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The purpose of the present study was to determine: (1)

that dental office personnel would be exposed to more toxic

chemicals in the workplace than the non-dental office

controls; (2) that exposure should lead to a reduction in

the efficiency of the immune system in the individuals in

the dental office; and (3) the immunological deficit should

manifest itself in psychological and/or physiological

pathology as measured on the Profile of Mood States (POMS)

and Bender Gestalt.

An assessment of dental office volunteers and controls

revealed immuno-suppression as measured by the reactivity of

the Immunoglobulins. Both phenol and acrylic were found in

greater amounts in the dental office than in the control

environment. Along with elevated levels of acrylic and

phenol, there was a corresponding decrement in immunological

function as measured by the increased amounts of

immunoglobulins IgA, IgG, and IgM. Analysis of the white

blood cell differential revealed a greater quantity of

lymphocytes and basophils in controls than in the dental

office group, and conversely segmented neutrophils were



found to be more prevalent in the dental office group.

Neither the POMS nor the Bender Gestalt indicated any

differences between groups. Results indicate there is

reason to be concerned about immuno-suppression in some

personnel of the dental office environment.
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CHAPTER I

INTRODUCTION

The belief that psychological, behavioral, social and

environmental factors influence health and disease is not

new (Dubos, 1959). However, its intensive study is recent.

Medicine, in the last 10 years, has witnessed the emergence

and growth of the subfield of behavioral medicine, an

interdisciplinary field devoted to the "integration of

biomedical and behavioral knowledge relevant to health and

disease" (Miller, 1981, p. 3),. Conventional medicine has

focused on medical treatment of biological disease following

the doctrine laid down more than three centuries ago by

French philosopher Rene Descartes. The mind-body

connection, as viewed by behavioral medicine, focuses on

identification and treatment of the environmental and

psychological determinants of disease as well. The need for

this new perspective has resulted from the inadequacy of

traditional medical methods to treat such chronic and

important health problems as cardiovascular disease and

cancer as well as many other lifestyle and environment-

related health problems. The complexity of these illusive

medical problems suggests the need to incorporate social,

psychological, environmental and behavioral dimensions in
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their conceptualization and treatment. As early as 1977,

the need for such a biopsychosocial, biochemical treatment

model was identified (Engel, 1977).

Research using this integrated stressor systems model

of disease has yielded significant results. Interrelated

biochemical mechanisms which are critically involved in the

regulation of body functions have been discovered between

neural, endocrine and immune systems. These important

biochemical findings, believed to be related to

differential susceptibility to some pathogens, have

solidified a systems view of disease and have led to the

development of a new and more specialized area of study

called "neuropsychological toxicology." Neuropsychological

toxicology is the study of interactions between

psychological, neurological, environmental and immune

functions in the body (Ader, 1981).

In recent years, considerable evidence has accumulated

which suggests that there is indeed a link between

psychosocial factors, environmental conditions, immune

function, health and illness (for reviews see Coe & Levine,

in press; Tacoma & Huey, 1985; Jemmott & Locke, 1984; Locke,

1982; Rogers, Dubey, & Reich, 1979). Of particular interest

are the effects of stressors on the immune system and the

relationship of this process to health status and to the

development of disease. While findings from several recent

studies support a relationship between stressors and immune
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changes, several problems remain. Many physiologic studies

of stressors have focused on the immune system but have

failed to monitor other physiological mechanisms believed to

mediate its functioning: neuroendocrine processes (Blalock,

1984; Besedovsky & Sorkin, 1977) and the autonomic nervous

system (Besedovsky, del Rey, Sorkin, Da Prada, & Keller,

1979). A neuropsychological toxicological approach to the

study of stress suggests the need for an integrated systems

perspective allowing for the simultaneous evaluation of

these interrelated physiological and environmental

mechanisms.

Because of the ethical issues involved in

experimentally inducing stress, many human studies of stress

have been correlational or quasiexperimental. More rigorous

experimental designs affording greater control of the

stressor are required to better address current research

needs for specificity and identification of mediators of the

effects of environmental stressors. Use of such controlled

experimental designs allows a precise study of cognitive

factors such as perceived control, which has emerged as an

important mediator of stressful effects on immune function

in animals (Laudenslager, Ryan, Drugan, Hyson, & Maier,

1983; Maier, Laudenslager, & Ryan, 1985; Shavit & Martin,

1987).

As a stressor, chemical exposures are endemic to the

modern work place (Ashford & Miller, 1989). Increased
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production/use of organic chemicals and advances in consumer

products and building construction have increased the nature

and extent of human exposure to these stressors. Among the

work environments in which this type of exposure can be

found is the dental office (Murry & Butler, 1988). Within

the dental office are found four chemicals indigenous to

that environment which may create toxic effects:

formaldehyde, phenol, acrylic and mercury. These chemicals

are capable of creating rapid and abnormal stress on

physiological and psychological systems of the body which

can result in medical and/or psychological symptomatology

and pathology when the body defenses can no longer maintain

homeostasis by adaptation (Murry & Butler, 1988). Symptoms

of poisoning from these chemicals may be vague and

subjective with reactions being forgetfulness, fatigue,

irritability, depression and a general feeling of weakness

(Ashford & Miller, 1989). Individual differences in the

threshold levels for these chemicals make symptomatology

varied, and indeed may leave some subjects with no safe

level of tolerance for these chemicals (Randolph, 1987).

In summary, the environment in which we live requires

our physiological systems to continuously adapt to maintain

homeostatic balance (Goldstein, 1990). Radical and rapid

changes in environment place an abnormal amount of stress

on our physiological systems (immune and endocrine), the

result of which is medical and/or psychological
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symptomatology and pathology (Murry & Butler, 1988). The

symptoms experienced from exposure to chemicals or other

xenobiotics may vary in different individuals as a function

of the ability of their own system thresholds (Rea &

Mitchell, 1982). Chemicals that alter psychopharmacology,

psychoimmunology and neurochemistry are becoming more

suspect concerning their role in altering human behavior.

The purpose of this study is to verify the level of

chemical exposure to the individual and the extent of the

effect on the' immune system.

Statement of the Problem

Perhaps other occupations require more physical

exertion or involve more potentially hazardous conditions,

but the dental office presents a unique combination of

demands on its personnel and daily exposure to numerous

chemicals. There are some unique complications inherent in

the dental office and in the neuropsychological evaluation

of the personnel with possible neurotoxic syndromes. There

are currently few well-developed neurochemical or

neurophysiological models of neurotoxic effects. Very

little definitive research, especially regarding central

nervous and immune systems toxicity patterns, is available

to guide the neuropsychologist in assessment of the problem

(Hartman, 1988). Chemical sensitivity presents a

challenging puzzle for the researcher, physician and public

policy decision-maker. The magnitude and nature of the
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problem requires (1) observations of possible offending or

triggering substances and health effects, and (2) plausible

mechanisms, diagnostic approaches, and therapies.

While a definitive and accurate assessment of the

magnitude is yet to come, at this time the pieces--

viewed collectively--provide sufficient evidence to

conclude that chemical sensitivity does exist as a

serious health and environmental problem and that

public and private sector action is warranted at both

the state and federal levels. . . (Ashford & Miller,

1989, p. 29)

The report to the New Jersey State Department of Health by

Ashford and Miller also cites that existing evidence does

suggest that chemical sensitivity is increasing and could

become a major problem within the work place with

significant economic consequences related to the disablement

of productive members of the work force. Although exposure

levels have been looked at by the National Institute for

Occupational Safety and Health (NIOSH) and the 1970

Occupational Safety and Health Act (OSHA), very little if

any consideration or observations of offending substances

and possible health effects, and plausible medical/

scientific theories concerning low-level and multiple

substance sensitivity have been examined (Ashford & Miller,

1989).



7

Purpose of the Study

Several critical content areas should be examined more

closely. Murry and Butler (1988) assessed the

neuropsychological dysfunctioning associated with the

dental office environment. The fields of

psychoneuroimmunology and psychological toxicology are the

extension of that theory. When possible a distinction must

be made between the dysfunctional states expressed by the

patient as to its multidimensional nature. The previous

study cited by Murry and Butler (1988) examined primarily

the psychological pathology of the dental population

viewed. This study is primarily attempting to quantify if,

in fact, there is chemical exposure to the dental office

personnel and if such exposure does exist, at what level is

it to be found within the work environment. A second area

of investigation is to differentiate within this population

if there is a significant difference in the suppression of

the immune system from that of the control group.

Significance of the Study

The present study is a response to the need for a

better understanding of current medical/psychological

complaints by members of the dental community. Attempts are

made to quantify if there is chemical exposure within the

dental office and if that exposure is implicated in the

personnel's ability to function within that environment.

This approach of studying the relationship between possible



8

chemical exposure and immune suppression is not meant to

imply a cause and effect relationship. Instead, it

represents an attempt to add to the understanding of the

total problem of occupational stress. The findings of the

possible existence of multiple chemicals within the dental

office environment may indicate the need for some form of

filtration system or procedural changes to lessen the total

body burden of stress upon the personnel.

Hypotheses

Hypothesis 1. The chemicals formaldehyde, acrylic,

mercury and phenol will be found within the dental office

environment at a higher level than that of the control

group.

Hypothesis 2. The dental office personnel will

demonstrate a greater degree of immunosuppression than the

control group.

Hypothesis 3. The psychological tests will show more

psychopathology within the dental office personnel than

within the control group.

Assumptions and Limitations of the Study

Several basic assumptions constitute the foundation of

this research endeavor. First, it is assumed that the primary

purpose of the study is to attempt to explain the phenomenon

of dental office stressors and identify relationships

between significant variables. Next, it is assumed that a

theoretical framework exists in stress research that may be
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used in controlling variance, selecting variables, and

analyzing data. The occurrence of work environment related

stress is assumed to be an existing phenomenon that may be

normally distributed across the entire population of dental

office personnel and can be measured using validated

instruments and laboratory tests. Subjects from whom data

is collected are randomly chosen from the population.

Although variances between groups may exist, it is assumed

that variances within groups are about equal. Finally, the

study is based on the assumption that contributions to the

total variance relating to work environment stressors is

additive, meaning that the independent variables

collectively contribute to the final measure of work

environment related stress. These assumptions influence the

design of the study, the methods that are employed and the

manner in which the results are interpreted.

Certain limitations are inherent in a study of this

nature. As is the case in most research in the social

sciences, control of variance is diminished, resulting in

the increased risk of improper interpretation of the

results. The method of sampling in this research has

limitations, which may be minimized by careful design and

sound methodology. Commonly accepted research techniques

are used in choosing a method of obtaining a sample. In

this case, random sampling is chosen, which offers each

subject an equal chance of being chosen for the study.
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Chief limitations lie in the problem of contacting the

subjects in the sample and asking them to participate. When

people in the sample decline to participate, the random

nature of the sample is destroyed. In addition, people who

choose to respond may in some way differ from those who

chose not to respond. This may add bias to the results of

the study.

The focus of the present study is limited to examining

variables in order to answer the stated research questions.

Several questions raised by previous research are not

addressed in this study due to financial, temporal and

methodological constraints.

Review of the Literature

To understand the complex field of

psychoneurotoxicology, an explanation of immune function is

necessary. In this review of the literature, the immune

system is described, followed by a discussion of autonomic

and endocrine functions as interrelated physiological

systems which have been shown to mediate immunity. Animal

and human studies which have investigated the impact factors

on autonomic, endocrine and immune function are reviewed.

Normal Immune Function

The hallmark of the human immune system is its ability

to distinguish self from non-self. This versatile system

"specifically recognizes and selectively eliminates foreign

invaders" in the body (Hood, Weissman, Wood, & Wilson, 1984,
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p. 1). The distinguishing features of this system from

other physiological responses of the body are its diversity,

specificity and memory abilities (Borysenko, 1987). The

immune system is the body's defense against foreign

invaders, called antigens, which include such microorganisms

as bacteria and viruses, parasites, and the body's own

cancer cells. Two types of white blood cells, lymphocytes

and monocytes (or macrophages), are responsible for both

specific and nonspecific immune responses. These cells

originate in the bone marrow and migrate to the principle

structures responsible for immune functions: the spleen,

the thymus gland and the lymph nodes. The lymphatic system,

a complicated network of vessels, transports immune cells

from these organs to body tissue. Nonspecific (vs.

specific) immune response primarily involves phagocytosis

(destruction of cells) by two kinds of white blood cells:

macrophages and neutrophils (Roitt, Brostoff, & Male, 1985).

There are two cooperative and complementary types of

specific immunity: cellular and humoral. Cellular immunity

is mediated by lymphocytes called T cells. These cells make

up 80-90% of the total number of lymphocytes (Graziano &

Bell, 1985). In general, T cells mediate hypersensitivity

reactions, kill other cells (primarily tumor cells) and

viruses, and regulate the activity of the humoral immune

system. T cell activity is an intracellular function. T

cells become activated when they come in contact with an
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antigen that they recognize (via antigen specific receptors

on the T cell itself) (Roitt et al., 1985). When these

cells recognize and respond to a specific antigen, they

proliferate, producing a clone of identical cells which

either "attacks the foreign invader directly or releases a

variety of nonspecific substances in their presence, called

lymphokines" (Borysenko, 1987, p. 4).

There are several types of T cells. Two specific types

of T cells, helper (T4) and suppressor cells (T8), regulate

the humoral immune response. Helper T cells enhance the

humoral, or B cell, response, while suppressor T cells block

this response. Another type of T cell, the cytotoxic T

cell, has the ability to destroy other specifically

recognized cells, especially tumor cells. Natural killer

cells are important because they destroy tumor cells and

virally infected cells without needing to recognize the

antigen (Roitt et al., 1985).

The humoral immune response is primarily an

extracellular function. This response is mediated by T

cells and involves differentiation of B cells into plasma

cells which produce antibodies. Antibodies then bind to the

foreign substance and, through a variety of mechanisms,

eliminate the foreign substance from the body. Antibodies

form a class of proteins called immunoglobulins and are the

host's primary defense against bacteria. B cells in humoral

immune systems recognize and respond to a few closely
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related substances. As with T cells, B cells must reproduce

and differentiate before they become capable of eliminating

foreign invaders.

Two important substances (lymphokines) produced by T

cells are interferon and interleukin 2, and are part of the

body's natural immune system. Interferon serves as a major

regulator of natural killer cells by enhancing the activity

of these cells, which is important in antiviral and

antitumor surveillance. Interleukin 2, which is primarily

produced by T helper cells, is involved in T cell growth and

has been shown to promote B cell growth and differentiation

(Finkelman, Malek, Shevach, & Mond, 1986).

The mechanism of human immune function is extremely

complex, involving many different an interrelated

components. It is important to note that while cellular and

humoral immunity are conceptually discrete, they are

functionally highly interdependent. In fact, T helper and T

suppressor cells control the initiation and termination of

both T and B cell responses. Changes in the function of

these regulatory cells can result in significantly impaired

or exaggerated immune response (Schleifer, Keller, & Stein,

1986). In addition, lymphocytes have many different

receptors for various hormones and neuropeptides and even

have the ability to produce hormones themselves. The field

has grown phenomenally in recent years, with immunologists
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working to discover and understand many of these and other

intricate mechanisms (Schwartz, 1983).

Immune System Evaluation

In recent years, functional cellular immunocompetence

has been evaluated primarily by in vitro testing of T cell

response (proliferation or reproduction) to specific

antigens called mitogens (Rogers, Dubey, & Reich, 1979).

Mitogens commonly used to test T cell responsivity include:

phytohemmagutinen (PHA), concanavalin (ConA) and pokeweed

mitogen (PWM). Another means of evaluating cellular

immunocompetence has been the measurement of interferon and

interleukin, lymphokines produced by T cells which

facilitate specific immune processes (Schwartz, 1983).

"Because it is clear that T regulatory cells play a

critical role in the immune system, evaluation of helper and

suppressor cell numbers has proved to be a valuable tool in

understanding. . . .clinical disorders" (Graziano & Bell,

1985, p. 441). Immunologists have used the ratio of T4 to T8

cell numbers as a general measure of immune system integrity

as it relates to specific clinical disorders. In a healthy

immune system there are at least twice as many helper (T4)

cells as suppressor (T8) cells. In very recent years, the

helper/suppressor ratio has been a particularly important

marker used in Acquired Immunodeficiency Syndrome (AIDS)

related research (Lifson, Finch, Sasaki, & Engleman, 1985).

Although T cell numerical values do not provide information
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about the ability of the cells to respond immunologically,

"by using proper precautions and combining numerical with

functional measures, it is possible to obtain more meaningful

assessments of immune status" (Borysenko, 1987, p. 9).

Related Physiologic Mechanisms

"The best understood mechanism by which the brain can

influence immune function involves hormones that are under

the control of the hypothalamic pituitary axis" (Maclean &

Reichlin, 1981, p. 475). In this neuroendocrine mechanism,

the hypothalamus, together with the pituitary, converts nerve

impulse into hormonal responses (Rider et al., 1990; Henry &

Stephens, 1977). Hormones produced by the pituitary include:

adrenocorticotropin (ACTH), thyroid stimulating hormone

(TSH), growth hormone (GH), luteinizing hormone (LH),

follicle-stimulating hormone (FSH) and prolactin. Each of

these hormones serves important regulatory functions in the

body. Some interaction with immune function has been

postulated for virtually all hormones (Solomon & Amkraut,

1984).

The hypothalamic pituitary mechanism is supported as an

important immunological influence in a series of animal

experiments which found that lesions in the anterior

hypothalamus in guinea pigs were associated with lower

circulating antibody and depressed delayed hypersensitivity

reactions (described in Stein, Schiavi, & Camerino, 1976).

Besedovsky and Sorkin (1977) found an increase in the rate
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of neuron firing in the hypothalamus after rats were

immunized with two different antigens, a finding which

supports the presence of a direct feedback loop between

immune response and hypothalamus.

Another important mechanism by which the brain

regulates immune function is via hypothalamic regulation of

neurotransmitter processes (Stein, Schleifer, & Keller,

1981). Although many neurotransmitters have been identified

in the central nervous system, two of the best known are the

catecholamines, norepinephrine and epinephrine (Frohman,

1980). The hypothalamus regulates these substances (via the

autonomic or peripheral nervous system) which are felt to

modify immune responses through changes they effect in the

cellular milieu (Maclean & Reichlin, 1981). Besedovsky et

al. (1979) describe several experiments that suggest that

catecholamine influence on the immune system can be

characterized as immunosuppressive.

Hall and Goldstein (1981) describe the effects of other

important neurotransmitters on immune function. Evidence

suggests that serotonin has an inhibitory effect on immune

function while dopamine and acetylcholine exert a

stimulatory influence on immune function. They further

discuss possible feedback loops by which the immune system

may activate or inactivate these neurotransmitters.

Not only do neuroendocrine and neurotransmitter

mechanisms effect enhancement or suppression of immune
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function, the two mechanisms are interrelated. In fact,

hypothalamic pituitary hormones have characteristics of both

neuron and endocrine gland cells. In addition, neurons

which produce hypothalamic hormones can be found in greatest

concentration in the hypothalamus, relative to other parts

of the brain (Frohman, 1980).

It is important to note that hypothalamic activity is

initiated in several ways: by neural impulses, by

environmental stimuli and by circadian rhythms--all capable

of being influenced by variations in stressors and affective

states (Maclean & Reichlin, 1981). Changes in eating

habits, sleep-wake cycle changes and body temperature

changes may also be a part of the complex influence on

immune cells facilitated by autonomic regulatory functions

in combination with neuroendocrine mechanisms (Goldstein,

1990).

Cortisol

While it is felt that a variety of hormones effect

immunity, studies have focused on adrenocorticoids (Rogers

et al., 1979). Several researchers support the role of

corticosteroids as mediators of immune suppression in humans

and animals (Borysenko & Borysenko, 1982; Coe & Levine, in

press; Jemmott & Locke, 1984; Schindler, 1985; Riley, 1981b;

Claman, 1972; Besedovsky, del Rey, & Sorkin, 1979; Munck,

Guyre, & Holbrook, 1984). Corticosteroids inhibit
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lymphocyte proliferation (Borysenko & Borysenko, 1982). In

addition, they have been found to inhibit production of

interferon (Munck et al., 1984) and interleukin I

(Besedovsky, del Rey, Sorkin, & Dinarello, 1986). Increased

levels of cortisol have been associated with decreased

lymphocyte response to mitogen and a diminished ability to

destroy foreign cells (Claman, 1972). Corticosteroid effect

may also be dose related. Stein et al. (1981) describe high

levels of cortisol inducing immunosuppressive effects, while

lower physiological levels of cortisol have enhanced T and B

cell related function.

Other hormones besides cortisol have been found to

inhibit mitogen stimulation of lymphocytes: estrogen,

progesterone and testosterone (Borysenko & Borysenko, 1982).

In general, growth hormone, thyroxin and insulin increase

immune response (Besedovsky & Sorkin, 1981). It is possible

that endocrine modulation of the immune system may result

from an interaction of hormones (Stein et al., 1981).

Timing has been shown to be an important factor in the

effects of cortisol on immunity. Dexamethasone, a

corticosterone, was injected into mice seven days before a

tumor was implanted. In this group, compared to controls,

tumor growth was suppressed. However, when dexamethasone

was injected seven days after tumor implantation, the tumor

grew rapidly, resulting in death for this group of mice

(Riley, 1981a).
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Glucocorticoid receptors are known to exist on

circulating lymphocytes (Besedovsky & Sorkin, 1981) which

fits with Blalock's (1984) assertion that the immune-

endocrine relationship between levels of cortisol and immune

processes highlights the importance of evaluating this

factor as a possible mediator of immune response.

Autonomic Nervous System

The autonomic nervous system has been shown to be

another mediator of behavioral influences on the immune

system (Besedovsky et al., 1979; Borysenko & Borysenko,

1982; Coe & Levine, in press; Jemmott & Locke, 1984; Locke,

1982; Rogers et al., 1979; Tacoma & Huey, 1985). Several

mechanisms have been proposed: release of catecholamines

resulting in inhibition of immunocompetent cells (Borysenko

& Borysenko, 1982; Tacoma & Huey, 1985), variations in

splenic activity related to levels of norepinephrine

(Besedovsky et al., 1979), and autonomic secretion of

neuroregulatory peptides which alter the cellular

environment (Maclean & Reichlin, 1981). In their review,

Jemmott & Locke (1984) discuss several recent studies which

have found direct autonomic enervation of the thymus (site

of T cell maturation). Schindler (1985) characterizes

autonomic nervous system effects on cellular immunity as

generally inhibitory. It is important to note that while

increases in catecholamine levels are associated with
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stressors, they can also be associated with ingestion of

coffee, tobacco or alcohol (Baum, Grunber, & Singer, 1982).

Crary and colleagues (1983a) found a decrease in

responsiveness to mitogens in human peripheral mononuclear

blood cells after a single injection of epinephrine (.2 mg)

was administered. This study suggests that the lymphocyte

subclasses in blood are temporarily altered by epinephrine;

mitogen responsiveness returned to pre-injection level in

two hours. A subsequent study (Crary et al., 1983b) showed

that an epinephrine injection changed the relative

proportion of lymphocyte subsets present in the blood two

hours later.

Animal studies also support the role of the autonomic

nervous system in immunological regulation. In a study

using rats, denervation of the spleen, an important

immunological organ rich in sympathetic enervation,

resulted in a 70% increase in the number of plaque forming

cells (related to antibody synthesis). Besedovsky et al.

(1989) suggest an interruption of the immunosuppressive

effects of sympathetic enervation following denervation of

the spleen of the rats.

Immune Function in Humans

Early studies on stressors and human immunologic

functioning have been correlational with illness considered

a global indicator of the body's breakdown of immune

defenses. Many early studies found correlations between
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specific stressful life events and stress related illnesses

(for reviews see Locke, 1982; Rahe & Authur, 1978). Such

studies have been criticized for their inability to measure

many other factors believed to influence the impact of a

particular event such as the individual's appraisal of the

event and interactions between events (Krantz, Grunberg, &

Baum, 1985). Additional criticisms include the fact that

most studies have been retrospective (Palmblad, 1981). As a

result of these criticisms, more recent work has focused on

the individual's perception of the stress in his or her life

as an important variable (Cohen, Kamarck, & Mermelstein,

1983). In studies linking stressors to infection, stressors

have been associated with tuberculosis, the incidence and

duration of respiratory infections, the incidence and

recurrence of herpes outbreaks, and the incidence and course

of infectious mononucleosis (see Jemmott & Locke, 1984).

Problems with many of these studies include use of

retrospective designs as well as the possibility that other

variables not studied influence or account for correlational

findings. Moreover, such studies leave considerable

ambiguity concerning the direction of causality.

Clinical studies in which various types of stressors

and affective states are related to different indices of

immune function yield more relevant information regarding

determinants of immunocompetence. Researchers have

investigated the relationship of depression to immune
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function. Kronfol, Silva, Greden, Dembroski, Gardner and

Carroll (1983) found significantly decreased lymphocyte

response to mitogens (PHA, ConA, and PWM) in mild, moderate

and severe depressives vs. a control group. In related

research, Schleifer, Keller, Meyerson, Raskin, Davis, and

Stein (1984) found significant differences between

hospitalized depressives and controls in lymphocyte response

to stimulation by PHA, ConA and PWM. In addition, the total

number of T and B cells was lower in the depressed group,

although the percentage of T and B cells did not differ

between the groups. To investigate whether suppressed

lymphocyte response might be related to high cortisol

levels, Kronfol, House, Silva, Genden, and Carroll (1986)

studied depressives with and without high urinary cortisol

in comparison to a control group. In both groups of

depressives, lymphocyte response to mitogens was

significantly depressed, suggesting that the suppression of

lymphocyte response cannot be accounted for by high levels

of cortisol in this study. It is of interest that a 17-year

longitudinal study found that depressed men (measured by the

MMPI) at baseline had a two-fold increase in odds of death

by cancer (p < 0.001) (Shekelle et al., 1981).

Several investigators have attempted to look at the

influence of other stressors on immune function. Many such

studies have used retrospective designs or have had other

methodological problems. Many are correlational findings in
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cancer patients (see Borysenko & Borysenko, 1982; Cox &

McKay, 1982; Fox & Newberry, 1984; Newberry, Liebolt, &

Boyle, 1984). Despite the problems in the research, some

consistent findings have emerged which suggested specific

concepts such as helplessness, depression, environment or

inexpressiveness of emotion (alexothemia) as possibly linked

to immunosuppression (as measured by cancer progression).

Levy (1984) suggests integrating these findings by

conceptualizing the response at risk as one of suppressive

response versus expressive response. Similarly, Cox and

McKay (1982), in their review of stressors and cancer risk,

purport that previous findings most strongly suggest the

"inability to express emotion, particularly in relation to

anger" (p. 388) is the most compelling risk factor

affecting outcome in studies of reaction to cancer and

survival time.

Other researchers have studied healthy volunteers

exposed to a stressful situation to examine its effects on

immune function. One study exposed subjects to a loud noise

during a 77-hour sleepless continuous attention vigil

(Palmblad et al., 1976) in which T cell ability to produce

interferon rose during the stressor. Phagocytosis

(destruction of unwanted cells) was low early in the

stressor, rose and in five days exceeded the baseline or

pre-vigil level. In another study, Palmblad, Petrini,

Wasserman, and Akerstedt (1979) conducted a 48-hour sleep
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deprivation study using healthy young men. Compared to pre-

stressor values, T cell response to mitogen PHA was

depressed after 48 hours but returned to pre-exposure value

after 4 days. Both of these studies highlight the

importance of timing and duration of stressor in effecting

stress-induced immune alterations.

Several studies have examined the relationship between

immune function and naturally occurring stressors. In the

first and best known study of this type, Bartrop, Lazarus,

Luckhurst, Kiloh, and Penny (1977) investigated the effects

of bereavement on immune functions and hormone levels.

These researchers studied 26 bereaved spouses at two and

eight weeks after the loss. Bereaved spouses, compared to

age and sex matched controls, had lower T cell response to

stimulation by two mitogens (PHA and ConA) at eight weeks

but not at two weeks. Absolute numbers of T and B cells and

hormone levels did not differ between the two groups over

the two occasions. The study design did not afford

investigation of any immunologic abnormalities that might

have existed in the spouses prior to their bereavement. To

address this question, Schleifer, Keller, Camerino, Thornton

and Stein (1983) studied 15 spouses of women with advanced

breast cancer before and after their wives died. Lymphocyte

function was assessed before bereavement, two months after

bereavement, and from four to fourteen months after

bereavement. Lymphocyte stimulation in response to ConA,
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PHA and PWM (mitogens) was significantly suppressed at two

months after bereavement compared to pre-bereavement.

During the following year, lymphocyte responses to these

mitogens returned to pre-bereavement level for most of the

subjects. Total T and B cell numbers were unchanged. These

results support suppression of lymphocyte function as a

direct consequence of the event of bereavement.

In a further study of naturally occurring stressful

events, Dorian, Garfinkel, Brown, Shore, Gladman and

Keystone (1982) investigated immune responsivity during the

psychological stress of final oral fellowship exams. The

study involved eight subjects and 16 age and sex matched

controls; subjects were tested two weeks before and two

weeks after their exam. Two measures of perceived stress

were used to differentiate highly stressed subjects from

minimally stressed subjects. Results demonstrated increases

in the highly stressed group in numbers of T and B cells,

but a decrease in lymphocyte response to mitogen stimulation

(ConA and PHA) as well as a lower ability to synthesize

antibody. At two weeks after the exam, these changes had

returned to normal levels. Immunoenhancement had been

observed elsewhere. In a space flight study (Fischer,

Daniels, Levin, Kimzey, Cobb, & Ritzmann, 1972), astronauts

were found to have higher lymphocyte counts after splashdown

compared to pre-flight levels. In this study there were no

differences in mitogen responsivity after splashdown.
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Recently, immune function in unemployed women has been

evaluated (Arnetz et al., 1987). A securely employed group

of women was compared to two groups of unemployed women

receiving Swedish welfare support. One of these unemployed

groups had the opportunity to be involved in a psychosocial

program of group therapy, in addition to the welfare

support. Women who were in the unemployed groups for nine

months (compared to employed women) had a decreased

lymphocyte response to PHA, regardless of psychosocial

program involvement. Other immunologic parameters were

not significantly different; no significant changes were

found in serum cortisol levels.

A research team at Ohio State University has conducted

a series of important studies in the field of

psychoneuroimmunology. These studies have employed a

variety of immune parameters and psychological assessment

tools to investigate the relationship between psychological

factors and immunocompetence during naturally occurring

stressful events. As cited in Rider et al. (1990),

Kiecolt-Glaser, Garner, Speicher, Penn, Holliday and Glaser

(1984a) studied 75 first-year medical students one month

before their scheduled final exams and on the morning of

the first day of final exam week. Natural killer cell

activity declined significantly over this period; low

natural killer cell activity related to high stressful life

events and high loneliness scores. Because natural killer
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cells act as anti-tumor and anti-viral surveillance in the

body, these findings suggest that stressful life events and

loneliness may have mediating effects on health.

In another study of medical students (Glaser, Kiecolt-

Glaser, Speicher, & Holliday, 1985a), 76 first-year medical

students were studied one month before exams, on the day of

final exams and during the first week after summer

vacation. Number of cold sores and antibody titers

(normally low or latent) to three herpes viruses [Epstein-

Bar virus (EBV), herpes simplex Type I virus (HSV),

cytomegalovirus (CMV)] were evaluated. Antibody titer

significantly changed in all three viruses across all

sample points, with the lowest level in the third sample.

High loneliness subjects had higher EBV titers. Results

are suggestive that herpes virus latency may be related to

stress induced immunosuppression (Rider et al.., 1990).

In a third medical student study, the percentage of

total T cells, helper T cells, and suppressor T cells were

significantly lower during exam periods as compared to

baseline. In addition, T cell response to ConA and PHA was

diminished during the stress (exam) periods relative to

baseline (Glaser, Kiecolt-Glaser, Stout, Tarr, Speicher, &

Holliday, 1985b). Self-report data demonstrated that the

exam periods were periods that were highly stressful.

Other populations have been studied by these

researchers. Kiecolt-Glaser et al. (1984b) studied
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lymphocyte reactivity, natural killer cells and urinary

cortisol levels in 33 psychiatric inpatients. Those who

scored higher on loneliness had significantly lower natural

killer cell activity, higher urinary cortisol levels and

diminished T cell response to PHA. Because of the

consistent findings suggesting stressors and loneliness as

possible mediators of immunocompetence, Kiecolt-Glaser et

al. (1985a) designed an intervention in a geriatric

population designed to reduce distress and/or loneliness.

Forty-five geriatric residents of independent living

facilities were randomly assigned to relaxation training,

social contact or no contact protocols for one month. Data

were obtained at baseline, at the end of treatment and at a

one-month follow-up. At the end of the treatment, compared

to the other two groups, the relaxation group showed a

significant increase in natural killer cell activity, a

decrease in antibody titers to herpes simplex virus, and an

increase in T cell response to PHA, all suggestive of

relative immunoenhancement. The relaxation group reported

a decrease in self-rated distress but interestingly, did

not show significant changes in loneliness.

In light of immunoenhancement effects of relaxation in

a geriatric population, it became of interest to explore

the possibility that relaxation may modify the effects of

stress on immunocompetence. Kiecolt-Glaser et al. (1986)

studied 34 medical students one month before exams and on
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the day of exams. Half of the sample were randomly

assigned to a relaxation group; half had no treatment.

Results showed significant decreases in the percentage of T

helper cells, the ratio of T helper to T suppressor cells,

and in natural killer cell activity by the second sample.

point, irrespective of subject group. These results may be

related to the fact that attendance at relaxation groups

and relaxation practice varied widely in the treatment

group. Of interest is the fact that frequency of relaxation

practice was a significant predictor of the percentage of T

helper cells in the second sample.

In a recent study, long-term stress effects were

evaluated in a group of caregivers of Alzheimer's patients

as compared to a group of controls (Kiecolt-Glaser, Glaser,

Dyer, Shuttleworth, Ogrocki, & Speicher, 1987). Caregivers

had significantly lower total T cells and helper T cells

than controls; they also had lower helper/suppressor cell

ratios and higher titer to the Epstein Barr virus. These

data suggest that chronic stressors in humans are not

followed by adaptation and immunoenhancement, as has been

found in animals (Monjan & Collector, 1977).

The effects of marital quality and marital disruption

on immune function have been studied in 38 married and 38

separated or divorced women (Kiecolt-Glaser, Fisher,

Ogrocki, Stout, Speicher, & Glaser, 1987a). Married

subjects with poorer marital quality had greater depression
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and a decrease in mitogen response to PHA and ConA as well

as a decrease in antibody titers to EBV. Subjects who were

separated for less than a year had poorer immune function

(lower percentage NK cells and helper cells, poorer mitogen

responsiveness and higher antibody titers to EBV) than

married counterparts. Of the divorced/separated group,

greater attachment to husband and shorter time since

separation were associated with greater depression and

poorer immune function. In this study, serum cortisol was

not related to mitogen reactivity.

Other recent studies by this group have focused on

interferon production and deoxyribonucleic acid (DNA)

synthesis. Glaser, Rice, Speicher, Stout and Kiecolt-

Glaser (1986) found significant decreases in lymphocyte

production of interferon and in natural killer cell

activity and numbers during exam stress compared to

baseline values. In a prospective year-long study, Glaser

and colleagues (1986) found decreased production of gamma

interferon at three exam sample points in comparison to the

baseline measurement one month before the exam.

In a study of psychiatric patients, lymphocytes from

inpatients, compared to lymphocytes from controls, took

significantly longer to recover from radiation exposure,

and highly distressed patients had significantly poorer DNA

repair (Kiecolt-Glaser, Stephens, Lipetz, Speicher, &

Glaser, 1985b). DNA synthesis serves an important function
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as it facilitates lymphocyte proliferation. In an effort

to explore possible mechanisms, Glaser, Thorn, Tarr,

Kiecolt-Glaser, and D'Ambrosio (1985c) administered a

carcinogen to rats who were stressed using Riley's (1981b)

rotation stress model. Levels of DNA repair enzyme induced

by carcinogen exposure were significantly lower in the

spleens of the stressed animals versus controls.

In summary, immunologic response to stressors has been

investigated in a variety of human and animal populations.

Several different affective states and naturally occurring

stressors have been found to be associated with changes in

a variety of immune parameters ranging from quantitative

and functional values of immune cells to intracellular DNA

synthesis. Levels of antibody titers have also been

evaluated. Most study results reflect a decrease in

mitogen proliferation in response to stress; T cell

quantitative values are less consistently affected by

stressful experiences. It should be noted that in a few

studies stress enhances indices of immune function. The

intensity and duration of the stressor may account for

these differences. Several studies provide evidence that

timing of stressors is also an important factor to consider

in evaluating immunological response. Unfortunately, very

few studies have evaluated more than one physiological

response mechanism to stress. Both cognitive and

physiological mediators of stress effects on immunity in
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humans remain in need of further clarification. In

addition, the relationship of reported immunological

changes and actual alterations in health status has not

been clarified by research to date.

Endocrine and Autonomic Response Variables

Endocrine and autonomic mechanisms are believed to

have significant roles in the modulation of the immune

system. It is important, then, to consider the response of

these mechanisms to stressors. Henry and Stephens (1977)

proposed two neuroendocrine activation models of response

to stimulus: the pituitary adrenal cortical pathway (PAC)

and the sympathetic adrenal medullary pathway (SAM). The

PAC cortical response is felt to be activated during

uncertainty, such as during failure to maintain control or

to achieve desired goals, and is often related to

depression when goals or expectations are not met.

Pituitary hormones stimulate the adrenal cortex in this

model, resulting in an increase in ACTH and

corticosteroids. Another response, the SAM pathway, is

associated with the fight or flight response and tends to

be activated by challenge. This process involves the

frontal cortex and the amygdalar complex in the brain and

through sympathetic stimulation results in an increase in

noradrenalin and adrenalin (Goldstein, 1990).

Frankenhaeuser (1982) reported work based on these two

models. She differentiated the psychological arousal
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states of "effort" and "distress": "effort" is seen as the

positive aspect of stress and "distress" as the negative

aspect. In her work, she found these two states

differentially related to the PAC and SAM systems. Effort

is primarily related to catecholamine secretion, while

distress is primarily related to cortisol secretion.

Further, and importantly, she found that controllability

tends to reduce negative and increase positive aspects of

arousal, thereby changing the balance of these two

neuroendocrine systems. It is important to note that,

although conceptually different, these systems are usually

found functioning in combination. Jemmott and Locke (1984)

reviewed related studies of both mechanisms in response to

stress.

Studies have shown that endocrine and autonomic

function have been influenced by several psychological

factors. Activation of the pituitary-adrenal system is

particularly sensitive to psychological variables and can

be mediated by coping responses (Levine, 1983; Rose, 1984).

"The most important single determinant. . . in the capacity

of an animal to reduce its hormonal responses to pervasive

aversive stimuli, is control" (Levine, 1983, p. 112). Rose

(1984) described a general rise in cortisol levels when a

subject was exposed to a novel, strange or unfamiliar

stimulus and felt unable to cope; after adaptation and

coping occurred, cortisol levels dropped. In general,



34

increases in cortisol are associated more with acute or

novel stress and not with chronic stress, due to adaptation

to the stressor. Adaptation to a stressor was demonstrated

in a study by Levine (1978) in which blood cortisol was

measured just after an initial parachute jump and just

after several subsequent jumps. The greatest magnitude in

cortisol drop was between the first and second jump; the

levels continued to drop and remained low. Emotional

arousal appears to be a key element in the activation of

the pituitary adrenal response to stress (Levine, 1983).

Catecholamine response is also sensitive to emotional

factors. Frankenhaeuser (1975) described catecholamine

secretion during moderately stressful conditions as three

to five times the level at baseline. She further discussed

the issue of novelty and unpredictability as producing a

rise in epinephrine output. As with cortisol, having

control results in a reduction in epinephrine output.

Dimsdale and Moss (1980a) used the stress of public

speaking to evaluate changes in plasma catecholamines.

They found striking increases in epinephrine at the

beginning of the speech, relative to a midpoint

measurement. In another study, Dimsdale and Moss, 1980b,

found epinephrine levels increased during public speaking

in contrast to norepinephrine increases during physical

exercise in the same subjects. Relative to cortisol, the
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adaptation of catecholamine response to stress is much

slower (Rose, 1984).

Immune Parameters Affected by Environmental Chemicals

The work environment has become increasingly difficult

to keep safe in terms of toxic and dangerous xenobiotics,

exotic substances introduced to the human biological system

(Langan, Fan, & Hoos, 1987). Physicians working in

environmental health facilities have found that many

workers have become ill and some disabled by exposure to

toxic pollutants found in the work space (Murry & Butler,

1988; Randolph, 1980; Rea, 1981). It has been determined

to be critical to the individual practitioners that

potential acute and chronic effects be identified so that

means of protection from the toxic substances could be

developed if needed (Langan et al., 1987; Randolph, 1987).

The etiology of numerous diagnosed disease processes

such as cardiovascular disease, Raynaud's phenomenon,

rheumatoid vasculitis (Rea, 1981), depression, schizophrenia

and other major psychiatric disorders (Bertschler, Butler,

Lawlis, Rea, & Johnson, 1985; Randolph, 1986) have been

identified as, or correlated with, the toxic environment in

the work area, such as the dental office. These disease

processes frequently may have been treated inappropriately

with various drugs and/or surgical procedures when the only

treatment necessary was identification and elimination of

the toxic substance (Bertschler et al., 1985).
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Compilation of accurate epidemiological statistics has

not been possible because a myriad of chemical incitants

have produced a wide variety of symptoms. Randolph (1980)

reported that approximately one-third of his chronically

ill patients were found to be susceptible to biologically

and chemically derived substances present in air, water and

food. He demonstrated that these pollutants were leading

factors in the causation of chronic illnesses. Randolph

stated that the chemicals appeared to be a contributing

factor which, for best results, could not be ignored in the

management of another one-third of the patients he treated.

Numerous workers have experienced considerable dysfunction

of neurophysiological, cardiovascular, urological, and

other biological systems because of exposure to acrylic,

formaldehyde, phenol and methyl mercury. Various

symptomatology has been diagnosed as having resulted from

exposure to one or more of the above chemicals.

The methodology of diagnosis of the effects of

specific chemicals on physiology, behavior and pathology of

individuals has been found to be complex. The process was

developed some two decades ago by Randolph (1980).

Detailed accounts of the diagnostic techniques were found

in his book titled Human Ecology and Susceptibility to the

Chemical Environment. Simply stated, the patient filled

out a detailed history of food, chemical, psychological and

environmental exposure. An extensive medical examination,
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including blood and urine chemical analyses and

psychological testing, was performed. During

hospitalization in an environmental unit constructed of

environmentally safe materials, the patient was detoxified

through removal of all contaminants from the environment.

Environmentally safe materials include steel walls,

porcelainized fixtures, hardwood and/or metal furnishings

and cotton or other natural fabrics. The patient was

fasted, drinking only pure water and breathing only

purified air. Medical detoxicants were used when

necessary. Once the patient was free of all contaminants,

foods and chemicals were introduced, one at a time, to

challenge the biological system. When symptoms were

produced, the patient was again detoxified and rechallenge

was instituted. In this way, individual chemicals were

identified as the etiological agents of the disease symptoms

(Bertschler et al., 1985). Treatment modalities were

outlined in the above-mentioned text by Randolph.

Since 1985, Rea (Murry & Butler, 1988) has encountered

in his practice the following problems presented by

workers, and more specifically dentists. The following

cases were reviewed in that study.

The symptoms experienced by Dr. S. J. included

confusion, anxiety and depression, as well as numerous

other behavioral and emotional problems. The medical

diagnosis was polycythemia vera. After psychological tests
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were performed, the patient fasted for five days with close

monitoring of platelet count which had been in excess of

2,500,000 and uncontrollable by chemotherapy. Following

fasting and decontamination in a clean hospital

environment, the platelet count dropped to 700,000, which

was considerably closer to the normal platelet count of

400,000. Challenges with either formaldehyde or

cauliflower increased his platelet count by 100,000 within

eight hours. Removal of these substances from his system

returned the platelet count to approximately 700,000.

Formaldehyde and cauliflower were life-threatening toxins

in this particular case. The formaldehyde pollution which

had triggered Dr. S. J.'s illness was determined to exist

primarily in his dental office.

Dr. B. J., who presented with urinary system

symptomatology, had been diagnosed as having hypertrophied

prostate at an abnormally early age. Carbon monoxide and

formaldehyde were identified as the pollutants responsible

for the etiology of his symptoms. Removal of these

chemicals from his work and home environments enabled him

to continue to practice dentistry, free of the

symptomatology which had resulted in the misdiagnosis of

hypertrophied prostate.

Dr. S. R., a recent dental school graduate, presented

with neurological dysfunction, affective disorder

(situational) and loss of memory and cognitive function.
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Methyl mercury was identified as the pollutant. Removal of

the mercury contamination brought about his recovery from

the presenting symptoms; however, he was no longer able to

practice dentistry because of his continued sensitivity to

mercury.

Dr. R. J., who presented with neurological

dysfunction, was unable to continue practicing dentistry.

In his case, the chemical toxins were found to be

formaldehyde and phenol.

Dr. M. D. presented with loss of memory and

neurological dysfunction. He stated that when he was

exposed to acrylic he was "unable to remember how to get

home." He was unable to continue to practice dentistry but

functioned normally so long as he avoided the toxins of the

dental office.

Dr. B. T. presented with affective disorder (anger and

hostility toward his patients, family and friends) and loss

of neurophysiological function. The incitant precipitating

the affective disorder was orris root, a chemical found in

perfume, cologne, and other fragrant substances.

Formaldehyde produced the neurophysiological dysfunction.

There were many environmentally compromised patients

under Dr. Rea's care. Numerous other occupational

environments have exposed individuals to the same chemicals

as those found in the dental office (Murry & Butler, 1988).

Philpott and Kalitu (1980) stated that there were thousands
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of people who would respond favorably to the elimination of

toxic chemicals from their diets, work place and home

environment.

These chemical toxins, as well as many other toxins,

presented a multifactoral problem. Stress, be it chemical,

emotional, psychosocial, or pharmacological, suppressed the

immune system (Ader, 1981). When the immune parameters were

suppressed, every biological system became susceptible

(O'Banion, 1981). Individual susceptibility was

responsible for the varied symptomatology. Extensive animal

studies have demonstrated the affects of many different

stressors on the immune system (Ader, 1981). Examples

included psychoneuroimmunologic competence. Ader explained

the effects of stress on the neuroendocrine system and the

means by which these alterations affected the physiological

process which mimicked or masked disease process.

The chemicals to be included in this study have been

found to be widely used in dentistry, serving a number of

purposes. The following paragraphs describe the chemicals,

their properties, their uses and their effects on persons

in regular contact with them.

Methyl mercury was found to be the subject of numerous

articles in medical and dental literature. A review of the

literature (Langan et al., 1987) cited 134 references which

discussed both assertions and denials that methyl mercury

in the dental office represented a threat to dentists and
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their staff members. Reported physiological, psychological

and neurological problems included rash, skin reactions,

neuropsychiatric symptoms, acrodynia, parasthesia, ataxia,

hearing and visual changes, dysarthria and cerebral palsy.

Death was also reported as a result of exposure to methyl

mercury. Organs which retained mercury the longest

included the brain, kidneys and testicles. The mercury

bound in these organs was not detected until autopsy. Even

in the face of these studies, the conclusions of Langan et

al. (1987) implied that there was no danger from mercury

contamination to dental personnel. However, many articles

indicated that mercury is an extremely dangerous chemical.

The safety standards as published by the Occupational

Safety and Health Administration (OSHA) were certainly in

question (Langan et al., 1987; Ochoa & Miller, 1983).

The ADA News ("Analysis from Mercury Testing," 1987)

reported that 80 out of 1,500 dentists tested at the annual

ADA meeting in Las Vegas showed elevated concentrations of

mercury in their urine. The concentrations were above 25

micrograms of mercury per liter.

Shapiro et al. (1982), in a study of the relationship

between cumulative exposure to mercury and chronic health

impairment, found that one-third of 298 dentists tested had

mercury levels above the 20 mg/g tissue as measured by x-

ray florescence technique. Twenty-three of the dentists

had high concentrations of mercury in their tissue. Of the
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23, 30% had polyneuropathies and exhibited mild

visuagraphic dysfunction and symptoms of distress. The

findings suggested that the use of mercury as a restorative

material presented a health risk to dentists.

Formaldehyde effect to human systems has been

thoroughly surveyed and research by government agencies,

private individuals and industry because of its widespread

use in commercial products. A colorless, pungent gas with

the chemical formula CH20, it was found to be used normally

in the form of a 37% aqueous solution as an antiseptic

preservative and disinfectant and as the basis of various

plastics (The Illustrated Heritage Dictionary and

Information Book, 1977).

Choline was found to be transformed to glycine by

oxidation, demethylation and transmethylation to eventually

form glycine and formaldehyde. Formaldehyde also was

found to be a by-product of the metabolism of the amino

acid glycine, which was important in various physiologic

functions including hemoglobulin synthesis (Harper, 1959).

Transmethylation of other amino acids, such as sulfur-

containing amino acids methionine and cystine, produced

formaldehyde as a by-product (Harper, 1959).

Formaldehyde in a 40% concentration has been used as a

disinfectant for surgical instruments, probably killing

bacteria by combining with their protein (Goth, 1972). It

was found to be used extensively in industry in the form of
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building materials (Breysse, 1977; Godish, 1981, 1987), in

urea foams for insulation and packing (Harris, 1981), in

clothing and dyes (Bourne & Seferian, 1959), in the

production and utilization of hundreds of chemicals

(Andersen et al., 1984), and in many foods (Imbus, 1985).

OSHA has investigated many complaints of

symptomatology resulting from exposure to formaldehyde and

its by-products (Godish, 1983). Symptomatology included

respiratory decompensation, decreased immune function,

neurophysiologic dysfunction (Godish, 1983), threshold

alteration, eye and skin irritation, upper and lower airway

irritation, edema, joint inflammation, pneumonia (Imbus,

1985; Miabach, 1983) and cancer (Swenberg, Kerns, Mitchell,

Gralla, & Pavkov, 1980). Formaldehyde has been shown to

trigger cardiovascular disease (Rea, 1978). Along with CNS

depression, formaldehyde has produced a significantly high

incidence of gynecological problems including painful

menstruation and hypomenstrual syndrome. Inflammatory

disease of the reproductive system has been reported

(Godish, 1983). Psychological symptoms attributed to

formaldehyde include headaches (Rea, 1978), memory lapse,

fatigue, drowsiness, difficulty in sleeping, irritability,

ravenous hunger, compulsive eating, hyperactivity and

schizophrenia (Stovall, 1980).

The concentration of formaldehyde which could produce

the above symptoms was far lower than the OSHA standards
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for clean air of three parts per million (ppm). OSHA

determined this to be an unhealthful concentration of

formaldehyde and recommended 1 ppm (National Institute for

Occupational Safety and Health, 1976; Matthews et al.,

1985; Grot, Silberstein, & Ishigars, 1985). Denmark's air

quality standard was 0.10 ppm of formaldehyde, which also

was determined to be too great a concentration because it

continued to cause irritating symptoms (Godish, 1983).

Phenol, a white crystalline caustic compound, C6 H5 0H,

was found to be a derivative of coal tar. Also known as

carbolic acid, it had a characteristic odor and was used as

a disinfectant, antiseptic and germicide. Extremely

poisonous, it was found to be any of a series of aromatic

hydroxyl derivatives of benzene or its homologues. Phenolic

resins included any of a large and important class of

resins and plastics made from an aldehyde-phenol base.

Biphenyl was found to be a colorless crystalline

hydrocarbon, C6H5c 6H5 , found in coal tar. It had been

used in lacquers and as a preservative of citrus fruits

(The Illustrated Heritage Dictionary and Information Book,

1977; Dorland's Illustrated-Medical Dictionary, 1988). The

benzine compounds were found to be immunotoxic and

neurotoxic (Askari & Galiks, 1976). Polychlorobiphenyl

(PCB) compounds apparently have caused lymphocyte

infiltration into the liver, kidney, small intestine and

lungs. In cattle they have created high immunological
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activity and susceptibility to infections, suggesting

impairment of the immunological mechanism (Cooke, Helland,

Vanderweele, & Dejong, 1978). They were found to impair

host resistance possibly by alteration of lymphoreticular

organs (Ashford & Miller, 1989; Loose, Silkworth, Pittman,

Benitz, & Mueller, 1978). Other recent data on effects of

PCB's in mammals and birds include chronic toxic effects

and subacute reproductive effects (Kimbrough et al., 1978).

Polybrominated biphenyl produced loss of body weight,

hepatocellular swelling, liver weight increases, and

increased lipid deposition in rats and mice. Spleenic

lymphocytes were reported less responsive to the T-cell

mitogen phytohemaglutinin and concanavlin A. B-cell

mitogen and serum immunoglobulin were depressed (Moore,

Luster, & Gupta, 1978; Silkworth & Loose, 1978). Exposure

to PCB's and dichlorodiphenyltrichloroethane (DDT)

disturbed fetal and perinatal regulatory mechanisms

(Sonntag, 1975).

Sources of human exposure to the phenolic compounds

were varied, including accidental exposure during the

manufacturing process of PCB's and their derivatives, from

the use of products manufactured from PCB's and through

contamination of the food chain (Reggiani & Bruppacher,

1985). Since degradation of these phenolic compounds was

resisted by human biochemical processes, PCB's were

becoming an increased risk to man. Biphenyls were
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lipophilic, making them difficult to remove from the body

and causing the individual to be chronically and

periodically reexposed as the lipid was broken down by body

processes (Christiana, Kriebel, Fox, & Baker, 1986).

Clinical features associated with exposure to PCB's,

both acute and chronic, included dermatological signs,

neurological symptoms, respiratory findings and impaired

liver function. Skin lesions have been found in newborns

of mothers exposed to high levels of the substance. An

abnormal number and shape of teeth were observed in

children born of exposed mothers. Skin and ocular

manifestations have occurred. Irregular menstrual cycles

have been reported. Exposure to PCB's has been found to

cause immunological dysfunction as well as a threefold

increase in serum triglycerides. Other manifestations

included low birth weight, retarded growth, elevated

bilirubin, enlargement of Meibomian glands, hypoplastic

nails, and dark brown pigmentation of the skin, gums, nails

and groin (Yushimura, 1978).

Neurophysiologic effects remained controversial, but

soft neurologic signs appeared in many of the children

affected by the Yusho accident, in which PCB's were dumped

into Japanese water (Reggiani & Bruppacher, 1985).

Headaches, dizziness, depression, sleeplessness,

nervousness, somnolence, fatigue and memory loss were also

reported. Gastrointestinal symptoms such as anorexia,
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weight loss, nausea, vomiting and pain have been reported

with chronic occupational exposure (Reggiani & Bruppacher,

1985).

Other psychological symptoms found to be caused by PCB

exposure include irritability and difficulty in

concentration. Family disruptions, alcohol intolerance,

sleep disturbances, confusion and psychosocial disturbances

have also been reported (Rasmussen & Svend, 1986).

The "spinning syndrome," induced in mice by prenatal

intoxication with PCB's transported across the placental

barrier from the exposed mothers, may have been analogous

to the neurologic findings in children exposed to PCB's.

This exposure had been believed to cause "minimal cerebral

dysfunction" and to result in hyperactivity syndrome in

children (Chou, Miike, Payne, & Davis, 1979).

Acrylic has been shown to be a derivative of ethylene

and contained a vinyl group in its structural formula. One

series of acrylics is derived from crylic acid, CH2

CHCOOH, and another from methacrylic acid, CH2 =

C(CH3 )COOH. Both of these compounds polymerize by

addition. Esterification of these acids forms

polymethacrylate, and addition of the monomer forms the

acrylic plastic. Methyl methacrylate is a monomer used to

dissolve the polymer, polymethyl methacrylate (acrylic), to

form a plastic dough which can be packed and molded into a

dense plastic, which in dentistry is used to form



48

prosthetic appliances. Methyl methacrylate is a clear,

transparent liquid at room temperature. It is highly

volatile, with a melting point of -480 C and a boiling

point of 100.80 C. It has a high vapor pressure and is an

excellent solvent (Skinner & Phillips, 1960).

It had been found that acrylates may trigger a myriad

of sensitivities which occurred in association with sub-

threshold and picomolar quantities of the chemical agents.

Acrylated prepolymers have been incriminated as chemical

incitants associated with dysfunctions ranging from mild

respiratory problems to severe central nervous systems

(CNS) disorders (Rea & Mitchell, 1982).

Dermatological disease in guinea pigs has been

attributed to contact with acrylated inks (Bjorkner, 1981).

Contact dermatitis in human beings was also reported

(Bjorkner & Dahlquist, 1980).

Neurological dysfunction including toxic brain

syndrome, diminished memory, decreased dexterity, lessened

visual acuity and impaired hearing have been reported in

case studies in which dental acrylic monomer was the

incitant. Exposure to acrylic monomer created fine motor

dysfunction, psychological mood swings, decreased cognitive

function and disorientation (Murry & Butler, 1988).

Immunological studies (Didriksen, Goven, & Butler, 1986)

indicated that immune functions were suppressed by stress

factors, whether chemical, nutritional or psychological.
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Anything stressful to the physiological systems of the body

added to the cumulative effect on the immune system

(Gentry, 1984; Selye, 1956).

It has been demonstrated that chemicals indigenous to

the dental office were found in the urine, blood and body

tissues. Studies have determined that so long as the

immune system functioned sufficiently to handle the total

stress load, the body and the mind functioned without

symptoms of the stress (Rea, Butler, Laseter, & DeLeon,

1984). Once the "Rain Barrel" ran over (Rea, 1979),

symptoms began to appear in the most vulnerable

physiological system, such as the nervous, cardiovascular,

urinary or endocrine systems. Diseases appropriate to

these systems were mimicked, making misdiagnosis likely for

those not aware of the effects of compounded stress factors

(Ader, 1981; Randolph, 1980; Rea, 1981; Selye, 1956).

Regardless of whether or not symptomatology was present,

and whether the stress was physiological or mental,

exposure to even miniscule amounts of toxic chemicals had

an adverse effect on the immune system; therefore it would

be expected that the immune system would indicate a

cumulative response. Consequently, a repeated measures

design of the experiment should allow an identification of

the effects of the office environment.

The dental office chemicals selected for this study,

either individually, together or in tandem with other types
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of stress, may well have been the etiology of many of the

diseases and/or symptomatology suffered by dentists and

dental office staff members as well as those in similar

work environments. These particular chemicals, used in

virtually every dental office, have been implicated in

diseases suffered by dentists. Since each of these

chemicals weighed in the total body load, it became

necessary that cumulative and additive effects be

considered when assessing whether safety standards were

being exceeded (Schnare, Ben, & Shields, 1984).

Total body load referred to the sum of all of the

incitants which the body must handle in order to function

(Rea, 1981). These incitants included stress from

pollutants in the air, water and food, as well as

psychological stress (Bertschler et al., 1985). The total

body load tended to distort many of the body's homeostatic

mechanisms (Rea, 1974) and often became too great for

certain individuals to handle. The result was individual

susceptibility to inflammatory disease. Inappropriate or

abnormal behaviors and physical symptoms were affected by

stress load. Individual susceptibilities to a chemical

environment dictated symptomatology (Randolph, 1980, 1987).

By the early 1980's, environmental medicine practices

were thriving, and the number of research articles by

physicians treating environmental illnesses was mounting.

The committee on toxicology of the National Research
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Council (Godish, 1983) estimated that 10% of the United

States population might be hypersensitive to formaldehyde.

Hundreds of cases were being presented yearly at meetings

held by the American Academy of Environmental Medicine, the

Australian Society for Clinical Ecology, the British

Society for Allergy and Environmental Medicine, Human

Ecology Research Foundation of the Southwest, Inc., and the

Shambaugh Medical Research Institute.

In May 1987, psychological tests, neurophysiological

screens and sensory-motor tests were administered to a

group of 65 dentists during a dental meeting in Colorado.

Preliminary results indicated that significant

neurophysiological dysfunction was present in more than 90%

of the group (Murry & Butler, 1988). Dysfunction in fine

motor discrimination was indicated. Profiles of

psychological tests were correlated with the

neurophysiological data. These data alone were indicative

of a widespread problem in the dental profession and were

sufficient to warrant proceeding with further research.

The present study will determine the body burden

caused by formaldehyde, phenol, mercury and acrylic found

in the office environment of dentists and their staff

members. The term body burden refers to the weight of the

individual's environmental burden upon the body's

homeostatic mechanisms, an overwhelmingly important factor

in the breakdown of resistance to all forms of stress
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including physical, chemical, physiological, social and

nutritional (Selye, 1956). This study should indicate

whether or not the dental office and similar work

environments are contributing significantly to pathology in

personnel. This study is expected to show also that there

will be a decrease in the immune parameters as a function

of chemical stress initiated in the office environment and

a difference in the psychological profiles of the office

personnel and control groups in terms of neuropsychological

and cognitive functioning.



CHAPTER II

METHOD

Subjects

The participants in this research were from a

population of dentists engaged in the private practice of

dentistry and their office staff members. Ten participants

from the dental profession were selected at random from a

pool of volunteers per personal contacts within the dental

community. Ten individuals from the same geographical

area as the subjects but who are disassociated with the

dental profession were selected for a control group. The

control group was selected at random from a group of

business men and women who represented as closely as

possible the same age and sex distribution as that of the

experimental group. These subjects were selected at random

from a pool of personal contacts within the business

community. Treatment of the human subjects was in

accordance with American Psychological Association (APA)

Principal #9 (Research with Human Participants). All

subjects were given an Informed Consent Form to sign

(Appendix A). Authorization from the Human Research

Committee was obtained from the University of North Texas

prior to the study.
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Instruments and Tests

Air samples were taken from the work environment of

each of the individuals being tested and included dental

operatories, laboratory areas and business offices where

both dentists and auxiliary personnel worked. The air

samples were quantitatively analyzed for formaldehyde,

acrylic, mercury and phenol present at the time of the

testing. Air sampling was done by the use of individual

diffusion monitors attached near the breathing zone. The

monitor was worn for a period of approximately eight hours.

The badge monitors are produced by 3M, and time weighted

average analysis is provided following the exposure of the

monitor. Each individual wore a set of three monitors:

one organic vapor monitor for mono-methyl methacrylate and

phenol, one monitor for formaldehyde, and one monitor for

mercury.

Ten cubic centimeters of blood sample were taken from

each of the participants on the day of testing following

approximately eight hours of exposure to the work

environment. The samples were drawn following a three-day

period when the subjects had not been exposed to the office

environment.

The immunological assays of these blood samples were

analyzed by methods outlined in detail by Rose and Friedman

(1980a).
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Total WBC. A total white blood cell count was used as

described in Diggs (1967).

WBC Differential Count. A differential white blood

cell count was used as described in Diggs (1967).

Radial Immunodifusion (RID). RID is a quantitative

design for the determination of one particular antigen in

a solution and used mainly for the determination of

concentration of different immunoglobulin classes (IgA,

IgG, IgM) in serum. The technique was first developed for

quantitative purposes by Mancini and co-workers in 1964

(Rose & Friedman, 1980b). When antigen has diffused from a

cyclindric well into agar gel containing its homologous

antibody, a circular area of precipitation proportional to

the antigen concentration forms around the well (Van Oss &

Bartholomew, 1980). The immunoprecipitation ring diameters

are measured before equivalence. Antigen concentrations

for equal volumes of experimental samples are determined by

relating the log of the concentration to the precipitation

ring diameter. This relationship is linear when plotted in

semilogarithmic graph paper (Fahey & McKelvey, 1965).

Profile of Mood States. Profile of Mood States (POMS)

(McNair, Lorr, & Dropplemann, 1971) was administered

following approximately eight hours of exposure in the work

environment and used to measure six psychological factors

which are Tension-Anxiety, Depression-Dejection, Anger-

Hostility, Vigor-Activity, Fatigue-Inertia, and Confusion-
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Bewilderment. The reliability coefficient of this test to

measure these factors has been found to be .90 or above.

The Bender Gestalt. The Bender Gestalt was

administered following approximately eight hours of

exposure in the work environment and used to measure

psychoneurological function. It has been found to have a

reliability coefficient of .91 as a neurological screen

(Bender, 1946; Embree, 1967).



CHAPTER III

RESULTS

A primary question of this research was, does the

dental office environment contain more formaldehyde,

acrylic, mercury, and phenol than the environment in other

professional offices. 3M absorbent badges were used to

quantify the amount of each of these chemicals within the

breathing zone of each subject. Levels were collected

during an 8-hour work day, following a three-day absence

from the work environment. Independent t tests were used

to assess the difference in chemical exposure between the

dental office group and the professional controls. (Each

group had an n = 10.) Basic data are reported in Table 1.

Table 1

Mean Level of Chemicals Encountered During an 8-Hour

Business Day

Chemicals Dentists Controls t

Mercury 5.5E-03 5.1E-03 0.78

Phenol 0.819 0.491 2.30*

Formaldehyde 0.025 0.019 0.40

Acrylic 0.090 IE-04 2.79*

Note. The critical value for t(18) at alpha = .05 is 2.10.

*p < .05, N = 20.
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The t tests revealed a significant difference of

chemical level found between the dentist and control groups

of both phenol, t(18) = 2.30, p < .05, and acrylic, t(18) =

2.79, p < .05. Statistically significant effects were not

obtained for either mercury or formaldehyde.

The second hypothesis in this experiment predicted

that dental office personnel would encounter a greater

degree of immuno-suppression than control subjects.

Individual t tests were performed upon each of the three

Immunoglobulins IgA, IgG, and IgM plus the white blood cell

count and its components as a function of experimental

condition (dentists vs controls). Basis data are reported

in Table 2.

Independent t tests showed that dental office

personnel demonstrated a greater degree of immuno-

suppression as reflected by IgA, IgG, and IgM, with the

smallest difference of t(18) = 2.32. The white blood

cell measurement did not differ as a function of occupation.

WBC differentials were analyzed independently, and

segmented neutrophils were found in greater quantities in

the dental office environment than in the non-dentists'

offices. Also, basophils were more prevalent in control

professionals than in the dental office personnel.

A third hypothesis of this study was that occupational

status will show an effect on psychopathology as measured by

the Profile of Mood States (POMS) and the Bender Gestalt test.
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Table 2

Mean Level of Immuno-Suppresors as a Function of

Occupational Status

Dentists Controls t
Mean SD Mean SD

Immunoglobulins

IgG 1179.3 222.63 918.6 72.36 3.52**

IgM 165.9 41.03 105.6 23.64 4,03**

IgA 254.8 73.62 184.6 60.70 2.32*

WBC 7.4 1.80 8.3 1.14 1.36

WBC differential

Monocytes 2.6 1.71 2.3 2.06 0.36

Basophils 0.3 0.67 0.7 0.67 2.10

Bands 1.9 2.42 2.1 2.51 0.17

Segments 63.7 9.80 53.3 4.37 3.06**

Eosinophils 0.8 0.92 1.8 1.32 1.97

Lymphocytes 27.9 6.61 37.8 5.69 3.59**

Note. The critical value for t(18)

*p < .05; **p < .01.

at alpha = .05 is 2.10.

First, a t test was conducted comparing

control groups on the Total Mood Disturbance

POMS. Complete POMS and Bender Gestalt data

the dental and

scale of the

are reported

in Table 3. No reliable differences were found between

groups, t(18) = .42. This total score was then broken down
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Table 3

Mean Scores on the Subscales of the Profile of Mood States

and Bender Gestalt

Dentists Controls t
Mean SD Mean SD

POMS scale

Tension-Anxiety 6.7 3.26 6.6 3.80 0.01

Depression-Dejection 4.2 3.82 3.9 3.78 0.17

Anger-Hostility 6.3 4.82 4.7 4.20 0.75

Vigor-Activity 16.9 6.64 14.1 4.11 1.08

Fatigue-Inertia 9.2 4.49 5.5 2.87 2.08

Confusion-
Bewilderment 5.0 2.32 4.5 2.80 0.41

Total Mood
Disturbance 14.5 0.00 11.1 0.00 0.42

Bender Gestalt 14.0 0.00 17.4 0.00 1.61

Note. Critical values for t

for Bender Gestalt and the T

6.05 for the POMS subscales.

(18) at alpha = .05 are 2.10

otal Mood Disturbance scale and

into six component subscales, and these subscales were

analyzed to determine if there were group differences on

any of the individual scales. Multiple t tests were

performed simultaneously, raising the critical level at

alpha = .05 to 6.05. None of the six subscales

demonstrated a difference between the experimental and

control groups or, if the tests had been conducted
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independently, the largest t(18) was 2.08 which reached

the .06 level of significance.

Scores on the Bender Gestalt tests were analyzed. A t

test revealed no significant differences between groups,

t (18)= 1.61. Therefore, the third hypothesis could not be

supported; there was not a greater level of psychopathology

(as measured by the Bender Gestalt) demonstrated in the

dental office personnel than in the professional controls.

Analyses of covariance (ANCOVA) were conducted to

control for possible variation in the POMS subscores and

the Total Mood Disturbance score as a function of both age

and gender. Thirty percent of the dental office personnel

in the study were males, while 60% of the control group

were males. Variation attributed to age was measured and

extracted from overall error variance, however all seven

analyses fell short of significance, with the largest t(17)

= 1.75. A similar ANCOVA was performed to extract any

difference associated with age (mean age of the dental

office group was 40.2 years and for the controls 39.0

years). None of the Total Mood Disturbance scores and the

six subscales were found to be significantly different as a

function of the experimental group, with the largest t(17) =

2.02. None of the Total Mood Disturbance scores and the

six subscales were found to be significantly different as a

function of the experimental group (with the largest t(17)

= 2.02.



CHAPTER IV

DISCUSSION

Immuno-suppression as measured by the reactivity of

the Immunoglobulins between the dental office personnel and

the professional controls differed in this study. One

hypothesis of this study was that dental office

environments contain a higher level of exposure to toxic

chemicals (formaldehyde, acrylic, mercury, and phenol) than

the working environments of professionals within a non-

dental office environment. Both phenol and acrylic were

found in greater amounts in the dental offices, suggesting

that dental office personnel may be experiencing a greater

amount of physiological and psychological stress than non-

dental office controls. Murry and Butler (1988) reported

that the stress resulting from these chemicals could lead

to medical and/or psychological symptomatology and

pathology when the immune systems cannot maintain

homeostasis through adaptation.

While the neurophysiological effects of phenol are

still disputed, Rasmussen and Svend (1986) reported that

other psychological symptoms caused by PCB (a phenol

derivative) exposure include irritability, alcohol

intolerance, sleep disturbances, and confusion. Therefore,
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increased levels of phenol over a long period of time might

lead to physiological and/or psychological pathology.

Similarly, exposure to acrylic has been linked to many

dimensions of physiological and psychological pathology,

including immunological and central nervous system (CNS)

dysfunction, respiratory problems, disorientation,

irritability, and memory loss (Murry & Butler, 1988).

Also, Murry and Butler showed that, as exposure to these

toxins increases, the probability of neurophysiological and

psychological dysfunction increases.

A second hypothesis was that dental office personnel

would demonstrate an increased level of immuno-suppression

as compared to the control subjects. Results provided

strong support, in that along with elevated levels of

acrylic and phenol, there was a corresponding decrement in

immunological function as measured by the increased amounts

of Immunoglobulins IgA, IgG, and IgM. This is consistent

with the finding of increased acrylic and phenol

concentrations in the dental office environment; results

suggest that the chemical exposure received by the dental

office personnel was the cause of the increase in levels of

immunoglobulins and that such exposure on a chronic basis

would disrupt the homeostasis of the individual and as the

individual became unable to adapt to the chemical stress

immuno-suppression would result. Dorian et al. (1982) and

Didricksen (1986) both reported that psychological stress
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can effect a subsequent change on the immune system.

Although these results do not support this contention, they

do show that physiological stress resulting from toxic

chemicals is also related to immune system deficiencies.

Total white blood cell count did not significantly

differ between groups, although non-dental controls did

have a slightly higher level (8.3 thousand vs 7.4

thousand). Analysis of the white blood cell differential,

revealed a greater quantity of lymphocytes and basophils in

controls which is consistent with the findings of Reggiani

et al. (1985) who showed in a Michigan study of individuals

exposed to PCB's that "the group showed a significant

decrease of T and B lymphocyte subpopulations in 35% of the

cases and impaired lymphocyte function. . ." (p. 228).

Additionally, a decrease in the absolute number of T cells

was found in a study of occupational exposure to chemicals

by Rea et al. (1988). Conversely, segmented neutrophils

proved to be more prevalent in the dental office group than

in the controls.

These findings are in line with the hypothesis that

the immune system of dental office personnel are being

weakened. A reasonable explanation is that, because of the

chronic exposure to toxic chemicals, the lymphocyte count

of the dental office group is being depleted at a higher

rate than that of non-dental office controls. Likewise,

one would expect the basophils, or young lymphocytes, to be
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in greater proportion in the controls. The main effect for

segmented neutrophils was also consistent with the second

hypothesis; these neutrophils were found in greater

proportions in the dental office group, probably because

their immune systems are necessarily functioning at a

higher rate. Overall, the differential measures may

indicate that consistent immunological changes have

occurred in response to stressful stimuli (as in Dorian et

al., 1982).

The third hypothesis was that the dental office

personnel would show a higher level of psychopathology than

controls, as measured by the POMS and Bender Gestalt. This

hypothesis was not supported by the results. Neither

measure of pathology discovered any differences between

groups, even when the POMS was broken down into its six

component subscales. This result was surprising,

especially given that two toxic chemicals, acrylic and

phenol, were found in greater quantities in the dental

office environment. However, these findings were

consistent with those of Langan et al. (1987) who stated

with regard to the dental office personnel "However, even

at these higher levels of exposure, symptoms of toxicity

are rare" (p. 878). Also, the immuno-suppressors of the

dental office group was increased, as compared to controls.

Murry and Butler (1988) reported that with increased

exposure to toxic contaminants the greater the probability
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of neurophysiological and psychological dysfunction. Their

study also linked chemical exposure in the dental office to

problems with perceptual motor and psychomotor function;

these deficits should have been revealed on the Bender

Gestalt. Lack of a significant finding on these

pathological indices may result from a number of possible

explanations. One is that, while the dental office group

were exposed to a greater amount of stress-inducing

chemicals, the overall exposure had been brief enough so

that the personnel had not yet developed pathological

symptoms.

Another explanation is that the dental office

personnel may have habituated to the exposure of these

specific chemicals and that the level required to cause the

exhibition of the symptoms was not reached. An additional

aspect involves the lack of power in this experiment. With

only ten subjects per condition, it is more difficult to

assess statistical significance than if a more powerful

study (i.e., one with more subjects) had been performed.

The correlated nature of the individual subscores inflated

the critical level at which each dimension would be

required to reach significance. Critical t value for each

subscore at alpha = .05 was adjusted to 6.05, which is a

difficult level to reach. Had the subscores been

independent, the critical value would have been only 2.10.
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Note, however, that no value reached even this less

conservative level (largest t = 2.08).

Another possible explanation for the lack of

psychopathological differences between groups involves the

scores of the non-dental office controls. Looking at the

Bender Gestalt data of the dental office group only, a full

70% of them showed some level of impaired functioning which

ranged from moderate to severe. This finding taken alone

might suggest some degree of pathology as a result of the

toxic environment within the dental office. (Likewise,

Murry and Butler (1988) reported that some

psychoneurological cognitive dysfunctioning was found in

above 90% of their dental subjects.) In comparison to

controls, no significant differences were obtained since

70% of the controls also demonstrated some

psychoneurological impairment. Since no differences were

obtained between the dental group and controls, it is

difficult to provide a clear interpretation from the data,

and future studies will be required to shed light upon

possible interpretations of this finding. The Bender

Gestalt test, however, does appear to be a useful

diagnostic tool., Hutt and Briskin (1960) concluded that

the test had the potential as a useful diagnostic

instrument for the evaluation of organic brain damage, and

Gobetz (1953) found that the Bender Gestalt test

distinguished between neurotics and normals. While there
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is no known study examining the test's validity on

populations with toxic chemical-related impairments, these

past studies (Gobetz, 1953; Hutt & Briskin, 1960) suggest

that the Bender Gestalt test might be an appropriate tool.

Also, Murry and Butler (1988) used the test's data to

supplement their conclusions of neurophysiological and

psychological dysfunction in dentists. In subsequent

studies, it can be ascertained why no differences were

found between the dental group and controls on these

measures. One possibility, which would make the current

investigation consistent with prior research, is that the

control subjects in this study happened to have an

abnormally high level of impairment, making comparisons

difficult.

While this study did report several significant and

interesting findings, more conservative statistical

analysis might have precluded significant effects.

Analyses of both toxic chemicals and the immunoglobulins

and WPC differential measures were performed using

individual, univariate t tests. This approach leads to an

increased likelihood of a type 1 error being committed

somewhere within the series of analyses. The individual t

tests also ignore any possible correlations among the

dependent variables. In the current study, any correlation

among the different toxic chemicals and/or among the

immuno-suppression was not taken into account. An
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alternative method would be to use a Hotelling T
2 , which

provides a single overall test of group differences across

all related variables. For the toxic chemical results, an

overall Hotelling T2 was performed and did not quite reach

significance, T2 (4, 15) = 2.56, p < .09. Similarly, a

single Hotelling T2 test was used to analyze across the

three immunoglobulins plus the WBC and WBC differential

measures. Again, there was a trend in the right direction,

but significance was not reached, T2 (10, 9) = 2.80, p

< .07. Neither of these analyses reached significance at

alpha = .05, and the major reason is likely the lack of

power in the experiment. With a small number of subjects

(10) in each condition and a large number of dependent

variables, the critical level to be reached is substantial.

Following the Hotelling T2 , post hoc t tests can be

performed on the individual measures. Since those analyses

assume that the measures are not independent, the critical

value of t is increased considerably. For the four toxic

chemicals, the post hoc t tests following a Hotelling T
2

analysis would have required a t of 4.60 to be significant

at alpha = .05. Similarly, the critical level for the 10

physiological measures would have increased to 9.39.

In summary, three findings had been predicted at the

beginning of this study. One was that the dental office

group would be exposed to more toxic chemicals in the

workplace than the non-dental office controls. Second,
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this exposure should lead to a reduction in the efficiency

of the immune systems in the individuals within the dental

office environment. Finally, this immunological deficit

would manifest itself in psychological and/or

physiological pathology measures on the POMS and Bender

Gestalt. Results support the first two hypotheses, and not

the third. Possible reasons for the lack of significant

effects on the pathological measures are a lack of power in

the experiment, and an abnormally high level of pathology

in the control subjects. Future research should

investigate these possibilities.



APPENDIX A

INFORMED CONSENT
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INFORMED CONSENT

I, , agree to
participate in the dental office environment study conducted
by Eugene V. Carway III, a graduate student at the
University of North Texas, for the purpose of determining
the amount of designated chemicals found in blood of
personnel working in the dental office environment.

I understand that this study is a research study.
Information from this study will be published and/or made
public. The purpose of this research is to determine the
amount of body burden, if any, chemicals from the dental
office environment create in the individuals exposed to the
chemicals on a routine basis.

The initial phase of this project will take only a few
minutes of your time and will require a blood sample.

The blood sample is a routine venipuncture, and
approximately 10cc of blood will be drawn.

This is a totally voluntary procedure, and I am in no
way obligated to participate. Should I choose to
participate the information and the results from my
individual tests will be coded and my identity will be
protected. I have been informed that Mr. Carway will be
able to identify individual information and test results
from the code, which will be destroyed upon conclusion of
this study. Under these conditions, I agree that any
information from this research may be used in any way
thought best for publication or education.

It is the intention of the researcher to build on this
infomation at a later date should results indicate that
further research may be informative. This may include hair
samples, blood samples, and/or further urinalysis.

I understand that there is minimal risk and discomfort
directly involved in this research and that I am free to
withdraw my consent and discontinue participation in this
study at any time. I further understand that I may be
offered the opportunity to participate if additional testing
is considered.



Appendix A--Continued

If I have any questions or problems that arise in
connection with my participation in this study, I should
contact Eugene V. Carway III at 3931 Essex Lane, Suite F,
Houston, Texas 77027, or call 713-621-3072.

PLEASE PRINT FULL NAME AND PHONE NUMBER

Dental Office Environment Participant
Signature

Investigator

This project has been reviewed by the University of North
Texas Committee for the Protection of Human Subjects (Phone:
(81'7) 565-3946.

Date
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