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This study tested the sensitization model proposed by Bell, Miller & Schwartz 

(1992) to study multiple chemical sensitivity (MCS). The sensitization models in

dicates that a traumatic event which elicits a strong response can sensitize limbic 

and/or mesolimbic pathways and future less intense trauma or stimuli, in the same 

or different modality, can elicit an amplified response. Three groups of subjects were 

tested: (1) women who reported chemical sensitivity; (2) sexually abused women 

without chemical sensitivity; and (3) healthy woman without chemical sensitivity 

nor sexual abuse history. All subjects were exposed to odorant and nonodorant 

control stimuli once a week for three weeks. Electroencephalographic (EEG) activ

ity was recorded while subjects sniffed the odorant and control stimuli. Based on 

the sensitization model, it was hypothesized that subjects who reported chemical 

sensitivity as well as subjects who reported a history of sexual abuse would show 

increases in the amplitude spectrum in the alpha frequency band across experimen

tal sessions during exposure to odorant stimuli. Additionally, it was hypothesized 

that the healthy control subjects would show little or no changes over time. As 

predicted, the chemically sensitive and the sexually abused groups showed sensitiza

tion across experimental sessions. Additionally, the healthy control subjects showed 

habituation across experimental sessions. These findings indicate that individuals 

with chemical sensitivity show evidence of sensitization and that sensitization is not 

specific to MCS. 
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CHAPTER 1 

INTRODUCTION 

The scientific community stands divided in their approach to the study of MCS. 

While one camp describes this syndrome as a psychiatric disorder, the other camp 

believes that MCS includes a physiological basis, mainly an immune system dys-

regulation. The former camp claims that MCS is a manifestation of psycholog

ical/psychiatric disorders because some individuals with MCS have concomitant 

and/or past history of depression, somatization disorder (i.e., a patterns of recurring 

somatic complaints that require medical treatment and cannot be fully explained by 

any known medical condition or direct effects of a substance) or anxiety (Brodsky, 

1983; Stewart &: Raskin, 1985; Terr, 1986, 1989; Black et ai, 1990; Staudenmayer 

et al., 1990; Simon et ai, 1990, 1993; Davidoff & Fogarty, 1994). The latter camp, 

mainly clinical ecologists, claim that a broad range of environmental chemicals and 

foods can suppress the immune system and cause illness with a variety of symptoms 

in the absence of objective physical findings or abnormal laboratory tests (American 

College of Physicians, 1989). This dualistic approach to the study of MCS has gen

erated much controversy and little helpful suggestions for medical practitioners who 

treat and attempt to alleviate the symptoms associated with this disorder. Further

more, scientific research provides little support for either claim (see Fiedler et al., 
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1992). 

The American College of Physicians (1989) has described MCS as follows: A 

syndrome manifested by adverse reaction to S3aithetic and natural environmental 

chemicals that are present in air, water, drugs, and our habitats. The symptoms 

experienced may be psychological, somatic or both and can result in mild discomfort 

to total disability. Neither physical examination nor laboratory tests such as lym

phocyte counts {i.e., a type of white blood cell important for the production of anti

bodies) and immunoglobulin counts {i.e., the fraction of blood serum that contains 

antibodies or immune defenses) reveal abnormal findings in patients. Additionally, 

the polysymptomatic patterns are not consistent with exposure to a specific toxin. 

Improvement is associated with avoidance of the provoking agent and symptoms 

recur with re-exposure. 

Advocates of the psychiatric hypothesis of MCS have failed to acknowledge that 

psychiatric disorders can precede, co-occur, and/or follow physiological disorders. 

Thus, previous and/or concurrent histories of psychological/psychiatric disorders 

with MCS does not automatically indicate that the latter is exclusively a psychogenic 

illness. One model that includes both physiological and psychological components 

in the syndrome of MCS is the Olfactory-limbic model proposed by Bell, Miller & 

Schwartz, (1992). 

Bell et ai, 1992, explain that chemical sensitivity may be a manifestation of time-

dependent sensitization (TDS) of CNS pathways. The model is based on olfactory-

limbic dysfunction where a traumatic event that causes an intense response in an 

individual can initiate sensitization in limbic and/or mesolimbic pathways and future 

traumatic or even nontraumatic events will elicit equally intense responses in these 

pathways. The necessary condition in this model is a traumatic event. This event 

does not have to be limited to chemical exposure. Thus, one can hypothesize that 
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a psychological disorder and/or unwanted sexual experiences may constitute trau

matic events for some individuals and thus, can sensitize limbic and/or mesolimbic 

pathways. 

Antelman (1988) described sensitization as the ability of a strong and potentially 

threatening stimulus {e.g., drugs, natural or mzm made disasters, etc.) to initiate 

an amplification process, leading to later elicitation of a stronger response to the 

same or weaker stimulus presented subsequently. Antelman further elucidated that 

sensitization is "an unusual form of memory, enabling the organism to make an 

accelerated defense response to a previously experienced threat." The phenomenon 

is time-dependent because when the interval between the successive presentations 

of a stimulus is too brief sensitization does not occur, instead, the process of ha

bituation or tolerance takes place. The optimal interstimulus interval proposed by 

Antelman for sensitization to occur is about one week between stimulation. For 

example, studies on mice have shown that hyperactivity in response to morphine 

shows tolerance when treatments are separated by hours and sensitization when 

they are administered several days apart (for a review see Antelman, 1988). 

Post (1980) explains that temporal characteristics such as duration and conti

nuity of stimulation are important in determining whether an organism will adapt 

or sensitize. He elucidated that organisms have the capacity to become more or less 

responsive depending on previous exposure. That is, an organism that is continu

ously stimulated may adapt by becoming less responsive, whereas one that is less 

frequently stimulated may become more responsive when stimulated. He indicated 

that an intermittent reinforcement schedule is more resistant to extinction than a 

continuous reinforcement schedule. 

Antelman (1988) also suggested that clinical syndromes such as post traumatic 

stress disorder (PTSD) bulimia {i.e., an eating disorder) and panic disorders, repre
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sent instances of stress-induced sensitization to future stressors. PTSD is described 

in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-

IV) as the development of characteristic symptoms {e.g., recollection of the event, 

distressing dreams, etc.) following exposure to an extreme traumatic stressor that 

involves actual or threatened death or serious injury to oneself, or witnessing an 

event that involves death, injury or threat to the physical integrity of another per

son. Antelman explained that in the case of PTSD, the traumatic event sensitizes 

the individual who experiences symptoms in the future to other stressful situations 

which may or may not be related to the sensitizing event and may be more or 

less intense. Thus, in the case of MCS it may be that an earlier traumatic event 

sensitizes the individual who now experiences symptoms in the presence of a less 

intense stimulus in a different modality such as a low-level environmental chemi

cal. In an unsensitized individual, the same chemical would have to be at a higher 

concentration to elicit similar symptoms. 

Recent research has investigated how sensitization manifests itself in the EEG 

(Ferger et al., 1994, 1996). These researchers exposed rats daily to either a low or a 

high dose of cocaine for 10 days, and re-exposed the rats to the same dose of cocaine 

after a four-day drug-free period. EEG and locomotor activity were measured af

ter the first exposure (acute treatment) and after re-exposure (repeated treatment). 

Acute exposure to low doses of cocaine produced little locomotor activation, and 

repeated exposure slightly enhanced locomotor activity. In the EEG, acute exposure 

produced a decrease in power in all frequency bands (delta, theta, alpha-1, alpha-2, 

beta-1, and beta-2) relative to baseline. After repeated treatment, the same low 

dose produced more pronounced decreases in power at all frequency bands. These 

researchers interpreted the results as indicating a preferential activation of dopamine 

Di receptors. Exposure to high doses of cocaine produced a different pattern of EEG 
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activity. Specifically, after acute exposure, the EEG revealed decreases in power rel

ative to baseline in delta, alpha-2, beta 1, beta-2, a non-significant decrease in theta, 

and no alterations in alpha-1. After repeated exposure to high doses of cocaine, no 

alterations in power were observed in delta, theta, beta-1, and beta-2. However, 

there was a pronounced increase in power in the alpha-1 band, and a similar but 

less pronounced increase in the alpha- 2 band relative to baseline. Additionally, 

exposure to high doses of cocaine produced pronounced locomotor activation after 

acute exposure and this behavior was further enhanced after repeated exposure. 

Thus, acute exposure to high doses of cocaine produced locomotor activation and 

a concomitant decrease in power in most frequency bands. Repeated exposure to 

cocaine yielded increased power in the alpha frequency bands, no change from base

line in the other bands, and a significant increase in locomotor activation. These 

researchers interpreted the findings as indicating that there was an activation of Da 

receptors in the rats repeatedly exposed to high doses of cocaine. It was concluded 

that sensitization to cocaine manifests itself in the EEG as increases in the alpha-1 

frequency band, and that when sensitization occurs there is a shift from activation 

of Di receptors to additional D2 receptors. 

The relationship between D2 receptors and the alpha-1 frequency band has been 

observed in other studies. For example, exposure to apomorphine, a dopamine Da 

receptor agonist, yielded an increase in power in the alpha-1 frequency band and a 

concomitant increase in stereotyped behavior in rats (Kropf et al., 1989). 

It has been proposed that chronic exposure to low levels of toluene can result in 

an increase in the number of D2 receptors (Von Euler et al., 1993). These reseairchers 

exposed rats to toluene five days a week for four weeks and found that toluene ex

posure resulted in persistent deficits in spatial learning and memory in these rats. 

Additionally, it was found that the rats exposed to toluene and not the controls ex
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posed to air showed a two-fold increase in apomorphine-induced locomotion. These 

researchers interpreted the findings as suggesting that there was an increase in the 

number of D2 receptors after chronic exposure to low levels of toluene. In a similar 

study Von Euler et al. (1994) found increased apomorphine-induced locomotor ac

tivity 17 days after the last exposure to low levels of toluene. Thus, these findings 

suggest that exposure to low levels of toluene can have long-lasting eflfects on the 

CNS. 

Similar to the process of TDS is "kindling" where daily exposure to chemical or 

electrical stimulation can eventually elicit seizure activity in brain structures. Based 

on animal research it is now known that the olfactory bulbs and other areas the 

bulbs project to such as the amygdala require the minimum amount of stimulation to 

kindle (Sato et al., 1990). Additionally, studies have shown that nasal inhalation can 

activate temporal EEG abnormalities in epileptics, a finding attributed to the direct 

neural effects of the olfactory epithelium on subcortical limbic structure (Servit et 

al, 1977). Finally, studies on rats have shown that exposure to high levels of toluene 

and mint can cause seizure-like activity in the limbic system (Kay, 1996). Taken 

together, it is reasonable to assume that any traumatic event can initiate the process 

of amplification and subsequent exposure to odorants can elicit sensitization. 

Bell et al. (1992) suggest that patients with MCS may have abnormal firing 

patterns in structures of the limbic system such as the amygdala but that the ab

normality has not reached a convulsive state. Support for the hypothesis that there 

may be abnormal firing in limbic structures in these patients is provided by scientific 

research including self-report questionnaires, (Bell et al., 1995, 1995c, 1995d, 1997) 

and EEG recordings (Staudenmayer & Seiner, 1990; Schwartz et al., 1994; Bell et 

al., 1995d, 1997). For example. Bell et al. (1995) found a trend toward increased 

family histories of epilepsy in MCS patients. Other studies conducted by Bell et 
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al. (1995c, 1995d, 1997) have found that individuals who experience frequent illness 

from environmental chemical odorants score higher on a measure of limbic system 

symptomatology than do subjects who do not report a high frequency of illness from 

environmental chemical odorants. Additionally, Bell et al. (1997) found that women 

who report chemical intolerance exhibit greater absolute alpha activity when sitting 

quietly with their eyes closed compared to a group of control women and a group 

of depressed women. 

It is worth noting that the pattern of EEG activity of the depressed group in 

this study was different from that of the chemically intolerant group. Specifically, 

the depressed group showed left-frontal hypoactivation {i.e., more alpha on the 

left frontal region on the brain than the right) a pattern that has been observed 

in depressed subjects (Henriques et al., 1990; Tomarken et al., 1992; Allen et al., 

1993). Similarly, Bell et al. (1996) found a trend toward delayed onset of rapid 

eye movement (REM) on polysomnographic recording in non-depressed adults with 

chemical intolerance. This finding is contrary to that reported in the DSM-IV which 

indicates that depressed individuals show shorter latency to REM onset. Thus, these 

findings do not support the hypothesis that MCS is a misattribution of symptoms 

of depressed patients. 

Finally, results from neuropsychological testing reveal that individuals diagnosed 

with MCS display a pattern of results that is similar to that of individuals with toxic 

encephalopathy which is a CNS dysfunction (Ryan et al., 1988; Fiedler et al., 1992; 

Morrow & Steinhauer, 1995). For example, Fiedler et al. (1992) investigated 11 

subjects referred to environmental and occupational health clinics for evaluation 

subsequent to chemical exposure. Psychological testing consisted of administering 

structured interviews to assess present and past psychiatric symptomatology and 

diagnoses, somatization disorder, and other tests were administered to assess social 
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adjustment and functioning. Neuropsychological testing assessed immediate and 

delayed verbal and visual memory, concentration and overall ability. Immunologic 

evaluation consisted of complete blood count, tests of immunoglobulin count and 

hypersensitivity which was evaluated by skin-prick tests. 

Results revealed that none of the subjects met criteria for premorbid psychiatric 

diagnosis nor had they sought psychological counseling or treatment prior to the 

onset of chemical sensitivity. Subjects presented as being distressed and experienc

ing symptoms of depression after chemical exposure. Four of the 11 subjects met 

criteria for a diagnosis of depression and none met criteria for anxiety disorders. 

Immunologic tests did not reveal consistent abnormalities. Neuropsychological test 

results revealed that subjects had difficulty learning and encoding information ini

tially rather than recalling learned information. These researchers concluded that 

the results of this study did not support previous findings which suggest that in

dividuals diagnosed with MCS have a premorbid history of somatization, anxiety 

and/or depression. They further explained that there is no evidence to support 

the claim of clinical ecologists that MCS is an immune system dysfunction. These 

researchers claim that the results of the neuropsychological tests which reveal im

paired verbal learning in addition to subjects' self-report of increased sensitivity to 

odorants, is similar to the findings of solvent-exposed workers diagnosed with toxic 

encephalopathy who have a CNS dysfunction. 

Other studies have also found similarities in test results between solvent-exposed 

workers and individuals who report chemical intolerance. Specifically, 60% of solvent-

exposed workers report chemical intolerance (Morrow et ai, 1990). Additionally, 

results of EEG studies reveal an increase in absolute power in the alpha frequency 

band compared to control subjects (Matikainen et ai, 1993; Muttray et ai, 1995), a 

finding similar to that observed by Bell et al. (1997) when testing individuals with 
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chemical intolerance. 

In conclusion, results from neuropsychological testing, EEG studies and self re

port questionnaires support the hypothesis proposed by Bell et ai, 1992 that MCS 

includes a CNS dysfunction. It is likely that a traumatic experience initiates ab

normal firing in limbic structures and subsequent exposure to odorants elicits the 

process of sensitization in these individuals. Based on previous findings, it was pre

dicted that individuals who presumably have chemical intolerance as well as sub

jects who report unwanted sexual experiences {i.e., traumatic events) would show 

response amplification in the EEG in the alpha frequency band after repeated in

termittent exposure to odorants, while the control subjects were expected to show 

little or no change across experimental sessions. 
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CHAPTER 2 

METHODS 

2.1 Participants 

Subjects were recruited by placing advertisements in local newspapers requesting: 

(1) healthy women; (2) women who get sick from the smell of chemicals; and (3) 

women who have experienced unwanted sexual acts. An unwanted sexual act was 

defined as "a man putting his penis in your vagina even if he did not ejaculate 

(come) or other things like oral sex, anal sex, or putting fingers or objects inside 

of you by using force or threatening to harm you." Seventy-one females responded 

to the advertisements and 33 participated in the study. Women who reported the 

following medical conditions were excluded from the study: heart, liver, and lung 

disease, epilepsy, Parkinson's disease, Alzheimer's disease, and impaired olfactory 

functioning. Women who reported both, sexual abuse and chemical sensitivity, or 

the use of psychotropic medications, were also excluded from the study. 

Subjects who participated in the study were divided into three groups: (1) chem

ically sensitive (CS) n=12, (2) sexually abused (SA) n=10, and (3) normals (N) 

n=ll, based on the following criteria. Subjects who obtained a score greater than 

13/25 on the Chemical Intolerance Index (i.e., an index of severity of chemical in-
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Table 2.1: Demograpliic Information 

CS (n=12) SA (n=10) N (n=ll) 

Mean age (SD) (yrs) 43.8 (11.5) 34.7 (11.6) 44.9 (17.8) 

Mean education (yrs) 14.8 (1.9) 14.4 (1.8) 14.2 (2.3) 

Left handed 2/12 1/10 0/11 

Current smoker 1/12 4/10 1/11 

Chemical Intolerance Index 20.2 (3.4) 8.0 (2.3) 7.0 (2.2) 

tolerance) and did not report sexual abuse comprised the CS group. Subjects who 

reported past sexual abuse history and denied chemical intolerance comprised the 

SA group. Finally, the N group was made up of healthy women without chemical 

sensitivity or sexual abuse history. A listing of demographic information and Chem

ical Intolerance Index scores for each of the groups can be found in Table 2.1. In 

general, the groups were not significantly different from each other in age, level of ed

ucation, handedness, or smoking habits (all p values > .10). As expected, statistical 

analysis revealed that the CS group obtained a significantly higher score, M = 20.2, 

on the Chemical Intolerance Index than the SA group, M = 8.0, and the N group, 

M — 7.0, F(2,30) = 82.09, p < .00. All subjects were tested approximately once 

a week for three consecutive weeks and the groups were not significantly different 

from each other in the amount of time elapsed from the first session to the second 

session, F(2,30) = 1.63, p > .10, nor on the time elapsed from the second session to 

the third session, F(2,30) = 0.50, p > .10. On the last day of testing, all subjects 

were paid $20.00 for their participation. 

2.2 Stimuli 

Screening Material: Subjects who responded to the advertisements were inter
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viewed over the phone to obtain a medical history, list of present medications, history 

of sexual abuse, and sensitivity to chemicals. All subjects who were scheduled for 

testing were further screened during the first sessions by administering the Chemical 

Intolerance Index to measure the severity of chemical sensitivity (Bell et al., 1994), 

Simon Environmental Illness Lifestyle Change Survey to measure whether subjects 

had made lifestyle changes due to chemical intolerance (Simon et al., 1990), Un

wanted Sexual Experiences Questionnaire (USEQ), a seven-item questionnaire de

veloped by the author to obtain a history of sexual abuse, Sjmaptom Checklist-90 

Revised (SCL-90-R) to assess the severity of depression, anxiety, and somatization 

(Clinical Psychometric Research, Towson, MD), McLean Limbic System Question

naire to assess limbic system symptomatology (Teicher et al., 1993), and the Positive 

Affect Negative Affect Schedule (PAN AS) (Watson et al., 1988). The PAN AS was 

administered at the beginning and at the end of each session to assess affect before 

and after exposure to chemicals. All screening material was administered to all sub

jects. As previously mentioned, group placement was based on subjects' self report 

on the Chemical Intolerance Index and the USEQ. 

Olfactory Stimuli: Four different odorants and solvent controls were placed 

in clear 125 ml bottles: (1) Vanilla (Schilling) dissolved in propylene glycol (PG); 

(2) Peppermint (Schilling) dissolved in PG; (3) odorless PG (Dow Corning); (4) 

empty bottle. The odorants were diluted in PG at a low concentration of 10% v/v 

for vanilla and 20% v/v for peppermint. The control bottles for the odorants were 

odorless PG while the control bottles for PG and empty bottle (air) were empty 

bottles. Thus, some of the trials consisted of two empty bottles. 

On the last day of testing all subjects were required to perform a Divided At

tention Task (DAT). This task required each subject to track an open circle on a 

computer screen by manipulating a joystick on a response pad. While performing 
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the tracking task, subjects were also required to respond to stimuli presented briefly 

on the screen by pressing a button on the response pad. There were two types of 

stimuli, central and peripheral. Both stimuli were solid circles. Peripheral stimuli 

appeared on the top, bottom, and sides on the computer screen. The central stim

ulus was the tracking target that changed from an open circle to a solid circle. This 

task generated five measures; mean tracking error, central response time, peripheral 

response time, missed central stimuli, missed peripheral stimuli. The central and 

peripheral response times were measures of time elapsed from the appearance of 

the stimuli on the screen to the subject's response. Missed central and peripheral 

stimuli were measures indicating the total number of stimuli to which subjects did 

not respond. The duration of this task was 15 minutes, and the first two minutes 

were an adaptation period. Scores were generated from the remaining 13 minutes 

of the tasks and averages were computed every quaxter. The task was presented on 

a computer equiped with a VGA monitor and a response pad that contained five 

buttons and a joystick. The results were stored on a computer for later analyses. 

2.3 Apparati 

Electroencephalographic (EEG) activity was recorded using a 19 channel Neurosearch-

24 system, with an electrode cap (ElectroCap International). The cap contained 1 

ground and 19 electrodes placed according to the 10/20 International System. Oc

ular activity was monitored from two electrode sites FPl and FP2. All electrodes 

were referenced to linked earlobes. Before placing the earlobe electrodes the skin 

was abraded with a pumice stone and alcohol. A colorless and odorless agar-salt 

electrode gel (ElectroCap International) was inserted in each electrode using a plas

tic syringe fitted with a blunt needle for electrode attachment. The impedance (i.e., 

the resistance to both constant and changing electrical current flow) between the 
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reference electrodes and each of the scalp electrodes did not exceed 5 kfl. EEG 

activity was sampled at 256 Hz for two-second sniff periods, and the bandpass was 

2 and 64 Hz. All trials were visually inspected and those contaminated with ocular 

movement {i.e., EEG activity that exceeded 50 fxV at FPl or FP2) were rejected. 

2.4 Procedure & Design 

Subjects who participated in this study were scheduled for testing at the Chemical 

Psychophysiology Laboratory at the University of Arizona. Upon arrival, they were 

asked to read and sign a consent form describing the nature of the experiment. At 

this time, all questionnaires were administered. 

Subjects were then fitted with the electrode cap and the earlobe electrodes. Once 

the subject was ready for testing she sat down in a comfortable chair. Subjects were 

instructed that they would be sniffing pairs of bottles. The capped bottles were 

placed on a wooden carousel in front of the subject, about 5 cm away from the 

subject's nose. The experimenter uncapped the bottles and instructed the subject 

to begin sniffing. Each bottle in the pair was assigned a number, one or two, so that 

the subject could identify which bottle contained the odorant. The bottles were 

presented sequentially and there was a 6-second interval between the presentation 

of each bottle within a trial. Each trial recorded consisted of two pairs of two-

second long sniffs. For example, a trial consisted of presenting to the subject four 

bottles in a 1-2-1-2 order where 1 was the odorant and 2 was the control. Subjects 

were instructed to close their eyes, take a steady sniff when instructed to do so and 

to exhale through the mouth when instructed to do so. The importance of these 

instructions were emphasized to the subject because the experimenter synchronized 

the EEG recording to the instruction to begin sniffing. The order of presentation 

of the odorant versus control pairs as well as the order of presentation of the four 
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odorants was randomly generated by a computer. At the end of each trial (four 

bottles) eight seconds of EEG were recorded while the subject was sniflBng. 

After completion of each trial, the experimenter removed the bottles from the 

wooden rack and instructed the subjects to indicate which bottle (1 or 2) had the 

odorant. They were then instructed to rate how confident they were that the odorant 

was in that bottle and rate its intensity on a scale from 0-10. Finally, subjects 

were instructed to rate the hedonic valence of the odorant on a scale from —10 to 

10. Although some of the trials consisted of two odorless control bottles, subjects 

were instructed to indicate which bottle had the odorant, rate their confidence, 

its intensity, and hedonic valence. The inter-trial interval was approximately one 

minute and subjects were given a 10-minute break after completing the first 20 trials. 

After all trials were completed, the electrode cap was removed and subjects were 

instructed to fill out the PANAS once again. 

Each day of testing consisted of 40 trials and generated a total of 320 seconds of 

EEG. The 40 trials were composed of the following; eight trials of the vanilla/PG 

pair, eight trials of peppermint/PG pair, eight trials of air/air pair, and 16 trials of 

PG/air pair. All subjects were exposed to the same odorant pairs and concentrations 

across all test session. 

On the last day of testing, after subjects completed the chemical exposure and 

the PANAS, they were instructed to complete the DAT. After completing this task, 

subjects were paid for their participation and this concluded the experiment. 
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CHAPTER 3 

RESULTS 

3.1 EEG 

The primary purpose of this study was to investigate whether intermittent exposure 

to odorants initiated the process of sensitization in the CS group. Additionally, 

this study investigated whether sensitization was specific to the CS group. That 

is, whether sensitization occurred during chemical exposure in individuals who re

ported history of traumatic events and denied chemical intolerance. To answer these 

questions, one experimental group (CS) and two control groups (SA and N) were 

tested. It was hypothesized that intermittent exposure to chemical would initiate 

sensitization in the CS, and that sensitization would not be specific to the CS. To 

test these two hypotheses the EEG was Fast Fourier Transformed (FFT). The FFT 

yields a frequency spectrum, expressed in fxV, at each electrode site. The frequen

cies of interest were low alpha (8-10 Hz) and high alpha (10-12 Hz). The values 

at the different frequency bands and electrode locations were submitted to analyses 

of variance for within-group and between-group comparisons. As previously men

tioned, each trial included two sniffs to the target odorant and two sniffs to the 

control bottles, and all statistical analyses were performed on the average of two 



26 

sniffs. The Spjotvoll-Stoline test (T') for unequal sample sizes was employed for 

all between-group comparisons, and the Tukey (HSD) was employed for all within-

group comparisons. The critical level of significance was set to .05 for all statistical 

tests and the Huynh Feldt adjustment (e) to the degrees of freedom and to the p 

values was used to compensate for any violations of the assumption of circularity 

(Kirk, 1982). 

Primgiry Analyses — CS Group 

To investigate whether the CS group showed evidence of sensitization over the three 

session, the values of the FFT in the low and high alpha frequency bands during 

target odorant exposure were submitted to repeated measures analyses of variance 

with time (three sessions) as a within-subject factor. A listing of means and SD of 

the 8-10 Hz and 10-12 Hz bands for the four odorants at 15 electrode sites and each 

of the groups can be found in Tables A.1-A.6 of Appendix A. It was hypothesized 

that if the CS group sensitized over time, amplitude increases in the 8-10 Hz and 

10-12 Hz bands would be observed over the three sessions at several electrode sites 

during exposure to the three odorants. Conversely, similar increases over time were 

not expected during exposure to the empty bottles (air). Analyses of variance were 

performed to test these hypotheses and the results, F ratios and p values, can be 

found in Tables 3.2-3.5. 

Inspection of the results in Table 3.4 revealed that the CS group showed sig

nificant between-session differences in the 8-10 Hz band during exposure to PG at 

electrode sites F7, F3, T3, C3, and Pz. Additionally, marginally significant {i.e., 

p < .10) between-session differences were observed at electrode sites Fz, F4, F8, Cz, 

C4, P3 and P4. The same analyses were performed on the amplitude of the 10-12 Hz 

band. Only one electrode site, T3, reached statistically significant between-session 

differences, and electrode site C3 reached marginal significance. 
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Figure 3.1: Mean amplitude in fiV of the 8-10 Hz band during exposure to PG, 

at 15 electrode sites and three sessions for the CS group. Solid circles denote the 

first session, crosses denote the second session and squares denote the third session. 

Error bars represent one standard error and asterisks denote p values, * =< .10, 

and ** =< .05. 
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Figure 3.1 shows the mean amplitude in the 8-10 Hz band during exposure to 

PG at 15 electrode sites and each of the sessions for the CS group. As can be 

seen in Figure 3.1, when the CS group was exposed to PG, they showed increase 

in amplitude over time at all electrode sites and several increases were statistically 

significant. 

Similar results were obtained when the CS group was exposed to peppermint. 

That is, results of the analyses of variance on Table 3.2 revealed significant between-

session differences in the amplitude of the 8-10 Hz band at electrode site Cz, and 

marginally significant results at electrode sites F7, F3, Fz, F4, T3, C3, C4, P3, Pz, 

and T6. Between-session differences in the amplitude of the 10-12 Hz band only 

reached marginal significance at electrode sites Cz and T6. 

Figure 3.2 shows the mean amplitude of the 8-10 Hz during exposure to pep

permint at 15 electrode sites and each of the sessions for the CS group. As can be 

seen in Figure 3.2, when the CS group was exposed to peppermint, they also showed 

increases in amplitude over time at all electrode sites, and most of the increases were 

marginally statistically significant. 

Exposure to air produced only marginally significant between-session differences 

at 4/15 electrode sites in the CS group. The results of the analyses of variance can 

be found in Table 3.5. As can be seen in Table 3.5, marginally significant results 

were obtained at electrode sites Fz, F4, F8, and Cz in the 8-10 Hz band, and at 

electrode sites Fz and F4 in the 10-12 Hz band. 

Finally, the amplitude of the 8-10 Hz and 10-12 Hz bands produced during 

exposure to vanilla were submitted to analyses of variance. The results of these 

analyses can be found in Table 3.3. As can be seen in Table 3.3, none of the 

between-session differences reached statistical significance in either of the bands (all 

p values > .10). 
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Figure 3.2: Mean amplitude in //V of the 8-10 Hz band during exposure to pep

permint, at 15 electrode sites and three sessions for the CS group. Solid circles 

denote the first session, crosses denote the second session and squares denote the 

third session. Error bars represent one standard error and asterisks denote p values, 

* =< .10, and ** =< .05. 
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Figure 3.3 shows the mean amplitude of the 10-12 Hz band during exposure to 

vanilla at 15 electrode sites and each of the sessions for the CS group. As can be 

seen in Figure 3.3, exposure to vanilla did not produce consistent between-session 

increases in the mean amplitude of the 10-12 Hz band in the CS group. 

The results of these analyses indicate that sensitization occurred in the CS group 

during exposure to PG and peppermint. Additionally, it is worth noting that the 

process of sensitization was more evident on the left side of the head than the right, 

and also more evident in the low alpha frequency band than in the high alpha 

frequency band. 

Primary Analyses - Control Groups 

In order to investigate whether sensitization was specific to the CS group, the same 

analyses were performed on the data generated by the two control groups. Results 

of the repeated measures analyses of variance on the data jdelded by the SA group 

revealed that like the CS group, the SA group showed evidence of sensitization 

over time. However, unlike the CS group, the SA group showed sensitization to 

all odorants and the empty bottles (air). Additionally, sensitization was evident in 

both frequency bands in this group. 

Results of the analyses of variance when the SA group was exposed to PG can 

be found in Table 3.8. As can be seen in Table 3.8, the results revealed that the SA 

group demonstrated significant between-session differences in the amplitude of the 

8-10 Hz band at electrode sites Fz, T3, C3, Cz, C4, T4, P3, Pz, P4, and T6, and 

marginally significant between-session differences at electrode sites F3 and F4. In 

the 10-12 Hz band, significant results were obtained at electrode sites T3, C3, Cz, 

P3, Pz, P4, and T6, and marginally significant results were obtained at electrode 

sites Fz, C4, and T4. 

Figure 3.4 shows the mean amplitude in the 8-10 Hz band during exposure to 
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Figure 3.3: Mean amplitude in /lY of the 10-12 Hz band during exposure to vanilla, 

at 15 electrode sites and three sessions for the CS group. Solid circles denote the 

first session, crosses denote the second session and squares denote the third session. 

Error bars represent one standard error. All p values > .10. 
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at 15 electrode sites and three sessions for the SA group. Solid circles denote the 

first session, crosses denote the second session and squares denote the third session. 
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PG at 15 electrode sites and each of the session for the SA group. As can be seen 

in Figure 3.4, when the SA group was exposed to PG, they showed increases in 

amplitude over time at all electrode sites, and 12/15 increases were marginally or 

statistically significant. Thus, like the CS group, the SA group showed sensitization 

during exposure to PG. 

Results yielded during exposure to peppermint can be found in Table 3.6. As 

can be seen in Table 3.6, the analyses of variance on the mean amplitude of the 

8-10 Hz band revealed significant between-session differences at electrode site F8, 

and marginally significant difierences at electrode sites F7, F3, Fz, F4, C3, Cz, C4, 

T4, P3, Pz, P4, and T6. The 10-12 Hz band yielded significant between-session 

differences at electrode sites F3, Fz, and Cz, and marginally significant differences 

at electrode sites C3, C4, T4, P3, Pz, P4, T6. 

Figure 3.5 shows the mean amplitude of the 8-10 Hz band during exposure to 

peppermint at 15 electrode sites and each of the session for the SA group. As can 

be seen in Figure 3.5, when the SA group was exposed to peppermint, they showed 

increases in amplitude over time at all electrode sites. Thus, like the CS group, the 

SA group showed sensitization during exposure to peppermint. 

Unlike the CS group, the SA group showed sensitization during exposure to 

air. Results of the analyses of variance when the SA group was exposed to air can 

be found in Table 3.9. As can be seen in Table 3.9, the analyses of variance on 

the amplitude of the 8-10 Hz band revealed significant between-session differences 

at electrode sites T3, Cz, P3, and Pz, and marginally significant differences at 

electrode sites F7, F3, F4, F8, C3, C4, T4, T5, P4, and T6. The 10-12 Hz band 

yielded significant between-session differences at electrode site T3, and marginally 

significant differences at electrode sites Cz, C4, P3, Pz, P4, T6. 

Figure 3.6 shows the mean amplitude of the 8-10 Hz band during exposure to 
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Figure 3.5; Mean amplitude in ixV of the 8-10 Hz band during exposure to pep

permint, at 15 electrode sites and three sessions for the SA group. Solid circles 

denote the first session, crosses denote the second session and squares denote the 

third session. Error bars represent one standard error and asterisks denote p values, 

* =< .10, and ** =< .05. 
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air at 15 electrode sites and each of the session for the SA group. As can be seen 

in Figure 3.6, when the SA group was exposed to the empty bottles (air), they also 

showed increases in amplitude over time at all electrode sites. Thus, unlike the CS 

group who only showed marginally significant increases at four electrode sites during 

exposure to air, the SA group showed sensitization at 14/15 electrode sites, and four 

reached statistical significance. 

Finally, the SA group also showed evidence of sensitization during exposure to 

vanilla. Results of the analyses of variance can be found in Table 3.7. As can be 

seen in Table 3.7, the analyses of variance on the amplitude in the 8-10 Hz band 

revealed significant between-session differences at electrode sites P3, and P4, and 

marginally significant differences at electrode sites C3, Pz, and T6. Analyses of the 

10-12 Hz band yielded significant between-session differences at electrode site T6, 

and marginally significant results at electrode site P4. Thus, the SA group showed 

sensitization during exposure to vanilla and it was more evident in the low alpha 

frequency band. 

Figure 3.7 shows the mean amplitude of the 10-12 Hz band during exposure to 

vanilla at 15 electrode sites and each of the session for the SA group. As can be 

seen in Figure 3.7, exposure to vanilla produced increases in amplitude over time 

and the increases were more evident toward the back of the head. 

Finally, the data yielded by the N group were analyzed. Unlike the previous two 

groups, the N group did not show evidence of sensitization. Conversely, the N group 

showed evidence of habituation over time in the high alpha frequency band. 

Results of the analyses of variance when the N group was exposed to peppermint, 

PG, and air can be found in Table 3.10, Table 3.12 and Table 3.13, respectively. 

Inspection of these tables revealed that the N group did not show significant nor 

marginally significant changes in ampUtude over time in the 8-10 Hz nor 10-12 Hz 
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Figure 3.7; Mean amplitude in fiV of the 10-12 Hz band during exposure to vanilla, 

at 15 electrode sites and three sessions for the SA group. Solid circles denote the 

first session, crosses denote the second session and squares denote the third session. 

Error bars represent one standard error and asterisks denote p values, * =< .10, 

and ** =< .05. 
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bands. Figure 3.8 shows the mean amplitude of the 8-10 Hz band during exposure 

to PG at 15 electrode sites and each of the session for the N group. As can be seen in 

Figure 3.8, there are little or no between-session differences in the mean amplitude 

of the 8-10 Hz band during exposure to PG at any of the 15 electrode sites. This 

finding is in contrast to the results yielded by the CS and SA groups who clearly 

showed mean amplitude increases over time during exposure to PG. 

When the N group was exposed to vanilla, they showed evidence of habituation 

in the 10-12 Hz band. Results of the analyses of variance when the N group was 

exposed to vanilla, can be found in Table 3.11. As can be seen in Table 3.11, 

the analyses of variance revealed significant between-session differences at electrode 

sites Fz, F4, C4, and T4, and marginally significant between-session differences at 

electrode sites F3, T3, C3, Cz, and T5. Analyses performed on the amplitude of the 

8-10 Hz band revealed marginally significant decreases over time at electrode site 

T4. 

Figure 3.9 shows the mean amplitude of the 10-12 Hz band during exposure to 

vanilla at 15 electrode sites and the three sessions for the N group. As can be seen 

in Figure 3.9, when the N group was exposed to vanilla, they showed decreases in 

amplitude over time at all electrode sites, and the decreases in amplitude reached 

marginal or statistical significance at 9/15 electrode sites. Thus, unlike the previous 

two groups, the N group showed evidence of habituation during exposure to vanilla. 

In conclusion, these results show that individuals with chemical intolerance show 

evidence of sensitization and that sensitization is not specific to this group. As the 

results of this study indicate, sensitization can occur in individuals who have been 

exposed to traumatic events, such as sexual abuse, and do not report chemical intol

erance. Further, in healthy individuals, repeated intermittent exposure to odorants 

can result in habituation. 
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Secondary Analyses - Within-Group Comparisons 

Results of the primary analyses revealed that the CS and SA groups showed evidence 

of sensitization and that sensitization was most evident in response to PG. Thus, 

analyses were performed to investigate whether sensitization to PG was different 

from sensitization to the empty control bottles (air). It had been hypothesized that 

the CS and SA groups would sensitize to the odorants and not the empty control 

bottles. Repeated measures analyses of variance with odorant (PG and air) and 

time (3 sessions) as within-group factors on the mean 8-10 Hz amplitude at each of 

the 15 electrode sites were performed. Results of the analyses of variance at each of 

the electrode sites and each of the groups can be found in Table 3.14. 

As can be seen in Table 3.14, when the data yielded by the CS group were 

analyzed, the results revealed significant main effects of odorant at all electrode sites 

except at T5 and P3. None of the odorant x time interactions reached statistical 

significance. Thus, the CS group differentially responded to the PG and the empty 

control bottles. Table B.l of Appendix B shows the mean amplitude in response to 

PG and air averaged across the three test sessions at each of the 15 electrode sites 

for each of the groups. As can be seen in Table B.l, the mean amplitude in response 

to PG was lower than the mean amplitude in response to air at all electrode sites. 

Similar results were obtained when the data yielded by the N group were ana

lyzed. As can be seen in Table 3.14, significant odorant effects were observed at all 

electrode sites. None of the odorant x time interactions reached statistical signifi

cance. Table B.l of Appendix B shows the mean amplitude in response to PG and 

air averaged across the three test sessions at 15 electrode sites. As can be seen in 

this table, the mean amplitude in response to PG was lower than the mean ampli

tude in response to air at all electrode sites. Thus, the N group, like the CS group, 

differentially responded to the odorant and control bottles. 
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Analyses were also performed on the data generated by the SA group. As can be 

seen in Table 3.14, there were no significant odorant effects at any of the 15 electrode 

sites. There was a significant interaction at electrode site Pz, F{2,18) = 3.91, 

p < .04. Tests of simple effects revealed that the mean amplitude in response to 

PG, M = 10.3, was significantly greater than the mean amplitude in response to air, 

M = 9.7, during the third session, F(l, 9) = 23.16, p < .001, but not during the first 

nor second session, F(l,9) = 0.38, p > .50, F(l,9) = 1.34, p > .20, respectively. 

Table B.l of Appendix B shows the mean amplitude in response to PG and air 

averaged across the three test sessions at 15 electrode sites. As can be seen in this 

table, there is little or no difference between the mean amplitude in response to PG 

and air at any of the electrode sites. Thus, unlike the other two groups, the SA 

group did not differentially respond to PG and air. 

Other analyses were performed to investigate whether each of the groups differen

tially responded to the three target odorants across experimental sessions. Odorant 

(peppermint, vanilla, and PG) x time (three sessions) repeated measures analyses 

of variance were performed on the mean 8-10 Hz amplitude at 15 electrode sites. 

Results of the analyses on the data yielded by the OS group revealed a signifi

cant main effect of odorant at 4/15 electrode sites and no interaction with time. 

Specifically, the results revealed significant odorant effects at: F7, F(2,22) = 3.96, 

p < .04, e = .75. Post hoc comparisons revealed that the mean 8-10 Hz amplitude 

in response to PG, M = 7.2, was significantly greater than the mean amplitude in 

response to vanilla, M = 6.7, but not significantly different from the response to 

peppermint, M = 7.1; T5, F(2,22) = 4.34, p < .03, e = .82, with a significantly 

greater amplitude in response to PG, M = 9.4, than to vanilla, M = 8.7, and than 

to peppermint, M = 8.7; PS, F(2,22) = 4.22, p < .03, e = 1.00, with a signifi

cantly greater amplitude in response to PG, M = 11.6, than to vanilla, M = 10.7, 
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but not significantly greater than the response to peppermint, M = 10.9; and T6, 

F(2,22) = 3.87, p < .04, e = .96, with a significantly greater amplitude in response 

to PG, M = 11.3, than to vanilla, M = 10.4, but not to peppermint, M = 10.7. 

In summary, the mean 8-10 Hz amplitude in response to PG was greater than the 

response to vanilla and sometimes greater that the response to peppermint in the 

CS group. 

Similar analyses were performed on the data yielded by the SA group. The 

results revealed a significant main effect of odorant at 5/15 electrode sites and no 

interaction with time. Specifically, significant results were obtained at electrode 

sites; Fz, F(2,18) = 4.11, p < .04, e = .89. Post hoc comparisons revealed that the 

amplitude in response to PG, M = 7.3, was marginally greater than the response 

to peppermint, M = 6.8, but not different from the mean amplitude in response 

to vanilla, M = 7.2; F4, F(2,18) = 6.19, p < .02, e = .86, with a significantly 

greater mean amplitude in response to PG, M = 6.7, and vanilla, M = 6.7, than 

to peppermint, M = 6.2; F8, F(2,18) = 8.21, p < .01, e = .79, with a significantly 

greater mean amplitude in response to PG, M = 5.1, and vanilla, M = 5.1, than 

to peppermint, M = 4.7; C4, F(2,18) = 6.96, p < .03, e = .71, with a significantly 

greater mean amplitude in response to PG, M = 6.8, and vanilla, M = 6.9, than 

to peppermint, M = 6.3; and T4, F(2,18) = 11.06, p < .001, e = 1.00, with 

a significantly greater mean amplitude in response to PG, M = 4.7, and vanilla, 

M = 4.6, than to peppermint, M = 4.2. Thus, the SA group differentially responded 

to the odorants and the mean amplitude in response to PG and vanilla was always 

greater than the mean amplitude in response to peppermint. 

Finally, the analyses were performed on the data generated by the N group. The 

results did not reveal significant main effects of odorant nor interactions with time at 

any of the 15 electrode sites (all p values > .30). Thus, unlike the CS and SA group. 
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the N group did not differentially respond to the three target odorants. In summary 

the two groups that showed evidence of sensitization differentially responded to the 

odorants while the N group which did not sensitize to any of the odorants showed 

little or no difference in their responses to the three target odorants. 

In order to determine whether the groups differentially responded to odorants 

and control bottles within trials, t tests for paired samples were performed on the 

mean 8-10 Hz amplitude in response to PG and the empty control bottles at 15 

electrode sites and each of the sessions for each of the groups. Note that these 

analyses did not include between-trial comparisons as the previous analyses, instead, 

these analyses were performed to investigate differences in response to the odorant 

and control bottles within trials. The PG/air pair was chosen for these analyses 

because it was the only pair in which the control bottle was an empty bottle. A 

listing of mean amplitudes and SD of the 8-10 Hz band during exposure to the 

PG/air pair at 15 electrode sites for each of the sessions and each of the groups can 

be found in Tables B.2-B.4 of Appendix B. 

When the data generated by the N group were analyzed, results of the t tests 

revealed that the N group differentially responded to PG and air during each of 

the sessions. Results of the t tests can be found in Table 3.17. As can be seen in 

Table 3.17, the difference in response to PG and air reached marginal or statistical 

significance at all electrode sites except at electrode sites F7 and T6 during the last 

session of testing. Figure 3.12 shows the mean amplitude of the 8-10 Hz band in 

response to PG and to air at 15 electrode sites during each of the sessions for the 

N group. As can be seen in Figure 3.12, the N group consistently produced lower 

amplitude in response to the PG than to air at all electrode sites. Thus, the N group 

differentially responded to PG and air by producing more alpha blocking {i.e., lower 

amplitude) during exposure to the odorant. 
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Figure 3.10: Mean amplitude in of the 8-10 Hz band during exposure to PG 

(solid line) and the empty control bottle (dashed line), at 15 electrode sites and three 

sessions for the CS group. Asterisks denote p values, * =< .10, and ** =< .05. 
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Figure 3.11: Mean amplitude in of the 8-10 Hz band during exposure to PG 

(solid line) and the empty control bottle (dashed line), at 15 electrode sites and 

three sessions for the SA group. Asterisks denote p values, * =< .10, ** =< .05, 

and *** =< .01. 
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Figure 3.12: Mean amplitude in fxV of the 8-10 Hz band during exposure to PG 

(solid line) and the empty control bottle (dashed line), at 15 electrode sites and 

three sessions for the N group. Asterisks denote p values, * =< .10, ** =< .05, and 
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Similar results were obtained when the data generated by the CS group were 

analyzed. Results of the t tests comparing the mean 8-10 Hz amplitude in response 

to PG and air at 15 electrode sites and each of the sessions can be found in Table 3.15. 

As can be seen in Table 3.15, differences between the PG and air reach marginal or 

statistical significance at almost all electrode sites except: T5, P3, and Pz during 

the first session; F7, T5, and P3 during the second session; and F7, F3, T3, P4, and 

T6 during the last session. Figure 3.10 shows the mean amplitude of the 8-10 Hz 

band in response to PG and to air at 15 electrode sites during each of the sessions 

for the CS group. As can be seen in Figure 3.10, the CS group, like the N group, 

showed greater alpha blocking in response to PG than to air at all electrode sites 

during each of the sessions. 

Finally, the data generated by the SA group were analyzed. Unlike the previous 

two groups, the SA group did not consistently show significant mean amplitude 

differences in response to PG versus the empty control bottles. Results of the t 

tests can be found in Table 3.16. As can be seen in Table 3.16, significant differences 

between PG and air were only observed at electrode sites Fz, T3, C3, Cz, and C4 

during the first session, and marginally significant differences at electrode site C3 

during the last session. Comparison of the PG and air during the second session did 

not yield marginally nor statistically significant differences at any of the 15 electrode 

sites. Figure 3.11 shows the mean amplitude of the 8-10 Hz band in response to 

PG and to air at 15 electrode sites during each of the sessions for the SA group. As 

can be seen in Figure 3.11, the SA group showed little or no difference in response 

to PG and to air. 

In conclusion, the CS group and the N group consistently distinguished between 

PG and the empty control bottles within trials by showing greater alpha blocking 

to the odorant. However, the SA group did not differentially respond to the odorant 
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and control bottles within trials. 

Secondary Analyses - Between-Group Comparisons 

Analyses were performed to investigate whether the experimental group was different 

from each of the control groups and to investigate whether the two control groups 

were significantly different from each other in their response to PG {i.e., the odorant 

that elicited the greatest sensitization). Group (2) x time (3) repeated measures 

analyses of variance were performed on the mean 8-10 Hz amplitude during exposure 

to PG. Table 3.18 shows the results of the repeated measures analyses of variance 

at each of the 15 electrode sites for all between-group comparisons. 

When the CS group was compared with the N group, the analyses revealed 

marginally significant between-group differences at several electrode sites. As can 

be seen in the first column of Table 3.18, differences between the CS group and the 

N group were significant at electrode site T5 and marginally significant electrode 

sites, F3, Fz, F4, F8, T3, Cz, P3, and T6. None of the group x time interactions 

reached statistical significance. Thus, between-group differences were observed at 

9/15 electrode sites. Figure 3.13 shows the mean amplitude in response to PG at 

each of the three sessions and 15 electrode sites for the CS group and the N group. 

As can be seen in Figure 3.13, the mean amplitude in response to PG was always 

greater in the CS group than the N group. Thus, the two groups differentially 

responded to the odorant and PG elicited greater mean amplitude in the CS group 

than in the N group. 

Similar analyses were performed to compare the CS group to the SA group. The 

results of the analyses can be found in the second column of Table 3.18. As can be 

seen in this table, none of the between-group comparisons reached statistical signifi

cance. Similarly, none of the group x time interactions were significant. Figure 3.14 

shows the mean amplitude in response to PG at each of the three sessions and 15 
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Figure 3.13: Mean amplitude in /xV of the 8-10 Hz band during exposure to PG, 

at 15 electrode sites and three sessions for the CS group (triangles) and the N 

group (circles). The first, second, and third geometric figures represent the first, 

second, and third sessions, respectively. Error bars represent one standard error 

and asterisks denote p values, * =< .10, and ** =< .05 
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Figure 3.14: Mean amplitude in /zV of the 8-10 Hz band during exposure to PG, 

at 15 electrode sites and three sessions for the CS group (triangles) and the SA 

group (squares). The first, second, and third geometric figures represent the first, 

second, and third sessions, respectively. Error bars represent one standard error. 

All p values > .10. 
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Figure 3.15: Mean amplitude in fxV of the 8-10 Hz band during exposure to PG, 

at 15 electrode sites and three sessions for the SA group (squares) and the N group 

(circles). The first, second, and third geometric figures represent the first, second, 

and third sessions, respectively. Error bars represent one standard error. All p 

values > .30. 
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electrode sites for the CS group and the SA group. As can be seen in Figure 3.14, 

the mean amplitude in response to PG was always greater in the CS group than the 

SA group, however, these differences did not reach statistical significance. 

Finally, the two control groups were compared. The results of the analyses 

can be found in the third column of Table 3.18. As can be seen in this table, 

none of the between-group comparisons approached statistical significance. There 

was a marginally significant group x time interaction at three electrode sites: C4, 

F(2,38) = 2.82, p < .08, e = 1.00; Pz, F(2,38) = 2.79, p < .08, e = 1.00; and 

P4, F(2,38) = 2.46, p < .10, e = 1.00. Figure 3.15 shows the mean amplitude in 

response to PG at each of the three sessions and 15 electrode sites for the SA group 

and the N group. As can be seen in Figure 3.15, the two groups overlap in their 

mean amplitude in response to PG. 

3.2 Screening Questionnaires 

In order to investigate whether, in general, the three groups were different in psy

chological variables as well as in limbic system dysfunction, the SCL-90-R and the 

McLean Limbic System Questionnaire were administered. A listing of average scores 

for each of the questionnaires can be found in Table 3.1. 

The SCL-90-R was administered to all subjects and three subscales (somati

zation, anxiety, and depression) were scored. An analysis of variance comparing 

somatization scores by group revealed significant differences between the groups, 

F(2,30) = 6.00, p < .01. The T' test revealed that the CS group obtained a sig

nificantly higher score, M = 1.1, than the SA group, M = .49, and the N group, 

M = .48. An analysis of variance on anxiety scores did not reveal significant dif

ferences between the three groups, F(2,30) = 2.06, p > .10. Finally, an analyses of 

variance on depression scores revealed marginally significant differences between the 
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Table 3.1: Means and (SD) of Scores obtained in Screening Questionnaires 

CS SA N 

SCL-90-R 

Somatization 1.1 (.65) .49 (.35) .48 (.39) 

Anxiety .69 (.54) .63 (.60) .30 (.26) 

Depression 1.1 (.80) 1.0 (.78) .45 (.24) 

Limbic System Checklist 

Somatic 12.1 (5.8) 6.1 (5.4) 3.9 (4.5) 

Sensory 5.9 (4.6) 4.4 (4.1) 1.7 (1.7) 

Behavior 3.8 (3.4) 2.7 (2.5) .64 (.92) 

Mnemonic 4.0 (1.9) 5.6 (3.4) 1.3 (1.2) 

Simon Lifestyle Changes 2.3 (1.2) 0.0 (0.0) 0.1 (0.3) 

groups, F(2,30) = 2.89, p = .071, with the CS group obtaining the highest score, 

M = 1.1, followed by the SA group, M = 1.0, and the N group, M = .45. 

Similar analyses were performed on the subscales (somatic, sensory, behav

ioral, mnemonics) of the McLean Limbic System Questionnaire. Scores on the so

matic subscale were submitted to an analysis of variance which revealed significant 

between-group differences, F(2,30) = 7.41, p < .01. Post hoc analyses revealed that 

the CS group obtained a significantly higher score, M = 12.1, than the SA group, 

M = 6.1, and the N group, M = 3.9, and that the latter two groups did not obtain 

scores that were significantly different from each other. An analysis of variance on 

sensorj' scores also revealed significant between-group difference, F(2,30) = 3.71, 

p < .05, with the CS group obtaining a significantly higher score, M = 5.9, than the 

N group, M = 1.7, but not significantly higher than the SA group, M — 4.4. The 

latter two groups did not obtain scores that were significantly different from each 
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other. Similar results were obtained when the behavioral scores were submitted to 

an analysis of variance, F(2,30) = 3.71, p < .05. That is, the CS group obtained a 

significantly higher score, M = 3.8, than the N group, M = .64, but not significantly 

higher than the SA group, M = 2.7. Finally, scores on the mnemonic subscale were 

submitted to an analysis of variance which also reveaied significant between-group 

differences, F[2,30) = 5.22, p < .001. The T' test revealed that both the CS group, 

M = 4.0, and the SA group, M = 5.6, obtained significantly higher scores than the 

N group, M = 1.3, and that the scores obtained by the CS and SA groups were not 

significantly different from each other. 

The Simon Environmental Illness Lifestyle Change Survey was also administered 

to all subjects. A listing of average scores generated by each of the groups can be 

found in Table 3.1. This questionnaire measures changes in lifestyle due to chemical 

intolerance on a scale from 0-4. It was predicted that the CS group would obtain a 

score significantly greater than zero while the control groups would obtain scores at 

or very close to zero. The results supported this hypothesis. That is, an analysis of 

variance revealed significant between-group differences, F(2,30) = 34.09, p < .0001, 

with the CS group obtaining a score, M = 2.3, that was significantly higher than 

that of the SA group, M = 0.0, and that of the N group, M = .10. 

Finally, scores in response to the PANAS were analyzed. It was predicted that 

the CS would obtain increasingly more negative scores on the negative affect subscale 

of the PANAS with the passage of time after chemical exposure than the control 

groups. An analysis of variance on group (3) x time (3 sessions) x administra

tion (before and after chemical exposure) on the negative affect scores revealed a 

marginally significant group by administration interaction, F(2,30) = 2.60, p < .10. 

Inspection of these means revealed that the scores of the CS group became more 

negative after chemical exposure, before score, M = 1.14, after score, M = 1.28. 



56 

Conversely, the scores of the control groups became less negative after chemical ex

posure: SA group before score, M = 1.38, after score, M = 1.30; N group before 

score, M = 1.10, after score, M = 1.08. Thus, while these results did not reach 

statistical significance, the trend was in the expected direction with the CS group 

obtaining more negative scores after chemical exposure while the control groups 

obtained less negative scores. 

Similar analyses were performed on the scores of the positive affect subscale 

of the PAN AS. A group x session x administration analysis of variance revealed a 

main effect of administration, F(l, 30) = 22.06, p < .0001, with all groups obtaining 

less positive scores after chemical exposure: CS group before score, M = 2.9, after 

score, M = 2.4; SA group before score, M = 2.9, after score, M = 2.6; N group 

before score, M = 3.0, after score, M = 2.8. In general, all groups obtained less 

positive scores after chemical exposure and the CS group obtained more negative 

scores after exposure. 

3.3 Behavioral Data 

Statistical analyses were performed to investigate whether the three groups per

formed significantly different from each other on: (1) number of trials they correctly 

identified the target odorant {i.e., hit rate), (2) their confidence in their choice, (3) 

reported odorant intensity, and (4) pleasantness rating. It was hypothesized that 

the CS group would rate the intensity of all odorants significantly higher than the 

control groups, while rating the pleasantness of the odorants significantly lower. A 

listing of means and SD for hit rate, confidence, intensity, and pleasantness ratings 

for each odorant during each of the sessions reported by the three groups can be 

found in Tables C.1-C.4 of Appendix C. 
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Peppermint/PG Pair 

An analysis of variance on group (CS, SA, N) x session (session 1, session 2, ses

sion 3) for trials containing the peppermint/PG pair revealed that the three groups 

differed in their hit rate {i.e., number of trials the target peppermint odorant was 

identified), F(2,30) = 3.63, p < .04. Post hoc analyses revealed that the N group 

obtained an average hit rate for peppermint, M = 7.88 (98.5%), that was signif

icantly higher than that obtained by the CS group, M = 7.41 (93%). However, 

the hit rate of the N group was not significantly higher than that of the SA group, 

M = 7.57 (95%), nor were there significant differences between the SA and the CS 

group for this measure. Analyses on confidence, intensity and pleasantness rating 

for the peppermint/PG pair did not yield significant between-group nor session dif

ferences, (all p values > .10). Thus, the N group obtained the highest hit rate, 

followed by the SA group and the CS group. However, it should be noted that all 

groups had an average hit rate that was greater than 90%. 

Vanilla/PG Pair 

Similar analyses were performed on the vanilla/PG pair. A group X session analysis 

of variance on hit rate revealed a group main effect, F{2,30) = 3.34, p < .05, with 

the N group correctly identifying vanilla as the target odorant on a significantly 

greater number of trials, M = 7.64 (95.5%), than the CS group, M = 6.83 (85%). 

Significant differences were not obtained for hit rate between the N group and the 

SA group, M = 7.17 (90%), nor between the CS group and the SA group. Addi

tional analyses did not reveal significant differences between groups nor sessions on 

confidence, intensity, nor pleasantness ratings for the vanilla/PG odorant pair (all 

p values > .10). Once again, while the N group had a significantly higher hit rate 

than the CS group, it should be noted the the CS group has an average hit rate of 

85%. 
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PG/Air Pair 

A group X session analyses of variance on hit rate for PG in the PG/air pair revealed 

a main effect of group, F(2,30) = 7.18, p < .003, with the N group correctly 

identifying the PG target odorant on a significantly greater number of trials, M = 

14.88 (93%), than the CS group, M = 12.97 (81%), and the SA group, M = 12.57 

(79%). The CS group and SA group were not significantly different from each other 

in their average hit rate for PG. 

A group X session analysis of variance on intensity ratings of PG revealed a main 

effect of session F(2,60) = 4.63, p < .02, with all groups reporting significantly 

higher intensity ratings during session 1, M = 2.88, than session 2, M = 2.17. 

Significant differences were not obtained for intensity ratings between session 1 and 

session 3, M = 2.46, nor between session 2 and session 3. 

Finally, a group x session analysis of variance on confidence ratings {i.e., con

fidence that the subject correctly chose the bottle containing the PG) revealed 

a marginally significant main effect of session, F(2,60) = 2.71, p < .08. Post 

hoc comparisons revealed that confidence ratings reported during the first session 

were higher, M = 5.15, than confidence ratings reported during the second session, 

M = 4.41, but not greater than the confidence ratings reported during the third 

session, M = 4.49. Additional analyses did not reveal significant diff"erences between 

groups nor sessions on pleasantness ratings (all p values > .10). 

Air/Air Pair 

Given the forced-choice nature of the task, subjects were expected to arbitrarily 

report bottle 1 or 2 when there was no odorant present. It was also expected 

that subjects would rate their confidence in their choice, intensity, and pleasantness 

ratings at zero because both bottles were empty. When the reported ratings were not 

zero, the trials were scored as a false alarm {i.e., detecting an odorant in an empty 
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bottle). Analyses of variance were performed to test the hypothesis that the groups 

would not differ on any of the dependent variables on these trials. A group x session 

analysis of variance on the number of false alarms revealed a significant interaction, 

F(4,60) = 2.60, p < .05. Tests of simple effects revealed that the groups differed in 

reported false alarm rates during session 2, F(2,30) = 6.24, p < .006, with the N 

group obtaining significantly fewer false alarms, M = .91 (11%), than the SA group, 

M = 5.20 (65%), but not the CS group, M = 3.50 (44%). Similarly, the groups 

differed in their false alarm rate during session 3, F(2,30) = 4.12, p < .03, with the 

N group obtaining fewer false alarms, M = .82 (10%), than the SA group, M = 4.30 

(54%), but not the CS group, M = 2.70 (34%). Similar results were not obtained 

during session 1, F(2,30) = 1.54, p > .20. Other analyses on confidence, intensity, 

and pleasantness ratings did not reveal significant differences between groups nor 

sessions for the air/air pair. Thus, the SA group obtained a significantly greater 

number of false alarms than the N group on session 2 and session 3 for the air/air 

pair. 

In general, these results indicate that the N group correctly identified target 

odorants on a greater number of trials than the other two groups. It cannot be 

argued that the CS group had a lower hit rate than the N group on the pepper-

mint/PG and the vanilla/PG pairs because they were more sensitive to the PC as 

their hit rate on the PG/air pair was lower than that of the N group. Individu

als with chemical sensitivity often report difficulty concentrating and remembering. 

This task required each subject to sniff four bottles per trial, two containing the 

odorant and two containing the solvent control, to remember which of the bottles 

contained the odorant, and to report their observation after the trial was completed. 

It may that subjects in the CS group had more difficulty remembering which of the 

bottles contained the odorant and therefore had a lower hit rate than the normal 
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control group. Finally, the hypotheses that the CS group would report higher in

tensity ratings and lower pleasantness ratings than the control groups for dl of the 

odorants was not supported by these findings. These results support previous find

ings which indicate that CS subjects do not have lower odorant thresholds than 

healthy age-matched controls (Doty et ai, 1988). 

3.4 Performance Data 

As previously mentioned, the DAT was performed by all subjects at the end of the 

last session. It was predicted that the CS group would generate a greater number 

of tracking errors and longer response times than the control groups given that 

individuals with chemical intolerance report difficulties sustaining attention. The 

results of this study did not support this hypothesis. 

This task generated averages of tracking error, central response time, and pe

ripheral response time. It also generated a measure of the total number of missed 

central and peripheral stimuli. An average of these measures was generated at the 

end of each quarter during this 13-minute task. These measures were submitted to 

analyses of variance with time (4 quarters) as within-subject's factor and group (3) 

as between subject's factor. A group x time analysis of variance on tracking error 

revealed a marginally significant interaction, F(6,84) = 2.53, p = .051, e = .65. 

A test of simple effects revealed that the SA group obtained a significantly higher 

mean tracking error during the last quarter, M = 21.9, than the CS group during 

the first quarter, M = 17.1, second quarter, M = 16.2, third quarter, M = 16.8, 

and last quarter, M = 16.4. Thus, the SA group had a higher tracking error rate 

during the last quarter that exceeded that of the CS group during each quarter. 

Significant differences between the SA group and the N group were not obtained 

(all p values > .10). 
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An analysis of variance performed on central response time revealed a significant 

main effect of time, F(3,84) = 2.98, p < .05, e = .87. A T' test revealed that the 

central response time was marginally longer during the third quarter of the test, 

M = .56, than during the second quarter, M = .50. However, the central response 

time during the third quarter was not significantly different from the central response 

time during the first nor the last quarter, M = .51, M = .55, respectively. 

Similar results were obtained when an analysis of variance was performed on 

peripheral response time. The results revealed a main effect of time, F(3,84) = 2.88, 

p < .05, € = .92, with the peripheral response time being significantly longer during 

the last quarter of the task, M = .51, than during the first quarter of the task, 

M = .45. However, the peripheral response time during the last quarter was not 

significantly longer than the peripheral response time during the second nor third 

quarter, M = .49, M = .50, respectively. Other analyses were performed on missed 

central and peripheral stimuli, and the results did not yield significant effects of 

group nor time (all p values > .10). Thus, the results of these analyses did not 

support the hypothesis that the CS group would perform more poorly than the 

control groups. Instead, the SA yielded the poorest performance and all groups 

demonstrated slower responses with the progression of the task. 



Table 3.2: F Ratios and p Values for the CS Group for Peppermint. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,22) 3.32 < .06 1.00 (2,22) 1.84 > .15 .73 
F3 (2,22) 3.11 < .07 1.00 (2,22) 2.36 > .10 .68 
Fz (2,22) 3.12 < .07 1.00 (2,22) 2.40 > .15 .65 
F4 (2,22) 2.63 < .10 LOO (2,22) 2.05 > .15 .66 
F8 (2,22) 1.11 > .20 1.00 (2,22) 0.93 > .30 .67 
T3 (2,22) 3.01 < .08 1.00 (2,22) 2.62 > .10 .70 
C3 (2,22) 2.59 < .10 1.00 (2,22) 2.14 > .10 .78 
Cz (2,22) 3.48 < .05 1.00 (2,22) 2.90 < .09 .84 
C4 (2,22) 2.87 < .09 1.00 (2,22) 1.85 > .15 .82 
T4 (2,22) 0.78 > .20 .72 (2,22) 0.44 > .50 .70 
T5 (2,22) 2.27 > .10 .70 (2,22) 0.51 > .40 .73 
P3 (2,22) 3.37 < .06 .94 (2,22) 0.40 > .60 .86 
Pz (2,22) 3.45 < .06 .86 (2,22) 0.27 > .70 .77 

P4 (2,22) 2.40 > .10 .83 (2,22) 0.62 > .40 .69 
T6 (2,22) 3.31 < .07 1.00 (2,22) 2.81 < .09 .97 



Table 3.3: F Ratios and p Values for the CS Group for Vanilla. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,22) 0.50 > .50 1.00 (2,22) 0.32 > .50 1.00 
F3 (2,22) 0.88 > .40 1.00 (2,22) 0.30 > .50 1.00 
Fz (2,22) 1.23 > .30 1.00 (2,22) 0.44 > .50 1.00 
F4 (2,22) 1.07 > .30 1.00 (2,22) 0.33 > .70 1.00 
F8 (2,22) 1.26 > .30 1.00 (2,22) 0.71 > .50 1.00 
T3 (2,22) 1.22 > .30 .97 (2,22) 0.86 > .40 1.00 
C3 (2,22) 1.80 > .15 1.00 (2,22) 1.31 > .20 1.00 
Cz (2,22) 1.68 > .20 1.00 (2,22) 0.75 > .40 1.00 
C4 (2,22) 1.56 > .20 1.00 (2,22) 0.26 > .70 1.00 
T4 (2,22) 1.41 > .20 1.00 (2,22) 0.85 > .40 1.00 
T5 (2,22) 1.79 > .10 .97 (2,22) 1.32 > .20 1.00 
P3 (2,22) 1.80 > .10 .90 (2,22) 1.41 > .20 1.00 
Pz (2,22) 1.67 > .20 1.00 (2,22) 0.57 > .50 .77 

P4 (2,22) 1.93 > .10 1.00 (2,22) 0.40 > .60 1.00 
T6 (2,22) 1.24 > .30 1.00 (2,22) 0.08 > .70 1.00 
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Table 3.4: F Elatios aad p Values for the CS Group for PG. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,22) 3.97 < .04 .80 (2,22) 1.67 > .20 1.00 
F3 (2,22) 4.61 < .03 .79 (2,22) 2.26 > .10 1.00 
Fz (2,22) 4.34 < .06 .72 (2,22) 2.23 > .10 .98 
F4 (2,22) 3.89 < .07 .66 (2,22) 2.07 > .15 .82 
F8 (2,22) 4.14 < .06 .64 (2,22) 1.85 > .15 .70 
T3 (2,22) 5.36 < .02 .98 (2,22) 3.81 < .04 1.00 
C3 (2,22) 5.69 < .04 .69 (2,22) 3.15 < .07 1.00 
Cz (2,22) 4.56 < .06 .64 (2,22) 2.14 > .10 1.00 
04 (2,22) 3.20 < .10 .55 (2,22) 2.02 > .15 .73 
T4 (2,22) 2.44 > .10 .64 (2,22) 0.64 > .50 .85 
T5 (2,22) 1.50 > .20 .83 (2,22) 0.13 > .80 1.00 
P3 (2,22) 3.25 < .07 1.00 (2,22) 0.57 > .40 .72 
Pz (2,22) 4.01 < .04 1.00 (2,22) 0.34 > .70 .97 
P4 (2,22) 2.77 < .09 1.00 (2,22) 1.65 > .20 1.00 
T6 (2,22) 2.17 > .10 1.00 (2,22) 2.54 > .10 .71 



Table 3.5: F Ratios and p Values for the CS Group for Air. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,22) 2.69 > .10 .61 (2,22) 0.48 > .60 .78 
F3 (2,22) 3.01 > .10 .61 (2,22) 1.67 > .20 .81 
Fz (2,22) 3.69 < .08 .66 (2,22) 2.82 < .09 .86 
F4 (2,22) 3.91 < .07 .72 (2,22) 2.84 < .09 .88 
F8 (2,22) 3.48 < .06 .76 (2,22) 1.93 > .10 .00 
T3 (2,22) 1.18 > .20 .88 (2,22) 1.04 > .20 .92 
C3 (2,22) 1.80 > .10 .64 (2,22) 0.89 > .40 .87 
Cz (2,22) 3.15 < .08 .76 (2,22) 1.86 > .10 .96 
C4 (2,22) 2.39 > .10 .73 (2,22) 2.04 > .15 .00 
T4 (2,22) 1.85 > .10 .65 (2,22) 0.56 > .50 .00 
T5 (2,22) 2.00 > .10 .83 (2,22) 2.02 > .10 .96 
P3 (2,22) 2.35 > .10 .89 (2,22) 1.95 > .10 .87 
Pz (2,22) 2.22 > .10 .87 (2,22) 1.12 > .30 .00 
P4 (2,22) 1.71 > .20 .67 (2,22) 0.77 > .30 .66 
T6 (2,22) 1.86 > .10 .68 (2,22) 1.13 > .30 .65 



Table 3.6: F Ratios and p Values for the SA Group for Peppermint. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,18) 2.87 < .09 .98 (2,18) 2.46 > .10 .83 
F3 (2,18) 3.34 < .07 .92 (2,18) 3.74 < .05 .80 
Fz (2,18) 3.44 < .07 .88 (2,18) 3.76 < .05 .78 
F4 (2,18) 3.52 < .07 .77 (2,18) 3.00 > .10 .73 
F8 (2,18) 3.73 < .05 .99 (2,18) 2.70 > .10 .82 
T3 (2,16) 2.58 > .10 1.00 (2,16) 1.96 > .15 1.00 
C3 (2,18) 2.90 < .10 .83 (2,18) 2.75 < .10 .92 

Cz (2,18) 3.33 < .10 .75 (2,18) 4.08 < .05 .78 

C4 (2,18) 3.45 < .10 .71 (2,18) 3.17 < .08 .77 

T4 (2,18) 3.49 < .06 .95 (2,18) 3.41 < .06 .92 

T5 (2,18) 2.48 > .10 .85 (2,18) 2.16 > .10 1.00 
P3 (2,18) 3.36 < .07 .76 (2,18) 3.03 < .08 1.00 

Pz (2,18) 3.32 < .10 .63 (2,18) 3.68 < .06 .81 
P4 (2,18) 3.67 < .09 .57 (2,18) 4.17 < .07 .66 
T6 (2,18) 3.08 < .08 .91 O

O
 

4.33 < .07 .60 



Table 3.7: F Ratios and p Values for the SA Group for Vanilla. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,18) 1.58 > .20 .95 (2,18) 1.09 > .30 .98 
F3 (2,18) 1.92 > .10 .82 (2,18) 1.40 > .20 .73 
Fz (2,18) 2.17 > .10 .65 (2,18) 1.31 > .20 .66 
F4 (2,18) 2.33 > .10 .67 (2,18) 1.74 > .20 .64 
F8 (2,18) 1.84 > .10 .65 (2,18) 1.65 > .20 .67 
T3 (2,16) 2.50 > .10 .93 (2,16) 2.59 > .10 1.00 
C3 (2,18) 3.29 < .08 .77 (2,18) 0.98 > .30 .62 
Cz (2,18) 3.01 > .10 .64 (2,18) 1.21 > .20 .58 
C4 (2,18) 2.99 > .10 .67 (2,18) 2.08 > .10 .61 
T4 (2,18) 2.76 > .10 .72 (2,18) 2.96 > .10 .66 
T5 (2,18) 2.20 > .10 .84 (2,18) 2.15 > .10 .99 
P3 (2,18) 4.19 < .05 .82 (2,18) 2.24 > .10 .69 
Pz (2,18) 4.07 < .08 .66 (2,18) 2.08 > .10 .60 
P4 (2,18) 3.93 < .05 .81 (2,18) 3.24 < .10 .66 
T6 (2,18) 2.75 < .10 1.00 (2,18) 5.16 < .02 .84 



Table 3.8: F Ratios and p Values for the SA Group for PG. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,18) 1.96 > .10 1.00 (2,18) 1.57 > .20 .83 
F3 (2,18) 3.01 < .08 1.00 (2,18) 3.03 > .10 .73 
Fz (2,18) 4.32 < .03 1.00 (2,18) 3.99 < .07 .69 
F4 (2,18) 2.96 < .09 1.00 (2,18) 3.14 > .10 .62 
F8 (2,18) 2.23 > .10 .92 (2,18) 2.28 > .10 .66 
T3 (2,16) 4.84 < .05 .86 (2,16) 5.04 < .03 1.00 
C3 (2,18) 5.36 < .02 .93 (2,18) 4.65 < .03 .75 
Cz (2,18) 5.36 < .02 .79 (2,18) 5.71 < .04 .61 
C4 (2,18) 5.57 < .02 .79 (2,18) 4.32 < .07 .64 
T4 (2,18) 3.71 < .05 .83 (2,18) 3.86 < .08 .71 
T5 (2,18) 2.61 > .10 1.00 (2,18) 2.32 > .10 1.00 

P3 (2,18) 6.12 < .01 1.00 (2,18) 5.81 < .04 .70 
Pz (2,18) 7.03 < .03 .67 (2,18) 6.45 < .03 .60 
P4 (2,18) 6.60 < .01 .75 (2,18) 6.04 < .03 .70 
T6 (2,18) 4.56 < .03 1.00 (2,18) 5.03 < .03 .81 



Table 3.9: F Ratios and p Values for the SA Group For Air. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 00
 

3.43 < .06 1.00 (2,18) 1.72 > .20 .62 
F3 (2,18) 2.85 < .09 1.00 (2,18) 3.01 > .10 .64 
Fz (2,18) 2.37 > .10 .90 (2,18) 2.05 > .10 O

O
 

F4 o
o
 

3.10 < .09 .80 (2,18) 2.57 > .10 1.00 

F8 (2,18) 4.30 < .07 .73 (2,18) 1.88 > .10 1.00 
T3 (2,16) 6.79 < .01 1.00 (2,16) 8.75 < .01 1.00 
C3 (2,18) 3.01 < .09 1.00 (2,18) 2.36 > .10 .71 

Cz (2,18) 4.08 < .04 .86 (2,18) 3.85 < .08 .60 
C4 (2,18) 4.60 < .06 .66 (2,18) 3.26 < .07 .89 
T4 (2,18) 3.97 < .08 .63 (2,18) 1.72 > .20 .93 
T5 (2,18) 2.68 < .10 .92 (2,18) 1.78 > .10 1.00 
P3 (2,18) 3.68 < .05 1.00 (2,18) 2.95 < .09 .82 
Pz (2,18) 4.69 < .03 .78 (2,18) 4.28 < .06 .70 
P4 (2,18) 4.56 < .06 .64 (2,18) 3.56 < .09 .69 
T6 (2,18) 3.54 < .06 .98 (2,18) 3.70 < .06 .76 



Table 3.10: F Ratios and p Values for the N Group for Peppermint. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,20) 0.72 > .40 .96 (2,20) 0.55 > .50 1.00 
F3 (2,20) 0.38 > .50 1.00 (2,20) 0.22 > .80 1.00 
Fz (2,20) 0.28 > .50 1.00 (2,20) 0.28 > .70 1.00 
F4 (2,20) 0.43 > .60 1.00 (2,20) 0.61 > .50 1.00 
F8 (2,20) 0.31 > .70 1.00 (2,20) 0.19 > .80 .84 
T3 (2,20) 0.56 > .50 1.00 (2,20) 0.45 > .60 .96 
C3 (2,20) 0.26 > .50 1.00 (2,20) 0.74 > .40 .98 
Cz (2,20) 0.30 > .50 1.00 (2,20) 0.39 > .60 1.00 
C4 (2,20) 0.63 > .50 1.00 (2,20) 1.12 > .30 .93 
T4 (2,20) 0.56 > .50 1.00 (2,20) 0.80 > .40 .87 
T5 (2,20) 0.29 > .50 .84 (2,20) 0.06 > .90 .85 
P3 (2,20) 0.52 > .50 1.00 (2,20) 0.08 > .90 .78 
Pz (2,20) 0.27 > .50 1.00 (2,20) 0.02 > .90 1.00 
P4 (2,20) 0.43 > .50 1.00 (2,20) 0.06 > .90 1.00 
T6 (2,20) 0.53 > .50 1.00 (2,20) 0.09 > .90 1.00 



Table 3.11: F Ratios and p Values for the N Group for Vanilla. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,20) 0.84 > .40 1.00 (2,20) 1.48 > .20 1.00 
F3 (2,20) 0.81 > .40 1.00 (2,20) 2.94 < .08 1.00 
Fz (2,20) 0.99 > .30 1.00 (2,20) 4.44 < .02 .86 
F4 (2,20) 0.94 > .40 1.00 (2,20) 4.91 < .02 .85 
F8 (2,20) 0.84 > .40 1.00 (2,20) 2.23 > .10 1.00 
T3 (2,20) 1.51 > .20 1.00 (2,20) 2.75 < .09 1.00 
C3 (2,20) 1.73 > .20 .88 (2,20) 3.57 < .09 .67 
Cz (2,20) 1.77 > .10 1.00 (2,20) 3.16 < .07 1.00 
C4 (2,20) 2.01 > .10 1.00 (2,20) 3.58 < .05 .88 
T4 (2,20) 3.22 < .07 1.00 (2,20) 3.56 < .05 1.00 
T5 (2,20) 0.62 > .50 1.00 (2,20) 2.72 < .10 .92 
P3 (2,20) 0.78 > .40 1.00 (2,20) 2.06 > .10 1.00 
Pz (2,20) 1.12 > .30 .94 (2,20) 1.74 > .20 .92 
P4 (2,20) 0.87 > .40 1.00 (2,20) 2.13 > .10 1.00 
T6 (2,20) 0.69 > .50 1.00 (2,20) 2.56 > .10 1.00 



Table 3.12: F Ratios and p Values for the N Group for PG. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,20) 0.02 > .50 .83 (2,20) 0.01 > .90 .91 
F3 (2,20) 0.00 > .50 .72 (2,20) 0.03 > .80 .71 
Fz (2,20) 0.03 > .50 .76 (2,20) 0.06 > .90 .76 
F4 (2,20) 0.00 > .50 .78 (2,20) 0.72 > .70 .73 
F8 (2,20) 0.03 > .50 .82 (2,20) 0.01 > .90 .86 
T3 (2,20) 0.05 > .50 .76 (2,20) 0.10 > .90 .83 
03 (2,20) 0.07 > .50 .69 (2,20) 0.32 > .50 .66 
Cz (2,20) 0.06 > .50 .85 (2,20) 0.11 > .80 .95 
C4 (2,20) 0.13 > .50 .86 (2,20) 0.12 > .80 .88 
T4 (2,20) 0.21 > .50 .75 (2,20) 0.34 > .70 .95 
T5 (2,20) 0.13 > .50 .68 (2,20) 0.20 > .80 .96 
P3 (2,20) 0.27 > .50 .76 (2,20) 0.14 > .80 1.00 
Pz (2,20) 0.12 > .50 .83 (2,20) 0.09 > .90 1.00 
P4 (2,20) 0.30 > .50 .75 (2,20) 0.18 > .80 .99 
T6 (2,20) 0.50 > .50 .78 (2,20) 0.36 > .70 1.00 



Table 3.13: F Ratios and p Values for the N Group for Air. 

8-10 Hz 10-12 Hz 
df F P e df F P e 

F7 (2,20) 0.02 > .50 .72 (2,20) 0.21 > .60 .74 
F3 (2,20) 0.13 > .50 .68 (2,20) 0.16 > .80 .77 
Fz (2,20) 0.18 > .50 .66 (2,20) 0.16 > .60 .68 
F4 (2,20) 0.26 > .50 .70 (2,20) 0.21 > .60 .70 
F8 (2,20) 0.87 > .40 .76 (2,20) 0.66 > .50 .81 
T3 (2,20) 0.04 > .50 .72 (2,20) 0.23 > .60 .74 
C3 (2,20) 0.12 > .50 .64 (2,20) 0.50 > .40 .72 
Cz (2,20) 0.09 > .50 .63 (2,20) 0.15 > .80 .81 
C4 (2,20) 0.44 > .50 .63 (2,20) 0.21 > .80 .88 
T4 (2,20) 1.53 > .20 .88 (2,20) 1.11 > .30 1.00 
T5 (2,20) 0.73 > .40 .74 (2,20) 1.67 > .20 .62 
P3 (2,20) 1.13 > .30 .63 (2,20) 1.21 > .20 .61 
Pz (2,20) 0.43 > .50 .55 (2,20) 0.15 > .80 .79 

P4 (2,20) 1.41 > .20 .57 (2,20) 0.20 > .60 .72 
T6 (2,20) 1.95 > .10 .88 (2,20) 0.49 > .60 .75 
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Table 3.14: F Ratios and p Values for PG versus Air. 

CS N SA 
df F P df F P df F P 

F7 (1,11) 5.97 < .04 (1,10) 7.47 < .03 (1,9) 0.13 > .70 

F3 (1,11) 10.26 < .01 (1,10) 7.31 < .03 (1,9) 0.00 > .90 

Fz (1,11) 8.21 < .02 (1,10) 10.11 < .01 (1,9) 0.11 > .70 

F4 (1,11) 7.03 < .03 (1,10) 9.94 < .02 (1,9) 0.17 > .60 
F8 (1,11) 7.04 < .03 (1,10) 11.73 < .01 (1,9) 0.46 > .50 

T3 (1,11) 6.93 < .03 (1,10) 8.70 < .02 (1,8) 0.11 > .70 
C3 (1,11) 6.84 < .03 (1,10) 5.40 < .05 (1,9) 0.92 > .30 

Cz (1,11) 8.33 < .02 (1,10) 7.73 < .02 (1,9) 0.16 > .70 

C4 (1,11) 8.04 < .02 (1,10) 13.47 < .01 (1,9) 0.04 > .80 
T4 (1-11) 7.62 < .02 (1,10) 17.88 < .01 (1,9) 0.11 > .70 

T5 (1,11) 1.02 > .30 (1,10) 7.00 < .03 (1,9) 1.76 > .20 

P3 (1,11) 2.88 > .10 (1,10) 8.56 < .02 (1,9) 0.44 > .50 

Pz (1,11) 5.80 < .04 (1,10) 6.51 < .03 (1,9) 0.01 > .90 

P4 (1,11) 8.07 < .02 (1,10) 6.50 < .03 (1,9) 0.11 > .70 

T6 (1,11) 4.21 < .07 (1,10) 11.91 < .01 (1,9) 0.32 > .50 
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Table 3.15: t Tests on the PG/Air Pair for the CS Group. 

Session 1 Session 2 Session 3 
df t p df t p df t p 

F7 (11) 2.15 < .06 (11) 1.76 > .10 (11) 1.04 > .30 
F3 (11) 2.43 < .04 (11) 1.83 < .10 (11) 1.79 > .10 
Fz (11) 2.11 < .06 (11) 2.03 < .07 (11) 1.97 < .08 
F4 (11) 1.98 < .08 (11) 2.48 < .04 (11) 2.00 < .08 

F8 (11) 2.27 < .05 (11) 3.00 < .02 (11) 2.12 < .06 
T3 (11) 2.77 < .02 (11) 1.80 < .10 (11) 1.36 > .20 

C3 (11) 2.42 < .04 (11) 2.28 < .05 (11) 1.96 < .08 
Cz (11) 1.81 < .10 (11) 2.57 < .03 (11) 1.92 < .09 
C4 (11) 1.90 < .09 (11) 2.75 < .02 (11) 2.05 < .07 
T4 (11) 2.00 < .08 (11) 1.94 < .08 (11) 1.92 < .09 
T5 (11) 1.35 > .20 (11) 1.50 > .10 (11) 2.40 < .04 
P3 (11) 1.43 > .10 (11) 1.51 > .10 (11) 2.31 < .05 
Pz (11) 1.70 > .10 (11) 2.65 < .03 (11) 1.96 < .08 

P4 (11) 1.99 < .08 (11) 2.75 < .02 (11) 1.23 > .20 

T6 (11) 2.02 < .07 (11) 2.70 < .03 (11) 0.78 > .40 
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Table 3.16: t Tests on the PG/Air Pair for the SA Group. 

Session 1 Session 2 Session 3 
df t P df t P df t  P 

F7 (9) 1.70 

o
 

I—
1 A

 (9) 0.52 > .50 (9) -0.73 > .40 

F3 (9) 1.70 > .10 (9) 1.01 > .30 (9) -0.64 > .50 

Fz (9) 2.26 < .05 (9) 1.18 > .20 (9) -1.04 > .30 

F4 (9) 0.93 > .30 (9) 0.80 > .40 (9) -0.73 > .40 

F8 (9) 0.30 > .50 (9) 0.98 > .30 (9) -0.74 > .40 

T3 (8) 3.74 < .01 (9) 0.42 > .50 (9) -1.82 > .10 

C3 (9) 2.27 < .05 (9) 1.03 > .30 (9) -2.04 < .08 

Cz (9) 2.42 < .04 (9) 0.41 > .50 (9) -0.65 > .50 

C4 (9) 2.54 < .04 (9) -0.47 > .50 (9) -1.25 > .20 
T4 (9) 0.19 > .50 (9) -0.16 > .50 (9) -1.26 > .20 
To (9) 0.00 > .50 (9) 0.77 > .40 (9) -1.18 > .20 
P3 (9) 0.63 > .50 (9) 0.90 > .30 (9) -0.87 > .40 
Pz (9) 1.18 > .20 (9) 0.71 > .40 (9) -0.74 > .40 

P4 (9) 1.46 > .10 (9) 0.30 > .50 (9) -1.56 > .10 

T6 (9) 0.76 > .40 (9) 0.51 > .50 (9) 0.00 > .50 
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Table 3.17: t Tests on the PG/Air Pair for the N Group. 

Session 1 Session 2 Session 3 
df t p df t  p df t  p 

F7 (10) 2.65 < .03 (10) 2.12 < .07 (10) 1.60 > .10 

F3 (10) 2.64 < .03 (10) 2.19 < .06 (10) 2.65 < .03 

Fz (10) 2.80 < .02 (10) 2.40 < .04 (10) 3.11 < .02 

F4 (10) 2.92 < .02 (10) 2.69 < .03 (10) 2.49 < .04 

F8 (10) 3.40 < .01 (10) 2.30 < .05 (10) 2.05 < .07 

T3 (10) 3.16 < .02 (10) 2.46 < .04 (10) 1.84 < .10 
C3 (10) 2.98 < .02 (10) 1.21 < .05 (10) 4.43 < .01 

Cz (10) 3.29 < .01 (10) 3.03 < .02 (10) 3.33 < .01 
C4 (10) 3.71 < .01 (10) 3.15 < .02 (10) 3.14 < .02 

T4 (10) 1.99 < .08 (10) 2.59 < .03 (10) 1.87 < .10 
T5 (10) 2.60 < .03 (10) 3.59 < .01 (10) 2.69 < .03 

P3 (10) 2.11 < .07 (10) 2.51 < .04 (10) 3.06 < .02 

Pz (10) 2.12 < .06 (10) 3.37 < .01 (10) 2.51 < .04 

P4 (10) 2.36 < .05 (10) 3.13 < .02 (10) 1.85 < .10 

T6 (10) 2.60 < .03 (10) 3.83 < .01 (10) 1.11 > .20 



Table 3.18: F Ratios and p Values for Between-Group Comparisons. 

OS V N CS V SA SA V N 
df F P dj F P df F P 

F7 (1,21 2.83 > .10 (1,20 2.66 > .10 (1,19 0.00 > .90 

F3 (1,21 3.03 < .10 (1,20 2.19 > .10 (1,19 0.15 > .70 

Fz (1,21 3.23 < .09 (1,20 2.24 > .10 (1,19 0.20 > .60 

F4 (1,21 3.27 < .09 (1,20 2.16 V
 o
 

(1,19 0.24 > .60 

F8 (1,21 3.19 < .09 (1,20 2.34 > .10 (1,19 0.15 > .70 

T3 (1,21 2.97 < .10 (1,19 1.72 > .20 (1,18 0.32 > .50 
C3 (1,21 2.93 > .10 (1,20 2.29 > .10 (1,19 0.08 > .70 

Cz (1,21 3.21 < .09 (1,20 2.64 > .10 (1,19 0.08 > .70 

C4 (1,21 2.77 > .10 (1,20 2.13 

o
 

A
 (1,19 0.08 > .70 

T4 (1,21 2.52 > .10 (1,20 1.69 > .20 (1,19 0.16 > .60 

T5 (1,21 4.59 < .05 (1,20 2.05 > .10 (1,19 0.54 > .40 

P3 (1,21 3.32 < .09 (1,20 2.12 > .10 (1,19 0.17 > .60 

Pz (1,21 2.69 > .10 (1,20 1.82 > .10 (1,19 0.13 > .70 

P4 (1,21 2.92 > .10 (1,20 1.64 > .20 (1,19 0.22 > .60 

T6 (1,21 3.95 < .07 (1,20 1.19 > .20 (1,19 0.93 > .30 
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CHAPTER 4 

DISCUSSION 

Individuals with idiopathic MCS report that the smell of chemicals is the primary 

agent that elicits the symptoms associated with chemical intolerance. Yet, very 

few studies on MCS involve exposing subjects to the smell of chemicals to measure 

its effect. Additionally, TDS has been proposed as a model for MCS, yet very 

few studies to date have included the necessary conditions to test sensitization, 

mainly, repeated intermittent exposure to a stimulus. Unlike previous research, 

this study exposed subjects to odorants intermittently during a three-week period 

to investigate whether individuals with idiopathic chemical sensitivity sensitized 

to odorants. Results of this study showed that intermittent exposure to odorants 

resulted in an increase in the mean amplitude of the 8-10 Hz frequency band across 

experimental sessions. Additionally, a similar but less pronounced increase was 

observed in the 10-12 Hz band. 

Studies on humans have shown that decreases in amplitude in the alpha fre

quency band and increases in amplitude in the beta band are suggestive of a pattern 

of mental activity (Ray, 1990). Additionally, it has been suggested that the beta 

band represents a process of cortical activation and should disappear with habitu

ation (Ray, 1990). Thus, in the case of sensitization one would expect to observe 
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increases in beta activity and a concomitant decrease in alpha activity. However, 

in the case of sensitization the opposite pattern occurs. As previously mentioned, 

sensitization occurs when a stimulus presented intermittently elicits an increasingly 

greater response over time. Animal studies on the effects of intermittent exposure 

to cocaine have shown an increase from baseline in the amplitude of the alpha-1 

frequency and no change from baseline in other frequency bands including beta. At 

the same time, the animals displayed a pronounced locomotor activation consistent 

with sensitization (Ferger et ai, 1994, 1996). Our findings of increased alpha activ

ity are consistent with the animals studies which report that increased alpha activity 

represents sensitization in animals exposed to cocaine. However, future research on 

MCS should investigate whether other frequency bands display a similar pattern 

to that observed in the animal studies, mainly decreased amplitude from baseline 

in other frequency bands, to determine whether the EEG pattern of sensitization 

in animals and humans is similar across all bands. Taken together, these findings 

support the hypothesis that MCS is a manifestation of TDS and that MCS includes 

a CNS dysfunction. 

Additional, support for the hypothesis that MCS includes a CNS dysfunction 

is provided by the fact that the EEG of the CS group was consistently different 

from that of the N control group. Specifically, while the CS group showed increases 

in the mean amplitude of the alpha frequency band, the N group showed little or 

no change over time in response to most odorants and showed a decrease in the 

mean amplitude of the 10-12 Hz band over time during exposure to vanilla. Thus, 

the pattern of EEG activity of the CS group was different from that of the healthy 

control women without chemical sensitivity. 

Further support for the hypothesis that chemical sensitivity includes a CNS 

dysfunction is provided by the scores of the CS group on the subscales of the McLean 
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Limbic System Questionnaire, a questionnaire developed to assess the effects of early 

traumatic events on the human brain. That is, on all four subscales, the CS group 

scored higher than the N group. Although these findings have limitations because 

of the subjective nature of self reports, these results are consistent with findings of 

previous studies. 

Another major finding of this study was that sensitization is not specific to 

MCS. That is, the SA group who did not report chemical sensitivity showed a 

similar pattern of EEG activity, {i.e., increase in the mean amplitude of the alpha 

frequency band) to that of the CS group. However, sensitization in this group was 

evident in both the low and high alpha frequency bands, occurred during exposure 

to the three odorants and the empty control bottles, and was more global thus 

showing in numerous electrode sites. 

Antelman (1988) proposed that PTSD as well as other disorders represent in

stances of stress-induced sensitization to future stressors. It may be that in the case 

of sexual abuse, the abuse initiates the process of amplification and future exposure 

to chemical odorants elicits sensitization. Animal studies have shown that exposure 

to high levels of mint and toluene can cause seizure-like activity in the limbic system 

of animals (Kay, 1996). If sensitization includes abnormal firing patterns in limbic 

structures, it is reasonable to assume that exposure to odorants could elicit sensi

tization. In an already sensitized individual, chemicals at low concentrations could 

elicit abnormal firing patterns in the limbic system. 

Some researchers argue that individuals who report chemical intolerance, indis-

criminantly react to the smell of all chemicals. The findings of the present study do 

not support this claim. That is, the CS group showed evidence of sensitization to 

PG, the findings were less pronounced during exposure to peppermint, and they did 

not show evidence of sensitization to vanilla nor empty control bottle. Thus, the 
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CS group did not indiscriminantly react to all odorants. Similarly, the CS group, 

like the N group, differentially responded to the target odorant and control bottles 

within-trials. If the subjects with chemical sensitivity were indiscriminantly react

ing to all odorants or to the threat of chemical exposure and not the chemical itself, 

then one would expect to see little or no difference in response to different odorants. 

The findings of this study clearly indicate that the CS group differentially responded 

to the odorants. 

It is worth emphasizing that the CS group sensitized most to PC, followed by 

peppermint and that they did not sensitize to vanilla as both peppermint and vanilla 

were dissolved in PC. Thus, it appears that not all chemicals elicit sensitization in 

individuals with chemical sensitivity and that some chemicals may be used to inhibit 

sensitization. The N group also differentially responded to vanilla by exhibiting 

decreased amplitude in the high alpha frequency band across experimental sessions, 

but not in response to PC nor peppermint. Unlike the previous two groups, the SA 

group, indiscriminately sensitized to all odorants and empty control bottles and did 

not distinguish between target odorant and empty control bottles within trials. 

The findings of this study on the ratings of odorants support previous findings 

which show that individuals with chemical sensitivity are not hypersensitive to odor

ants (Doty et ai, 1988). That is, the three groups in this study did not differ on 

their intensity nor pleasantness ratings of the odorants. Thus, perception had little 

or no effect on the EEC findings in this study. 

Additionally, the findings of this study do not support the claim that MCS is 

a purely psychological/psychiatric disorder. That is, there were no significant dif

ferences between the groups in their scores on the anxiety subscale of the SCL-90. 

Similarly, there was only a trend toward higher scores on the depression subscale 

of the SCL-90 for the CS and SA groups. It is important to remember that de
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pression and other psychiatric illnesses can precede, co-occur, and/or follow medical 

conditions and syndromes such as MCS. It may be that these individuals became 

depressed subsequent to tht initiating event. This would be consistent with the 

findings of Fiedler et al. (1993) who observed that her subjects developed depres

sion subsequent to chemical exposure. Additionally, negative affect scores on the 

PANAS prior to chemical exposure were not different between the three groups. It 

was only after chemical exposure that the CS group showed a slight increase in their 

negative affect scores. 

In summary, the results of this study suggest that the CS group showed evidence 

of sensitization during intermittent exposure to odorants, and like the findings of 

animal studies, sensitization was evident in the alpha frequency band. Additionally, 

these findings indicate that sensitization is not specific to MCS and can occur in 

individuals with a history of sexual abuse. 

Sensitization to odorants appears to be independent of perception and individu

als with chemical sensitivity do not subjectively report greater odorant intensity nor 

a different hedonic valence than do individuals without chemical sensitivity. The 

findings of this study do not support previous claims that MCS is due to anxiety, 

and the trend toward higher depression in the CS and SA groups in this study is 

unlikely to account for the EEC findings. The high score on the somatization sub-

scale of the SCL-90 in the CS group was expected given the numerous symptoms 

these individuals report during exposure to chemical odorants, foods, medications, 

etc. 

Taken together, these findings support the hypothesis of Bell, Miller & Schwartz 

(1992), that MCS is a manifestation of TDS which includes a CNS dysfunction. In 

testing this hypothesis in future studies, it is important to include repeated inter

mittent exposure to odorants and the timing between exposures is of utmost impor-
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tsnce given tliEt sensitization may be masked when the between-session interval is 

too short. 
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APPENDIX A 

TABLES OF MEANS AND SD -

PRIMARY ANALYSES 

This appendix contains six tables, two for each of the groups. The tables contain 

mean amplitudes (^V) and SD of the 8-10 Hz and 10-12 Hz bands during exposure 

to the four odorants and each of the three sessions at 15 electrode sites. 
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Table A.l: Mean Amplitudes (/xV) and (SD) in the 8-10 Hz Band for the CS Group 

Peppermint Vanilla PG Air 
SI S2 S3 SI S2 S3 SI S2 S3 SI S2 S3 

F7 6.3 7.3 7.7 6.4 7.0 6.6 6.6 7.3 7.7 7.2 7.6 8.4 

(4.1) (4.8) (5.3) (3.5) (4.8) (4.1) (3.7) (4.5) (4.8) (4.4) (4.7) (5.7) 

F3 8.0 9.5 9.7 8.2 9.1 8.9 8.3 9.4 9.9 9.3 9.7 11.0 

(5.0) (5.9) (6.1) (4.1) (5.8) (4.9) (4.4) (5.3) (5.7) (5.4) (5.3) (6.8) 

Fz 8.7 10.3 10.7 8.8 10.0 9.7 9.1 10.2 10.9 10.0 10.4 11.9 

(5.1) (6.4) (6.6) (4.3) (6.1) (5.3) (4.7) (5.6) (6.2) (5.8) (5.6) (7.3) 

F4 8.3 9.4 10.0 8.2 9.3 9.1 8.5 9.4 10.2 9.3 9.6 11.1 

(4.9) (6.0) (6.5) (4.1) (6.0) (5.1) (4.5) (5.3) (6.0) (5.6) (5.3) (6.9) 

F8 6.7 7.3 7.7 6.4 7.5 7.1 6.6 7.3 8.0 7.3 7.5 8.6 

(4.1) (4.8) (5.1) (3.4) (5.3) (4.3) (3.6) (4.5) (5.0) (4.6) (4.5) (5.7) 

T3 5.6 6.5 6.7 5.6 6.5 6.1 5.8 6.5 6.9 6.6 7.2 7.3 

(3.7) (4.1) (4.4) (3.0) (4.3) (3.6) (3.2) (3.8) (4.1) (3.9) (4.5) (4.6) 

C3 8.5 9.9 10.0 8.2 9.6 9.4 8.6 9.6 10.4 9.8 10.2 11.1 

(5.5) (6.1) (6.4) (4.3) (6.3) (5.6) (4.8) (5.6) (6.2) (5.9) (6.2) (6.8) 

Cz 9.6 11.7 11.4 9.4 11.0 10.8 9.9 11.1 11.9 11.1 11.7 12.9 

(5.9) (6.7) (6.8) (4.6) (6.8) (6.1) (5.2) (6.1) (6.9) (6.6) (6.6) (7.4) 

C4 8.4 10.0 9.9 8.1 9.5 9.4 8.7 9.6 10.2 9.8 10.1 11.1 

(5.1) (6.0) (6.2) (4.1) (6.2) (5.6) (4.6) (5.5) (6.2) (5.9) (5.9) (6.7) 

T4 5.6 6.1 6.3 5.3 6.3 5.8 5.6 6.2 6.6 6.4 6.5 7.4 

(3.6) (3.5) (3.9) (2.6) (4.4) (3.4) (2.8) (3.5) (3.8) (3.7) (3.6) (4.8) 

T5 7.9 9.2 9.2 8.0 9.6 8.8 8.6 9.8 9.8 8.9 10.0 10.2 

(4.7) (6.5) (5.6) (4.2) (6.4) (5.0) (4.5) (6.8) (5.6) (4.8) (6.5) (6.6) 

P3 9.6 11.4 11.5 9.8 11.4 11.0 10.5 12.1 12.1 11.3 12.2 13.0 

(6.3) (7.6) (7.5) (5.9) (7.6) (7.0) (6.3) (8.3) (7.5) (6.8) (8.1) (8.2) 

Fz 10.3 12.5 12.4 10.6 12.0 11.9 11.1 12.6 12.9 12.2 12.9 13.9 

(6.7) (8.1) (7.9) (6.0) (7.7) (7.3) (6.6) (8.1) (8.0) (7.7) (8.3) (8.2) 

P4 10.1 11.9 12.0 9.9 11.6 11.3 10.8 12.1 12.5 12.0 12.6 13.5 

(6.5) (7.9) (7.7) (5.7) (7.8) (7.4) (6.4) (8.2) (7.9) (7.9) (8.2) (8.4) 

T6 9.6 10.6 12.0 9-4 11.1 10.7 10.5 11.1 12.2 11.1 11.4 12.6 

(7.1) (8.2) (8.4) (6.0) (8.3) (7.5) (6.8) (8.2) (8.2) (7.5) (8.0) (8.6) 
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Table A.2: Mean Amplitudes (/xV) and (SD) in the 10-12 Hz Band for the CS Group 

Peppermint Vanilla PG Air 
81 S2 S3 SI S2 S3 SI S2 S3 SI S2 S3 

F7 5.3 5.8 5.9 5.4 5.8 5.4 5.5 5.9 6.0 6.1 6.2 6.5 
(2.9) (3.3) (3.1) (2.7) (3.2) (2.1) (2.3) (3.1) (2.8) (3.3) (3.5) (3.3) 

F3 6.8 7.7 7.6 7.2 7.7 7.3 7.1 7.8 8.0 7.9 8.2 8.8 

(3.9) (4.3) (3.8) (3.6) (4.5) (3.4) (3.1) (4.4) (3.9) (4.4) (5.0) (4.5) 

Fz 7.4 8.4 8.4 7.9 8.4 8.0 7.8 8.5 8.7 8.4 8.9 9.6 

(4.3) (4.8) (4.3) (3.9) (4.9) (3.8) (3.4) (4.7) (4.4) (4.9) (5.4) (4.9) 

F4 7.0 7.9 8.0 7.4 7.9 7.4 7.3 7.8 8.2 7.9 8.2 8.9 

(4.0) (4.7) (4.3) (3.8) (4.7) (3.6) (3.3) (4.3) (4.3) (4.5) (4.9) (4.7) 

F8 5.6 6.0 6.3 5.8 6.2 5.7 5.7 6.0 6.4 6.0 6.2 6.7 

(3.2) (3.8) (3.6) (2.9) (3.7) (2.6) (2.5) (3.2) (3.5) (3.3) (3.4) (3.9) 

T3 5.1 5.8 5.6 5.2 5.9 5.4 5.4 6.1 6.0 6.0 6.6 6.2 

(2.5) (2.7) (2.5) (2.2) (2.9) (2.3) (2.2) (2.9) (2.6) (2.9) (3.4) (3.1) 

C3 7.6 8.5 8.5 7.7 8.9 8.3 7.9 9.0 9.0 8.8 9.5 9.4 

(4.5) (4.9) (4.5) (4.0) (5.8) (4.9) (4.2) (5.7) (4.8) (5.5) (6.6) (5.3) 

Cz 8.5 9.9 9.6 9.2 10.0 9.3 9.3 10.1 10.3 9.9 10.8 10.9 

(4.7) (5.3) (4.8) (4.6) (6.1) (5.0) (4.6) (5.9) (5.1) (6.1) (7.0) (5.7) 

C4 7.7 8.6 8.7 8.2 8.7 8.4 8.3 8.7 9.3 8.9 9.4 9.7 

(4.3) (5.0) (4.6) (4.1) (5.5) (4.8) (4.3) (5.1) (5.1) (5.6) (6.1) (5.6) 

T4 5.4 5.5 5.7 5.6 5.7 5.2 5.6 5.7 6.0 6.0 5.9 6.3 

(3.0) (3.0) (3.0) (2.8) (3.3) (2.3) (2.3) (2.8) (2.9) (3.2) (2.8) (3.3) 

T5 9.0 9.1 9.6 9.0 10.2 9.6 9.8 10.1 10.1 9.7 10.6 10.4 

(4.7) (5.1) (4.6) (4.3) (5.5) (4.9) (4.6) (5.9) (4.9) (4.8) (5.8) (5.8) 

P3 11.0 11.5 11.8 11.1 12.4 11.6 11.8 12.6 12.4 12.0 13.1 12.7 

(7.1) (7.2) (6.6) (6.5) (7.2) (7.3) (7.0) (8.4) (6.9) (7.3) (8.2) (7.8) 

Pz 11.8 12.3 12.5 12.1 12.8 12.3 12.6 12.9 13.2 13.0 13.8 13.6 

(8.3) (8.2) (7.3) (7.6) (8.2) (7.9) (8.6) (8.9) (7.9) (9.1) (8.9) (8.7) 

P4 11.8 11.9 12.7 11.9 12.5 12.4 12.6 12.4 13.4 13.1 13.6 13.9 

(8.3) (8.2) (7.9) (7.7) (8.5) (8.9) (8.4) (8.6) (8.7) (9.3) (9.0) (9.4) 

T6 10.3 10.2 12.1 10.6 10.8 11.0 11.1 10.6 12.3 11.6 11.4 12.7 

(7.0) (6.7) (8.1) (6.8) (6.8) (7.9) (6.6) (6.6) (8.0) (7.7) (6.9) (8.5) 
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Table A.3: Mean Amplitudes (/xV) and (SD) in the 8-10 Hz Band for the SA Group 

Peppermint Vanilla PG Air 

81 S2 S3 SI S2 S3 SI S2 S3 SI S2 S3 

F7 4.2 4.5 5.1 4.3 4.8 5.1 4.5 4.9 5.2 4.4 4.8 5.3 
(1.3) (1.9) (2.3) (1.9) (1.8) (2.5) (1.5) (1.9) (2.1) (1.6) (1.8) (2.5) 

F3 5.8 6.1 7.1 5.9 6.7 7.2 6.1 6.6 7.1 6.0 6.6 7.1 
(1.7) (2.4) (3.1) (2.3) (2.4) (3.5) (2.0) (2.3) (3.0) (2.0) (2.4) (3.4) 

Fz 6.1 6.7 7.7 6.4 7.5 7.9 6.6 7.2 8.0 6.6 7.2 7.8 

(1.9) (2.6) (3.4) (2.4) (2.6) (3.9) (2.3) (2.4) (3.3) (2.1) (2.5) (3.8) 

F4 5.6 6.1 7.0 5.8 7.0 7.3 6.2 6.7 7.3 6.1 6.5 7.4 

(1.7) (2.4) (3.3) (2.2) (2.4) (3.9) (2.2) (2.2) (3.2) (1.9) (2.2) (3.7) 

F8 4.2 4.6 5.2 4.5 5.3 5.5 4.7 5.0 5.5 4.5 4.9 5.6 

(1.3) (1.9) (2.2) (1.7) (1.8) (2.8) (1.6) (1.6) (2.3) (1.3) (1.4) (2.6) 

T3 3.9 4.5 4.7 4.1 4.9 5.2 4.1 4.8 5.3 4.0 4.9 5.3 

(1.1) (1.5) (2.0) (1.4) (1.8) (2.2) (1.2) (1.3) (1.9) (1.1) (1.4) (2.0) 

C3 5.9 6.3 7.3 5.8 7.0 7.7 5.9 6.7 7.5 5.7 6.8 7.1 

(1.8) (2.5) (3.4) (2.2) (2.5) (3.8) (2.1) (2.2) (3.3) (1.8) (2.7) (3.5) 

Cz 6.6 6.9 8.4 6.6 7.9 8.8 6.7 7.6 8.8 6.5 7.7 8.6 

(2.0) (2.4) (3.9) (2.2) (2.6) (4.6) (2.2) (2.2) (4.0) (1.8) (2.8) (4.3) 

C4 5.7 6.1 7.2 5.8 7.1 7.8 5.9 6.8 7.7 5.8 6.7 7.8 

(1.9) (2.5) (3.5) (2.2) (2.5) (4.1) (2.0) (2.2) (3.8) (1.8) (2.5) (4.3) 

T4 3.8 4.2 4.7 4.0 4.7 5.2 4.1 4.7 5.2 4.0 4.7 5.4 

(1.0) (1.6) (2.1) (1.2) (1.4) (2.7) (1.1) (1.5) (2.5) (1.2) (1.5) (3.0) 

T5 5.4 6.2 6.6 5.5 6.4 6.8 5.9 6.4 7.2 5.5 6.5 6.8 

(2.2) (3.5) (3.7) (3.1) (3.0) (4.4) (3.7) (3.0) (4.3) (2.5) (3.1) (4.6) 

P3 6.5 7.2 8.5 6.4 7.9 8.9 6.7 7.6 9.1 6.7 7.9 8.4 

(2.6) (3.6) (4.8) (3.4) (3.4) (5.6) (3.9) (3.4) (5.2) (3.1) (3.9) (5.2) 

Pz 7.3 7.9 9.7 7.1 8.7 10.2 7.1 8.4 10.3 7.4 8.8 9.7 

(2.9) (3.9) (5.9) (3.3) (3.6) (6.4) (3.4) (3.4) (6.1) (3.2) (4.3) (6.0) 

P4 6.6 8.0 9.4 6.8 8.8 9.5 6.8 8.5 9.8 7.3 8.7 9.4 

(3.2) (4.7) (6.3) (3.7) (4.1) (6.5) (3.5) (4.2) (6.2) (3.5) (4.7) (6.3) 

T6 6.3 7.8 8.5 6.7 8.7 8.3 6.8 8.6 9.0 7.0 8.6 9.2 

(3.7) (5.8) (6.1) (4.1) (5.4) (5.9) (4.5) (5.6) (6.2) (4.1) (5.4) (6.6) 
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Table A.4: Mean Amplitudes (/xV) and (SD) in the 10-12 Hz Band for the SA Group 

Peppermint Vanilla PG Air 

SI S2 S3 SI S2 S3 SI S2 S3 SI S2 S3 

F7 3.8 4.3 4.7 4.1 4.6 4.4 4.2 4.5 4.7 4.1 4.6 4.6 

(1.2) (1.2) (2.0) (1.3) (1.6) (1.9) (1.2) (1.4) (1.6) (1.3) (1.7) (1.8) 
F3 5.1 5.5 6.4 5.2 6.1 5.8 5.4 5.9 6.2 5.4 6.0 6.1 

(1.6) (1.5) (2.8) (1.7) (2.1) (2.7) (1.6) (1.9) (2.4) (1.8) (2.2) (2.6) 

Fz 5.4 5.8 6.9 5.7 6.6 6.4 5.9 6.5 6.9 5.9 6.4 6.7 

(1.7) (1.8) (3.0) (1.7) (2.2) (2.9) (1.8) (2.0) (2.7) (2.0) (2.2) (2.9) 

F4 5.2 5.5 6.4 5.3 6.3 6.1 5.6 6.1 6.5 5.6 6.0 6.4 

(1.6) (1.7) (2.7) (1.5) (2.1) (2.8) (1.6) (1.9) (2.6) (1.8) (1.9) (2.8) 

F8 4.0 4.3 4.9 4.2 4.9 4.8 4.4 4.8 5.0 4.3 4.8 4.9 

(1.1) (1.2) (1.8) (1.1) (1.6) (1.9) (1.1) (1.3) (1.7) (1.2) (1.1) (1.9) 

T3 4.3 4.9 4.9 4.3 5.0 5.1 4.4 5.0 5.2 4.4 5.3 5.3 

(1.3) (1.5) (1.7) (1.2) (1.7) (1.6) (1.2) (1.3) (1.3) (1.2) (1.4) (1.5) 

C3 6.0 6.5 7.5 6.1 6.8 6.8 6.1 6.7 7.3 6.0 6.9 6.9 

(2.4) (2.8) (3.8) (2.3) (2.5) (3.5) (2.4) (2.3) (3.1) (2.2) (2.8) (3.4) 

Cz 6.2 6.7 8.4 6.3 7.3 7.6 6.4 7.3 8.4 6.4 7.4 8.0 

(2.3) (2.4) (4.2) (2.1) (2.4) (4.1) (2-1) (2.1) (3.8) (2.0) (2.9) (4.1) 

C4 6.0 6.3 7.7 6.1 7.3 7.3 6.2 7.1 7.8 6.2 7.1 7.5 

(2.4) (3.1) (4.2) (2.3) (2.9) (3.9) (2.3) (2.5) (4.0) (2.4) (2.8) (4.1) 

T4 4.1 4.4 5.0 4.1 5.0 5.0 4.3 5.0 5.2 4.4 4.9 5.0 

(1.1) (1.4) (2.1) (.94) (1.3) (2.2) (1.1) (1.4) (2.0) (1.2) (1.2) (2.2) 

T5 6.0 6.6 7.1 5.9 7.0 6.3 6.1 6.7 7.1 6.1 6.9 6.8 
(2.2) (3.1) (3.2) (2.5) (2.4) (3.1) (2.3) (2.3) (3.3) (2.2) (2.5) (3.3) 

P3 7.7 8.6 10.0 7.6 9.0 9.0 7.6 8.7 9.9 7.9 9.2 9.5 

(4.1) (4.9) (6.2) (4.0) (3.8) (5.7) (3.8) (3.9) (5.5) (3.6) (4.5) (5.8) 

Pz 8.6 9.8 12.1 8.7 10.2 10.7 8.4 9.8 12.0 8.8 10.5 11.4 
(5.0) (6.2) (8.9) (4.8) (4.6) (7.6) (4.3) (4.7) (7.6) (4.3) (5.8) (7.9) 

P4 7.9 9.6 11.4 8.3 10.5 10.0 8.1 9.9 11.3 8.7 10.1 10.9 
(4.1) (5.6) (8.2) (4.4) (4.4) (6.9) (3.8) (4.5) (7.1) (4.2) (5.0) (7.4) 

T6 6.7 8.2 9.0 7.2 9.7 7.9 7.3 9.0 8.9 7.6 9.0 9.1 
(3.3) (4.2) (5.5) (3.5) (4.0) (5.1) (3.3) (4.0) (4.6) (3.5) (3.8) (4.8) 
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Table A.5: Mean Amplitudes (/xV) and (SD) in the 8-10 Hz Band for the N Group 

Peppermint Vanilla PG Air 

SI S2 S3 SI S2 S3 SI S2 S3 SI 82 S3 

F7 4.9 5.0 4.5 4.9 4.7 4.4 4.8 4.9 4.9 5.3 5.3 5.3 
(2.3) (2.7) (1.7) (1.6) (2.0) (2.0) (2.5) (2.6) (1.9) (2.5) (3.3) (2.3) 

F3 6.3 6.0 5.9 6.3 5.8 5.8 6.1 6.2 6.2 6.8 6.5 6.7 

(3.3) (3.1) (2.6) (2.5) (2.6) (2.6) (3.3) (3.5) (2.6) (3.4) (4.1) (3.1) 

Fz 6.9 6.5 6.6 6.8 6.2 6.4 6.7 6.6 6.8 7.3 7.0 7.4 
(3.6) (3.2) (2.8) (2.8) (2.8) (2.9) (3.7) (3.7) (2.8) (3.6) (4.3) (3.2) 

F4 6.4 6.0 6.2 6.3 5.7 6.0 6.2 6.1 6.2 6.6 6.4 6.8 

(3.2) (2.9) (2.6) (2.7) (2.6) (2.7) (3.3) (3.4) (2.4) (3.1) (3.7) (2.8) 

F8 4.9 4.7 4.7 4.9 4.5 4.6 4.8 4.8 4.7 5.0 4.8 5.4 

(2.3) (2.1) (1.7) (1.9) (2.0) (2.1) (2.6) (2.3) (1.7) (2.3) (2.7) (2.1) 

T3 4.4 4.5 4.1 4.5 4.3 3.9 4.4 4.2 4.3 4.9 4.7 4.7 

(2.0) (2.6) (1.7) (1.7) (2.0) (2.0) (2.3) (2.1) (1.6) (2.1) (2.9) (2.1) 

C3 6.5 6.2 6.2 6.8 5.9 6.1 6.5 6.2 6.4 7.0 6.8 7.0 

(3.3) (3.0) (2.7) (2.8) (2.6) (2.8) (3.4) (3.5) (2.7) (3.7) (4.3) (3.6) 

Cz 7.4 7.0 7.4 7.7 6.6 7.1 7.4 7.1 7.3 7.9 7.7 8.0 

(4.0) (3.3) (3.2) (3.4) (3.1) (3.4) (4.1) (4.0) (3.0) (4.1) (4.7) (3.7) 

C4 6.8 6.3 6.4 7.0 5.9 6.2 6.7 6.4 6.4 7.0 6.6 7.2 

(3.5) (3.1) (2.7) (3.1) (2.7) (2.9) (3.4) (3.6) (2.6) (3.3) (3.9) (3.1) 

T4 4.5 4.2 4.2 4.8 4.0 4.1 4.5 4.2 4.3 4.6 4.2 5.0 

(2.4) (2.2) (1.7) (2.3) (2.0) (2.1) (2.5) (2.2) (1.7) (2.1) (2.4) (1.9) 

T5 5.3 5.1 5.3 5.7 5.2 5.2 5.6 5.3 5.7 5.8 5.8 6.5 

(2.3) (2.2) (2.1) (2.6) (2.2) (2.8) (3.2) (2.4) (2.4) (2.7) (3.0) (3.5) 

P3 6.7 6.5 7.0 7.2 6.4 6.7 7.0 6.9 7.4 7.8 7.5 8.5 

(3.6) (3.3) (3.4) (3.9) (3.1) (4.0) (4.3) (3.9) (3.7) (4.5) (4.5) (5.2) 

Fz 7.9 7.6 8.1 8.3 7.2 7.6 7.9 7.8 8.2 8.7 8.3 9.0 

(4.6) (4.4) (4.3) (4.6) (3.8) (4.4) (5.2) (4.8) (4.1) (5.5) (4.2) (5.3) 

P4 7.4 7.3 7.8 7.8 6.9 6.9 7.4 7.2 7.9 8.1 7.5 8.7 

(4.3) (4.0) (4.0) (4.0) (3.5) (4.2) (4.8) (4.3) (4.1) (5.0) (4.8) (5.1) 

T6 6.2 6.3 6.8 6.3 5.7 5.7 6.2 5.9 6.7 6.9 6.1 7.7 

(3.9) (3.6) (4.1) (3.2) (3.0) (3.4) (4.3) (3.5) (3.7) (4.7) (3.8) (4.6) 



91 

Table A.6: Mean Amplitudes (^V) and (SD) in the 10-12 Hz Band for the N Group 

Peppermint Vanilla PG Air 
SI S2 S3 SI S2 S3 SI S2 S3 SI 82 S3 

F7 4.1 4.4 4.0 4.5 4.0 3.9 4.2 4.2 4.1 4.5 4.2 4.5 
(1.7) (2.1) (1.5) (1-3) (1.7) (1.6) (1.9) (2.0) (1.3) (1.7) (2.2) (1.4) 

F3 5.4 5.2 5.2 5.7 5.0 4.9 5.2 5.0 5.1 5.5 5.3 5.6 

(2.7) (2.5) (2.1) (2.1) (2.2) (2.1) (2.6) (2.4) (1.8) (2.4) (2.6) (2.0) 

Fz 5.8 5.5 5.6 6.2 5.3 5.4 5.6 5.3 5.3 5.4 5.9 5.7 

(3.1) (2.6) (2.3) (2.4) (2.2) (2.2) (2.8) (2.5) (2.0) (2.6) (2.7) (2.2) 

F4 5.7 5.3 5.3 5.9 5.0 5.0 5.2 5.0 5.2 5.6 5.4 5.7 

(2.8) (2.5) (2.1) (2.3) (2.0) (1.9) (2.5) (2.4) (1.8) (2.3) (2.5) (1.9) 

F8 4.3 4.2 4.1 4.4 3.9 3.9 4.1 4.0 4.0 4.5 4.1 4.6 

(2.0) (1.8) (1.7) (1.6) (1.6) (1.4) (1.9) (1.7) (1.3) (1.7) (1.9) (1.4) 

T3 4.2 4.5 4.1 4.6 4.1 3.7 4.3 4.1 4.2 4.8 4.4 4.6 
(1.7) (2.1) (1.8) (1.5) (1.6) (1.8) (1.9) (1.9) (1.6) (1.7) (2.3) (1.4) 

C3 6.7 6.0 5.8 6.9 5.7 5.6 6.2 5.6 5.8 6.6 6.0 6.6 

(4.4) (2.8) (2.5) (3.3) (2.1) (2.3) (3.5) (2.6) (2.3) (3.3) (2.8) (2.6) 

Cz 6.7 6.3 6.4 7.1 6.0 6.1 6.4 6.1 6.4 6.7 6.5 6.8 

(3.5) (2.8) (2.6) (2.9) (2.4) (2.5) (3.3) (2.9) (2.4) (3.0) (3.2) (2.3) 

C4 6.9 6.2 6.0 6.9 5.8 5.6 6.1 5.7 5.9 6.5 6.1 6.4 

(4.3) (2.9) (2.3) (3.0) (2.4) (2.4) (3.2) (2.8) (2.5) (3.0) (2.9) (2.4) 

T4 4.7 4.3 4.4 4.9 4.1 3.9 4.4 3.9 4.2 4.6 4.1 4.7 

(2.5) (2.1) (1.9) (2.2) (2.1) (1.7) (2.2) (2.2) (1.8) (2.0) (2.2) (1.7) 

T5 5.8 5.9 5.8 6.4 5.6 5.5 6.1 5.7 6.0 6.7 6.0 7.2 

(2.4) (2.8) (2.2) (2.9) (2.4) (2.3) (2.3) (2.4) (2.5) (3.0) (3.0) (3.6) 

P3 7.1 7.3 7.2 7.5 6.7 6.6 7.0 6.9 7.3 7.9 7.4 8.6 

(3.5) (3.5) (3.0) (3.4) (2.9) (3.0) (4.0) (3.5) (3.3) (4.2) (3.9) (4.1) 

Fz 8.2 8.0 8.1 8.4 7.4 7.2 7.7 7.7 8.0 8.4 8.2 8.7 

(4.9) (4.4) (3.6) (4.4) (3.9) (3.4) (4.9) (4.4) (3.7) (4.9) (4.5) (3.8) 

P4 8.1 7.9 8.1 8.5 7.4 6.9 7.4 7.5 7.9 8.3 8.0 8.5 

(5.1) (4.1) (3.5) (4.0) (3.6) (3.2) (4.5) (3.9) (3.8) (4.8) (4.3) (3.9) 

T6 7.1 6.9 7.2 7.4 6.2 5.9 6.5 6.2 6.9 7.3 6.7 7.6 

(4.1) (3.3) (3.5) (3.3) (3.0) (2.5) (4.0) (3.0) (3.4) (4.1) (3.7) (3.6) 
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APPENDIX B 

TABLES OF MEANS AND SD -

SECONDARY ANALYSES 

This appendix contains four tables. The first table contains mean amplitudes ( f iV) 

and SD of the 8-10 Hz band during exposure to the target PG in the PG/air pair and 

during exposure to the target empty bottle (air) in the air/air pair, at 15 electrode 

sites, averaged across the three sessions for each of the groups. The last three tables 

contain mean amplitudes (/xV) and SD of the 8-10 Hz band during exposure to 

the PG/air pair at 15 electrode sites and each of the three sessions for each of the 

groups. 



Table B.l: Means and (SD) of the 8-10 Hz Band for PG and Air 

Site CS SA N 

PG Air PG Air PG Air 

F7 7.2 7.7 4.9 4.8 4.8 5.3 
(4.3) (4.9) (1.8) (2.0) (2.3) (2.7) 

F3 9.2 10.0 6.6 6.6 6.2 6.7 

(5.1) (5.8) (2.4) (2.6) (3.1) (3.5) 

Fz 10.0 10.8 7.3 7.2 6.7 7.2 

(5.5) (6.2) (2.7) (2.8) (3.4) (3.7) 

F4 9.4 10.0 6.7 6.7 6.2 6.6 

(5.3) (5.9) (2.5) (2.6) (3.0) (3.2) 

F8 7.3 7.8 5.1 5.0 4.8 5.1 
(4.4) (4.9) (1.8) (1.8) (2.2) (2.4) 

T3 6.4 7.0 4.7 4.7 4.3 4.8 

(3.7) (4.3) (1.5) (1.5) (2.0) (2.4) 

C3 9.5 10.3 6.7 6.5 6.4 6.9 

(5.5) (6.3) (2.5) (2.7) (3.2) (3.9) 

Cz 11.0 11.9 7.7 7.6 7.3 7.9 

(6.1) (6.9) (2.8) (3.0) (3.7) (4.2) 

C4 9.5 10.3 6.8 6.8 6.5 6.9 

(5.4) (6.2) (2.7) (2.9) (3.2) (3.4) 

T4 6.1 6.8 4.6 4.7 4.3 4.6 

(3.4) (4.0) (1.7) (1.9) (2.1) (2.1) 

T5 9.4 9.7 6.5 6.3 5.5 6.0 

(5.6) (6.0) (3.7) (3.4) (2.7) (3.1) 

PS 11.6 12.2 7.8 7.7 7.1 7.9 

(7.4) (7.7) (4.2) (4.1) (4.0) (4.7) 

Pz 12.2 13.0 8.6 8.6 8.0 8.7 

(7.6) (8.1) (4.3) (4.5) (4.7) (5.0) 

P4 11.8 12.7 8.4 8.4 7.5 8.1 

(7.5) (8.2) (4.6) (4.8) (4.4) (5.0) 

T6 11.3 11.7 8.2 8.3 6.3 6.9 

(7.7) (8.0) (5.4) (5.4) (3.8) (4.4) 
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Table B.2: Means and (SD) of the 8-10 Hz Band for the CS Group 

Site Session 1 Session 2 Session 3 

PC Air PG Air PG Air 

F7 6.6 7.3 7.3 7.9 7.7 8.2 

(3.7) (4.1) (4.5) (5.0) (4.8) (4.8) 

F3 8.3 9.3 9.4 10.0 9.9 10.7 

(4.4) (5.0) (5.3) (5.8) (5.7) (5.8) 

Fz 9.1 10.1 10.2 10.8 10.9 11.7 

(4.7) (5.3) (5.6) (6.2) (6.2) (6.2) 

F4 8.5 9.5 9.4 10.0 10.2 10.9 

(4.5) (5.1) (5.3) (5.8) (6.0) (6.0) 

F8 6.6 7.6 7.3 7.9 8.0 8.6 

(3.6) (4.4) (4.5) (4.8) (5.0) (4.9) 

T3 5.8 6.5 6.5 7.1 6.9 7.3 

(3.2) (3.6) (3.8) (4.1) (4.1) (4.1) 

C3 8.6 9.4 9.6 10.4 10.4 11.2 

(4.8) (5.2) (5.6) (6.0) (6.2) (6.2) 

Cz 9.9 10.8 11.1 12.0 11.9 13.0 

(5.2) (5.6) (6.1) (6.8) (6.9) (6.9) 

C4 8.7 9.6 9.6 10.4 10.2 11.1 

(4.6) (5.3) (5.5) (6.0) (6.2) (6.3) 

T4 5.6 6.6 6.2 6.7 6.6 7.1 

(2.8) (3.9) (3.5) (3.7) (3.8) (4.1) 

T5 8.6 9.0 9.8 10.4 9.8 10.6 

(4.5) (4.4) (6.8) (6.6) (5.6) (6.2) 

P3 10.5 11.0 12.1 12.7 12.1 13.1 

(6.3) (6.2) (8.3) (8.3) (7.5) (8.0) 

Pz 11.1 11.8 12.6 13.5 12.9 14.1 

(6.6) (6.8) (8.1) (8.6) (8.0) (8.3) 

P4 10.8 11.6 12.1 13.3 12.5 13.2 

(6.4) (6.8) (8.2) (8.8) (7.9) (8.2) 

T6 10.5 11.5 11.1 12.5 12.2 12.5 

(6.8) (7.8) (8.2) (9.3) (8.2) (8.0) 
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Table B.3: Means and (SD) of the 8-10 Hz Band for the SA Group 

Site Session 1 Session 2 Session 3 

PC Air PC Air PG Air 

F7 4.5 4.8 4.9 5.0 5.2 5.1 

(1.5) (1.8) (1.9) (1.9) (2.1) (2.3) 

F3 6.1 6.4 6.6 6.8 7.1 7.0 

(2.0) (2.3) (2.3) (2.3) (3.0) (3.2) 

Fz 6.6 7.0 7.2 7.5 8.0 7.7 

(2.3) (2.4) (2.4) (2.5) (3.3) (3.6) 

F4 6.2 6.4 6.7 6.8 7.3 7.2 

(2.2) (2.3) (2.2) (2.3) (3.2) (3.4) 

F8 4.7 4.7 5.0 5.2 5.5 5.4 

(1.6) (1.6) (1.6) (1.7) (2.3) (2.4) 

T3 4.1 4.4 4.8 4.6 5.3 4.8 

(1.2) (1.4) (1.3) (1.5) (1.9) (2.0) 

C3 5.9 6.3 6.7 6.9 7.5 7.2 

(2.1) (2.3) (2.2) (2.4) (3.3) (3.3) 

Cz 6.7 7.0 7.6 7.7 8.8 8.6 

(2.2) (2.2) (2.2) (2.4) (4.0) (4.1) 

C4 5.9 6.2 6.8 6.7 7.7 7.4 

(2.0) (2.2) (2.2) (2.3) (3.8) (3.6) 

T4 4.1 4.1 4.7 4.7 5.2 4.9 

(1.1) (1.1) (1.5) (1.5) (2.5) (2.4) 

T5 5.9 5.9 6.4 6.6 7.2 6.8 

(3.7) (2.9) (3.0) (3.2) (4.3) (3.9) 

P3 6.7 6.9 7.6 7.9 9.1 8.8 

(3.9) (3.1) (3.4) (3.6) (5.2) (5.0) 

Pz 7.1 7.5 8.4 8.6 10.3 10.0 

(3.4) (3.0) (3.4) (3.7) (6.1) (5.8) 

P4 6.8 7.1 8.5 8.7 9.8 9.3 

(3.5) (3.3) (4.2) (5.1) (6.2) (5.8) 

T6 6.8 7.1 8.6 8.8 9.0 9.0 

(4.5) (4.2) (5.6) (6.2) (6.2) (6.5) 
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Table B.4: Means and (SD) of the 8-10 Hz Band for the N Group 

Site Session 1 Session 2 Session 3 

PC Air PC Air PC Air 

F7 4.8 5.4 4.9 5.6 4.9 5.2 

(2.5) (3.0) (2.6) (2.8) (1.9) (2.2) 

F3 6.1 6.7 6.2 7.0 6.2 6.8 

(3.3) (3.8) (3.5) (3.7) (2.6) (3.0) 

Fz 6.7 7.3 6.6 7.6 6.8 7.5 
(3.7) (3.9) (3.7) (4.0) (2.8) (3.3) 

F4 6.2 6.7 6.1 7.1 6.2 7.0 

(3.3) (3.5) (3.4) (3.7) (2.4) (3.2) 

F8 4.8 5.2 4.8 5.5 4.7 5.2 

(2.6) (2.6) (2.3) (2.7) (1.7) (2.3) 

T3 4.4 4.9 4.2 5.1 4.3 4.6 

(2.3) (2.5) (2.1) (2.6) (1.6) (1.8) 

C3 6.5 7.0 6.2 7.0 6.4 7.3 

(3.4) (3.9) (3.5) (3.7) (2.7) (3.2) 

Cz 7.4 7.8 7.1 8.1 7.3 8.3 

(4.1) (4.3) (4.0) (4.1) (3.0) (3.7) 
C4 6.7 7.0 6.4 7.2 6.4 7.3 

(3.4) (3.8) (3.6) (3.6) (2.6) (3.3) 

T4 4.5 4.8 4.2 4.7 4.3 4.7 

(2.5) (2.5) (2.2) (2.4) (1.7) (2.0) 

T5 5.6 6.2 5.3 6.2 5.7 6.5 

(3.2) (3.3) (2.4) (2.9) (2.4) (2.9) 

PS 7.0 7.6 6.9 7.7 7.4 8.5 

(4.3) (4.7) (3.9) (3.9) (3.7) (4.6) 

Pz 7.9 8.4 7.8 8.6 8.2 9.3 
(5.2) (5.4) (4.8) (4.7) (4.1) (5.1) 

P4 7.4 7.8 7.2 8.2 7.9 8.7 

(4.8) (4.9) (4.3) (4.2) (4.1) (5.0) 
T6 6.2 6.8 5.9 6.9 6.7 7.2 

(4.3) (4.4) (3.5) (3.8) (3.7) (4.1) 
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APPENDIX C 

TABLES OF MEANS AND SD -

BEHAVIORAL DATA 

This appendix contains four tables, one for each of the odorants. Each table contains 

a listing of means and SD for hit rate, confidence, intensity, and pleasantness ratings 

for each of the groups and each of the test sessions. 



Table C.l: Means and (SD) of Ratings for Peppermint 

CS SA N 

SI S2 S3 SI S2 S3 SI S2 S3 

hit rate (%) 95 91 91 94 95 95 100 98 98 

(11) (10) (11) (12) (9) (9) (0) (8) (5) 

confidence 8.4 8.9 8.3 7.9 7.9 7.3 9.2 9.1 8.8 

(1.6) (1.3) (1.9) (1.3) (1.5) (2.5) (1.4) (1.6) (1.6) 

intensity 6.1 6.1 5.5 6.6 6.5 6.9 7.7 7.3 6.8 

(2.2) (1.7) (1.9) (1.6) (1.6) (1.8) (1.6) (2.1) (2.0) 

pleasantness 3.4 3.5 2.4 4.7 4.7 5.4 5.3 5.9 5.4 

(3.6) (4.2) (4.4) (3.6) (4.1) (3.9) (5.1) (3.2) (4.6) 

Table C.2: Means and (SD) of Ratings for Vanilla 

CS SA N 

SI S2 S3 SI S2 S3 SI S2 S3 

hit rate (%) 84 85 89 84 94 91 91 100 95 

(11) (21) (11) (22) (11) (8) (4) (0) (12) 

confidence 7.3 7.8 7.7 7.1 7.8 7.0 8.1 8.4 8.1 

(1.7) (1.8) (2.1) (1.5) (1.6) (2.4) (2.5) (1.8) (2.4) 

intensity 5.0 4.7 4.8 5.6 6.0 5.8 6.1 6.0 5.3 

(2.5) (2.0) (1.9) (1.4) (1.8) (2.1) (2.1) (2.3) (2.3) 

pleasantness 3.5 4.0 3.2 5.4 6.0 5.8 3.9 5.0 5.1 

(3.0) (3.1) (3.1) (3.0) (3.4) (3.0) (4.2) (3.1) (3.1) 
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Table C.3: Means and (SD) of Ratings for Propylene Glycol 

CS SA N 

81 S2 S3 SI S2 S3 SI S2 S3 

hit rate (%) 86 80 77 82 72 82 92 93 94 

(10) (18) (18) (12) (19) (14) (11) (8) (8) 

confidence 4.8 4.4 4.0 4.3 3.7 4.0 5.3 3.9 4.3 

(1.9) (2.3) (2.3) (1.4) (2.1) (2.3) (2.5) (2.3) (2.3) 

intensity 2.6 2.0 2.0 2.4 2.0 2.5 3.0 2.0 2.4 

(1.7) (1.1) (1.7) (.79) (1.3) (1.5) (1.4) (1.2) (1.6) 

pleasantness -.17 -.22 -.57 .31 .30 .74 .45 .70 1.1 

(1.2) (1.5) (1.5) (1.2) (1.3) (1.6) (1.8) (1.0) (1.9) 

Table C.4: Means and (SD) of Ratings for Air 

CS SA N 

SI S2 S3 SI S2 S3 SI S2 S3 

false alarms (%) 40 44 34 60 65 54 38 11 10 

(35) (41) (44) (29) (38) (40) (33) (23) (9) 

confidence 1.4 1.1 1.0 1.9 1.8 1.1 1.2 .28 .36 

(1.7) (1.4) (1.6) (1.2) (1.4) (1.1) (1.4) (.51) (.47) 

intensity .60 .76 .79 1.1 1.2 .78 .72 .05 .18 

(.54) (1.2) (1.3) (.97) (.96) (.76) (.82) (.15) (.23) 

pleasantness -.13 .53 .13 .48 .35 .25 .20 .07 .01 

(.54) (1.1) (1.2) (.99) (.76) (.54) (.58) (.16) (.46) 
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