
Conceptual Environmental Justice Model for Evaluating
Chemical Pathways of Exposure in Low-Income, Minority,
Native American, and Other Unique Exposure Populations

Risk assessment deter-
mines pathways, and expo-
sures that lead to poor
health. For exposures that
fall disproportionatelyonur-
ban low-income communi-
ties, minorities, and Native
Americans, these pathways
are often more common
than in the general popu-
lation.

Although risk assessors
often evaluate these path-
ways on an ad hoc basis, a
more formal way of ad-
dressing these nonstandard
pathways is needed to ade-
quately inform public health
policy.

A conceptual model is
presented for evaluating
nonstandard, unique, or ex-
cessive exposures, parti-
cularly for environmental
justice communities that
have an exposure matrix of
inhalation, dermal, inges-
tion, and injection. Risk as-
sessment can be improved
by including nonstandard
and unique exposure path-
ways as described in this
conceptual model. (Am J
Public Health. 2011;101:
S64–S73. doi:10.2105/AJPH.
2010.300077)
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ENVIRONMENTAL HAZARDS,

exposures, and risks are not uni-
formly distributed across popula-
tions, and multiple biological and
social factors, including age, pov-
erty, and minority status, intersect
to create unique exposures that
place some individuals at dispro-
portionately high risk of environ-
mental disease. The interplay of
poverty, race/ethnicity, life stages,
and health (including pregnancy
status) is pervasive, complex, and
well documented.1---11 However, it
is easier to find data on disparities
in health outcomes12 than on the
environmental exposure disparities
associated with health disparities.

Many circumstances expose in-
dividuals to hazardous substances
or conditions at levels above those
accounted for in standard risk
assessment paradigms.13 These
high-end exposures (above 95th
or 99th percentile) to common
agents or unique pathways are
usually not encountered in the
general population. Some groups
have nonstandard exposures be-
cause of where and how they live.
For some groups, uniqueness lies
in the multiplicity of exposure
pathways, mixed exposures, or the
interplay of cultural---psychosocial
and economic factors with toxi-
cants.14 The importance of expo-
sure to multiple stressors has been
recognized for 30 years but re-
mains difficult to study, although
study of the interplay of non-
chemical stressors and chemical
toxicology is developing rapidly.15

Conventional methods of risk as-
sessment often exclude outliers or

log-transform them into submis-
sion; these methods must be sup-
plemented with identification of
unique pathways.

We propose a conceptual
framework for identifying impor-
tant but unique pathways that risk
assessors, public health personnel,
and the public can use to ade-
quately incorporate the exposures
of minority, low-income, and tribal
population groups in risk and
health assessments, and to exam-
ine how these exposures contrib-
ute to health disparities. Although
measuring chemicals in human
tissues is the gold standard for
assessing exposure,16 examining
risk factors, nonstandard vulnera-
bilities, unique pathways, and be-
haviors that lead to excessive ex-
posures is also critical. Exposure
assessment is becoming increas-
ingly complex, from consideration
of single exposure pathways with
single contaminants, to complex
evaluations of cumulative chemi-
cal exposures occurring in differ-
ent environmental settings.17,18

We examined exposure sources
that result in disproportionate
environmental burdens on low-
income populations, minorities,
children, Native Americans, and
Native Alaskans, and combina-
tions thereof.

References were identified
through Medline using the key-
words environmental justice, vul-
nerable populations, and exposure
pathways, as well as through table
of contents searches of environ-
mental exposure, risk, and
public health journals, and US

Environmental Protection Agency
(EPA) documents.19 We also
searched for exposure pathways
and specific environmental justice
communities (those exposed dis-
proportionately), such as Native
Americans, low-income popula-
tions, and minorities. After identi-
fying specific exposure pathways
leading to high exposure, we
searched for key words such as
fish and wildlife consumption,
cosmetics, and Asian medicine.
Our synthesis was based on liter-
ature review, study of environ-
mental health and exposure for
35 years, and constructing an
exposure route and pathway
model to synthesize possible
pathways for unique exposures.

UNIQUE EXPOSURES
AND INJUSTICE

Disproportionate environmen-
tal health risks, impacts, and bur-
dens refer to findings that some
populations systematically experi-
ence higher levels of exposure and
risk than the general popula-
tion.20---25 These disparities in ex-
posure and risk may be related to
race/ethnicity, age, sex, nutrition,
exercise, and residence, which in-
fluence the probability of remain-
ing healthy or becoming sick.
However, the common denomi-
nator for environmental justice
communities seems to be low in-
come. For example, air pollution
levels in Washington, DC, are
higher in poorer areas where Af-
rican American populations live,26

a situation that also exists in

TOWARDS ENVIRONMENTAL JUSTICE AND HEALTH EQUITY

S64 | Environmental Justice | Peer Reviewed | Burger and Gochfeld American Journal of Public Health | Supplement 1, 2011, Vol 101, No. S1



Chicago, Illinois; Denver, Colo-
rado; Los Angeles, California;
San Francisco California; and
New York, New York.27 A broad
geographic examination revealed
a greater risk of accidents from
chemical facilities in heavily popu-
lated African American counties
than in others.28 Similarly, eating
self-caught fish often led to dispro-
portionate exposures of minori-
ties29,30 or Native Americans.29---37

In the United Kingdom, minority
communities were disproportion-
ately located near nuclear plants.38

Notably, however, recent research
suggested that when income was
removed from environmental in-
equality, ethnicity remained an
important variable.39,40

Multiple factors, including cul-
tural, social, religious, psychoso-
cial, economic, physical, and
chemical and biological determi-
nants, contribute to dispropor-
tionately high and adverse expo-
sures or impacts. Children often
bear the burden of environmental
risk disparities.41---43 Minority sta-
tus and youth, as well as other
categories (language, underem-
ployment), intersect with low in-
come to create vulnerability.
These population-level disparities
in exposures, risks, and health
impacts may be attributable to
various combinations of ineq-
uities related to harmful expo-
sures, the ability to withstand or
mitigate harm, and limited access
to preventive or therapeutic
actions.

Not all populations that experi-
ence unique exposure pathways
are traditionally identified as ‘‘en-
vironmental justice’’ groups; other
groups also experience dispropor-
tionate occupational exposures by
working in undocumented, non-
unionized, and nontraditional
sectors. Although harmful expo-
sure avoidance can reduce risk,
avoidance may be difficult for

certain occupational, cultural, re-
ligious, or superstitious practices,
as well as food consumption.44

Risk and Exposure

Assessments

Data on unusual pathways are
essential to address questions re-
garding environmental justice and
unique exposures that form the
basis for exposure assessment, risk
assessment,45---48 risk manage-
ment,49 reparations,50---52 cultural
or religious exposures, and inter-
actions of culture and ecology.33,53

Risk assessment continually
evolves to improve toxicology,
exposure assessment, and quanti-
tative approaches,54 with increas-
ing attention to mixtures and cu-
mulative exposures.55

Risk arises at the intersection of
vulnerability and susceptibility
compounded by lack of informa-
tion and inadequate access to
health care. ‘‘Vulnerability’’ refers
to heightened opportunities for
hazardous exposure. ‘‘Susceptibil-
ity’’ refers to intrinsic individual
factors that render some people
more likely to get ill from expo-
sure. As noted, ‘‘place makes the
poison’’ as much as dose does.56

An exposure pathway, that is
the route a substance takes from
source to endpoint and how peo-
ple get exposed, has 5 parts: (1)
a source of contamination, (2) an
environmental media and trans-
port mechanism, (3) a point of
exposure, (4) a route of exposure,
and (5) a receptor population.57

Many toxic substances have
established or typical exposure
pathways. An exposure pathway
becomes nonstandard when it
differs from a known norm in any
of the 5 parts. Standard pathways
of exposure are well adopted by
risk assessors and managers, and
are incorporated into EPA risk
assessment paradigms.48,58---60

Atypical or nonstandard pathways

of exposure are of interest in
exposure assessments for minor-
ity, low-income, and tribal popu-
lations.61

Nonstandard exposure path-
ways occur under 4 circum-
stances: (1) qualitatively nonstan-
dard exposures (e.g., dietary,
medicinal, or cosmetic use of un-
usual plants), (2) quantitatively
nonstandard exposure (i.e., high
consumption rates, children eating
dirt, a very large meal [feast of
fish], high exposure relative to
other foods, body size, or age), (3)
both nonstandard and excessive
exposure (i.e., applying a chemical
or cosmetic to skin, potential ex-
posure to chemicals through cul-
tural activities such as sweat
baths), and (4) inadvertent expo-
sure as byproducts of other con-
sumptive, social, or cultural prac-
tices (i.e., mercury exposure from
cultural practices). Each circum-
stance can be addressed by risk
managers. For example, high
mercury exposure from fish can
be reduced by reducing mercury
in fish (source reduction), pre-
venting exposure through laws,
regulations, or commerce restric-
tions, and preventing exposure by
risk communication to the public.

The EPA method of examining
exposure includes examining cen-
tral tendencies (means, medians),
high-end exposure (e.g., 95th per-
centile), and maximally exposed
individuals.62 Probabilistic risk
assessments use distribution pa-
rameters and techniques, such as
Monte Carlo simulation, to esti-
mate risks.63,64 However, neces-
sary exposure distribution data
may be impossible to obtain for
small or isolated populations, and
for environmental justice commu-
nities where assessment is difficult
because of distrust or access.
Although some studies have dealt
with inequities in health assess-
ments and health outcomes,65,66

particularly for minorities and
Native Americans,67---69 less ex-
plicit attention has been given
to nonstandard, excessive, and
unique exposure pathways that
may underlie health disparities.
High exposures (above 99th per-
centile) are not well addressed in
conventional risk assessments.
Unique exposure pathways that are
atypical for most communities are
often unrecognized in the risk as-
sessment process. Some of these
unique exposures are inadvertently
omitted in the course of standard
risk assessments because they are
not addressed by current default
values or guidelines.

Temporal and Spatial Patterns

of Exposure Pathways

Exposures may occur once,
multiple times, or continually; be
of short or long duration; and
show short or long latencies to
response. Exposures may occur
during a critical developmental
period. Receptor activity and lo-
cations modify the timing of ex-
posure. Fetal and neonatal expo-
sures may be a basis of childhood
or adult diseases70; for example,
prenatal exposure to polychlori-
nated biphenyls resulted in later
cognitive impairment.70,71 Dispro-
portionate exposure related to
race, color, national origin, or in-
come during gestation, infancy, or
childhood could predispose peo-
ple to disproportionate diseases
later in life, and the cause of these
diseases might not be ascribed to
environmental justice issues be-
cause of geographic or socioeco-
nomic mobility.

Spatial issues include identifi-
cation of disproportionately ex-
posed populations who are not
colocated. People who face envi-
ronmental inequities may be
identified in national exposure
databases, but may not be located
in discrete spatial communities.
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Such databases might identify
Hispanics, Native Americans,
Blacks, or others who face a dis-
proportionate adverse health out-
come, but unless they live in
a community that is spatially
identified, it is difficult to address
common exposures utilizing con-
ventional risk assessment ap-
proaches. For example, if 1000
individuals are dispersed within
a larger group of 10000, they
cannot be easily identified or
addressed, in contrast to a com-
munity of 1000 people in a con-
tiguous area with a disproportion-
ate burden from environmental
exposures.

Broad-scale surveys, site spe-
cific surveys, and national data-
bases are beneficial and can be
used to identify environmental
inequities among minorities, eth-
nic groups, and Native Americans
that are not spatially related. For
example, the National Health and
Nutrition Examination Survey
(NHANES) showed that 17% of
women who self-identified as
Asian, Pacific Islander, Native
American, or multiracial had
blood mercury levels over 5.8
micrograms per liter, compared
with 5% for others in the survey.72

These elevated mercury levels
were attributed to high levels of
fish consumption.72 Similarly,

using NHANES data, it was
reported that Asian women had
higher blood mercury than did
others in the data set.73 These
data point toward a common cul-
tural exposure pathway that
should be investigated.

CONCEPTUAL
FRAMEWORK FOR UNIQUE
EXPOSURE PATHWAYS

Building conceptual models
to understand and encompass
unique exposures is critical for the
EPA and other organizations for
risk assessment to become more
realistic. An overarching frame-
work involves (1) understanding
how traditional assessment path-
ways and routes of exposure in-
tersect unique or nonstandard
pathways, (2) identifying nonstan-
dard but important pathways and
routes of exposure, and (3) dia-
gramming unique exposure path-
ways that might occur, whether in
environmental justice communi-
ties or others with nonstandard or
high exposures.

The value of conceptual frame-
works (or exposure trees) identifies
important exposure pathways that
might not be immediately obvious.
Building on the traditional routes
of exposure (Table 1), we devel-
oped a conceptual model for

examining unique and nonstan-
dard exposure pathways that
have particular relevance for en-
vironmental justice communities,
as well as others. Although many
of these concepts were included
in an EPA document,61 they are
not readily available to public
health professionals, risk com-
municators, advocacy groups, or
the general public. Our model
provides a checklist to examine
the range of possible exposure
pathways that are pertinent in
assessing exposure in environ-
mental justice. These pathways
can be cumulative, additive, and
perhaps synergistic, with resultant
disproportionately high expo-
sures. This framework can be
used by risk assessors, public
health officials, and the general
public in health impact and risk
assessments, and for the devel-
opment of health protection
policies for communities and
populations.

The exposure pathways in Fig-
ure 1 involve excesses in recog-
nized pathways (e.g., consumption
of fish, game, or other wildlife; soil
ingestion by children), nonstan-
dard pathways (dermal exposure
from cosmetics or religious or
cultural ceremonies), or unusually
high or prolonged exposures
(sweat baths, excessive meals at

fish fries or feasts). We conclude
that risk assessment methods for
the EPA and other agencies
should encompass a formal rec-
ognition of the pathways illus-
trated in Figure 2, providing
a checklist for risk assessors to
ascertain that all potentially sig-
nificant pathways are assessed
before proceeding to estimate ex-
posure and risk. It is partly a mat-
ter of recognizing that although
there may be a primary pathway
(e.g., ingestion of wild-caught fish),
others (inhalation, dermal) may be
additive or otherwise significant.

PATHWAYS THAT
MAY RESULT IN
DISPROPORTIONATE
EXPOSURE

Nonstandard exposures typi-
cally result from activities that fall
into categories such as consump-
tive and nonconsumptive resource
use; maintenance and cosmetics;
medicinal, religious, and cultural;
inadvertent; and eco-dependency
webs and eco-cultural attributes
(relationship of culture and ecol-
ogy). Consumptive resource use
refers to activities that extract re-
sources from ecosystems (e.g., fish,
game, plants), and nonconsump-
tive refers to activities that do not
(e.g., hiking, bird-watching, vision
quests).74 Maintenance and cos-
metics refer to exposures that re-
sult from applying cosmetics or
maintaining the body.75,76 Inad-
vertent exposures occur without
intent and do not fit into the other
categories (e.g., workers bringing
home contaminants on their
clothes), or occur as an interaction
between ecology and culture.33,53

Regardless of the exposure type,
scenario-specific data are essential
to estimate exposure.77---81 Risk
assessors must be aware that
evaluating environmental justice
communities means researching

TABLE 1—Exposure Matrix for Major and Minor Exposure Pathways

Exposure Pathways

Means of Intake Air Water Soil or Dust Food

Inhalation Major route Showering (volatiles) Major route

Ingestion Deposition on food Major route Major route;

toddlers also

gardeners, farmers

Major route

Dermal Some organics

through showers

or swimming

Some organics

from muds and

slurries, farms

Source. Adapted from Gochfeld, M. An exposure matrix for multimedia environmental exposures. Environmental and Occupational Health
Sciences Institute, Piscataway, New Jersey; 1996.
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site- and activity-specific data for
these groups.

Consumptive Resource Use

Consumptive resource use re-
fers to removal of resources by
hunting, fishing, or harvesting

food, fiber, medicines, or other
products, which leads to ingestion
of fish, fowl, meat or vegetables
that may contain harmful chem-
icals. The term subsistence often
implies that persons must gather
or hunt foods because they cannot

obtain or afford commercial food.
However, for Native tribes such
traditional uses often reflect pref-
erence rather than need, although
many recreationists also have high
exposure levels. Because these
exposures are related to nutri-
tional, cultural, or religious needs,
they may go unnoticed or under-
estimated in a normal exposure
assessment.

Information needed for expo-
sure assessment includes (1) tar-
get population identification; (2)
where they are exposed; (3) daily
and seasonal consumption pat-
terns (biota species, parts, prepa-
ration method); (4) sporadic peak
consumption events (feasts and
socials) that can result in poten-
tially harmful peak exposures,
particularly during pregnancy82

or critical developmental periods;
and (5) inadvertent consumption
(e.g., children ingesting soil). Pica,
the deliberate consumption of
objects considered inedible (e.g.,
soil, paint chips, chalk, soap), is
an important component of con-
sumptive exposure scenarios.
Geophagy (eating clay or soil) is
a type of pica that can be caused
by nutritional deficiency among
poor pregnant women, but cul-
tural determinants also exist
(clay ingestion among pregnant
women is a norm in Africa and
African American communi-
ties).83

Although exposure to commer-
cial foods is not usually considered
a unique exposure, it is not un-
common for people to consume
canned tuna fish daily and regu-
larly feed it to children. This is
a significant source of mercury
exposure.84 Although excessive
consumption of canned tuna may
be a function of low-income, eat-
ing fresh, predatory fish may be
related to high income.85 Fish
consumption has been identified
as the most common pathway for

human exposure to hazardous
substances.86 The balance be-
tween traditional foods and com-
mercial foods, an issue faced by
many Native Americans, remains
complex and results in risk bal-
ancing (one food type vs another)
among different subsistence and
commercial foods.87---89

Unpredictable delivery of food
may affect consumption patterns,
thus leading to unique or exces-
sive exposures in isolated com-
munities where commercial
foods are not regularly available.
For example, Aleuts living on
remote islands in the Aleutian
chain (some are 1500 km from
mainland Alaska) have irregular
and unreliable deliveries of
commercial foods, which in-
creases dependence on subsis-
tence fish and game that may
be contaminated.

Ingestion Pathways for Food

and Drink

The risk from consumption of
food and drink has received the
most attention, particularly for
minorities, low-income families,
Native Americans, and others. The
major difficulty is that site- or
community-specific data on con-
sumption are not usually available
for most groups of interest. Data
on the trade-offs between tradi-
tional foods and commercial items
is seldom examined in detail, but
many Native American families
desire more wild-caught fish and
meat (up to 94% of families for
Cree),87 and many gardeners
value home or locally grown pro-
duce over store-bought food. Or-
ganic and ‘‘locavore’’ movements
have increased this preference.
Risk assessors also need to con-
sider that consumption rates may
increase as waters are less pol-
luted.89 The Boldt decision90

cited 500 pounds per capita as the
Treaty rate for fish consumption

Outline of potentially unique exposure pathways we developed for

environmental justice communities.

Consumptive uses (ingestion)

Daily and seasonal consumption patterns of wild-caught or gathered foods

Daily and seasonal consumption of unusual commercial foods or herbs

Daily and seasonal consumption patterns of wild foods by biota species and parts

Daily and seasonal preparation patterns for wild foods or unusual commercial foods

Unusual consumption patterns by group, age, gender, or season

Presence of high 1 meal per day consumption (feasts, fish fries, socials)

Geophagy (e.g., children intentionally eating dirt, southern pregnant women [pica])

Species, types, seasonality, and exposure from commercial foods versus wild foods

Maintenance and cosmetic uses (inhalation, ingestion, dermal)

Occurrence of tribal sweat baths

Use of sand or soil or plant material for maintenance or cosmetics

Use of usual commercial materials for cosmetics

Use of unique substances for religious/cultural practices (such as cultural use of mercury)

Temporal patterns: daily and seasonal, frequency, duration

Medicinal, religious and cultural uses (ingestion, inhalation, dermal)

Types of medicine and healing practices (allopathic and others)

Species, types, seasonality, and exposure from herbs or other medicines

Potential role of commercial medicinals in relation to self-gathered

Types and frequencies of religious events or ceremonies (individual or communal)

Types of on-site, nonconsumptive uses, such as vision quests or dream quests

Folk or cultural medicines (e.g., Ayurvedic, mercury)

Temporal patterns: daily and seasonal, frequency, duration

Lifestyle exposures: alcohol, tobacco, pharmaceutical

Contribution of commercial versus self-gathered medicinals

Eco-cultural dependency webs and eco-cultural attributes as exposure

pathways (all forms)

Occupational exposures and inadvertent exposures (inhalation, ingestion, dermal)

Unique exposures and coexposures

Take-home exposures from any occupation

Nonpoint source exposures (inhalation)

Air pollution and exhaust fumes

Traffic

Hazardous waste sites or landfills

Building-related exposures (inhalation, ingestion)

Housing stock age and condition

School age and condition

Pesticides, lead, mold

Residences above or next to small industrial sources
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from the Columbia River.37 This
equals a consumption rate of 620
grams per day, much higher than
current consumption (or risk as-
sessment assumptions). Tribes ar-
gued that anthropogenic contami-
nation of their fish should have
been reduced to a level that
allowed resumption of this his-
toric consumption rate. At a
hypothetical preindustrial level
of 0.01 micrograms per gram
of mercury in fish tissue, a 70-
kilogram person consuming 620
grams per day would have
ingested 0.08 micrograms per
kilogram per day, thereby not
exceeding the current reference
dose.

A framework presented for
determining how to select appro-
priate exposure rates for fish con-
sumption concluded that individ-
ual intake rates were lower for (1)
individual bodies than for multiple
bodies of water, (2) sport-caught
marine fish relative to sport-caught
freshwater fish, and (3) moving
waters than from still waters.91

Determining consumption for
high-end fish consumers (or other
self-caught or gathered food) is the

most important factor, rather than
determining consumption rates for
an entire population (many of
whom may not consume wild
foods), if the goal is to set stan-
dards that are protective for all.
However, intake information for
these populations is not readily
available. Determining dietary ex-
posure for any population is not
a simple procedure,92,93 because
many studies rely on recall. A
cohort study for New York State
anglers, however, found that food
frequency recall methods were
a viable approach.94

Populations Uniquely Exposed

Through Consumptive

Resource Use

Ideally, to determine risk from
consumption, the following infor-
mation is required: meal fre-
quency and size, fish species and
parts, seasonal changes in avail-
ability or preference, exposure
duration, cooking method, and
body weight of the consumer
(see the box on the previous
page).53,78,95---98 There are 2 basic
sources of information on inges-
tion: national and site-specific

surveys. The former provide
information for the general pop-
ulation, but may seriously under-
estimate consumption categories
for special communities. One of
the major difficulties with as-
sessing exposure from consump-
tion is the lack of uniformity in
reporting information, even from
questionnaires or surveys; often
the number of fish meals per
week is reported, without pro-
viding information on meal size
or type.99 Usually children eat
the same number of meals as
their parents, but in less quan-
tity.99

The number of fish meals eaten
varies by age, gender, season, and
fish species.99,101 For example,
Vietnamese immigrant women
consumed 3 times as much in
spring and summer compared
with fall and winter.102 Similarly,
the Ojibwa in Northern Ontario
had 3 times higher fishing rates in
October and November than in
February, April, and September,103

yet the Ojibwa from the Great
Lakes consumed the most fish
from April through July.104 The
Chippewa Indians consumed fish

nearly 5 times as often in April
and May, compared with Octo-
ber.105 This finding suggests that
site-specific information on sea-
sonal patterns of consumption is
critical to assessing exposure.

The information varies de-
pending on the recall period,106

making comparison among groups
difficult. Number of fish meals per
time period, however, has been
the measure of fish consumption
used in many studies; meal size is
either assumed, or less often, esti-
mated from fish models. Meal
size for risk assessments is often
considered to be 4 to 6 ounces
(114---170 g). However, this is gen-
erally an underestimate for Native
Americans and many others,89

and varies depending upon the
type of fish.107 For example, for
a general population living in New
Orleans, average meal size varied
from 16.3 to 32.6 grams for
shrimp, from 16.3 to 32.6 grams
for tuna, from12 to19.5 grams for
crawfish, and from 10.4 to 30.8
grams for other fish per meal.107

To be maximally useful, con-
sumptive rates (grams per day)
should be site-specific. Even with
such data, the rates used in the risk
assessment must be selected by
the risk assessor. For example,
a general population survey of
1000 New Jersey residents esti-
mated that the arithmetic mean
was 50.2 grams per day, geomet-
ric mean 36.6 grams per day, and
90th percentile 107.4 grams per
day.108 Also, data for the entire
distribution should have been
made available, but this is not
common practice. Most studies
give only means (or medians)
with variances, although some
provide consumption patterns
for different age classes and for
means, 75th, 90th, 95th, and
99th percentiles, and maximums
(or some combination).109---111These
data are useful for examining the

Source. Environmental and Occupational Health Sciences Institute, Piscataway, New Jersey.

FIGURE 1—Main pathways of exposure for human risk assessment.
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most highly exposed individuals
within a population.

Exposure is a product of con-
sumption rate and contaminant
concentrations in the foods con-
sumed. The difficulties with deter-
mining contaminant concentrations
in food involve lack of information
about specific fish consumed (spe-
cies, size), as well as the conversion
from whole fish tissue to fillets (the
portion usually eaten),112 which
could be solved by having updated,
clear EPA guidelines. Also, distinc-
tions need to be made between self-
caught or self-grown food, com-
mercial foods, and those obtained
from other sources.92 People with
the highest consumption levels may
have the highest proportion of self-
caught fish in their diet.77

Nonconsumptive Exposures,

and Eco-cultural Dependency

Webs and Attributes

Although gathering, fishing, or
hunting can result in high or
unique exposures from ingestion,
nonconsumptive uses of environ-
ments can also expose communi-
ties to risk from contaminants.
Nonconsumptive use refers to
walking, hiking, biking, watching
birds, photographing, visiting sa-
cred or ceremonial grounds in
natural habitats, or otherwise us-
ing a habitat without removing
resources. This exposure pathway
can result in exposure from in-
halation (dust or volatiles), unin-
tentional ingestion (swallowing
water while swimming or fishing),
or dermal exposure (getting

contaminated soil or water on the
body). Traditional risk assessment
includes inhalation of dust or vol-
atiles and inadvertent ingestion
of soil as pathways, but does not
incorporate other atypical activi-
ties (camping, sweat baths), which
may predispose some individuals
to high exposures.

One class of unique exposures
that is not usually considered in
traditional risk assessment59 is the
cumulative and collective risks
from contaminants involved in
eco-cultural dependency webs and
eco-cultural attributes.33,53 These
concepts were developed using
the values and ecological, social,
and religious approaches of
American Indians. Eco-cultural
attributes refer to the ecological

factors that affect human health
and well-being (in addition to
goods and services), including
perceived exposure and degrada-
tion of cultural and religious ac-
tivities or events that depend upon
intact ecosystems. Eco-cultural
dependency webs tie together
goods, services, resources, aes-
thetic, and other cultural aspects
of on- and off-site systems to form
interconnections that are impor-
tant to Native Americans.33

Both eco-cultural dependency
webs and eco-cultural attributes
involve complex interactions be-
tween ecological resources and
services, the ecological basis for
cultural, medicinal and religious
activities, and sacred events, and
a worldview of the integration of
all aspects of life. This approach
involves not only equity within
this generation, but between
generations.32,35 Native Ameri-
cans have a holistic view of
pollution, exposure pathways,
routes, and scenarios encom-
passing social and psychological
effects, as well as traditional
knowledge.113

Maintenance and Cosmetics

Many cosmetics undergo toxi-
cological and dermatological test-
ing before being placed on the
market. However, a wide range of
imported products (and some do-
mestic products) are not tested,
and those that are self-collected or
self-produced may also result in
unintentional exposures. Herbs,
remedies, and cosmetics from
Asia have been associated with
potentially serious toxic effects.114

Women from India may put a cir-
cular red mark (bindi or kumkum)
on their forehead, and traditionally
these contain a lead pigment, as
well as coal tar, toluidine, eryth-
rosine, and red calcium salt that
causes discoloration of the skin
with long-term exposure.76,115

Source. Environmental and Occupational Health Sciences Institute, Piscataway, New Jersey.

FIGURE 2—Expanded conceptual approach to exposure pathways for human risk assessment, particularly

for environmental justice (EJ) communities.
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Lead poisoning can occur from
Asian tongue powder,116 and al-
though these reports were about
products purchased outside the
United States, these products can
be obtained in the United States117

N-Nitrosodiethanolamine, a com-
pound that produces liver tumors
in rats, has been detected in cos-
metics, hand lotions, and hair
shampoos in concentrations as
high as 48 micrograms per
gram,75 although presumably
these concentrations are now
lower. This chemical can damage
the skin.118

For exposure assessors, the task
is to determine the exposed pop-
ulations (e.g., Chinese, Indian),
spatial distribution and availability
of these products, information on
toxic concentrations, and rate of
use. Questions surrounding expo-
sure include: how often is the
substance used, for what part of
the day, for how many years, and
in what demographics (e.g., age,
gender, socioeconomic status, eth-
nic background). Some forms of
eye makeup, for example, may be
used mainly at night, or during
ceremonies or holidays. These
practices need to be quantified by
risk assessors. Some other prac-
tices, such as Native American
sweat baths, may expose practi-
tioners to both dermal and inha-
lation risks if the water is contam-
inated, particularly given their
extended use.32,33 Although these
activities clearly have cultural
and religious significance, they
also serve to cleanse the body.
Sweat baths are of interest be-
cause frequency and duration
can be extensive and can involve
inhalation exposure for many
hours and several days.

Medicinal, Religious, and

Cultural

Medicinal, religious, and cul-
tural practices can involve many

exposure routes. Exposure can
occur through consumption of
plants, animals, or other products
(even soil), through dermal expo-
sure (paints or other decorations
for ceremonies), or through herbs
or other supplements taken for
health reasons. These exposures
are combined here because they
are unregulated. Kelp herbal
supplements have been impli-
cated in arsenic toxicosis.119 This
finding is of broader interest be-
cause some Native Americans,
Asian immigrants, and others use
kelp as food and may consume
great quantities,119 particularly at
times when other foods are less
available.

Some herbal medicines used by
Indian and Chinese populations
contain toxic heavy metals or un-
identified or labeled drugs other-
wise requiring prescriptions. In-
clusion of heavy metals can be
intentional or accidental.121,122

Asian Indian medical systems (e.g.,
Ayurveda and Unani) have a his-
tory of herbal medicines; heavy
metals are regular constituents of
remedies,121,122 and these herbal
medicines are distributed to many
countries (including the United
States). Lead poisoning may occur
from some Ayurvedic medi-
cines.123 A study of these remedies
from India showed that a signifi-
cant proportion contained lead
(64%), mercury (64%), arsenic
(41%), and cadmium (9%). Some
reports noted adverse effects, even
in the United States.122 Indian
scientists who examined 31 Ayur-
vedic formulations and found that
all exceeded 1 part per million
mercury and 16 exceeded 100
parts per million.121 It was found
that 20% of Ayurvedic herbal
medicine products sold in Boston
contained heavy metal levels that,
if taken as directed, would exceed
the published regulatory stan-
dards for each metal.117 These

adulterations have resulted in
adverse health effects and ill-
nesses,121,122,124 as well as adverse
effects from their interactions with
prescribed drugs.125,126 The levels
of lead and cadmium were above
World Health Organization per-
missible limits in samples of herbal
drugs from India.127 Cases of lead,
arsenic, and mercury poisonings
related to these products have
been recorded.114

Similarly, Chinese traditional
medicines are associated with
heavy metal poisoning from mer-
cury, cadmium, arsenic, copper,
and thallium.128 A study from
California found that 18 of 251
traditional Chinese medicines
contained undeclared pharma-
ceuticals, including high levels of
lead, mercury, and arsenic.129

These herbal medicines have the
potential to cause adverse health
effects, and prevalence of use in
the United States needs to be
examined, particularly in Asian
communities, health-conscious
Americans trying alternative rem-
edies, and recent immigrants.
These reported adverse effects129

from herbal remedies indicate that
exposure assessors need to exam-
ine medicinal, herbal, and cos-
metic pathways.

Asian patent medicines have
gained widespread popularity in
the United States but escape
regulation, despite containing
heavy metals and other toxic sub-
stances.124 Botanicals, Asian medi-
cines, vitamins, and minerals are
regulated under the Dietary
Supplement Health and Educa-
tion Act, which requires proof of
danger, in contrast to pharma-
ceutical regulation, which re-
quires proof of safety.130 Risk
assessors and clinicians should
be aware that supplements and
traditional medications may be
an important pathway for toxic
exposure, particularly given the

new globalization of herbal med-
icines, cosmetics, and foods.131

Ayurvedic medicines obtained
on the Internet had similar levels
of metal contamination to those
manufactured in the United
States and in India.117

Remedies used by Mexican
families include azarcon and
greta, lead oxide powders, con-
taining up to 95% lead used
for vomiting and colic in chil-
dren,132 and 7% to 12% of sam-
ples of Mexican families in Los
Angeles acknowledged using
these medications.133 Hmong
children are often treated with
‘‘pay-loo-hah’’ for rash or fever,
which contains up to 90% lead
as well as arsenic, and has
caused clinical poisoning.133

Several types of information
should be assessed for high-
risk groups, some of which are
low-income populations or mi-
norities in urban environments
(see box on page S67 and
Figure 2).

RECOMMENDATIONS

Nonstandard or unique expo-
sure pathways can lead to dispro-
portionate exposures for minority,
low income, Native American, and
other populations that should be
taken into account by risk asses-
sors and public health officials.
Some of these pathways are
accounted for by risk assessors
on an ad hoc basis, but unique
exposure pathways may not be
included. We believe the impact
of these unusual pathways is
greater for racial/ethnic minori-
ties, low-income populations,
and Native Americans because
of cultural and traditional prac-
tices, language barriers, and lack
of access to health protective
information.

Without a formal framework
for evaluating the importance of
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these nonstandard or unique
pathways, the EPA may miss im-
portant risks to the most highly
exposed and disproportionately
impacted populations, and there-
fore not develop sufficiently pro-
tective actions. A concerted effort
is required to capture important
data, highlighted in this concep-
tual model, and to translate this
information into guidelines for
risk assessors. Sometimes indi-
viduals, or small populations, are
dispersed within a larger popula-
tion that might make it difficult to
identify the pathways shown in
Figure 2.

Recognizing that there are pop-
ulations with poorly quantified
exposures is the first step in im-
proving risk methodology and
protecting public health. We sug-
gest several tiers of actions and
research that are needed to move
risk assessment forward to identify
and assess unique and nonstan-
dard exposure pathways. We rec-
ommend the EPA start with the
conceptual model shown in Figure
2, and a list of potentially impor-
tant, nonstandard exposure path-
ways as shown in the box on page
S67 and develop a more compre-
hensive list of pathways. These
should be developed as guidance
on how to evaluate the importance
of these pathways for specific
types of assessments. This guid-
ance might include checklists for
types of pathways to include for
assessments regarding Native
American populations, low-in-
come urban populations, or other
types of environmental justice
populations.

Additional recommendations in-
clude (1) updating fish consump-
tion guidance to reflect the needs
of ethnic minorities, low-income
populations, and Native Ameri-
cans; (2) encouraging researchers
to report the distributions of
their exposure data, highlighting

distributions in the 95th and 99th
percentiles; (3) collecting data
on site-specific contaminants in
foods; (4) targeting data collec-
tion on populations that depend
on self-caught versus commercial
food; and (5) collecting and synthe-
sizing robust site- and population-
specific information, including
patterns of use. Such efforts can
be achieved through ethnic stud-
ies that identify highly exposed
populations and elucidate cultural
and traditional practices, behav-
iors, foods, medicines, meal sizes,
foods, fish and wildlife species,
and consumption rates for med-
icines and foods for these popu-
lation groups. Although such
information is not easily incor-
porated into national-scale risk
assessments, they are informa-
tive in the development of poli-
cies to protect human health.
Policies that protect highly ex-
posed populations are likely to
be more protective than policies
not based on such groups. In
protecting these highly exposed
populations, standards have to
be strict, which should poten-
tially narrow the inequality gap
between groups with high or
unique exposures and those with
much lower exposures.

Generating these data will en-
able the EPA and risk assessors to
evaluate risk for ethnic/racial mi-
norities, low-income populations,
and Native Americans. If protect-
ing public health includes protect-
ing those who are disproportion-
ally impacted, consideration of
nonstandard or unique exposure
pathways that lead to that dispro-
portional impact must be part of
the solution. j
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