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Introduction
When considering chemical contaminants in Alaska, most attention has focused on the
Persistent Organic Pollutants (POPs). The currently recognized POPs are 12 chemicals:
pesticides (aldrin, chlordane, DDT, dieldrin, endrin, heptachlor, hexachlorobenzene,
mirex, and toxaphene), polychlorinated biphenyls (PCBs), and industrial and incineration
by-products (dioxins and furans). In addition, there are other chemicals that have been proposed to be added to the list of POPs because they have similar properties to the known POPs
and pose serious health risks to humans and wildlife. Like the POPs, many of these chemicals
are settling into the soils and waters of Alaska and are moving into the food webs of both
freshwater and marine systems.
The focused research conducted over the past decades on the POPs has prompted
changes in the way society views hazards to the environment and human health and has
prompted governments to take action to remove egregious chemicals from the environment.
Classical toxicological methods are often limited to gross effects from exposure to these chemicals. These studies were conducted using high doses of chemicals, often a million times higher
than actual exposure, and evaluated effects including mortality, obvious birth and reproductive effects, cancers, skin and eye irritation, and mutations. Unfortunately, this approach to
assessing toxicological risk does not incorporate the results of thousands of peer reviewed
papers revealing that a large number of chemicals in use today potentially have other less
obvious but serious health effects on both humans and wildlife.
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table 10.1

THE 12 POPs REGULATED
BY THE POPs TREATY
What are the POPs?
The POPs differ in chemical structures; however, they share
four attributes that are used by the United Nations Environment Program (UNEP) Stockholm Convention on
POPs to describe Persistent Organic Pollutants: 1) a POP
is persistent, with a half-life greater than two months in
water, or six months in soil or sediment; 2) a POP also
bioaccumulates with values in aquatic systems greater
than 5,000 or with an octanol/water partition coefficient
(log Kow) greater than 5; 3) a POP has the potential for
long-range transport, which can be seen as the presence a
long distance from sources, or through documentation in
fate models, or detection in monitoring programs; and
4) and probably the most important quality of a POP is
the fact that these chemicals adversely affect the environment and/or human health.
Other chemicals share the four properties of POPs,
and are, therefore, of concern (AMAP 1998). Some of the
chemicals that are being considered as candidates for future global POPs regulations are chlordecone, hexachlorocyclohexane, hexabromodiphenyl, pentachlorophenol,
short-chained chlorinated paraffins (SCCPs), penta-brominated diphenyl ether (penta-PBDE), octachlorostyrene,
polychlorinated naphthalenes (PCNs), perfluorooctanesulfonyl fluoride (POSF), perfluorooctanyl sulfonate
(PFOS), endosulfan, tetrachlorobenzene (tetra-CB),
hexachlorobutadiene (HCBD), and pentachlorobenzene
(penta-CB).
A great deal is known about some of these chemicals, such as chlordecone, hexachlorocyclohexane, pentachlorophenol, and endosulfan. These have been detected
in the Arctic and are common in tissue samples of Alaskan wildlife and fish. However, other chemicals on the list
are not well known but are currently receiving attention
in several parts of the world. From preliminary reports,
they appear to be persistent, bioaccumulate, move long
distances, and have potentially serious health effects. From
this list of less well-known chemicals, there are two that
draw special concern: perfluorinated carbons and brominated diphenyl ethers.
In June 1998, nearly 100 nations met in Montreal
to begin a long process of negotiations which has led to a
treaty to phase out POPs chemicals. The result of

subsequent meetings in Nairobi, Geneva and Bonn led
to the signing of the POPs Treaty in Johannesburg in 2000.
This treaty now requires ratification by the governments
of 50 countries before it will come into force.
The U.S. Environmental Protection Agency estimates that there are over 87,000 man-made chemicals in
use today. Some are released intentionally into the environment while others migrate from commercial products
and dumpsites or are released during manufacturing processes. Except for a few of these chemicals, little is known
about their release, fate and transport. Much of what is
known of chemicals in the environment is limited to products derived from petroleum such as: organic solvents,
many pesticides and the common, high volume industrial chemicals, many of which are used in consumer
products.
The POPs are especially well known because of their
physical, chemical and health-related properties. The 12
chemicals currently on the list drew the attention of nations because they accumulated in wildlife and human
tissue, moved long distances across continents, and there
was a growing awareness of their insidious health effects
associated with exposure (table 10.1).
Hundreds of researchers in universities and government agencies published thousands of research papers
and reports, meticulously identifying the pattern of entrapment and concentrations in sediment, aquatic systems
and biota around the world. Most startling were the
discoveries concerning bioaccumulation and biomagnification of the POPs in food webs around the world. Additional impetus and motivation for banning these chemicals on a global scale was the desire to support nationwide
efforts to control their production and the ultimate exposure by wildlife and humans. Unfortunately, some countries, such as Russia, India and China, still produce
well known hazardous chemicals such as PCBs and DDT.
Attention was first drawn to the 12 POPs when scientists discovered high concentrations in wildlife tissue.
This was particularly troubling because some of the animals from the Arctic had the highest recorded levels in the
world of the chemicals in their tissue, and these chemicals were not used in the Arctic. Each of the 12 POPs has
its own story for why there is an urgent need to ban its use.

Pesticides
aldrin
chlordane
DDT
dieldrin
endrin
heptachlor
hexachlorobenzene
mirex
toxaphene

Polychorinated
biphenyls (PCBs)
Industrial and Incineration
by-products
dioxins
furans
Other chemicals have been
proposed to join the list
because they share similar
properties with known POPs
and pose serious health risks
to humans and wildlife.

The 12 chemicals
currently on the list
drew the attention of
nations because …
there was a growing
awareness of their
insidious health
effects associated
with exposure.
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figure 10.1

Arctic Pollution Issues:
Coastal and Marine
Environments
This conceptual model of
the coastal zone and marine
environment shows the
main subcompartments and
contaminant transfers and
exchanges with the
atmosphere.
Credit: Arctic Monitoring and
Assessment Programme, AMAP
Assessment Report, Arctic
Pollution Issues, Fig.3.17.
1998.
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What these chemicals share however, is that they do not
stay in one place, and, for some, the volumes produced
can be enormous.

Chemicals in Alaska
It is imperative to try to understand better how chemical
contaminants get to or move in Alaska. There are four
common routes: 1) actual uses and/or release in Alaska;
2) atmospheric transport; 3) aerosols; and 4) coastal ocean
currents. Historic interest in how chemical contaminants
reach Alaska has been restricted primarily to either contaminants transported into the state in commerce or contaminants generated or released in extractive processes,
such as oil or mining.
Chemicals are brought to Alaska for a wide range
of reasons: in electronic equipment; to support aviation
activities; as pesticides for mosquito control; and as fuels,
to name a few. In addition, the release of chemicals from
military installations is a widely recognized point source
in Alaska. Whether the base is a small White Alice radar
site like King Salmon or a large facility like Elmendorf Air
Force Base, a wide variety of chemicals are brought into
Alaska to maintain these facilities.
Mineral and oil exploration and their transport are
other sources of chemical contaminants. The Exxon
Valdez oil spill is an example of a large-scale unintentional release of crude oil. However, there are also countless other examples of smaller scale releases from leaky
pipelines, acts of vandalism to the Alaska Pipeline, and
spills from home heating oil tanks or storage tank pipelines. Mineral extraction also can lead to releases of inorganic chemicals, such as arsenic and mercury. Chemicals
also enter the environment when mineral ores are refined
and concentrated.

Hydrocarbons are probably the most commonly
found contaminants in the Alaska environment, with the
family of polyaromatic hydrocarbons (PAHs) one of the
most informative about contaminant sources and movements in the coastal currents of Alaska. Crude oil and petroleum products contain a wide array of PAHs with the
proportions distinctive to the source. The compounds differ when the crude oil is refined by fractionation to get
gasoline, diesel fuels and other refined petroleum products. A similar array of chemicals in crude oil can be found
together in compounds released from exposed coal deposits
or natural seeps of petroleum.
Most studies of sediments in Alaska waters are focused on understanding the sources, patterns, and weathering of man-made and released petroleum hydrocarbons
from spilled oil from transport tankers and onshore leaks.
The 1989 grounding of the crude oil transport tanker,
Exxon Valdez, on Bligh Reef in Prince William Sound set
in motion a series of studies that are providing a better
understanding of hydrocarbons in the natural environment. In order to observe the dynamics associated with
the release of 11 million gallons of North Slope crude oil,
a variety of studies were done to develop methods to fingerprint petroleum hydrocarbons (Bence and Burns 1995,
Short and Heintz 1997). In the process, much was learned
about oil from the tanker, and much about the historical
presence of natural and man-made hydrocarbons. The
Exxon Valdez crude contributed a large volume of petroleum. The fingerprinting methods, however, also identified possibly three other sources that contribute to a background that is found mainly in the subtidal sediments in
Prince William Sound. Remnant Exxon Valdez oil is the
overwhelmingly dominant source of petrogenic hydrocarbons in the intertidal (Short et al. 2002) followed by
tarballs from the 1964 earthquake (Kvenvolden et al.
1995).
Other sources of hydrocarbon contaminants in
sediment are natural oil seeps (Page et al. 1995), organicrich shales that are precursors to formation of petroleum
deposits (Van Kooten et al 2002), and exposed terrestrial
coal deposits (Short et al. 1999, Van Kooten et al. 2002).
The relative contributions of hydrocarbons from these
sources is presently unresolved. Resolving these is
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important because hydrocarbons from seep oils are readily
bioavailable, but hydrocarbons sequestered in shales or
coals are not. Sediment core analysis in Prince William
Sound and the Gulf of Alaska have found that these natural occurrences have been going on for at least the 160
year age of the cored samples.
Rivers are also important sources of contaminants
in coastal waters. Studies on the Mackenzie River and its
influence on deposition of hydrocarbons on the Mackenzie
Shelf in the Beaufort Sea identify both anthropogenic and
natural sources (Yunker et al. 1993). In order to positively
identify chemicals common to sources, it is necessary to
conduct rather sophisticated methodologies since manmade and natural source hydrocarbons share numerous
chemical components. In this study of a major river system flowing into the Arctic, Yunker and coworkers identified a significant component originating from decaying
plant material. Another source that is thought to be
petrogenic are local oil seeps or bitumen deposits exposed
along the river. Anthropogenic sources contribute a minor amount. These are believed to be limited to atmospheric transport with a portion, including pyrogenic residues, originating from forest and tundra fires.

Atmospheric Transport
Global fractionation
As researchers discovered that Arctic animals had astonishingly high concentrations of chemicals that were not
known to be used in the Arctic, attention turned to the
pathways and sources for these chemicals. Global fractionation has become a commonly accepted model
(Wania and Mackay 1993, 1996) for tracking chemicals.
It is based on the natural properties of chemicals and
climatic processes.
Each chemical has distinct properties that make it
unique, such as molecular weight, melting point, boiling
point, Henry’s Law constant, vapor pressure, solubility in
water, air-water partition coefficient, and octanol/water
partition coefficient. Temperature plays an important role
in how some of these variables affect the potential mobility of a chemical (Wania and Mackay 1993). As temperatures change toward the poles, or with the seasons,
climatic conditions may encourage evaporation and

gaseous movement of chemicals in the air. Colder climatic
conditions encourage condensation or deposition. Some
of the chemicals of concern, when released into the environment at warm temperatures, have the potential for
long-range movement and eventual deposition in the polar climates.
The natural process for chemical transport is unpredictable since airflow patterns, the amount of solar radiation, local and regional ambient temperatures, moisture, and other physical factors vary greatly across the
hemisphere. The subtle differences in properties of each
chemical cause each to perform differently. Chemicals with
lower volatility may evaporate during hotter seasons of
the year or warmer parts of a day. Likewise, these borderline chemicals would condense out in cooler latitudes,
seasons or times of the day. Chemicals with evaporative
properties closest to the lower limits for evaporation and
condensation seem to move stepwise, a grasshopper-like
effect, hopping along on air currents dependent upon local conditions. There are numerous examples of the movement of chemicals in air currents around the world. Pesticides banned in Europe are routinely detected in air
samples. DDT, long banned in the United States and
Canada, pulses in the St. Lawrence River each year during the spring snowmelt (Pham et al. 1993, 1996).
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As researchers
discovered that
Arctic animals had
astonishingly high
concentrations of
chemicals that were
not known to be used
in the Arctic, attention turned to the
pathways and
sources for these
chemicals.

figure 10.2

Arctic Pollution Issues:
Source Regions for HCH,
Chlordane,Toxaphene and
PCBs in Arctic Air
Contaminants are moved from
source areas into the Arctic
by air currents.
Credit: Arctic
Monitoring
and Assessment
Programme. AMAP
Assessment Report,
Arctic Pollution
Issues, Fig.6.6.
1998.
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First, the extreme cold
climate of the polar
region increases the
persistence of chemicals.
Second, the reduced
solar radiation in the
polar region retards the
photodegradation of
pesticides, and other
contaminants.

A study by Chernyak and coworkers (1996) provides additional information about the long-range transport of chemicals that are thought to be short-lived. Many
of the newer pesticides used in agriculture were designed
to have relatively short half-lives and rely on the energy in
sunlight to photodegrade. Chernyak et al. analyzed subsurface water, the surface microlayer water, ice, and fog at
numerous sites in the Bering and Chukchi Seas for 18
pesticides. They discovered a number of agrochemicals in
each sample. Those with the highest concentrations in the
water and surface microlayer were associated with the ice
edge. The authors propose that the pesticides are deposited on the ice and, as it melts, the chemicals concentrate
at the ice edge. The pesticides detected in water samples
were the insecticides chlorpyrifos, endosulphan I and II,
and fenvalerate, and the fungicide chlorothalonil. Samples
of surface microlayer from Bristol Bay had two pesticides,
the fungicide chlorothalonil and the herbicide trifluralin.
The authors believe that these pesticides were deposited from fog, which recently swept over the sampling
area. Fog samples had the herbicide metolachor, and the
insecticides terbufos and chlorothalonil. Air samples lacked
appreciable concentrations of pesticides, and it is proposed
that fog may be the primary carrier of these pesticides.
Deposition in Alaska seems to rely on fog and ice. Samples
of ice contained atrazine (herbicide) and chlorpyrifos
(insecticide), two pesticides that are being phased out by
the EPA.
Two important concepts can be drawn from this
study. First, the extreme cold climate of the polar region
increases the persistence of chemicals. Second, the reduced
solar radiation in the polar region retards the
photodegradation of pesticides, and other contaminants.
Coupled together, conditions in the Arctic favor the long
distant transport of agrochemicals. Very little research has
been done to specifically identify pesticides in water, fog
and ice. Thus, the magnitude of agrochemicals and other
chemicals wafting into Alaska is not fully understood.

Hexachlorocyclohexane
HCH is a well-studied example of global fractionation in
the Arctic. HCH was first synthesized in 1825, but its insecticidal properties were not discovered until the early 1940s.
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By 1942 HCH was becoming widely used in agriculture in
developing countries (Li 1999). It is a broad-spectrum pesticide and has been applied to a very wide variety of crops,
to protect seed and to remove ectoparasites from livestock
and poultry. Li estimates that 10 million tons of HCH were
used worldwide between 1948 and 1997. It is now banned
in many countries. Canada banned technical grade HCH
in 1971. This was followed by the United States (1976),
China (1982), and the former Soviet Union (1990).
It is difficult to determine which countries are still
using technical grade HCH, but Li (1999) believes that
India, Pakistan, Brazil, Malaysia, Israel, and some African countries are still using it in vector control programs
and, to a limited extent, in agriculture. Gamma-HCH is
still used today and is marketed as lindane in the United
States and many other countries around the world. You
can find lindane in treatments for head lice in your local
pharmacy. EPA is taking steps to remove such pharmaceuticals.
Technical grade HCH is a mixture of eight isomers
with four accounting for most of the volume. These are
alpha (55-80 percent), beta (5-14 percent), gamma (815 percent), and delta (2-16 percent). Alpha and gamma
are the most volatile and are involved in long-range transport. Studies conducted in the Arctic identify HCH as one
of the most abundant pesticides in water, snow and some
wildlife. The Arctic Ocean is a sink for HCH and is probably the main source of HCH entry into the Arctic food
webs (Li 1999).
Technical grade HCH is highly volatile. Takeoka
and coworkers (1991) studied the movement of HCH in a
coastal area of eastern India. They estimated that 99.6
percent of the HCH applied to the ground moved into the
air within one week of application. The remaining 0.4 percent moved to a local estuary; however, 75 percent of that
HCH also volatilized into the air. Alpha and gamma isomers were most active in these movements, with the degree of movement related to the temperature.
The use of HCH has a very interesting historical
pattern. The developed countries used technical grade HCH
first and were also first to restrict and ultimately ban its
use. The use then proceeded to developing countries in a
wave starting with larger countries and over the years to
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smaller countries. A wave of bans followed. China started
production of technical grade HCH in 1952 and used it
extensively until it was banned in 1983. During that interval, Li estimates that they produced four million tons, almost one-half of the entire volume produced worldwide.
India, another major user of technical grade HCH,
imported the insecticide shortly after World War II, and
began domestic production in 1952. It was widely used in
agriculture and in vector control programs, accounting
for about 70 percent of all insecticide usage in India in
the 1980s. Use was severely restricted in 1990. India currently has the highest concentrations of HCH in its soil,
sediment and air.
Technical grade HCH is still used in many small
countries in the tropical and subtropical regions of the
globe. Many of these countries are using higher volumes
as they make a transition from small family farms to larger,
mechanized farms. These later farms have become dependent on high volume use of pesticides and fertilizers. This
pattern of new uses in small countries will become even
more prevalent as developing countries develop agricultural export strategies in a quest for income in the global
marketplace.
Technical grade HCH is not used in the Arctic, but
appears in astonishing concentrations throughout the region. Wania and Mackay (1999) and Wania et al. (1999)
propose a rather thought-provoking mechanism and pathway for this long-range transport. Using existing data on
concentrations in soil, sediment, water, and air, they developed a model that describes the transfer rates among
compartments. They then take this model and alter the
input values to determine the kinds of changes that can
be expected if there were bans against use.
Keeping in mind that as much as 99.6 percent of
the HCH used in India is airborne within one week, the
expectation was that these chemicals from India,
Malaysia and China become airborne and flow north to
the Arctic region. The Wania/Mackay model, however,
demonstrates that alpha HCH more or less remains in the
climate zone where it was applied. They propose that only
0.6 percent of the global use reaches the Arctic, and that
most of this comes from the temperate and subarctic zones.
Eurasia is suspected as providing most of the alpha HCH
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to the Arctic. Wania/Mackay also point
out that the polar regions are much
smaller in size from the other regions.
Therefore, contaminants that move
from the other larger regions pollute
a much smaller region.
Wania and Mackay further
propose that the Arctic becomes a sink
not so much because great volumes of contaminants waft
in and condense there, but because the cold climate increases their persistence. They estimate that the half-life
of alpha HCH in the Arctic atmosphere is four years, and
in the Arctic Ocean it increases to 11.5 years, creating a
sink gradually building up with time. Wania and Mackay
believe that as much as 95 percent of alpha HCH is now in
Arctic waters, and it is from these waters that HCH enters
the food webs of the region. In 1995 the concentrations
recorded in the air in the Arctic was lower than previously
recorded, primarily due to the global bans. The concentration in the Arctic waters is also declining as more alpha
HCH is being mixed into the deeper waters.

Aerosols
Chemicals with properties that resist long-range movement, such as low volatility, can move on particulate matter in the air and travel as aerosols. Chemicals traveling
in a gaseous state can bind to particulate matter in the
air. Once bound, the particle with chemical together can
travel long distances. There are two pathways for aerosols
in Alaska. The first is a phenomenon peculiar to the Arctic, “Arctic Haze,” and the other is regional intrusion of
particulates associated with dust storms.
Arctic haze was first described in 1957 when
Mitchell described haze bands that he attributed to submicron sized particles. Optical transparency measurements
confirmed the nature of the haze. Shaw (unpublished
manuscript) estimated that the intensity of sunlight was
reduced by the haze, ranging from 10 to 30 percent, which
was two to three times the annual mean for localities in
the lower 48 states. Furthermore, the haze only occurred
during late winter and early spring.
Identification of the cause of Arctic Haze was problematic, since the belief at the time was that the pollution
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The global implications
of the phenomenon of
Arctic Haze require
further research.
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was from local sources. Since there were no known sources
of local pollution in far northern Alaska, it was difficult to
explain the origin of the particulate matter that made up
the haze. Extensive research was conducted through the
1970s which focused on identifying particulates in the haze
from specific sources. Using vanadium, sulfates and carbon black as trace indicators of combustion from petroleum and coal, the patterns of these chemicals in the haze
indicated that the primary sources were in northern Europe and Asia. Shaw found that the dirtiest air comes into
Alaska with northerly winds.
Organochlorine chemicals do not appear to match
the travel patterns as seen by the submicron particulate
driving the Arctic Haze phenomenon (Fellin et al. 1996).
However, polyaromatic hydrocarbons did show a pattern
of buildup over the winter months that was very similar to
the pattern of particulates, and the authors propose that
these contaminants are physically bound to the particulates. Likewise, the POPs chemicals dioxins and furans
were identified in winter samples in Arctic air by Hung
and coworkers (2002). These contaminants were isolated
from filtered particles, indicating that these chemicals were
hitchhiking and contributing to the pool of contaminants
in Arctic Haze.
Shaw provides a hypothesis on the conditions promoting the formation of Arctic Haze (Shaw, unpublished
manuscript). The formation of Arctic Haze is driven in
part by cold temperatures. The lack of sunlight in winter,
coupled with the higher reflectance of snow and ice cover,
contributes to extremely cold temperatures from November to March. The air masses also become more uniform
and stable over the region, leading to less movement of
contaminants through convection. Another result of the
extreme cold temperatures is that the atmosphere has
much less water, and thus reduces the chances of contaminants in the air being washed out. Therefore, the
physical conditions associated with winter in the Arctic
create ideal conditions to keep submicron particles suspended in the atmosphere, and these concentrations build
over the winter as more contaminants flow northward.
The size of the air mass of the Arctic Haze follows
the changing shape of the Arctic Front, a climatic zone
delimited by a mean winter temperature. This front is also

seasonal in nature and can be absent in summer, but grows
to approximately the size of the continent of Africa by late
winter-early spring (Shaw, unpublished manuscript, Crane
and Galasso 1999, Crane et al. 2001).
The global implications of the phenomenon of Arctic Haze require further research. Contaminants move to
the poles and accumulate over a six-month period. At the
onset of spring, these chemicals literally precipitate out
onto land or onto the surface of the ice and oceans of the
Arctic regions. Sulfur dioxide, vanadium and carbon black
particles that scientists use to measure Arctic Haze may
not pose as serious a threat as do other chemical contaminants that are also hitchhiking along in the air
masses. Hung and coworkers document dioxins and furans
traveling on particulate matter in Arctic Haze, with the
source being northern Eurasia. These point to the other
potential contaminants associated with stack emissions
as probably hitchhiking and becoming a part of the Arctic
Haze. Polyaromatic hydrocarbons common to petroleum
products have also been found to move along into the Arctic
Haze (Jaffrezo et al. 1994). The research documenting the
movement of chemicals toward the poles is not complete,
since attention is focused on detection of only a few chemicals. There have been no comprehensive analyses of the
air and precipitates of Arctic Haze in Alaska.

Dust storms
Dust storms are treated separately here even though this
form of long-range transport also depends on air currents
and aerosols. Aerosols are usually restricted to small particles, whereas the particulates in a dust storms can be
two to three millimeters in size. Dust storms are not new
phenomena, though they appear to be more frequent due
to the global pattern of increasing desertification.
Dust storms can be identified from the ground as
hazy skies, dust particles reaching the ground, or by air
samples as part of monitoring programs. Satellite images
are providing a better understanding of the dynamics of
dust storms. For example, unusual weather conditions in
early April, 2001 in eastern Asia led to high winds that
swept an estimated million tons of soil and dirt into the
air. The SeaWiFS satellite of the Goddard Space Flight
Center of the National Oceanic and Atmospheric
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Administration captured images between the 5th and 6th of
April that highlighted the process of long-range transport
of the dust. Cyclonic winds moved the dust storm from the
central regions of China and Mongolia to as far away as
western Washington state. The plume ranged between
7,000 and 23,000 feet with concentrations varying among
the layers. The dust plume crossed the western coast of the
United States on April 12th and passed over Boston on the
14th. The cloud dissipated over the Atlantic after traversing about two thirds of the way to Europe.
The SeaWiFs Program also documented another
Asian dust storm over Alaska. In April 2002, a dust storm
front was observed passing over the Aleutians on a path
for Nunivak Island, Bristol Bay, and ultimately, the Alaska
heartland. Residents in Mekoryuk and Hooper Bay reported
“black snow” following this event (figure 10.3).
Other similar cases have been documented by satellites. These storms carried arsenic, copper, lead, and zinc
from the industrial centers in Asia into the United States.
The concentrations of dust particles averaged from 20 to
50 mg/m3 with peaks detectable at over 100 mg/m3 (Huser
et al. 2001). The dust storms are an obvious indication
that large size particles can move long distances under
the right conditions. Such transport occurs annually in
Eastern Asia when it is common for high winds and airflow shifts to an eastward direction to occur.
Monitoring along the west coast of the United States
has detected radical shifts in carbon monoxide, sulfur dioxide and other contaminants associated with industrial
activities. When backtracking analysis is done on these
contaminants, eastern Asia is identified as the source. Despite the vivid satellite imagery, very little is known of the
content of these dust events. Millions of tons of soil can be
expected to provide the vehicle on which a wide range of
contaminants, such as organochlorine pesticides, PCBs,
dioxins, and furans, can bind and move with the dust
particles.
Another concern about long-range transport of
large size particulates is that biological materials are also
picked up and move in the plume. In a recent dust storm
that originated in sub-Saharan Africa in 2000, fungi, viruses and bacteria were identified in the dust cloud. The
main plume emerged from Africa and moved westward,

ultimately reaching the Caribbean Islands and northern
South America. The fungus, Aspergillus, is believed to have
traveled to the Caribbean and is proposed to be a source of
the Aspergillus that is damaging the coral reefs. Dust
storms originating in Asia may also carry pathogens and
consequently, there needs to be increased diligence in
watching for disease outbreaks in Alaska.
To date there has been insufficient monitoring in
the United States to assess the composition of the particles
and contaminants in both the Arctic Haze and dust storm
events. A growing program in Canada is being supported
by Canada’s commitment to AMAP (Arctic Monitoring and
Assessment Program) and the Northern Contaminants
Program. Air sampling stations are reporting on the dynamics of contaminant transport across the Arctic region
of Canada, and concentrations of POPs and other newer
chemicals. The United States needs to fill the gap in Alaska
with a similar monitoring program.

I INVITED PAPERS

figure 10.3

Asian Dust Storm
Over Alaska
The SeaWiFs Program documented an Asian dust storm
over Alaska. In April 2002, a
dust storm front was observed
passing over the Aleutians on a
path for Nunivak Island, Bristol
Bay, and ultimately, the Alaska
heartland.
Credit: SeaWiFS Project, NASA/
Goddard Space Flight Center and
ORBIMAGE, 2002.

Coastal Ocean Currents
Chemical contaminants have two distinct compartments
in offshore coastal waters. Water itself can sequester and
transport water-soluble chemicals, while offshore sediment
can sequester both soluble and insoluble contaminants.
Concentrations of all the detected pesticides indicate that
levels seem to be higher at the ice/water interface than in
the water column with the explanation that wave action
dilutes the contaminants.
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Ice as it melts has long been suspected of depositing chemical contaminants into the water, especially floating ice in the far northern waters (Pfirman et al. 1995).
Studies of POPs and pesticides in the Bering and Chukchi
Seas support the view that dissolved concentrations in open
water are present (Strachan et al. 2001, Zi-wei et al. 2002).
However, the water columns, whether in the open ocean
or in the current flows along the coast, appear to have
uniform concentrations and there does not appear to be a
natural conveyer of contaminants from more distant regions to Alaska’s waters.
Chemical contaminants in the offshore sediments,
no matter what the source of deposition, are a potential
pathway of exposure to the local fauna. This has been
documented for the western Beaufort Sea in Alaska waters
(Valette-Silver et al. 1999) where PAHs and arsenic appear
in the invertebrate and vertebrate nodes of the food web.

A monitoring program
needs to be the frontline in determining the
ebb and flow of
chemical contaminants
in Alaska by providing
baseline information
on all potentially
important man-made
chemicals as they
arrive by commerce,
air, dust, or water.
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Need for Monitoring Programs in Alaska
The monitoring of contaminants in Alaska has been mostly
non-existent. Two programs run by the National Oceanic
and Atmospheric Administration have attempted to determine the levels of select anthropogenic chemicals in fish
and shellfish. National Status & Trends (NST) administered the National Benthic Surveillance Project (NBSP)
from 1984 through 1993 monitored chemical concentrations in the livers of bottom-dwelling fish and in sediments
at the sites where the fish were collected. Fifteen sites
around Alaska were sampled. However, no new data have
been added since the end of the program and there are
now no trend studies.
The second program administered by NST is the
Mussel Watch Program. This was begun in 1986 and continues today. Bivalves (mussels and oysters) are collected
every other year at over 250 U.S. coastal and estuarine sites.
Sediment samples are also collected. Samples are analyzed for 24 PAHs, 18 PCB congeners, DDT, DDD, DDE, 16
other chlorinated pesticides, and tributyl-tin. There are
11 sites sampled in Alaska waters. Two sites are in the southeastern panhandle and nine in the Gulf of Alaska/Cook
Inlet/Prince William Sound regions of the state. Both of
these programs provide some trend and pattern data; however, additional effort is needed to develop a comprehen-

sive chemical monitoring program for the state.
A meeting of the eight Arctic rim countries
(Canada, Denmark/Greenland, Iceland, Norway, Sweden,
the Russian Federation, and the United States) led to the
establishment of the Arctic Environmental Protection
Strategy (AEPS) in 1991. Part of the goal of AEPS was to
protect the Arctic ecosystems from man-made chemicals,
to begin identifying the contaminants of concern, and to
determine ways to reduce or eliminate the pollution. The
Arctic Monitoring and Assessment Program (AMAP) was
created to implement this strategy.
One of AMAP’s first activities was to design and
implement a harmonized monitoring program of data
from the Arctic rim countries that would provide a comparable picture of the pattern of contaminants across the
Arctic. Without such a program, comparisons could only
be made using a wide variety of independent studies that
produced data using different techniques and species. Part
of the AMAP strategy is also to look at all the compartments in which contaminants flow and accumulate: air,
water, sediment, plants, invertebrates, and vertebrates, including humans. AMAP focuses on the Arctic, and fortunately, its scope includes all of Alaska.
In 1989, AMAP published the AMAP Assessment
Report: Arctic Pollution Issues, in which Chapter 6 presents the monitoring data and conclusions. Unfortunately,
very little data for this report was contributed by the U.S.
from harmonized studies in Alaska. It is imperative that
the U.S. participate actively in the AMAP program, and
that it institute programs to monitor air, sediment, water,
and key species in the food web. A monitoring program
needs to be the frontline in determining the ebb and flow
of chemical contaminants in Alaska by providing baseline
information on all potentially important man-made
chemicals as they arrive by commerce, air, dust, or water.
Today, important decisions evaluating the risks of
chemical exposure must rely on data generated outside
the region and with little knowledge of the status and trends
of these chemicals in the environment. The potential
threats to fish, wildlife and the people of the state only can
be prevented, and the sources of chemicals from outside
the state only can be halted, with accurate knowledge and
diligent monitoring.
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11.␣ Contaminants in Alaska:
Is America’s Arctic at Risk?
Carl M. Hild, University of Alaska Anchorage

“To find a diet free from DDT and related chemicals, it seems one must go to
a remote and primitive land still lacking in the amenities of civilization.
Such a land appears to exist, at least marginally, on the far Arctic shores of Alaska —
although even there one may see the approaching shadow . . . .”
p RACHEL CARSON, 1962 p

Risks posed by persistent organic pollutants (POPs) to Arctic ecosystems and human populations were central to the genesis of the Stockholm Convention and remain a primary concern
when evaluating potential POPs impacts. For the United States, “Arctic ecosystems” means
Alaska. Once, not too long ago and within the living memory of Native Alaskans, the Arctic
was a pristine wilderness where POPs were never used and could not be detected in wildlife or
humans. But the face of Alaska is changing, with increasing urbanization, industrialization,
extractive resource activity, and commercial and social contacts with the global community.
Accompanying these changes are concerns that the physical, climatic and social aspects that
make Alaska unique—particularly for the indigenous population—also make this region
peculiarly prone to risks from global pollutants. Although exposures to POPs are being noted
at this time, their impact will be more evident in the future unless pollution issues are addressed now.
As the data to follow demonstrate, wildlife and human residents are experiencing POPs
contamination from local, regional and international sources. The levels in most environmental media typically remain substantially below those found in highly polluted areas of

(above)
Eggs.
Frost.
Mussels.

97

Contaminants in Alaska: Is America’s Arctic at Risk?

When people perceive
that they are one with
the environment, and
the environment is
contaminated, then they
also are contaminated.
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the lower 48 United States. However, in high-trophic-level
feeding species—including killer whales and humans—
some POPs levels have been recorded that are comparable
to those found in the general United States population and
similar marine mammal species.
POPs contamination of the Great Lakes started as
a predominantly regional and local phenomenon, and the
initial management successes from domestic and binational strategies with Canada reflected this scale. For
Alaska, however, the intervention options mandate a much
more global approach. From a polar perspective, “close”
to Alaska and its surrounding waters means the huge and
growing industrial and population centers in Asia, less
regulated neighbors just a few miles distant in Russia, and
sources across the Arctic Ocean in Europe that are all closer
than Washington, D.C.
This review of POPs in Alaska links the assessment
of human health with the state of the environment and
ecosystems. For Alaska Natives, there is a deep connection
with the air, the water, the animals, and humans. When
people perceive that they are one with the environment,
and the environment is contaminated, then they also are
contaminated. This integrated world view differs from traditional “Western” practice, which has, in the past, tended
to separate humanity from its supporting ecosystems. The
many similarities in POPs toxicities between humans and
other mammalian species suggest that it would be unwise
to hold to the belief that humanity is somehow impervious to and distinct from impacts on the supporting ecosystems.

Why is Alaska at Special Risk?
For a variety of reasons, the Arctic ends up as an ultimate
receptor and “sink” for POPs. The persistence and potential effects of these deposited POPs may also be more pronounced in polar climates. Factors in evaluating POPs risks
to Alaska include:
Location: The large expanse of the State of Alaska,
accentuated by its island chains (Aleutians, Pribilofs),
means that its neighbors are not limited to the great ocean
expanses or to Canada and Mexico/Caribbean, as is the
situation for the other United States. In addition to Canada,
China, Korea, and other upwind Asian countries, Russia

is the nearest trans-Pacific neighbor, only a short kayak
excursion away. Human and wildlife populations regularly traverse these artificial national boundaries.
Physical climate: Needless to say, winter is cold in
Alaska, but spring and summer are times of relative
warmth and rapid biological activity. The cycle of prolonged winter darkness and cold, followed by warmth and
24-hour light, places peculiar stresses on ecosystems.
Through the winter, mammals rely on fat stores, thereby
releasing lipid-soluble POPs within their bodies as the fat
is metabolized. In the spring melt, POPs that have accumulated in the ice are released to the food chain during
the limited time of peak productive and reproductive activity. And, throughout all of this, the predominantly cold
temperatures and permafrost reduce or eliminate the microbial activity necessary to degrade POPs.
Ecological sensitivity: Cold temperatures and long
periods of darkness are associated in the Arctic with slow
growth, low productivity and low diversity in terrestrial ecosystems. Anthropogenic damage to such ecosystems can
require a long period of recovery.
Fat as the currency of life: Survival for all species
in polar climates rests on securing and maintaining energy levels. Some animals have round bodies to conserve
energy, while another strategy is to secure a regular supply of high-energy food. Fat is high-energy food. POPs are
lipophilic, and so as fat is consumed, these contaminants
are passed efficiently up the food chain to the top predators, including humans.

Hydrologic Transport
The very low water solubility of most POPs—counterbalancing their high lipid solubility—leads to water transport predominantly attached to fine particles. However,
some organic pollutants, such as the hexachloro-cyclohexanes (e.g., lindane) are more soluble in water and can
be transported through a combination of prolonged persistence in cold waters and large volumes of oceanic water movement. Hydrologic pathways are also interconnected with atmospheric transport through the semi-volatile nature of POPs, where contaminants can exchange
between environmental media.
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For Alaska, a combination of riverine and
oceanic transport can bring POPs from long distances
(figure 11.1). The major rivers draining the agricultural
and industrial areas of Russia flow into the Arctic Ocean.
A number of Russian rivers are known to have readily detectable levels of various pesticides, including DDT, that
do not appear to be decreasing over time (Zhulidov et al.
1998). These rivers release POPs to the Arctic Ocean, after
which contaminants can be transported by the prevailing
currents generally westward from the contaminated Ob
and Yenisey Rivers, and eastward from the less contaminated Lena River.
Oceanic currents in the Pacific also provide a transport pathway for contaminants. After contaminants have
traveled down rivers and into the ocean from agricultural
fields and industrial areas of Southeast and Central Asia,
the western Pacific currents can carry these contaminants
to other parts of the world. The currents move along Japan, Korea and Russia, and finally flow through the Bering
Sea and into the Arctic Ocean (AMAP 1998) (figure 11.1).
Surface water studies of PCBs have identified this movement and the accumulation of materials within the Bering
Sea (Yao et al. 2001). Work from Japan on the “Squid
Watch Program” is tracking the movements of POPs in
the North Pacific driven by the prevailing west wind and
the Kuroshio warm current (Hashimoto et al. 1998).

Migratory Species
Waterfowl
Transport of contaminants from other regions of the globe
to the food supply of Alaska Natives and other Americans
can also occur through the movement and harvesting of
migratory species. The springtime return of waterfowl is
the first fresh meat many Alaska Natives have after a long
winter of eating dried meat and stored foods. In addition
to adult birds, eggs are also collected and consumed. Some
of these birds have wintered in Asia and Central America.
In those regions, feeding areas (such as fallow fields) may
have been sprayed with organochlorine insecticides. The
bodies of birds can carry pollutants that may be banned
in the American communities that consume them.
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figure 11.1

Salmon
Migratory fish do not travel as far as migratory birds, but
the mechanism for accumulation of contaminants is
similar. Recently, it was shown that the very low concentrations of HCB, s-DDT and a number of PCB congeners
detected in sockeye (red) salmon returning to interior
Alaska lakes can contribute more POPs to the lake ecosystem than the amount contributed by atmospheric
deposition (Ewald et al. 1998).
Eagles
In Alaska, bald eagle populations have remained
robust, with DDT/DDE levels generally well below the potential effect level of ~3.6 µg/g DDE (Anthony et al. 1999,
Wiemeyer et al. 1993). Eagles nesting along the Tanana
River in the interior of Alaska in 1990-91 had DDE levels
below concentrations known to result in sublethal or lethal effects, and most organochlorine concentrations were
an order of magnitude lower than concentrations in bald
eagle eggs from elsewhere in the United States (Richie and
Ambrose 1996).
However, even in the presence of this apparent success there are warning signs. Eagles in the western Aleutian Islands have been found to have ratios of DDT/DDE
that indicate new DDT sources, and DDE levels in some
eggs on one island (Kiska) may be depressing reproductive success (Anthony et al. 1999, Estes et al. 1997). Although the sources are not yet known, the prey species,

Ocean currents provide
transport pathway for
contaminants.
Credit: Arctic Monitoring and
Assessment Programme,
AMAP Assessment Report,
Arctic Pollution Issues,
Fig.3.27. 1998.
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especially migratory birds from Asia where DDT is still used,
need to be assessed further. It also should be noted that
although DDE is suspected as the causative agent in the
above-mentioned studies, DDE concentrations in eagle
eggs were positively correlated with other organochlorines,
including oxychlordane, beta-HCH, dieldrin, and
hexachlorobenzene.

Sea otter research.
EVOS photo library.
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Peregrine falcon
Historic declines in peregrine falcon populations at
several locations, including Alaska, have been correlated
with DDE concentrations in their eggs causing eggshell thinning and hatching failure (Ambrose et al. 1988,
2000, White et al. 1988). Threshold concentrations of
~15-20 ppm are associated with a 20 percent eggshell
thinning in peregrine falcons (Peakall et al. 1990).
Populations are expected to decrease if eggshells are at
least 17 percent thinner than pre-DDT measurements
(Kiff 1988). Peregrine falcons in interior and northern
Alaska declined during the 1960s, stabilized in the mid1970s, began to increase in the late 1970s, and have since
stabilized or continued to increase.
Eggs from two subspecies of peregrine falcons were
collected from interior and northern Alaska between 1979
and 1995 and analyzed for organochlorine compounds
and metals (Ambrose et al. 2000). This study represents
one of the few relatively long-term data sets from Alaskan
biota and can offer some insight into POPs residue trends
with time. In general, organochlorines declined over time,
although the trend was not as strong for PCBs, which declined more slowly.
These results agree with trends observed in other
peregrine falcon populations, which show that PCB concentrations have not decreased as clearly as other organochlorine compounds (Peakall et al. 1990, Newton et al. 1989,
Johnstone et al. 1996). Although organochlorine levels have
decreased over time, evidence for cumulative and single-contaminant reproductive effects was found in remote locations
(Ambrose et al. 2000). Contaminant monitoring remains
a necessary management tool for this species, which is
recovering from near extinction caused largely by environmental contaminants and continues to remain vulnerable to persistent and bioaccumulative compounds.

Killer whale
Certain populations of killer whales (Orcinus orca) have
been extensively studied over the past 30 years, including
populations in Puget Sound, Washington, the inside waters of British Columbia, Southeastern Alaska, and Kenai
Fjords/Prince William Sound, Alaska. The POPs concentrations found in some populations of Alaska killer whales
are similar to those recently reported in pinnipeds and
cetaceans that occur in more contaminated waters (Ylitalo
et al. 2001). Levels of total PCBs in blubber ranged up to
500 ppm, and total DDTs ranged up to 860 ppm, while
median levels and some group levels were significantly
lower.
Concentrations of POPs in transient killer whale
populations (marine mammal-eating) were much higher
than those found in resident animals (fish-eating), apparently because of differences in diets (amounts and types
of fat consumed) and feeding locations (localized or
broad-ranging) (Ylitalo et al. 2001). Both resident and
transient whale groups described in the report reside in
Alaska waters, although the transient pods may move
hundreds of miles up and down the coast beyond Alaska
and through international waters.
Life-history parameters such as sex, age and reproductive status also influence the concentrations of POPs
in Alaska’s killer whales. Reproductive female whales contain much lower levels of POPs than sexually immature
whales or mature male animals in the same age class.
This is likely due to the transfer of POPs from the female
to her offspring during gestation and lactation. Birth order also influences the concentrations of POPs. Adult
male, resident, first-born whales contain much higher
POPs concentrations than are measured in subsequent
offspring to resident animals in the same age group
(Ylitalo et al. 2001). There is also some evidence of decreased survival of the first-born transients that have the
highest POPs levels (Matkin et al. 1998, 1999).
Reports of POPs levels in killer whales have been
associated with decreases in reproductive success (Matkin
et al. 1998, 1999). The causal factors for low reproduction
and population decline of certain transient groups of killer
whales from Prince William Sound/Kenai Fjords are not
known. The low reproduction and population decline may
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be a natural cycle, related to human factors (e.g., oil spill),
exposure to natural toxins (e.g., biotoxins), decline in the
primary prey species (harbor seal), or a combination of
environmental and anthropogenic factors. Exposure to
toxic POPs may also be a contributing factor (Ylitalo et
al. 2001).

Sea otter
Sea otters have declined precipitously throughout the Aleutian Islands over the past decade (Estes et al. 1998). Although investigations to date suggest predation may be
the primary cause of the decline, contributing factors such
as contaminants have not been completely ruled out. Sea
otters at several isolated sites in the Aleutians (Adak,
Shemya) have been recorded with elevated levels of certain POPs, particularly PCBs (Giger and Trust 1997). PCB
levels in sea otters from the Western Aleutian Islands (Adak
and Amchitka Islands) were somewhat higher than levels
found in California sea otters, and were significantly elevated relative to PCB concentrations in sea otters from
southeast Alaska (Bacon et al. 1999).
The relative contribution to PCB levels in Aleutian
sea otters from long-range sources compared to local contamination from old defense sites cannot be ascertained
using currently available data (Bacon et al. 1999, Estes et
al. 1997). Sum-DDT levels in Aleutian otters, although
much higher than the very low values found in Southeast
Alaska, remain substantially lower than in California otters. These sum-DDT concentrations were not in the range
that causes reproductive impairment in captive mink, a
related species and commonly used comparison. However,
there is little information that can help evaluate whether
there may be interactive effects among POPs and other
stressors affecting Aleutian sea otters.
Species Consumed by Humans
Beluga
Beluga whales (Delphinapterus lucas) are a preferred food
for many Alaska Natives. The muktuk (the skin and outer
layer of fat) is considered a choice item for consumption.
This outer layer of fat contains the highest levels of POPs
in the animal (Wade et al. 1997). The blubber of beluga
whales from Alaska contains POPs in concentration ranges

similar to those found in beluga
whales from the Canadian Arctic
(Muir and Norstrom 2000) but
much lower than levels in whales
from the highly contaminated St.
Lawrence River in eastern Canada
(Krahn et al. 1999). Within Alaska,
the low levels in the Cook Inlet
stock are noteworthy, as these animals reside in one of the
most “urban” areas of Alaska, where anthropogenic contamination could be expected to result from the relatively
higher density of human residents and commercial activities (Krahn et al. 1999).
Gender is an important factor to consider when interpreting differences in POPs concentrations among beluga whale stocks (Krahn et al. 1999). For example, the
adult males of each stock had higher mean concentrations of all contaminant groups than did the adult females
of the same stock. This is considered to be an effect of POPs
transfer from the mother to the calf during gestation and
lactation. This theory is supported by the finding that upon
reaching sexual maturity, the levels of toxaphene, PCBs,
DDTs, and chlordane steadily go down in females as they
produce calves and lactate (Wade et al. 1997).
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of Tourism.

Bowhead whale
The bowhead whale stock (Balaena mysticetus) migrates
through the Bering, Beaufort and Chukchi Seas and is
listed as an endangered species. Alaska Natives are the only
U.S. citizens permitted to harvest the bowhead whale for
food. Studies have shown relatively low levels of PCBs in
bowhead whale blubber, but these levels tend to increase
with age (McFall et al. 1986, O’Hara et al. 1999). Previous
reports support the view that these large filter-feeding
whales, consuming at a lower level on the food chain, have
lower concentrations of POPs in their blubber. Toothed
whales, eating higher up the food chain, may have one or
two orders of magnitude more POPs than the filter-feeding whales (O’Hara and Rice 1996, O’Shea and Brownell
1994, Borell 1993).
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These PCB levels in
Steller sea lions
generated concern
among local subsistence
populations, who
requested an evaluation
of potential human
health impacts.

Seals
The various seal species in Alaska constitute a substantial
portion of the marine mammal diet of numerous predator species, including humans. Blubber samples from four
Alaska seal species (Bearded seal, Erignathus barbatus;
harbor seal, Phoca vitulina; northern fur seal,
Callorhinus ursinus; and ringed seal, P. hispida) have
been collected and analyzed for POPs contaminants (e.g.,
total PCBs, total DDTs, total chlordanes, HCB, and dieldrin) (Krahn et al. 1997). Harbor seals, frequently consumed by Alaska Natives, were found to have low but measurable levels of several of these POPs. The concentrations
of POPs in harbor seals from Prince William Sound were
generally much lower (e.g., total PCBs up to 100-fold and
total DDTs up to 30-fold lower) than those recently reported for harbor seals from the northwestern U.S. mainland, including animals involved in mass mortality events
(Krahn et al. 1997). For Alaska, however, in contrast to
other parts of the United States, the potential for POPs
biomagnification continues, through the consumption of
harbor seals by humans, an additional one or more trophic
levels higher.
Notable among the multiple studies of seal species
is the finding that POPs concentrations in male subadult
northern fur seals sampled in 1990 at St. Paul Island in
the Bering Sea were higher than concentrations in the
ringed and bearded seals from the Bering Sea or in the
harbor seals from Prince William Sound. Fur seals feed
mainly on oceanic species such as squid and pollock. Female and juvenile fur seals migrate long distances into
the open ocean of the northern Pacific, far south of Alaska,
and even to the shores of Japan, as well as California. The
higher POPs concentrations in fur seals are consistent with
exposures occurring during these long oceanic migrations.
Harbor seals feed on different species of fish that tend to
be very coastal, like perch. Harbor seals do not migrate,
but stay close to their coastal feeding and haul-out areas.
Steller sea lion
Studies show that PCBs are the predominant POPs in sea
lion blubber, followed by levels of DDT/ DDE. Levels of
chlordane compounds were an order of magnitude lower.
Higher concentrations of PCBs and DDTs were found in
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Steller sea lions from Alaska compared to those from the
Bering Sea, indicating that the populations have different
sources of exposure (Lee et al. 1996). Like beluga whales,
as Steller sea lion females become sexually mature they
show a dramatic decline in POPs levels. It has been calculated that they may lose 80 percent of their PCBs and 79
percent of DDT/DDE through lactation while nursing the
first pup (Lee et al. 1996). Two studies of PCBs in Steller
sea lion blubber found an average of 23 ppm (Varanasi et
al. 1993) and 12 ppm in males (Lee et al. 1996).
These PCB levels in Steller sea lions generated concern among local subsistence populations, who requested
an evaluation of potential human health impacts
(Middaugh et al. 2000a, b, see the following Levels in
Alaska Natives section).

Salmon
Salmon species are key to commercial and recreational
fisheries and to the well-being of many subsistence communities. For the Alaskan fishing industry, salmon is a
billion-dollar business. For subsistence communities, fish
by weight make up about 59 percent of the total subsistence harvest for Alaska Natives, with salmon being the
most important species (AMAP 1998). In western Alaska,
the fish harvest can approach 220 kg (485 lb) per person
per year and make up more than 73 percent of all locally
harvested food (Wolfe 1996). The U.S. Fish and Wildlife
Service and Alaska state government are currently assessing contaminant levels and evaluating fish health in
salmon from selected Alaska rivers.
The migratory and reproductive patterns of sockeye
salmon (Oncorhynchus nerka) are known to provide a
means of transport for very low levels of chemicals such as
PCBs and DDT to waters used by other species of Alaska freshwater fish, such as grayling (Thymallus arcticus) (Ewald et
al. 1998). Migrating salmon carry these low but measurable
levels of POPs to spawning areas where, after spawning, they
die and decay. The POPs then become bioavailable to other
local species. The levels of POPs delivered by salmon to Alaska
interior lakes and rivers have been estimated to be slightly
above the levels deposited through atmospheric means, although these levels are far below those found in fish from
the Great Lakes region.
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Polar bear
Polar bears are at the top of the Arctic marine food web.
Norstrom et al. (1998) investigated chlorinated hydrocarbon compounds in polar bears from much of the circumpolar Arctic. They found strong relationships among
contaminant concentrations and sex. Individual dietary
preferences, regional differences in species availability and
food-chain structure also contributed to variability within
the data. For example, baleen whale and walrus carcasses
may be seasonally important food sources for polar bears
in the Bering Sea and Chukchi Sea region, supplementing their primary diet of ringed and bearded seals.
Walrus (except when eating seals) and baleen
whales feed at lower trophic levels than other Arctic marine mammal species. Conversely, polar bears feeding on
beluga carcasses in eastern Canada exhibit higher POPs
levels. Thus, prey selection can affect the pattern of chlorinated hydrocarbon uptake in these different polar bear
populations. Total chlordanes (sum of 11 chlordane-related compounds) were the most uniformly distributed
POPs in this study, reflecting a similar pattern found in
air and seawater sampling (Norstrom et al. 1998).
Although sample sizes were small, concentrations
of total PCBs, total chlordanes, DDE, and dieldrin in polar
bears from the Bering, Chukchi and western Beaufort Seas
tended to be among the lowest in the study area. The atmospheric circulation of this area is dominated by eastward airflow from Asia and the North Pacific Ocean.
Sources of POPs in the Bering, Chukchi and western Beaufort Seas are, therefore, more likely to have originated in
eastern Asia. PCBs were generally used less often in Asia,
except Japan, than in North America and Europe
(Norstrom et al. 1998). The U.S. Fish and Wildlife Service,
Office of Marine Mammal Management, continues to work
with Alaska Native hunters to collect samples for analysis
of environmental contaminants.
Native Peoples of Alaska
A large proportion of Alaskans are indigenous peoples —
16 percent by the 2000 census (figure 11.3). Food is central to culture. Alaska Natives, although sharing different
cultural heritages, are linked to their environment through
the foods that they gather locally and consume. The

figure 11.2

Examples of Arctic Food Webs
Credit: Arctic Monitoring and Assessment Programme, AMAP
Assessment Report, Arctic Pollution Issues, Fig.4.2. 1998.
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figure 11.3

Indigenous Population
Comparisons
Total and indigenous
population of Arctic
Alaska by Native Regional
Corporations.
Credit: Arctic Monitoring and
Assessment Programme,
AMAP Assessment Report,
Arctic Pollution Issues,
Fig.5.3. 1998.
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social structures that define behavior in the sharing of subsistence harvests and through feasts are the traditions of
Alaska Natives—the cultural values of the people. Children and youth are taught about their environment and
about their relationship to the community through
hunting, fishing, gathering, and sharing. The survival
knowledge of the group is passed down from generation to
generation, ensuring the transmission of language and
values. The work of obtaining one’s own food is rigorous
and promotes self-reliance and self-esteem. For all of these
factors, continued confidence in the quality of locally obtained foods is essential (Egeland et al. 1998).
Alaska Natives eat 6.5 times more fish than other
Americans (Nobmann et al. 1992). Under the Marine
Mammal Protection Act, Alaska Natives are the only people
in the United States allowed to hunt marine mammals,
which they then eat. By doing so, Alaska Natives consume
predator species (seals, sea lions, bears, and toothed
whales) at the very top of the food chain.
Many Alaskans have wide seasonal variation in their
dependence on locally available foods. Their diet shifts in
response to short intense summers and the migration of
wild birds, fish and mammals. Alaska Natives eat more

fat, albeit different types, than most U.S. citizens. Marine
mammal fats and fish oils differ significantly from pork
and beef fats in their ability to provide health benefits
(Jensen and Nobmann 1994, Nobmann et al. 1992, Scott
and Heller 1968).
In regions where employment opportunities are
scarce or seasonal, locally obtained foods remain an economic necessity. Shifting food consumption in remote
Alaska communities is not beneficial for several reasons.
Food that is purchased is expensive and rarely fresh owing to the long distances it must be shipped and the number of times it must be handled as it goes into smaller and
smaller stores. Many people in these remote communities
have very limited food budgets because of the scarcity of
jobs and high costs of heating and other costs associated
with life in a remote and challenging environment
(Egeland et al. 1998).
Store-bought foods in remote Alaska communities
need to have a long shelf life. Therefore, the foods have
been frozen, canned or chemically preserved. Many of these
foods do not have the nutritional value of fresh foods from
the local area. Store-bought foods are much higher in processed sugars, saturated fats, sodium, and simple carbohydrates, contributors to such conditions as obesity, diabetes, heart disease, and dental caries. These conditions
are growing at alarming rates in Alaska (APHA 1984,
Ebbesson et al. 1996, Lanier et al. 2000, Nobmann et al.
1992, Nobmann et al. 1998, Nutting 1993, Schraer et al.
1996). Health surveys have also indicated that, in some
communities, the individuals who are most concerned
about environmental pollution are the same people who
most frequently consume less traditional foods and are
shifting to buying food from the store (Dewailly et al. 1996,
Egeland et al. 1998, Hild 1998).
Adding to concerns about contaminants in local
foods, Alaska Natives have reported changes in the subsistence species they hunt. These changes include seals with
diseases they have not seen before, no hair, yellow fat, fat
and meat that does not taste as it should, and seals with
abnormal growths and abnormal sex organs. Similar concerns have been raised about other subsistence species.
These observations, collected now by the Alaska Native
Science Commission (www.nativeknowledge.org), may
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contribute to an understanding of what is occurring in
the changing Arctic. In the absence of key information to
answer specific questions, and in response to media reports about contamination of the Arctic, the conclusion
being reached by many Alaska Natives is that the animals
may not be healthy, and the health of their children may
be at risk.

POPs Levels in Alaska Natives
Most of the POPs under the Stockholm Convention were
never used in or near Alaska. For the other POPs (e.g.,
PCBs, DDT, polychlorinated dioxins/furans), local use in
Alaska and emissions to the environment are much less
than have occurred in the lower 48 states. Yet there is considerable concern among residents—particularly Alaska
Natives—that they may have become contaminated
through consuming traditional foods. The most expeditious way to assess the extent to which Alaskans have been
exposed to these persistent toxic substances is to measure
levels in human tissue (Hild 1995). Unfortunately, there
is no statistically based survey of POPs levels in Alaskans.
Indeed, there is no national statistically based survey of
POPs levels in the U.S. population, although serum has
been collected under the NHANES IV study and is being
analyzed at the Centers for Disease Control and Prevention (CDC).
POPs levels have been measured in small studies
of selected Alaska Natives, lower 48 background comparison groups and Great Lakes fishers, providing valuable
indicative and comparative information on POPs levels
(figure 11.4). These data can help inform hypotheses and
conclusions regarding sources of human exposure to POPs
and the resulting concentrations and trends. For example,
as with marine mammal exposures, high trophic level
feeding is generally more problematic than lower on the
food chain. Thus, it can be hypothesized that Alaska Native diets based on plants and plant-eating animals are of
less concern than those relying on the consumption of
marine mammal predator species.
The importance of location and proximity to emission sources and transport pathways can also be evaluated, as the western Aleutians represent a quite different
locale from the Beaufort Sea off northeastern Alaska.
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Likewise, the subject’s age may be a major determinant of
many POPs levels. As has been evident in lower 48 studies,
POPs levels tend to increase with age because of the fundamental persistent and bioaccumulative nature of the
contaminants, especially in males where there is no excretion through lactation. Age is also an important consideration in evaluating Alaska Native levels, as dietary
practices and the proportion of traditional foods in many
diets have changed over recent years.
In response to citizen concerns, the State of Alaska,
Department of Health and Social Services, conducted a
targeted study of POPs in five Aleutian communities
(Middaugh et al. 2000a, b 2001). These communities had
become concerned because some Alaska Steller sea lion
blubber had been reported to contain relatively high

levels of PCBs (23 ppm, Varanasi et al. 1993, 12 ppm in
males, Lee et al. 1996), potentially impacting their use of
sea lions as a source of meat and oil. Total PCB, dioxin
and furan toxicity equivalence concentrations (TEC)
levels in the Aleutian volunteers (Middaugh et al. 2001)
were similar to those in the background U.S. population
(Arkansas) and considerably below fisher exposures on
the Great Lakes (Anderson et al. 1998).
Middaugh et al. (2000a) also analyzed the age
relationship to concentration levels, demonstrating
increased POPs levels with age. Similar age-related

figure 11.4

POP levels in Alaska in
Comparison with US
Populations
Credit: Middaugh et al. 2000.
pers comm C. Rubin 2002 for
median levels in Alaska Native
Women.
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findings are evident in other studies from lower 48 populations and cannot necessarily be ascribed to dietary pattern changes. Because the Aleutian sample sizes were very
low and from volunteer populations in isolated, select communities, few conclusions can be drawn. A broader
surveillance is needed to answer key questions and address community concerns.
A small group of Aleut women of childbearing
age—not pregnant at the time—was identified in the
Middaugh et al. (2001) study. If their levels were compared with the maternal plasma study data of the Arctic
Monitoring and Assessment Programme (AMAP 1998), the
Aleut women would have the highest levels of p,p’-DDE
(geometric mean 0.503 ppm lipid) so far found in the
circumpolar region. They were second highest among the
other Arctic nations for trans-nonachlor (g. mean 0.0498
ppm lipid) and oxychlordane (g. mean 0.0285 ppm lipid)
(Middaugh et al. 2001). Note, again, that the Aleutian studies are only preliminary and cannot be considered statistically representative of this population. The relative elevations of DDT and chlordane derivatives are, however,
consistent with the location of the Aleutians near continuing use regions for these POPs in Asia.
From the other side of Alaska, Arctic Slope mothers have POPs levels (DDT, DDE, mirex, transnonachlor,
oxychlordane, and PCBs) that are lower than those in the
Aleutian/Pribilof Islands women of childbearing age
(Simonetti et al. 2001). These levels are comparable with
levels in the lower 48 states for background populations
(Anderson et al. 1998).
At this time, POPs movement and deposition trends
to the north are unknown. An ongoing national surveillance program has not been in place to clearly indicate
whether the 12 POPs under the Stockholm Convention
are increasing, stable, or decreasing. There is an indication that in other Arctic nations some forms of PCBs are
declining, whereas no trends are apparent for the more
chlorinated forms (Hung et al. 2001).

Ongoing POPs Research in Alaska
Human health and ecological research on POPs levels and
effects in Alaska is increasing, linking the domestic and
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transpolar efforts of the Arctic Monitoring and Assessment
Program (AMAP), Arctic Council, U.S. Federal agencies,
Alaska state government, and tribal groups. These research
efforts cover a spectrum from expanding work on environmental levels through measurements of body burdens
and effects along the food chain to wildlife and humans.
Emphasis is placed on community involvement in the
planning, decision-making and communication of this
work.
Among these research efforts, measurements are
underway of POPs levels transported in the air to Alaska
and of levels in water and sediments of the Yukon River.
Studies have been conducted on POPs levels in a wide range
of species including Chinook and chum salmon, Steller’s
eiders, black-capped chickadees, red-throated loons, and
wood frogs. This research is accompanied by expansion
of data collection on marine mammals and other hightrophic predators, notably bald eagles and polar bears. With
Alaska Natives, traditional food practices are being documented and analyzed to assess not only the contaminant
loads, but also the nutritional benefits of the diet. POPs
levels in mothers and the umbilical cord blood of their
offspring are being measured to assess the body burden of
contaminants. These data serve as an essential link in studies of potential effects (e.g., developmental, immunological) on the children. Research data have also been published as part of ongoing studies assessing the link between POPs levels and breast cancer (Rubin et al. 1997)
and on the effect of HCB and DDE in human cell cultures
(Simonetti et al. 2001).
These research efforts in Alaska parallel the POPs
reduction and elimination activities under the Stockholm
Convention. While the current Alaska data outlined herein
serve to inform U.S. consideration of the Stockholm Convention, the ongoing work will further help to:
• monitor increases or declines in POPs levels in
Alaska and detect any wildlife or human hotspots of POPs
contamination;
• identify potential domestic and international
sources of ongoing POPs contamination;
• guide communities on the risks and benefits of
traditional practices; and
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• increase the general scientific knowledge of the
effects of these toxic substances and the levels at which
these effects occur.
Conclusion
POPs can now be measured in all environmental media
and species in Alaska. POPs levels in Alaska are generally
low, however, when compared to the lower 48 United States.
Accompanying these comparatively low levels are isolated
examples of elevations that portend a cautionary warning in the absence of international action. DDT/DDE and
PCB levels in transient Alaska killer whales are as high as
those found in highly contaminated east coast dolphins,
reaching to the hundreds of parts per million in lipid.
On Kiska Island in the Aleutians, DDE concentrations in bald eagle eggs approach effect levels seen in the
Great Lakes. And Aleuts have some of the highest average
DDE and chlordane levels measured in Arctic human
populations, highlighting their proximity to continuing
emission sources in Asia. Indeed, Alaska’s location—geopolitically and climatically—suggests that POPs pollution could be exacerbated in future years in the absence of
international controls.
The hunting and dietary practices essential to survival in the Arctic make indigenous humans and wildlife
especially vulnerable to POPs. Where animal fat is the
currency of life, this intensifies the unique combination
of POPs properties to migrate north, associate with fat,
persist, bioaccumulate, and biomagnify.
For Alaska Natives, current POPs levels vary with
location and diet. In the human populations measured
(Aleutian, Pribilof, North Slope), POPs levels are similar
to those experienced by the background U.S. population,
and generally below those of fisher communities around
the Great Lakes. It is, therefore, important to emphasize
that there are no known POPs levels at this time in Alaska
that should cause anyone to stop consuming locally obtained, traditional foods or to stop breastfeeding their children. Current information indicates that the risks associated with a subsistence diet in Alaska are low, whereas in
contrast, the benefits of this diet and breastfeeding children are well documented (Bulkow et al. 2002, Ebbesson
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et al. 1996, Jensen and Nobmann 1994, Nobmann et al.
1992, Scott and Heller 1968).
Further investigation and assessment are needed
for specific species and foods in traditional diets and to
broaden the database across Alaska communities. The
international AMAP (1998) report came to the same conclusion for the entire Arctic, and Alaska levels of most of
the POPs are generally lower than for other polar nations.
The international community has also moved to further
reduce POPs contamination through negotiation of the
Stockholm Convention on POPs, implementation of which
should help minimize future increases in levels of the listed
POPs.
The full-text of this abridged report can be found
as Chapter 5 of the EPA 2002 report “The Foundation for
Global Action on Persistent Organic Pollutants: A United
States Perspective.”

“We are as one with our
ancestors and children.
We are as one with the
land and animals.”
Alaska Native anthropologist,
Rosita Worl
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