipod Hyafella azreca, a
freshwater crustacean, to sediments collec[ed from Panther Creek in a 10 day acute toxicity
test.

Methods

Su mmarv of s am~linp Station$

Attempts were made to select stations likely to represent a gradient of metals
concentrations. Stations were selected by bracketing known contaminated rnbutaries to
Panther Creek, and by a desire to provide some geographic coverage of lower Panther
Creek. Sediment samples were collected from Panther Creek October 15-17, 1992. Nine
Panther Creek stations between river mile 25 and river mile 5 were sampled and screened
for bulk metals concentrations ~igure A 1). One sample was collected from the mouth of
Copper Creek, below the Blackpi{e Mine, a potential ‘contamination source to Panther
Creek. Three of these stations were tested for acute toxicity to an aquatic invertebrate.
Table 1 and Figure 1 give approximate sampling slation locations. Detailed station
descriptions are in the attached chemical data report,

Table 1: Sediment sampling Stations

Stat ion

Po

PI

P2

P3

P4

P5

P6

P7

P8

Cu

Location

Panther Creek above Copper Creek

Panther Creek between the confluences of Copper and
Blackbird Creeks

Panther Creek about 100m below Ihe ~onfluence with
Blackbird Creek

Panther Creek below the Cobalt town site

Panther Creek just above the confluence of Deep Creek

Panther Creek just above the confluence of Big C)eerCreek

Panther Creek just below the confluence of Blg Deer Creek

Panther Creek near Fritzer Gulch

Panther Creek above confluence wilh Beaver Creek

Copper Creek at the mouth (drains the Blackpine Mine)

Samples
per

station
~

3

3

3

3

3

3

3

1

1

Toxicity
Tests

No

Yes

Yes

No

No

No

Yes

No

No

NO
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Stations’ locations were selected [o ii]diuate Panther Creek sediment metals concentrations
reltited to rnbuttiries dmining [he Blfickbird h’line (point sources) and distance and dilution
by o[her tributaries [o the Piinther Creek draimige. St:i[ion locutions were recorded by GPS
(Global Positioning Sys(em), where no[ obs[rucled by termin, or else by map, compass,
altime[er and pacing dist~nce from :i prominen~ landmark. The GPS receiver, a Magel!an
1000, was set to North American Da[um 1927.

Sediment collection, s~orage, ch~rx[etization, and manipulation were generally consistent
with ASTM ( 1990). Hou’ever, ASTM ( 1990) does not address strew-nbed sampling from
wadable wreams. Instead, for this survey, sample collection methods were derived based
from recommendations from Horowitz (1991 ), Burton ( 1992) and MacKnight ( 1991).

Where possible, stations were sampled as a cross-section transect woss the stream (e.g.,
near the west bank, mids[ream, and e:is[ bank). Depositional areas were located in slow
water close [o [he banks, in relatively slow water mid-scream (e.g., at the tails of pools
upstream from rapids, and in fast water riffles and runs from eddies behind boulders mid-
channel). At station P2 the bottom [ype (exposed bedroek, boulders and cobbles)
prevented collecting sediments from a transect; there sedimen[s were collected only horn
shallow areas near the bank.

Sediment samples were collected by hand from about the upper 5 cm of sediment with a
stainless steel spoon and placed in a s[ainless steel bowl. Samples were stirred until the
sediment color and texture was uniform, stones and sticks removed, and split into sample
jars for toxicity and chemistry tes[ing. A to[al of 2.5 liters sediment were collected for
samples that would be tested for both [oxicity and chemical/physical characteristics; 0.5
liters sedimerit were collected for samples that would be screened for physical, organic
carbon, and metals concentmtions only. The sampling spoon and mixing bowl were
thoroughly rinsed with site water before use and be[w’een samples. Sample collection,
handling, and rinsing wIasdone so not to dis[urb the next sampling location.

Samples wtre stored and tmnspor[ed in 0.5 w 1.0 liter clean glass jars with Teflon lined
lids. Glassware was obtained from All-World Scientific and Chemical Supply,
Lynnwood, Washington. Samples were stored in the dark on ice in a cooler until shipped
to the EVS Environment Consultants, Ltd., laboratories, North Vancouver, British
Columbia, Canada, on October 20 by overnight air express. EVS deliverd the sample
splits designated for physical and chemical analyses to Analytical Services Laboratory
(ASL), Vancouver on October 26. Metals analyses of the sediments were conducted by
ASL on October 28. Organic carbon arid particle size analyses were conducted on
November 13 and December 1, 1992.

A- 4

Details of laboratory methods, malerials, resulls, and quality control procedures are
included in the appended laboratory reports.
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Results - h!le(als EnrichmentI
, Metals concentrations in Ptinther Creek sedinlen[s showed increases clearly associated with

inflow from Blackbird and Big Deer Creeks. Copper levels in the sedimen[s below
Blackbird Creek were up to 300 limes higher than the reference stations above its
confluence. Levels generally dropped with distance downstream from Blackbird Creek asI
Panther Creek is fed by other tributaries. The Iarges[ of which, Napias Creek, nearly
doubles the volume of Panther Creek. Copper levels just upstream from Big Deer Creek

I were only elevated 7-IO times [he concentmtions at the reference stations upstream from
I Blackbird Creek. Copper ievels below the confluence of Big Deer Creek increased by 75

to 120 times over the upstream reference levels. At the lowest station sampled, about 20

i

river miles below Blackbird Creek, copper levels remain~ enriched over twice the level
upstream from Big Deer creek and 14-20 times [he levels at the upstream reference
stations. Cobalt and arsenic levels showed similar trends. There was no association found
between metals levels in Punther Creek and drilinage from [he Blackpine h4ine (Copper

I Creek). Table 2 and Figure 2 summarize findings. Where streambed sediments were
available, samples were collected from a cross section of the stream. Results are grouped
by samples collected from slow wa[er close to banks and samples collected from pockets of

I sediments located midstream. De[ailed results are appended in the laboratory reports.
\1

Sed iment Toxici(v Testin~

I The sediment samples from Panther Creek above Blackbird Creek (station Pi), below
Blackbird Creek (station P2), and below Big Deer Creek (sIation P6) were tested for
toxicity to the aquatic invertebrate Hyafella azteca. 1-1.azreca, Amphipoda, is a small

1

freshwater crustacean which has become routinely used to screen the toxicity of
contaminated sediments. It is common throughout lakes and streams in North America. It
has several characteristics making it desirable as a lest organism including a short life cycle
(3-4 weeks), w’idespre~d and abund~nt distribll[ion, ecological importance, and a wide

\ tolerance of sedimen[ grain size. H. azfeca is an epibenthic detritivore and will burrow in
the top 1 r%~of the sediment surf~ce in searcl] of food (ASTh4 1991). H. azreca is
considered a moder:i[ely sensilive indicator of sediment toxicity. Ten day toxici[y tests

/
were per-formed according to ASTh4 ( 1991 ). ‘.The endpoints measured were survival and
growth (measured as dry weight). The negative control sediment was a clean silica
aquarium sand. The swnp]ej from thq stations below?Blackbird and Big Deer Creeks had
reduced survival compared to the reference sediments from the station above Blackbird
Creek (25% and 24% versus 63% survival respectively). The differences were statistically
significant at P< .01. For all composite stations, there were no significant differences
with respect to growth. Table 3 summarizes the toxicity testing results.

I laboratory report describes Ihe toxicity testing program in more detail.
The appended

I



Discussion

Trace metals tend [o concentrate o[l/in fir]er gr:lined sediments, [hat is the clay and silt
fractions, ra[her than on the coarser s;lnds and gravels. The inclusion of coarser-gmined
sedirnen[s [o a metals-rich finer gfiiined nxi[erial could be viewed as a dilution process.
This inclusion of coarser dilu[iln[s c;ln readily hide a significant me[als dispersion pa[tem
from mine effluents or other an[hropogellic sources. Thus, some investigators recommend
collecting only the tine grained fraction of sedimen[s which pass [hrough a 63 pm sieve
(H5kason 1984; Horowitz 1991). However, since an objective of this study was [o sample
a transect of width of the stream where possible, this survey did no[ discr-imina[e against
including coarse grained sediments in the samples. Samples collected from the faster mid-
stream waters were predominantly coarse gmined sediments. In order to estimate whether
this inclusion of coarse gmined sedimen[s diluted the dispersion pattern of me[als in
Panther Creek sediments, the percent:tges of the fine griiined sediments were determined
from separa[e aliquots of the bulk s:tmp]es and the chemical data was normalized to [hem,
Both the disrnbution of bulk sediment copper concentriitions and sediment concentrations
which were corrected for grain size differences are shown in Figure 2. Results of this
comparison show that the influx of metals from Blackbird and Big Deer Creeks overwhelm
the variability expected from the different binding capacities of fine and coarse grained
sediments. Both distributions show very low copper in sediments collected from above all
Blackbird mine effluents, a marked increase below Blackbird Creek, some attenuation
further below Blackbird Creek as clean tributaries enter and dilute Panther Creek, and a
seeond marked increase below Big Deer Creek. Comparing the pattern of cobalt and
arsenic from bulk sediment concentrations with fines normalized concentrations, a similar
pattern of very low metals above Blackbird Creek with a large increase below Blackbird
exists. However, the pattern indicates [hat the great majority of cobalt and arsenic
enrichment comes from the Blackbird Creek driinage, with little additional conrnbution
from the Big Deer drainage.

—
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Table 2. Concentrations of selected metals in sediment samples collected from Panther
Creek
Station

lD#

Po”

PI

P2

P3

P4

P5

P6

P7

P8-

CU*

m @g (ppm) dry weigh[.
Copper

Near Bank Mid
(range) S[ream

16--

8-8 13

2280 -2890

351 -2930 149

694 -1050 208

94 - 109 65

750 - 889 386

—

140 -1200 135

232 - -

Arsenic

Near Bank Mid
(ranqe) Slream

7--

7-10 11

766 -888

167 - 344 82

167 - 193 99

40 - 56 27

27 -31 14

78 - 147 25

25 -

21 -

for Stations PO, P8 and Cu.

77--

Notes: ●Single samples were collectel
sampfes.

Cobalt

Near Bank Mid
(range) Slream

5--

4-5 4

436 - 554

475 - 1150 179

366 - 485 208

112 - 128 108

73 -91 76

314 - 553 63

106 --

8--

,1[other stations had three

Table 3. Metals concentrations in the sediments (dry weight) matched with Hyalella growth and
survival
Station

P1

P2

P6

COntrol

COncentrat

Arsenic

L#9L

6.8
10.7

766
867
888

14
27
31

Cobalt

$y!?Q_

4.5
3.8

436
507
554

76
91
74

Copper
(malkq)
~
8.3
12.9

2280
27OO
2890

386
750
889

Iron (O/.)

1:;1
1.40
1.36

7,45
8.56
8.41

0.93
1,09
1.20

g

0.87
3.78

2.70
2.71
2.85

0.12
0.28
0.51

ms in dry weight. For survival.a value of 10.0 rerxesen[s
beaker). Mean of 5 ;eplic;tes.

Mean survival
Jour 01 10)
5.8 t 2.2
6.4 * 2.9
6.8 ~ 1.8

3.4 t 0.9
4.0 f 2.5
0.0 t 0.0

0,0 1 0.0
1,4 t 1.3
5.8 ? 0.8

9.2 * 1.3

00% survival(1(

Mean dry wt.
(mg)

0,17 ? 0.08
0.21 t 0.07
0.18 * 0.03

0.17 * 0.07
0.18 * 0.07
0.0 * 0.0

0.0 * 0.0
0.07 * 0.07
0.08 * 0.04

0.15 * 0.04

amphipodsper
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Mean metal conantra~ions in Panther Creek sediments

t I I

Po PI P2 P3 P4 P5 P6 P7 P8
Station locations

Figure A2. Concentrations of arsenic, cobalt, and copper in Panther Creek sediments. Error bars
show one standard deviation; station locations are from Figure A1).
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Figure A3. Mean survival of Hyalella azteca after a 10 day laboratory exposure to Panther Creek
sediments. Error bars show one standard deviation: “*” indicates statistically significantly different
from reference at p <0.01.
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Station Cu

Station Location: Mouth of Copper Creek

Station C)escription: =3m above upstream from mouth of Panther Creek.
taking sharp bend to the West, beneath talus slope.

I

Coordinates \
Position Source Landmark USGS Blackbird 7.5- topo

Sample description (single sample)~

SamDie collected from 1st small DOOIabove confluence [beneath undercut bank) beneath thick brush. I

Sample Numbers Cu

Date Samcdecf 92 10 16

Time I1O:45 I I I I I

Physical Tests

Moisture O/. 72.9

Total Metals (rng/kg - dry weight)

Arsenic T-As 20.8

Cadmium T-Cd <2.0

Cobalt T-Co 7.5

coDDer T-CU I 76.71 I I I I
Iron T-Fe % 2.13{ I
Lead T-Pb 17

Marmanese T-Mn 315

Mercury T-Hg 0.0291

Nickel T-Ni 15.31

Silver T-Ag <2.0

zinc T-Zn 85.1

Organic Parameters

Total Organic Carbon c 0/0 2.95

Particle Size

Gravel (>2.00mm) % 11.4

Sand (2.00mm - 0.063 mm) 0/~ 52.4

Silt (0.063mm - 4um) % I 24.41 I I
1 I

Clay (c4um) O/. 11.8

Toxicity Tests Not tested



Station P0

Station Location: Panther Creek above confluence Copper Creek

1
Station Description: =0.2 km above Cobalt Ranger Station, Pool 50m upstream of Panlher Creek
taking sharp bend to the West, beneath talus slope.

Coordinates 45-03.77 N 114-16.42W

Position Source LandmaA USGS Blackbird 7.5- topo

Sample description (single sample):

Sample taken from pool formed by large fallen tree al bottom of gravel bar, East bank.

Sample Numbers

Date Sampled

Time

Physical Tests

Moisture 0/~

Total Metals

Arsenic T-As

Cadmium T-Cd

Cobalt T-Co

coDDer T-CU

Iron T-Fe O/.
Lead T-Pb

Manaanese T-Mn

Mercurv T-Ha

Nickel T-Ni

Silver T-Ag

Zinc T-Zn

Organic Parameters

Total Organic Carbon c “/0

‘article Size

Gravel (>2.00mm) 0/0

Sand (2.00mm - 0.063 mm) 0/~

Silt (0.063mm - 4um) 0/”

Clay (<4um) %

I_oxicityTests

Po

92 10 17

14:45

57.7

(mcJkg - dry weight)

6.76]

<2.0 I I I I
5.41 I I I

16.3

1.72

11

3581 I I I
0.027

11 *.

<2.0

57.21 I I I

3.711 I I I
! ! 1 1
1 I I 1

0.21

31.41 I I I
52.1

16.3 ,

Nnt twtm-i I I I I



Station P1

I

I

Station Location: Panther Creek between confluence Copper and Blackbird Creeks

Station Description: Beaver pond about 0.1 mile below Cobalt R.S.

Coordinates: 45-04.22 N 114-16.08 W

Position Source: GPS

Stream cross section - sample descriptions: I
a: Near W bank at mid-section of beaver pond

b: Near W bank a! head of beaver pond slackwater
c: Near E bank at mid-section of beaver poti

I

Sampfe Numbers Pla Plb Plc PCIC Dup.

Date Sampled 921017 921017 921017 921017

Time 12:30 12:45 13:15 13:15

I 25.71 45.4 I 51.71 - I

Total Metals I (mg/kg - dry weight) I
I I

Arsenic T-As 9.49 6.76 10.7 10.5

Cadmium T-Cd <2.0 <2.0 <2.0 <2.0

Cobalt T-Co 4.2 4.5 3.8 4.9

Copper T-CU 8.3 8.3 12.9 13.1

Iron T-Fe 0/~ 1.21 1.4 1.36 1.37

Lead T-Pb <lo <lo <lo <lo

Manganese T-Mn 205 205 173 181

Mercury T-Hg 0.013 0.013 0.016 0.019

Nickel T-Ni 6.6 7.5 7.9 10.1

Silver T-Ag <2.0 <2.0 <2.0 <2.0

zinc T-Zn 28.9 35.7 41 41.8

Organic Parameters

Total Organic Carbon c % 0.88 0.87 3.78 -

Particfe Size

Gravel (>2.00mm) 0/0 33.2

Sand (2.00mm - 0.063 mm) O/. 60.6

Silt (0.063mm - 4um) 0/’

36.3 -
4.6 9.4 6.5 -

Clay (<4um) % 1.6 6.2 4 -

I
Toxicity Tests (Five replicate tests per sample)

Mean survival (out of 10) 5.8 6.4 6.8

Standard deviation (+/-) 2.2 2.9 1.8

Individual mean dry weight (mg) 0.17 0.21 0.18

Standard deviation (+/-) 0.08 0.07 0.03



Station P2

Station Location: Panther Creek below confluence Blackbird Creek 1

StationDescription: = 10Ombelow mouth of Blackbird Cr, by power pole across from bedrock

outcroP.

Coordinates 45-04.67 N 114-15.63 W
Position Source USGS Blackbird Cr

! 1 1 1
Stream cross section - sample descriptions:

IAII three samtdes from lateral scour POOlnear west bank. I
] No sediments available midchannel/east bank for a cross section

I I
Sample Numbers Pc2a PC2b PC2C

Date Sampled 92 10 15 92 10 15 92 10 15

Time 15:30 16:15 17:00

Physical Tests

Moisture 0/’ 64.9 67 67.5

Total Metals (mg/kg - dry weight)

Arsenic T-As 766] 867 888

Cadmium T-Cd <2.0 2.4 <2.0

Cobatt T-Co 436 507 554

Copper T-CU 2280 2700 2890

Iron T-Fe 0/~ 7.451 8.561 8.411

Lead T-Pb <lo <lo <lo

Manganese T-Mn 284 309 316

Mercury T-Hg 0.031 0.03 0.033

Nickel T-Ni 45.7] 51.5/ 53.71

Silver T-Ag <2.0 <2.0 <2.0

zinc T-Zn 63.3 65.7 70.6

Organic Parameters

Total Organic Carbon c 70 2.71 2.711 2.85[

Particfe Size I I I I
Gravel (>2.00mm) % 0.91 0.41 0.91

Sand (2.00mm - 0.063 mm) % 17.6 16.4 27.8

Silt (0.063mm - 4um) “/’ 32.4 67.4 57.3

Clay (c4um) % 49.11 15.81 14/

Toxicity Tests (Five replicate tests per sample)

Mean survival (out of 10) 3.41 41 01

Standard deviation (+/-) 0.9 2.5 0
Individual mean dry weight (mg) 0.17 0.18 0
Standard deviation (+/-) 0.03 0.07 0

I



Station P3

Station Location: Panther Creek below Cobalt townsite

Stalion Description: Transect at old bridge abutment
Coordinates 45-06.04 N 114-13.72 W

Position Source Landmark - USGS Cobalt
I

Stream cross section - sample descripkms:
a: Near E bank at pool behind E abutment

b: Mid-channel between abutments
I

c: Near W bank at pool behind W abutment

I

Sample Numbers Pc3a PC3b PC3b Dup. PC3C

Date Sampled 92 10 17 92 10 17 92 10 17 92 10 17

Time 11:00 11:20 11:20 11:45

I Physical Tests

Moisture 0/~ 85.2 26.6 - 42.9

I Total Metals (w g - dry weight)

Arsenic T-As 344 82.1 75.5 297

Cadmium T-Cd
i

3.5 <2.0 <2.0 <2.0

Cobalt T-Co 1150 179 177 475

Copper T-CU 2930 149 141 351

I Iron T-Fe % 5.58 1.81 1.99 2.36

Lead T-Pb 14 <lo <lo <lo

Manganese T-Mn 811 316 327 208

I
Mercury T-Hg 0.043 0.01 0.011 0.018

Nickel T-Ni 86.6 15.1 16 39.4

Silver T-Ag <2.0 <2.0 <2.0 <2.0

I
Zinc T-Zn 140 29.9 29.5 48.6

Organic Parameters

I Total Organic Carbon c % 7.36 0.16 - 1.45

Particle Size

1
Gravel (>2.00mm) % 8.5 47 - 4.7

Sand (2.00mm - 0.063 mm) % 35.4 51.6 - 62.8

Silt (0.063mm - 4um) % 21.9 0.4 - 23.9

Clay (<4um) “/’ 34.2 1 - 8.6

Toxicity Tests Not tested



Station P4

Station Location: Panther Creek above Deep Creek confluence
T II I 1 I

Stat ion Description: Transect 60m below P.(%. bridge across from campground.

lCoordinales 145-07.55 N 1114-12.41 W
IPosition %xlrce IGPS

S!ream cross section - sample descriptions:
la: Near West bank
lb: Mid-channel behind a boulder —
c: Near East bank

Sample Numbers PC4a PC4b PC4C

Date Sampled 92 10 17 92 10 17 92 10 17

ITime 109:45 110:00 I1O:3O I

Physical Tests

Moisture % 60.6 23.9 52.8

Total Metals I
Arsenic T-As I

I I

0501

I

%$----+661

941

Iron T-Fe 0/~ 2.89 1.78 2.73

Lead T-Pb <10 <lo <lo

Manganese T-Mn 349 252 325
Mercury T-Hq \ 0.0251 0.0071 0.0171
Nickef - T-Ni - 39 18.2 32.3

Silver T-Ag <2.0 <2.0 <2.0

Zinc T-Zn 67 30.8 53.2

Organic Parameters

Total Organic Carbon c % 2.37 0.47 2.02

Particle Size

Gravel (>2.00mm) 0/0 8.6 27.7 43

Sand (2.00mm - 0.063 mm) % 51.2 66 46.3
Sitf (0.063mm - 4um) 0/’ 26.2 4.1 6.9

Cfay (<4um) ?-40 14 2.2 3.9

[ ! 1 I
Toxicity Tests lNot tested I



Station P5

I

I

station Location: Panther Creek above Big Deer Creek.——
I

~tation DescrilXion: About 50 m urmlream from confluence Bia Deer Creek with Panther Creek.

Coordinates I45-O1O.6O N 114-18.80 W
Position Source GPS—..——.—- —— —-

~!ream cross section - sample descriptions:
\a: Behind boulder mid-channel

b: Eddy along Wesl bank
c: Near East bank

I

~ample Numbers Pc5a PC5a PC5b PC5C

Dup.

Date Sampled 92 10 16 92 10 16 92 10 16 92 10 16

Time 115:00 115:00 115:30 116:00 I

Physical Tests

Moisture O/. 24.8 - 24.5 32.7

Total Metals [(mg/kg- dry weight)

Arsenic T-As 27[ 32.71 55.71 401

Cadmium T-Cd <2.0 <2.0 <2.0 <2.0

Cobalt T-Co 108 98.7 128 112

coDDer T-CU 65.3 61.4 94.3 109

Iron T-Fe I 1.241 1 .24! 1.48! 1.341

Lead T-Pb <lo <lo <lo <lo

Manganese T-Mn 234 216 276 172

Mercurv T-Ha 0.008 0.008 0.007 0.01

Nickel T-Ni I 9.41 8.41 10.5 I 10.7 I

Silver T-As 1<2.0 1<2.0’ 1<2.0 1<2.0 I
Zinc T-Zn 19.2 18.1 24.7 25.1

Draanic Parameters I I I I I
Total Organic Carbon c % 0.53[ - 0.53/ 0.33/

I I

Particle Size I I I I I
Gravel (>2.00mm) 0/0 40.2 - 40.2 41.4

Sand (2.00mm - 0.063 mm) O/. 57.2 - 57.2 55.6

Silt (0.063mm - 4um) 0/~ I 1.51 - I 1.51 1.61

Clav (c4um) 0/’ I 1.21 - I 1.21 1.51-. ... , ! , ,
,

1 I 1 I I
Toxicity Tests [NoI tested



Station P6

Station Location: Panther Creek below confluence Big Deer Creek

Station Description: Below and alongside East side of channel confluence pool below mouth of Big Deer.

Coordinates \45-04.22 N 114-16.08W

Position Source: GPS

Stream cross SeCtiOn - SamDie descriptions:

a: Sand from behind rocks directly beneath suspended cable, near

center channel = 70m below mouth Big Deer

b: Sandbank near East bank Panther Creek near tail of pool

C: Sandbank near East bank Panther Creek near head of DOOl

I 1 I I I
Samgle Numbers IPC6a IPc6b IPC6C IPC6C (DuD.) I

Date Sampled 92 10 16 92 10 16 92 10 16 92 10 16

Time 16:30 17:00 17:30 17:30

Physical Tests

21.5I Moisture ‘Y. 1 31.11 32.81 - I I

I
Total Metals (mg/kg - dry weight)

Arsenic T-As 141 27.4 31.2 30

I Cadmium T-Cd 1<2.0 1<2.0 1<2.0 IC2.O I I I

!Cobalt T-CO I 76.31 91.31 73.21 75.81 I
Copper T-CU 386 750 882 896

Iron T-Fe % 0.926 1.09 1.14 1.2

Lead T-Pb <lo <lo <lo <lo

Manganese T-Mn 192 160 127 138

Mercurv T-Ha <0.005 <0.005 <0.005 <0.005

Nickel T-Ni 5.4 6.6 7.31 7.51

Silver T-Ag <2.0 <2.0 <?.0 <?.0

Zinc T-Zn 17.5 24.7 28.41 29.81 I
1

---- 1---- 1 I

Inr”.nie D.mrnatar. I I I I I I
w.y”u a,” . “,”n, ,b, bna I I 1 1 I

Total Oraanic Carbon c % 0.121 0.281 0.511 -

lParticle Size I I I I I I
Gravel (>2.00mm) % 18.7 6.8 4.1 -

Sand (2.00mm - 0.063 mm) 0/~ 78.4 87 89.2 -

Sitt (0.063mm - 4um) 0/~ 2.2 4.5 5.5 -

Clay (<4um) % 0.71 1.81 1.21 -
I

I 1

Toxicity Tests (Five replicate tests per sample)

Mean survival (out of 10) 01 1.4] 5.8 -

Standard deviation (+/-) I 01 1.31 0.81 - I

Individual mean dry weight (mg) 01 0.0071 0.0081 -

Standard ftfwiation 141-) 01 0071 0041 ------- ... .. . ! 1 1 ---- 1 ---- ! ! J



Station P7

I

I

I
)

I

i

I

I

\

Station Location: Panther Creek above Fritzer Gulch ‘1 ‘-~

I I I 1 I
Station Description: Adjacent to Frizter Flat at USFS baseline lemp/benthosArVQ conventional station.
Two chinook salmon redds at stalion

,.
I

,.
1

Coordinates 145-11.98 N 114-18.98 W
Position Source GPS

I I

~tream cross section - samllle descriptions: I I I I

a: Near east bank immediately adjacent to USFS manitori ng statio

b: Near West bank I
c: Behind boulder mid-stream.= 7m below salmon redds

SamtXe Numbers IPC7a lPc7b IPC7C

Date Sampled \92 10 16 192 10 16192 10 161
Time 113:20 113”45 /14”15. .. ..- 1----- ! ----- 1 . ..- ! !

Phvsical Tests I I I I I
Moisture 0/~ 63.71 80]

I 2’”41 ~
I

Total Metals (mg/kg -dry wight)

Arsenic T-As 78.2 147 25

Cadmium T-Cd <2.0 <2.0 <2.0

Cobalt T-Co 314{ 553/ 62.9]

Copper T-CU 1200 1140 135

Iron T-Fe O/. 3.21 3.48 1.1

Lead T-Pb 11 13 <lo

Manaanese T-Mn I 2821 7121 1751 I
Mercury T-Hg 0.041 0.073 0.007
Nickel T-Ni I 7Q 21 35.2 6.2

Silver T-As 1<2.0 1<2.0’” <2.0

. ..---- . . . .. 1 ---- 1

Zinc T-Zn 68.41 78.1[ 16.5]

Organic Parameters

Total Oraanic Carbon c 70 2.46 5.54 0.39

Particle Size I I I I I------- —.—- 1 1 I I I
Gravel (>2.00mm) % 8.51 11.11 63.71

Sand {2.00mm - 0.063 mm) % I 44.81 31.61 35.31 I
Silt (0.063mm - 4um) 0/~ 29.9 35.9 0.4

Clay (<4um) O/. 16.7 21.4 0.7

Toxicitv Tests INot lested I I I I



Station P8

Station Location: Panther Creek above confluence Beaver Creek
I I

I I i
Station Description: 30m below briige over Panlher Creek

~

I lCoordinales 145-16.42 Nll 14-20.01 W I
I IPosition Source IGPS I I

Sample description (single sample)~

About 30m below bridge over Panther Creek, sand bar near east bank.

Sample Numbers PC8 ———
Date Sampled 92 10 16—
Time 12:30 T “—-

Jhysicaf Tests

Moisture 0/~ 28.2

rotalMetals (mg/kg - dry weight)

Arsenic T-As 24.6

Iium T-Cd <2.0F-Cadm

Cobalt T-CO I 106 I

Copper T-CU 232

Iron T-Fe % 1.62

Lead T-Ph <10—--- .- .-

Manganese T-Mn 151

Mercury T-Hg 0.016

Nickel T-Ni 10.8

Silver T-Ag <2.0 -.,,
!inc T-Zn 27.9

L-----
z

ol=-
Total Organic Carbon

lraanic Parameters I I I I I

lParticle Size

Gravel ”~>2.00mm\

c 0/0 I 0.311

%--l 2811..,. —.--......, .- —-..

Sand (2.00mm - 0.063 mm) O/. 66.3

Silt (0.063mm - 4um) % 3.5

Clay (<4um) %
2“’1 ~—-1

I

, 1 1 1
Toxicity Tesls INot tested I

I
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METHODOLOGY File No. 68 15C

Samples were anal ‘zeal by methods acceptable to the a propriate regulatory
a,gency. OutIines o [ rthe. methodologies utilized are as fo lows:

Moisture

This ‘analysis is carried out gravimetr-ically by drying the sample to constant
weight at 103 C.

Metals in Sediment/Soil

These analyses are carried out using procedures that are consistent with the
requirernents of the appropriate regulatory agencies and adapted from U.S.
EPA Method 3050 (Publ. # SW-846. 3rd cd., Washington. DC 20460). The
procedures involve a digestion using a combination of nitric and hydrochloric
acids. The resulting extract is bulked to volume with deionized/distilled
water. The digested portion is then analysed by a variety of instrumental
techniques, which may include specific atomic absorption spectrophotometric “
techniques (AAS) and/or atomic emission spectrophotometry (ICP), to obtain
the required detection lit for each element. Specific details are
available upon request.

PLEASE NOTE (When the following elements are reported):

lhxni.num, barium. calchrn, chromium, iron, magnesium,
manganese, molybdenum and vanadium are often associated
with the silicate matrix of the sediment. Because of this, the
recoveries of these elements may be low using the s ecified digestion.

JFrom an environmental standpoint, this is not usu ly of concern since
Lhe “aVailable” metals are typically the fraction of interest.

Total Organic Carbon in Sediment/Soil

This analysis is carried out in accordance ~vith U.S. EPA Method 9060A (Publ.
# SW-846 3rd ed., Washington, DC 20460). The procedure involves a carbonate
analysis (Leco gasometer) and a total carbon analysis (Leco induction
furnace). The difference in carbon values is reported as Total Organic
Carbon.

Sediment/Soil Particle Size Distribution

This analysis is carried out using a method adapted for Fisheries and
Environment Canada, Ottawa, described in Walton 1978. The procedure involves
oven-drying prior to using standard sieves for the sand and silt fractions
and the pipette method for the clay fraction.

)
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QUALITY ASSURANCE/QUALllY CONTROL File No. 68 15C

AI] extensil’e quality assurance/quality control program is routinely
Irlcorporaleci Ivith Lhe sample analysis. This progr-an] includes the analysis
{JI qualiw control samples to define precision and ,accuracx, and to
dcn~ons~ate contamination control Ior the [ype o! samples and parameters
under investigation. Quali

Y
control samples ma

i“
include method blanks.

sample duplicates, standm reference materials SRM), and analyte or
surrogate spikes. For this project. the following quality control analyses
Ivrre carried out:

Method blanks (i.e. di estion blanks, exmaction b].anks, etc.);
3Reagent blanks (ie. c ibration blanks);

Reagent spikes (ie. calibration standards);
Ma&ix spike (spike of standard into sample);
Sample duplicates (n = 4);
MESS- 1. Marine Sediment SR_M (National Research Council of Canada),
certified
BCSS- 1.
certified
BEST- 1.
certified
PACS- 1.

for metals;
Marine Sediment SRM (National Research Council of Canada),
for metals;
Marine Sediment SRM (National Research Council of Canada).
for mercury:
Marine Sediment SRM [National Research Council of Canada).

certified for metals.

There were no anomalies or analytical problems involving instrumentation
\ or sample handling. The sample duplicate data is reported in the results

tables. The quality control data demonstrates that precision, accuracy,
and contamination control met acceptance criteria for all parameters
.analvzed.

I
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RESULTS OF ANALYSIS - QA Data File No. 6815c

Method Method BCSS-1 BCSS -1
Blank 1 Blank 2 Certified

Range
92 10 27 92 10 27 92 10 27

“ 1J ,Zlo
‘. 1 I:t <1.0
.:0.005 <0.005
<:2.12 <2.0
.:2 1.{ ..:~.l
.:1.0 <1.0

57.2
<;. o

i16

11.1 ~1..l
0.25 ~ CJ.04
11,4 ~2.1
18.: + 2.7—

I

I

I
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RESULTS OF ANALYSIS - QA Data File No. 6815C

MESS-I MESS-I PACS-I PACS–1
Certfied Certified
Range Range

92 10 27 92 10 27

Total Metals
Arsenic T-~3

Cadmium T-Cd
Cobalt T.(-”

Coppe r T-CL
Irorl .~.~=.

Leaci T-Pt.)
Manganese 7Xn
Mercury ~- .~g

rJickel T-~.Jl

Si l~,,er ?-?.g
~ inc T-Zn :91 - 17—

211 + 11
2.38 ~0.2@
17.5 T 1.1
452 ; 16—

404 = 20
470 + 12
4.57:0.16
44.1 + 2.0—

824 :22

;j BZST- 1 BEST- 1
Certfied
Range

92 10 27

Total Metals
Flercury

\,.

5.992 10.092 + G.009—



Aw!iiliii$
RESULTS OF ANALYSIS - QA Data

Reagent Reagerit’ Matrid
Blank Spike Spike

92 10 28 92 10 28 92 10 28

File No. 6815c

.

Physical Tests
i.!Giscure %

Total Netale
Arsenic T-As
Cadmium T-Cd
Cobalt T-Co
Cc?per T-CU
Ircn T-Fe

Lead T-Pb
?Iar.ganese T-Mn
Mercury T-Hg
Sickel T-Ni
S.il-..er T-Ag
Zizc T-Zn

<0.05
-=2.0
==2.0
<1.0
<0.005

<10
<1.0
<0.005
<2.0
<2.3
<1.0

106
99.5
101
59.1
98.5

101
~~1
95.2
99.5

100

95.0

4

-’

.J

4

.

.

“4

Renarks regarding the analyses appear at the beginning of this report.
iles-~l~sare expressed as milligrams per dry kilogram excepc where noted.
~ = Less than the detection limit indicated.
!?esuics expressed as percent recovery.1
‘Results expressed as percenc recovery.
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DETECTION LIMITS



RESULTS OF ANALYSIS - QA Data File No. 6815c

Detection
Limits

—

Physical Tests
r.lols:u:e %

Total Metals
Arsenic T-As

Cadml UJ7 T-Cd
-.
L.Ob(:!: T-Co

Coppe[” T-CU

T1“0.7 T-Fe

Leud T-Pb
:.langar:ese T-Mn

MercuI-y T-H?
I,Jick.eJL T-N I
~i ~,wr~z- T-Ag

Z13C T-Zrl

0.01

0.05

2.0
~-(~

1.0
‘. 0.005

10

1.0

0.005

2.0

2.0

1.0

Orqa.nic Parameters
Total organic Carbon ~ ‘t (3.01

Particle Size
Gravel (>2.OhUn) % 0.1

I

1

Saad (2.00MM - o.oLi3mm) % 0.1
q.lr---.- (o.061mn - 4Urn) % 0.1
,+.L : G’,’ (<41MI) % 0.1

I

J

- -- !--r,,+: .!’. :: rt?gar-tiing the analyses appear sc Lhe beginning of rhis report.
Cc:,,:.---..2 are expressed as milligrams per dry kilogram except where noted.
,——. +$= than the detect-ion limlt indicated.
<esl~lts expressed as p(e~-cent [-ecovery.

)
F:f+!+u:tsexpressed as percent recovery.
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SEDIMENT TOXICITY
TESTING PROGR.AIVI
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Prci)3rd for: NToAA
. Environmental

Protection Agency (H\Y 113)
1200 6th Avenue
Seattle, \VA
9s101

Prcp:lrcd by: EVS CONSULTANTS
2517 F..astlnke Avenue, East
Suite 200
Seattle, JVA
9s102

1 E\’S I’rf)jcct Nt): 9/575 -05.1

November 1992



Our FIlc: 9/575 -05.1

November 23, 199?

Mr. Chris Mebane
Environmental Pro(ec[ion Agcnc-y (HW- 113)
1200 6th Avenue
S=ltle, WA
98101

Dear Mr. Mebane:

I
I

)

I

I

i

I

i

I
I

Re: Freshwater Sediment Toxicity Tests

We have compleied toxici[y Iesting on nine (9) freshwater sedimen[ samples, rcceivcd on October

21, 1992, using the freshwater amphipod Hyalella azfeca. Ten-day sediment [oxicity le.sLs were

performed according [o ASTM (1991). The endpointsmeasured were survivaland growh
(measured as dry weight). All samples, exceptsamplePBlb, were signifkanIly different from the
control with respect to survival. For all samples there were no significant differences with respect
10 grow.lh.

If you have any ques[ions or require additional information, please do not hesi[a[c [o contact the
undersigned at (604) 9.S6-4331.

I

I

1

Yours truly,

EVS CONSULTANTS

PauI Kennedy, B. Sc~,i
Biologist

PAK/ubl

.
Gonum Reddy, ~f.!k.
QA/QC Officer

i,i (1,<11,,!.!,,J,!,’,1
I ,. (I,!l.l,l.t;‘,\,,.-,l::

I

I

I

I
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lNTKODUCtUON

Nine sediments idcn[ificd as PBla, PBlb, pBIc, pB~, pB2b, PB2c, PB6a, pB&, and pB6c were submi[[~ {o
[hc EVS Consultants laboratory for [oxici[y testing using Hyalellu tieca. Samples PB2(a-c), PB6(a-c) and
PBl(a-c) were collected on October 15, 16 and 17, 199~ respectively. The samples were collected in I-L glass
containers, shipped by overnight courier and received al lhe laboraio~ Oc[obcr 21, 1992. Afl samples were
slored at 4°C in the dark until testing was ini[ia[ed, and Ieflover samples were held until the ICStS were
complctcd. Tests were cnnducted following procedures described below.

TEST NIETI1ODS

Scdimcn[ toxicity lest-s using the juvenile freshwater amphipod, Hyalella a.zfeca, were conducted using a test
proccdurc based on ASTM (1991). Moderately hard waler (EPA 1989) wa-s used for culture and ~es[ing.

Reagent-grade chemicals were added to dechlorinated water to achieve a final hardness of SO-1OO mg/L as
CaCOY The tests were cxmducted in a constant environment room at 25 ~ 1°C under a 16:8 h Iight:dark
photoperiod.

Test organisms were obtained from an in-house laboratory culture. One week before testing was initiated
juvenile Hyalella (l-mm s long) were removed from the culture tank and isolated in a 13-L aquarium. The -
aquarium was filled with 1O-L of reconstituted dechlorinated water. Two squares of rinsed cotton gauze and

2-3 pre-soakeddried maple leaves were addaf. The amphipods were fed 50 mL of Selenasfrum and 50 mL of
d-YCTF (yast/ureal flakes/digested trout food) every second day.

Acute lethality of the whole fresh (unfrozen) sediments involved a 10-d exposure of juvenile Hyalella azfeca
(c 104 old) to the test sediment. The sediments were prepared the day before [eSting was initiated. Iarge

particles (rocks, etc.) and large worms were removed from the test sedimen[, which was then homogenized by

thorough hand mixing. A 2-cm layer of test sediment was placed in 1-L glass jam and covered with 800 mL
of culture water. The weight of sediment required to make a 2-cm layer was recorded for the first replica(e.
That weight of sediment was then added to the remaining five replicates for that sample. The negative control
consisted of clean silica sand. The jars were covered with clean plastic lids and gently acrawd overnight to
allow the sediments to settle and allow any contaminants in the sediments to come to near equilibrium with
the water. Five replicates were run per sample with an additional sixth jar, void of amphipods, serving as a
reference for daily measurement of water chemistry (pH, dissolved oxygen, mnductivity and temperature).

The next day (Day O), each jar was randomly seeded with 10 amphipods. The juvenile ~alellu were gently
poured into a glass Pyrex dish and counted into weighboats using an inverted Pasteur pipette. The animals
were introduced into the jar by pipette, making sure they were released below the water surface to avoid being

[rapped by surface tension. Any floating amphipods were carefully resubmerged. On Day O each test jar

remived 6 mL of a 50:50 mixture of Selenastnim:d-YCTF and 0.2 mL of prepared Te[ramin food (20 g of
Tetramin fish flakes blendexi in 200 mL of culture water). Every second day [hereaf[er t~st jars were fcd 4 mL

of the 50:50 mixture and 0.2 mL of prepared Tetramin.

The test was terminated after 10 d when the sediments were sieved and live and dead amphipods were removed
. and counted. Arnphipods were considered, dead when there was no response to physical stimulation. Missing

amphipods were assumed to have died and decomposed prior to the termination of the test. Surviving Hjalella

from each repliate were placed in pre-weighed aluminum weighing pans and driti at 60”C for 24 h. The pans
were then weighed to obtain the (otal dry weight for each replicate. Mean individual dry weights were
obtained by dividing the final dry weight of each repliate by the number of sumivors. Statistical analyses were
performed using the STATISTIX computer program (NH Analytical Software, 19’86). Two-sample f-tests were
performed, comparing each test sediment to the control sediment, to determine whether [here were significant

‘a’f7L051
wI1174
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di[fcrcncrs(P < 0.0.5)in suniv~l or growth. Sla[is[ical analyses ofgrowr[h dd[a was no[ performed on samples
wi[h sumlval values significantly [ov.,cr [ban []IC control sccfimcnl.

A posilivc (loxic) conlrol was Conducled using Ihc rcfcrcncc Ioximn[, zinc sulfate (ZnS04) cxprcscd as Zn. 1
A 48-h LC50 test (no sediment) was conduc[cd 10 measure the scnsilivily Of [hc arnphipods used. Eigh[
Conccnlralions of zinc (10, 32, 56, 100, 1~80,320, 560, and 1000 Pg/L), plus a ncgalivc mntrol, were prcparti.
The tests were conducted in 150-mL beakers eon(aining 100 mL of (cst solulion and 10 amphipods. Wa[er I
quality measurements were recorded at O and 48 h. Mor[ali[ies were recorded at 48 h. The & h LC50 value

I

wascalculated using a compu[er program which used either [he binomial, moving average or probi[ me[hod,

depending on [he suitability of lhc da[a.

RESULTS

Nfcan survival in [he IU[ sedimcnls ranged from 0.0 out of 10 (0’%)

10 (63%) in Sample PBIc. Mean survival in [hc con[rol was 9.2 OU[

Test results are summarized in Table 1.
in Sample PB2c and PB6a to 6.8 OU[ of

of 10.0 (92%). All samples,exceptPBlb weresignificantlydifferent (P< O.05)from Ihc!control sedimentwith
respect10suMval. Statisticalanalyseswere not performedon SamplesPB2c and PB6a as [here was zero
suwival in those samples. Mean individual dry weight ranged from 0.07 mg to 0.21 mg and was 0.15 mg in
the control. None of the test sediments had mean individual dryweigh[ values significantly different (P< O.05)

from the control sediment. The 48-h LC50 for the zinc sulfate reference toxicant was 167 Pg/L Zn. This value
was within the acceptable range of 133.1 ~ 42.8 [mean & 2SD] ob[ained by [his laboratory in previous tes[ing.

Water quality parameters measured during lhc 10-d exposure period were in the following ranges: tempcra[ure,
23.5- 26”C, dissolvedoxygen, 6.0 -8.4 m~, conduc[ivi[y, 220-450 pmhos/cm; pH, 7.4-8.4. All water quali~

parameters were within acceptable ranges for the culture of Hyalella.

I

I
I
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Table 1. Summa~ of Hyalclla azlccn scdimcnl [oxici[y IC51m-suits.

Sample I.D.

PBla

PBlb
PBIc
PB2a
PB2b
PB2c
PB6a
PB6b
PB6c

I Control Sediment

hlcan Sumival’

5.8 z 2.2”

6.4 * 29
6.S t 1.S”
3.4 ? 0.9”
4.0 ? 2.5”
0.0 t 0.0’
0.0 * 0.0”
1.4 t 1.3’
5.8 t 0.s”

9.2 ? 1.3

Individual Mean Dry Weight (mg)’

().17 t 0.0s
0.21 t 0.07
0.18 t 0.03
0.17 * 0.03
0. 1s t 0.07

0.0 t 0.0
0.0 t 0.0

0.07 t 0.07
0.0s * ().04

0.15 * 0.04

1 n = 10; for survival, a value of 10.0 represents 100% survival. Dry weights rcprescnl mean individual
dry weights of surviving organisms. Asterisks denote values significantly different (PKO.05) from the

control sediment.

2 Statistical analysis of dry weight data was not performed for samples with suwhml values significantly
Iowcr than the mntrol sediment.
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—- —
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c 10 0.9806 0.9s21
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E 10 0,97M 0.9793

Total Individual hlean hlean Indi’,’idunl

Biomass Biomass Survival Biomass

(rn~) (mz). ... . .. . . . . .—— .—-- ,.——.. ._~@J–-_--___!Ex!_____

1.9 0,19 100.0 0.12

0.8 0.0s

1.s 0.15

1.0 0.10

0.? 0.07
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DryWeightData

Cliefl[: NO.4,4 Te.sISpecie.s: Hvaldlaazma

Rojecl t: 9)575-05.1 Da!e In!tialed: &fOhCr 23/1992
Workord~~: 92N33 Dale Tcrminaled. Noicmkcr 21992

Te~ I T)F: 10daygr O* Sh

Numb o(TesI Organisms: 10

Pan Final Welghl Total Indkidual hfcan Mesn lndk-idual

sample ICI Rep Sur.7,.,Ors ue, ~ll[ (run . tkmast] Biomass 13iom ass SUmiva I Biomass
f
.g) (g) (m Q (nlg I (Y. ) (mg)

FE:b A 3 09s47 ().9951 0..1 013 4010 0.13
E 8 c19s90 0.95)5 0,5 uNJ
c ~ 09936 0,99.!1 0,5 o,~$

D ~ 0.993s 0,9943 0,5 0.10
E . 09961 0.9963 0.2 010

FE> A o 00

B o

c o
D o

P126a A o
B o

c o
D o
E o

0.0

PP5b A 3 0.9700 0.9703 0.3 0.10 23.3
B 2 0,96.93 09!59s 02 0.10

c : 0.9733 09736 0.3 0.15

D o

E o

Om

Om

0.12

Pw A 6 0.9938 0.9946 0..9 0.13 59,0

n 6 0.9663 0966? 0..s 0.97

c 5 0,9641 0.9666 0.s 0.10

D 5 0,9668 09671 0.3 0.C15

E 7 (3,9734 09737 0.3 0.04



() . ;?000

0.1400

0.1700

0. 160(1

0.0900

PB2C

0.0000

0.0000

().0000

0.0000

0.0000

Pf31;i

O. 100(1

0.0800

0.1700
o.:~zo(]

o.~7f-J(:)

PB6rh

o. 0000”

()-0()0[1

0.0000

0.0000

0.0000

VIEW DATA

1’1:1B PBIC

0.3000 0.2300

0. 1900 0.1800

0.2-/00 0.1400

0.1700 0.1700

0.1300 0.1700

PP)613 PB6C

0.1000 0.1300

0.100(3 0.0700

0.1500 0.1000

0.0000 0.0600

0.0000 0.0400

0.1300 0.1300

0. 160[) 0.0600
1

0.2000 0.2500

0.200(3 0.1000

0.1700 0. l(Jo O
I

I

I

I
DESCRIPTIVE STATISTICS

I
.’ARIABLE MEArJ S.D. N

: -—-—- -————- .——— ————-—-————- -

.G..1’ROL 1.520E–01 4.087E–02
.DBIA 1.680E–01 7.981E–02
~131B 2.12(-)E-01 7.085E-02
“blc 1.-180E-Ol 3-~71E-o~

~B2A 1.720E–01 2.950E–02
?B23 l-280E–01 7.259E–02
~BGB 7.000E–02 6.708E–02
Pf3f5c 8.000E–02 3.536E–02
?B2C 0.000 0-000
“:B62 0.000 0.000

———

5
5
5
5
5
5 \.
!5
5
5
5

MEDIAFJ MINIMUF1
-—————--—— ——————-- ——.

1.600E-01 9.000E–CJ2
1.700E-01 8.000E–02
1.900E-01 1.300E-131
1.700E–01 1.400E-G1
1.700E–01 1.300E-01
1.000E-01 6-OOOE–02
1.000E-01 0.000
7.000E-02 4.000E-02
0.000 0.000
0.000 0.000

~~ >:I ~~.1

--————— ——

2.000E–01 I
2.700E–01
3.000E–01
2-300E–01
2.000E–01 I
2.500E–01
1.500E–01
1.300E–01 I
().o(~o

0.000

I

I

I

I

I
‘i

,



Amphipod su~ival Kruskal-Wallis non-parametric ANOVA and Tukey type multiple comparison test

I

Slation PI Station P2 Station P6

Survival(out of 10) Rank survival Rank Survival Rank

9 44.0 8 40.5 7 37.5

9 44,0 5 29.0 6 34.0

9 44.0 5 29.0 6 34.0

8 40.5 3 20.5 5 29.0

8 40.5 3 20.5 5 29.0

8 40.5 3 20.5 3 20.5

7 37.5 3 20.5 2 15.0

6 34.0 3 20.5 2 15.0

6 34.0 2 15.0 0 6.0

6 34.0 2 15.0 0 6.0

5 29.0 0 6.0 0 6.0

4 25.0 0 6.0 0 6.0

4 25.0 0 6.0 0 6.0

4 25.0 0 6.0 0 6.0

2 15.0 0 6.0 0 6.0

n= 15 n= 15 n= 15 N=45

n of ranks by group RI 512 R2 261 R3 256

H statistic = 14.97 Numerator degrees of freedom = m-1.

SE= 50.87 Denominator degrees of freedom = m(n-1 )

n=15, m=3

H critical value 5.99 (P<.05) Ho: Amphipod survival is the same in all three groups

(from table) 9.21 (P<.ol) Ha: Amphipod survival is not the same in all three groups

Reject Ho (Pc.ol)

Samples by rank sum

1 2 3

512 261 256
SE (error mean square )

50.87

q=(Xb-Xa)/SE

error degrees of freedom (DF) k(n-1 ) = 42 (k=m~number of groups)

Comparison Difference s q q (0.01, 42, 3) critical values from Zar table B.5

(RbRa)

1 vs. 3 256.00 50.87 5.03 4.367- Conclusion: Reject Ho V1 =@

1 vs. 2 4.367- Conclusion: Reject l-to ~1 =@ ‘

251.00 50.87 4.93

2 vs. 3 4.367 - Conclusion: Accept Ho y2=~3

5.00 50.87 0.10

Table values from: Zar, J.H. 1984, Biostatistical analysis (2nd cd, ) Prentice Hall, Englewood Cliffs, NJ



gAmphipod survival ANOVA and Tukey”s multiple means comparison Wit

I u

b 2

9

6

8

4

I 8

I

~
Std. dev. (+/-)

Std dev. means 2.25

tar within groups 5.83

~ar between 76.07

F statistic 13.06

7=15

n=3 I

Means ranked in

]rder of magnitude

1

2.40

SE (error mean

;quare) 0.62

;omparison Difference

(Xb-Xa)

1 vs. 1 3.93

1 vs. 2 3.87

! vs. 1 0.07

Station P2]StaIion P6]

‘T ‘(Number of animals surviving in each

3 0 beaker out of 10 on Day 10 of the test)

5 0

31 01
31 01

81 21

21 21,
5 0

2 0

--++*-––

01 51

0 7

2.471 2.401

2.331 2.691

!

Numerator degrees of freedom = m-1.

Denominator degrees of freedom = m(n-1 )

P<.05)
..

P<.ol)
I I

Table values from: Zar, J.H. 1984.

Biostatistical analysis (2nd cd.) Prentice

+

2 3 Hall, Englewood Cliffs, NJ

2.47 6.33

q=(Xb-Xa)/SE

Ierror degrees of freedom (DF) k(n-1) = 42

(k=m=number of groups)

E q q (0.01, 40, 3) critical values from Zar

+

table B.5

0.62 6.31 4.367- Conclusion: Reject Ho p3=pl

0.62 6.20 4.367- Conclusion: Reiect Ho u3=u2

0.621 0.1114.367 - Conclusion: AcceDt Ho 113=112
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