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Abstract 

Long-term water quality data pertaining to climate change and pollution in the waters and 

shellfish around Kake, Alaska is non-existent. Establishment of the Kake Climate Partnership 

allowed for the community-led collection of water and blue mussel (Mytilus edulis; yaak) 

samples in 2020. The summary and analysis of this data is presented here. Reduced ship traffic in 

2020 due to the COVID-19 pandemic allowed a unique opportunity to collect baseline water 

samples from the ocean when it was not being impacted by these vessels. From June to October 

of 2020, water samples were collected from two different locations near Kake and analyzed for: 

temperature, salinity, pH, Dissolved Metals, Total Mercury, Nitrogen, Ammonia, and Fecal 

coliform. Blue mussel (Mytilus edulis; yaak) samples were also collected from two separate sites 

near Kake and analyzed for: Total Metals, Total Mercury, Paralytic Shellfish Toxin, and 

Nitrogen. Analysis focused on the concentrations of heavy metals, Fecal Coliform, and PST in 

samples, while also comparing findings to other locations in Southeast Alaska. Water samples 

showed relatively average levels of heavy metals and fecal coliform. Mussel tissue samples also 

showed average levels of heavy metals and Paralytic Shellfish Toxin when compared to other 

parts of Southeast Alaska. Data from 2020 will provide a baseline for comparisons with future 

research and is the property of the tribe, the tribal corporation, and the city government in Kake, 

Alaska.  
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Introduction 

Background    

Kake is an Alaska Native village on the northern tip of Kupreanof Island in Southeast 

Alaska’s Alexander Archipelago, or the Inside Passage (Figure 1). Kake’s population consists of 

roughly 570 people, most (69%) of whom are Alaska Native (U.S. Census Bureau, 2019). The 

majority of the people living in Kake practice and depend on a subsistence lifestyle (T. Davis, 

pers. obs.).  

 

 

Figure 1. Maps displaying a) the location of Alaska relative to the world and b) the location of Kake relative to Alaska. 
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A survey done in 1996 showed that 99% of households used salmon, 48% used seal, 56% 

used chitons, 55% used clams, 26% used cockles, and 75% used black seaweed (ADF&G, 1996). 

Kake’s community use area for hunting, fishing, and gathering subsistence foods is extensive, 

and stretches over multiple islands in Southeast Alaska and the ‘mainland’ (Figure 2). The high 

consumption of marine species by the people of Kake may make this community particularly 

vulnerable to marine pollutants and climate change. 

 

Figure 2. A map showing Kake’s community use area throughout Southeast Alaska. 
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Cruise Ship Dumping 

Cruise ship tourism is a booming industry in Southeast Alaska’s Inside Passage, and the 

region received 1.33 million cruise ship passengers in 2019 (Southeast Conference, 2020). Since 

ship tourism as a commercial industry began in the late 19th century (Cerveny, 2005), the Inside 

Passage has seen a steady increase in the number of ships and passengers aboard those ships each 

summer season (Southeast Conference, 2020). Growth in passengers increased from 

approximately 100,000 per season in 1983 to over 1 million in 2019 (Cerveny, 2005 & Southeast 

Conference, 2020). 

All of those passengers create a variety of waste products during their voyages that cruise 

ships are responsible for. In Southeast Alaska, any water that is more than three nautical miles 

offshore is considered outside of the Alexander Archipelago waters and all cruise ships can 

dump treated wastewater here (State of Alaska, 2020). The Inside Passage is composed of many 

locations that are over 3 nautical miles from any shore, resulting in the dumping of treated 

wastewater in these waters. These areas are colloquially known as “donut holes” (Figure 3). 

Kake is especially vulnerable to potential pollutants from this cruise ship discharge due to its 

close proximity to multiple large donut holes. 

The amount of large and small commercial passenger cruise ships traveling through the 

Inside Passage of Southeast Alaska in the summer of 2020 dropped to nearly zero with the onset 

of the COVID-19 pandemic. Reduced ship traffic allowed a unique opportunity to collect 

baseline water samples from the ocean when it was not being impacted by these large vessels.  
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Figure 3. A map showing Southeast Alaska and the location of Kake. The blue lines represent the 3 nautical mile line or “donut 

holes” where cruise ships are allowed to legally dump wastewater within Southeast Alaska. 

 

Climate Change in Southeast Alaska 

Southeast Alaska is a temperate coastal region populated by communities of people that 

depend on the marine environment for food (Sill & Koster, 2017). Climate change is likely to hit 

Southeast Alaska hard in the form of increasing variability in precipitation, rising sea surface 

temperatures, and ocean acidification: 

In Southeast Alaska climate change impacts are unique and are longer-term impacts such 

as heavy rains causing flooding, ocean acidification, warmer waters, snowfall variations, 

warm springs followed by frost affecting wild berry production, invasive species, and 

toxins in the marine environment. These factors impact food security and access and 

abundance of culturally important resources (Holen, 2017). 

Furthermore, it is often challenging or impossible to gather remote observations (e.g., 

from satellites) in Southeast Alaska, due to cloud cover and inclement weather conditions (R. 
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Thoman, pers. Comms., 2020). Collection of water temperature, salinity, and pH are parameters 

that can be continuously monitored by the community and will be crucial when studying the 

impacts on climate change in Kake and Southeast Alaska as a whole. Establishment of the Kake 

Climate Partnership and subsequent data gathered in 2020 provides the community with up-to-

date knowledge that can guide future research and management decisions.  

Key Purposes 

The purpose of this paper is to summarize ocean water and mussel climate and pollutant 

data collected in Kake during 2020 and to compare the pollutant data to relevant thresholds. 

Long-term ocean data pertaining to pollution and climate change indicators from Kake is non-

existent, and this study establishes a baseline for further research. For the purpose of this paper, I 

summarize the concentration levels of heavy metals, fecal coliform, and PST in ocean water and 

mussels around Kake, compare with relevant thresholds, and compare to data from other 

communities in Southeast Alaska. This data is important to the community of Kake and 

strengthens the local tribe’s data sovereignty.  

 

Methods 

During the summer of 2020, the Alaska Center for Climate Assessment and Policy at the 

University of Alaska Fairbanks partnered with the Organized Village of Kake, Kake Tribal 

Corporation, and the City of Kake to monitor the coastal ocean waters around the community of 

Kake, Alaska. From June to October of 2020, water samples were collected from two different 

locations near Kake and analyzed for: temperature, salinity, pH, Dissolved Metals, Total 

Mercury, Nitrogen, Ammonia, and Fecal coliform. Blue mussel (Mytilus edulis; yaak) samples 

were also collected from two separate sites near Kake and analyzed for: Total Metals, Total 

Mercury, Paralytic Shellfish Toxin (PST), and Nitrogen. 

Water Collections 

Ocean water sampling events were separated into two types of events: shore events and 

offshore (boat) events. Shore events occurred at Pt. MaCartney, or S1 (Figure 4), located on the 
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northern tip of Kupreanof Island. This site, while close to Kake, is also a convergence point for 

multiple bodies of water including Keku Straight, Frederick Sound, and Chatham Straight. Boat 

events, or S2 events, took place approximately 13 miles offshore from Kake in Frederick Sound 

(Figure 3). S2 is located extremely close to a cruise ship dumping donut hole, and thus is a good 

monitoring position for pollutants from dumping (Figure 4).  

 

Figure 4. A map showing Kake on the northern tip of Kupreanof Island and Frederick Sound. Marked are water sampling sites 

S1 and S2 and mussel sampling sites Pt. White Jr. and the Town Flats. 

 

Mussel Tissue Collections  

Mussels were collected from two different locations: the Town Flats and Pt. White Jr. 

(Figure 3). The Town Flats were located directly in front of Kake and may have pollutant 

influences from the community. Many people gather clams and cockles from the town flats 

sample site for consumption. Pt. White Jr. was more distant from the community, and is expected 

to be primarily influenced by the ocean waters from outside Kake (but still may have some 

influence from the community). Pt. White Jr. beach is also used as a subsistence gathering 

location for clams and cockles.  
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Sampling Methods 

Water Sampling Methods 

The primary sampling equipment included a Fieldmaster Basic Water Bottle (referred to 

from here on out as the ‘grab sampler’), Dr. Meter pH meter PH-100V, and a YSI Pro 30 (Figure 

5). All water sampling events consisted of a field technician devoted to one of each of the 

following positions: logbook, clean hands, dirty hands, and YSI/pH. At both locations water 

temperature, pH, salinity, and conductivity were collected with the YSI and pH meter. At shore 

events, water samples were collected from a depth of one meter using the grab sampler. At boat 

events, water samples were collected from a depth of one meter and 6.1 meters using the grab 

sampler. Once samples were collected, they were stored in a fridge (at between 2 and 6 degrees 

Celsius) until they could be sent to the lab for processing. A list of the analytes that water 

samples were tested for can be found in the appendix. Complete details of all sampling and 

processing methods can be found in the Quality Assurance Protocol Plan (QAPP) (Appendix A).

 

Figure 5. Photos taken by Elizabeth Figus showing a) the Fieldmaster Basic Water Bottle(‘grab sampler’), b) the Dr. Meter pH 

meter PH-100V, and c) the YSI Pro 30. 

Mussel Tissue Sampling Methods 

Mussel samples were collected by hand and selected based on collecting a consistent size 

throughout the season. Approximately 30 mussels were collected during each sample event. 

Once collected, mussels were soaked in sea water from the collection site for approximately 30 
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minutes and then the water was drained. Mussels were shucked with nonmetallic tools and 

frozen prior to sending to labs for processing. Mussel tissues were analyzed for saxitoxin (PST) 

and heavy metals. Complete details of all sampling and processing methods can be found in the 

QAPP (Appendix A). 

Analysis Methods 

Laboratory Analysis 

All samples were collected, stored, and shipped from Kake, Alaska to qualified labs for 

analysis. Fecal coliform samples were analyzed at Admiralty Environmental labs in Juneau, 

observing a 24-hr hold time and testing for presence/absence of the bacterium using method SM 

9222D (see Appendix B for lab standard operating procedures). All other samples were shipped 

to Eurofins Test America Labs in Tacoma, WA, observing a 28-day hold time. Supplementary 

materials in the Appendix describe this process in more detail (Appendix A, B, & C).  

Water samples were analyzed for Dissolved Metals: Cadmium (Cd), Chromium (Cr), 

Copper (Cu), Lead (Pb), Nickel (Ni), Silver (Ag), and Zinc (Zn), Total Mercury (Hg), Ammonia, 

and Nitrogen (Figure 6).  
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Figure 6. A figure taken from the QAPP (Appendix A) showing all analytes that water samples were tested for. 

 

Mussel tissue samples were analyzed for Total Metals: Cadmium (Cd), Chromium (Cr), Copper 

(Cu), Lead (Pb), Nickel (Ni), Silver (Ag), and Zinc (Zn), Mercury (Hg), and Nitrogen (Figure 7). 
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Figure 7. A figure taken from the QAPP (Appendix A) showing all analytes that mussel tissue samples were tested for (Note: 

testing for EPA 9056A was tested in error by the lab and subsequently removed from the study; this test was in the QAPP and 

therefore is included here, but it was not part of the analysis). 

 

Data Analysis 

To begin my analysis, I downloaded the datasets from Eurofins’s Analytical Reports 

which contained information on the concentrations of the seven heavy metals, ammonia, and 

nitrogen in water and tissue samples. I took this data and entered it into Microsoft Excel. I 

combined all Eurofins reports from each sampling event and created a master Excel sheet with 

all data. I then entered the PST data from SEATOR’s Marine Biotoxin Report into the Excel 

master sheet. I also entered the fecal coliform data from Admiralty Environmental into the 

master sheet.  

Once all of the data was in one master sheet, I then separated the sheet into two Excel 

files: water samples and tissue samples. From there I created separate tabs for each analyte. In 

the water Excel file, there were tabs for all metals, ammonia, nitrogen, and fecal coliform. In the 

mussel Excel file, there were tabs for metals, nitrogen, and PST.  
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Once the data was separated by medium and analyte, I then separated by location. Water 

data was separated between S1 and S2 sites and the S2 sites were then separated by depth. 

Mussel data was separated into the Point White Jr. site and the Town Flats site.  

Next, the water and mussel data were ‘cleaned’. Lab sample types DU (Duplicate), MS 

(Matrix Spike), MSD (Matrix Spike Duplicate), LCS (Lab Control Sample), LCSD (Lab Control 

Sample Duplicate), and MB (Method Blank) were removed. Equipment rinse blanks, blind 

duplicates, and unrelated sampling events were also removed (one event where fish tissue was 

collected from Pt. White Jr. and one unique S2 site location). Nitrogen data was removed from 

the mussel file because the lab could not accurately test for nitrogen concentrations in tissue. 

Arsenic, Barium, and Selenium were removed from the water file because only the equipment 

rinse blanks were tested for these analytes (by the lab for internal quality control purposes). This 

left reduced master data sets that included all relative water and mussel data.  

 The analysis for this paper focused on the water and tissue samples, specifically the 

concentrations of heavy metals, Fecal Coliform, and PST in those samples. My analysis did not 

focus on water temp, salinity, or pH. While I did make summary tables for the water 

temperature, salinity, and pH, I did not run comparisons on those with other communities. Using 

the reduced master files for water and mussels, I then compared data across time and space, as 

well as to other data sets from different locations in Southeast Alaska.  

Heavy metal concentrations in water samples were compared to the EPA’s National 

Recommended Water Quality Criteria - Aquatic Life Criteria Table (EPA, 2021). This table 

contains up-to-date criteria for aquatic life and water quality. It lists the highest concentrations of 

pollutants that are not expected to pose a significant risk to the majority of a species in a given 

environment. Anything above these thresholds may be harmful to aquatic life. Criterion 

Maximum Concentration (CMC) refers to the maximum concentrations that will pose acute 

(short term) effects. Criterion Continuous Concentration (CCC) is lower than the CMC and 

refers to chronic (long term) effects of pollutants on aquatic life. Figure 8 shows the 

concentrations of heavy metals in the water samples in comparison to the CMC and CCC.  

I also compared the heavy metals water data from our sampling sites around Kake to the 

Alaska Department of Environmental Conservation (ADEC) Division of Water ‘Water Quality 
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Measures in Alaska’s Ports and Shipping Lanes: 2020 Annual Report’ (Davis & Davis, 2020). 

This report looked at water quality in 16 ports and 20 sites located within shipping lanes 

throughout Alaska from June to September of 2020. It looked at concentrations of Fecal 

Coliform, Enterococci, Ammonia-N, dissolved oxygen, Dissolved Copper, Dissolved Nickel, 

Dissolved Zinc as well as pH, temperature, and salinity.  

I created figures that showed how dissolved concentrations of copper, nickel, and zinc 

varied throughout Southeast Alaskan ports and shipping lanes and compared these 

concentrations to our data from Kake (Figure 10). I then compared our data, along with the 

ADEC data to preliminary data from Gastineau Channel collected by a colleague during 2020 

(unpublished; Figure 11). This data was collected using very similar sampling and lab methods 

to the data from Kake.  

Next, I compared our fecal coliform concentrations to the ADEC ‘Ketchikan Beach 

Monitoring 2017-2018 Field Report’ (ADEC, 2019).  

I then compared our heavy metals mussel data to Mussel Watch data from Southeast 

Alaska (NOAA, 2016). I looked at Cadmium, Chromium, Copper, Lead, Mercury, Nickel, 

Silver, and Zinc concentrations from Glacier Bay, Ketchikan, Nahku Bay, and Sitka from 1995 

to 2013. These concentrations were in micrograms per dry weight, and a conversion factor of 

0.14 was used to convert them to wet weight. Once conversions were completed, I created a table 

to show concentrations across analytes and location. I then put the data from the two Kake 

locations and the Glacier Bay location into a figure (Figure 13).  

Finally, I compared the mussel PST data from Kake to several locations around Southeast 

Alaska using data collected from the Alaska Harmful Algal Bloom Network (AHAB; AOOS, 

2021). I took PST concentrations from Juneau, Sitka, Ketchikan, Wrangell, and Petersburg 

during the period that we sampled (June- October 2020). I created a figure that showed 

concentrations over this period of time at the different locations (Figure 14).  
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Results 

Completeness 

Prior to conducting fieldwork, the team agreed that the study would be deemed to be 

complete if over 90% of the sampling goals for 24 water samples and 8 mussel tissue samples for 

each analyte were achieved. Completeness was achieved, with two samples missing the fecal 

coliform hold time window of 24 hours (by less than 4 hours) and Nitrogen samples not getting 

collected during a single event. 

Summary of Water and Mussel Data 

Summary tables for water and mussel tissue are shown in Tables 1, 2, 3, and 4. These 

tables show the mean, geometric mean, median, minimum, and maximum concentrations of 

analytes and water temperature, pH, and salinity in samples. In water samples at S1 (Table 1), 

Mercury and Silver were not detected in any samples. In water samples at S2 (Table 2), 

Cadmium, Mercury, Silver, and Fecal Coliform were not detected in any samples. In mussel 

tissue samples at Point White Jr. (Table 3), all analytes except Mercury were detected. In mussel 

tissue samples at the Town Flats (Table 4), all analytes were detected in at least one sample.  

Table 1. Summary table for water samples at the S1 site. n= 9. Metals, Ammonia, and Nitrogen were rounded to three decimal 

places. Fecal coliform was either Non-Detect (ND= 0) or Detect (D= 1). pH, temperature, and salinity were rounded to one 

decimal place. 
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Table 2. Summary table for water samples at the S2 site. n= 8. Metals, Ammonia, and Nitrogen were rounded to three decimal 

places. Fecal coliform was either Non-Detect (ND= 0) or Detect (D= 1). pH, temperature, and salinity were rounded to one 

decimal place. 

 

Table 3. Summary table for mussel tissue samples at the Point White Jr. site. n= 5. Metals were rounded to three decimal places. 

Water temperature was taken from the YSI measurements at S1 and was rounded to one decimal place. PST was rounded to the 

nearest whole number. 

 

Table 4. Summary table for mussel tissue samples at the Town Flats site. n= 5. Metals were rounded to three decimal places. 

Water temperature was taken from the YSI measurements at S1 and was rounded to one decimal place. PST was rounded to the 

nearest whole number. 
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 A total of 22 water samples were tested for heavy metals and 21 water samples were 

tested for Fecal Coliform from the 2020 Kake data. Cadmium, Chromium, Copper, Lead, Nickel, 

and Zinc were each detected at least twice (Figure 8). Mercury and Silver were not detected in 

water samples collected during the 2020 season (Figure 8). Copper and Zinc were detected in 

concentrations above the CMC (Figure 8). Analytes were detected in 57 samples out of a total of 

197 samples (29% of samples).  

 

Figure 8. A graph showing a summary of heavy metals and fecal coliform concentrations that were found in water samples. The 

blue bars represent the fraction of water samples of which the analyte was not detected. The yellow bars represent the fraction of 

water samples of which the analyte was detected. The orange bars represent the fraction of water samples of which the analyte 

was detected and the concentration was above the CMC (Criterion Maximum Concentration) as defined by the EPA. The CMC 

represents the acute threshold for toxic concentrations of pollutants. When analyte concentrations are above the CMC they pose 

a threat to aquatic species. 

  

A total of 10 mussel tissue samples were collected and tested for heavy metals and 8 were tested 

for PST (Figure 9). All heavy metals were detected multiple times except for mercury which was 

detected in one sampling event (Figure 9). Cadmium, chromium, copper, and zinc were detected 

in every mussel sample (Figure 9). Analytes were detected in 72 samples out of a total of 88 

samples (82% of samples).  
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Figure 9. A graph showing a summary of heavy metals and paralytic shellfish toxins (PST) concentrations that were found in 

mussel tissue samples. The blue bars represent the fraction of mussel samples of which the analyte was not detected. The yellow 

bars represent the fraction of mussel samples of which the analyte was detected. 10 individual samples were tested for each 

analyte, except for PST which was tested for 8 times. 

 

Water Samples 

Heavy Metals 

Water samples collected from the S1 and S2 sites were compared to the ADEC Division 

of Water ‘Water Quality Measures in Alaska’s Ports and Shipping Lanes: 2020 Annual Report’ 

(Figure 10). During this analysis of heavy metals, I observed that the dissolved Copper and Zinc 

concentrations from the water samples around Kake were elevated when compared to locations 

in Southeast Alaska from the ADEC report (Figures 10a, 10b, and 10c).  
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(A)  

 

(B) 
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(c) 

Figure 10. Figures showing the dissolved concentrations of copper, nickel, and zinc throughout 11 communities in Southeast 

Alaska and one shipping lane. FS01 and FS02 refer to two sampling sites within the shipping lane in Frederick sound. (A) A 

graph showing the concentrations of dissolved copper throughout Southeast Alaska. (B) A graph showing the concentrations of 

dissolved nickel throughout Southeast Alaska. (C) A graph showing the concentrations of dissolved zinc throughout Southeast 

Alaska. 

 

Copper data from the ADEC report as well as the Kake copper data was compared to a 

preliminary report of copper data collected from Gastineau Channel by a colleague during 2020 

(unpublished; Figure 11). The highest concentrations of copper were observed in the Gastineau 

Channel (Figure 11). The ADEC report showed relatively low and similar concentrations of 

copper, and Kake’s copper concentrations were mid-level to low (Figure 11). 
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Figure 11. A figure showing the concentration of copper in the water in Kake, Gastineau Channel, and from locations throughout 

Southeast Alaska in the ADEC report. Orange triangles represent Kake, blue squares represent Gastineau Channel, and green 

diamonds represent the locations from the ADEC report. Gastineau Channel data are preliminary data not yet published by the 

collector, and therefore not cited in full yet and left anonymous here. 

 

Fecal Coliform  

 Because of the hold-times associated with sending out our Fecal Coliform samples, only 

the presence or absence of FC could be determined. Fecal coliform was present in two samples 

out of 19 unique sampling events from the Kake sampling sites. The Ketchikan Beach 

Monitoring data included data from 13 different beaches in 2017 and 2018. Over these two 

years, 279 water samples were collected, all of which had Fecal Coliform present (ADEC, 2019). 

Further analysis showed that 11 of the 13 of the Ketchikan monitoring sites failed to meet the 

Alaska Water Quality Standards single sample criteria for aquaculture, seafood processing, and 

harvesting for consumption uses, while 10 of the 13 sites failed to meet the Alaska Water Quality 

Standards geometric mean criterion for harvesting for consumption use (Figure 8, ADEC, 2019, 

2020). 
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Figure 12. A table showing the State of Alaska’s water quality standards (taken from: ADEC, 2020). 
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Mussel Samples 

Heavy Metals 

 Heavy metal concentrations in mussels from both Kake locations (the beach in town and 

outside of town) were relatively low when compared to Glacier Bay (Figure 13). Cadmium and 

Copper levels were found in higher concentrations across all locations in comparison to the other 

metals.  

 

Figure 13. A figure showing the concentration of heavy metals in mussels at the two Kake sampling locations, Point White Jr and 

the Town Flats, and at Glacier Bay. 

 

PST 

PST levels varied across the summer, with spikes around mid-July and mid-September 

(Figure 14). PST levels around Kake were relatively low, and two out of eight total sampling 

events had no toxins detected.  
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Figure 14. A figure showing the concentrations of PST at several locations throughout Southeast Alaska. 

 

Discussion 

Our results show that heavy metals and fecal coliform were present in water samples in 

2020, but when compared to other locations, were generally not found in elevated 

concentrations. Our results also show that heavy metals and PST were present in mussel tissue 

samples but were not found in elevated concentrations during 2020 when compared to relevant 

thresholds.  

When the Kake heavy metal water concentrations were compared to the ADEC report, 

high levels of copper and zinc were detected (Figure 10). This may be due to the fact that the 

ADEC data used a slightly different sampling method from us. When comparing our Copper data 

to the Gastineau Channel Copper data (Figure 11), which used a very similar sampling method as 

us, the Kake data was relatively average. These spikes in copper and zinc concentrations may 
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also be attributed to naturally high levels of these metals. If Kake has elevated levels of copper in 

water, this may be a cause for concern and should be monitored.  

 According to the ADEC, a single water sample may not exceed 200 FC/100mL and the 

geometric mean (average) of five samples within 30 days may not exceed 100 FC/100ml (Figure 

12). Out of the 21 water samples tested for Fecal Coliform, only two showed the presence of this 

bacteria. This is low when compared to the Ketchikan Beach Monitoring data (ADEC, 2019). Of 

the two presences of Fecal Coliform, both observations were at the S1 site, and Fecal Coliform 

was never detected at the S2 site. The absence or presence of Fecal Coliform may be related to 

the distance from shore and more research is needed to determine any correlation.  

Similarly, when looking between Table 1 and Table 2, it is clear that more analytes were 

detected at S1 than at S2. This may be attributed to differences in the water composition offshore 

(S2) compared to near shore (S1). However, more research is needed to determine the impact of 

location on water composition. The one presence of mercury in all samples that were collected 

occurred in a mussel sample from the Town Flats site. The close proximity of the town to this 

sampling site should be considered when looking at future data.  

 Figure 8 and 9 show that heavy metals in mussel tissues were observed in a higher 

proportion of the total samples than in water samples. However, this was expected since mussels 

bioaccumulate metals through the filtration of ocean water and can show a longer time period of 

water conditions (Beyer et al., 2017). Water samples only show a “screenshot” of the water at a 

given point in time. Although mussels are not an important subsistence species to the community 

of Kake, they provide us with an idea of the conditions of the environment that they are living in. 

While the PST saxitoxin was detected in six out of eight mussel tissue samples, all of 

these concentrations were average-to-low when compared to other communities in Southeast 

Alaska (Figure 14). However, continuous monitoring of consumed species (like butter clams, 

Saxidomus giganteus) should be conducted during harvesting seasons to ensure that shellfish are 

suitable for consumption. 

Impact on Subsistence Species and Community Members 
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All of the data collected during 2020 showed that the subsistence species around Kake 

were not likely bioaccumulating high levels of pollutants like heavy metals at that time. Fecal 

coliform is not found in the water often, and likely does not pose a risk to community members 

or aquatic species. PST was observed, but not in elevated concentrations during our sampling 

period. However, caution should always be taken when harvesting shellfish and continuous 

monitoring of PST needs to occur (SEATOR, 2021).  

Heavy metals have the potential to impact subsistence species. Copper has been shown to 

impact the olfactory senses of salmon (Baldwin et al., 2003), an especially important subsistence 

species to the community of Kake. Heavy metals can also bioaccumulate in subsistence species 

like seal, and then be transferred up the food web to humans (Jakimska et al., 2011).  

Conclusion 

Overall, water and mussel samples did not show elevated concentrations of heavy metals, 

fecal coliform, and PST over the period of time that we sampled during 2020. However, 

continuous sampling can only strengthen and provide more insight into the data that has already 

been gathered. Continuous sampling for heavy metals, fecal coliform, and PST also ensures the 

health and safety of the marine species in this area and the community members of Kake. This 

research also summarized a season of key climate indicator data from Kake, including water 

temperature, salinity, and pH from two locations. This summary will prove useful for future 

comparisons and for climate adaptation planning in Kake during the coming decades. This 

project and subsequent data is crucial for tracking pollutant and climate change indicators in and 

around Kake. 

Data Sovereignty 

Archiving this data at the growing tribal archives will make it accessible to community 

members and gives them ownership of data from the ocean that is at their front door. This data 

adds western science knowledge to the generations of Indigenous knowledge that is already 

carried by community members (Bruchac, 2014). The data sovereignty of the tribe in Kake is 

also strengthened by this data and supports the inherent stewardship of the environment by the 

Tlingit people of Kake. 
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Future Research 

Future research should entail sampling for all pollutants listed in this paper, as well as 

expansion when practical. Expansion of species and locations sampled and analyzed for heavy 

metals, fecal coliform, and PST will also provide more insight into what is going on in the water 

around Kake. More data will allow us to look at trends across time and space. Because of the 

subsistence lifestyle practiced by a majority of the people of Kake, continuous sampling should 

be done to ensure healthy aquatic life and healthy subsistence gatherers, hunters, and fishers. 

This research shows that in the absence of cruise ships, the ocean waters in and around the 

community of Kake were relatively free of contaminants. Will this change once the cruise 

industry returns to Southeast Alaska? 
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Appendix A 

Kake Baseline Ocean Water and Mussel Tissue Testing QAPP: 

https://drive.google.com/file/d/1KdaLTbjwlReTAtAL0T2zGpLyJUm-ZD4t/view?usp=sharing  

 

  

https://drive.google.com/file/d/1KdaLTbjwlReTAtAL0T2zGpLyJUm-ZD4t/view?usp=sharing
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Appendix B 

Admiralty Environmental Fecal Coliform Standard Operating Procedure: 

https://drive.google.com/file/d/1XuprI6AMLJhLapQW0NBnkDGZcupff2Zs/view?usp=sharing 

 

  

https://drive.google.com/file/d/1XuprI6AMLJhLapQW0NBnkDGZcupff2Zs/view?usp=sharing
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Appendix C 

Example custody forms for Eurofins and Admiralty Environmental: 

https://drive.google.com/drive/folders/1aJjyUUdFPqPUw_n_IDKLJwCbo7Jd2UNl?usp=sharing 

 

 

 


