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EXECUTIVE SUMMARY

The Tulsequah Chief Mine is an inactive copper, gold, lead, silver and zinc mine located in
western British Columbia, Canada. The mine is under consideration for re-opening and the
project proponent, Chieftain Metals, Inc., is currently completing permit transfers. The mine is
adjacent to the Tulsequah River, which flows into the Taku River. The Taku River flows
through Canada into Alaska, and is an important fish producer for sport and commercial
fisheries.

Acid rock drainage (ARD) has been leaching from the Tulsequah Chief mine into the Tulsequah
River for over 50 years. Lough and Sharpe (2003) document the leachate as acidic and high in
metals including cadmium, copper, lead and zinc. In 2010, the United Fishermen of Alaska
wrote to Governor Sean Parnell that acid drainage from the currently inactive Canadian mine “is
destroying prime rearing habitat, threatening potential future harvests of multi gear commercial
fishing groups” (Vinsel 2010). The United Southeast Alaska Gillnetters petitioned
Representative Beth Kerttula for “an appropriation...to do a comprehensive study to determine
the scope of the existing acid-leakage problem” (Knight 2010). The legislature provided
ADF&G $35,000 to conduct a study of the acid leakage into the Tulsequah and Taku Rivers and
the acid’s effects on salmon and salmon habitat in the fiscal year 2011 capital budget. The
legislature did not specify a study type or design.

We collaborated with U.S. and Canadian scientists and considered several aquatic studies to
evaluate whether leachate was impacting water quality in the Tulsequah and Taku Rivers. We
concluded a heavy metals investigation in resident fish tissues would provide the most
meaningful information given the budget and the interests of the organizations that petitioned the
Governor and legislature for funding.

We captured 41 resident juvenile Dolly Varden char (Salvelinus malma) from two sites on the
Tulsequah River, upstream of the acid rock discharge site (Upper Tulsequah or UTR) and below
the acid rock discharge site (below the Tulsequah Mine or TRM), and from the Taku River near
the U.S./Canada border (Taku Border or TRB). We tested the resident juvenile Dolly Varden
char for whole body metals concentrations of arsenic (As), cadmium (Cd), copper (Cu), lead
(Pb), mercury (Hg), selenium (Se), silver (Ag), and zinc (Zn). We compared the results with a
10 year resident juvenile Dolly Varden char whole body metals concentrations dataset for Cd,
Cu, Pb, Se, Ag, and Zn from the Hecla Greens Creek Mine on Admiralty Island where we take
samples above and below mine operations.

Mean concentrations of Zn, Pb, and Hg are highest in fish from the Upper Tulsequah, the
sampling site nearest the Tulsequah Glacier. Zn and Pb concentrations are lower than samples
taken above and below Greens Creek Mine operations, 2001-2011. We do not sample Hg at the
Greens Creek Mine. This is the only site in which Ag was reported at the detection limit. Ag is
often not detected at the reporting limit or is measured slightly above the limit in samples taken
above and below Greens Creek Mine operations, 2001-2011.

Mean concentrations of As, Se and Cu are highest in fish from below the Tulsequah Mine site.
Se and Cu concentrations are lower than samples taken above and below Greens Creek Mine
operations, 2001-2011. We do not sample As at the Greens Creek Mine.



Mean concentrations of Cd were highest in the fish obtained from the Taku Border sampling site.
Cd concentrations are lower than samples taken above and below Greens Creek Mine operations,
2001-2011.

INTRODUCTION

The Tulsequah River originates from the Tulsequah Glacier and drains into the Taku River,
which flows through Canada and into Alaska. The Taku River is an important salmon producer
for sport and commercial fisheries in both countries (Rescan 1997).

ARD from the inactive Tulsequah Chief copper, gold, lead silver, and zinc mine in Canada has
been leaching into the Tulsequah River for over 50 years (Office of the Auditor General of
Canada 2005). ARD from the Tulsequah Chief Mine is documented as acidic and high in metals
including Cu, Cd, Pb, and Zn, and contributes the greatest percentage of dissolved heavy metals
into the Tulsequah River compared to other nearby mines (Lough and Sharpe 2003).

The Tulsequah Chief Mine is currently undergoing Canadian governmental review for re-
authorization, and the project proponent, Chieftain Metals, Inc. is completing permit transfers.
Chieftain Metals, Inc. installed an acid-water treatment plant which began operating at capacity
in December 2011, about six months after we collected our fish and water samples.

Purpose

The purpose of this study is to compare whole body metals concentrations of As, Cd, Cu, Pb, Hg,
Se, Ag, and Zn in juvenile Dolly Varden char captured in the receiving waters of Tulsequah
Chief Mine ARD with juvenile Dolly Varden char collected upstream and downstream of the
Tulsequah Chief mine site and the Hecla Greens Creek mine site.

Sample Sites

We flew an aerial survey on May 19, 2011 and selected sample sites where it appeared there was
good fish habitat, including large woody debris. We relied on the expertise of ADF&G Division
of Sport Fish staff that routinely capture fish for mark recapture studies on the Taku River. We
located two sample sites on the Tulsequah River, one about 5 km upstream of the discharge site
and the other about 1 km downstream of the discharge site. We sampled one location on the
Taku River near the U.S./Canada border, about 26 km downstream of the Tulsequah Chief Mine
(Figure 1).
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METHODS

Data Collection

We accessed sample sites by jet boat and helicopter on five occasions between June 3 and June
16, 2011. We sampled basic water quality with an Extech Exstick II field meter and colorpHast
PH indicator strips on June 15. We captured juvenile Dolly Varden char at all three sites using
0.635 cm (1/4 in) wire mesh minnow traps baited with whirl packs containing disinfected salmon
eggs (Magnus 2006). Bait was contained to prevent eggs from entering the fish gut track,
potentially affecting the whole body metals sample. We allowed traps to soak for a minimum of
24 h. We used a beach seine to capture fish at the Upper Tulsequah and below the Tulsequah
Mine sampling sites. We proposed to keep fish that measured 90 mm to 140 mm as this size
range improves the likelihood of sampling resident, rather than anadromous fish while meeting
the minimum weight requirement of 5 g needed for testing.” Instead, we kept fish that measured
between 58 mm and 170 mm FL as fish at the Upper Tulsequah and Taku Border sites were
scarce. Each fish was placed individually in a labeled plastic bag and stored in a cooler
containing gel packs until we returned to the Region I Douglas office where each sample was re-
measured to FL and weighed in the sample bag, correcting for bag weight. We kept the samples
frozen in a sealed cooler stored in a refrigerator/freezer and shipped the samples in the cooler
with frozen gel ice packs to the lab via overnight air freight on June 20, 2011.

Laboratory Analyses

We chose Columbia Analytical Services to process the samples based on their experience testing
metals concentrations in fish tissues. The Environmental Protection Agency (EPA) has approved
the standards and qualifications. The lab received the samples on June 21, 2011 in good
condition, stored the samples at —20°C, then individually freeze-dried, digested, and analyzed the
samples for whole body metals concentrations of As, Cd, Cu, Pb, Hg, Se Ag, and Zn, on a dry-
weight basis using EPA methods. A copy of the laboratory report is included in Appendix A.

Quality Assurance / Quality Control

We maintained written Chain of Custody Forms on each fish for metals testing. The laboratory
provided Tier II quality assurance/quality control validation information for each analyte
including matrix spikes, standard reference materials, laboratory calibration data, sample blanks,
and sample duplicates.

Statistical Analyses and Data Presentation

We use Statistix® 9 (Analytical Software 2008) for statistical analyses. We used a One-Way
Analysis of Variance to test for differences of means for each analyte and each site, and all-
pairwise comparisons to identify differences between sites. Significant differences are reported
when p < 0.05. We present graphs by analyte of mean metal concentration and whiskers
illustrating the minimum and maximum values observed. We include whole body metals data
collected near the Greens Creek Mine located on Admiralty Island, about 88 km southwest of the
Tulsequah Chief Mine, for comparison of all metals except As and Hg. Greens Creek Mine
currently produces concentrates of gold, lead, silver and zinc for export. We have 10 years of
data using the methods described above, both upstream (Site 48) and downstream (Site 54) of
mine and mill operations (Kanouse 2012).

* Kensington mine 90 — 130 mm FL determined by historical length frequency data (Timothy and Kanouse 2012).
Greens Creek mine 85 — 125 mm FL chosen by study authors in 2001 (Kanouse 2012)
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RESULTS

We captured a total of 82 Dolly Varden char, three coho salmon (Oncorhynchus kisutch), and
one threespine stickleback (Gasterosteus aculeatus), returning Dolly Varden char not meeting
size criteria, and returning the coho salmon and threespine stickleback to the sample site. We
retained 46 Dolly Varden char from all three samples sites then disposed of five undersized
animals. We submitted 41 fish for laboratory analyses: 12 samples from the Upper Tulsequah,
20 samples from below the Tulsequah Mine, and 9 samples from the Taku Border.

We recorded water quality on June 15, 2011 and present temperature, pH and conductivity in
Table 1.

Table 1.—Water quality recorded during sampling on 6/15/2011.

UTR TRM TRB
Temperature (°C) 1.4 3.2 9.8
pH 5 6 7
Conductivity (uS/cm) 70.5 73.6 126.7

Arsenic

As concentrations in juvenile Dolly Varden char samples are displayed in Figure 2. Mean As
concentrations are similar among sites, not significantly different when compared together (p =
0.500), and greatest below the Tulsequah Mine sample site. As concentrations were not detected
at the Method Reporting Limit for six samples from the Upper Tulsequah site, three samples
from below the Tulsequah Mine site, and one sample from the Taku Border site. For data
comparison, we used the minimum reporting limit (0.5 mg As/Kg) for results reported as “not
detected” and do not find any significant differences in mean concentrations among sample sites.
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Figure 2.—Whole body As concentrations in juvenile Dolly Varden char.



Cadmium
Cd concentrations in juvenile Dolly Varden char samples are displayed in Figure 3. Mean Cd

concentrations are similar among sites, not significantly different when compared together (p =
0.31), and greatest at the Taku Border sample site. The laboratory was not able to achieve a
uniform distribution of Cd in one sample from site below the Tulsequah Mine, so we did not
include the data in the statistical analyses or in Figure 4. Mean Cd concentrations in juvenile
Dolly Varden char collected above and below Greens Creek Mine operations, 2001-2011, are
greater than the mean concentrations for the Upper Tulsequah, Tulsequah Mine and Taku Border
samples.
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Figure 3.—Whole body Cd concentrations in juvenile Dolly Varden char.

Copper

Cu concentrations in juvenile Dolly Varden char samples are displayed in Figure 4. Mean Cu
concentrations are similar among sites, not significantly different when compared together (p =
0.300), and greatest below the Tulsequah Mine sample site. Mean Cu concentrations in juvenile
Dolly Varden char collected above and below Greens Creek Mine operations, 2001-2011, are
greater than mean concentrations for the Upper Tulsequah, Tulsequah Mine and Taku Border
samples.
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Figure 4.—Whole body Cu concentrations in juvenile Dolly Varden char.
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Lead

Pb concentrations in juvenile Dolly Varden char samples are displayed in Figure 5. Mean Pb
concentrations are similar among sites, not significantly different when compared together (p=
0.300), and greatest at the Upper Tulsequah sample site. Mean Pb concentrations in juvenile
Dolly Varden char collected above and below Greens Creek Mine operations, 2001-2011, are
greater than mean concentrations for the Upper Tulsequah, below the Tulsequah Mine, and the
Taku Border samples.
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Figure 5.—~Whole body Pb concentrations in juvenile Dolly Varden char.

Mercury

Hg concentrations in juvenile Dolly Varden char samples are displayed in Figure 6. Mean Hg
concentrations are similar among sites, not significantly different when compared together (p =
0.444), and greatest at the Upper Tulsequah sample site.
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Figure 6.~-Whole body Hg concentrations in juvenile Dolly Varden char.



Selenium

Se concentrations in juvenile Dolly Varden char samples are displayed in Figure 7. Mean Se
concentrations are similar among sites, significantly different between the Tulsequah Mine and
Taku Border samples sites (p = 0.025), and greatest at the sample site below the Tulsequah Mine.
Mean Se concentrations in juvenile Dolly Varden char collected above and below Greens Creek
Mine operations, 2001-2011, are greater than mean concentrations for the Upper Tulsequah,
below the Tulsequah Mine and at the Taku Border samples.
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Figure 7.—Whole body Se concentrations in juvenile Dolly Varden char.

Silver

Ag concentrations are not detected at the Method Reporting Limit except for two samples from
the Upper Tulsequah site that were both 0.02 Ag mg/Kg. For data comparison, we used the
minimum reporting limit (0.02 mg Ag/Kg) for results reported as “not detected” and do not find
any significant differences in mean concentrations among sample sites. Whole body Ag
concentrations in juvenile Dolly Varden char samples collected above and below Greens Creek
Mine operations, 2001-2011, are often not detected at the reporting limit or measured slightly
above the limit.

Zinc

Zn concentrations in juvenile Dolly Varden char samples are displayed in Figure 8. Mean Zn
concentrations are similar among sites, not significantly different when compared together (p =
0.072), and greatest at the Upper Tulsequah sample site. The lab reported that a matrix spike
recovery of Zn for one sample from the Taku Border site was significantly higher than the added
spike concentration, preventing accurate evaluation of the spike recovery. Therefore, we do not
include the Zn concentration of this sample in the data analysis or present it in Figure 8. Mean
Zn concentrations in juvenile Dolly Varden char collected above and below Greens Creek Mine
operations, 2001-2011, are greater than mean concentrations in the samples from the Upper
Tulsequah, below the Tulsequah Mine and at the Taku Border sites.
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Figure 8.— Whole body Zn concentrations in juvenile Dolly Varden char.

CONCLUSIONS

Although water quality is not the focus of this study, the results of our testing provide valuable
information. Water temperature, pH, and conductivity increase moving downstream. The
Tulsequah River originates from the Tulsequah Glacier and the Upper Tulsequah sample site is
located approximately 5 km downstream of the glacier, explaining the low water temperature
(1.4°C) recorded at the Upper Tulsequah site. The temperature increased to 3.2°C below the
Tulsequah Mine site, and 9.8°C at the Taku Border site.

On average, freshwater systems have a pH range between 6 and 8 (Helfman et al. 2009), while a
pH of 5 is recorded at the Upper Tulsequah site. This suggests that the Tulsequah River is a
naturally acidic system during certain times of the year. Our pH measurement taken below the
Tulsequah Mine site, influenced by Tulsequah Chief Mine ARD drainage, is 6. The pH measured
at the Taku Border site is 7.

Gartner Lee Limited reported baseline water quality levels in their 2008 report (Ford 2008). The
report summarized water quality data collected between May and September, 2007. Four
established sample sites in the mainstem of the Tulsequah River, including one sample site near
the Upper Tulsequah site (W10), had pH values between 6.2 and 8.0. Site W10 had pH values
between 6.2 and 7.67. The report also notes that the minimum pH (6.2) at site W10 is not within
the preferred range suggested in the British Columbia Approved Water Quality Guidelines
(British Columbia Ministry of Environment 2006). Water quality data collected during this
project is used as reference and not a key element of this study.

Fish collected from the Upper Tulsequah site had the highest average concentrations of Zn, Pb
and Hg. Fish collected from below the Tulsequah Mine site had the highest average
concentrations of As, Se and Cu. Fish collected from the Taku Border site had the highest
average concentration of Cd. Statistical analysis of the sample means did not find any statistical
significance among the metals tested, except for Se (P = 0.0253) between the Tulsequah Mine
and the Taku Border sites. Nevertheless, average values of Se concentration from all sample sites
are below the EPA draft numeric criteria for Se concentrations in freshwater fishes (EPA 2004).



REFERENCES CITED

British Columbia Ministry of Environment, 2006. British Columbia Approved Water Quality Guidelines.

Chieftain Metals Inc. November 7, 2011 Press Release. http://www.chieftainmetals.com/news.php (Accessed April
12, 2012).

Environmental Protection Agency, 2004. Aquatic life criteria for selenium - Draft Criteria Fact Sheet.
http://water.epa.gov/scitech/swguidance/standards/criteria/aglife/pollutants/selenium/fs.cfm (Accessed April 12,
2012).

Ford, B. S. 2008. Tulsequah Chief Mine environmental effects monitoring program for the Tulsequah River-2007
Baseline Data Collection. Gartner Lee Limited.

Helfman, G. S., B. B. Collette, D. E. Facey and B. W. Bowen. 2009. The Diversity of Fishes: Biology, Evolution,
and Ecology. 2™ edition. Wiley-Blackwell.

Kanouse, K. M. 2012. Aquatic biomonitoring at Greens Creek Mine, 2011. Technical Report No. 12-03, Alaska
Department of Fish and Game, Division of Habitat. Douglas, AK.

Knight, C., United Southeast Alaska Gillnetters, letter to Representative Beth Kerttula, April 14, 2010. ADF&G
project files, Douglas, Alaska.

Lough, J. and I. Sharpe. 2003. Tulsequah and Taku Rivers mass balance water quality report in support of the BC
Environmental Assessment Act review of the proposed Tulsequah Chief Mine. BC Ministry of Water, Land and
Air Protection, Environmental Protection Division. BC Ministry of Water, Land, and Air Protection, Skeena
Region Environmental Quality Section. Data Report No. 2003-1.

Magnus, D. L., A. D. Brandenburger, K. F. Crabtree, K. A. Phlke, and S. A. MacPherson. 2006. Juvenile salmon
capture and coded wire tagging manual. Alaska Department of Fish and Game, Special Publication No. 06-31,
Anchorage, AK.

Office of the Auditor General of Canada. 2005. Petition No. 95B. Follow-up petition on acid drainage and re-
opening of a metal mine in northern British Columbia. http://www.oag-

bvg.gc.ca/internet/English/pet 095B e 28810.html (Accessed April 12, 2012).

Rescan Environmental Ltd., 1997: Tulsequah Chief Project Report Volume 4 prepared for Redfern Resources Ltd.
July 1997.

Timothy, J. and K. M. Kanouse. 2012. Aquatic studies at Kensington Mine, 2011. Technical Report No. 11-08,
Alaska Department of Fish and Game, Division of Habitat. Douglas, AK.

Vinsel, M., United Fishermen of Alaska, letter to Governor Sean Parnell, March 8, 2010. ADF&G project files,
Douglas, Alaska.

10



APPENDIX

11



Appendix A.—Columbia Analytical Services Analytical Report for Service Request No: K1105585
Fish Tissue Metals Analysis

12



	Border: 


