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Abstract

Although much research has focused on the long range atmospheric transport of organic
pollutants to the north, very little attention has been paid to bio transport mechanisms. This
study synthesizes some of what we know about atmospheric modes, bioaccumulation and
ensuing human and ecosystem health impacts. As First Nations are the greatest consumers of
the very organisms that bio transport these Polychlorinated Biphenyls (PCBs) and other
organochlorines (OCs), special attention has been paid to their traditional, holistic worldview.
The amount of PCB bio transported to the sub-arctic should not be obscured by scientific
concentration on atmospheric methods and models. Close cooperation and mutual learning
between First Nations and the scientific community is needed to begin to address the concerns
for environmental health.
Key words: biotransport, Pacific salmon, Oncorhynchus nerka, PCBs, First Nations, health
effects, communication paradigms
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Introduction
Background of the Study
To many the merest mention of Alaska conjures visions of miles of unspoiled pristine
wilderness: A state of lush forests, clear lakes and soaring snow-capped mountains. It is no
wonder with these majestic visions in mind, most people would over-look thousands of
synthetic chemicals present in this environment, invisible to the naked eye. Unfortunately,
these synthetic chemicals have become an essential part of today’s industrialized world. Many
of these chemicals have been, and still are valued for their resistance to heat, cold and
breakdown over time. The presence of these persistent, synthetic and organic chemicals in our
environment is indisputable, even in these so called pristine areas of the Arctic and sub-arctic.
There continues to be extensive research and discussion around how these compounds
appear in these northern lands, even though most have never been used here. The mode that has
received the greatest attention is atmospheric transport and deposition, which has several
models and theories to supporting it (Wania and MacKay, 1993; Ockenden, 1998; Agrell, 1999;
Backe, 2001). While this global perspective has been studied extensively, there has been very
little consideration of other vectors, such as bio transport (movement of these chemicals by
migratory organisms from one area to another), that transport these persistent contaminants, and
in particular Polychlorinated Biphenyls (PCBs), into pristine northern areas.
There is a large body of research into the contamination of organisms by PCBs and other
compounds, as well as numerous reports on the health risks to the Inuit of the high arctic
(Mulvad et al., 1996; Van Oostdam et al., 1999; Bjerregaard and Hansen, 2000). Because their
diet is primarily comprised of marine and some terrestrial mammals, most of the research
emphasis has been focused on contaminants in marine mammals. Meanwhile, the majority of
the studies on First Nations in the sub-arctic regions have been on the continuing reliance upon
traditional foods, and not the health impacts of these foods (Although this type of research is
now being undertaken in some areas). These chemicals have a wide variety of properties, few
beneficial, but yet more are not.
They may be beneficial for industrial processes as insulators due to their persistence and
fire resistance, but as Colborn et al. (1996) reveal, persistent chemicals are a threat to both
human and environmental potential (Tripoli, 2000).

Narrowing the human potential to

indigenous people, we cannot include just immediate human health effects, but also the effects
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that contaminated wildlife and the environment may have on their culture and traditions. The
present study will focus on specific aspects of the role of bio transport of PCBs by anadromous
salmon and potential environmental, health and cultural effects on sub-arctic First Nations of
Alaska.
First Nations Exposure to PCBs
The First Nations in this area of the sub-arctic call themselves Dene (Dunne), and are
descended from people who migrated across the Bering Land bridge thousands of years ago.
Currently, the Dene occupy land stretching from Eastern Alaska to Yellowknife, Northwest
Territories, concentrated around the 60th parallel (Figure 1). The earliest habited sites in Southeastern Alaska and Southwest Yukon date from 10 000 to 14 000 years before present (BP).
These people have been settled there for this period of time, except for some generational and
hunting migrations (Wright, 1995). In general, these people have had little involvement with
Western development, receive few of its benefits, and like indigenous people elsewhere in the
world have had the greatest disruption to their lifestyles (Wheatley, 1997).

Figure 1. Map of Canada and Alaska showing the distribution of
First Nations groups by language family. The Dene described in this
study are part of the Na-Dene or Athapaskan family, stretching
from Alaska to the central Northwest Territories, especially along
the 60th parallel (Division between the Canadian provinces and
territories) (Map from Matthew Dryer, Buffalo University).
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In North American sub-arctic regions, many rural, indigenous and remote populations
rely to a great extent on subsistence food harvests. This includes hunting, gathering and fishing
many of the organisms that transport and store persistent organic pollutants (POPs) in the area.
Historically, the settlement patterns seem to indicate these people had a subsistence lifestyle
(Wright, 1995), which continues today. Most of the people do not know or want to realize that
these foods contain harmful substances – they are part of their cultural identity and longstanding
traditions.
This particular study is relevant as most studies to date on impacts of indigenous food on
health have been undertaken with Inuit, who consume vastly different traditional foods than the
sub-arctic First Nations. Health risks vary from food to food (food higher up the food chain has
higher levels of contaminants). The Inuit are considered to be more at risk because they
traditionally eat foods higher up the food chain. This has attracted more scientific attention than
other First Nations, who may eat foods lower on the food chain. Additionally, these sub-arctic
First Nations do not live in what could be called a high risk area, such as the Great Lakes region
in Eastern Canada and the United States, where extremely high levels of PCBs are found in the
environment. As these many groups have their own distinct cultures, programmes to help offset
the toxic effects of food that might work for one group, do not necessarily work for another.
This difficulty in communication highlights two paradigms, the indigenous paradigm and the
western scientific paradigm with an accompanying linguistic incommensurability.
Communication and Languages
Along with research and discussion on the transport of these persistent pollutants into
pristine areas, there have been and are current investigations into the health effects of PCBs on
both humans and other organisms (Colborn et al., 1996; Carpenter et al., 2002). Many of these
studies look at the effects on a chemical and cellular level (Tripoli, 2000), but neglect to report
this in every day terms that people most affected can understand. With the many problems
faced in the arctic and sub-arctic areas, this inability to communicate these health threats to
indigenous peoples of different cultures becomes even more difficult. In the Canadian arctic,
the Northern Contaminants Programme conducted through Indian and Northern Affairs Canada
(Canada, 2002) has been implemented to address these concerns. Meanwhile, in Alaska there
has been no such programme implemented beyond monitoring contaminant levels in selected
lakes and regions for scientific and economic purposes.
8

In the western world today, the scientific method has become the universal or general
way of knowing and imparting knowledge, especially in the field of natural science, but also to
a great extent in other disciplines as well. There are however, other knowledge systems that are
also valid. One of these that will be explored further in this paper is indigenous knowledge,
which is based on experience in context and narrative. In particular with the Dene, learning
takes place through observation rather than instruction (Goulet, 1998).

For many, this

observation and experience does not necessarily have to be physically tangible in the sense we
have come to know, but may be experienced through myths, dreams and visions (Ridington,
1988). When “scientific issues” arise that affect First Nations, many are not ready or willing to
take scientific knowledge at face value like western societies. This leads us, in this case, into a
realm where there are two very different, yet equally valid systems of knowledge but
communication difficulties.
In some areas, such as the Great Lakes of North America, the people who fish there have
simply been told not to eat the fish; it is dangerous. Many have complied with advisories, but
others have not. This may pose a problem in northern parts of North America where First
Nations appear to have greater attachment to their culture and traditions. One cannot merely tell
indigenous people not to hunt or eat particular food items; many have stated that even when
advised not to hunt and consume “contaminated” traditional foods by a trusted, known biologist
or policy maker, they would ignore this advice (Van Oostdam et al., 1999). To work out a
solution, whether temporary or long term, this must be approached in a culturally sensitive
manner, involving First Nations and their traditional knowledge.
By using some tools from Kuhn, Ridington and Goulet, we can attempt to create a
lexicon whereby we may actually be able to translate between these two paradigms and reduce
the linguistic incommensurability. As will be discussed later, there are several methods by
which we can attempt to do this – by giving First Nations tools to perform basic western science
within their system of ideals, or by attempting to translate western science into traditional
narrative. The latter is much more difficult to perform, while the former is easier – both
however take time and patience. This creation of a lexicon, or ability to work in each other’s
language, will benefit the First Nations by allowing them to assess the risks to their own
physical and cultural health.

9

Objectives of the Study
The general objective of this study is to look at the amount of PCB contamination
entering sub-arctic ecosystems through both atmospheric deposition and bio transport by
migrating salmon. There are several specific objectives included in this study.
1. Calculate and compare the annual amounts of PCB transported into the Copper River
study area by atmospheric deposition and bio transport.
2. Using PCB levels in individual salmon, calculate amounts of PCB ingested on a daily
basis by indigenous people in the study area and evaluate direct health risks to
individuals.
3. Using the calculated amounts of PCBs transported into the study area, evaluate the
impacts on the ecosystem, and in particular implications for indigenous people in this
environment.
4. Provide alternatives to or weight the risks of consuming highly contaminated traditional
foods, while maintaining the cultural and social integrity of the indigenous peoples,
including ideas to bridge the communication gap between First Nations and Western
European society.
Hypothesis
It is contended that there are several important aspects of the study system that present
causes for concern. For ease of understanding, it has been divided into three views: View A
depicts global-local interactions; View B portrays humans-nature interactions within the local
boundaries, while View C involves the interactions of PCBs within nature. The first aspect to
be studied is the amount of PCBs that are deposited from the atmosphere in a local area versus
the amount bio transported (Figure 2, View A). In this case, it is contended that the amount of
bio transported PCBs is greater than the atmospheric deposition in this local area, and therefore
has the greatest effect on the ecosystem (Figure 2, View C). Because of the high amount of
PCB in organisms that form part of the human food chain, it is contended that people who
depend on subsistence foods may be ingesting more than the recommended health guidelines.
In particular, First Nations are at greater risk of many health problems due to the large
quantities of this contaminated food that are consumed. View B in Figure 2 diagrammatically
shows this link between humans and nature. With this knowledge, potential solutions will be
discussed that are both culturally sensitive and understandable for First Nations and all
subsistence people of the sub-arctic region. This will involve some analysis of the actions of
PCBs in the environment (Figure 2, View C).
10

Figure 2. Diagram showing systems view of this paper's hypothesis. View A shows there are interactions
between the global (1) and local (2) environments with regards to PCBs. The local area is expanded in view
B, and shows that there are links between human health (3) and nature (4). Box 4 is then further elaborated
in view C, where the interactions of PCBs in nature and their eventual move to humans is explained.

Review of Related Literature
Polychlorinated Biphenyls
PCBs are a family of two hundred and nine (209) compounds called congeners, based on
the number and position of chlorine atoms attached to a biphenyl skeleton. The basic structure
and positions of chlorine atoms is shown in Figure 3. Particular attention will be paid to some
non-ortho, mono-ortho and di-ortho congeners later, due to their special properties. Although
there are over two hundred of these compounds, there are only around one hundred that are
found in the environment, due to differing stabilities and persistence (Agrell, 1999). The more
chlorine atoms attached to a PCB molecule, the greater the persistence and lower the water
solubility.

These compounds generally have low water solubility and a range of vapour

pressures, allowing for their global distribution. These compounds are usually found in a
number of states and are generally resistant to many environmental and biochemical reactions
(except ultra-violet). As a result, biological degradation does not significantly reduce the total
burden of PCBs in organisms or the environment as a whole, but instead contributes to the bio
magnification of these compounds as they move, in lipids, up through food chains (Tripoli,
2000).
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Figure 3. Basic structure of a PCB molecule showing positions and
names for chlorine substitutions. X and Y can have similar or
different values ranging from one to five. (Figure from Ahlborg et al.,
1992).

This movement up the food chain in lipids occurs when predators consume a particular
organism, and gain almost the entire contaminant load of the prey (due to the persistence of the
chemicals). This adds cumulatively to the contaminant load that they are already carrying.
While this simple explanation of biomagnification works in most cases for terrestrial plants and
animals, there are several other considerations for aquatic organisms. Aquatic organisms, due
to their surroundings, have a number of equilibria with their environment. These equilibria
attempt to keep the concentrations of compounds inside the organism balanced with the external
concentrations. Fish, especially large ones at high trophic levels, have been found to have
greater internal concentrations of contaminants than their surroundings giving rise to a theory of
an active process keeping contaminants inside rather than in equilibrium (Mackay and Fraser,
2000).
Of course not all PCBs taken up by the organism remains in the lipids unchanged as
animals can and do biotransform small amounts of PCBs. Excretion also occurs and is most
pronounced in females - associated with reproduction (eggs, parturition and milk). Giving birth
can reduce the female’s body burden of PCB by 30-50%. (Tripoli, 2000). A small amount of
the female’s body burden goes to the foetus while in the womb, while the majority is passed to
the newborn through breast milk (Ahlborg et al., 1992). How, though, do these chemicals
manage to intrude into the lives of people who have never used or benefited from these
chemicals?
PCB Fluxes through the Environment
The major model of atmospheric transportation, by Wania and MacKay (1993),
proposes that PCBs and other compounds volatilise in warmer regions, undergo long range
transport and then condense in colder, higher latitudes, as does water. Because of a close
12

relationship with vapour pressure and temperature, there is also a latitudinal change in the
composition of the PCB mixture as it moves towards the poles (Agrell, 1999). At each stage, as
the temperature gets colder, more of the highly chlorinated PCB congeners are left behind, until
the arctic where it becomes too cold to volatilise the PCBs, and most are deposited. The
amount that is deposited in each of these stages depends on the partitioning between liquid and
vapour phase as well as the precipitation patterns in the area. This cycle of volatilisation and
condensation may also happen due to seasonal warming and cooling trends.
To understand this theory of global distillation of PCBs, we must look at some of the
physical and chemical principles behind the phenomenon; first vapour pressure of individual
congeners. As the number of chlorine atoms increases, the vapour pressure decreases (Backe,
2001). As PCBs in the atmosphere are either in vapour phase or sorbed to particles, the vapour
pressure plays an important role in determining this phase partitioning and is closely tied to the
temperature. At a particular temperature, different for each compound or congener, the pressure
of a vapour is in equilibrium with a liquid (Mortimer, 1986). The higher the compound’s
vapour pressure, the more of that compound is found in the vapour phase before an increase in
temperature. As the temperature increases, more of the compound moves into the vapour phase,
and as temperature decreases more of the particular compound moves into the liquid phase.
Secondly, when the PCBs are in a liquid phase, most are sorbed to atmospheric particles.
These particles can be washed out of the atmosphere by precipitation; this happens more easily
than with those PCBs in the vapour phase. Some contaminated particles can be deposited
through what is called dry deposition. Although this occurs primarily in urban areas with large
amounts of particulates, no region is exempt. The amount of contaminant that is deposited this
way depends on the settling rate of the particular particles (Agrell, 1999). The PCBs in the
vapour phase can also be deposited through precipitation, although not as readily as those
sorbed to particles.
Alternatively, the bio transport of PCBs into relatively pristine areas has implications for
both local wildlife and indigenous populations, primarily because these contaminants are
already in the food chain. Many organisms, other than humans feed on components of salmon
who have returned to spawn. Furthermore, many of these organisms are sought by First Nations
for subsistence, and none more than fish, especially salmon. An additional concern with the
spawning of salmon is the huge amounts of nutrients they transport into lake and stream
ecosystems. These nutrients are invaluable for many riparian organisms, including salmon fry,
13

terrestrial animals, trees, plants and birds in the area (Naiman et al., 2002). These ecosystem
components take up not only the nutrients, but have a large potential to take up and circulate a
comparatively large amount of organochlorine chemicals.
First Nations, PCBs and Toxicity
As mentioned previously, PCBs are in the environment, and manage to accumulate in
the lipid-rich tissues of many organisms. This quality has a great effect on the First Nations and
others who practice a subsistence lifestyle. For many people, the term subsistence conjures up
thoughts of people surviving, with the barest of margins. A more sophisticated definition from
Wenzel (1991) states subsistence is where the organism satisfies its needs from what it is able to
produce itself, and the cultural values that socially integrate the economic relations of hunting
peoples into their everyday lives. Both in the past and today, harvesting fish was of great
importance during the autumn and early winter. Without both fish and caribou, there would
have been no people, for these two resources were essential for survival (Wright, 1999).
The subsistence culture, even though not readily apparent, is thriving in present day
Alaska and throughout the Arctic. In the Upper Copper River district, an average of 847
subsistence permits have been given out each year through the 1990s, while in the lower reaches
of the Copper River, an average of 7 090 permits have been issued during the same period
(Alaska, 2001). In terms of number of salmon caught, these numbers of permits translate into
59 050 fish in the Upper Copper River area and 108 607 fish in the Lower Copper River.
Within these total numbers of fish caught, over 94% are sockeye salmon (Oncorhynchus nerka).
Sockeye salmon (Figure 4, spawning phase) therefore are a crucial component of these people’s
dietary intake.

Figure 4. Spawning female (L) and male (R) Onchorhynchus nerka or sockeye salmon. (Photos from Groot
and Margolis, 1991)

By following a subsistence lifestyle, First Nations people are the ultimate predator in the
system, frequently even eating natural top predators. Without the processes involved in the
hunting, fishing, preparing and eating the traditional foods, First Nations are at risk of
decreasing their nutritional status, as well as disrupting their culture, identity and socio14

economic system (Berti et al., 1998).

A prime example of this is the continued use of

community fish wheels, which involve a social and cultural component into the hunting/fishing
activity (Figure 5). When Western or processed foods are compared to traditional foods, they
have less nutritional value than traditional foods (Bone, 1992; Berti et al., 1998), are
contaminated with persistent chemicals, (PCBs or others), and do not have the same social or
cultural value. With a re-emerging visibility of traditional systems in First Nations cultures, the
consumption of traditional foods needs to be evaluated against the toxic threats from PCBs.

Figure 5. A historic fish wheel in the Yukon Territory of Canada. Even today such a fish
wheel is used by many First Nations to catch salmon on the local rivers. This is an
integral part of their culture of subsistence. This mechanism requires hundreds and even
thousands of fish to operate, giving an idea of the scale of the salmon runs on the Pacific
coast of North America. Photo from Department of Fisheries and Oceans, Canada.

The toxicity associated with PCB exposure is due mainly to several congeners, as well
as other pollutants mixed together. Tripoli (2000), reports that there have been numerous and
sometimes opposing effects from individual PCB congeners. Some congeners have been found
to have minimal toxic effects on organisms, while others have large toxicological effects. There
are also unknown toxicological effects from hydroxy and methyl sulphone metabolites in cases
where some metabolism takes place (Ahlborg et al., 1992).
What is a Dangerous Level?
There are a wide variety of reference doses, intake values and limits for orally ingested
PCBs, depending on the agency or national government responsible. Several examples of these
are given below. In the United States, the Environmental Protection Agency (USEPA) and the
Agency for Toxic Substances and Disease Registry (ATSDR) have derived a reference dose for
Aroclor1 1016, a colourless, odourless oil composed of mainly lower chlorinated congeners
1

Aroclor is the trade name of PCBs manufactured in the United States by the Monsanto Company.
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(Tripoli, 2000), of 7.0 x 10-5 mg/kg bw/day. This is based on a No Observable Adverse Effects
Level (NOAEL) of 7.0 x 10-3, divided by an uncertainty factor of 100 (Tripoli, 2000). The
American standard for human consumption of edible fish and shellfish has been set at 2 parts
per million (ppm), or a total of 0.2 mg/day based on a serving of 200 g of fish (CFR, 2002).
Like Health Canada, the United States Food and Drug Administration is reviewing the current
standards for PCBs, Dioxins and Dioxin-like PCBs.
In Canada, where many of the same conditions for sub-arctic peoples exist, Health
Canada has yet a different standard for the amount of PCBs that can be ingested by humans. In
1975 the Canadian Health Protection Branch (HPB) determined through laboratory studies that
PCB levels of 2.5 to 5 µg/kg bw/day caused health problems in rats and dogs (Grant, 1983).
Consequently, it was found that primates (including humans) were more sensitive to the effects
of PCBs, resulting in the establishment of a temporary level of 1 µg/kg bw/day Tolerable Daily
Intake (TDI) (Grant, 1983). There have been other safe levels of PCBs for various food types
that should be followed in conjunction with the TDI, but they are not relevant to this paper.
Since these levels have been in effect for over twenty years, these regulations concerning PCBs,
Polychlorinated dibenzodioxins (PCDDs) and Polychlorinated dibenzofurans (PCDFs) in food
products are currently being reviewed by Health Canada (Feeley, personal communication).
The World Health Organisation (WHO) has yet different recommended consumption
levels than do these two national governments. Although they are not specifically aimed at
northern First Nations, these standards are applicable to people around the globe. In 1998, the
WHO convened a meeting of experts in the field to determine new TDIs. This meeting
concluded that there was a range of Lowest Observable Adverse Effect Levels (LOAELs) for
these compounds from 14 to 37 pg/kg bw/day (WHO, 1998). In order to convert these figures
into a TDI guideline for humans, an uncertainty factor was required to take into consideration
the range of LOAELs, differences between humans and animals, difference in susceptibility
between humans, and the differences between half lives (WHO, 1998). “By applying an
uncertainty factor of 10 to the range of LOAELs of 14-37 pg TCDD (2,3,7,8 tetrachloro
dibenzo-p-dioxin)/kg bw/day a TDI, expressed as a range of 1-4 TCDD Equivalents (TEQ)
pg/kg bw (rounded figures) was established for dioxin and dioxin-like compounds.” (WHO,
1998).
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The concept of Toxic Equivalent Factors (TEF) is used extensively as there are a
number of PCB congeners that have similar toxicological properties to chlorinated dioxins and
furans. In these cases, the toxicity of individual congeners can be compared, as a fraction of,
the toxicity of 2,3,7,8 TCDD, which is considered the most toxic compound, and given a value
of 1 (See Appendix 1 for a sample). These TEFs are based on the common receptor mediated
mechanism of action of toxic halogenated aromatics, due to common structural characteristics
(Plomley et al., 2000). Some congeners with low TEF value that are extremely common can be
more toxic than congeners with a high TEF value, simply due to the quantity present. The
specific health effects of these compounds will be discussed later.
The Communications Paradigms
In many instances similar knowledge is being conveyed by both knowledge systems, but
in a different form. Because these two systems are different in the methods and values that they
employ, this dichotomy is here construed as two parallel paradigms with different world views.
We can then draw the conclusion, from Kuhn, that one to one communication or translation is
not possible, leading to what Kuhn calls linguistic incommensurability (in Hawley, 1996).
In this instance, Kuhn speaks about the sciences, and “revolutions” within particular
scientific disciplines. As changes, or revolutions, occur in science, according to Kuhn, there
can be no one to one translation between the old and new state (Hawley, 1996). We can pick
out parallels with this theory when we are attempting to translate across cultures, (our two
paradigms). Just as the western scientists have a particular lexicon, so too do the First Nations.
In order to translate across this gap, there are several ways to go about it. On a simple level,
Wheatley (1997) suggests that to be understood, the information must be communicated in
simple, clear language. While this may work in some instances, the extent of its efficacy may
not extend to all First Nations.

This may be overcome by the building of a long term

relationship where first the tribe must first accept the “communicator” and only then begin a
symbiotic relationship where both the First Nations and the “white man” learn from each other
(Ridington, 1988).
There are two similar methods of communication that appear to work well in the
agricultural sector and are called “Farmer First” and “Beyond Farmer First”. The first model
puts, in this case, First Nations at the centre of the research process. Scientists and policy
makers would play a more facilitative role. This assumes that the communities have a uniform
local knowledge, which in many cases does not exist between First Nations settlements.
17

Beyond Farmer First incorporates an analysis of the power-laden inequitable relations between
knowledges to see what is communicated and how. This enables the facilitators to adjust their
information and techniques to suit individual cases. (Garforth and Usher, 1997).

Assumptions and Methodology
Study Area
Alaska, an American state, is the westernmost extension of the North American
continent, with the majority of its land mass north of the 60th parallel. It is separated from the
conterminous United States by Canada (Figure 6a). Although Alaska is the largest American
state, it has a population of only 500 000 people, mostly located in several urban areas
(Department of Commerce, 2001). The study area, the upper Copper River, is a remote inland
area, in the south east portion of the main body of the state, close to the Canadian border (Figure
6b).

Figure 6a. Location of Alaska and the study area in relation to Canada and the lower 48 states of the USA.
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Figure 6b. A detailed map of the study area with the major settlements highlighted.
Lower Fish Lake is located just above Paxson in the figure. (Alaska Conservation GIS
Support Center)

In the entire Copper River drainage, there is a total population of 10 195 persons of
various ethnic origins; 1 767 are First Nations. The majority of the population live in the
southern portion, in the cities of Valdez and Cordova. Within the upper Copper River drainage
area, there are approximately 3 108 people, with 794 that are First Nations (Department of
Commerce, 2001). Of these 3 108 people, most live in small, remote settlements spread
throughout the area. For the purpose of this study, we will assume that currently 3 108 residents
and 794 First Nations members in the study area continue to participate equally in the
subsistence lifestyle. However, more emphasis will be placed on the First Nations members.
The studied area, consisting of Lower Fish Lake (LFL) (area 2,83x102 km2) is located in
the Upper Copper River watershed at (63o05’N, 145o25’W). The lake is connected to the
Copper River system through Fish Creek and the Gulkana River, and supports a spawning
population of sockeye salmon. The average depth of the lake is 1.2 to 1.8 m; with a maximum
depth of 4.3m. The lake also supports a population of arctic grayling (Thymallus arcticus
arcticus). This general region is characterised by mountains, valleys, plateaus and glaciers.
This lake and its drainage area has an average altitude of 1050 m. The region is characterised
by low precipitation and freezing conditions during the winter months, with increased
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precipitation and temperatures during the summer months. The average temperature range over
a year is from -20oC in the winter to +20oC in the summer.
Within this area, numerous other species of plants and animals exist, and are linked to
not only the returning salmon, but also the local human population. Other species include
eagles, bears, along with other birds, land based insects and smaller mammals. Along the edges
of the rivers, streams and lakes there are vast quantities of riparian vegetation that provide
support for many of these terrestrial and aquatic organisms.

In the streams and lakes

themselves, there are other fish, benthic organisms, zooplankton and phytoplankton
Assumptions
Throughout this study, a number of assumptions have been made to simplify and
condense some data into more manageable compartments. Precipitation amounts were collected
between 21 July 1994 and 20 September 1994, a period of relatively high precipitation in the
region (Figure 7). Late summer is generally the time of highest precipitation in the region.
Based on data from Backe (2001), we understand that the majority of the PCBs in the
atmosphere are in the gaseous phase during the summer months.

Specific to PCBs, the

percentage that are in the gaseous phase at any one time ranges from 70 to 95%. Because PCBs
that are sorbed to particles are more efficiently washed out by precipitation (Backe, 2001), we
can assume that there remains a large amount in the atmosphere. In the winter (colder) months,
there are a larger percentage of the PCBs in the particulate phase. With the low amounts of
precipitation, we can assume that a similar amount is washed out as in summer, even with lower
precipitation.
In order to get a good estimate of the amount of PCB entering the system from the
atmosphere, the average monthly rainfall from all of the communities in Figure 7 was used,
along with the PCB concentrations in rainwater from the sampling period to calculate a monthly
and then yearly amount of PCB from the atmosphere.
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Figure 7. Monthly precipitation amounts (in mm) from the Upper Copper
River area. (From Western Regional Climate Center).

In order to calculate the amount of bio transported PCB into LFL, Sockeye salmon are
used as they are the only anadromous salmonids that spawn in the lake (Ewald, personal
communication). For comparison, a rough estimate of the PCB pollution in two of the other
four species of Pacific salmon will be included in the estimation of the entire Copper River
watershed and to highlight the need for additional research in this area.
Because only a small amount of the PCB is metabolised by the fish on their upstream
migration, the accumulated amounts found in the fish at the beginning of their migration will be
virtually the same as when they die (Ewald, personal communication). Using the numbers from
the initial fish will compensate for fish that may migrate farther than others and thus have less
lipid in their bodies. This will later be discussed further with regards to sampling methods.
Methods
The amount of PCB bio transported to Lower Fish Lake by the total natural and hatchery
spawning fish (Nt) was calculated by taking the average number of sockeye that spawn in the
lake (Ns) annually over thirty one years, as well as the additional fish that are spawned for the
Gulkana hatchery (Nh). (The hatchery carcasses are ostensibly returned to the ecosystem to
provide marine derived nutrients.)
Total Fish Carcasses (Nt) = Ns + Nh (1)
To arrive at a more accurate mass of PCB (MPCB), the average mass of the fish (Mf =
2669 g) had the average mass of the gonads (Mg = 118.5 g) removed due to a different PCB
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concentration [PCB]g (360 ng/g lipid (Ewald et al., 1998)). The total number of fish carcasses
(Nt) was multiplied by their average muscle mass (Mm), average liver mass (Ml), percentage of
muscle and liver lipid (L%m and L%l) and the concentration of PCB in muscle/liver lipid [PCB]f
(670 ng/g lipid (Ewald et al., 1998)).
Muscle Lipid Mass (Mm-fa) = Mm x L%m (2)
Muscle PCB Mass (Mm-PCB) = Mm-fa x [PCB]m (3)
MPCB = (Σ Mm-PCB + Ml-PCB + Mg-PCB ) x Nt (4)
Calculated as in Formulae 2 and 3, the lipid mass and PCB concentrations of the gonads
and liver were used to determine the values used in the calculation of the total PCB mass per
fish (MPCB). The resulting total amount of bio transported PCB into the ecosystem by sockeye
salmon was determined by the final result of Formula 4. This amount is calculated in the
context of the lake’s drainage basin, as marine derived nutrients from salmon find their way into
the surrounding ecosystem through predator consumption of carcasses, roe and juveniles and
dissolved material as the carcasses decompose (Naiman et al., 2002). Table 1a shows the
average weights, PCB concentrations and lipid percentages of the different organs used in this
calculation for sockeye and other Pacific salmon. Table 2 shows the amount of PCB entering
both the lake and surrounding drainage area through the migration of salmon.
For all of the calculations described in this study, twenty four fish caught before
beginning their migration were used to calculate PCB amounts (Ewald unpublished data).
Because of metabolic changes within the salmon, it is difficult to calculate the final amount of
PCB in the spent fish, but most remain in the mature fish at spawning. A small amount of the
PCB is metabolised during the migration, but the fate and ultimately the effects of these
products are unknown. These pre-migration fish will give us a good idea of the amount of PCB
entering the ecosystem and a sample representative of the entire Copper River system.
Table 1b shows the average weights and amounts of lipid and PCB concentration in each
of the organ systems for male, female and the overall sample population of Sockeye salmon.
The total PCB amounts for each organ system were then added together to determine the total
amount of PCB in each fish. This figure was multiplied by the number of spawners returning to
Lower Fish Lake (5000) and those that are spawned by the Gulkana Hatchery (8000) (Taube,
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personal communication) (A total of 13000 fish returning to the lake area annually) (Formula
4).
Table 1a. Mass of fish and lipid-rich organs and percentage of body mass accounted for by each organ.
(Rounded numbers).
Species

Average
Mass
(g)

Gonad
Mass
(g)

% Mass
of
Gonads

Mass of
Gonad
Lipid (g)

Liver
Mass
(g)

Sockeye
Chinook
Coho
Pink

2669
9000
3340
1700

118.5
399.5
148.3
75.5

4
4
4
4

8.3
22.3
8.3
4.2

35.8
120.7
44.8
22.8

%
Mass
Liver
(g)
1.3
1.3
1.3
1.3

Mass of
Liver
Lipids
(g)
1.4
5.0
1.8
1.0

%
Lipid in
Rest of
Fish
4.4
5.8
5.8
5.8

Mass of
Muscle
Lipid
108.7
523.4
194.2
98.9

Table 1b. Average mass of male, female and overall Sockeye population, mass of lipids and PCB
concentration in each organ system (Rounded numbers).

Male
Female
Species.
average

Mass
of
Fish (g)

Mass of
gonad
Lipid (g)

Mass of
liver
Lipid (g)

Mass of
muscle
Lipid (g)

PCB conc. in
muscle
and liver (ng/g)

2684.0
2656.3
2669.0

1.0
14.6
8.3

1.2
1.7
1.4

98.7
118.1
108.7

670
670
670

PCB conc.
in
Gonads
(ng/g)
361
361
361

In the case of PCB amounts for the entire Copper River system, percentage of body
weight for organs (BW%x) was determined from the average Sockeye salmon. Although it is a
rough assumption, it will still give us a general idea of the pollutants entering the Copper River
system. Without readily available samples of the other species, the average percentage of whole
body mass that the liver and gonads comprised was determined for the sockeye salmon sampled
(Table 1a; Formula 5).
BW%g = (Mg / Mf) x 100 (5)
The ratio of organ weight in relation to overall body weight was then used to determine
the approximate weights of these organs in the other species. Due to lack of samples, the same
PCB concentrations found in sockeye salmon were used for the other species. According to
Easton et al (2002), overall PCB concentrations in the few wild salmon sampled show that PCB
concentrations vary considerably between species, and even within Sockeye salmon samples
themselves. The two Sockeye sampled had PCB levels of 120.9 ng/g lipid and 70.3 ng/g lipid,
both much lower than Ewald et al., (1998). This may be attributable to sampling method and
location differences.
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The estimation of the amount (mass) of PCB entering the system through atmospheric
deposition was calculated using the PCB concentrations in rainfall during the period of 21 July
to 20 September 1994 and the average monthly rainfall for the area. The PCB concentration
[PCB]rain in this rainfall was then multiplied with the average monthly rainfalls (Ravg) recorded
at Gulkana and Paxson Alaska by the U.S. National Weather Service (for the upper Copper
River area). A different average monthly rainfall was used for the lower 25% of the Copper
River basin due to differences in the two climactic zones. The average rainfall each month was
multiplied by the drainage area for Lower Fish Lake, the Upper Copper River and the entire
Copper River system and the PCB concentration in rain (Formula 6). The sum for all months
gives an estimate of the amount of PCB, in nanograms that enter the study areas per year by
atmospheric deposition (Formula 7).
PCB Deposition (PCBdep) = Ravg x [PCB]rain x area (m2) (6)
Total Atmospheric Deposition = Σ PCBdep over 12 months (7)
To calculate the amount of PCB consumed per person on a yearly basis in the Copper
River Basin, the weight of the fish after the internal organs were removed was used. This was
averaged over the twenty four fish that were sampled, resulting in an average mass of 2500 g
per fish (Ewald, unpublished data). A small amount of error would be present from the
existence of the skeleton, skin, fins and tail. In order to compensate for these in the edible
portion of the sockeye salmon, an average of 2000 g has been estimated as the edible amount
per sockeye salmon. This corresponds to 75% of the weight of the fish. In the case of the
Chinook and Coho salmon, the same percentage of the fish will be deemed edible, giving edible
portions of 6750 g and 2500 g respectively.
On the human side, the most recent U.S. Census, performed in 2001, was used to
determine the population of First Nations people in the area (Population numbers discussed
previously). For the determination of the Upper Copper River area, the following census areas
were included; Chistochina, Chitina, Copper Center, Copperville, Gakona, Glennallen, Gulkana,
Kenney Lake, Lower Tonsina, McCarthy, Mendeltna, Mentasta Lake, Nelchina, Paxson, Silver
Springs, Slana, Tazlina, Tolsona and Willow Creek (Many of these communities can be located
in Figure 5b). All Alaskan residents that are domiciled in a rural area of the state may
participate in subsistence activities (Fall, 1990). Consequently all people living in the rural
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areas mentioned above are included in the calculations. People claiming to be of American
Indian or Alaskan Native (First Nations) were treated separately due to the scope of this paper
and their status as a vulnerable population.
The amount of fish consumed per person per year is an average over all rural inhabitants
in the Upper Copper River. Some will certainly consume more fish than others, potentially
placing them at a higher risk than those that consume less, but without a detailed dietary survey,
this is not possible to determine. This average amount of fish consumed per year was calculated
in Formula 8, where Cavg is the average mass of fish consumed per person (in grams), Mf is the
mass of fish (be it only sockeye or all anadromous salmonids), and P the population involved.
Mf was determined from the statistics of how many fish were caught in 1994, and the estimated
edible weights.
Cavg = Mf / P (8)
The amount of PCB in grams consumed per person (CPCB) is the product of the mass of
PCB in muscle tissue (MPCB) from Formula 4 and the average amount of fish consumed per
person per year (Cavg) from Formula 8.
CPCB = MPCB x Cavg (9)
There were some problems with the preliminary results that were obtained from
calculations in Formulae 8 and 9, the total amount of fish and PCB consumed. This was
compensated for by using fish consumption values of 200 g per person per day (one serving)
from Easton et al., (2002). Initial calculations had each individual consuming approximately
one half tonne of salmon per year, an unreasonable estimate.

Results
Based on the analysis of available published data from numerous sources and
unpublished data from Ewald, the average amount of PCBs present in any particular sockeye
salmon in the Copper River system of Alaska is 77 µg, based on an average weight of 2669 g.
Using the average runs for both Lower Fish Lake and Copper River system, a PCB budget was
determined for these two areas. Table 2 compares the PCB inputs for these different areas
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from both atmospheric deposition and bio transport. On a local scale, the amount of PCB
pollution introduced to these areas is greater from bio transport than from atmospheric
deposition. On a larger regional scale, the amount of PCB bio transported is less by a large
amount, but remains a significant, bio available input.
Table 2. Amount of PCB transported into the study regions by salmonids and the
atmospheric deposition.
Atmosphere
Location
Area (km2) Sockeye Salmon All
Only a (g)

Salmonids b (g)

(g)

Lower Fish Lake

9.7

1.0

1.0

9.0 x 10-1

Upper Copper River

4255

5.3

18.0

388.3

Copper River Watershed

8529

5.3

18.0

778.3

a

Amounts for Lower Fish Lake are the same for both salmon categories as only sockeye spawn in Lower Fish
Lake.
b
This does not include Pink or Chum salmon. Only estimates for Chinook, Coho and Sockeye salmon are
included, as they actually consistently spawn in the Copper River and its tributaries.

There are no relatively large urban settlements in the Copper River area, save for Valdez
and Cordova close to the mouth of the Copper River. This has not been factored into the
estimates for population and subsistence fisheries, as urban residents they are not permitted to
participate in subsistence fishing. A survey of the amount of salmonid fishes caught under both
the Alaska and Federal subsistence fisheries programmes in the Upper Copper River shows the
following numbers caught; an average of 186 153 sockeye salmon caught per year, with a total
number of 197 071 salmonids caught per year (Alaska, 2001).

Based on the population

numbers and the numbers and mass of fish caught, we have calculated the amount of
anadromous salmonids that each First Nations individual in the region could theoretically
consume per year. This number is unrealistic at an average of 468 kg per year for every man,
woman and child in the Upper Copper River area. Consequently, a value of 200 g per day, one
portion per person per day, from Easton et al., (2002) was used as the amount of fish eaten.
Consequently, in the Upper Copper River region each resident, including First Nations, would
consume 73 kg of salmon per year.
Based on the amount of salmon consumed per person per year and the amount of PCB
per kg of fish, the estimated amount of all PCBs that each resident and First Nations individual
in the Upper Copper River ingests per year is 3.4 x 10-3 g. On a daily basis, all residents in the
Upper Copper River area consume 9.4 x 10-6 g per day. Table 3 shows the daily amount of
PCB ingested per kilogram body weight for several standard body weights solely on salmon
consumption.
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Table 3. Calculation of the total estimated amount of
all PCBs ingested per kg bw per day from the
consumption of anadromous salmon in the Copper
River basin.
Body Wt
(kg)
µg/kg bw/day
pg/kg bw/day
25
0.38
3.8 x 1005
50
0.20
2.0 x 1005
60
0.16
1.6 x 1005
70
0.13
1.3 x 1005
80
0.12
1.2 x 1005

In order for these numbers to mean something in standard toxicological terms, we need
to convert them into TEQs, as a number of the PCB congeners have dioxin-like properties,
making them more toxic to humans and wildlife. The total numbers and calculable amounts of
dioxin-like congeners (Appendix 1) present in this sample of sockeye salmon and consumed is
equivalent to a conservative 0.5 pg/day TEQ for every resident in the Upper Copper River.
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Discussion
Ecosystem Analysis
As presented in Table 2, amounts of PCB transported into the Lower Fish Lake by
spawning salmon and atmosphere differ by a factor of one million. Even the difference between
the amounts brought in to the Copper River Basin by a total of three anadromous salmon
species differs from atmospheric deposition by a factor of one thousand. At the local level,
even with 100% error in both calculations, the amount of PCB transported into the region by
migrating sockeye salmon is still significantly higher than the amount transported by
atmospheric deposition. Even as the area becomes larger, the effect from the salmon is diluted,
so that with a 100% error in both figures, it may not be the largest input into the ecosystem, but
remains a highly significant contribution.
As this is a snapshot of one year, 1994, it is not possible to tell how both atmospheric
and bio transported PCB amounts fluctuate from year to year. The amounts that are deposited
from the atmosphere are dependant on temperature and amount of precipitation in any given
year. It is appropriate to use long term averages, but there can be extreme weather events in any
particular year that can skew these calculations. Additionally, salmon runs vary from year to
year, due to environmental conditions.

Pink and Chum salmon are not included in this

calculation as, for the most part, they do not migrate far upstream to spawn.

In fact,

approximately 75% of the Pink salmon spawn in the estuary every second year, and do not
migrate upstream (Heard, 1991; Ewald, personal communication).
Northern Lake Comparisons
While Lower Fish Lake may seem like an anomaly in comparison to other arctic and
sub-arctic lakes that appear similar, (they have the same types of fish – grayling, whitefish
(Coregonus spp.), and inconnu (Stenodus leucichthys), they are in the same relative area; they
have similar limnological properties), the one glaring difference is that these others have no
anadromous fish.

The primary source of contaminants in these systems comes from

atmospheric deposition and in some cases point sources from local industrial or military sites.
There are also differences in the spatial distribution of PCBs around the arctic, particularly a
general deposition gradient from east to west (higher to lower) (Muir and Norstrom., 2000).
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The closest comparison with similar arctic and sub-arctic lakes that can be made is with
Round Tangle Lake, also located in the Copper River basin. This lake has resident populations
of non-anadromous salmonids, as well as many of the same fish as in other northern lakes. In
the study by Ewald et al. (1998), the level of PCBs found in grayling here was 18 ng/g wet wt;
approximately half the levels found in grayling in Lower Fish Lake. Calculated from Ewald et
al. (1998), the grayling in Lower Fish Lake had PCB levels of 33.6 ng/g wet wt. Similar to the
lakes compared in Table 4, Round Tangle Lake has no apparent inputs of contaminants other
than the atmosphere.
Table 4. Comparison of PCB levels in fish species between several arctic
America
Lake
Location
Fish Species
PCB Levels
whole fish(f),
muscle(m) or liver(l)
Round
63o04’N
Grayling, Burbot
Grayling(f): 18 ng/g
Tangle
145o58’W
Lake Trout,
wet wt
(Alaska)
Whitefish
Schrader
69o22’N
Lake Trout,
Lake Trout(m): 6.6
145o50’W
Grayling
ng/g wet wt
(Alaska)
Lake Trout(l): 22.8
ng/g wet wt
Grayling(f): 2.25 ng/g
wet wt
Great Slave Around
Whitefish, Burbot
Burbot: 1.94 ng/g wet
62o05’N
Inconnu, Lake
wt
112o25’W
Trout
Lake Trout: 23.9 ng/g
(Northwest
wet wt
Territories)
Whitefish(m): 22.2
ng/g wet wt
Laberge
61o15’N
Burbot, Lake Trout, Burbot(l): 1267 ng/g
135o05’W
Whitefish,
wet wt
(Yukon
Grayling,
Whitefish(m): 61 ng/g
Territory)
Northern Pike
wet wt
Grayling(m): 21 ng/g
wet wt
Lake Trout(m): 448
ng/g wet wt
Peter
63o00’ N
Arctic Char, Lake
Char(m): 11.4 ng/g
92o00’ W
Trout
wet wt
(Nunavut)
Whitefish
Lake Trout(m): 19.0
ng/g wet wt
a calculated from Ewald et al., 1998
b Parker, 1994
c Wilson et al., 1995
d Evans, 2000
e Braune et al., 1999
f Kidd et al., 1998

and sub-arctic lakes in North
Comments

Ref.
a, b

Very remote lake

c

Very large lake.
Data is from the
West arm.

d, e

Lake Trout and
Burbot feed at
higher
Trophic levels.

e, f

Very remote lake

e, f

While the total amount of PCB that gets into the ecosystem through bio transport is
high, the amount of dioxin-like PCB congeners is relatively low in the current “local mixture”.
The amount of dioxin-like PCBs in the other lakes is difficult to determine without knowing the
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congener composition of the “local mixture”. Suffice to say, it is most likely, based on the
results obtained in this study and from the survey of lakes in Table 4, that Lower Fish Lake and
the surrounding basin receive higher amounts. This could have wide reaching consequences for
wildlife and other organisms in the ecosystem.
Changing Fluxes?
Although the flux of PCBs in the environment is seemingly decreasing in some areas,
such as the Baltic Sea, (Ewald, personal communication) or overall decreasing (USEPA, 1999),
there are other areas where this change may not be taking place. Some authors believe there are
more PCBs still in use and in landfills throughout the world than have been previously
eliminated (Tripoli, 2000). This potentially poses a large problem for First Nations, wildlife
and ecosystems in arctic and sub-arctic North America and beyond due to numerous
installations that contain(ed) these chemicals. (Examples include decommissioned military
bases in Alaska, and Distant Early Warning (DEW) stations in Canada).
Data from Iwata et al. (1994) shows that PCB levels in the sediments of the Gulf of
Alaska and Chuckchi Sea have been increasing up until 1994 (Figure 8), while other POPs have
been decreasing. To some, having PCBs locked in sediments may pose minimal cause for
concern, but for salmonids, benthic organisms form the basis of their food chain, both during
rearing and maturity. These pollutants do not remain hidden or locked away; they get into the
food chain and bioaccumulate upwards until they enter humans or other top predators.

Figure 8. Concentration of PCBs in
sediments from the Chuckchi Sea
(L) and the Gulf of Alaska (R)
Diagram from (Iwata et al., 1994).
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With the possibility of PCB levels in sediments increasing in the Gulf of Alaska (Figure
8), a prime maturing area for the majority of Pacific salmon, there is potential for a slow but
continuous increase in the PCB and POP load in Pacific salmon for several generations. This
could conceivably end when levels get high enough to cause reproductive failure in the mature
salmon. Even as the salmon’s contaminant load is increases, they are still being consumed by
marine mammals, higher in the food chain (Figure 9, Link 1). The problem does not end with
the salmon, but higher up.
Movement in the Food Web
In North America, there are decreasing populations of Steller Sea Lions in the Gulf of
Alaska, and Orca (Orcinus orca) on the Pacific coast who appear to be equally affected by the
intake of PCBs. In some areas of the Gulf of Alaska, Steller Sea Lions have decreased in
numbers by 80%, and relatively high concentrations of PCBs and other organochlorines have
been found in dead animals (Beckman et al., 2001). Although there are numerous other
sources, salmonids are an integral part of their diet, and undoubtedly add to the contamination
levels (Figure 9, Link 2). Orcas in the Pacific have also been found to have extremely high
concentrations of PCBs, even exceeding the levels found in Beluga whales in the Gulf of St.
Lawrence (Ross et al., 2000). For some populations, salmon are a major source of food, while
others feed on marine mammals (Figure 9, Link 1). Both these marine mammal populations are
at risk of numerous toxic effects (as with many organisms these include endocrine disruption,
immunotoxicity and reproductive impairment).
When seen over the entire life cycle, only small amounts of PCBs are transferred
between the mature fish and their eggs (Figure 9, Link 3). As the eggs become juveniles, the
concentration of PCB again decreases due to a more rapid increase in lipid mass (Figure 9, Link
4). There are however, numerous other pathways for the maturing salmon to accumulate PCBs
and other POPs (Figure 9, Links 5, 6). Once salmon reach an upper limit of the amount of lipid
in their system, PCB concentrations will start to rise, no longer diluted by the increase in lipids
(Figure 9, Link 7). (Ewald, personal communication). As the salmon carcasses have relatively
high levels of these contaminants, they may ultimately be the major source for the young
salmon. As nutrients from the carcasses are distributed throughout the riparian ecosystem, these
contaminants may also be distributed. These could be transferred to the juveniles through the
consumption of benthos and bio concentration (Figure 9, Links 8, 9).
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There are a multitude of ecosystem effects that could happen over the long term due to
PCBs in animals. These contaminants will move up the food chain, bioaccumulating as they
move up through trophic levels, causing increasing damage to wildlife. We can also see how
these chemicals can move into the human ecosystem as well (Figure 9, Links 10, 11, 12).
Figure 9 diagrammatically provides an overview of how these chemicals circulate in the
environment, and some of the potential effects at the community or ecosystem level, based on
the current conditions.
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Figure 9. Causal Loop Diagram outlining the movement of PCBs in the local area through salmon bio
transport and atmospheric deposition. Numbers in diamonds refer to the links mentioned in the text.

PCBs not only affect marine food chains and ecosystems, but potentially terrestrial
ecosystems and food chains. Although the route of contamination cannot be clearly elucidated,
other traditional foods of terrestrial origin have been found to be contaminated with higher than
background levels of PCBs (Berti et al., 1998).

These include Beaver, Caribou, Moose,

Muskrat, Rabbit, Goose and numerous berries (As seen at the top of Figure 9).
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We can also speculate that with increasing amounts of PCBs in the environment, due to
numerous factors, such as the decommissioning of industrial and military installations in the
area, there will be an overall increased flux of PCBs. Perhaps many of the congeners that are
currently transported here through the atmosphere will have considerable local point sources,
increasing the ability of these contaminants to get into the local or regional food chain. Heavier
congeners that may not be transported here currently will remain here, potentially causing
greater problems. With the possibility of climate change, these chemicals may also volatilise
into the atmosphere for distribution higher into the arctic.
Global warming and climate change could have a profound impact on the pathways that
these contaminants take into arctic ecosystems. As ambient temperatures increase, so too
should ocean temperatures (we are already seeing this on the Pacific coast of North America
through El Nino events).

As the oceans are currently large, cold repositories for these

chemicals, increased temperature could induce the volatilisation of some PCBs back into the
atmosphere. This would increase the atmospheric concentrations, causing higher amounts to be
deposited farther north. This scenario suggests that the atmospheric pathway will increase in
importance. With the unknowns of climate change, this could cause changes to the structure of
the local ecosystem, perhaps shifting the burden from fish to other animals, or as water
temperatures increase, move Pacific salmon farther north, increasing the range where they
deposit these relatively high concentrations of contaminants.
Human Consumption and PCBs
When PCBs cycle through the environment, they eventually return biomagnified to
humans. Before there was any observable data from humans on their effects, testing exposures
to PCBs was performed on animals, most notably rats, monkeys and dogs. In these studies,
researchers found that many of the effects were the same as those in humans. In many cases,
these animals were given doses of contaminants beyond what they normally would have been
able to take in naturally. Primates and humans in particular have been found to be more
sensitive to the effects of PCBs than other laboratory animals (Grant, 1983).
Although the numbers obtained in this study, relating to the consumption of PCBs from
salmon, do not exceed the levels set by both the WHO and the U.S. government, one must
remember that this is but one component of the traditional diet. In the case of TEQs, the value
of 0.50 pg/day per person is quite conservative. This number does not take into account mono33

ortho substituted congeners for lack of analysis of their TEF values (Ahlborg et al., 1992).
Additionally, there was no data available on the amount of PCB congener 81, one of the more
toxic non-ortho congeners (In the same category as congeners 77, 126, 169 – Appendix 1).
Neither does this study take into account the other contaminants that are considered in TEQs –
PCDDs and PCDFs and are also present in fish and the environment. These contaminants are
present in other foods (meats, some plants), soils and the atmosphere which all add to the
estimated daily intake.
When compared to the overall daily exposure to PCBs in industrialised countries, both
total amounts of PCBs consumed and the TEQs are quite small in this case. The WHO (1998),
found that in most industrialised countries, the daily exposure to these contaminants is in the
order of 50-200 pg/person/day TEQ. In a more local perspective, total PCB intake from fish, by
an average adult (60 kg) (157 ng/kg bw/day) is still six times greater than the intake from fish in
the general Canadian population (21.8 ng/kg bw/day) (USEPA, 1999). Again, although these
numbers do not appear to be high, the USEPA (1999, p.5) states that “Bioaccumulated PCBs
appear to be a) more toxic than commercial PCBs and b) more persistent in the body. The risks
associated with exposure through the food chain can be higher than other types of exposure.”
The previous statement by the USEPA above needs to be highlighted and elaborated on
further. We are not dealing with a commercial mixture of PCBs once it has passed up the food
chain several times. Commercial mixtures have other constituents, while in organisms it could
be considered close to pure PCB. These PCBs are not in the concentrations, proportions or
combinations that are seen in commercial mixtures. With 209 different congeners, there are 5.0
x 10395 different combinations possible, all with varying concentrations. Additionally, there are
the metabolised by-products from the previous organism that also accumulate and increase
unknowns in the effects. As Carpenter et al. (2002) state, the understanding of how different
contaminants interact is extremely difficult.
It should be noted, that in the case of the WHO standard, (1998), this TDI was
calculated on the basis of a 60 kg adult. This calculation does not account for children, who
may be more susceptible to these and other chemicals during their developmental stages, nor
does it consider women of child-bearing age, who will pass a portion of the contaminants transplacentaly to the foetus, and again during breast feeding. The dioxin-like congeners have, for
the most part, the ability to cause cancer in those that consume quantities of them. In this
instance, the child population is at a greater risk (developmental stages) than adults. This
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becomes somewhat alarming, when one considers child-bearing mothers pass 30-50% of her
entire body burden of PCBs to the infant through cord blood and breast feeding (Tripoli, 2000).
There are a large number of reported health effects from contaminants, but they may not
be attributable solely to PCBs, but rather a mixture of anthropocentric compounds working
synergistically. These effects include Neurobehavioural abnormalities, Sex steroid hormonal
disruptions, Neurodegenerative diseases, cancer and cardiovascular disease to name a few
(Colborn et al., 1996; Tripoli, 2000; Carpenter et al., 2002). Although this paper does not go
into the intricacies of actions and mechanisms of these health conditions, there are several facets
that are important when dealing specifically with PCBs and humans.
Not all congeners of PCBs have the same properties or mechanisms of action. Some
congeners can actually be metabolised to some extent in mammals (Ahlborg et al., 1992; Ewald,
personal communication). This is generally the lower chlorinated congeners, where potential
elimination half lives have been found to vary between one and six years (USEPA, 1999). In
contrast, the higher chlorinated congeners have potential elimination half lives ranging from 8
to 24 years (USEPA, 1999). Through metabolism of these compounds, a number of new
products are formed through enzymatic action. Some of these products are harmless, and are
excreted directly. Others can interfere with certain cellular transport systems, form cytotoxic,
mutagenic and carcinogenic compounds and accumulate in metabolised forms in organ systems
(Ahlborg et al., 1992). With the cooking of contaminated food, for example, there is thermal
degradation to chlorinated dibenzofurans (CDFs) and polychlorinated quatraphenyls (PQFs)
(USEPA, 1999) that also contribute to health problems. While metabolites and by-products can
be toxic in several ways, there are yet other toxic effects from the PCBs themselves.
While some PCB congeners have dioxin-like properties through similarities in in vivo
aryl hydrocarbon hydroxylase (AHH) induction (Ahlborg et al., 1992), the non-dioxin like
PCBs have yet other methods of action. The dioxin-like congeners (non-ortho, mono-ortho)
have gathered the most attention, partially due to their toxicity and carcinogenicity. The non
dioxin-like congeners have health effects such as neurobehavioural abnormalities (permanent
IQ drop, disordered and antisocial behaviour and developmental delays), endocrine and
metabolic disruption (estrogenic effects, decreased testosterone in males) (Carpenter et al.,
2002). The list of health effects caused by PCBs is no means complete, due in part to many
unknowns – the composition of commercial mixtures varies widely, changes in the human body
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cause changes in concentration and particular congeners from commercial mixtures, and
interactions with other contaminants (organic, metals or others).
It is becoming increasingly recognised the dangers of consuming “high” levels and
potentially more toxic forms of these contaminants, consequently governments and health
organisations are working to adjust down their recommended TDI levels. On one hand, this
shows their recognition of the problem, but in itself does nothing to improve upon the current
situation. One must commence work on removing these chemicals from daily use and from
storage facilities where they can potentially leak into the environment. There are alternatives
available to these persistent chemicals, such as Insulating liquids for Transformers (LITH)
which claim to be biodegradable. Most other substitutes for PCBs appear to be similarly
persistent, bioaccumulating, or toxic to humans and the environment (UNEP, 2002). PCBs are
currently primarily in use in less developed countries, and this situation should be improved
upon through financial and technical transfers from more developed countries to less developed
countries.
There are a number of factors that determine people’s level of health. These include
social and economic environment, physical environment, personal health practices, individual
capacity and coping skills and health services (Van Oostdam et al., 1999). In many cases, First
Nations are more susceptible to health related problems; anecdotally, these reasons can include
lower life expectancy at birth, less access to western health care, skepticism on the part of elders
of western health care, and the possibility that flora and fauna used in traditional healing are
contaminated with PCBs, heavy metals, radionuclides or other contaminants. This leads us to
the conclusion that western society and governments will have to work with First Nations
towards concepts and solutions that will prevent or decrease the risk to First Nations. Figure 10
demonstrates the components of First Nations health – not only physical, but also mental,
spiritual and community health. This shows how the health of the ecosystem and nature is, in
their paradigm, related directly to their own physical health.
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Figure 10. Figure showing the interconnected
components of First Nations health; physical,
social, cultural, spiritual and environmental.
(Diagram from Van Oostdam et al., 1999) .

First Nations Health, Communication and Participation: Lifestyle Consequences
As previously mentioned, Dene knowledge, learning and culture are based firmly in
their experiences in context (Ridington, 1988; Goulet, 1998) and these experiences are of a
more holistic nature. These First Nations are “ahead” of many western thinkers, as they have
long realised the interconnections between humans and the environment. With the continuing
importance to the Dene of their traditional culture, including traditional foods, contamination by
the industrialised south has disrupted this inter-linked tradition (Ridington, 1988; Wheatley,
1997). As this is not something that happened only in the past, but continues today, it should
then be incumbent on the “white people” (or westerner’s) to help restore the balance. One
avenue through which this can be approached is human health issues, as they relate to all of the
other aspects of Dene life (Figure 10)
.
Since traditional foods, such as salmon, continue to play an extremely important role in
First Nations diets in the arctic and sub-arctic and are directly associated with physical health
and well being (Bone, 1992; Berti et al., 1998; Van Oostdam et al., 1999), it stands to reason
that if we are able to improve on this, we can also improve other aspects. As these results only
consider one component of the traditional diet, not the many components including caribou,
moose, rabbits, beaver, other fish, sea mammals, birds, plants and berries (Berti et al., 1998),
there may be other ways to restore the balance or those methods that deal with salmon may also
be appropriate for other foods.
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Many studies point to large amounts of PCBs (and POPs in general) in marine
organisms and ecosystem components that are consumed as food by circumpolar and sub-arctic
indigenous peoples. When studying effects of these contaminants in humans the status quo has
been preserved or advisories issued to stop or decrease the consumption of contaminated
products The question that must be asked, how many of the First Nations and or visible
minorities receive, understand and undertake to follow the advisories? In the case of the Great
Lakes, studies have been done that show an awareness level for fish advisories was at 97%
among First Nations men, yet many have continued to fish despite this (USEPA, 1999). These
sort of results must be viewed with some caution, as it is not well understood how to undertake
this type of assessment effectively.
In order to reduce the amount of meaningless, out of context, direction to First Nations,
there are some steps that need to be built upon: “technical” solutions, communication, and
capacity building. Although we cannot eliminate entirely the risk from PCBs and other POPs
from food, some of these undertakings can have the effect of decreasing the risk to First Nations
people in the sub-arctic. An attempt will be made to evaluate the cultural and social impacts on
communities in general of each of these suggestions. Although it may seem presumptuous of
westerners to tell or propose to First Nations how to do this or that, in this case it is certainly
appropriate because it is westerners who are causing the problem.
An easy, and potentially the least culturally damaging possibility for First Nations may
be to change the type of salmonids consumed. As the Dene are descended from people with a
history of hunting migrations, the simple change to lakes and streams without populations of
anadromous salmon should not affect their culture of hunting and fishing significantly. Even
though many have undertaken a more stationary way of life, there are numerous lakes in the
region, including Round Tangle Lake and other Tangle Lakes where no anadromous salmon
spawn. The populations of salmonids in these lakes do have PCB levels, (548 ng/g lipid (18
ng/g wet wt.; Ewald et al., 1998) but much lower than those of sockeye salmon and other fish in
spawning lakes. As described in Table 4, other lakes in the arctic and sub-arctic contain non
anadromous salmonids and other fish, with relatively low levels of PCB contaminants.
This thought would still encompass the acts of hunting, preparing and sharing, which are
integral parts of the community and spiritual health of the Dene. We should not say that they
should abandon Pacific salmon altogether, they can and should still be used for traditional and
ceremonial uses that they are an integral part of. This could effectively reduce the intake of
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PCBs in general. This of course is tempered by the need to continually monitor and evaluate
the PCB levels and congener composition in the salmon and alternative fish, lest problems
should arise.
A second possible technical solution to reduce amounts of PCBs and other POPs in First
Nations diets may be to undertake small scale aquaculture.

The mainstream commercial

aquaculture operations, due to the feed type, have PCB levels that are approximately 10 times
greater than those of wild Pacific salmon (Easton et al., 2002). Any aquaculture undertaken
here would have to be native species, and undertaken organically in order to be environmentally
and culturally sustainable.

There are several experiments in British Columbia testing the

effectiveness of organic feeds in growing cultivated salmon, with no concrete results as of yet
(BC Agriculture, Food and Fisheries, 2002). The rearing system, to ensure there is minimal
impact on the environment, would have to be contained tanks, similar to an aquarium. There is
at least one commercial fish farming operation in British Columbia successfully operating such
a closed aquaculture system.
In this case, there may be some cultural damage to traditional ways of life. The
cultivation of these fish would eliminate the participation in the fishing and hunting aspect of
their culture. There would still be the preparing and sharing components, along with a much
reduced PCB intake. Perhaps the optimal technical solution would be a combination of these
two ideas – changing slightly the type of fish caught, while consuming cultivated fish for
ceremonial and traditional purposes. This might keep the culture intact and reduce the PCB
intake for the Dene. This may not be too much of a leap outside of their culture for the Dene, as
there are a number of more southern First Nations bands that have embraced aquaculture, even
on a commercial scale.
Previously mentioned was the necessity of building bridges between the two paradigms;
western science, and the Dene. In this realm, it may be difficult for scientists, as it would
require them to work outside of their field of expertise, and venture into anthropology and
ethnography. In this way, like (Robin) Ridington (1988), the scientists can begin to learn and
benefit from the world of the Dene. On the other hand, the Dene can, with the tools that we
provide them, begin to learn and understand the mentality and institutions that have created the
poisoned environment for them, and potentially arrive at their own solutions.
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In addition to the above thoughts, western scientists and policy makers will need to
empower the Alaskan Dene and give them the tools to help themselves. At a policy level, this
has happened in Canada with the Northern Contaminants Program, with an increase in
interaction between First Nations, policy makers, scientists and funding for local projects
involving all parties. This is the beginning of the solution of giving First Nations the tools
necessary to discover and understand western phenomena within their own knowledge system.
In a number of more southern First Nations groups, there has been some success in blending
traditional culture and the scientific culture, where the tribal members have undertaken training
in the natural sciences, and return to work with their bands. Whether this is happening in
Alaska is unknown, as due to major court proceedings, the U.S. Bureau of Indian Affairs will
not release any data. A good assumption, based on a basic knowledge of the American system,
it is doubtful that such a large scale project is being undertaken.
By giving the First Nations this ability in the western discourse of science (with their
own experience in context), this can empower First Nations to both understand western
problems that they face, and allow them to attempt mitigation in a way that more closely meets
their cultural and societal needs. On the other side, we can also integrate Traditional Ecological
Knowledge (TEK) into our own tenuous grasp on western science, which may begin to build
bridges of trust and understanding between these two paradigms.
In giving First Nations the tools to understand western science and perform, for
example, tests for contaminants, they can be integrally involved in the research process. Having
these tools, along with their own knowledge and that of western scientists, understanding trends
in contamination can begin to be understood. In regards to long term monitoring, there have
been two projects undertaken in North America.

The Canadian Northern Contaminants

Program and the American Arctic Contaminants Research Program have been implemented to
monitor contamination levels in the Arctic, and provide scientists with information to analyse
trends.
In 1994, the Arctic Contaminants Research Programme was started in Alaska. Since
then, it has changed its name and shifted its scope towards economic exploitation. The research
being performed in the marine ecosystems concerns mostly increases in fishery resources that
may be possible in the Gulf of Alaska. There are also some aspects of atmospheric pollution,
along with transitions in ecosystems due to climate change. Unlike the Canadian and Arctic
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Monitoring and Assessment Programme, (AMAP) programmes, there is no mention of working
with communities and in particular First Nations communities.
Although these monitoring programmes may seem like a fancy, politically correct thing
to do, there have been some landmarks, both nationally and internationally. The signing of the
POPs convention in Stockholm in May 2001 was a major step forward on the international stage
to bring awareness to the problem, and bring about slow change to combat it. These monitoring
programmes, especially the AMAP and Northern Contaminants Program in Canada, have
brought First Nations closer to scientists and policy makers. This has given them a large degree
of autonomy in deciding, with scientific advice, how best to deal with these problems, while
meeting their community and cultural objectives.
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Conclusions
As has been shown on a local scale, migratory salmon are a large and significant source
of organochlorine contamination when compared to the atmosphere. As the size of the area
increases, the atmospheric component becomes more influential in the contamination flux.
Even though the bio transported amounts are much lower, they are bio available, and not
subjected to being locked in the soil matrix or degraded by ultra-violet. Lakes that do not have
populations of anadromous salmon appear to have lower PCB levels in the other fish
populations. Even in larger areas that are salmon bearing, bio transport remains a significant
component and has widespread impacts.
These impacts on the two systems studied here, the natural environment and humans, are
rather large compared with other areas. Throughout both the marine and terrestrial ecosystems
we see these chemicals accumulating in higher animals, many that are traditionally used by First
Nations. In the riparian ecosystem there is the yet unknown potential for these chemicals to be
taken up by biota in the same manner as the nutrients that salmon carcasses provide to riparian
ecosystems.

Once in seeds and berries, there is the potential for even greater and more

widespread contamination through bio transport.
As increasing research is done on the health effects of PCBs and mixtures, these levels
represent a potentially increasing threat to First Nations health. Already they are consuming six
times more total PCBs than the general Canadian population from fish consumption, and have
half the TDI recommended by the WHO from fish alone (according to the calculations in this
study). Both human health and environmental problems converge directly on the First Nations
due to their holistic views of the world, creating great concern. Close partnerships between
scientists and First Nations to continually monitor and evaluate the changing situation is needed
before we can determine exactly the risk and how to mitigate it on a local level.
There are a number of possible solutions to some of the problems, which must be acted
on in combination to have the greatest impact. These span a range from technical solutions, and
communication and empowerment for the First Nations to greater work at the international level
by western governments and industry. Examples of this include greater access to western
scientific and policy discourse and the tools associated with this for First Nations, and similarly
for scientists and policy makers increased awareness and recognition of indigenous cultures and
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systems. On a larger scale, industrialised countries can lead through setting an example by
stopping use and clean up of PCBs and other contaminants and the transfer of technology and
expertise in this area to less developed countries. Only by working together, across national,
cultural, and discipline boundaries will significant change be made.

43

Appendix 1
Table showing some (not all) TEFs for the dioxin-like PCB congeners. These are all relative to TCDD which
is the most toxic and given a value of 1 (from Ahlborg et al., 1992).
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