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■ Abstract Traditional foodresourcesof indigenouspeoplesarenow recognizedas
containing avariety of environmental contaminantswhich reach food species through
local or long-range transport avenues. In this chapter we review the published reports
of contaminants contained in traditional food in northern North America and Europe
as organochlorines, heavy metals, and radionuclides. Usually, multiple contaminants
are contained in the same food species. Measurement of dietary exposure to these
environmental contaminants is reviewed, as aremajor issues of risk assessment, eval-
uation, and management. The dilemma faced by indigenous peoples in weighing the
multiple nutritional and socioeconomic benefits of traditional food use against risk of
contaminants in culturally important food resources is described.
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INTRODUCTION AND DEFINITIONS

In this chapter, we discuss the impact of environmental contaminants on the tradi-
tional food resources of indigenous peoples. We limit our focus to food resources
that are locally available to indigenous cultures in northern North America and
northern Europe and to a limited list of approximately 21 organochlorine, heavy-
metal, and radionuclide contaminants. The review covers the impact of contem-
porary dietary change on contaminant exposure, how exposure is measured, and
general principles of contaminant risk as it applies to the traditional food resources
of northern indigenous peoples. Our review includes the multidisciplinary litera-
ture, taking into consideration the primary methods of nutrition and toxicology and
incorporating the multiple benefits of traditional food use that must be weighed
against the possible risk of contaminants in culturally important food resources.

Traditional Food Systems

The term “traditional food system” includes all of the food species that are available
to a particular culture from local natural resources and the accepted patterns for
their use within that culture. This term also embraces an understanding of the
sociocultural meanings given to these foods, their acquisition, and their processing;
the chemical composition of these foods; the way each food is used by age and
gender groups within a selected culture; and the nutrition and health consequences
of all of these factors for those who consume these foods.

Indigenous Peoples

Generally speaking, the term “indigenous people” refers to a cultural group in a
particular ecologic area that has developed a successful subsistence base by using
available natural resources. The various terms used for indigenous peoples and a
summary of perspectives on their place in society have been recently reviewed (72).

In this review, we describe the reported contaminant exposures of indigenous
peoples in ecological settings of Alaska, other areas of the United States, Canada,
Greenland, and northern Europe. We refer to First Nations peoples (formerly called
Indians) from several different locations in the United States and Canada; Inuit (also
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called Eskimos) from Alaska, arctic Canada, and northern Europe; Metis (those
of mixed European and aboriginal ancestry in Canada); the Saami of northern
Scandinavia; and the indigenous minorities of Russia. All of these cultures have in
common a deep spiritual relationship with the land and the life forms it supports.
Traditional food species include wild animals and plants and agricultural species.
It is the lower latitudes where traditional agricultural food systems predominate,
with more intense use of wild animals, fish, and sea mammals in more northern
latitudes.

The focus on the presence of contaminants in traditional food systems of in-
digenous peoples and the impact of these contaminants on the lives of those using
the food systems is important because these systems and cultures are sentinels of
global food and nutritional health. Because foods from the natural environment
have been used as subsistence for thousands of years by indigenous peoples liv-
ing close to the land, traditional food systems hold fascinating insights into many
issues of human food use and nutrition, such as the evolution of human diets,
preindustrial dietary patterns and nutritional requirements, and food species that
may be revisited for their potential as global food resources. Although many non-
indigenous peoples may consume the same wildlife (fish, game, or plants) as food,
it is the indigenous peoples who retain the most knowledge about these foods,
including how total diets of traditional food are constituted. That naturally grown
and harvested food species produced by the world’s original cultural groups may be
contaminated beyond what is generally considered fitness for human consumption
or that these foods may contribute to morbidity or mortality because of contami-
nation are serious matters, and understanding them should bolster efforts toward
global control of environmental pollution.

Contaminants

The chemical contaminants considered here are primarily those that are trans-
ported to the northern environments by long-range atmospheric currents and have
bioaccumulated in the food chains of northern indigenous peoples (8, 60). Besides
long-range transport, some contaminants are problematical because of additional
local sources of contamination, which results from local geology and/or industrial
activities such as mining and pesticide use. We have not included review of other
contaminants that are found in food species, such as microbiological or viral con-
taminants, those associated with insects or other vermin, or those associated with
disposal of human and community waste.

Heavy metals covered in this review include arsenic, cadmium, lead, and mer-
cury. The following organochlorines are included: aldrin, chlordane, chlorinated
benzenes, dichlorodiphenyl-trichloroethane (DDT), dieldrin, dioxin, hexachloro-
cyclohexanes (or lindane), polychlorinated biphenyls (PCBs), and toxaphene. The
radionuclides covered include cesium-137, cesium-134, strontium-90, iodine-131,
polonium-210, radium-226, and lead-210.

A
nn

u.
 R

ev
. N

ut
r.

 2
00

0.
20

:5
95

-6
26

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 M
or

eh
ea

d 
St

at
e 

U
ni

ve
rs

ity
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



P1: FHA

June 29, 2000 23:50 Annual Reviews AR103-24

598 KUHNLEIN ¥ CHAN

ISSUES SURROUNDING ENVIRONMENT AND
CONTAMINANTS FOR INDIGENOUS PEOPLES

The contexts in which foods are produced and consumed must be considered when
evaluating contaminants in the food systems of indigenous peoples. In particular,
it is germane to understand the extent of use of these foods and their places in
total contemporary diets. Also, an understanding of the sources of contaminants in
remote arctic areas is needed. These data lead to better appreciation of contaminant
exposure through diet or body burden and how these assessments can lead to risk
evaluation and risk management for communities of indigenous people.

Current Patterns of Traditional Food System and Species Use

Like all developing societies, indigenous peoples are undergoing dietary change,
and the major manifestation is their use of fewer species and lower total quantities of
local traditional food resources and more commercially produced, imported market
food. People choose their food items based on a variety of environmental, societal,
and personal factors. These include broad considerations of food availability and
quality (e.g. as influenced by climate, environmental pollution, species survival,
and harvesting/processing technology), cultural preferences and practices (e.g.
for taste and texture of food, meal structure, and beliefs about food and food
distribution), affordability in the broad definition (e.g. costs involved in purchase
or harvest), education and media influences, and biological needs [e.g. age and
gender constraints, exercise, and illness (70, 72)].

Several studies of northern indigenous peoples have documented the dichoto-
mization of their contemporary diets into traditional food and market food, with
attention to the fact that market food usually provides a greater proportion of daily
energy. After a dietary-patterns study conducted bimonthly over a full year in a
Baffin Inuit community, it was reported that men’s average market food intake
provided 62% of total dietary energy expended, with the maximum average in-
take of market food equaling 70.5% of energy during the early winter and the
minimum average intake equaling 53% during the late summer harvest season
(67). Communities in other Canadian arctic areas have a similar dichotomy of
food use between traditional and market foods; however, the degree of transporta-
tion remoteness from southern food supplies can affect these data. For example,
among women in the sister Saht´u Dene/Métis communities of K´asho Gotine and
the more remote K´ahbamitúé, those of K´asho Gotine consumed seasonal amounts
of 69%, 74%, and 71% of dietary energy as market food during spring, summer,
and winter, respectively, but women of K´ahbamitúé consumed only 50%, 42%, and
52% of dietary energy as market food during the same seasons, respectively (73).
Receveur et al (98) showed that Dene/M´etis communities that were evaluated in
the two seasons of highest and lowest traditional-food intake had average total
dietary energy from traditional food ranging from 12% to 33%. The levels were
roughly parallel to latitude, with those who consumed more market food located
further south and thus closer to food distribution networks.
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Traditional food systems of northern indigenous peoples contain a broad range
of species of both animals and plants that have filled important cultural and dietary
needs. More recent studies of quantitative food use have shown that, although these
people retain knowledge of the use of many plant species, the amount of animal
food ingested far outweighs that of plant food (76, 83, 98–100, 126, 127).

The actual species and quantities of traditional food ingested are profoundly
affected by season, with the result that both nutrient and contaminant profiles
contributed by traditional food vary considerably during the year. For example, in
the Inuit community noted above, where six bimonthly dietary evaluations were
done, it was shown that certain species (seals in particular) were constants in the
diet, whereas other species (e.g. caribou) that were available for a short season
were consumed in abundance and favored over seals during that season. The total
intake of traditional food by the community of∼400 people averaged 138 kg/day,
which varied from 100 kg/day in early winter to 180 kg/day in the late summer
harvest season (67). Generally speaking, traditional food consumption is greater
for men than for women and for older individuals than younger ones (73, 76).

As can be expected, traditional food contributes significantly to nutrient intake
for arctic adults and children. Although usually providing smaller proportions
of daily energy and total dry weight in diets than market food, traditional food
contributes significantly more protein, iron, zinc, copper, and magnesium to the
diets of Saht´u men, women, and children and, in addition, more vitamin A to the
diets of Inuit men, women, and children (13, 67, 73, 76; see below).

Economic Development, Environmental Change, and Sources
of Contaminants

With changes in the world economy, northern indigenous peoples have developed
their communities to take advantage of resources beyond those available in the
local environment. However, the extent of development has not been consistent
for all. Families in many communities, reservations (in the United States), and
reserves (in Canada) still rely on traditional food resources, by necessity or by
choice, although, as noted above, the extent of market food use is considerable.
The processes of delocalization of the food supply have intensified in recent years,
with increasing socioeconomic and political interdependence. Although industrial
societies have an increasing diversity of food species and processing techniques
available to them through delocalization, many communities of indigenous people
in rural areas experience the opposite effect, with a decreasing diversity of food
items consumed as people use less of their traditional resources and rely more on
limited kinds of market food (72, 95). The continuing importance of traditional
local food in the diets of indigenous peoples makes the issues of contamination of
these foods especially worrisome.

Increasing global industrialization, especially in the last 50 years, has caused
pollution of all of the world’s ecosystems. The formerly pristine northern home-
lands of indigenous peoples have also been affected, even though the industries
at fault are often quite distant. Persistent contaminants are detected throughout
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northern ecosystems—in air, fresh water, seawater, snow, sediments, birds, fish,
plants, and terrestrial and sea mammals (9, 47, 60, 85, 105). Pathways for delivery
of contaminants into northern environments include atmospheric, marine, and
freshwater/terrestrial routes. Although most sources are distant from the North,
there are some local/regional sources, especially those related to mineral extraction
(particularly heavy metals such as mercury and arsenic), local geology (such as
mercury and cadmium), abandoned military sites (PCBs), and pesticide use (e.g.
DDT and toxaphene) (86, 88, 111). Most radionuclide contaminants are the result
of nuclear testing or contaminant release from nuclear power stations or nuclear
satellites (9).

Contaminants in the environment can be accumulated in food species. Bioavail-
ability of contaminants found in soils, sediments, plants, or water depends on
factors such as their concentration and physical and chemical forms and physico-
chemical factors such as pH and organic-carbon content. Once an organism in the
food chain assimilates a contaminant, it can be subject to bioaccumulation or can
facilitate transfer of the contaminant to other organisms. Factors such as inertness
of the chemical, solubility in lipid or water, and speciation for metals all influ-
ence bioaccumulation. In addition, the length of the food chain or the number of
species it passes through before consumption by humans affects concentration of a
contaminant in food through biomagnification—the successive increase in chem-
ical concentration. For example, the highest biomagnification occurs between fish
(prey) and marine mammals or sea birds (predators; 53, 85).

Contaminants present in marine, freshwater, or terrestrial wild food species
that are consumed by northern indigenous peoples vary with the species, owing
to factors of environmental and biological variability. Mercury and toxaphene are
considered important contaminants in freshwater fish, marine fish, and mammals.
Cadmium is a significant contaminant in the liver and kidney of important food
land mammals such as caribou and moose. DDT, PCBs, and chlordane are im-
portant in piscivorus marine mammals as well as waterfowl and their eggs, and
radionuclides are important contaminants in caribou. As noted earlier, regional
differences in contaminant levels of food species depend on local mineralogy and
mining, military radar sites, and proximity to heavy industrialization (e.g. the Great
Lakes and St. Lawrence estuary). Differences within regions and species depend
on the ages and genders of the animals. For example, older, larger animals contain
greater concentrations of contaminants, and male animals generally accumulate
more organochlorines than do young-bearing female animals (15, 85, 89).

Measurement of Contaminant Exposure Through Food
Among Northern Indigenous Peoples

Similar to dietary assessments for nutrient intake, human contaminant exposure
through food is measured by determining the contaminant level in each food con-
sumed and assessing the extent of usual consumption. This is accomplished by
constructing databases of contaminants in food and by dietary-intake interviews.
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Interviews for these purposes have included 24-h recall (62) and food frequency
interviews that are restricted to traditional food of the region and season (14).

The quality and variability of the food composition data must be understood for
these assessments. Although data on harvested raw wildlife are often more plentiful
and give direction to understanding the magnitude of contaminant presence, data
on the composition of food consumed by individuals are preferred for assessing
dietary-contaminant exposure. Certain processes of food preparation are known to
reduce organochlorine contaminant levels in food, such as trimming of fat, boiling,
or other cooking techniques that remove fat (21, 132).

Dietary assessments present the option of better understanding the relative risk
of consuming certain food items by including the extent of consumption. For
example, consuming a great deal of a particular food that has low contaminant
levels may present the same exposure as consuming a small amount of a food
with high contaminant levels (74). Assessing the entire diet, as is done with 24-h
recalls of a population, gives perspectives on these issues that are not found by
considering a few individual intakes or by compiling frequency questionnaires for
only a limited number of species.

Dietary standards for contaminant exposure (Table 1) are compared with dietary
intake assessments for an evaluation of population exposure. In much the same way
that short-term individual dietary-intake data (e.g. one or two 24-h recalls) cannot
be used to assess an individual’s usual nutrient intake, assessing an individual’s
usual contaminant exposure with these limited data is also not possible. Therefore,
the best use of intake data is for population assessments. Two caveats in comparing
dietary-intake standards with contaminant-intake standards are (a) that tolerable
intakes are expressed as intakes that are assumed to occur every day for life and
(b) that there are several safety factors based on orders of magnitude which are
built into contaminant standards. Therefore, although precision in dietary data
is desirable, the expression of extent of risk derived from dietary data must be
carefully considered and expressed, especially when the same foods that contribute
the risk also contribute substantial health and societal benefits (62, 74, 108).

Measurement of Human Contaminant Exposure
Through Body Burden

In addition to dietary-exposure measurements, exposure can be assessed by bio-
markers in various human samples. Examples of these are concentrations of con-
taminants in blood, umbilical cord blood, breast milk, urine, deciduous teeth, fat
or organ biopsies, and cadaver samples. Guideline levels of contaminants in these
fluids or tissues have been established by the World Health Organization (WHO),
where data on pharmacokinetics and dose-response relationships are available for
human populations (112, 116, 117, 119, 120). Further discussion of guideline lev-
els is given in later sections.

At this point, there are no conclusive reports of deleterious effects among in-
digenous peoples as a result of consumption of traditional food. However, there
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TABLE 1 Dietary intake guidelines now in effecta

Organization (reference) and guideline(µg/kg bw/d)

ATSDR (6): EPA (32):
Health Canada (51): Minimum JECFA/WHO Reference

Contaminant ADI/TDI/PTDI risk levels (121): ADI/PTDI dose

Arsenic 2.0 (121) 0.3 (Chronic) 2.0 (inorganic) 0.3
Cadmium 1.0 (121) 0.2 (Chronic) 1.0 1.0
Lead 3.57(121) nab 3.57 na
Mercury 0.471 (M Hg) 0.3 (M Hg, 0.471 (M Hg) 0.003

0.714 (Hg) chronic) 0.714 (Hg)
Aldrin 0.1 (121) 2 (Acute) 0.1 0.03

0.03 (Chronic)
Chlordane 0.05c 1 (Acute) 0.5 0.5

0.6 (Chronic)
Chlorinated na 100 (Dichloro- na 0.8
benzenes benzene)

DDT 20 0.5 (Acute) 20 0.5
Dieldrin 0.1 (121) 0.07 (Acute) 0.1 0.05

0.05 (Chronic)
Dioxin 0.00001 (TCDD 0.000001 0.000001–0.000004 na

equivalents)
HCH 0.3c na na 0.3
PCB 1.0 na na 0.7
Toxaphene 0.2 5 (Acute) na na

1 (Intermediate)

aAbbreviations: ADI/TDI/PTDI, Acceptable Daily Intake/Provisional Tolerable Daily Intake; ATSDR, Agency for Toxic Sub-
stances and Disease Registry; JECFA/WHO, Joint Food and Agricultural Organization/World Health Organization Expert
Committee on Food Additives; ADI/PTDI, Acceptable Daily Intake/Provisional Tolerable Daily Intake; EPA, U.S. Environ-
mental Protection Agency; DDT, dichlorodiphenyl-trichloroethane; HCH, hexachlorocyclohexanes; PCB, Polychlorinated
biphenyls, TCDD, 2,3,7,8-tetrachloridibenzo-p-dioxin.
bNot available
cHealth Canada, personal communication.

is some epidemiological evidence that human exposure to contaminants at levels
possibly found in traditional food may result in adverse health effects, particularly
during early development. Neurobehavioral effects of prenatal exposure to PCBs
from consumption of contaminated fish have been investigated most extensively
in two prospective longitudinal studies, one in North Carolina and the other in
Michigan (59). The North Carolina study found poorer gross motor function dur-
ing infancy in relation to prenatal PCB exposure; the Michigan study found poorer
infant visual-recognition memory. However, cognitive deficits found at 4 years of
age in Michigan were not seen in North Carolina, possibly owing to a different
pattern of exposure or a different congener mix. Two other controlled, longitudinal
studies investigated effects of prenatal Hg exposure from seafood consumption on

A
nn

u.
 R

ev
. N

ut
r.

 2
00

0.
20

:5
95

-6
26

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 M
or

eh
ea

d 
St

at
e 

U
ni

ve
rs

ity
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



P1: FHA

June 29, 2000 23:50 Annual Reviews AR103-24

TRADITIONAL FOOD CONTAMINANTS 603

child neurodevelopment (23, 45, 46). The first study, conducted in the Republic of
Seychelles, showed that no adverse outcomes at 66 months were associated with
either prenatal or postnatal methyl mercury exposure. The second study, conducted
in the Faroe Islands, showed that children whose mothers had a hair Hg concen-
tration of 10–20 ppm showed mild decrements in the domains of motor function,
language, and memory.

Effects of chronic low-dose exposure among human populations remain con-
troversial because of the inconsistent findings among different studies and popu-
lations. Moreover, the potential exists that multiple factors, such as smoking, sub-
stance abuse, and general malnutrition, can confound the consideration of health
effects from a particular contaminant. The fact that most northern food resources
containing heavy metal or organochlorine contaminants also contain other multi-
ple contaminants (14, 74) is another confounding consideration. There have been
few studies on the body burden or the biological effects of multiple simultaneous
contaminants in the food supply.

Risk characterization of multiple chemical exposure poses a major challenge for
toxicologists because most risk assessments address only single chemicals. Infor-
mation on toxicologic interactions of environmental contaminants is very limited.
However, there is ample evidence of supra-additive and intra-additive interactions
among environmental contaminants (65). Because many of these contaminants
affect the same target organ, any observed symptoms may be a result of possi-
ble interactive effects of a mixture of contaminants. Further complicating the risk
characterization process are potential compounding factors such as nutrients in the
diet and disease status of subjects. For example, it has been hypothesized that high
levels of zinc and antioxidants such as selenium and vitamin E in the traditional diet
(62) may play a protective role against contaminant toxicity (101). On the other
hand, diseases such as diabetes and alcoholism are serious problems among many
indigenous peoples (80, 131); these factors may potentiate the toxicity of contami-
nants, but are usually not considered in risk assessment for contaminant exposure.

Contaminant Risk Assessment, Risk Evaluation,
and Risk Management

A study of the risks of consuming traditional food resources by northern indigenous
peoples requires careful evaluation not only of the risks of using the food, but also
of the benefits of using the food and of the potential health risks of not using the
food. An overview of how to weigh the benefits and risks is given below.

Generally speaking, the determination of dietary contaminant risk to health
involves several steps. First is identification of the hazard [the contaminant(s) in
food that may cause an adverse health outcome], followed by estimation of the risk
(the extent of consumption from all dietary sources). Risk assessment then proceeds
to evaluation of the various options for dealing with the risk. When a decision is
made on the best course of action, management of the risk includes implementation
of this best course of action, followed by monitoring, evaluation, and regular review
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of the process. Risk determination is a process that is constantly evolving, because
new data on contaminants, their health effects, and the consequences of use of
traditional food all have an impact on management decisions (51, 90, 91, 115).

The issuing of advisories on species consumption has been the primary risk
management effort for contaminants found in the natural food resources of northern
indigenous peoples. Advisories are usually based on maximum residue limits or
tolerable intakes (see Table 1) and anticipated consumption levels. One example is
the special fish advisory (based on PCB levels) issued by the Department of Health
of New York State for the Mohawk population in 1990. The advisory stated that
an individual should eat no more than one meal per month of flesh or roe from
St. Lawrence River lake sturgeon and that women of childbearing age and children
under the age of 15 should not eat any flesh or roe from these fish (36). Another
example is from the consumption of burbot liver, a favorite food in the Northwest
Territories, Canada. With toxaphene concentrations in burbot liver ranging from
137 to 1887 ng/g in the Fort Smith area on the Slave River, the recommendation
was to limit consumption to<13.4 g/day or 93.8 g/week, and an advisory was
thus issued in that region (Slave River) not to eat more than one burbot liver per
person per week. This would translate to 52 livers per year, although burbot are
only seasonally available (107), which illustrates one problem with advisories of
contaminated traditional food species that are consumed only seasonally. Guideline
maximum residue limits and tolerable intakes assume regular daily consumption
throughout the year and throughout life. The effects of consuming more than the
annual daily allotment during seasons of food availability and subsequently not
consuming the food in off-seasons have not been studied and are not known.

OVERVIEW OF THE MAJOR FOOD CONTAMINANTS IN
TRADITIONAL FOOD SYSTEMS OF NORTHERN
INDIGENOUS PEOPLES

The contaminants described below are those affecting northern indigenous peoples
that are persistent or resistant to degradation and therefore accumulate in the
world’s environments. We discuss contaminant intake guidelines (summarized
in Table 1) and also review current knowledge of regional exposure levels for
indigenous peoples, which are summarized in Table 2. The health implications
of chronic exposure through food to low doses (environmental levels) of these
contaminants are usually not known. Factors influencing risks at low levels of
exposure include age, gender, and genetics; within these categories, another factor
is individual variability. The major concern is for the general health of those in
the sensitive early life stages—the fetus and newborn. Interaction of a particular
contaminant with other contaminants or food chemicals can also influence toxicity.
For example, zinc, calcium, iron, and selenium all interact with heavy metals and
modulate toxicity.
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TABLE 2 Radionuclide guidelines now in effecta

Organization (reference) and guideline (Bq)

CACAR (60) annual limit WHO (113) oral annual
Radionuclide of intake limits of intake

Cesium-137 5× 104 4× 106

Cesium-134 5× 104 3× 106

Strontium-90 3× 104 1× 106

Iodine-131 4× 104 1× 106

Polonium-210 8× 102

Radium-226 4.5× 103

Lead-210 1× 103

aAbbreviations: CACAR, Canadian Arctic Contaminants Assessment Report; WHO, World Health
Organization.

Mercury and Other Heavy Metals

Mercury, cadmium, arsenic, and lead are the toxic metals recognized as pollutants
of major concern in North American environments. They are subject to long-range
transport, as well as local point sources, and they have been identified in food
species and human tissues of northern indigenous peoples.

Bioavailability of metals is a significant factor in toxicity. Organic forms of
mercury (methyl mercury) are much more toxic than the elemental form, whereas
inorganic arsenic is much more toxic than the organic form (112). Cadmium and
lead are bioavailable in the inorganic forms, and the extent of absorption depends
on life stage (i.e. children absorb lead much more readily than do adults) as well
as factors in diet and nutritional status that are related to calcium, zinc, copper,
iron, and possibly other unknown substances (42, 43).

In traditional food systems of northern indigenous peoples, the primary food
species recognized as sources of mercury are fish and marine mammals (14, 20).
Arsenic has been identified as a contaminant in fish and in various berries col-
lected near gold mine tailings (14, 20). Lead has been implicated in human tox-
icity from several environmental sources (e.g. paint, vehicle exhaust, soil, and
water from lead pipes) as well as food. Traditional food systems in North America
(10, 14, 17, 20, 55, 69) and northern Europe (44) have shown high levels of lead in
plant ash, fish, sea mammals, and birds. The sources of lead vary from natural soil
and water levels to lead shot used for hunting. Cadmium sources in traditional food
systems are highest in the organs of large mammals (e.g. caribou and moose) and
fish (14, 61), but are much less significant than cadmium exposure from tobacco
smoking (7).

Heavy metals are present in a wide variety of human tissues; understanding the
body distribution of metals allows the identification of target organs (e.g. cadmium
in kidneys) and the use of particular tissues for dosimetric studies (e.g. mercury
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in hair). Metals have been measured in blood and umbilical cord blood [mercury,
lead, cadmium, and arsenic (108)], deciduous teeth [lead (69, 92)], hair [mercury
(96)], and urine [arsenic and cadmium (16, 63)]. The kinetics of distribution of
all heavy metals among various human tissues are complex, depending on which
tissues store the metals (e.g. bone for lead and hair for mercury), thereby leading
to the establishment of guideline levels, primarily for blood.

Oral exposure to high levels of these metals can injure several body tissues or
target organs. Long-term exposure to mercury can permanently damage the brain,
kidney, and developing fetus (4). Chronic exposure to arsenic can be carcinogenic
and may also lead to neurotoxicity, vascular disease, and liver injury (1). Lead
toxicity is especially well known for children, with effects detected in the nervous
system, in blood cells as anemia, and in damage to the kidneys (42). The kidney
is the target organ for cadmium toxicity, with bone disorders as a possible conse-
quence of kidney malfunction (22); however, cadmium is also a lung carcinogen
(58). Although oral exposure can lead to these toxic effects, there are no reports of
environmental levels of these contaminants in traditional-food-system species that
have resulted in mortality or morbidity (108); however, long-term chronic effects
of low-dose exposure to heavy metals on human populations are still not clear.

Polychlorinated Biphenyls and Other Organochlorines

PCBs and other organochlorines are lipid soluble and accumulate in human fatty
tissues. They are primarily present in northern environments as a result of long-
range transport; however, some local point sources have been identified, such as
radar stations. The presence of PCBs in humans has been measured in breast milk,
blood, umbilical cord blood at birth, and fat tissue biopsies. Given that several
organochlorines, for example, PCBs and toxaphene, may contain hundreds of in-
dividual compounds, known as congeners, measurement in human samples is not
easily done. For the same reason, the specific effects of independent congeners
in human physiological systems and on ultimate health are not easily understood.
Epidemiological comparisons among populations with different exposures are also
complicated by the environmental routes of transport, which may affect the inter-
conversion of congeners (85).

Considerable literature related to industrial accidents with PCBs in Japan and
Taiwan points to potential effects of organochlorines on children’s growth and their
role in developmental delays, endocrine disruption, and neurobehavioral deficits.
Toxic effects of DDT and metabolites, as well as toxaphene and metabolites, are
known in the nervous system and liver, and a possible carcinogenic effect is known
from high doses given in animal experiments (2, 3). Dioxins and furans are similar
structurally, and each contains multiple congeners. Some congeners have been
shown to have carcinogenic or teratogenic effects or result in reproductive impair-
ment in laboratory animal experiments; however, human exposure to large amounts
results in skin disorders, variation in serum lipids, and gastrointestinal alteration
(103). Mirex and hexachlorocyclohexanes have not been extensively studied in

A
nn

u.
 R

ev
. N

ut
r.

 2
00

0.
20

:5
95

-6
26

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 M
or

eh
ea

d 
St

at
e 

U
ni

ve
rs

ity
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



P1: FHA

June 29, 2000 23:50 Annual Reviews AR103-24

TRADITIONAL FOOD CONTAMINANTS 607

humans, although animal studies show effects in organ systems, reproduction, and
the immune system (57, 118). Little is known of the effects of chlordane in humans,
although animal experiments show long-term-exposure effects on neurological and
immune systems (114). Similarly, hexachlorobenzene has little documentation of
human health effects (41).

Because of lipid solubility and food chain accumulation in freshwater and ma-
rine environments, the most significant contributors of PCBs and other organochlo-
rines to the traditional food systems of northern indigenous peoples are fish, marine
mammals, and, to a lesser extent, fish-eating birds (Table 2). Indigenous peoples
who consume a great deal of these food resources have been shown to have higher
levels of organochlorines in blood and breast milk than do non-native people liv-
ing in more urban environments (27–29, 108). However, effects on physiology and
health have not been determined (108).

Radionuclides

Radionuclides are present in traditional food resources of northern indigenous
peoples as a result of natural or anthropogenic sources. Natural sources in soil, air,
and water are generally the same in the north as in temperate zones, and an-
thropogenic sources may be local or distantly spread. Generally speaking, the
recognized risk is for carcinogenic effects from radiation; other possible effects,
particularly of low-level exposure, have not been documented.

Food chain accumulation and consumption of large amounts of wildlife foods
may put some indigenous peoples at risk. As noted in Table 2, the risk among
northern indigenous peoples is primarily associated with the consumption of cari-
bou, which feed on lichens that accumulate several radionuclides (105). Generally,
in arctic Canada, the major natural radionuclides are lead-210 and polonium-210,
whereas the major anthropogenic radionuclide is cesium-137 (108). Although ex-
posure to some radioactivity occurs from consumption of caribou, it has been
concluded that these exposures are not sufficiently large to recommend cessation
of the harvest and consumption of caribou (12). In New Mexico, where extensive
nuclear testing takes place, strontium-90 and other radionuclide contaminants have
been found in fish, deer, elk, and plant crops such as pinto beans, sweet corn, and
zucchini (38–40; Table 3).

The Chernobyl accident and nuclear weapons testing released high levels of
cesium-137 and strontium-90 into the atmosphere, which affected food systems
in the circumpolar North. Indigenous peoples such as the Saami, Dene, and Inuit,
who consume large quantities of reindeer or caribou, have been affected (104), but
health endpoints in these groups from radioactivity have not been proven.

Examples of Multiple Contaminants Found in Traditional
Food Species

It is important that, within any traditional food resource from the natural environ-
ment, multiple contaminants are present. Understanding the impact of the presence
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TABLE 3 Exposure of northern peoples of contaminants in traditional food

Contaminant Cultural group/location Major food sourcesa Reference(s)

Heavy metal(s)
As, Cd, Wemindji (Cree territory), Canada goose (Branta 10
Pb, Hg Quebec, Canada canadensis)

As, Cd, Coastal inland reservoirs Brook trout (Slavelinus 11
Pb, Hg of the James Bay Cree, fontinalis)

Quebec, Canada Cisco (Coregonus artedii)
Lake trout (Slavelinus
namaycush)

Pike (Exos lucius)
White fish (Coregonus
clupeaformis)

As, Cd, Adult men and women Cisco (C. artedii) 14
Pb, Hg from 16 Dene/M´etis Caribou (Rangifer tarandus)

communities in NWT, Moose (Alces alces)
Canada Loche (Lota lota)

Whitefish (C. clupeaformis)
Beluga (Delphinapterus leucas)

Pb Hopi and Papago Indian, Corn (Zea mays amylacea, 17
communities, Arizona, Zea mays saccharata) with
USA plant ash (Atriplex canescens)

Cd, Pb, Inuit adults and children Arctic char (Slavelinus naresi) 20
Hg from Qikiqtarjuaq, Caribou (R. tarandusspp.

eastern groenlandicus)

Baffin Island, Kelp (Rhodymeniasp. and
Canada Laminariasp.)

Narwhal (Monodon monoceros)
Ringed seal (Phoca hispida)

Hg Ojibwa from Lake Walleye (Stizostedion vitreum) 24
Superior area,
Wisconsin, USA

Hg Six Ojibwa reservations Lake trout (S. namaycush) 25
in the Upper Great Lake whitefish (C. clupeaformis)
Lakes region (Lakes Walleye (S. vitreum)
Superior, Michigan,
and Huron), USA

Cd, Pb, Coast of Newfoundland, Thick milled murre 30
Hg Canada (Uria lomvia)

Cd, Pb, Southampton Island, Caribou (R. tarandus) 31
Hg Lake Harbor, Cape

Dorset; Arviat and
Bathurst (herds),
Canadian arctic
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TABLE 3 (Continued)

Contaminant Cultural group/location Major food sourcesa Reference(s)

Cd, Pb, Bering Sea coasts, Emperor goose (Chen 37
Hg, others western Alaska, USA canagica)

Cd, Pb, Greenland Inuit Polar bear, walrus, and 49, 50
Hg (five districts) several species of seals,

whales, and fish

Cd Indigenous adults Moose (A. alces) 61
from Fort Resolution, Caribou (R. tarandus)
Canada Jackfish (Esox lucius)

Loche (L. lota)
Sucker (Catostomus
catostomus)

Trout (Salvelinus namaycush)

Pb, Hg Upper Fraser River, White sturgeon (Acipenser 79
British Columbia, transmontanus)
Canada

Pb, Hg Lake St. Fran¸cois, Several local fish species 81
Lake St. Louis, upper
St. Lawrence River
System, Canada

Hg, Pb Great Lakes region, USA Several local fish and 102
wild-game species

Me-Hg Lake Ontario, USA Several local fish species 109

Cd, Pb, Eastern and western Beluga (D. leucas) 123
Hg, others Arctic, Canada Narwhal (M. monoceros)

Ringed seal (P. hispida)

Hg, Me-Hg, Sachs Harbor, Holman, Beluga (D. leucas) 124
Se Paulatuk, East White Narwhal (M. monoceros)

Fish, Shingle Point, Ringed seal (P. hispida)
Hendrickson Island,
Repulse Bay, Sanikiluaq,
Iqaluit, Resolute Bay,
Coral Harbor, Pond Inlet,
Broughton Island, Grise
Fiord, Clyde River,
Aviat, Umiujaq, Canada

Pb, Hg Faroe Islands Pilot whale 125
(Globicephala melaena)

Me-Hg, Hg 514 Native communities Arctic char, bearded seal, 128, 129
across Canada beluga, cod, lake trout,

land locked char, murre,
mussels, walrus, other fish

(Continued)
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TABLE 3 (Continued)

Contaminant Cultural group/location Major food sourcesa Reference(s)

Organochlorines
Chlordane, Adult men and women Arctic char, loche liver, 14
chlorobenzene, from 16 Dene/M´etis trout flesh, cisco flesh,
DDT, dieldrin, communities in NWT, beluga blubber and
HCH, PCB, Canada mattak
toxaphene

Chlordane, Inuit women from Narwhal blubber and 18
PCB, Qikiqtarjuaq, eastern mattak (M. monoceros)
toxaphene Baffin Island, NWT, Ringed seal blubber

Canada (P. hispida)
Walrus blubber
(Odobenus rosmarus)

Chlordane, Indigenous people from Ooligan grease 19
chlorobenzene, Nass River, Kitimaat, (Thaleichthys
DDT, dieldrin, Nuxalk Nation at Bella pacificus)
HCH, mirex, Coola, Knights Inlet,
PCB Kingcome Inlet (coastal

areas) of British
Columbia, Canada

Nonspecified Six Ojibwa reservations in Lake trout 25
organochlo- the Upper Great Lakes (S. namaycush)
rines and region (Lakes Superior, Lake whitefish
PCB Michigan, and Huron), (C. clupeaformis)

USA Walleye (S. vitreum)

PCB Inuit men and women, 11 species of fish, 26
Quebec, Canada 3 of marine mammals,

8 of edible waterfowl

Dieldrin, HCB, Coast of Newfoundland, Thick milled murre 30
PCB, others Canada (U. lomvia)

Chlordane, Southampton Island, Caribou (R. tarandus) 31
DDT, dieldrin, Lake Harbor, Cape Dorset,
HCB, HCH, Arviat and Bathurst, herd
PCB areas, Canadian arctic

DDE, PCB Mohawk men, women, and Several species of local 33
infants from Akwesasne fish and wild game
(New York, Ontario, Quebec) (mostly ducks)

PCB Mohawk women from Local fish (22 species 34
Akwesasne (New York, from 12 locations)
Ontario, Quebec)

PCB Mohawk women from Several species of local 35
Akwesasne (New York, fish and breast milk
Ontario, Quebec) vs
Caucasian women
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TABLE 3 (Continued)

Contaminant Cultural group/location Major food sourcesa Reference(s)

DDE (dichloro Lake Blåsjön, Arctic char (S. alpinus 48
diphenyl northern Sweden sp. complex)
dichloro
ethylene), PCB

Dioxins, furans, Finlayson, Tay, Caribou (R. tarandus) 54
PCB, others and Bonnet Plume

herd areas, NWT,
Canada

HCH, others Baltic Sea, Gray seal (Halichoerus 56
North Sea, grypus)
Iceland Harbor seal (Phoca vitulina)

Harp seal (Phoca
groenlandica)

White-beaked dolphin
(Lagenorhynchus
albirostris)

PCB, PCC Inuit from Arctic char (S. naresi) 62
(poly- Baffin Bear (Ursus maritimus)
chlorinated Island, Beluga (D. leucas)
camphenes) Canada Caribou (R. tarandus)

Narwhal (M. monoceros)
Seal (P. hispida)
Walrus (O. rosmarus)

Chlordane, Norton Sound Bearded seal (Erignathus 64
DDT, PCB (Alaska, Bering barbatus)

Sea), Prince Harbor seal (P. vitulina)
William Sound Northern fur seal
(Gulf of Alaska), (Callorhimus ursimus)
St. Paul Island Ringed seal (P. hispida)
(southern Bering
Sea), Washington,
Oregon, USA

Chlordane, Inuit women Bearded seal (E. barbatus) 74
chlorobenzene, (20 –>60 y) from Narwhal (M. monoceros)
DDT, dieldrin, Baffin Island, Ringed seal (P. hispida)
HCH, PCB, Canada Walrus (O. rosmarus)
toxaphene

Chlordane, Saht´u Dene/Métis Caribou (R. tarandus 74
chlorobenzene, women (20 –>60 y), ssp.groenlandicus)
DDT, dieldrin, NWT, Canada Whitefish (C. clupeaformis)
HCH, PCB, Black scoter (Melanitta
toxaphene perspicillata, Melanitta

fusca)
(Continued)
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TABLE 3 (Continued)

Contaminant Cultural group/location Major food sourcesa Reference(s)

Inconnu (Stenodus
leucichthys)

Trout (S. namaycush)
Cisco (C. autumnalis)

Dioxins, furans, Upper Fraser River, White sturgeon 79
PCB, others British Columbia, (A. transmontanus)

Canada

Chlordane, Hendrickson Island Beluga (D. leucas) 82
chlorobenzene, (Canadian Arctic),
DDT, dieldrin, St. Lawrence River
HCH, PCB, estuary, Canada
toxaphene

DDT, HCH, North Atlantic, North Beluga (D. leucas) 84
PCB Pacific, Bering Sea/ Bowhead (Balaena

Arctic Ocean mysticetus)
Dolphin (D. delphis)
Harbor seal (P. vitulina)
Northern fur seal
(Callorhimus ursimus)

Pilot whale (G. melanena)

Chlordane, Pond Inlet, northern Narwhal (M. monoceros) 86
chlorobenzene, Baffin Island,
DDT, dieldrin, Canada
HCH, PCB,
others

Dioxins, furans, St. Lawrence River Beluga (D. leucas) 87
PCB, others estuary, Canada

Chlordane, DDE, Eastern Russia; North Polar bear 93
dieldrin, PCB America; Greenland; (U. maritimus)

Svalbard, Norway

Chlordane, DDT, Alaska, Baltic Sea, Beluga (D. leucas) 94
HCH, PCB, others Canada; Greenland; Narwhal (M. monoceros)

Svalbard, Norway Ringed seal (P. hispida)
Polar bear (U. maritimus)

DDE, DDT, Great Lakes region, Several species of local 102
PCB, others USA fish and wild game

DDE, HCB, Lake Ontario, USA, Several species of local 109
PCB, others fish eaters fish

Chlordane, DDT, Baltic Sea, North Sea, Harbor porpoises 110
HCB, PCB, and Iceland (Phocoena phocoena)
toxaphene, others Harbor seals (P. vitulina)
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TABLE 3 (Continued)

Contaminant Cultural group/location Major food sourcesa Reference(s)

Chlordane, DDT, Point Lay, northern Beluga (D. leucas) 122
PCB, toxaphene coast of Alaska, USA

PCB Faroe Islands Pilot whale (G. melaena) 125

Chlordane, Schrader Lake, Arctic grayling 130
dieldrin, HCB, Alaska, USA (Thymallus arcticus)
HCH, PCB, Lake trout
others (S. namaycush)

Cesium-137, Dene/M´etis people Caribou (R. tarandus) 12
lead-210, from Gwich’in, Saht´u,
polonium-210 Dogrib, Deh Cho, South

Slave, NWT, Canada

Cesium-134, Southampton Island, Caribou (R. tarandus) 31
cesium-137, Lake Harbor, Cape
radium-226, Dorset; Arviat and
others Bathurst herds,

Canadian Arctic

Cesium-137, Alluvial floodplain area Pinto beans (Phaselous 38
strontium-90, within Los Alamos vulgaris)
others canyon, New Mexico, Sweet corn (Z. mays)

USA Zucchini squash
(Cucurbita pepo)

Cesium-137, Lands from Los Alamos Mule deer (Odocoileus 39
strontium-90, National Laboratory, hemionus)
others New Mexico, USA Rocky Mountain elk

(Cervus elaphus)

Cesium-134, Canyons that cross Carp (Cyprimus carpio) 40
cesium-137, Los Alamos National Channel catfish
radium-226, Laboratory in (Ictalurus punctatus)
others New Mexico and Rio White sucker

Grande, USA (Catostomus commersoni)

Cesium-137, Pond Inlet and Lake Caribou herds 78
lead-210, Harbor (Baffin Island), (R. tarandus)
polonium-210 Yukon, Banks Island,

Canada

Cesium-137 Saami reindeer herders, Reindeer meat 104
Finland

Cesium-137, Wollaston Post, northern Caribou (R. tarandus 106
lead-210, Saskatchewan, Canada groenlandicus)
polonium-210,
radium-226,
others

aGenus and species reported when known by authors.
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of multiple contaminants in the species or in those consuming it is not possible
at this time, and more research is needed. For example, in Table 3 it can be seen
that a single food item, ooligan grease, which is consumed by many cultures
of indigenous peoples in British Columbia, contains multiple organochlorines—
chlorobenzene, hexachlorohexanes, chlordane, DDT, mirex, dieldrin, and PCBs
(19). Similarly, multiple radionuclides, organochlorines, and metals are found in
caribou (12, 31).

Another significant principle to consider in traditional food systems of indige-
nous peoples is that usually>50 species of animals and plants are contained in
a traditional food system for one culture. Thus, when multiple contaminants are
present in many, if not all, species consumed, the complexities of understanding
dietary exposure are formidable [e.g. in research with Baffin Inuit communities,
where several organochlorines and heavy metals are found in several food items
(18, 20, 74)]. Using dietary data and contaminant composition data for frequently
consumed items permits calculation of intake and comparison of mean intakes by
age and gender groups to the accepted standards (74, 108). Understanding intake
at this level of detail makes possible an understanding of the best way (e.g. which
species and how much) to moderate diet to reduce intake of particular or all con-
taminants, while maintaining maximum possible use of traditional food because
of the multiple benefits it provides.

Table 3 demonstrates the great diversity of food systems that have been identified
to date as affected by multiple environmental contaminants. Birds, mammals (land
and sea), and fish food sources predominate in the identified species from food sys-
tems of indigenous peoples throughout North America and northern Europe. Plants
used by indigenous peoples from the southwestern United States have also been
identified to contain heavy metals, as well as radionuclides. It must be noted that
research to identify these contaminants in species known by indigenous peoples
is relatively new and that additional research will undoubtedly extend this list.

Modifying Diet to Reduce Toxicity

There are several options for reducing contaminant levels in the diets of indigenous
peoples. The first, of course, is to carefully consider whether there is the need to
reduce intake, if the level of contaminant is not considered harmful and therefore
within established guidelines.

As noted earlier, attention must be given to the level of contaminant(s) in the
food as well as to how much and how often the particular food is consumed. It is
likely that food items consumed seasonally and in small quantities do not have to
be reduced to ensure that individual diet is within guideline levels. If advisories are
issued that take into account seasonal use and portion size, these should be carefully
considered. For example, an advisory was given for the trout in a particular lake neer
Inuvik, Northwest Territories, Canada, in which maximum weekly consumption
of fish muscle was 180 g (3/4 cup) or 55 g/week of liver (1/4 cup). In the Yukon,
an advisory was issued for the consumption of caribou liver and kidney from
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the Finlayson and Tay herds—the maximum adult consumption being seven to
eight kidneys and four to five livers per year (60). In each case, these levels of
consumption are not practiced, and the levels are not exceeded.

Studies have been done on the capacity for removing fat from food portions to
reduce the total quantity of organochlorines of various kinds (18). Although fat
is often a desirable food component (for example, in muktuk, a food containing
layers of whale skin and fat), reducing the amount of fat can considerably reduce
the contaminant contents of the portion.

Harvesting younger animals and those that do not migrate or live near point
source contaminant areas is another strategy to reduce intake of organochlorine or
heavy-metal contaminants. For this strategy to be effective, communications must
ensure that hunters and fishers have knowledge of these sites.

Finally, if emissions of contaminants are slowed or stopped, it is a matter of
monitoring to find the time when contaminants are sufficiently reduced in tradi-
tional food resources. For example, radionuclides from nuclear testing in reindeer
and total dietary intakes in northern Europe were reduced substantially from the
1950s until the mid-1980s, when the Chernobyl accident increased levels (104).
Hopefully, industrial controls and international conventions will gradually increase
confidence in low contaminant levels in traditional food resources.

THE CONTAMINANT DILEMMA FOR
INDIGENOUS PEOPLES

There are multiple benefits and contaminant risks from the consumption of tra-
ditional food by indigenous peoples, and weighing these considerations against
each other is complex. Table 4 gives a summary of these considerations as faced
by those harvesting and using traditional food species.

The risks or unknown probability of effects from using traditional food are
summarized either for the contaminants under discussion as single entities or for
mixtures of contaminants presented simultaneously in a food or the diet. The
health effects may result from a single contaminant, mixtures of contaminants, or
contaminants in synergism with other physiological insults, and they may affect
the neurobehavioral system, development, immune system, or kidneys, and they
may be carcinogenic. For completeness, the risk of accidents that occur during
hunting and fishing must also be considered.

In contrast, some benefits of traditional foods used by northern indigenous peo-
ples are known with certainty, including better nutrient density (particularly in
animal wildlife food), the availability of key essential nutrients, physical activity
during harvesting, lower food costs, the prevention of chronic disease by consump-
tion of more nutritious food, and multiple sociocultural values that contribute to
mental health and cultural morale.

It is the consumers of these foods who face the dilemmas and ultimate decisions
about whether to continue their use in family and personal meal patterns. Although
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TABLE 4 Identified risks and benefits of traditional food use by northern
indigenous peoplesa

Risks (unknown probability) Benefits (known with certainty)

Effects of low level chronic exposure from: High nutrient density
Heavy metals (Hg, Pb, d, As) Protein, iron, zinc
Organochlorines (aldrin, chlordane Vitamins A, D, E

Cl-benzenes, DDT, dieldrin, dioxin Fatty acids
HCH, PAH, PCB, toxaphene) Other nutrients

Radionuclides (137Cs,134Cs,90Sr, 131Io,
210Po,226Ra,210Pb)

Possible effects from simultaneous multiple Prevention of chronic disease
contaminants: Obesity
Neurobehavioral Diabetes
Developmental Cardiovascular
Immune system Other
Kidney
Cancer

Synergistic effects with drugs, alcohol, other Lower food costs
products

Accidents during hunting/fishing Physical activity in harvest
Known sociocultural values

Cultural identity
Preferred taste, flavors, etc
Favors community sharing
Contributes to children’s education
Contributes the healthiest food
Shows responsibility for others
Participation in nature conservation
Other

aReferences: 1–7, 10–12, 14, 18, 20, 42, 43, 50, 57, 58, 60–62, 66–68, 70, 72, 74, 75, 78, 97, 98, 104, 107, 108,
112–115, 117–120, 128, 129.

not described in detail here, the quality of alternative food from imported market
sources is also part of the equation and decision process. Unlike traditional wildlife
foods, market food sources are monitored for contaminants through domestic poli-
cies and international trade laws; to this extent there is some assurance that food
species and ingredients are safe for consumption. However, the nutrient density
and overall wholesomeness of the market food available to families of indigenous
peoples in the circumpolar North is also to be considered, along with the impact of
this food on patterns of dietary change and frequency of chronic disease, such as di-
abetes and cardiovascular disease (97, 98). Thus, in reviewing Table 4, one should
also consider the chronic-disease, nutritional, sociocultural, and economic effects
of not using traditional food. The alternatives of emphasizing use of poor-quality
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market food weighed against the potential, but largely unproven, health effects
of low levels of contaminants in traditional food consumed seasonally present a
difficult choice, indeed.

In the last section, we mentioned some of the political issues raised by the effects
of pollution in traditional food systems and its impact on indigenous peoples.

Considering the Benefits of Traditional Food System Use

Although multiple contaminant risks of traditional food have been discussed, in-
digenous people also derive many benefits from using traditional food. These can
be grouped by nutrient content, health benefits of traditional lifestyle/hunting, food
preferences, and sociocultural values.

Nutrient profiles of wild-animal and -plant foods are similar to profiles of
domesticated-animal and -plant foods before processing. Meats and fish are rich
sources of energy, protein, minerals such as iron and zinc, and multiple vitamins
such as niacin and pyridoxine. Fats and unsaturated fatty acids are notable ex-
ceptions in this comparison of wild and domestic meat and fish, because their
quantities are less in most wildlife meats than in domestic meats. Traditional food
components of diets of contemporary indigenous peoples have been shown to be
lower in fat and to contain less saturated fat than the market food used to com-
plement their diets (6, 70, 98). Further complementing dietary nutrients are pat-
terns of food use that include nutrient-rich organ meats and other carcass portions
(e.g. brain, stomach, and intestines) not usually consumed from domestic market
meat sources (68, 75). The same ingenuity in traditional food use by indigenous
peoples extends to plants, with many different species and parts of species be-
ing used, some with exceptional nutrient contents (77). Unfortunately, the market
foods derived from plants that are available and used by families of indigenous
peoples do not contain high nutrient density, but provide carbohydrates, energy,
and nutrients through fortification (68, 83, 98). It is the general consensus that
the traditional food of indigenous peoples is the best food that is available to
them.

An important health benefit of traditional lifestyle is conferred in harvesting
of traditional food species. Hunting, fishing, berry picking, and plant harvests are
activities requiring physical activity and experiences in nature. When they are part
of regular activity patterns, these pursuits contribute to fitness and general health,
which has been documented in surveys of traditional food use in northern Canada
(66, 99, 100).

Food preferences by indigenous people invariably include traditional food
species that are prepared as they prefer and appreciated for taste, texture, and
other perceptions of the values of these foods, including their place in routine
dietary structure. Other cultural benefits of the use of traditional food in contrast
to market food include beliefs about food healthfulness and spiritual provisioning,
use of food for its educational value, economic benefits, and place in the social
fabric of community life (72, 107).
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Weighing Benefits and Risks of Traditional Food System Use

Weighing the various benefits of traditional food systems against contaminant
risks is not easily done and cuts across the disciplines of nutrition, toxicology,
environmental policy, and public health practice; each discipline has its unique
perspective. When life-threatening risk is not present in a food source, particu-
larly food that is wildlife based and therefore not under food industry regulations,
decisions are usually left with the harvester and consumer. Consumption advi-
sories based on contaminant residue limits and projected intakes may be issued,
but, unless these are widely circulated and respected, consumption of the food
continues.

There is currently a research gap concerning the perspectives of indigenous
peoples on the benefits and risks of traditional food use and how personal food
choices are made in the total context of family and community life. The social and
cultural factors that influence the choice to continue using a food when advisories
are issued are not well described.

It appears that there is still more good news than bad news about traditional-food
consumption. This is not to say that vigilance is not still required to monitor levels
of persistent contaminants in the environment for their potential effect through
the food chain on human health and to continue monitoring traditional food use.
An excellent example of the good sense needed in decisions to use or not to
use traditional food relates to continued advice to promote breast-feeding. As
a traditional food with multiple known benefits for the infant, the presence of
contaminants recorded to date in milk of lactating northern indigenous women
who consume traditional food of many kinds has not deterred public health advice
to continue breast milk as the best food for infants (108).

Political Issues

The political implications of contaminants found in the traditional food systems of
indigenous peoples are several and are briefly summarized below. A full discussion
of these issues is beyond the scope of this review.

First, it is obvious that there is a need for intense efforts on the international
stage for negotiations to stop emissions of persistent pollutants into the world’s
environment. Knowledge that organochlorines, heavy metals, and radionuclide
contaminants surround vast areas of the planet after transport on air and ocean
currents is now at hand. The presence of these contaminants in food resources
of indigenous peoples is alarming and worthy of the utmost consideration. The
health of the wildlife environments is a matter of concern that is sufficient in itself to
justify pollution controls. Negotiations on the levels of these contaminants are not
easily accomplished and require many considerations, including the use of these
chemicals, particularly pesticides, in rich vs poor countries and the complexities
of monitoring their use.
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An important consideration for many indigenous leaders is that of rights of land
use and harvest of traditional wildlife resources, which are often in competition
with the rights of nonindigenous sports enthusiasts. Competition for indigenous
agricultural lands is well known in international economics. When contamination
of these environments is known, especially from distant sources that bring no
direct benefit to the people affected, it confounds the issue and negotiations, often
introducing the need for compensation to indigenous peoples for their loss of
resources.

It is clearly a political goal to have sufficient research funding and priority
to better understand the chemical and physiological actions of the contaminants
noted in this review. A better knowledge of the contaminants now in environments
and traditional food systems is needed, with particular attention to the effects of
mixtures of these contaminants found in the same food items. It would be beneficial
for industries that contribute these contaminants to the environment to contribute
to the resolution of these problems.

Finally, better controls must be in place for all industries to stop the release
of all contaminants and especially environmentally persistent contaminants. The
effects of these contaminants on all life on the planet are not understood, but what
we do know is not encouraging. The political will and capacity to accomplish this
control can be generated through numerous agencies and ministries within world
governments.

CONCLUSIONS

It is clear that the traditional food systems of northern indigenous peoples contain
multiple organochlorine, heavy-metal, and radionuclide contaminants, the effects
of which are of concern for human health. The same food items containing these
contaminants benefit indigenous peoples in many ways, including nutritionally,
economically, and socially. The nutritional quality of these foods is high, and they
are often the best food alternatives for family use. In addition, the harvest and
preparation of these foods are often an important part of community life.

Risk assessment, evaluation, and management strategies must take into account
both benefits and risks of using this food, the complexities of seasonal use, and the
total dietary intake and health. The knowledge of these contaminants in traditional
food systems of northern indigenous peoples and the associated risks should spur
international economic and political endeavors to reduce industrial pollution and
promote environmental protection.
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Food Use Dene/Ḿetis Communities. Final
Rep.Cent. Indig. Peoples, Nutr. Environ.
198 pp.

100. Receveur O, Kassi N, Chan HM, Berti PR,
Kuhnlein HV. 1998.Yukon First Nations,
Assessment of Dietary Benefit/Risk. Final
Rep.Cent. Indig. Peoples, Nutr. Environ.
154 pp.

101. Sarafian TA, Bredesen DE, Verity MA.
1996. Cellular resistance to methylmer-
cury.Neurotoxicology17(1):27–36

102. Schantz SL, Sweeney AM, Gardiner JC,
Humphrey HEB, McCaffrey RJ, et al.
1996. Neuropsychological assessment of
an aging population of Great Lakes
fisheaters.Toxicol. Ind. Health12(3/4):
403–17

103. Schulz CO, Brown DR, Munroe IC. 1990.
Characterization of human health risks.
Environ. Toxin Ser.3:93–139

104. Strand P. 1998. Radioactivity. InAMAP
Assessment Report: Arctic Pollution Is-
sues,pp. 525–620. Oslo, Norway: Arct.
Monit. Assess. Program

105. Thomas DJ, Tracey B, Marshall H,
Norstrom RJ. 1992. Arctic terrestrial
ecosystem contamination.Sci. Total Env-
iron. 122:135–64

106. Thomas PA, Gates TE. 1999. Radionu-
clides in the lichen-caribou-human food
chain near uranium mining operations in
northern Saskatchewan, Canada.Environ.
Health Perspect.107(7):527–37

107. Usher P, Baikie M, Demmer M,
Nakashima D, Stevenson MG, Stiles M.
1995. Communicating About Contami-
nants in Country Food: The Experience
in Aboriginal Communities.Res. Dep.,
Inuit Tapirisat of Can., Ottawa, Can.

108. Van Oostdam J, Gilman A, Dewailly E,
Usher P, Wheatley B, et al. 1999. Human
health implications of environmental con-
taminants in Arctic Canada: a review.Sci.
Total Environ.230:1–82

109. Vena JE, Buck GM, Kostyniak P, Men-
dola P, Fitzgerald E, et al. 1996. The
New York Angler Cohort Study: exposure
characterization and reproductive and de-
velopmental health.Toxicol. Ind. Health
12(3/4):327–34

110. Vetter W, Luckas B, Heidermann G, Skir-
nisson K. 1996. Organochlorine residues
in marine mammals from the northern
hemisphere: a consideration of the com-
position of organochlorine residues in the
blubber of marine mammals.Sci. Total
Environ.186(1–2):29–39

111. Voldner EC, Li Y-F. 1995. Global usage of
selected persistent organochlorines.Sci.
Total Environ.160/161:201–10

112. World Health Organization. 1981.Ar-
senic. Int. Programme Chem. Saf. Envi-
ron. Health Criteria18, WHO, Geneva,
Switzerland

A
nn

u.
 R

ev
. N

ut
r.

 2
00

0.
20

:5
95

-6
26

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

nn
ua

lr
ev

ie
w

s.
or

g
by

 M
or

eh
ea

d 
St

at
e 

U
ni

ve
rs

ity
 o

n 
01

/0
4/

12
. F

or
 p

er
so

na
l u

se
 o

nl
y.



P1: FHA

June 29, 2000 23:50 Annual Reviews AR103-24

626 KUHNLEIN ¥ CHAN

113. World Health Organization. 1983.Se-
lected Radionuclides. Int. Programme
Chem. Saf. Environ. Health Criteria 25,
WHO, Geneva, Switzerland

114. World Health Organization. 1984.Chlor-
dane. Int. Programme Chem. Saf. Envi-
ron. Health Criteria34, WHO, Geneva,
Switzerland

115. World Health Organization. 1987.Prin-
ciples for the Safety Assessment of Food
Additives and Contaminants in Food. Int.
Programme Chem. Saf. Environ. Health
Criteria 70, WHO, Geneva, Switzerland

116. World Health Organization. 1989.Lead-
Environmental Aspects. Int. Programme
Chem. Saf. Environ. Health Criteria 85,
WHO, Geneva, Switzerland

117. World Health Organization. 1990.
Methylmercury.Int. Programme Chem.
Saf. Environ. Health Criteria 101,WHO,
Geneva, Switzerland

118. World Health Organization. 1991.Alpha-
and Beta-hexachlorocyclohexanes. Int.
Programme Chem. Saf. Environ. Health
Criteria 123,WHO, Geneva, Switzerland

119. World Health Organization. 1992.Cad-
mium. Int. Programme Chem. Saf. Envi-
ron. Health Criteria 134,WHO, Geneva,
Switzerland

120. World Health Organization. 1993.Poly-
chlorinated Biphenyls and Terphenyls.
Int. Programme Chem. Saf. Environ.
Health Criteria 140, WHO, Geneva,
Switzerland

121. World Health Organization. 1998.Sum-
mary and Conclusions: Joint FAO/WHO
Expert Committee on Food Additives,
Presented at 51st Meet., WHO, Geneva,
Switzerland. http://www.who.int/pcs/
jecfa/summary51

122. Wade TL, Chambers L, Gardinall PR,
Sericano JL, Jackson TJ. 1997.
Toxaphene, PCB, DDT, and chlor-
dane analyses of Beluga whale blubber.
Chemosphere34(5–7):1351–57

123. Wageman R, Innes S, Richard PR. 1996.
Overview and regional and temporal dif-
ferences of heavy metals in Arctic whales
and ringed seal in the Canadian Arctic.
Sci. Total Environ.186(1–2):41–66

124. Wageman R, Trebacz E, Boila G, Lock-
hart WL. 1998. Methylmercury and total
mercury in tissues of arctic marine mam-
mals.Sci. Total Environ.218(1):19–31

125. Weihe P, Grandjean P, Debes F, White R.
1996. Health implications for Faroe is-
landers of heavy metals and PCBs from
pilot whales.Sci. Total Environ.186(1–
2):141–48

126. Wein EE, Freeman MR. 1995. Frequency
of traditional food use by three Yukon
First Nations living in four communities.
Arctic 48:161–71

127. Wein EE, Sabry JH, Evers FT. 1991. Food
consumption patterns and use of coun-
try foods by native Canadians near Wood
Buffalo National Park, Canada.Arctic
44:196–205

128. Wheatley B, Paradis S. 1996. Balancing
human exposure, risk and reality: ques-
tions raised by the Canadian Aboriginal
Methylmercury Program.Neurotoxicol-
ogy17(1):241–50

129. Wheatley MA, Wheatley B. 1981. The
effect of eating habits on mercury levels
among Inuit residents of Sugluk, Province
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