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Abstract 

 
Hardrock mining for gold and other metals is proposed for the Kensington Mine, located on 
Lynn Canal in Southeast Alaska, approximately 45 miles north of Juneau. The adjacent Jualin 
Mine is in the exploration phase.  Over a ten-year period, various scenarios have been proposed 
for the Kensington Mine, including the cyanidation process to extract gold from crushed ore-
bearing rock, a tailings pond for tailings disposal above anadromous fish streams, mixing zones 
for excess tailings water into fresh and/or marine waters, dry upland tailings storage, and most 
recently, submarine tailings disposal, and on-site process water treatment.  The Kensington Mine 
is located adjacent to marine waters that support large numbers of migratory waterfowl, salmon, 
and herring.  There are few baseline data on metals in local organisms available to compare with 
later monitoring data if this and other mines become operational.  The object of this study is to 
produce a set of data to be used as a pre-development baseline for metal and cyanide 
concentrations in sediments and biota from potentially affected areas near Kensington and 
adjacent mining properties. 
 
Marine sediment was collected in 1994 from two coastal locations and blue mussels (Mytilus 
trossulus) were taken from six locations adjacent to the Kensington Mine site.  Total metals and 
cyanide analyses were done for all samples.  Dolly Varden (Salvelinus malma) and prickly 
sculpin (Cottus asper) were collected from Sherman and Sweeny Creeks, which flow through the 
Kensington Mine site.  Metal concentrations in sediments (mean concentrations in ppm dry 
weight [DW]: As 9.65, Cd  <0.1, Cr 24.41, Cu 43.94, Hg 0.027, Ni 17.75, Pb 6.07, Zn 47.24) 
were comparable to other Southeast Alaska locations that have not been affected by human 
activities.  Cyanide concentrations (mean of 0.07 ppm DW) were close to the level of detection 
in all marine sediment samples.  Metal concentrations in blue mussels were also comparable to 
those in mussels from other Southeast Alaska locations with the exception of cadmium. 
Cadmium concentrations (mean of 9.95 ppm DW) were higher than any concentrations 
previously reported from Southeast Alaska mussels.  Composite samples of Dolly Varden and 
sculpin arsenic concentrations (1.88, 1.37 ppm DW, respectively) were higher than expected 
when compared to fish from other Southeast Alaska locations, but reflect naturally high arsenic 
levels reported in water from Sweeny and Sherman Creeks collected by Coeur Alaska.  Other 
freshwater fish metal concentrations were similar to those reported in previous baseline studies 
from Southeast Alaska.  These data will provide partial baseline data prior to any mine 
development. 
 
 
 
 
Key words: Alaska, Kensington Mine, baseline metals, blue mussels, marine sediments, 

freshwater fish, cyanide 
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Introduction 
 
 
Hardrock mining for gold and other metals is proposed for the Kensington Mine and potentially 
for the adjacent Jualin Mine. Both of these mines are located on the west side of the Kakuhan 
Range adjacent to Lynn Canal in the northern section of Southeast Alaska (Fig.1), about 72 km 
(45 miles) north of Juneau, Alaska.  Mining operations occurred intermittently between 1891 and 
1937 in nearby Lionshead Mountain.  Mine exploration work was initiated again in 1987.  The 
proposed Kensington and Jualin mines are planned as underground mines employing the 
cyanidation process to extract gold from crushed ore-bearing rock. Coeur Alaska's 1999 plans for 
the Kensington Mine include submarine tailings disposal, and on-site process water treatment.  
Former plans included various options for wet and dry tailings disposal above anadromous fish 
streams, paste backfill of a portion of the tailings, and mixing zones for excess tailings water into 
fresh or marine waters.  
 
Lynn Canal’s marine waters support large numbers of migratory waterfowl, salmon and herring.  
Commercial gillnet fishing in the area is primarily for sockeye salmon (Onchorhynchus nerka).  
Herring (Clupea harrengus) fishing has occurred in the past but has been closed in recent years 
due to low stock abundance.  Lynn Canal also supports a commercial Tanner crab (Chionoecetes 
bairdi) fishery.  Dungeness (Cancer magister) and king crab species (Paralithodes spp.) are also 
present.  Various species of shrimp, flatfishes, and other bottom fish occur in fair abundance 
(Dames and Moore 1987).   
 
Sherman and Sweeney Creeks provide spawning areas for pink salmon (O. gorbuscha), chum 
salmon (O. keta), and coho salmon (O. kisutch).  Sherman Creek freshwater fish metals data and 
baseline fish and invertebrate population data were collected in Sherman and Sweeny Creeks by 
Konopacky Environmental for the mining company, Coeur Alaska. Water quality data was 
collected in Sherman and Sweeny Creeks by Coeur Alaska to meet various permit stipulations 
during this pre-development period. 
 
In this study, marine sediment and blue mussel (Mytilus trossulus) samples were collected 
offshore of the Kensington site.  Freshwater fish were collected from Sherman and Sweeny 
Creeks.  All samples were analyzed for total metals and cyanide.  These data will provide partial 
baseline data for Sherman and Sweeny Creeks and the near shore marine environment of Lynn 
Canal.  
 
 

Study Objectives 
 
1. Determine baseline metal and cyanide concentrations in marine sediments and select biota 

from the Kensington Mine area on Lynn Canal. 
 
2. Determine baseline metal and cyanide concentrations in freshwater fish from Sherman and  

Sweeny Creeks. 
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Study Area and Methods 
 
Beachfront vegetation at the site is predominately spruce and hemlock forest fringed with alder. 
The immediate shoreline of Lynn Canal is primarily large cobble and gravel with underlying fine 
sediments. The subtidal area sampled for sediment was below Mean Lower Low Water (the 
lowest of the low tides) in a zone of sand and mud past the upper zone of cobble substrate.  
Rocky outcrops occur at the mouth of Sherman Creek and north and south of Sweeny Creek.  
Blue mussel (Mytilus trossulus) mats occur at each of these locations.  Other common 
inhabitants are acorn barnacles (Balanus glandula) and littorine snails (Littorina sitkana).  
Rockweed (Fucus gardneri) is found at the upper zone of the outcrops. 
 
Riparian vegetation is intermittent and closely overhangs the stream margins. The lower reaches 
of Sherman and Sweeny Creeks contain gravel and boulders, and large woody debris is common, 
having been deposited upstream and transported downstream during high flow periods.  
Freshwater fish species recorded in these streams include rainbow trout (Onchorhynchus mykiss), 
Dolly Varden (Salvelinus malma), prickly sculpin (Cottus asper).  The lower reaches seasonally 
support pink and coho salmon in Sherman Creek and also chum salmon in Sweeny Creek.  
Benthic macroinvertebrates found in both streams include all of the four primary functional 
feeding groups: shredders, collectors, scrapers, and predators (Konopacky Environmental 1992, 
1995). 
  

Sample Collection 
 
Sampling was done from September 6 - 9, 1994, using the U.S. Fish and Wildlife Service vessel, 
the M/V Curlew.  Weather during the sampling period was clear and initially windy.  The wind 
abated in the afternoon of the second day allowing sediment sample collection.  Marine sediment 
samples were taken at the mouth of Sherman Creek and just below the mouth of Sweeny Creek 
(Fig. 1).  At two locations, north of Sherman Creek, and below Sherman Creek, bottom substrate 
was composed of rock and gravel with no fine sediments and samples could not be collected.  A 
stainless steel 0.1 m3 Smith McIntyre dredge was used to collect sediment grab samples. The 
dredge was rinsed with ambient seawater between each grab.  A stainless steel spoon, washed 
with ambient seawater between grabs, was used to mix and transfer sediments to sample jars.  
Each sample was placed in precleaned jars (Environmental Sampling Supply), labeled, and 
refrigerated.  The Sherman Creek offshore sample (94KS02) was split into three jars (A, B, C).  
The Sweeny Creek offshore sample (94KS04) was only sufficient to fill one sample jar. A field 
blank was included with the sediment samples.  Location and time of sampling was recorded for 
all samples in a field notebook. 
 
Blue mussels were selected as target marine organisms due to their abundance in the area, 
association with sediments, and standard as a monitoring species for contaminants in marine 
environments.  During a low tide, blue mussels were collected by hand at six rocky outcrops 
(Fig. 1); north of Sherman Creek; at the mouth of Sherman Creek; about halfway between the 
two creeks; at a point north of Sweeny Creek; at Sweeny Creek; and at a point south of Sweeny 
Creek.     



 

 

 

M01 A,B 

M02 A,B,C 
       M03 A,B 
   M04 A,B 
     M05 A,B 

M06 A,B 

Kensington Mine

 mine location 

Lynn  Canal
  KEY   SCALE
    Kensington Mine               _______ 
        1 mile 
 Sample locations 
  •    mussel (M01-06) 

         sediment   
  •    freshwater fish 
Fig. 1   Location map of the Kensington gold mine, Lynn Canal, near Juneau, Alaska, and  
sediment and biota sample sites. 
3
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At each location, two samples of at least 14 mussels each were collected and placed in labeled 
sealable Ziploc plastic bags.  All mussels were depurated overnight in their collection bags in 
ambient seawater.  Shell lengths were measured to the nearest millimeter using a digital caliper.  
Tissue was removed from shells using precleaned stainless steel scalpels, placed into precleaned 
jars (Environmental Sampling Supply), labeled, and frozen. Composite mussel sample weights 
were between 86 and 125 grams.  Because mussel samples are usually about 80 percent 
moisture, approximately 90 grams of tissue was needed for metals analyses.  Upon returning 
from the field, all samples were stored in a locked conventional freezer until shipment to the 
analytical laboratory. 
 
Minnow traps (plastic) were baited with canned shrimp and set overnight in Sherman and 
Sweeny Creeks.  Traps were brought aboard the M/V Curlew, fish were removed from traps, 
identified, and total length was measured to the nearest millimeter (Table 1).  Minnow traps for 
freshwater fish were not reset for additional days due to the frequency of black bears feeding on 
salmon in the creeks.  Due to the small body size and weight of the fish collected, one 
combination composite sample of Dolly Varden and prickly sculpin was made for each creek 
(Table 1).  Whole fish were placed into precleaned jars (Environmental Sampling Supply), 
labeled, and frozen.  There were seven individual fish in the Sherman Creek sample (six Dolly 
Varden and one sculpin) and six in the Sweeny Creek sample (four Dolly Varden and two 
sculpin).  Whole bodies were used for all analyses.  Sampling efforts for marine bottom fish by 
baited hook and line were unsuccessful. 
 
Table 1. Freshwater fish collected in September 1994 from Sherman and Sweeny Creeks, Alaska. 

Location Species Total length (mm) Composite fresh weight (g)
Sherman Creek Dolly Varden 45, 50, 50, 55, 55, 59 13.0 (7 fish)
(F01A) prickly sculpin 80
Sweeny Creek Dolly Varden 60, 80, 81, 93 18.0 (6 fish)
(F02A) prickly sculpin 26, 44  

 

Laboratory Analyses 
 
All samples (USFWS catalog 7040024) were shipped frozen by Federal Express overnight 
service to Hazelton Environmental Service's laboratories in Madison, Wisconsin for analyses.  
All samples were analyzed for a metals suite (total metals), cyanide, and percent moisture.  Grain 
size and total organic carbon (TOC) were determined for sediment samples.  All analytical data 
are reported in parts per million (ppm) on a dry weight (DW) basis.  All residue analyses (DW 
and wet weight), detection limits, and analytical methods descriptions are included in Appendix 
A. 
 
Inductively Coupled Plasma Spectroscopy (ICP) was used to determine concentrations of 
cadmium, chromium, copper, nickel, lead, and zinc.  Mercury was determined by Cold Vapor 
Atomic Absorption using a MHS-20 hydride generation unit.  Samples were homogenized and 
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then digested with a mixture of sulfuric and nitric acid before assaying.  Arsenic was determined 
by Graphite Furnace and samples were first digested with nitric acid.   
 
Cyanide analysis was determined by EPA method 335.2 and Standard Method 4500-CN E, for 
total cyanide. 

Quality Assurance / Quality Control 
 
Methods for sediment and biota collection followed standard protocols as described in the U. S. 
Fish and Wildlife Service Contaminants Handbook (1985) with minor revisions.  With each 
sample batch of the same matrix type, at least one duplicate, one sample spike, one analytical 
blank, and one appropriate Standard Reference Material (SRM) were assayed.  The Quality 
Assurance (QA) program for residue data was conducted at the USFWS Patuxent Analytical 
Control Facility (PACF) where duplicates, spike recoveries, and procedural blanks were 
reviewed to determine laboratory data acceptability. There were two duplicates, two spikes, and 
two procedural blanks per analyte, one each for sediment and tissue.  Sources of SRMs for this 
study included the National Institute of Standards and Technology and the National Research 
Council of Canada.  Acceptable accuracy for percent recovery of metals in spiked samples and 
SRMs by Atomic Absorption was 85 to 115 percent; by ICP measurements it was 80 to 120 
percent (U.S. Fish and Wildlife Service Criteria, Moore 1990).  
 
Relative Percent Difference: Because the laboratory duplicate arsenic tissue analysis had a 
Relative Percent Difference (RPD) of almost 34 percent between samples, arsenic concentrations 
in mussel and fish tissue are suspect.  Acceptable RPDs should be ≤ 20 percent.  All other 
duplicate analyses for sediment and tissue samples had RPDs that were ≤ 20 percent.  
 
Limits of Detection: Field blank metal values were all below Limits of Detection (LOD).  
Procedural blanks were above the LOD for some samples but were not considered significant. 
The mussel tissue data set for most chromium, mercury, nickel, and lead values will be adequate 
for comparisons with future sampling data on a qualitative basis because these mussel metal 
concentrations were not twice the Limits of Detection (LOD).  Most arsenic, cadmium, copper, 
zinc, and cyanide data allow quantitative comparisons.  These mussel tissue metal concentrations 
were greater than twice the LOD for all samples.  All mussel tissue cyanide concentrations were 
greater than twice the LOD. 
 
Fish tissue metal concentrations were all twice the LOD with the exception of one nickel 
analysis for the Sweeny Creek fish sample (F02A).  Fish tissue cyanide concentrations were not 
twice the LOD. 
 
The sediment metals data set can be used for quantitative analyses, with the exception of 
cadmium and mercury data for S04A, which can only be used qualitatively as these results were 
not greater than twice the LOD.  Cyanide concentrations in sediments were not twice the LOD. 
 
Spike samples: Percent recoveries for spike samples were within the PACF acceptable ranges 
and are considered qualitative.  Some spike to background ratios were below 1.0, indicating 
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these data cannot be used as a measure of matrix effects, due to the sample composition for the 
following samples and analytes; sediments for arsenic, chromium, copper, nickel, and lead; 
mussel tissue for cadmium and zinc.  These data can only be considered qualitative; there is too 
much variability in the data for quantitative analyses. 
 
Data review incorporates all components of the QA program, accordingly, RPD, LOD and spike 
samples must be considered to determine data accuracy.  Incorporating these QA components for 
this data set review allows quantitative analyses for fish - copper, mercury, and chromium; 
mussels - copper and cyanide; sediments - zinc. All other data can be used on a qualitative basis. 
 
Total Organic Carbon and Grain Size:  Marine sediment samples were relatively homogeneous 
in composition, consisting primarily of sand (mean of 92 percent).  Total Organic Carbon (TOC) 
was less than one percent in samples from both locations (Table 2).  The Relative Percent 
Difference (RPD) for the duplicate silt grain size analysis was greater than 20 percent.  However, 
as silt was only a one to two percent component of the sediment samples, duplicate values are 
not critical.  
 
The PACF QA officer reviewed these data to ensure that they met U.S. Fish and Wildlife Service 
standards before they were sent to the investigator.  Laboratory QA data are included in 
Appendix A.  
 
 
 
 
 
 
Table 2.   Kensington Mine area, 1994 sediment sample grain size, metals and cyanide analyses 
(ppm, dry weight). 
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As Cd Cr Cu Hg Ni Pb Zn CN 

94KS02A 5 94 1 0.47 20.3 9.06 <.13 26.85 54.33 0.045 18.57 6.25 54.83 0.074
94KS02B 6 92 2 0.53 20.9 10.24 <.13 21.24 33.75 0.027 15.04 6.06 46.27 0.087
94KS02C 6 92 2 0.58 22.4 10.81 <.13 23.58 54.12 0.026 17.27 6.08 48.2 0.096
94KS04A 6 92 2 0.28 12.8 4.79 <.11 25.23 22.25 0.011 18.23 2.39 41.51 0.068
            -         -       - - 0 <.34 <.1 <.25 <.25 <.01 <.3 <.1 <.5 <0.05

0 
 ERL value1     33.0 5.0 145.0 70.0 0.2 30.0 35.0 120.0       - 
gmean S2  
(A,B,C) 

5.65 92.66 1.59 0.53 21.18 10.01     - 23.78 46.30 0.03 16.90 6.13 49.64 0.09

gmean   
S2+S4 

5.82 92.33 1.78 0.38            
- 

6.92     - 44.31 41.62 0.04 20.99 8.00 45.39 0.08

count (n) 2 2 2 2 2 2 2 2 2 2 2 2 2

                                                 
1  Long and Morgan 1990 
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Results 
 
All metal concentrations are reported in ppm DW (Tables 2 and 3) for each sediment, mussel and 
fish sample.  Arsenic, chromium, copper, mercury, nickel, lead, and zinc were detected in 
sediment samples at concentrations comparable to those reported in other Southeast Alaska 
background investigations (Rudis 1996).  Concentrations indicate an unpolluted and mineralized 
area.  Cadmium was not detected at or above the limit of detection (0.13 ppm DW) in sediment 
samples.  Mean metal concentrations were calculated using the mean of samples 2A, 2B, 2C, and 
4A.  Mean metal concentrations (ppm, DW) for the sediment samples were; arsenic - 9.65, 
cadmium - <0.13, chromium - 24.41, copper - 43.94, mercury - 0.027, nickel - 17.75, lead - 6.07, 
and zinc - 47.24. Copper concentrations were the most variable within and among samples, 
ranging from 22.23 to 54.33 ppm (Fig. 2).   

 
All mussels collected were between 45 and 85 mm shell length. Each sample was a composite of 
14 to 29 mussels.  Variation in metal concentrations among the 13 mussel samples is shown in 
Fig. 3.  Mean metal concentrations (ppm, DW, for mussel samples (n = 13) were: arsenic - 9.15, 
cadmium - 9.68, chromium - 1.05, copper - 6.23, mercury - 0.069, nickel - 0.95, lead - 0.68, and 
zinc - 52.6.  Chromium and nickel concentrations in mussel tissue are qualitative, due to 
duplicate RPDs at less than twice the limit of detection.  Mercury was only detected in mussel 
samples from two locations (Fig. 1), sites two and six.  
 
Concentrations for arsenic, cadmium, chromium, copper, mercury, and zinc, were similar in fish 
tissue samples from both streams (Table 3).  Nickel and lead concentrations were not similar in 
fish samples between streams.  

0

20

40

60

80

100

120

140

160

180

200

pp
m

, d
ry

 w
ei

gh
t

    As     Cr     Cu     Hg     Ni     Pb     Zn

Fig. 2   Metal concentrations (ppm, dry weight)  in marine sediments - 1994, from the 
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Table 3.  Kensington Mine area, 1994 biota samples – metals and cyanide analyses (ppm, dry weight). 
 % 

Moisture 
As Cd Cr Cu Hg Ni Pb Zn CN 

                   Fish 
F01A 76.60 1.88 0.17 1.39 4.91 0.09 2.10 1.54 88.46 <1.42 
F02A 76.70 1.37 0.09 1.05 3.21 0.17 0.83 0.34 92.27 <1.43 
                    Mussels 
M01A 78.80 6.70 10.05 0.90 4.91 <0.47 0.81 0.47 46.60 1.01 
M01B 78.10 8.95 7.76 0.93 5.71 <0.46 0.96 0.87 59.36 0.77 
M02A 83.20 17.50 11.13 1.27 8.81 0.07 1.37 0.54 60.71 1.45 
M02B 80.60 8.25 10.93 1.31 6.55 0.06 0.90 0.82 56.70 1.12 
M02C 81.70 10.11 9.23 1.09 7.77 0.06 0.99 0.71 51.31 1.77 
M03A 78.90 7.49 10.14 0.85 4.98 <.047 0.97 1.00 49.29 1.04 
M03B 80.70 9.53 12.33 1.11 5.45 <.052 0.87 0.62 54.40 1.33 
M04A 79.90 10.65 9.05 1.03 7.31 <.05 1.12 0.55 54.73 1.00 
M04B 78.50 8.79 7.49 0.79 6.22 <.047 0.66 0.51 47.91 0.94 
M05A 82.40 9.94 12.22 1.64 8.27 <.057 1.32 0.80 53.52 1.71 
M05B 80.70 9.27 7.93 0.74 4.74 <.052 0.89 0.52 48.13 1.27 
M06A 79.70 2.17 9.95 0.90 5.23 <.049 0.60 0.59 54.68 1.06 
M06B 84.10 9.62 7.67 1.09 5.06 0.09 0.95 0.88 46.54 1.14 

mean 80.60 9.27 9.95 1.03 5.71 0.06 0.95 0.62 53.52 1.12 
geomean 80.54 8.45 9.55 1.03 6.10 0.07 0.93 0.66 52.41 1.17 
stnd dev 1.86 3.32 1.68 0.25 1.39 0.02 0.22 0.17 4.73 0.30 
count (n) 13.00 13.00 13.00 13.00 13.00 4.00 13.00 13.00 13.00 13.00 
 

Cyanide was not detected in freshwater fish samples (Table 3).  Cyanide concentrations detected 
in mussel samples were low, ranging from 0.772 to 1.77 ppm DW (� = 1.12 ppm).  Cyanide 
concentrations were very low in sediment samples (� = 0.080) and were less than twice the 
LOD.   
 
 

Discussion 
 
This investigation was conducted to document predevelopment metal and cyanide concentrations 
in marine sediments, and marine and freshwater biota. These data can be considered baseline for 
comparison with samples that may be collected in the event of future mining activity.  Although 
past mining activities occurred in the area and exploration is ongoing at the Kensington Mine, 
there have been no ore treatment activities that could result in metals contamination to either 
fresh or saltwater habitats.  There was a 2,500 gallon diesel spill into Lynn Canal in 1990 
(Juneau Empire 1990) that should not have resulted in any long-term metals contamination to the 
area.   
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The Kensington Mine lies within the Juneau Goldbelt, a highly mineralized area of Southeast 
Alaska.  If any metals present in sediment are in a bioavailable form, metal levels that appear to 
be elevated could occur in resident biota, representing conditions that are normal for that site.  
Zinc concentrations in freshwater fish from Sweeny and Sherman Creeks may be reflecting these 
naturally high zinc concentrations.  Konopacky Environmental (1996) also sampled Dolly 
Varden and prickly sculpin from Sherman and Ophir Creeks for metals analyses.  A comparison 
of those data from Sherman Creek shows comparable values for cadmium, copper, mercury, and 
nickel in small size class (82 - 98mm) fish (Table 4).  Arsenic, chromium, and lead tissue 
concentrations were higher in my study.  Konopacky Environmental (1996) did not analyze for 
zinc or cyanide.    

 
Chromium, mercury, and lead concentrations in this study were comparable with a Dolly Varden 
data set from Gold Creek, Juneau, Alaska (USFWS 1994) (Table 4).  Arsenic, mercury, and zinc 
tissue concentrations were comparable to those reported in fish from Ready Bullion Creek on 
Douglas Island (Rudis 1996), also a highly mineralized area and the site of former mining 
activity.  No statistical comparisons were made among these data sets due to the small sample 
size from this study. 
 
Metal uptake in marine environments is often closely related to extractable fractions rather than 
total metal concentrations.  Because this study analyzed for total metals, these data give no 
information on bioavailability of metals in sediments.  None of the metal concentrations found in 
these marine sediment samples are at levels that could adversely affect biota (Buchman 1999). 

Fig. 3  Metal concentrations (ppm, dry weight) in mussel tissue from the 
Kensington Mine area, Lynn Canal, Alaska, 1994.
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All metal concentrations are below Effects Range-Low (ERLs) established by Long and Morgan 
(1990) for NOAA's National Status and Trends Program.  ERLs were developed as an approach 
to determine effects-based sediment quality values.  
 
Most metal concentrations from this study were comparable to mussel data from other 
undeveloped locations in Southeast Alaska (Rudis 1996).  Cadmium was the only metal in 
mussel tissue that was relatively high in comparison to six other Southeast Alaska background 
mussel data samples (Rudis 1996).  Cadmium concentrations in mussels ranged from 7.76 ppm 
to 12.33 ppm with a geometric mean of 9.55  ppm (Table 3).  Continental Shelf studies reported 
similar cadmium concentrations in mussels from Port Dick and Anchor Cove on the Gulf Coast 
of the Kenai Peninsula (Burrell 1977).  Molluscs biomagnify cadmium from the water column 
(Eisler 1985).  Because cadmium concentrations in sediment samples were below limit of 
detection (<0.13 ppm), sediments are not a likely source of cadmium to biota.  Mussel tissue 
cadmium concentrations are higher than those reported by the NOAA Mussel Watch program in 
mussels from most sampling locations on the West Coast (Lauenstein, et al. 1990; NOAA 1998).  
The Mussel Watch program data showed that higher cadmium concentrations were not linked to 
an area's level of urbanization.  The concentrations found in mussels from this investigation are 
below those that are reported to have adverse effects on bivalves (Hillman, et al. 1992; Tsoerkan, 
et al. 1991).  Mussel beds appeared to be healthy and robust and a range of sizes was observed.  
No visual abnormalities were observed; no histopathology or other tissue examination was 
conducted.  Additional mussel tissue analysis would be useful over time to determine if cadmium 
concentrations have changed. 
 
There are numerous sources of natural cyanide, including some species of bacteria, algae, fungi, 
and plants (Way 1984).  The low concentrations reported in mussels and marine sediment in this 
study are most likely naturally occurring.  Most effects concentrations are based on water 
exposure levels rather than body burden.  There are no water cyanide data for either the marine 
waters or the streams. 
 
The small sample size for freshwater fish did not allow statistical comparison of tissue metals 
data between streams.  However, these data do provide a record of baseline metal concentrations 
in resident small fish from each stream.  No fish tissue metal concentrations appeared atypical 
when compared to other Southeast Alaska data (Table 4). Metals, such as cadmium, that may 
accumulate more in older fish would not be expected to be present in elevated concentrations in 
the small juvenile fish that were sampled in my study.  Future comparison studies would 
probably want to compare similar sized fish.  Because the Konopacky data (Konopacky 
Environmental 1996) did not show differences in metal concentrations between Dolly Varden 
and sculpin from Sherman Creek, it appeared acceptable to combine these two fish species for 
analyses in my study.  Investigators have reported greater metals concentrations in other sculpin 
species when compared with northern pike (Keith Mueller, pers. comm.).  
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Table 4.   Metal concentrations (ppm, dry w eight) in Dolly Varden (DV) and sculpin (SC) from four Southeast Alaska creeks.

Location     As     Cd     Cr     Cu     Hg     Ni     Pb     Zn

Sherman Ck1 1.88 0.17 1.39 4.91 0.09 2.10 1.54 88.46
Sweeny Ck1 1.37 0.09 1.05 3.21 0.17 0.83 0.34 92.27

Sherman Ck2 - DV 0.74 0.25 0.43 6.03 0.06 0.91 0.08  -
Sherman Ck2 - SC 0.58 0.16 0.40 4.14 0.05 1.55 0.24  -
Sherman Ck2 - DV & SC 0.56 0.20 0.40  - 0.05 1.30 0.18  -

Ready Bullion Ck3-DV 1.90 1.38  - 6.63 0.41  - 14.70  -
Ready Bullion Ck3-SC 0.78 0.08  - 3.95 0.50  - 3.11 91.15

Gold Ck4-DV
<0.40-

0.44
<0.44-

0.84
<0.67-

1.99
6.76-
10.28

0.21 - 
<.22

0.84 - 
1.68

1.08 - 
1.64

219.63 - 
283.51

 
1

 This study, two species combined for sample (see Table 1). 
2 Konopacky Environmental 1996. Each sample was a composite of two individuals. 
3 Rudis 1996. Sample size: DV - 1; SC - 2 samples, composites of 6 and 7 fish. (DV = Dolly Varden, SC = sculpin) 

 4 USFWS 1994. Sample size of three individual fish analyzed separately. 
 
 
Baseline data are necessary to determine if future environmental changes are the result of project 
activities.  The analytical data from this investigation can be used as partial baseline for later 
comparison with future monitoring data to determine if there are any measurable effects from the 
mine project or other future development to the freshwater and marine environments in this area. 
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Appendix B 
 
 
Blue mussel samples collected from six locations at the Kensington Mine area 1994 –  
sample number, number in composite and average shell length (mm). 
 
Sample      Number    Average  
Number     of mussels    shell length (mm) 
______________________________________________________________________ 
94KM01A  18    70.7 
94KM01B  17    71.5 
94KM02A  23    62.7 
94KM02B  25    59.4 
94KM02C  26    56.0 
94KM03A  42    60.9 
94KM03B  23    61.9 
94KM04A  18    65.4 
94KM04B  13    71.7 
94KM05A  29    53.8 
94KM05B  23    56.9 
94KM06A  14    75.6 
94KM06B  20    62.1 
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