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1 INTRODUCTION

There are individuals who experience symptom responses at
low levels of exposure (i.e. exposures at levels below those
generally considered toxic). Though enigmatic and at times
controversial, there is a basis of plausibility for these reac-
tions. For any given exposure, interindividual variability in
responsiveness exists, such that there is a proportion of indi-
viduals who demonstrate heightened responses compared to
others. In addition, there is an increasing awareness that
mixed exposures can produce different dose-response curves
than of the isolated single exposures that have historically
been the focus of laboratory investigation and regulatory
efforts. Despite the centrality of the dose-response relation-
ship to the fields of toxicology, industrial hygiene, and occu-
pational health, certain human responses and diseases are not
casily explained by traditional dose-response relationships.
Workers with symptomatic responses or sensitivity to
low-level exposures are particularly challenging for occupa-
tional health and safety professionals as such exposures are
difficult to avoid and well below regulatory limits such as
threshold limit values (TLVs) or lowest observed effect levels
(LOELSs). Nonetheless, a better understanding of low-level
exposures is of great importance given that the symptoms
experienced, whether they reflect a well-identified pathology
or not, can impact health and lead to substantial disability.
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This chapter provides an overview of the clinical
presentation of symptomatic responses to low-level expo-
sures, the epidemiology, disease mechanisms, clinical evalu-
ation, and treatment options. Not included in the discussion
are the better characterized immunological conditions caused
by low-dose exposures such as acute allergic reactions, occu-
pational asthma, chronic beryllium disease, hypersensitivity
pneumonitis, and allergic contact dermatitis. Also not
included are approaches to assessing indoor air quality
in nonindustrial settings, which is covered in Indoor Air
Quality in Nonindustrial Occupational Environments.

2 DEFINITION(S)

Recurrent symptématic responses to low-level work and
environmental exposures are common and can generate
substantial concern. Such symptomatic responses encom-
pass a broad spectrum of clinical presentations and severity,
from mild to disabling. A variety of diagnostic terms have
been used to describe these conditions as shown in Table 1.
The terms multiple chemical sensitivity (MCS) or idio-
pathic environmental intolerance have tended to be used for
more severe forms of the condition (1-3). Other terms, such
as chemical intolerance, environmental sensitivity, or envi-
ronmental illness, typically are more inclusive of the full
range of response severities that have been observed and
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are encountered in more recent literature (4). One group has
employed the term environmental intolerance to encompass
chemical sensitivity, building intolerance, electromagnetic
hypersensitivity, and sound intolerance (5).

The origins of “chemical intolerance” trace back to
the clinical ecology movement of the 1960s (6). Theron
Randolph, a Chicago-based physician, described a treatment
population with symptoms that included fatigue, confusion,
weakness, headache, depression, and anxiety, which he
attributed to “food allergies” and everyday exposures to
common chemicals (7). Despite controversies surrounding
this approach, as increasing numbers of patients with
symptoms triggered by low-level environmental exposures
continued to be seen in occupational and environmental
medicine clinics into the 1980s, there was a need to better
define and understand the condition.

In 1987, Cullen defined MCS as “an acquired disorder
characterized by recurrent symptoms, referable to multiple
organ systems, occurting in response to demonstrable expo-
sure to many chemically unrelated compounds at doses far
below those established in the general population to cause
harmful effects. No single widely accepted test of physio-
logic function can be shown to correlate with symptoms.”
Cullen identified the following major components:

1. MCS is acquired in relation to some documentable
environmental exposure(s) that may have initially
produced a demonstrable toxic effect. This excludes
patients with long-standing health problems who later
attribute certain symptoms to chemical exposure.

2. Symptoms involve more than one organ system. This
excludes patients with specific more localized symp-
toms, such as environmentally triggered cough or
headache.

3. Symptoms occur in response to predictable, demon-
strable environmental stimuli, and improve away from
the exposure. The triggers involve multiple exposures,
frequently structurally unrelated, and mixed exposures
such as cleaning products, gasoline, or new carpeting.
The stimuli occur at very low levels, well below the
levels known to cause well-defined toxic, or irritant
health effects in humans.

4. No widely available diagnostic testing of organ system
function, such as pulmonary function testing or stan-
dard blood tests, can explain symptoms (8). This defi-
nition excludes patients with specific conditions such
as asthma or migraines whose symptoms are triggered
by environmental exposures.

A variety of additional definitions and diagnostic terms
have been put forward in the intervening years to describe
patients who respond to low-level work or environmental
triggers and lack a clearly defined clinical diagnosis that
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TABLE 1 Terms describing symptomatic responses
associated with low-level work and environmental exposures.

Chemical hypersensitivity syndrome
Chemical intolerance

Environmental sensitivity
Environmental illness
Environmental irritant syndrome
Idiopathic environmental intolerance
Multiple chemical sensitivity
Nonspecific building-related illness
Sick building syndrome

explains their symptoms (Table 1). The common elements
in the majority of existing definitions are (i) patient report
of multiple symptoms that are (ii) attributed to low-dose
exposures to commonly encountered substances (9). Some
definitions also stipulate a minimum duration of symptoms,
or chronicity, such as more than six months, and the pres-
ence of significantly associated lifestyle or functional impair-
ment (10). The nomenclature “MCS” has been criticized
given that the term “sensitivity” implies to many clinicians
an allergic immune-mediated process, for which there is no
clear evidence, and also because symptoms can be provoked
by a variety of exposures in addition to chemicals, such as
particulates, fumes, and physical factors such as electromag-
netic fields or noise.

In 1996, the term idiopathic environmental illness (IEI)
was proposed to replace MCS but has not been universally
embraced (11). MCS and IEI are often used interchangeably,
typically referring to patients with more severe symptoms
and associated lifestyle or functional impairment who come
to medical attention. In epidemiology research settings, the
entity “‘chemical intolerance” is often assessed with ques-
tions such as, “Do chemical odors make you sick?” or
“Compared to other people, do you consider yourself allergic
or unusually sensitive to everyday chemicals like those in
household cleaning products, paints, perfumes, detergents,
insect spray and things like that?” (4, 12).

The term building-related illness has been used to indi-
cate disorders related to a specific building, such as an
office building or school. These include defined illnesses
such as asthma or hypersensitivity pneumonitis, in addi-
tion to nonspecific symptoms related to the building, but
not linked to a specific disease (13). Nonspecific building-
related symptoms have generally replaced the older term
“sick building syndrome,” as the people in the building have
symptoms rather than the building being sick (13). These
terms have tended to be used when multiple inhabitants
in a single building report symptoms related to a specific
building.
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TABLE 2 Common symptoms reported in association with
low-level work and environmental exposures.

Category Symptoms triggered by
exposure
Cognitive and neurologic Headache

symptoms Difficulty with concentration
and/or memory

Lack of coordination or balance

Fatigue

Tiredness

Lethargy

Eye irritation: redness, tearing

Pain in eyes

Blocked ears

Stuffy nose

Sinus and nasal stuffiness, pain,
infections

Respiratory symptoms Cough

Wheezing

Shortness of breath

Nausea

Bloating

Reflux

Abdominal pain

Joint and muscle pain

Weakness

Flushing

Rashes

Itching

Systemic symptoms

Eyes, ears, nose symptoms

Gastrointestinal symptoms

Musculoskeletal symptoms

Dermatological symptoms

Similar symptoms occur in all of these environmentally
triggered entities, as shown in Table 2. These are primarily
cognitive-neurological (e.g. headache and concentration
difficulties), mucosal, and airway-related (e.g. eye irritation,
cough, nasal congestion, throat irritation) and neuro-
muscular (e.g. weakness, clumsiness, numbness) (7, 8, 10,
14). Additional symptoms include nausea, fatigue, malaise,
and digestive complaints (Table 2). Symptom severity can
range from mild in chemical or environmental intolerance to
debilitating in severe MCS.

Chemical intolerance and MCS share similarities with
other conditions that involve nonspecific symptoms that
cannot be explained in terms of traditional medical diag-
noses, also termed “medically unexplained symptoms” or
“functional somatic syndromes.” These syndromes include
chronic fatigue syndrome, fibromyalgia, chronic Lyme
disease, and gulf war-related illnesses (15, 16). A funda-
mental difference with these conditions is that with chemical
intolerance, MCS and IEI the symptoms are triggered by
low-level exposures, rather than being present irrespective
of environmental triggers.

A large number of diverse substances and exposure
settings are reported to trigger symptoms; most are

TABLE 3 Common work and environmental triggers.

Diesel or gasoline exhaust

Tar, asphalt

Insecticides and pesticides

Paint, paint thinner, solvents
Cleaning products

Fragrances, air fresheners

Tobacco smoke

Salon products, nail polish, hairspray
Construction, renovation, and repair work
Adhesive, glue, coatings

New furnishings, carpeting

usually airborne and frequently associated with an odor
(Table 3). Major categories include: industrial and household
chemicals (including solvents), pesticides, motor vehicle
exhaust, wood smoke, cigarette smoke, cleaning prod-
ucts, freshly printed papers or magazines, perfumes, and
fragrances (17-19). Noise and electromagnetic fields have
also been reported (20). These exposures can occur in
a range of settings, from industrial workplaces to office
and home environments (18). Triggering exposures can
shift over time with changing technologies and lifestyles.
A recent study from Japan found that compared to the
period 1999-2003, from 2012 to 2015 the proportion of
patients affected by insecticides and second-hand smoke
decreased, while the proportion of patients affected by
electromagnetic fields and perfumes and scented products
increased (21).

Commonly patients will attribute the onset of their symp-
toms to a specific atypical higher exposure event, such as
an acute accidental spill or a specific construction or remod-
eling event. After such an event they develop recurrent symp-
toms to lower-level ekposures (22). Symptomatic responses
may initially occur to a small number of triggering expo-
sures and over time “spread” to an increasing number of,
often unrelated substances, such as perfumes and cigarette
smoke (23).

In this chapter, the terms MCS, IEI, and chemical intol-
erance will be used somewhat interchangeably, as they
all describe the spectrum of individuals with symptomatic
responses to low-level exposures, and the literature has not
consistently differentiated these different terms. MCS and
IEI will generally be used when referring to patients with
more severe symptoms and chemical intolerance will be
used as a broader term that also includes those with milder
symptoms.

Two case examples will serve to illustrate the spectrum of
clinical presentations of chemical intolerance.
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3 CASE EXAMPLES

3.1 Casel

A 37-year-old female English professor experienced an acci-
dental chlorine exposure when a cleaning product spill
occurred at work. In the immediate period, she reported
facial and eye irritation, and cough. Over the ensuing months,
her symptoms progressively worsened to include general
weakness, headache, and difficulty concentrating, and she
developed these symptoms after exposures such as perfume,
gasoline, household cleaning products, and cigarette smoke.
Extensive medical evaluation was unrevealing. The patient
ultimately lost her job as she was no longer able to regu-
larly go to class or grade exams. She avoided ftriggering
exposures and began working with a cognitive-behavioral
therapist. These measures increased her functionality to the
point where she could teach part-time. Ten years later, she
continues to teach part-time at a well-maintained school
that follows “green cleaning” practices. She continues to
avoid triggers such as car fumes or perfumed products and
has gradually been able to resume other activities, such as
grocery shopping and socializing more.

3.2 Case?2

A 51-year-old female nurse at a local hospital was in excel-
lent health on the day she began to notice an unusual odor
coming through the ventilation system at her desk. She
traced the source of these odors to the installation of new
carpeting in a nearby unit. She reported symptoms of redness
in her eyes and nose, headaches, vertigo, nausea, and burning
sensation in her lungs, which improved away from expo-
sure. Medical evaluation, including spirometry testing and
physical examination, was unremarkable. Other employees
experienced similar types of symptoms immediately after the
new carpeting, which resolved after a few days. However, the
nurse developed recurrent symptoms each time she returned
to her office. She was relocated to a new work area and was
able to continue to perform the duties of her job effectively
for the next several years until another major renovation was
performed at the hospital. Her work-related symptoms, such
as headache, eye irritation, dizziness, and fatigue returned.
Her employer tried to make accommodations, but her symp-
toms became more debilitating and were triggered by an
ever-increasing number of previously tolerated exposures,
including routine dusts, perfumes, and cleaning products.
Although the renovation project was completed, she was
unable to return to work due to her recurrent symptoms.
She is trying to find work she can do in her home. She now
avoids travel and public places in order to reduce triggering
exposures, ordering all needed groceries and supplies to be
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delivered to her home. As a result, her financial, personal,
and family relationships have deteriorated.

4 EPIDEMIOLOGY

Over the past 30years, clinical and epidemiology studies
have better defined the spectrum and prevalence of chemical
sensitivity. These studies have generally made a distinction
between chemical sensitivity, an umbrella term describing
the subjective experience of symptoms in response to low
levels of exposure, and MCS, a more severe and at times
debilitating manifestation of chemical intolerance for which
typically the person has sought medical evaluation. Initial
research on the prevalence of MCS primarily included self-
selected subjects, such as those drawn from a medical
clinic population (18, 19, 24), before randomly selected,
population-based studies were initiated (25).

Population-based studies in the United States have gener-
ally shown variable prevalence of chemical sensitivity with
lower prevalence for physician-diagnosed MCS compared to
more general chemical sensitivity. For example, one of the
earliest population studies done in the United States was a
telephone survey of 1446 households in a rural population of
eastern North Carolina in 1993 (26). Respondents were asked
about becoming sick after exposure to natural things (e.g.
pollen, dust, grass, trees, cats, dogs, mold, feathers, food),
defined as allergy, as well as chemical odors (e.g. perfume,
pesticides, fresh paint, cigarette smoke, new carpets, car
exhaust), defined as chemical sensitivity. Allergies were
reported by 35% of respondents, chemical sensitivity was
reported by 33% of respondents and both allergy and chem-
ical sensitivity was reported by 16.9% (26).

In 1995, questions about chemical sensitivity were added
to the California Behavioral Risk Factor Survey (BRFS)
(27). In this telephone survey of 4046 subjects, 6.3% of
respondents reported a doctor’s diagnosis of “environmental
illness” or “MCS” and 15.9% reported being “allergic
or unusually sensitive to everyday chemicals.” This was
one of the first estimates of doctor-diagnosed environ-
mental illness/MCS in a population-based survey. Another
study of 1582 randomly selected residents of the Atlanta,
Georgia metropolitan area between 1999 and 2000, using
the same questions as the California Department of Health
Services Study, found that 12.6% of respondents reported
that, compared with others, they had unusual sensitivity to
common chemical products similar to the estimate of 15.9%
in California (28). Of note, 13.5% of respondents who
reported unusual sensitivity to chemicals reported losing
their jobs as a result. A more recent population-based online
survey of 1137 individuals selected to be representative
of the broader US population found that 12.8% of respon-
dents reported medically diagnosed “multiple chemical
sensitivities” and 25.9% reported chemical sensitivity (12),
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possibly suggesting an increase in the prevalence of these
conditions.

While the studies cited above focused on the United
States, multiple large population-based epidemiological
studies conducted in Europe, Asia, and Australia have
similarly found the prevalence of chemical intolerances
to be estimated between 8% and 33% (5, 12, 17, 29-31)
depending on the population and definition used. Thus, there
is a reliable body of epidemiologic evidence indicating that
chemical sensitivities are common, with more severe chem-
ical sensitivities, such as MCS, having a lower prevalence
than less severe forms.

5 RISK FACTORS AND COMORBIDITIES

The epidemiologic and clinical literature points to several
consistent demographic features of chemical intolerance.
There is general agreement that chemical intolerance is more
prevalent among women than men (27, 28, 30). In the above
household study in North Carolina, 39% of women and 24%
of men reported chemical sensitivity (26). In another widely
cited study, Bell et al. estimated that women outnumber men
in reported environmental illness by a ratio of 2 : 1 (32).
MCS is most common between ages 30-50 and less common
in persons above 60 years of age (17, 26, 33). Though rare,
childhood cases have been reported (34).

Psychiatric comorbidity appears to be another frequent
feature of chemical intolerance, with major depression,
somatoform disorders, anxiety, and panic disorder being
among the most common associated diagnoses (35-40). A
review of 12 studies found the prevalence of psychiatric
disorders in those diagnosed with IEI ranged from 42%
to 100% (35). It is less clear whether psychotic disorders
and substance use disorders are linked with chemical intol-
erance. An important limitation of these estimates is that
they likely combine pre-existing psychiatric conditions with
psychiatric illnesses that may have developed secondary
to the condition (41, 42). Nevertheless, the evidence
suggests, even if estimates are overstated, that psychi-
atric diagnoses are a common comorbidity of chemical
intolerances.

There is also a high degree of comorbidity between
asthma/allergy and chemical intolerance. A large population-
based survey conducted in Sweden found that 38.2% of
participants with self-reported chemical intolerance and
63.4% of participants with physician-diagnosed chemical
tolerance also had physician-diagnosed asthma and/or
allergy (43). Other studies have similarly found a high
prevalence of asthma and/or allergy in those with chemical
intolerance (14, 44, 45). The implication is that, while it is
important to distinguish between the two conditions, it is
also important to be aware that they can co-occur. Chamber
studies of volatile organic compounds have shown that

individuals with atopy respond with more symptoms at
lower levels of exposure (46).

6 NATURAL HISTORY

There has been relatively little information published
on the natural history of chemical intolerances. Lax and
Henneberger’s 1995 report on 35 patients meecting the
criteria for MCS at the Central New York Occupational
Health Clinical Center is one of the earliest publications
with data on natural history (19). After a mean follow-up
period of 1.4years (range: 0.4-2.4 years), almost half of
the subjects (16 of 35) reported that their MCS improved,
even though they also reported an average of 7.4 more
symptoms at follow-up than on the initial visit. One of
the longest follow-up studies, the Iowa Follow-Up Study
of Chemically Sensitive Persons, 1988-1997, reevaluated
18 of the 26 original subjects with MCS/IEI at nine years
(47, 48). Global assessment showed that almost all of those
reevaluated (16 out of 18) were improved, with five subjects
(28%) feeling fully better and only two subjects (11%) still
impaired socially and psychiatrically. However, the study
was small and almost one-third of the original patients were
lost to follow-up.

More recently, Azuma and colleagues conducted a
five-year follow-up study of individuals with chemical
intolerance in Japan, 2012-2017 (49). Of the 269 subjects
with chemical intolerance at baseline, 182 (68%) reported
improvement at follow-up. One limitation of the study was
a response rate at follow-up of only 37%. Nevertheless, this
and other studies indicate that chemical intolerance, although
frequently characterized as chronic or even progressing to
more debilitating symptoms, particularly in the short term,
can in fact improve substantially overtime (49-51). Greater
symptom severity as well as time elapsed prior to first clinic
appointment may predict likelihood of persistence (19).

7 PATHOGENESIS

Given the large number of environmental stimuli and vari-
ability in response symptoms in patients with chemical sensi-
tivities, these conditions likely result from multiple pathways
rather than having a single unifying mechanism. Neverthe-
less, attaining greater understanding of the pathogenesis of
symptomatic responses to low-level exposures has practical
importance in that this knowledge can inform disease classi-
fication as well as prevention and treatment approaches. Not
surprisingly there is support for a number of different etio-
logic mechanisms involving both physiological and psycho-
logical pathways.

The following is intended to be an overview, rather than
a complete review, of the mechanisms that may underlie
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symptomatic responses to low-level exposures. It should be
noted that the published literature on this topic has largely
focused on MCS and IEI, presumably because milder forms
of chemical intolerance are less likely to rise to clinical
attention. Nevertheless, the majority of these mechanisms
likely are also applicable to chemical intolerance.

7.1 Olfactory Physiology

Given the prominent role of inhalational exposures in chem-
ical intolerance, the olfactory pathway has been a focal point
of many of the pathophysiologic theories of chemical intoler-
ance. From an evolutionary standpoint, the olfactory system
is considered a phylogenetically older portion of the brain
with highly conserved structural and functional features (52).
The olfactory system consists of the olfactory epithelium,
the main olfactory bulb, and higher brain centers including
central nervous system (CNS) limbic circuits (53). Olfactory
receptor cells within the olfactory epithelium are special-
ized neurons with direct connections to the CNS; olfactory
nerve fibers connect the olfactory receptor cells to neurons
in the olfactory bulb (54). These neurons then converge into
olfactory tracts, which connect to higher cortical regions
of the brain as well as the limbic system, which supports
a variety of functions including emotion and memory. In
this way, a simple odor can have far-reaching effects within
the CNS.

This direct contact with the external environment is
unique within the CNS; in contrast, other CNS neurons
are located more centrally. As a result, it is possible for
substances to bypass the blood-brain barrier via the olfac-
tory route. This creates the potential for direct action of
exogenous chemicals on the CNS. This is limited to some
degree by what has been called the “nose-brain barrier,”
which refers to the inefficiency of transmucosal absorption
through the olfactory epithelium (7).

Two other features of the olfactory system are notable.
Olfactory neurons are replaced continuously throughout the
life span through neurogenesis, presumably owing to their
increased susceptibility to injury (7). In addition, the olfac-
tory system displays a high degree of plasticity to enable
odor processing and storage of information (learning). These
features are important in considering how diverse responses
to low levels of inhalational exposures may occur, as well as
the inter-individual variability in these responses (55, 56).

The research to date does not support the hypothesis
that individuals with chemical intolerance have a height-
ened sense of smell or lower threshold at which they detect
odors or pungency (57-59). Rather, it appears that it is
the response to inhaled stimuli that can be highly vari-
able and subject to change. Theories of neural sensitization
and neurogenic inflammation have been posited to model
this response pathway. It is important to highlight that the
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term sensitization here is not used in the sense of allergic
sensitization, but rather in the general sense of defining a
progressive increase in neural response to a stimulus (60).

7.2 Neural Sensitization and Neurogenic
Inflammation

The neural sensitization process is described in two phases
(61). In the initiation phase, several strong exposures (or
repeated low or medium-level exposures) result in a persis-
tent alteration in function (hyper-responsiveness). In the elic-
itation phase, even weak exposures are capable of provoking
a response. Commentators have pointed out parallels with
central sensitization theories of pain, such as in fibromyalgia,
which are considered functional disorders (62). Spreading
can be described as the phenomenon by which exposures
unrelated to the initial triggering stimulus begin to elicit a
response (63).

One of the main theoretical models for how sensitization
occurs in MCS is limbic kindling (64, 65). Kindling has been
described in animal models: repeated low-level electrical
stimulation applied to specific brain regions results in perma-
nent increases in seizure susceptibility (66). Kindling can
also be induced by chemical stimuli: in animal experiments,
repeated exposure to certain pesticides has induced behav-
ioral seizures and signs of hyperexcitability in the amygdala.

The hypothesis as applied to MCS states that chemical
kindling in the olfactory bulb (at levels below the seizure
threshold) leads to alterations in the limbic system that
amplify reactivity to low-level chemical exposure. The
main strength of this theory is that it provides a model
whereby progressive low-level exposures lead to persistent
alterations in affective and cognitive behavior (diverse func-
tions mediated by the limbic system). However, limitations
are that kindling is a model for epilepsy, and also that it
does not explain the multiple symptoms patients typically
experience (66).

The understanding of neuro-immune interactions in
asthma and other diseases is rapidly expanding (67). Many
inhalational exposures directly trigger peripheral nerve
receptors in the airways (53, 68). Neuroinflammatory path-
ways depend on the transient receptor potential (TRP)
superfamily of cation channels, including TRP receptors
TRPV1 and TRPA1. These receptors are activated by a
wide range of chemicals and also physical stimuli, including
chemicals at very low concentrations, such as capsaicin,
which induces coughing (69). TRPV1 and TRPAI, orig-
inally recognized on sensory neurons, are also present in
other cell types, such as dendritic cells, endothelial cells,
and mast cells (70).

Activation of TRPV1 and TRPA1 also modulates pain,
anxiety, and panic responses, in addition to inflammation
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(71, 72). These receptors provide a plausible mechanism by
which chemical stimuli could trigger diverse symptomatic
responses related to multiple sites, such as headaches, airway
symptoms, abdominal pain, or anxiety (73-75). Ongoing
research is exploring the role of these receptors in chem-
ical intolerance, including capsaicin inhalation challenge
testing in MCS patients and controls (76). Polymorphisms
in TRPV1 or other receptors may explain individual differ-
ences in susceptibility to chemical exposures, such as has
been shown with cough sensitivity to capsaicin (77).

There are several general hypotheses for how chemi-
cally induced neurogenic airway inflammation could impact
other organs. One possibility is that inflammatory signals are
sent from the brain to other sites through the sympathetic
and parasympathetic nervous system (4). Another hypoth-
esis, termed neurogenic switching, is that a sensory impulse
from a site of activation can be rerouted via the CNS to a
distant location (78). Finally, it is likely that the underlying
inflammation generated by such a process would contribute
to increased responsiveness to successive stimuli. That is to
say, neurogenic inflammation and neural sensitization may
be related processes (4). There is a rapidly expanding under-
standing of the importance of sensory neuron — immune
signaling pathways, including TRP cation channels, and how
neuro-immune interactions can mediate immune and inflam-
matory responses in multiple organs (79).

7.3 Behavioral - Conditioning

The idea of sensitization is distinct from classical condi-
tioning, which has been posited as a behavioral model of
chemical intolerance. The conditioning hypothesis states that
the symptoms of chemical intolerance reflect conditioned
behavior and physiological responses to chemical stimuli
(80-82). In this model, a previous pairing of a particular
stimulus with a response to a known aversive stimulus (for
example, a noxious odor) subsequently results in an aversive
response when this particular stimulus is encountered inde-
pendently in the future. This hypothesis explains responses
that are considered atypical, given that the response in
question would in fact be typical for the paired stimulus
(though it is now absent). Notably, the evidence for this
theory comes largely from animal models. An extension of
classical conditioning is contextual conditioning in which
the location and/or circumstances of the original offending
stimulus can, in the future, elicit a response in the absence
of the chemical (80).

7.4 Psychological

Several hypotheses lie more firmly in the psychological
realm. Some investigators have noted the influence of belief

systems in chemical intolerance (83). This can take two
forms: (i) belief that an exposure is harmful can alter the
individual’s response to that exposure (emotional bias), and
(ii) heightened concern about the health effects of man-made
chemicals and other pollutants can lead to attribution of
symptoms to these exposures (attributional bias) and/or
heightened focus on one’s symptoms (attentional bias) (14,
37, 84-86). Inherent in each of these models is the idea that
beliefs shape experience.

Observed similarities between MCS and conditions such
as fibromyalgia and chronic fatigue syndrome have led some
commentators to suspect a role for somatization in chem-
ical sensitivity (42). Another psychological theory of MCS
is that symptoms represent the effects of panic and/or hyper-
ventilation. This theory originates in case reports associating
organic solvents with panic attacks (40, 56, 87). Finally,
some have considered an atypical variant of posttraumatic
stress disorder wherein somatic symptoms follow an acute,
traumatic exposure to toxic substances (88).

7.5 Immunological

Finally, there are immunological theories of MCS. Immune
mechanisms have been sought in part because they fit with
the large degree of interindividual variability in responses
to low-level exposures. Some studies have shown altered
T-cell subset ratios and immunological regulation in humans
following prolonged low-dose exposures to chemicals such
as formaldehydes, hydrocarbons, and organochlorines (89,
90). However, attempts to characterize immunological
profiles that distinguish MCS patients from controls have
been inconsistent and inconclusive (91-93). Similarly, the
reproducibility, significance, and specificity of the immuno-
logical deviations that have been detected is unclear. As
such, the role of the immune system in the pathophysiology
of chemical infolerance remains undetermined. Based on
the evidence to date, chemical intolerance is not likely to be
caused by traditional IgE or cell-mediated allergic mecha-
nisms (94, 95). Given the immune system’s role in defending
the body from exogenous influences, it is anticipated that
research in this area will continue.

It is important to bear in mind that the preceding section
describes a number of potential mechanisms that can explain
the pathogenesis of chemical intolerance/MCS. Given the
wide range of exposures and varied clinical presentations, it
can be expected that no single mechanism will fully explain
the phenomenon. Rather, it is more plausible that in any
given case a combination of interconnected factors results
in heightened sensitivity to low-level chemical or environ-
mental exposures and the associated symptoms. Importantly,
it is important to recognize that there are many medical
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conditions that are recognized and accepted despite uncer-
tainty regarding pathogenesis.

8 CLINICAL EVALUATION

A detailed history, including environmental and work expo-
sures, and medical history, combined with a clinical evalu-
ation to rule out other medical diagnoses, is the cornerstone
of the diagnostic approach in suspected chemical intolerance
(96-98). Often, but not always, there is an initial, memo-
rable exposure event (99). This should be described in detail,
including estimates of the magnitude and duration of expo-
sure. The clinician should identify triggering exposures and
settings, associated symptoms, and temporal relationships
between exposures and symptoms. It is important not to over-
look the possibility of traditional occupational conditions,
such as irritant-induced asthma or solvent encephalopathy,
as well as exacerbations of underlying disorders, such as
environmentally triggered asthma. Such conditions should be
ruled out prior to arriving at a diagnosis of chemical intoler-
ance or MCS.

The past medical history should document the patient’s
health status prior to the onset of chemical intolerance. This
includes querying for history of asthma and allergy, as well
as any prior reactions or exposure-related health concerns.
A thorough occupational history with special attention to
past exposures and work-related symptoms and medical
absences from prior jobs is also recommended. Abnormal
findings on the physical examination suggest other medical
conditions.

9 DIAGNOSTIC TESTING

There is no accepted diagnostic test for chemical sensitivity
(100). As such, diagnostic testing is primarily performed to
rule out known conditions such as asthma, allergy, and estab-
lished toxicities of the specific exposure in question. Exces-
sive diagnostic testing can reinforce maladaptive illness
beliefs (101). It is not uncommon for patients to present to
clinic with blood, urine, or hair biomonitoring test results for
a wide range of chemical and metal exposures. These results
should be put in context and the provider should educate the
patient on how to correctly interpret the resuits.

With regard to more specialized testing, no form of
immunological testing has been shown to effectively diag-
nose MCS or specific chemical exposures (102). Similarly,
advanced CNS imaging techniques such as MRI or PET
scans have been used in research to evaluate neurologic
responses to exposures in subjects and controls. Such CNS
testing has had inconsistent findings and is not currently indi-
cated for clinical evaluation (43, 103, 104). In summary,
diagnostic testing is done foremost to rule in or out other
medical conditions.
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10 EXPOSURE ASSESSMENT

If the symptoms are triggered by work exposures, a walk-
through assessment of the workplace, with attention to
sources of exposure such as irritants and known sensitizers,
work processes, recent construction or renovation, odors,
and use of cleaning products, is recommended. Temperature,
humidity, water problems, the ventilation system, and fresh
air intake should also be evaluated. The degree of control
the individual has over his/her environment should be noted.
Assessing whether other workers are symptomatic is also
helpful. Quantifying low-level exposures for the purposes of
identifying the causative agent or documenting that the envi-
ronment is safe is generally not recommended. Care should
be taken to transmit exposure information in a nonjudg-
mental manner and to protect employee privacy regarding
any medical information.

11 CLINICAL MANAGEMENT

There are currently no evidence-based medical guidelines
regarding management of these conditions. Given the lack
of a consensus definition for symptomatic responses to low-
level exposures and the heterogencous nature of chemical
intolerances, this is not surprising. However, substantial
clinical experience supports that workplace and individual
interventions can improve symptoms and enable patients
to continue to work. The most common approaches focus
on reducing triggering exposures, addressing psychosocial
components of illness, and patient education.

11.1 Reducing Exposures

Prudent avoidance of exposures plays an important role.
A short period of removal from the environment can help
clarify the diagnosis as well as identify triggering expo-
sures and settings. Symptom diaries can be helpful to better
understand relevant exposures but can also heighten the indi-
vidual’s attention to symptoms. In general, radical avoidance
measures are to be avoided as they are frequently detrimental
to quality of life and can even worsen sensitivity in some indi-
viduals (105). There is no role for chelation, detoxification
regimens, or specific dietary interventions.

The goal is to reduce offending exposures without socially
isolating the individual. Efforts to avoid triggers often result
in loss of work and isolation from family and friends (85, 93,
106, 107). Modification of the environment, work accommo-
dations, and a strategy of prudent avoidance on the patient’s
part can be helpful in preserving social and occupational
functioning. Balancing the benefits of avoidance with the risk
of restriction and isplation is one of the greatest challenges
in coping with chemical intolerances (108).
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In the workplace, a number of beneficial practices can
be implemented to improve indoor air quality and reduce
triggering exposures. It is important to ensure ventilation
systems are appropriate and well maintained, have adequate
fresh air intake, and are not distributing pollutants from
other sources inside or outside the building. Use of HEPA
filters in the ventilation system can also be helpful. The use
of windows and/or exhaust systems, particularly in areas
where there is potential for generation of noxious or irri-
tating exposures, is recommended. Institution of fragrance-
free and smoke-free workplace policies as well as reduction
of cleaning agents, fragranced products, and pesticides are
often effective strategies.

With respect to construction and cleaning, providing pre-
notification when these activities are scheduled to occur is
often a helpful strategy. In these scenarios, administrative
controls such as scheduling required work or cleaning at
times when the building is not occupied, as well as temporary
relocation/accommodation of the employee during planned
work can be highly effective. Care should be taken into
consideration of the building materials, furnishings, and
supplies that will be used. Many nontoxic or less-toxic alter-
natives are available. The same also applies to the choice
of solvents, primers, paints, and stains. The Job Accom-
modation Network (109) has freely available materials to
assist with this process. Strategically timed work breaks
and increased work flexibility can be effective strategies
as well.

11.2 The Biopsychosocial Approach

When caring for patients, it is important that providers do
not let the uncertainties in the precise mechanism and clas-
sification of chemical intolerances lead them to doubt the
patient’s experience of illness as any less real (110, 111).
Rather, a nonjudgmental and supportive relationship as part
of a biopsychosocial approach to illness is considered to be
central to the approach to patients with chemical intolerance
(112).

As with many conditions, there are likely multiple path-
ways contributing to the experience of illness. Spurgeon has
proposed two pathways leading from hazard to symptom:
a physical pathway consisting of the exposure and under-
lying biologic vulnerabilities and a psychosocial pathway
consisting of contextual factors such as stress, personality,
and attitudes (16). A successful approach considers not only
the exposures but also these contextual factors.

It is important that the occupational health practitioner
establishes goals of therapy and a supportive and trusting
rapport. In general, the goal of treatment in symptomatic
responses to low-level exposures is control of symptoms
rather than cure. Scheduling regular visits can be helpful
in building a therapeutic alliance and reinforcing goals

of therapy (97). Arguing with patients about their illness
beliefs, a practice referred to as contested causation,
is counterproductive to partnering with the patient and
achieving treatment progress (113).

From a therapeutic standpoint, the psychosocial approach
to symptomatic responses to low-level exposures consists of
behavioral modification and coping techniques (114). While
medical treatment of mental health comorbidities, such as
depression or anxiety, is appropriate, there are no pharma-
cotherapies specifically indicated for chemical intolerance
itself (115). There are case reports of efficacious treatment of
chemical intolerance; however, many individuals with clini-
cally apparent chemical intolerances are sensitive to medica-
tions and averse to medication trials (116).

There are a variety of low-cost techniques that have
been used successfully in chemical intolerances. Biofeed-
back and relaxation methods can be used to address anxiety
about exposure and symptoms (96, 117). Additional strate-
gies include joining a support group, prayer and medita-
tion, mind-body therapies such as breathing exercises, and
regular exercise (49). These modalities can play an impor-
tant role in modifying exposure response. In implementing
these practices, care should be taken to make one change at
a time.

Mindfulness and cognitive-behavioral therapy have been
shown to be effective in reducing functional disability in
trials of MCS patients and more generally in patients with
medically unexplained symptoms (118). Behavioral desen-
sitization involves graduated exposure to odors and other
triggers and is often incorporated with cognitive behavior
therapy (117, 119). Where possible, increasing an indi-
vidual’s sense of control over their work environment and
work organization to reduce stress is encouraged.

Newer treatments, such as pulsed electromagnetic fields,
are the subject of ongoing research (120).

11.2.1 Patient Education

Patients with chemical intolerances have frequently sought
treatment with environmental and other alternative medicine
providers. It is important to review the testing and treatment
offered by these providers for unnecessary and/or potentially
harmful interventions. This includes expansive biomoni-
toring panels (for heavy metals, chemicals, metabolites)
that are not hypothesis-driven and which often do not have
accepted normative values, chelation therapies outside of
accepted indications, detoxification and other supplements,
and restrictive diets that may pose harm to the individual.
Educating patients on how to critically interpret information
they are finding online or from other sources and explaining
all findings and medical rationale clearly are both beneficial
practices in achieving treatment goals.
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12 CONCLUSION

Chemical intolerance and chemical sensitivity remain chal-
lenging conditions for the patient and provider. Decades
of clinical experience with patients that experience symp-
tomatic responses to low-level exposures indicate that,
despite uncertainties regarding pathogenic mechanisms,
the condition is real and can result in substantial disability.
As such, symptoms triggered by low exposures should
be taken seriously by treating providers and industrial
hygienists, even though such exposures are generally well
below regulatory guidelines, if they exist, and will seem
nonexistent to others. Work controls and/or accommoda-
tions to reduce such triggering exposures can be effective
in improving symptoms and reducing lost work time and
disability. Personal behavioral and coping strategies can
also help patients manage their symptoms. It is important
for providers to recognize how isolating the condition can
be and to advocate encouraging measures that will keep
the individual as integrated into society and their regular
daily activities as much as possible. Despite uncertainties
and differences in opinion regarding the genesis of chemical
intolerance, there is nevertheless much we can still do.
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