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Executive Summary

Introduction

Although much has been written about the
physical health effects of toxic substances and
much research is underway today, there has not
beenacompilation of the social and psychological
effects that exposure to toxic substances can
engender. In September 1995, ATSDR co-
sponsored with Emory University and the
Connecticut Department of Health, an expert
panel workshop on the Psychological Responses
to Hazardous Substances. The purpose of this
workshop was to thoroughly explore and examine
all that is known about how communities and
individuals respond socially and psychologically to
hazardous substances and the possible effects of
those responses on their health.

Topresentabroad view of this complex and
intertwined subject, many different perspectives
and viewpoints are presented. Both community
members and scientists from differentdisciplines,
including social, psychological, and neurological,
were invited to interact and present their opinions.
Whatemerged from the panelsisan initial attempt
to define and discuss a newly emerging public
health issue—how to respond to the psychosocial
distress incommunities affected by exposures to
hazardous substances.

The approach taken during this workshop reflects
the complexity of the topic to be examined. The
workshop used the holistic biopsychosocial
model asits underpinning philosophy. This
model, as opposed to the Cartesian dualistic
model, which defines the body as separate from
the mind, assumes that health isan intertwined,
inseparable entity made up of biological,
psychological, and social factors. Therefore, not
only were physical factors (e.g., hazardous
substances and their potential impact onthe
nervous system) and the physical effects of
psychological stress under discussion, butalso
how psychological coping skillsand social

influences operating at Superfund sites can affect
the health of both individuals and communities.

The workshop consisted of three panels focusing
onthree setsof issues. Panel One (Biomedical
and Psychophysiological Effects) examined the
possible biological effects on the public’s health
related to the chronic stress documented to occur
incommunities near hazardous waste sites, as
well as how to perform neurobehavioral testing to
differentiate between neurotoxic effects of
chemicals and psychological stress effects onthe
nervous system. Panel Two (Community and
Social Science Perspectives) discussed how
people respond psychologically to exposures to
hazardous waste and the effect social and cultural
factors have on community reaction to hazardous
waste sites. Panel Three (Protectingand
Promoting Psychosocial Health) began
developing public health strategies to preventand
mitigate psychosocial distress related to
exposures to hazardous substances.

Workshop Findings

Thefirst panel had the task of examining the
biological portion of the biopsychosocial
responses to exposure to hazardous substances.
Thisareainvolves many topics suchas:

. How does the chronic stress, described in
studies of communities near hazardous
waste sites, affect public health, ifatall?
To what disease states would it render
people susceptible?

. In caseswhere sufficient levels of
community exposures to neurotoxins have
occurred (e.g., spills), can organic effects
from exposure be differentiated from
psychological effects of the trauma of
being exposed to aspill or high-dose
exposure?
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The neurobiology panel noted the significant lack of
information available on the subjects they were
givento consider. They stated that more studies are
needed on how often communities near hazardous
waste sites suffer chronic stress reactions. Thereis
however much that is known about psychological
stressand how it affects health. Psychological stress
causes both psychological changes that can be
measured by self-reports and objective tests as well
as physical changes such as increased blood
pressure, heart rate, and biochemical parameters
(e.g., changes in stress hormones). Stress reactions
have been studied in both individualsand
communities near hazardous waste sites but the
study of the full effect onthe public’s health, in
terms of specific disease outcomes, isstill in the
very early stages.

The panel discussed ways to clinically examine an
exposed individual and differentiate whether or not
the results seen are from neurotoxic chemicals or
stress. The importance of careful history-taking
(especially to determine exposure parameters) was
emphasized as well as the importance of correctly
interpreting the results of neuropsychological test
batteries.

The second panel, Panel Two, was composed of
psychologists, social scientists,and community
members, (along with all the other panels) who
outlined the unique aspects of the psychological and
social responses to toxic exposures and the reasons
behind these responses. One of the firstand most
important points they emphasized was that the
viewpoint of the exposed person is crucial to
understanding the diverse reactions that can occur
inaffected communities; that community members
must be accepted as experts on their own
community. A second significant point made was
that the majority of the responses people have to
exposure to toxic substances are normal (i.e.,
normal people behaving normally inan abnormal
situation).

There are many reasons why psychosocial
responses to hazardous substances are unique.

Unlike the damage and injuries caused by a natural
disaster, many toxic substances are invisible to the
senses. Thisinvisibility resultsin feelings of
uncertainty. People cannot be sure without
instrumentation if they have been exposed to a toxin
and to how much they have been exposed. Also,
due to the lag time between exposure and the
appearance of a chronic disease related to the
exposure (e.g., mesotheliomaasaresult of asbestos
exposure), itis very difficult to relate past exposure
to subsequent disease. Health outcomes therefore
are uncertainand leave individuals with a loss of
control. Two areas where people have the most
difficulty coping are with uncertainty and loss of
control.

Inthe face of no external cues and uncertain
circumstances, each person affected by a hazardous
exposure develops their own beliefs about the
nature of the resultant harm. These beliefs are based
on the facts available to them, pre-existing opinions,
cultural factors, sensory cues, and the beliefs of
leaders and others in the community. On the other
hand, scientists tend to rely on objective data
produced by specialized testing that is subject to
statistical analysis. The results of surveysand
studies are highly technical and may be difficultto
explaintoalay audience that may not share the
same underlying beliefs and values as the scientist.
Also, technical experts may and frequently do differ
intheir interpretation of the data.

This lack of external validity makes a shared
community consensus (i.e.,acommon point of
view) difficultto achieve. Many sociologists have
noted that communities affected by hazardous
exposures tend to split into factions centered
around shared viewpoints.

The generally long life cycle of ahazardous waste
site and slow response for clean up canalso straina
community’s patience and lead to much frustration.
Atthe beginning or incubation period, the threat
exists but itis not recognized. During the discovery
phase, the hazard is discovered and the community
learns of its existence. Atthis point, unlike anatural
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disaster, which hitsand has a low point after which
recovery can begin, the response to a hazardous
waste site can take 12 to 20 years. The length of
this response tends to embed communitiesina
cycle of discovery, warning, threat, and impact with
eventual recovery taking place over avery long
period of time.

One theme repeatedly mentioned by community
members and social scientists was the importance
of understanding how each community is affected
individually by its nearby hazardous waste site.
Culture can have a strong effect both on how
governmentagencies involved in the Superfund
process are perceived and on how the community
responds to the contamination. For example,
contamination may disrupt traditional lifestylesand
ties to the land and result in much more than
physical or economic damage to acommunity or
tribe. Cultural considerations also must be taken
intoaccountincommunicating and working with
communities.

Thethird panel, Panel Three, was composed of
psychologists, disaster relief specialists, and
community membersand looked at solutions to the
problems facing communities and tribes affected by
toxic substances. One cause of the demoralization
found in Superfund communitiesisafeeling of
isolation because many people have not shared the
experience of what possible exposure to toxic
substancesis like. Another cause is the difficulty of
working with and trusting acomplicated, multi-
agency cleanup process. Panel Three made many
suggestions for solutions based on past experience
with disaster reliefwork:

. A community needs assessment based on
listening to the desires of acommunity is the
critical first step in shaping the design of
interventionand adapting an intervention to
fitacommunity. The community’s
permission and input should be obtained
before implementing any interventions to
reduce stress inthe communities.

. The 14 key concepts of disaster mental

health are crucial to guiding interventions in
communities near hazardous waste sites.
The key concept of disaster relief is that
disaster stress isanormal response toan
abnormal situation and that most people
involved inadisaster require practical
assistance dealing with problems
engendered by the disaster. There needs to
be recognition of the special problems of
Superfund communities.

. There are specific strategies that have been
used in relief work for natural disasters for
many years that could be modified to use
with communities affected by hazardous
substances. These include early
intervention, validation of the reality of
disaster-related stress, educating people
about the normality of disaster-related
stress, allowing people to tell their story,
and involving the community in the design of
disaster reliefactivities.

. A primary way to prevent or lessen
demoralization inthese situations isto help
citizens gain atrue sense of control over
their situation. As muchas possible,
residents need to be involved inthe
decision-making and problem-solving
processes involved inthe public health
response to and the cleanup of their
community.

. Education regarding the normality of stress
related to hazardous substance exposures
needs to be given to both community
members and responders from the various
agenciesinvolved.

Data Gaps and Future Steps

Disagreement existed among the expertsregarding
the amount of data available on the range of
psychosocial reactions at hazardous waste sites.
Some feltthe evidence was overwhelming, others
feltthere was a need for more precise
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epidemiological studies measuring the levels of
stress in communities near hazardous waste sites.
Panel One outlined many data gaps, which, if filled,
would clarify the public health significance of
psychosocial distress following exposure to
hazardous waste sites. To fill these gaps,
instruments are needed to

. measure stress incommunities affected by
hazardous exposures;
. determine how special populations such as

the elderly, children, and ethnic groups
respond psychologically to hazardous
exposures;

. estimate the time course of the chronic
stress reaction at these sites;

. determine how health outcomes related to
the stress of the exposures can be
quantified;

. establish long-term studies of the physical
effects of neurotoxic substances onthe
developing nervous system; and

. understand how aging affects the nervous
system’s response to neurotoxins.

Panel Two emphasized the strong need to
understand how culture affectsan individual’sand
community’s psychosocial responses to hazardous
substances and to the chance of exposure to toxins
dueto different lifestyles. This panel also stated the
need to respect each community’s values. The third
panel identified program evaluation as an important
areato develop when implementing public health
intervention strategies designed to reduce stress.

Atthe conclusion of the workshop, ATSDR
identified five future steps to address the issue of
psychosocial effects incommunities near hazardous
waste sites:

1. Produceaproceedings of this expert panel
workshop,

2. Publisharticlesinthescientific literature
regarding the psychosocial effects found in
communities exposed to hazardous substances,

3. Writeatraining handbook for local and state
public health officials on ways to minimize stress

in Superfund communities,

4. Developdirectinterventionsincommunities
faced with exposures to hazardous substances,
and

5. Developandimplementanoverall public health
strategy to help preventand mitigate
psychosocial distress found in Superfund
communities.

Thisworkshop was the first step inthe
implementation of ATSDR’s Division of Health
Educationand Promotion’s Psychological Effects
Program. The Program comprises a4-phased
approach: Phase 1Define current science and
practice, Phase 2Develop anaction plan,
Phase 3mplementapublic health action plan,
Phase 4Build capacity and evaluation efforts.

The Psychological Effects Programwill provide
communities with the basic information necessary to
help them cope with the stress of environmental
contamination and potential relocation because of
environmental hazards. The Programwill also
provide training for health care providers, social
workers, and others to ensure they have the
information needed to help reduce adverse health
effects associated with the stress from exposure or
possible exposure to hazardous substances.
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n September 12 and 13, 1995, the Agency for

Toxic Substances and Disease Registry (ATSDR)
convened an expert panel workshop on the psycho-
logical responses to hazardous substances. Participants
were asked to discuss an integrated approach to
addressing the neurobiological, psychological, and
social health effects found in communities near
hazardous waste sites or following a chemical spill. An
integrated approach to this issue was achieved by
inviting experts from many different disciplines, as
well as public health personnel and concerned com-
munity members, to share their viewpoints and
experiences.

The workshop was organized into three panels:

Panel One— Biomedical and Psychophysiological
Effects—discussed the potential public health conse-
quences (both physical and psychological) of a chronic
stress response, which has been documented to occur
in some residents of communities located near
hazardous waste sites or following a chemical spill.
The panel outlined ways to approach how to define
the health effects caused by chronic stress.

Panel Two— Community and Social Science
Perspectives—discussed psychosocial effects in com-
munities near hazardous waste sites and made
suggestions regarding ways of reducing possible
stress caused by these factors.

Panel Three— Profecting and Promoting Psychoso-
cial Health—began developing public health strate-
gles to prevent and mitigate distress related to

INTRODUCTION

exposures to hazardous materials in communities
near waste sites.

Panel candidates were identified through
nomination by their peers or through a literature
search for authors of publications on the
neurobehavioral and psychophysiological effects of
residence near hazardous waste sites. Panelists were
selected to ensure representation with respect to
relevant scientific disciplines and affiliations,
including community members.

During the workshop, the panel members did not
attempt to reach a consensus of opinion but to
express a broad spectrum of viewpoints. This report
summarizes the highlights of those discussions along
with salient information from the background
literature. This report includes the advice and recom-
mendations of each panel as well as advice and
recommendations on overarching issues presented to
all three panels. The panels also identified critical data
gaps and knowledge needs that must be addressed to
develop effective science-based public health strategies.

The opinions and recommendations in this report
should be continually reexamined and action plans
updated as new data become available.
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he workshop was one activity of a larger

ATSDR program, the Psychological Effects
Program. The purpose of this program is to examine
the possible effects that psychological stress associated
with exposures to hazardous substances can produce
on psychological and physical health. Three situations
in which the public could possibly be affected by
hazardous substances are proximity to a chemical
accident, residence near a hazardous waste facility, or
permanent relocation from a community because of
its contaminated environment. A search of the
scientific literature was performed regarding the
neurobiological, psychological, and social effects of
possible exposures in these three settings.

Much of the earlier work on psychosocial
responses to exposures to hazardous substances was
field research. To do this research, social scientists
recorded their observations of communities being
affected by possible exposures to hazardous sub-
stances. Psychologists and sociologists who observed
communities exposed to toxic contaminants, such as
the toxic leachate at Love Canal, New York, and
contaminated groundwater in Legler, New Jersey,
reported a splintering of the community into
opposing factions and possible increases in psycho-
logic distress because of the difficulty of the
experience (1-3).

Since the early field studies, research has
branched in several directions. First, psychologists
and psychiatrists have studied the coping mecha-
nisms involved in how people deal with the threat
of an “invisible” toxic exposure (4-0).

Second, several clinical descriptive studies on
the effects of possible exposures to hazardous
substances on communities’ psychology have been

BACKGROUND

performed. This line of inquiry grew out of research
into the psychological effects of natural disasters.
Disaster effects research, which began in the 1950s,
indicates that a small portion of residents after
various disasters, such as fires, hurricanes, and
floods, can develop psychological complications
from the stress involved in these experiences. Stress
can lead to disorders such as major depression,
chronic anxiety, and post-traumatic stress disorder
(PTSD). The stress following a natural disaster also
can lead to temporary increases in stress-related
physical illnesses.

A third area of research emerged when psycholo-
gists focused on the epidemiology of psychological
responses in communities affected by hazardous
substances. The results of these psychiatric epidemio-
logic studies have been mixed. The work of Baum
and Fleming (7) points to the presence of physiologic
changes indicative of long-term chronic stress in a
community near a hazardous waste site. Horowitz and
Stefanko (8) reported high levels of demoralization
but no clinical disorders in a community located near a
hazardous waste site. A study in Alsen, Louisiana, (9)
revealed high levels of near-clinical anxiety and
depression in an African-American community located
near a hazardous waste facility. One recent study (10)
conducted in a California community following an
evacuation because of a toxic railroad spill reported
significantly higher levels of depression and anxiety
syndromes in the evacuated population versus the
control population. Another recent study by a group
of epidemiologists in Texas (11) documented a linear
relationship between the level of exposure to a spilled
chemical and the amount of psychological stress
present 2 years after the accident.
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If higher than normal levels of psychological
stress and psychological sequelae are being found in
communities affected by possible exposures to
hazardous substances, then this presents a public
health problem. The effects of long-term stress on
physical health at these sites is unknown and

requires further study.

The psychological effects workshop was con-
vened to outline the extent of this new public
health issue and to develop a strategy to address this
potential public health problem.
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hazardons waste sites in Torrance, California.

Dr. Baker’s speech is reprinted verbatim.

Dr. Baker is Director for the Center of Occupational and Environmental Health and a clinical professor at the
University of California at Irvine. His major areas of research are the cardiovascular effects of occupational stress and
the social and organizational factors that play a role in indoor air gquality problems. He is the author of numerous
articles and chapters on occupational stress. Currently, he is the head of an ATSDR-sponsored program to provide
medical education, community and professional help, and education and consultation to communities living near two

DeaNn Baker, MD

We are currently doing projects with a community
out in California where these issues are very relevant.
I have participated before in working with other
communities around hazardous waste sites, but a
major focus of my research in the past has been
occupational stress. One of the approaches that 1
thought I would take today is to present some of the
ideas that we have derived from occupational stress
research that I think are focused a little bit more on
the environmental characteristics that are constantly
responsible for occupational stress.

It is interesting hearing Dr. Johnson’s'
comments about the emphasis on psychological
factors in environmental health, and it reminds me
of the struggles that we have had in the field of
occupational stress: from people working on the
assembly lines and the physical hazards facing toll
takers in New York City, to people working in office
buildings, there has been a concern among indi-
viduals and unions that discussions of psychological
effects might somehow detract from the need and
the emphasis on dealing with toxins and the
physical hazards directly. I think that one sees over
time that these are really inseparable; that you have
to deal with both. So, the theme that I want to
present to you is the need to present an integrated,
more holistic approach where you don’t separate
out the toxic physical hazards and the toxic psycho-
social hazards.

Today, I am going to be talking about stress as a
phenomenon that includes both physical and psycho-
logical outcomes. Another theme from the literature is
the chronic perception of threat (in communities

around hazardous waste sites). There is uncertainty
because of invisible exposures with possible health
effects. In many instances, the degree and extent of
exposure is unknowable and therefore invisible. The
health effects are oftentimes unmeasurable because of
latency, etc. and are therefore invisible.

The literature on this topic focused on several
major human disaster episodes, such as Three Mile
Island (TMI), Love Canal, or more recently, the
Exxon Valdez incident. Actually there have been
dozens and dozens of human disasters and hazardous
waste sites that have been studied.

First of all, stress is a psychobiological process
that is heavily influenced by individual appraisals.
The most classic definition of stress is that of
McGrath: stress is a perceived substantial imbalance
between demands and response capabilities under
circumstances where failure to meet the demands has
important perceived consequences. To give an
example of the importance of perception: if you are
hot out on the beach, there might be an imbalance
between your thermal comfort and the sun, but this
may be something you desire; however, if you are
trying to get work done in an office building, and
you have the same imbalance, and you can’t control
the thermostat, and you can’t get your work done,
the perceived consequences may be different.

The other thing about stress is that it is really a
two-way street. Psychosocial factors, such as stress and
threat, can cause both psychological and physiological
outcomes. The focus of my research has been on
hypertension and cardiovascular disease, where there

L Barry L. Johnson, PhD, former Assistant Administrator for the Agency for Toxic Substances and Disease Registry. Dr. Johnson
presented the workshop’s opening remarks.
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have been documented associations between
occupational stress and cardiovascular disease. There
is some evidence for effects on immune and
endocrine function. These are physiological effects
from psychosocial factors. On the other hand,
psychological effects may derive from both psycho-
social factors as well as toxic chemical exposures.
For example, where you have hazardous waste sites
where there may be neurotoxic compounds, there
may be both psychosocial contributions to psycho-
logical effects  as well as a toxic contribution from

various neurotoxins.

Let’s compare the effects of natural disasters to
exposures to hazardous substances. For example,
consider the effects of a hurricane. You can see that
even though hurricanes can have significant conse-
quences, the effects are relatively transient. It is
coming, it is there, it lasts, it goes away, and recovery
can begin. There is a clear low point. You are hit very
hard, but then you can see that it is over and now
you can move on to the point of recovery. At times
like these, people feel like they don’t have any control
over the situation, but they feel that it is a natural
situation, so nobody has any control over it. In
contrast, with exposure to hazardous substances, you
don’t know whether or not you’ve been exposed. You
don’t know whether health effects could occur. You
don’t know how much you’ve been exposed to.
Oftentimes, the exposures are invisible to the senses,
even in a spill. You can see a hurricane or a volcano
erupting, You can see the dust. You can see the
damages.

In some ways, hazardous substances exposures are
much more like occupational stress exposures. The
toxic hazards are the principal stressors. Oftentimes,
in occupational settings, you will have multiple
stressors. You will have multiple stressors in a com-
munity, but oftentimes the focus is on the toxic
hazard. In both settings there are persistent stressors,
and in both there is no clear low point. I think in
both settings there is a loss of control. Long-term
uncertainty is existent for both, and in both the
exposures can be visible and invisible. Oftentimes, the
consequences of occupational or environmental
exposures are not clear.

So, in many ways, occupational stress and

exposure to hazardous substances are similar. Let
me present a model of occupational stress and try
to integrate some of those notions into environ-
mental stress. First of all, there are the stressors that
exist out in the environment, and these are the
factors that cause stress. Cognitive appraisal of those
factors occurs, meaning that a person looks and
interprets the nature of the threat—which would be
both the exposure and its possible consequences—as
well as how to respond or cope with the threat.
Coping or adaptation involves many modifying
factors such as social support and an individual’s
resources. All these modifying factors lead to
various responses, which can be psychological,
somatic, emotional, cognitive, or behavioral (smok-
ing or drug abuse), or social effects such as conflict.

You can see that the stressors go through
cognitive appraisal to a short-term response. If the
response does not solve the problem, and it goes
unresolved, over time this stress can lead to long-term
health outcomes. In terms of modifying factors, there
are social or community factors that can help coping
or pull individuals down. On an individual level,
people with different coping styles may actually be
able to look at the situation differently and be able to
minimize exposure to the stress of the situation.

One thing the model of occupational stress
doesn’t answer is what makes an environment stress-
ful? To answer this, we looked at the role of cognitive
appraisal. One of the concerns about that view—
although it has been richly rewarding in understanding
the stress process—is that it gives the view that stress is
purely a subjective phenomenon. It is all in the eyes of
the beholder. It tends to ignore somewhat what goes
on in the objective environment.

The other contributing line of research has been
physiological stress theories. These focus on what is
happening in the brain during stress. Basically, they
have discovered two mechanisms of how the body
responds to stress. One is the adrenal medullary
response, which involves the secretion of epinephrine,
norepinephrine, and the other is the adrenal cortical
response, involving cortisol. The first response is the
fight or flight response of an organism challenged by
a threat. The second, the cortisol response, is really
more of a response of defeat and withdrawal, and in
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this state, you have higher levels of cortisol and
behaviors such as helplessness.

Another way to look at stress is to view human
behavior and the environment as a transactional
process—where you say what goes on between the
human and the environment is what results in stress
and you look at what goes on in the environment.
One offshoot of this model is demands and decision
latitude, or demand-control in the workplace. There is
now a whole body of literature that has studied
workplace conditions. Instead of looking just inside
the brain and inside the person, the environment has
been examined. The essence of this model is that
rather than looking at the limitations of being the
individual, being able to respond, it says, “what’s a
stressful environment?” A stressful environment is one
that presents demands on the individual and at the
same time constrains the individual’s ability to respond
and therefore creates an imbalance between demand
and response that leads to stress.

In looking at the literature, one area where I tried
to make the transition from the occupational model to
the environmental exposure setting was in interpreting
the threat of long-term fear. The persistent threat
from environmental exposures represents a psycho-
logical demand on the individual, and the lack of
control—either because the community and the
individual have relatively low control in the situation or
because of uncertainty about the nature of the hazard
or what to do about it—represents a constraint on
responding; Therefore, in these communities, you can
have a situation of persistent threat and at the same
time low control over response. This could plausibly
be associated with stress and high strain.

Let’s now focus on the issues of fear and threat as
stressors and on lack of control interacting with fear
as a combination stressor. First of all, fear is a rational
response to an imagined or actual threat. This is a
rational response. Fear is not a pathological response.
Persistent fear may cause chronic stress situations, and
this has been documented in the literature that you
were given. Also, persistent repeated exposures may
become increasingly frightening if the experiences are
deemed unavoidable, so there is a lack of control.
Both psychological and physical risks from these

exposures could contribute to disease and diminished

mental health, so there is this interaction between

the physical and the psychological. 1 think that one
of the characteristics of living in a community near
a hazardous waste site is that it is a very, very long-
duration situation. There is loss of control. Again,

there is this interaction between threat and loss of

control.

Perceived control may be defined as the belief
that one can influence an event, but the important
thing to keep in mind is that, ultimately, perceived
control depends on actual control. I think that the
issues that will come later in terms of strategies and
approaches are how much can we try to build up the
concept of perceived control among community
members and how much do we have to deal with the
issue of actual control, particularly in a situation
where the duration is long? How long can you get
people to fool themselves? Learning that events are
uncontrollable results in a whole range of motiva-
tional, cognitive, and emotional deficits that can
eventually result in learned helplessness. So, indi-
vidual and community control is a key factor that
affects stress response.

I think that in these situations uncertainty is
associated with the perception of loss of control.
Uncertainty not only represents a stressor, it makes
appraisal and adaptation difficult. How can you
adapt if you cannot fully grasp the threat? The
invisibility of these exposures leads to the uncer-
tainty. This concept occurs in an article by Henri
Vyner (12). Environmental invisibility is when the
contaminant cannot be detected by human senses.
There is also medical invisibility associated with
environmental exposures. Latent invisibility means
that many of the chronic effects of toxic exposures
have a long latency period. Sometimes, this period is
just a few years for reproductive problems; for
neurological disease, sometimes as long as 20; and it
can be up to 40 years for cancer. During that latent
period of time, even if you have been exposed, and
even if you will develop that disease, there is usually
no way of detecting that. There are yet no signs or
symptoms of that future illness, so it is medically
invisible during that latent period.

It is just amazing how many aspects of the
problem of environmental exposures are uncertain:
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whether or not you were exposed, how much of a
toxic substance you might have been exposed to,
latency of any health effects. You may get

undiagnosable symptoms like headaches and fatigue.

Prognostically, if you do develop a disease from an
exposure, what is the future?

So what are some possible solutions? One thing
is the importance of community cohesion. Some-
times it is not totally possible to get rid of the
hazard, but I think it’s important that the commu-
nity can pull together and not just deal with people
as individuals. There has to be an effective dialogue
between community residents and the scientific
experts. There has to be a sharing of knowledge. We
have to empower the community. Support of the
community’s development, cooperative community

problem solving, coalition building, and advocacy

approaches are all things that you can do to try to
empower the individuals in the community.

So ultimately, you see that one of my themes
here is that while I think emotion-focused approaches
are essential and important, there is still going to be
persistent threat and uncertainty in these situations.
People at some level have to learn to live with the
environment. But at the same time, like in occupa-
tional stress, we don’t want people to just continue
working in the same environment and just learn to
live with it, we want people to the extent possible to
be able to change the environment. The problem-
solving approach is just as important where you work
with the communities to minimize threat, to mini-
mize uncertainty, and to enhance individual and
community control.
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Ms. Herrera’s speech is reprinted verbatim.

Delores S. Herrera is the Executive Director of the Albuguerque San Jose Community Awareness Council, Inc.
(ASJAC). She was born and raised in Albugnergue, New Mexcico, and has lived in her neighborbood for 24 years.
She received the 1995 Governor’s Award for Outstanding New Mexico Women, the 1995 Human Rights Award from
the City of Albugnergue, and the Latino Peace Officers Association 1995 Commmunity Service Award. Ms. Herrera
was featured in the project, “Women and Social Change—Edncation at the Grassroots: Women and the Struggle for a
Safe Environment,” the Kathleen Ridder Conference, Smith College, Massachusetts. She was appointed as the first
Hispanic/ Latino to the National Environmental Justice Advisory Council (NEJAC) by the U.S. Environmental
Protection Agency (EPA) Administrator Carol Browner and is presently completing her second term. She sits on a
number of boards and organigations to improve the quality of life for people, especially children, in her commmunity
and other similar neighborhoods locally, nationally, and internationally.

DELORES S. HERRERA

Hello, I am Delores Herrera from the community of
San Jose in Albuquerque, New Mexico. It is not San
Jose, California; it is New Mexico. I am very, very
proud to come from New Mexico because every time
I go somewhere people ask about New Mexico. They
always have lots of questions. People still have not
figured out what I am or who I am. I am a servant of
the people, not a slave; there’s a difference. My
community is going to feel really proud when I tell
them I was validated by Dr. Baker as being crazy.
People ask everyday, I do not know how many times,
“Why do you do this work? You must be crazy.” So, 1
think I am crazy.

Many people have become so accustomed to the
smell, the pollution, the lack of attention, accepting
the deterioration, the lower quality of life as everyday
in the “hood,” the low student test scores, the crime,
all of the negativism. That is the way that it has
always been. Just accept it. Nobody cares about
normal. How can things change? San Jose is the
oldest community in the South Broadway area of the
Albuquerque South Valley. It is the place I am
privileged to call home.

A “Mayordomo” system began when settlers
moved in around the river, organized the inhabitants,
and completed a water irrigation system. The
community’s boundaries were re-channeled by
relatives such as the grandpas giving parcels of their
land to their kids because that is all they had to pass
on to the future generations. All we have is our land.

We are tied to it and have always been. It is our hope
that we will thrive again some day. Our homes, our
land are not an investment in that we are going to
buy, sell, and trade it like stock on the stock exchange
or to buy a bigger house in a better neighborhood.
San Jose is our neighborhood; it is our heritage, “La
Tierra.” Most of the people stay because they are
historically and spiritually tied to the land, because
their grandfathers and others before them are a part
of it, and they continue the tradition. Sadly, it
became a polluted mess. It is sickening. What has
happened? Many people feel trapped. The land today
is not worth much in dollars, but it is our home.
Industry came in, raped it, and left it for dead until
the government mandated cleanup, restoration. Wow,
what a deal, 20 to 30 years of remediation—no
guarantee?

People in our community and others around the
country—of colot, poor communities, lower socioeco-
nomically depressed neighborhoods—do not vote
because they do not believe in a system that does not
work for them. And why should they? We could
attack the scientific statistics to validate the problems
because that is a part of the process, but there is a
human side, the people side—El corazon de la gente:
the heart of the people.

Going back to the “gente,” what we are left with
is the political structure of the Mayordomos, who
were actually perceived as “mini-mayors.” They

decided who was to receive water. They relinquished




20

power to the individuals in communities. They had the
voice and established the social and economic climate
that retains a pseudo presence today. San Jose was an
agricultural community, a farming community. Then
the railroad came in and people became attached to
wage labor. The railroad shut down major operations
and left, leaving an unemployed population and a
creosote deposit which is now our Superfund site 11.
The historical and human perspective should not be
relinquished in favor of “true science.” We must look
at the biological and psychological effects coupled with
the socioeconomic and environmental impacts. The
whole enchilada, total, including the multifaceted
stresses that attack our people and make them feel
helpless and trapped. I always visualize those big traps
in which a bear or wolf or some other animal’s leg is
clamped within the metal teeth. You watch the
animal’s terror-stricken eyes, squirming. It is a hot-
rible, ugly scene! Those poor creatures, trapped
without mercy. The people in contaminated commu-
nities are victims with no retreat...sick and dying a
slow death.... Think about it. How would you feel?
The neighborhood didn’t have to change in the
negative. What a price we pay for progress.

I am an activist for people who have been left
out, left behind, and without a voice. Many of the
reasons people stop being part of the system may
possibly be categorized as sometimes my people do
not feel comfortable enough; they lack the self-
confidence and self-assurance to stand up and be
counted; or they are suffering from apathy. The list
is probably endless. For whatever reason, it is a
tragedy because their destiny is not under their
control but rather someone else’s. That is a real drag]
We do not have grocery stores or shopping centers in
our community. The infrastructure is decomposing.
We have lots of crime, contamination, and sick
people living in an industrial corridor. The totality
of injustice sometimes is that the self-confidence
needed is nonexistent to assume the challenging
leadership position. This is stress unto itself. I am
not a scientist; I am a community organizer. I will
not dictate the stats. I do know and understand
people and I work with them everyday. As I drive out
of my driveway, I am in my community. I work in my
community, and when I come back home, I am in
my community. It is very difficult for me to be here

today, as I am always torn between here and there
and San Jose.

Now poort, what’s poor? Let’s talk poor.... I do
not know how many people have ever been poor. 1
am not talking about poor in spirit. I am speaking
financially—moolah, dollars, sin dinero.

Empowering? No, in fact it’s the complete
opposite. Our youth and others in our communities
are not being educated. They take all kinds of stuff—
drugs—to become numb and escape from reality.

In communities that are so environmentally
contaminated, we are all crazy, and everybody in this
room is crazy. We have to be. Right? I am not going
to leave here saying anybody in here is real rational. 1
think the whole world is crazy in some fashion.
Don’t your Think about it: everyone in here cares
about what happens to people. Yet, when we look
around and see the people that are suffering, what
can we do to help in the struggle? What happens to
the less fortunater What will we do? We will stay and
tight, work with the system as far as it works for us,
and then formulate another plan. Mother Earth and
her people are in trouble. What is our recourse?
Taking drugs? Young women getting pregnant? Last
year, we had 25, 27 students in 3 classrooms of an
alternative education program in Albuquerque, and
out of 75 of the young ladies, there were 30 that were
12 and 13 years old. What happens? The moral fiber
in our society is decaying and we are all to blame.
The situation is frightening! Look at the social and
financial burdens on all of us, the lives lost and
wasted. It isn’t just environmental contamination; it
is degradation of the human spirit. What are we
doing about it?

In my community, people are wortied about how
they are going to pay their gas bill or light bill, about
becoming homeless, and many, many other prob-
lems. The most important issue is not about what is
going on at Chevron or what the AT&SK railroad has
done to poison the people, the environment, or what
cancer risks are out there. They are wortied about
today, survivall They are wortied about domestic
violence, alcohol, insurmountable social concerns,
their sons, their daughters, grandchildren, hearing
gunshots, living in the midst of violence every night

and day. There are many forms of contamination.
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Yesterday, I was visiting with one of my neigh-
bors. On Saturday night, she heard a loud noise and
thought it was a gun. Sure enough, somebody had
shot at her son’s car. She lives in the middle of the
Superfund area. It is stressful enough when she looks
out her kitchen window to see the GE (i.e., General
Electric) water tanks around her, and compounded
with the violence, she is feeling under siege.

When we talk about negative effects we are
talking about socioeconomics correlated with envi-
ronmental racism—poor, no money. Turn on the
television and everything is about money. I got a kick
out of a show this morning. Somebody was talking
about retiring, where they would go. Wow! Retiring,
we are going to see that rainbow in the sky and reach
the pot of gold. Retirement for some is not a reality.
The trapped animal syndrome, where the heart is
beating and we wait to die a slow death. We stay, we
struggle, we fight.

Another story is about a woman named Esther,
with whom 1 started teaching religious education
about 18 years ago. She began experiencing a little
cough. She lives right in Superfund, right by the
drainage dump. Over the years, she said, “it’s okay,
it’s okay, my little cough.” I know that it is not okay.
Her cough is upper respiratory and it has progres-
sively worsened. She still says, “it’s nothing.” The
cough is not normal, but her demeanor is another
form of acceptance. We as Chicanos, Mexicanos,
Latinos, as Hispanics suffer silently. It is an assum-
able part of our culture—the culture of people of
color and what we stand for. Linking that with the
fact of poverty, helplessness, and lack of self-esteem
has bolstered our spirit, and we are still going strong
as a people.

Whenever I go visit anybody, I am very respectful
of their home and their valuable time. As a commu-
nity, we ask for respect from other people; that is
important. We are all products of society. We are
responsible for each other. We share a common
dignity; remember that. Our problems are environ-
mental, economic, and social. When you go to a
bank and you cannot get a loan because the area that
you live in has environmental problems or it’s
located in a socioeconomically depressed area, that is

unfair lending banking practices and against the

federal law. Hello? How many times do corpora-
tions/potential responsible patties break the law?
Our community has suffered redlining. We pay back
the loans, don’t owe as much, but we are many
times refused those very things that others take for
granted. Does that make sense?

1 visit many places and I have to laugh because
sometimes people are so freaked and so stressed
because they cannot visualize the next half-hour,
much less tomorrow. They have lost hope. I never
laugh at their misery. I laugh to keep from sobbing.
Life is so precious. This work is hard, and you watch
people who are suffering that do not even know that
they are suffering. Many have learned to accept it. I
do not. I will never accept injustice for anyone
anywhere. We will mobilize and continue to share all
we have to teach others, to stand up for civil and
human rights. Not being in control of your own
destiny, whether it is because of economics or power
or whatever, is injustice. America was built on justice
for all the people, not just for some, for everyone—
rich, poor, male or female, young or old, or color or
not.

A hand-up stabilizes; a handout controls. We
want to be in control of our future, and therefore we
understand that partnerships stabilize. A good
example may be when the ASJAC was approached by
an engineer to work with the Sandia National Labs.
Condescending in his attitude, he bugged me, telling
me what they could do for the “poor” people in the
neighborhood. I said, “We don’t need anyone coming
in to our community wearing a white hat and riding
a white horse to tell us what’s best for us. We are the
‘experts.” We will solve our own problems. If you
want to help and partner, that’s a different story. The
problems do not belong to us alone. People drive
cats, have gas and electric utilities, flush toilets, and
running water. We have conveniences, right? San Jose
suffers the impact of having industry in our commu-
nity because they are located here, but it is not just
San Jose’s problem.” He looked at me and said, “Well,
Delores, we need to have some serious discussion.” I
replied, “No, first what we really need to do is come
to an understanding.” The understanding is that
human life is not expendable. Every living creature
and every living thing matters. It took a while, but he
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got it. We have formed a wonderful relationship,
and we help each other. I respect him to this day
because the partnership is based on trust and
mutual accountability.

In conclusion, I wish to state that the impacts
from social, economic, and environmental racism atre
strongly felt in San Jose. The helplessness, the guilt,
the unhealthy communities, the stuff that people feel
every day and every night from every negative force

flourishes. It isn’t a bed of roses yet, but we are

planting seeds and have hope that we will nurture
accordingly, and we will grow a strong, healthy,
beautiful future for all. We all want a better quality
of life for our future generations, especially for our
children. We all love babies. What are we going to do
about the babies? They grow up into adults. We want
to raise healthy, productive members of society that
sustain their families and stimulate the economy.
That creates a better San Jose, better neighborhoods
everywhere, a better world.
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Composition:

Charge:

PANEL REsSuLTS

PANEL ONE:
BiOMEDICAL AND
PsycHoPHYsIOLOGICAL EFFECTS

Neurobiological scientists (such as psychologists with expertise on the psychophysiology of
chronic stress and resulting health effects), neurobehavioral toxicologists, neuropsychologists,
and psychiatric or psychological epidemiologists.

To examine what is known about the potential effects of possible chronic stress on
public health. Some studies provided information on possible chronic stress occurring
in communities near hazardous waste sites. Focus areas for the panel included the
pattern of stress—acute, chronic, or both— that may occur among community members
living near hazardous waste sites; the effects of psychological stress on physiological
responses to exposure; and whether neurobehavioral disorders caused by chronic low-
dose exposure to neurotoxicants, which may manifest as psychological distress, are a
public health phenomenon near hazardous waste sites.
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Topic One

What is known about the long-term health effects of chronically increased stress among

individuals living near hazardous waste sites?

Background

Research into the psychological effects of disasters
began with the study of natural disasters in the 1950s.
Scientists and clinicians recognized that a small
number of people exposed to the stress of various
natural disasters, such as fires, hurricanes, and
floods, could develop psychological sequelae such
as major depression, chronic anxiety, and post-
traumatic stress disorder (PTSD). Current thought
among disaster relief workers holds that most
people will suffer no or only transient effects from
the stress of a natural disaster (i.e., acute stress
disorder) or, in other words, “people reacting
normally to an abnormal situation” (B. Flynn, 1995,
personal communication). For excellent summaries
on the psychological sequelae to natural disasters,
see Rubonis and Bickman (13), Dew and Bromet
(14), and Green and Solomon (15).

There are important differences between
technologic and natural disasters that are believed
to affect the psychological and social responses to
technological disasters. In addition to direct health
effects, exposure to technologic disasters—acute
exposure, as in chemical spills; or chronic exposure,
as in residence near a leaking hazardous waste site—
can cause people to experience psychological
uncertainty, worry, and chronic stress. Some postu-
late that the chronic stress documented to occur in
some communities near hazardous waste sites could
possibly lead to an array of biopsychosocial effects,
including physical health effects from chronic stress
(possible health outcomes affected by stress include
cardiovascular, gastrointestinal disorders, and skin),
increases in the prevalence of certain psychological
disorders, and social disruption.

Sociologists studying communities near leaking
hazardous waste sites have defined this kind of
situation as a “chronic technological disaster” (Kroll-
Smith and Couch [16]). Unlike a natural disaster—
which has a discernible low point and a recovery
phase during which life begins to return to “nor-
mal”’—many chronic technological disasters have no
discernible starting points, no distinct low points,

may last for many years, and may leave behind
people at risk for latent health effects (2). These
events are not clear-cut, easily defined disasters, and
the slow onset and recovery may make the adjust-
ment more difficult (17).

The first scientific studies of the health effects of
stress associated with environmental contamination
occurred after the Three Mile Island (TMI) accident.
Baum and colleagues (18) found indicators of psycho-
physiological effects from stress, including elevated
levels of psychological distress, perceived threat,
subclinical anxiety disorders, and depression in many
of the community members they surveyed at TMI as
compared with controls. The comparison revealed
biological signs of chronic stress consisting of
increased blood pressure (elevations were subclinical)
and higher than normal levels of urinary cortisol and
norepinephrine metabolites. They also found that the
psychophysiological pattern of anxiety, poor concen-
tration, and biological indicators of stress in commu-
nity members affected remained subclinically el-
evated for 6 years and only returned to normal levels
10 years after the accident. Baum and colleagues then
looked for this same chronic stress response in a
community located near a leaking hazardous waste
site and found similar results. Baum and Fleming (7)
concluded that “distress and mental health outcomes
also represent major outcomes of environmental
disasters.”

The findings of Baum and colleagues are sup-
ported by observations made by a group of research-
ers in California who studied the towns affected by
the Cantara loop railway spill (10). They studied the
physical, psychological, and psychophysiological
reactions of those who had been exposed to a spill of
metam sodium. Psychological assessments of the
residents showed increased worry, perceived decreases
in social support, and biological changes indicative
of chronic stress. Testing also showed greater levels of
depression, anxiety, and somatic symptoms—which
the researchers felt were possibly connected to
chronic arousal states—in the exposed versus a control
population. They postulated that “physiological and
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psychosocial effects of the chemical spill trauma
precede long-term physiological manifestations.”

Other recent findings also suggest that the
expetience of exposure to hazardous substances and
the resulting psychosocial changes can result in
adverse physical and psychological health effects. In
1994, epidemiologists at the University of Texas
investigated the physical and psychological effects
found in a community that had been exposed to a
toxic cloud of hydrogen fluoride (11). These research-
ers first performed a study that documented both
short- and long-term physical health effects in those
exposed to the vapors. Then, they evaluated the
psychological effects of this exposure situation and
found that a linear relationship exists between the
degree of gas exposure and increased psychological
distress. Specific findings included increased anxiety
and somatic concerns among the affected persons.

Panel Discussion

The panel members generally agreed that the
background literature on long-term health effects
from chronic stress associated with living near a
hazardous waste site is sparse; however, the panel also
referred to knowledge on effects of chronic stress
gained from related studies on chemical or natural
disasters and in the occupational setting.

Stress is a whole-body process with effects that
can be measured using self-reports from groups or
individuals as well as from other more objective
measurement techniques. There are inherent difficulties
in self-reporting measures because the reports may
reflect concerns or actual changes related to the
incident. Other methods used to evaluate the conse-
quences of dealing with a stressor for a prolonged
period include direct behavioral observations by a
trained observer; psychophysiological measures of
stress, such as increased blood pressure, heart rate, and
changes in skin conductance; and biochemical param-
eters, such as measurable changes in stress hormones
(cortisol) and in the catecholamine levels, such as
norepinephrine and epinephrine. Though these
indicators may provide some clues to the altered
whole-body response to stress, interpretation of the
results may be problematic (e.g., the timing of
cortisol measures is crucial because the secretion of

cortisol shows a daily, biphasic variation). It is
important to control for other factors such as
smoking, exercise, and diet, which may elevate
measurements.

The panel discussed studies conducted using the
methods mentioned above. A study by Davidson and
colleagues (19) found that, compared with a control
group, residents near TMI showed significant stress
effects over the first 5 years of follow-up. The effects
noted included increased symptom reporting;
difficulties with attention and concentration; and
alteration in heart rate, blood pressure, levels of
urinary catecholamines (epinephrine and norepi-
nephrine), and blood cortisol levels. In other re-
search on effects of chronic stress in communities
exposed to toxic substances, residents living near a
hazardous waste site showed alterations in psycho-
logical and psychophysiological stress indicators
similar to those seen at TMI (20).

An important general discussion point was that
the critical factors and underlying causes for sensitiv-
ity to the effects from stress are not clearly under-
stood. Studies done at TMI and the toxic waste site, as
well as other studies, conclude that effects may be
largely related to event characteristics and the re-
sponses of each person to the event. These responses
can range from little concern to extreme agitation.
The differing reactions most likely reflect many
factors, such as the characteristics of the event (e.g,
did actual chemical exposures occur?); imagery
associated with the episode; media coverage; and the
individual’s coping mechanisms, perceptions of the
situation, appraisal of threat, and perceived sense of
control over the circumstances.

Data Gaps and Recommendations

1. How well do commonly measured indices of
stress used in the past to study natural disasters or
combat-related trauma in Vietnam veterans apply
to residents living near hazardous waste sites?

2. What are the age-specific effects of living near a
hazardous waste site? How do children respond?
How do the eldetly respond? More information is
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needed on how these special populations
respond to this type of experience.

3. What is the time course of the physical and
psychological responses to chronic stress?
During periods of recorded stress at TMI,
physical measures showed increased stress
compared to controls; however, self-reports of
stress showed no differences. Are psychophysi-
ological baselines being shifted to future stress?

4. There is a need to quantify the effects of
chronic stress on the health of these communi-
ties, especially when conditions express them-
selves in nonspecific outcomes (e.g., increased
frequency of headaches). It is recommended that
ATSDR evaluate existing instruments for their
adequacy in assessing the prevalence of these
nonspecific health outcomes.

Topic Two

5. There remains uncertainty in the interpretation
of measures of stress. ATSDR should attempt to
define criteria for when a change in these stress
measures is considered a problem. In toxicologic
terms, when are changes in stress indicators
considered “adverse” or capable of causing
unwanted health effects in a person and in a
community?

6. Although there is some background informa-
tion on what the disease outcomes are and how
they are related to chronic stress, these out-
comes are not fully characterized. What do the
physiological and biochemical changes in these
populations mean (i.e., what is their relationship
with diagnosable illnesses?).

Are there certain neurobehavioral effects found in individuals exposed to chronic low-doses
of toxins who live near hazardous waste sites that, if detected, could constitute sentinel
health events at these sites? If they exist, can their early detection be used as an

intervention screening tool?

Background

Before the beginning of industrial hygiene, employ-
ees in some industries were chronically exposed to
very high levels of chemicals that led to toxic
effects on their nervous systems, specifically in the
neurobehavioral diseases of sensory, motor, and
cognitive functions, as well as memory and atten-
tion. Examples of chemicals that are known neuro-
toxins at occupational levels of exposures are
carbon disulfide, hexacarbons, mercury, lead,
organophosphates, and organic solvents.

Historically, there have been far fewer episodes
of neurotoxic effects found in the general commu-
nity as compared with the occupational population,
and most of those episodes resulted from contami-
nated food. During Prohibition in the United
States, there was an outbreak of “Ginger Jake”
paralysis, which was associated with drinking
extracts of Jamaican ginger that were contaminated
with tri-ortho cresyl phosphate (21). In 1968, an
outbreak of Yusho (the name of the disease caused
by polychlorinated biphenyls [PCBs]) occurred in

Japan after adults and children drank rice oil
contaminated with high levels of PCBs. Chloracne
and numbness and weakness of the extremities
occurred in the adults. Children born to mothers
exposed to the oil during pregnancy had abnormal
pigmentation, decreased reflexes, and intelligence
quotients of 70 (22).

The most well-known case of environmental
contamination leading to neurotoxic effects in a
community occurred in Minamata, Japan. Metallic
mercury used as a catalyst by a local factory was
discharged into the bay. The bacteria and micro-
scopic aquatic life in the bay bottom converted the
metallic mercury to organic mercury compounds,
especially methyl mercury. The fish and shellfish in
the bay picked up the high levels of methyl mercury.
After a period of time, an epidemic of neurologic
effects (e.g, paresthesias, ataxia, and deafness) was
noticed in the fisher people who lived by the bay.
These effects were traced back to the mercury in the
bay. Median doses of 11 milligrams per kilogram of
methyl mercury in fish resulted in these effects (22).
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Neurobehavioral disorders, such as lead poison-
ing, have occurred in communities exposed to high
doses of lead.

There is still a great deal of controversy about
the potential occurrence of neurobehavioral effects
with chronic, low-dose exposure to hazardous
substances. The panel discussed this specific con-
cern.

Panel Discussion

Much is known and substantial evidence has
been found about the neurobehavioral effects in
humans resulting from exposures to neurotoxic
substances; however, much of this information
comes from observations from high exposures in
occupational settings. Occupational exposures to
neurotoxins differ significantly from chronic low-
dose exposures experienced by most community
members near a hazardous waste site. Occupational
exposures tend to be high-level, sometimes short-
term exposures that happen to a more homoge-
neous population (i.e., healthy adult employees).

How does our knowledge about occupational
neurobehavioral effects compare with the possible
effects of chronic low-dose exposures? Existing
literature (Baum and Bowler [5, 7, 10, 18, 20, 23])
points to measurable changes in memory and
attention as neurobehavioral effects observed in

groups living near hazardous waste sites. What is the

cause of these neurobehavioral effects—chronic low
level toxic exposure or effects of concern over a
possible exposure?

Neuropsychological methods are used to test
for neurobehavioral effects. Field batteries, such as
ATSDR’s Adult Environmental Neurobehavioral
Test Battery (AENTB), are sufficiently sensitive to
detect psychophysiological effects associated with
chronic stress, such as decrements in memory and
concentration. The data gathered could then be
interpreted epidemiologically in light of several

potential confounders, such as clear indicators of
exposure to a neurotoxin, test administration bias,
subject bias, ethnic or cultural factors, education,
sex, and age. The need to document exposure to
neurotoxins points to the lack of selectivity in the
neurobehavioral testing methods (i.e., the inability to
differentiate whether changes in memory and
attention are toxicant-induced effects versus stress-
related effects).

Data Gaps and Recommendations

1. The components of existing field neurobehav-
ioral testing batteries would likely capture
anxiety-related responses on a group basis.
Therefore, they would be useful as tools for
screening groups of people, but would not be
useful as clinical instruments or individual
screening instruments. They also would not be
useful for separating physiological from psycho-
logical effects. To gain maximum usefulness for
community evaluations, there is a need for
community-based norms for many tests. These
screening measures would be helpful in deter-
mining the magnitude of a problem in a com-
munity, but not for determining specific intet-
vention strategies.

2. Existing field neurobehavioral testing batteries
are not capable of detecting adverse health
effects resulting from chronic, low-dose expo-
sures, which would constitute sentinel health
effects. It is unlikely that differences between
groups can be detected by existing field
neurobehavioral testing batteries, such as
AENTB. Results on specific subtests would be
helpful in identifying issues for further evalua-
tion. However, results from existing batteries
would not allow attribution of observed group
differences to physiological versus psychological
mechanisms.
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Topic Three

What is known about how to clinically differentiate between organic behavioral disorders
caused by exposure to certain neurotoxicants and purely psychologic responses to possible
exposures? This discussion will consider methodological questions such as testing for
stress and neurobehavioral effects as well as other issues.

Background

The previous discussions were based on instruments
designed to screen large groups of people for neuro-
logical and behavioral problems possibly related to
chronic low-dose exposure to neurotoxins. This
discussion relates to the individual, clinical workup
of a person concerned about possible health prob-
lems from a previous neurotoxic exposure, with
consideration of methodological questions such as
testing for stress and neurobehavioral effects.

Panel Discussion

Dr. Rosemarie Bowler and Dr. Eugene Emory
were co-leads on this topic. Dr. Rosemarie Bowler
discussed work she has done studying communities
that have been exposed to acute chemical spills. A
study of approximately 1,500 people who were
evacuated following a spill of Catacarb was pre-
sented (23). Catacarb contains boron, potassium,
metavanadate, and diethanolamine. Environmental
data suggested that exposures to the spill were low;
however, despite the low exposures, there were a
substantial number of self-reported health effects at
statistically significant levels compared with the
effects reported by the control group. These effects
included problems with memory, anxiety, depres-
sion, sleep disorders, headaches, chemical sensitivity,
dermatological problems and rashes, visual prob-
lems, respiratory and gastrointestinal problems, and
eye discharge. Dr. Bowler’s clinical evaluations of the
residents affected by the Catacarb showed that 60%
had post-traumatic stress syndrome and 30% showed
cognitive deficits involving verbal learning and
memory. In another study performed with a com-
munity that had experienced a spill of metam
sodium following a railroad accident, Dr. Bowler
found a significant increase in salivary cortisol, a
physiological indicator of elevated stress, compared
with the level found in controls (10). In both of
these studies, it was noted that all of the effects
(self-reported versus objective) were observed within

a relatively short period following exposures. It was
not possible to differentiate whether these changes
resulted from chronic psychological stress or the
effects of exposures to neurotoxins.

There are many considerations in diagnosing
organicity (i.e., effects of neurotoxic exposures on
the brain versus the psychological stress from the
exposure). The issues and questions to be consid-
ered when attempting to differentiate organic
effects from psychological effects are as follows:

® Is the agent a known neurotoxicant (i.e., danger-
ous to the human nervous system)?

® What are the exposure variables (e.g., the
duration of exposure, level of exposure, and
patients’ prior knowledge of the effects of
neurotoxicants)?

® Are the symptoms consistent with neurotoxic
effects (such as micromercularism, which results
from chemical mercury poisoning, or cognitive
and attentional deficits associated with modet-
ate lead exposure)?

® Are mediating factors taken into consideration
(e.g., age, prior exposures, prior illnesses,
premorbid mental health, premorbid personal-
ity, social support, other central nervous system
[CNS] trauma, and prior sensitization to other
toxins)?

® What are the general effects observed on
neuropsychological function (e.g., are there
perceptual disturbances, changes in states of
consciousness or awareness, Of Memory impair-
ment)?

® What are the specific effects on neuropsycho-
logical functions such as verbal learning and
short-term memory?

@ Are the deficits observed consistent across
neuropyschological domains?
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® Have developmental (i.e., age-specific) issues
been considered? In children, the maturation of
the nervous system influences their susceptibil-
ity. Children are frequently the most sensitive
population to neurotoxins, and assessing the
effects of an exposure on the youngest
(preverbal) children may be difficult.

® Other diagnostic considerations in differentiat-

ing neurotoxicity versus psychological effects
include looking for inconsistent test petfor-
mance, varied medical history, secondary gain
(e.g., dependency, avoidance of activity, and
financial gain), consistent history of exposure,
and whether test results indicate an organic
versus a psychological disorder.

When performing individual clinical tests, the
following pattern of results indicate a probable
organic cause rather than a psychological cause.
Neuropsychological findings consistent with organic
impairment are 1) impairments in cognitive flexibil-
ity, memory (especially sustained concentration and
visual memory), verbal fluency, motor speed, grip
strength, reaction time, and visual-spatial and visual-
motor deficits; and 2) intact functions or normal
scores in the area of word knowledge, simple
attention, malingering scores (i.e., frequency of
pretending illness or disability), and comprehension.

Data Gaps and Recommendations

1. 'There is a need for long-term, longitudinal
studies of neurotoxic substances. These studies
would examine exposure, specific effects of
exposure on neuropsychological functions,
developmental issues such as maturation of the

Topic 4

nervous system, and how factors such as
premorbid personality and other CNS trauma
affect responses. Also examined would be aging
and susceptibility to neurotoxins.

2. There is a need for further study on the issues
related to psychological effects of exposures to
hazardous substances. Among the factors to be
considered in these studies are actual or per-
ceived control over the exposure situation or
ability to develop a personal solution, commu-
nity factors affecting responses, cultural im-
pacts, and what actual measures of stress should
be taken.

3. Multiple indicators of psychological stress
should be included when evaluating communi-
ties that have experienced exposure to hazard-
ous substances. This stress battery would
involve multiple psychological indicators and
physiological measures of stress, as well as
biochemical indicators such as cortisol re-
sponses/catecholamine levels and immune
system functions. In terms of the physiological
measures that could be used to differentiate
psychological from neurotoxic reactions,
cortisol levels may be good indicators of
cognitive coping strategies and catecholamine
levels may be indicative of physical coping.

4. When interpreting results of stress batteries, it is
very important to consider how factors such as
perceived control over the situation and having
or not having community and social support
networks may affect stress responses in the
communities at hazardous waste sites.

Given what is known regarding the psychobiology of stress, are there interactions between
chronic stress and exposure to neurotoxicants that could shift the dose-response curve for

neurotoxins?

Background

This section discusses how to investigate the
hypothesis that biological changes caused by
chronic stress could shift the dose-response curve of
the body to various types of neurotoxins, thereby
changing the possibility of human health effects
from possible exposures. According to Casarett and

Doulls Toxicology (22), a dose-response relationship
describes the correlation between the characteristics
of exposure to a toxin and the spectrum of effects
that it causes. Other factors can also influence the

body’s response to toxins (e.g., age, gender, general
health).
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Three assumptions must be met if a dose-
response curve is to accurately show the relationship
between exposure and effect: 1) the observed
response is caused by the chemical administered; 2)
the response is related to the dose; and 3) there is a
way to measure, quantify, and express the toxicity.

Panel Discussion

Neurotoxicants can have a multitude of effects,
including systemic effects. Neurotoxicity can
include an early noticeable effect on a specific part
of the nervous system and/or a delayed health
effect that may manifest with aging or illness.

Three assumptions must be met if a dose-
response curve is to accurately show the relationship
between exposure and effect: 1) the observed
response is caused by the chemical administered; 2)
the response is related to the dose; and 3) there is a
way to measure, quantify, and express the toxicity.

One of the panelists, Dr. Jean Harry presented
on how to investigate this possible interaction
experimentally. Currently, there are no human
studies available to support this hypothesis.

A methodology does not exist that would allow
for discrimination between stress or neurotoxicant-
mediated effects in community-based studies. Any
efforts would also require knowledge of the toxic
chemical present and its expected biological effects.
Experimental animal data exist to suggest that stress
levels can modulate a toxic response; however, the
question of specificity remains. Given that stress can
induce or unmask a latent effect of a toxicant, there
is the possibility that chronic stress could alter basal
levels of neurofunctioning and shift the threshold
for neurotoxicity. Indeed, one may find a shift in
the dose response to a neurotoxicant; however, a
specific effect of the neurotoxicant needs to be
examined in greater detail than the generalized non-
specific end points. Detecting such a shift would
require the knowledge of toxicant-specific biological
mechanisms of actions, which most often are not
known.

A possible question to be investigated is what
end points should be measured to determine if a
shift in dose-response has occurred?

Data Gaps and Recommendations
The following data gaps will affect the ability to
investigate the proposed question:

1. Neurotoxic end points may be specific to the
chemical, but most often they are not.

2. We often do not know the optimal range of
dose to measure the effects.

3. We may know the mechanism of action but not
the health consequences of the measured
biochemical response (e.g., catecholamines).

The panel had the following recommendations
for investigating the effects of stress on susceptibil-
ity to neurotoxicants:

1. There needs to be an examination of shifts in
general toxicity or other target organs with end
points not confounded by stress. Experimental
descriptive animal models need to be used to
test the hypothesis about the synergistic interac-
tion between stress and specific neurotoxic
effects of chemicals. Animal models of stress,
such as auto-analgesia, reactivity (startle re-
sponse), learned helplessness, and yoked-control
could be used.

2. Target organs other than the nervous system,
such as the cardiovascular and gastrointestinal
systems, must be included in the examination.

3. Common cellular pathways (i.e., mechanisms of
action) need to be investigated.

4. The expected toxicant-induced responses need
to be identified and a shift in that specific
endpoint rather than an unrelated endpoint
should be found.
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Topic 5

What is known about the proportion of individuals who are most sensitive to the uncertainty
of possible exposures? This question includes consideration of populations who are
medically, psychologically, and physiologically sensitive.

Background

In public health practice, consideration of medi-
cally, psychologically, and physiologically sensitive
populations who are unusually sensitive or suscep-
tible is especially important. Identification of those
unusually susceptible to a pathogenic influence—be
it bacterial, viral, or toxic—enables specifically
targeted interventions to be designed to prevent
exposure or to mitigate exposure that has already
occurred. People may be unusually susceptible to a
chemical because of a medical condition that
interferes with the body’s detoxification process or
excretion of a toxin. They may be culturally at risk
because of traditional practices that expose them to
a greater than average dose of a toxin (e.g., native
tribes who live extensively on “country” food, such
as fish and wild game, that may have
bioaccumulated [i.e., toxins have built up in the
organism]). Other people can be physiologically at
risk because of a genetic variant in an enzyme
needed for the detoxification of a chemical.

Panel Discussion

Dr. Lawrence Schell was the discussant for this
topic. Dr. Schell stated that there is substantial
scientific evidence to demonstrate that there ate
categories within populations that are defined in
biological terms, such as the very young and the
very old, that are unquestionably more susceptible
to toxic effects than others. In addition, other
subpopulations might show more psychological
effects and other indirect effects because of their
cultures.

Biological/Developmental Factors
Sensitivity to a given toxicant exposure varies
with stage of human development. The fetus is the
clearest example of heightened sensitivity, but
aspects of sensitivity may be present in later stages
of development such as the neonatal period,
childhood, and adolescence. Specific “windows of
injury” may exist when exposure occurs during

critical periods of growth and development. Accord-
ing to the theory of critical periods, there exist
specific developmental periods when environmental
factors can be especially disruptive, with immediate
or late-developing effects. These critical periods may
be related to times of rapid cell proliferation, cell
migration, or other processes that are specific to the
development of each organ system, as well as the
interaction of these processes. Another developmen-
tal theory—set point theory—states that physiologi-
cal parameters are “tuned” (i.e., operating limits and
modal functioning parameters set) within the
individual at specific times of development and
that these “set point” times may be influenced by
the environment.

Exposure itself varies with developmental stage,
whether the intake is passive or active. Absorption
can vary with developmental stage whether the
absorption is passive dermal, respiratory, or gas-
trointestinal (GI). The heightened GI absorption of
lead during infancy is a prime example. Another
would be the heightened affinity of fetal neurons
for methyl mercury in comparison with that of
their mothers. Intake of toxicants also varies devel-
opmentally. Infants and children breathe more
rapidly per unit body weight than adults and their
higher dietary intakes related to their growth mean a
greater intake of foodborne and waterborne toxi-
cants per unit of body weight compared with adults’
intakes. Furthermore, there are developmental stage-
specific behaviors, such as mouthing, that increase
intake of dust and contaminants. Metabolism,
detoxification, and excretion vary with developmen-
tal stage as well.

Interaction of Culture and Environment
In addition to extra sensitivity because of
biological factors, heightened susceptibility to
exposure can occur because of cultural factors. An
example of this is Native American groups that are
at heightened risk because of their religious beliefs
and subsistence diets that generally involve greater
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contact with indigenous wildlife as well as water and
soil. A specific example comes from the experience
of the Mohawk Indians of Akwesasne (St. Regis
Mohawk Reservation, New York) with contaminants
from a Superfund hazardous waste site on the St.
Lawrence River. Traditional Mohawk subsistence
lifestyle includes consuming locally grown plants
and local game, including fish from the St.
Lawrence River, waterfowl, and wild mammals.
Because of the PCB levels in locally caught fish, the
St. Regis Mohawk Environmental Health Services
and the New York State Department of Health
suggested in the mid-to-late 1980s that people limit
consumption of locally caught fish or, if of child-
bearing age, to avoid consumption entirely. Locally
grown foods and waterfowl] are suspect as well.

Avoiding locally caught fish and other types of
subsistence food constitutes a significant departure
from the traditional diet and a loss of one aspect of
traditional culture (24). The social importance of
diet should not be underestimated. Today, diet is a
common marker of ethnicity, and it is also inte-
grated into a culture in several ways. For example, in
Native American cultures, the traditional subsis-
tence methods were carefully taught to each genera-
tion. This teaching itself was an important compo-
nent of culture building in each generation; how-
ever, if eating locally obtained foods is no longer
healthy, children are not taught how to obtain,
prepare, serve, or consume them and a core compo-
nent of the culture is affected. In addition, Native
Americans are caught between two diet-related
health risks. They are already at high risk because of
obesity, with its attendant health risks of diabetes
and cardiovascular disease. To reduce the risk of
these conditions, they are advised to eat fish and
vegetables—the very foods that are lost from the
local diet because of contamination. One may ask,
“Which poses the greater risk, consumption of
contaminated food or consumption of processed
foods?” Thus, the loss of the traditional diet
constitutes not only a loss of the culture but can be
perceived as a direct blow to one’s health.

Culturally imbedded values can strongly impact
reactions to the discovery of a hazardous waste site in
one’s community (25). For example, among many

Native American groups, land has a different
meaning than it does in mainstream American
culture. In some groups, land has religious meaning
and/or is a symbol of sovereignty and cannot be
sold. In contrast, in mainstream American culture,
land rarely has this significance. Thus, most U.S.
residents would move away from a hazardous waste
site without feeling that their religion has been
affected. Some lands are regarded as sacred by
mainstream culture. Arlington National Cemetery is
a good example, because many Americans would be
dismayed if a hazardous site were discovered there.
There probably are sacred lands in every culture,
but, in some cultures, all of one’s homeland is
sacred in some sense. Restricting access to, or use of,
such lands because of contamination could be
disturbing and stressful.

Culture has other, wider effects on susceptibil-
ity to toxic exposures; culture can affect symptom
expression. Certain “diseases,” called culture bound
syndromes, are found only among specific cultures.
These syndromes include suszo (a folk illness that is
attributed to a frightening event). This illness is
found among some Latinos in the United States and
among people in Mexico, Central America, and
South America. Nervios (a general state of vulnerabil-
ity to stressful life expetiences and to a syndrome
brought on by difficult life circumstances) is com-
mon among Latinos in the U.S. and Latin America.
There is a similar concept of “nerves” among Greeks
in North America (nerva), and pibloctog (an episode
of extreme excitement, which lasts up to 30 minutes
and is often followed by convulsive seizures and
coma lasting up to 12 hours) is found among
Alaskan Eskimos (26). Culture can also affect how
symptoms are reported. People in some societies
may be more comfortable reporting a certain type
of symptom (bodily versus emotional); alternatively,
certain symptoms may be emphasized. Thus, the
biological effects of a hazardous waste site may be
experienced and reported differently depending on
the culture of the people affected by it.

Culture affects the individual’s role in day-to-
day activities, thereby directly influencing behavior
that could lead to exposure. People with cultures
that involve motre subsistence activities will have a
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greater chance of contact with hazardous waste in
the land or native plants and animals affected by
contamination.

The psychological stress found among some
people reacting to exposures to hazardous waste may
be mediated by social support. Culture—as a shared
system of values, rights, obligations, and expecta-
tions—defines the conditions under which support is
given, the members of the social network, and the
types of support available (27). Measuring social
support in a multicultural situation will probably not
accurately define social support in each cultural
group.

A disaster is the result of an unexpected loss of
apparent or perceived control of natural or
manmade forces. Baum and Fleming have shown
that in the United States a key psychological dimen-
sion in predicting health-related reactions to
disasters is individual control (7). Furthermore, they
have shown that disasters caused by human failure,
including the creation of a hazardous waste site,
produce greater stress and health effects than
natural disasters.

In the United States, hazardous waste sites are
more likely found near communities populated by
minority groups, especially African-American and
Hispanic groups. Minority communities may have a
tradition of distrust of government authorities. A
culture of distrust may prepare residents for the
discovery that the government’s control of hazard-
ous waste has broken down and human exposure to
toxicants is likely. Models of reaction to hazardous
waste sites that are based on the assumption that the
loss of control is a significant feature may require
modifications when applied to communities that
have a history of disempowerment and genuinely
expect ill treatment by governments.

Members of subordinated cultures and minority
groups that have been dominated by a mainstream
culture may perceive less control of events and
circumstances because of their history of powetless-
ness against mainstream culture. The premise that
accidents caused by breakdowns in technology are
different from nature-caused misfortunes is culturally
limited (25). While members of mainstream Ameri-
can culture may perceive human failure as more

surprising, less forgivable, and less understandable
than nature-based “failure,” non-mainstream mem-
bers may see human systems as more prone to
disaster, less trustworthy, and their failure not as
surprising as compared with circumstances created
by nature.

Two types of control may be considered in a
multicultural context (28). Primary control refers to
control exerted by changing existing circumstances.
It is proactive and the form of control emphasized
on most scales that measure control. Secondary
control refers to control exerted by changing one’s
self to suit the existing circumstances. Primary
control is the type most Western observers prefer,
and secondary control may be viewed as
noncontrol, an absence of responsibility for circum-
stances. Secondary control may be more typical of
non-Western cultures. Among these heterogeneous
groups, accommodation to the natural environ-
ment may be more common, and fewer technologi-
cal means are used to make large-scale changes to the
environment.

Data Gaps and Recommendations

1. Little work has been done on how various
subcultures within the United States respond to
exposure to hazardous substances.

2. Measurement of control mechanisms in toxi-
cant-impacted populations will need to take
into account different cultures’ varying styles of
coping.

3. Cultural factors affect the actual risk of exposure,
the perception of risk from exposure, the
perception of consequences of exposure, and
the perception and expression of personal
symptoms. Reactions to the breakdown of
control over hazardous waste exposure depend
on culturally defined expectations of control
over human-made and natural forces.

4. Non-Western cultures and minority groups that
have been dominated by mainstream culture
and society may experience hazardous waste sites
differently and more severely than people
integrated into mainstream American culture.
Health consequences of hazardous waste sites
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may exacerbate already existing social and health
problems.

Recommendations for working with sensitive
populations:

® Create a true and equal partnership with the
affected community.

@® Base the project in the community. This will
mean learning the community values and
empowering the community to solve its
problems.

® Use a holistic approach. The indirect effects
of hazardous waste exposure (e.g., cultural
damage, socioeconomic impacts, and psycho-
logical distress) may have more severe health
effects than the chemicals.

@® Use good science.
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PANEL Two:
COMMUNITY AND
SoclAL SciENCE PERSPECTIVES

Composition: Composed of community and social psychologists, sociologists, anthropologists, political
scientists, and community members affected by hazardous waste sites.

Charge: To review what is known about the psychosocial responses in communities located near
hazardous waste sites and to make recommendations regarding ways of interacting with
communities, outline problems in need of further investigation, and suggest possible
psychosocial interventions to reduce stress.

Panel members were not asked to evaluate community and psychosocial issues associated
with specific sites. Instead they were asked to use their complementary backgrounds and

areas of expertise to provide an overview of the following three areas: 1) the factors that

might render some community members susceptible to the stress of living near a hazard-
ous waste site, 2) the known psychosocial responses of community members living near

hazardous waste sites, and 3) the psychological impact of experienced uncertainty of the
consequences of toxic exposures.
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Topic One

Are there factors (both internal and external) that might render some communities more or
less susceptible to the stress of living near a hazardous waste site?

Background

With the discovery of toxic contamination, many
affected communities will suffer social conflicts.
The sources for social conflict are many. The
invisibility of most toxic contaminants may make it
difficult for community members to reach agree-
ment on their effects. The uncertainty can heighten
individual and family distress and may lead to
disputes between neighbors, particularly when the
contamination is spread unevenly throughout a
community. Residents who live close to hazardous
waste sites frequently have different views of their
possible exposure and its health effects than
residents of the same community who live farther
away and do not believe themselves to be affected.
For that reason, factions can develop in communi-
ties between those living inside and those living
outside the affected area.

The chair of the panel, Dr. Stephen Couch,
introduced this topic by comparing how communi-
ties respond to natural disasters with how they
respond to technological (human-related) disasters.

Dr. Couch: (Dr. Couch’s introduction is reported
as transcribed from tapes of the meeting.)

I began my work on this topic in a town called
Centralia, Pennsylvania, in 1981. This was a community
affected by an underground 