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ABSTRACT

Perchloroethylene (PCE, tetrachloroethylene) vapor is commonly found in
the workers' environment in dry cleaning establishments and industrial
degreasing operations. Since many of these workers are sometimes
additionally exposed to drugs which might exacerbste any effects of PeE
on the central nervous system, a study was conducted to evaluate the
potential interaction of PCE and such drugs on the behavioral and neuro­
lo~ical function of volunteer subjects.

Six volunteers of each sex were examined and found to be in good health
both mentally and physically. Alcohol in the form of 10o-proof vodka
and a lIild antidepressant in the f0t'lD of diazep811 WEre chosen as the two
drugs to be added one at a tille to the peE vapor exposures. All high
dose levels were selected on the basis of an expectant mild but measur­
able behavioral or neurological effect: 0, 25, or 100 ppm PCE; 0, 6,or
10 mg/day'diazepam, and 0.0, 0.75, or 1.5 ml vodka/kg body weight. All
exposures were replicated, and testing was performed in a double-blind
mode. Biologic sampling and analysis confirmed the body burdens of PCE,
ethanol, and diazepam during testing.

A battery of neurological and behavioral tests. comprised of the following,
were administered at the peak blood levels of the drugs: Michigan eye­
hand coordination, rotary pursuit, Flanagan coordination, saccade eye
velocity, and dual-attention tasks. In the midst of these tests, the
subjects completed the Lerr-McNair mood evaluation test. In addition,
electroencephalograms were recorded for spectral density analysis during
the exposures.

Data analysis revealed that subjects exhibited a decrement in performance
of at least one test while on each drug alone at the highest dose level,
but no interaction with PCE could be demonstrated in any test for either
combination. In addition, there was no consistent effect of PCE alone
on the EEG of any subject,as had been previously reported for a
different group of subjects. These results lead us to conclude that
under the conditions studied, which simulated worker exposures to PCE
and the drugs diazepam or alcohol, the subjects demonstrated no decrements
in neurological or behavioral performance that could be attributed to
the addition of PCE exposure to drug consumption.

Decrements in performance of the Michigan eye-hand coordination, rotary
pursuit, and Flanagan coordination tests due to alcohol cOLsumption
reinforce the known hazard of. the use of this drug in the workplace.
Decrements in performance associated with diazepam dosi~g were more
subtle, with a significant effect on the performance o~ the rotary
pursuit test onLy. A repeat finding of a slight but statistically
significant detrimental effect upon the performanc~ of the Flanagan
coordination test at the highest level of PCE e"'l'osure was noted.
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INTRODUCTION

Perchloroethylene (PCE) , chemically named tetrachloroethylene, is widely
used in industry as a dry cleaning and degreasing agent. Its lipophilic
character, stability, and relatively high boiling point of 1210 C make
it an ideal solvent for these uses as far as its physical properties are
concerned. However, its pharmacologic property of central nervous
system depression, or narcotic effect, requires that a value be set for
the IIlSximum time-weighted average exposure during which a worker in­
haling its vapor can work safely and free from hazard. The documenta­
tion (American Conference of Governmental Industrial Hygienists, 1971)
for setting the Threshold Limit Value (TLV) for PCE in workroom air at
100 ppm suggests that this concentration will prevent serio~s narcotic
effect. More recent work from this laboratory (Stewa~t, et al., 1974)
suggests that the margin of safety of this TLV is rather minimal, even
in sedentary workers, if coordination tests and subjective EEG analysis
of volunteer subjects are used as criteria for measuring narcotic ef­
fect. The question then arises as to the degree of hazard the worklllSn
presents to himself and others if the effect of anothel' "depressant" is
added to any central nervous system depression experienced as a result
of the TLV (OSHA standard) exposure to PCE vapor. The objective of this
study was to answer this question in a laboratory setting.

Ethanol, in the form of alcohol in coaaercial vodka, was chosen as a
central nervous system "depressant" which is sometimes consUllled by
workers and therefore could increase the hazard of simultaneous exposure
to PCE. A second "depressani" drug cho>len to be given during PCE ex"
posures was diazepam (VALIUM - Roche). It is widely prescribed on an
outpatient basis for relief of tension and anxiety (Roche Laborateries,
1975) and thus is slso available to workers exposed to PCE. Obviously
there are several other drugs that are general depressants of the cen­
tral nervous system (Levine, 1973), but these two were the bese candi­
dates for this l'tudy because of i·.heir widespread use and their predic­
table action. They were given si~~ly, and in combination ~ith PCE
exposure, but never in combination \'ith each oth'~r•

Volunteer subjects of both sexes were recruited from the general popu­
lation, and after it was determined that they were medically, y:.ysi­
cally, and neurologically healthy, they were asked to participate in
biochemical, behavioral, and neurological testing while being exposed to
no chemicals, PCE alone at two concentrations, ethanol alone at two dose
le~els, PCE plus ethanol, both at two levels, diazepam medication alone
at two levels, and PCE plus diazepam medication, both at two levels.

The Occupational Safety and Health Agency (OSHA, standard of 100 ppm was
chosen 8S the IIlSximua PCE exposure lrvel, and, in order to equilibrate
the body burden rapidly rather than. -;r sev~ral hours, subjects exercised

1



I

•

moderately (approximately 50~) on bicycle ergometers for 1/2-hr early in
each exposure day. The lower level of exposure chosen. wherein no
depressant effect would be expected yet the odor would be detected. was
25 ppm PCE (Stewart. et a1 •• 1974). The two dosages of vodka. given as
approximately 10 to 20% in juice, were selected foT. each subject indi­
vidually by a physician. The desired blood alcohol levels were 40 and
80 mg/d1. the lower level selected to assure an alcohol taste in the
"cocktail". and the upper level one after which the subjects would not
be inebriated to the point of being ill. These levels were attained
with dosages of approximately 0.75 and 1.50 ml lOO-proof vodka/kg body
weight. Diazepam dosages of 6 and 12 mg/day were originally selected as
no-effect and l~effect doses for this medication (Roche Laboratories.
1975). When it was found that the I) as/day (2 as t.i.d.) may have
caused measurable central nervous system depression. the high dose was
reduced by the attending physician to 10 as/day (5 -s b.i.d.).

The original achedu1e for the repeated exposures tu the PCE.alcohol.
diazepam•. and combinations is shown in Table 1. As required for any
behavioral testing. control sud high dose exposures were replicated in
order to make it possible to estimate any interactive effect on a sta­
tistically reliable basis (Crow. Davis. and Harfield. 1960). The pro­
cedures used for testin~ are described in detail in the fo11~ing sec­
tion on METHODOLOGY. In the subsequent section on TEST CONDITIONS. the
conditions that existed as the subjects underwent behavioral and neuro­
l~gical testing are described. while the next section reveals the results
'Jf this testing. The final section,entit1ed DISCUSSION.assimilates the
results of the many tests carried out and puts them into a proper per­
spective regarding the overall CONCLUSIONS of the study•
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METHODOLOGY

SUBJECTS

Recruitment of volunteer subjects was carried out by placing a notice in
the College's What's Happening sheet, contacting former subjects, and by
a commercial temporary help organization. Prospective volunteers were
briefly informed of the purposes and terms of the study and then given
comprehensive medical examinations. This examination included the
following: the compLetion of a health questionnaire by the prospective
subject; a history and physical examination completed by the examining
physician; an ORTHO-RATER visual performance profile; a 12-lead electro­
cardiogram; a neurological examination including cranial nerves, mus­
cles, reflexes, gait, alternating motor rate, and coordinaiion, by t.he
physician; a complete blood count; a urinalysis (COMBISTIX - Ames); a
pregnancy test (FREGNOSIS) for females; and a battery of clinical
chemistries (CHEM-SCREEN-25, Medpath, Inc., including calcium, phos­
phorus, BUN, creatir.ine, BUN/creatinine ratio, glucose, uric acid, total
protein, albumin, A/G ratio, SGOT, SGPT, LOR, total bilirubin, direct
bilirubin, alkaline phosphatase, gamma glutamyl-trans-peptidase, amyl­
ase. sodium, potassium, chloride, cholesterol, beta-lipoproteins, total
lipids, and thymol turbidity).

Prospective subjects who were found to be physically fit for the study
by the passing of the comprehensive medical examination were then
oriented more completely by a faculty member regarding the purpose,
procedures, risks, benefits, and alternatives of this study. In addition,
they were told that they could withdraw from the study without prejudice
at any time. Each prospective subject received a compilation of printed
information. They were encouraged to ask questions if there were unresolved
problems. They were then asked to complete the Informed Consent QuestionnairE'
(Appendix 1) and N10SH Participant Document giving informed consent.
All volunteers participated in a pUlmonary function test (comDuterized
expirogram) and neurological test (electroencephalogram) before the exposures
began in order to obtain their baseline values •

The health of each subject was continually monitored with daily. brief
medical examinations prior to exposure, including blood pressure,
temperature, subjective signs or symptoms, numbers of hours sleep the
previous night, alco~l consumption since the previous exposure, and
urinalysis (COHB1STIX - Ames), and with weekly complete blood counts
and clinical chemistries (CHEM-SCREEN-25). Whenever any out-of-normal
range values appeared, additional testing was carried out as necessary.

The electrocardiogram (EKG) of each subject was monitored intermittently
while in the chamber and continuously while exercising. This was
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accomplished with telemetered lead II EKGs using SPACELABS, INC. Biotel
170 transmitters and receiver/cardiotachometers, and a single channel
recorder for permanent recordings.

Subjects were paid weekly for the total number of hours spent at the
laboratory. At the end of the study, each subject who had completed the
study was paid a bonus.

EXPOSURE LEVELS

The exposures to PCE vere conducted in a controlled-environment chamber
6.1 x 6.1 x 2.4 m in size, which was adjoined by a 1 x 1.5 x 2.4 m
toilet facility and a 2.1 x 2.3 x 2.4 m room shielded against electro­
magnetic radiation. Both the toilet facility and the shielded room were
ventilated by air from the chamber. This three room complex had its own
independent air handling system and ~ll outside dor~s were self-se~ling

when closed. Air flow through the complex was approxi_tely 42 cu m per
min and approximately 25% of this flow was exhsuste~causing a slight
negative press" e within tile complex at all tillles. Air temperature was
maintained [. Ll-22· C while relative humidity ranged between 45-55%.
The PCE vapoc was introduced by sweeping the concentrated vapor from a
warm flask with a stream of air into the chamber'a circulating air. A
reciprocal dual-piston pump (MODERN METALCRAFT) _intained a steady flow
of liquid PCE into the flask. A manually operated set of coordinated
valves in the air handling system was uned to control the concentration
of PCE in the chamber atmosphere. This concentration was continuously
recorded by an infrared spectrometer (HIRAM I, Wilks Scientific Corpora-.
tion) equipped with a 20-m path-length gas cell which was continuously
flushed with air drawn from the chamber through a 6.35-_ diameter·
polyethylene tubing. The absorbance at 10.9 II was measured through a
path-length of 5.25 m. The infrared signal to the recorder was monitored
each second by an on-line PDP-12 (Digital Equipment Corp.) computer,
which displayed the mean vapor concentration, as compared to standards,
for each 30-sec time interval of exposure and calculated the daily time­
weighted average exposure for each individual subject. Calibration
standards of PCE in purified air were prepared in saran bags and ana­
lyzed before and hourly during each daily exposure.

A second independent chamber monitoring system using I:he gas chromatograph
(GC) as the measuring instrument was used for back-up of the infrared
system. The GC system was equipped with an automatic sampling device
that swept a sample of the chamber atlllOsphere into the carrier gss (N2)
of the chrolllStograph every three min. The Varian Aerograph Model 900 GC
was fitted with a stainless steel column, 36 x 0.32 em, packed with
Porapak Q, 60/80 mesh. The column was preconditioned at 200· C for 24
hr prior to itR use. Throughout the study, the column was kept at 180·
when it was not in use. The operating conditions of the GC were:
carrier gas flow rate of 35 mI/min, column tempe~ature, 180· C; injection
port, 150· C; and flame ionization detector, approximately Z50· C. Peak
heights of chamber atlllOsphere samples were compared to peak heights of
calibration standards prepared in saran bags and swept through the
system from the chSlllber. Calibration standards were prepared indepen­
dently by two individuals, and the measured concentrations of PCE in the
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chamber atmosphere by the two moni.toring systems had to agree before
subjects were allowed to enter the chamber. The two syatems were cross­
checked frequently during daily exposure to assure that the concentration
in the chamber was correct.

A commercial vodka (SMIRNOFF, 100-proof) was added by measuring cylinder
to a partial cup of juice (tomato or orange, subject's choice) to give a
final ethanol concentration of approximately 20% in each "cocktail".
Ice was added. The total dose of ethanol was divided p.qually between
two "cocktails", each given to the subjects fo? sipping over a 15-min
period. On all non-alcohol days, the vodka was replaced with juice.

The diazepam (VALImf) dosaRe and placebo in capsule form were prepared
by a registered pharmacist. A number of 2-aag tablets of VALIUM were
ground in a mortar and pestle and refilled into an equal number of
gelatin capsules for the low dose of 6 mg/day (2 mg t.i.d. at mealtt.e).
Placebo for this dose level was prepared by filling corn starch powder
into the same size gelatin capsules. The subjects were given sufficient
capsules containing either the diazepam or placebo each Friday afternoon
to start dosing that evenin& and continue throuah the weekend. Then on
Monday morning they were eacll given an additional number of capsules to
last through the week to Friday noon. During the exposure days, the
second capsule of the day was consumed with the first glsss of juice
rather than with lunch. After the first week of study with diazepam at
6 mglday and resultant drowsiness in some subjects, the decision was
made by the physician to reduce the high dose from 12 to 10 ~/day. The
Pharmacist prepared 5~ capsules (5 mg b.i.d.), and similar corn starch
placebos, which the subjects were advised to take at breakfaat and
supper, e~:cept for the exposure days when they took the second capsule
with the jutce while in the chamber. As will be noted in the schedule
later, this dose was given to subjects an hour prior to behavioral
testing.

EXPOSURE SCHEDULE

As shown in the original schedule (Table I), exposures \O'ere to take
place over eleveu weeks during a three-month period. 1be timing of the
plan required that this schedule be carried out between October 1 and
December 25, and allowed only the Thanksgiving week for possible re­
peats. Fortunately, a minimum of repeats was required. S3me of the
testing equipment, specifically that for the electroencephalograms,
saccade velocity test, and dual-task test,was not totally operable
during the first three weeks of the schedule. Because Week 1 was a
training week, and Week 2 was scheduled to be repeated as Week 6, these
were no problem. Only Week 3 needed to be repeated, and this was ac­
complished (see Table II) by moving Week 12 to Week 9, moving Week 11 to
Week 12 and repeating Week 3 as Week 11.

BIOCHEMIC' , •

Breath samplea were obtained from subjects by the 30-sec bre.ath-holding
technique, with subsequent collec·tion of the alveolar breath in SARAN
film bags (Stewart, Hake, and Wu, 1976). When collected in the chamber,
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care was taken to exclude chamber air. The breath samples were analyzed
for PCE, and ethanol when needed, on the same day as collected.

A Varian Aerograph Mod~l 2700 gas chromatograph (GC) equipped with a
hydrogen flame ionization detector was used to measure the PCE and
ethanol in aliquots removed from the breath bags by syringe. The GC was
fitted with a stainless steel column, 1.8 ID X 0.3? em, packed with FF~~

on Chromosorb W, aO/100 mesh. The column was preconditioned at 200· C
overnight prior to uSe. The operating conditions of the GC were:
helium carrier gas flow rate of 40 ml/min; column temperature, 100· C;
injection port temperature, 210· C; and detector temperature'4220· C.
Standards at a mip~m\UQ of three concentrations of PeE, and ethanol when
needed, were prepared daily in purified air. A single l-ml injection
was normally made from each breath boig, except when overlapping or poor
peaks were encountered. The concentrations of the PCE and ethanol were
obtained by direct comparison of peak heights to standards, and were
reported in ppm (volume per volume).

RAll blood samples were withdrawn with Vacutainer tubes from antecubital
veins, filling the tube to equalize the inner pressure to atmospheric.
A 2-ml aliquot was removed and introduced into a 4o-ml capped (Saran
film liner) glass vial containing 1 ml aqueous solution of 1 ppm ethyl
benzene as internal standard for PCE, and 50 mg/dl isopropyl alcohol as
internal standard for ethanol when needed. The mixture was shaken and
warmed to 37· C in a water bath. Two l-ml aliquots vf the headspace
were removed for PCE analysis, using the same GC and conditions as for
the breath sampl"s. The blood ethanol was assayed by relllOving two l-ml
aliquots from the head space of the vial and injecting into a second GC
with a Porapak Q, 60/80 mesh column. The operating conditions for this
GC were slightly different with a coLIma temperature of 180· C; injec­
tion port, 180· C; and detector, 250· C. A second GC was needed for the
ethanol assay because of the much higher concentration of this volatile
in the blood. Calibration curves (peak height ratio of PCE or ethanol
to appropriate internal standard versus concentration) were prepared
daily. The concentration of PCE and ethanol in the unknown were ob­
tained directly from the calibration curves and reported as ppm (by
weight, assuming sp. gr. of blood equals one) of PCE and mg/dl of
ethanol.

The method of Garriott (1975) wad followed for the analysis of diazepam
in blood. Five ml of blood was assayed in duplicate f6r this medi­
cation. The procedure involved an extraction with n-butyl chloride from
blood made basic with cone. ammonium hydroxica, re-e~traction into
aqueous HC1, and final extraction by chloroform from the alkalinized
aqueous solution. Aliquots of the chloroform extract were injected into
a GC and peak heights were compared directly to standards. Diazepam
blood levels were reported in ~g/dl.

BEHAVIORAL

Behavioral testing was carried out ~diately upon entry into the
chamber (saccade velocity and Michigan eye-hand coordination) and again
50 min after·exercise (complete battery). The Mj~higan eye-·hand
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coordination, rotary pursuit, and Flanagan coordination tests were
carried out in the environmentally-controlled chamber, but they were
separated by carrel walls or a curtain, while the saccade velocity and
dual-attention tasks tests were carried out in isolation in the shielded
room adjacent to the chamber.

The Michigan eye-hand coordination test was developed by Pook (1967).
The hardware consisted of a flat,eight-inch square board with 119 0.32­
CIA diameter holes which were connected by a zig-zag line (see Figure 1).
The subject, following the line from start to finish, placed a stylus to
the bottom of each hole as rspidly as possible. Timing with an electri­
cal stop clock was started with the withdrawal of the stylus from the S
hole, and the elapsed tiDe to the insertion into the F hole was recorded.
A subject who missed a hole in the zig-zag line was required to start
over. Each session consisted of four trials from which the elapsed
times were totaled for that seasion's score. The instructions for the
staff person giving the teat are given in Appendix II. Each session
took approximately 5 min to complete and record the te6ting.

The rotary pursuit test was carried out with a photoelectric rotary
pursuit apparatus with a circular template (Lafayette Instrument Ce.,
Model 30013). In this test, the subject, standing at a comfortable
distance from the table on which the apparatus was placed, was required
to follow the light in its horizontal, clockwise, circular path on the
top of the apparatus with a wand containing an electric eye. The wand
was held in the hand used for writing. The sensitivity setting of the
light was always at 10 units. After a 3G-sec wana-up at 10 rpm, the
subject "pursued" the light for 45-sec intervals at 15, 30, 45, and 60
rpm. The apparatus lIlSasured the tillIS-off target in hundreths of a
second, and the "errors" or number of tilllea off and back on the target,
during each 45-sec trial. The staff operator recor-ded these numbers for
each 45-sec interval. The instructions for the staff persons giving the
test are given in Appendix III~ch session took approximately 5 min to
complete and record the testing.

The Flanagan coordination test used is published by Science Research
Associates, Inc., 259 E. Erie St., Chicago (Flanagan Aptitude Classi­
fication Test, 7A, Coordination). This test required that the subject
rapidly follow a spirsl pathway (see Figure 2) with a pencil, touching
the sides of the pathway as few times as possible. The staff operator
started each trial with the words "pencil down, ready, begin," The
subject was allowed 40 sec to complete each of six spirals. The first
two were considered practice and the last four were scored and totaled.
l~e total score depended upon the longest distance attained in each
spiral minus the number of tilllSs the sides of the spiral pathway were
touched w~,th the pencil. This test took approxiutely 5 min to perform.
Scoring was carried out by visual inspeccion of each spiral, and though
done by several staff parson~, th~ SSlllS person scored all of the tests
for a given subject through~,t the entire study.

The saccade velocity
fumished by NI01'H.
Baloh and associates

test, which used electrooculography (EOG), was
The design was based upon work by Dr. R,)bert
at UClA (1976). Horizonta~ eye movements were
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differentially recorded from electrodes fixed lateral to both outer
canthi and to the forehead for reference ground while the subject's head
was mechanically fixed usina a bite bar. The stimulus used to elicit
eye movement was a seai-circular array of 32 srall red lights, 15 ca
apart, arranged on a black plywood stand and approximately 76 cm from
the subject's eyes. A programmable digital-logic system was used to
control the lighting of the stimuli, and a FH tape recorder was used to
record the 8IIlpl1fied electrooculogram. This test WaS carried out in a
completely isolated, weakly lit room adjacent to the chamber, with the
subject only required to stay alert and turn the eyes to the red stimu­
lus light as rapidly as possible. This test required approximately 5
min ..

The dual-attention tasks test used the same room and equipment setting
as the saccade velocity test. The semicircular array of red lights
included one white light at the center of the arc directly in front of
the subj~ct. The two tasks, as reported by Moskowitz and Sharaa (1974),
were differentiated by the blinking or non-blinking of the white light.
The blinking task required that the subject count the random nuaber of
times the white light blinked, and release a hand-held aicroswitch as
rapidly aa possible when a peripheral red light appeared (1 sec dura­
tion). A tone signaled the start and the stop of each trial, and there
were ten trials in each session. Programmed equipment allowed the
center white light to blink randomly 11 to 19 times during each 20-sec
trial, and a peripheral red light to light at randOlll two to four times.
Timing instrumentation recorded the red light response time, and the
subject entered the number of blinks of the white light on a lo-dirit
keyboard. The non-blinking white light task simply required the subject
to release the hand-h~ld aicroawitch aa rapidly as possible when a
peripheral red light came on, meanwhile focusing the eyes on the white
light. Again. the peripheral red lights appeared two to four times over
each of ten 20-aec trials. The timing instrument recorded the response
time. The total elapsed time for this test was approximately 10 min.

NEUROLOGICAL

Within five min of entry into the envirolllllental chamber, and within ten
min prior to exit, each subject performed a modified Romberg and heel­
to-toe equilibrium test which was videotaped for later inspection if
necessary. The test consisted of standing upon each leg singly with
arms at the aide for a minimum of 3 sec. and walking heel-to-toe in a
strsight line for approximately 1.5 m. This Was first done with the
eyes open and then repeated with eyes shut. A staff person. viewing the
performances frna outside the chamber. recorded each subject's perfor­
mance as +, ±, or -.

For the spontaneous electroencephalagrams (EEGs). the subject sat
upright in a comfortable recliner chair with a back high enough to fully
support the head and neck. The chair waa located in isolation in the
shielded room adjacent to the chamber. There was no room lighting
during the tests. The KEGs were recorded on an eight-channel GRASS
Hodel 7 polygrsph using gold-plated silver electrodes oriented on the
scalp sccording to the 10-20 International Syatem (Jasper, 1958). The
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leads utilized and their corresponding electrode geo-etry are shown in
Figure 3.

The first four channels listed in Figure 3 were linked to the analog/dig­
ital converters of a PDP-12 computer (Digital Equipment Corp.). Power·
spectral analyses of these channels were obtained by taking fast Fourier
transforms of the data sampled at a rate of 256 Hz for four pairs of
four-sec epochs, or a total of 32 sec. The frequency range of the
spectra was 0 - 31.15 Hz in 1/4 Hz intervals. The co.puter prograa
printed and plotted the spectral energy within 1.75-Hz bands from 0 to
31.75 Hz, the spactral energy within the alpha (8 - 13.75 Hz), delta
(0.25 - 3.75 Hz), theta (4.00 - 7.75 Hz), and beta (14.00 -30.00 Hz) EEG
bands, and the "dOllinant frequency," or the frequency that had the
aaxt.ua spectral amplitude. A three-point .oving average smoothing
filter vas applied to the raw spectral estt.ates prior to any co~u­

tations.

The power spectra were generated three times during the exposure day,
once shortly after entry into the chamber and tvice approximately foue
hours later. During each session, three 32-sec periods were analyzed
and stored on tape for later processing. These sessions were conducted
with the eyes closed, and were each preceded by having the subject
quietly relax in the dar.kened room for two mill, after which he or she
clapped the hands loudly five times. This procedure standardized the
alertness of the su~ject. Each session required approximately ten min.

PHYSIOLOGICAL

Exercise was carried out on four HONARK (GCI, Stockholm) bicycle ergome­
ters at a pedal rate of 60 rpm. Loads were individualized prior to
exposure in order to increase the average heart rate by 30 beats/min
over each subject's normal resting heart rate. Total ventilation could
be expected to increase three- to four-fold over sedentary levels (Robin­
son, 1974). Heart rates were determined by ERG telemetry as described
earlier. Subjects used the same bicycle each day, adjusting the seat
height to comfort for the 30-min session.

SUBJECTIVE RESPONSES

Mood assessment by completion of a subjective feeling inventory form
based upon the Lorr-McNair mood adjective checklist (McNair and Lorr,
1964) was measured on a daily basis. Each subject selected a personal
psuedonym for the study, and entered this psuedonym and the date at the
top of the form. The form contained 56 adjectives or phrases to de­
scribe mood and four phrases that required the following of simple
directions (see Appendix IV). Five variations of adjective sequence
vere used in order to prevent memorization. Choice of boxes
to be checked for each adjective vere "not at all, a little, quite
s bit, and extremely." The subjects were advised to "check the appro­
priate box - which indicates how you feel at that moment. Use your
first response." This form took approximately 3 min. to complete.

For scoring, the adjectives were arranged into nine groups according to
Davis (1971); depression (9 adjectives), carefree (9), friendliness (6),
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hostility (5). snxiety (7). cognitive gain (5). guilty-ashamed (3).
fatigued (3). and .iscellaneous (9). and the group of simple directions
(4). In the last group. a correct answer was simply scored one point.
and zero if incorrect. In all othe. groups. "not at all" received 0
value; "a little" - 1; "quite a bit" - 2; and "extremely" - 3. The
psuedonr- code was broken by subject nwaber only after the entire test­
ing and scoring were completed.

The subjective response form completed each hour when in the chaaber is
phown in Appendix V. Kaws were provided for the keywords: headache.
nausea. dizziness. abd~inal pain. chest pain. ENT irritation. other.
and odor. with the adjectives .ild. -aderate. and strong. Col_ were
addreaaed: i..-diate. 1/2. 1. 2. 3. 4. and 5 hr. and 1/2 hr post. The
subjects were advised to record only abno~litieswith an appropriate
adjective. drawiD~ a line through aU rectangles when no abno~l sub­
jecttve response waS present. These responses were checked daily by a
physician. and the fo~ were scored simply by noting the nu.ber of
subjects aarking a specific response and the total tiaes a response was
noted.

The form used for staff assess.ent of the subjects' mood and be4avior in
the environmentally-controlled chamber is found in Appendix VI. Thase
wer~ completed at the end of each day. starting on Day 5 of Week 3 by
five staff persons who worked with the subjects but were not info~d of
the PCE concentration or drug- or alcohol-dose levels.

DATA ANALYSIS

Kethods used for the analysis of the voluadnoua data generated in this
study were several in nuaber,depending upon circa-stances. Data to
establish the TWA of the PCE exposures was handled by co~uter fitting
of standsrd curves and subsequent calculation of each 30-sec unknown and
averaging during chosen time periods. PCE. ethanol, and diazepaa bio­
chemical levels were treated by computerized two-tail t-test to deter­
aine interactive and gender effects.

Data froa the subjective feeling inventory were entered into the eoa­
puter and analyzed for variance fra. the control mean by the t-test
aethod. Subjecti/e response and staff assess.ent of subjects' mood
comparisons were ..de by simple calculation of asans for each of the 18
exposure conditions •

All of the behavioral responses were quantitated by individusl subject
and day of study (1 through 74). Concentration codes were as follows:
PCE - 000. 025. and 100. corresponding to O. 25. and 100 ppa PCE; di­
azepam - 00. 01. 06. and 10, correspondina to no capsules. placebo
capsules. 6. and 10 ma/day; and alcohol - 000. 075. and 150. corres­
pondina to doses of none. 0.75. and 1.5 ml lOG-proof vodka/kg body
weight. The compiled raw data for the Michigan eye-hand coordinatic.n.
Flanagan coordillSt:l.on. and the rotary pursuit tests were keypunched and
analyzed by cOllPuter at the Medical College of Wisconsin Computer Cen­
ter. while tbe data froa the saccade velocity and dual-attention taflka
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tests were sent to NIOSK (Cincinnati) for analysis.as per the contract.*
KEG power s.· 'tra tapes were first analyzed in the Depart.ent to prepare
visual spectru and coapute s~ry d~scriptors and then the result:~t

descriptors were statistically analyzed by the Coaputer Center. Kissing
data were supplied by the usual .ethod (Yates) of handling .issing data.
Only the responses fra. the nine subjects who finished the "tudy were
analyzed.

Coaputerized prograas co~uted asan group responses for the behavioral
tests for each iay of testing. Because of the learning or conditioning
which occurred <lurina the three-_nth period of testing. a "trend ad­
justed t-test" was used to plot the __ns versus each daily exposure
condition. For the trend adjusted t-test. a lin~ar trend line was fit
for each subject usina the control days data only. The regression
responae for each day vas subtracted froa the ob.e~ved response. Then.
for each day the wean of adjusted observations was ~~~ted versus zero.
Since each subject had an equal nu.ber of observations on each day. the
overall trend line represented the (unwejghted) av~raae trend line of
the nine subjects. This overall trend line. with 95% confidence bands
for a future average of nine subjects. was drawn on the three aonth
graph. along with the daily aeans.

The continuous variables were assessed by analysis of variance tech­
niques. Multiple regression equations. using the baseline or control
trends data. were used to evaluate the treataent effects. Analysis of
variance tables were used to display the results of significance testing
and the .ultiple regre3sion equations were used to depict the PCE.
diazepaa. and alcohol interactions. both significant and nonsignificant.
Using a block-design type of analysis. with the subjects as blocks
(randoa) and treataents specified by coabinations of PCE with diszepaa
or PCE with alcohol (fixed effects). separation of the interaction
effects was achieved.

*The analysis of the dual-attention task data is found in the Adden­
dum. Technical difficulties to date have precluded NIOSH analysis of
saccade velocit? the analysis of which will UB reported separately •
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TEST CONDITIONS

SUBJECTS

Eight _les and six f ....les were judged by the eXllllining physician to be
those best qualified for the study frolD nine _les and eleven fe_lea
who were given ccmprehenaive _dical eXllllinationa. Neurologica1 eXllllina­
tion, eye tests, physical condition, past _dical and work history, £KG,
and pul..,uacy functio.>n tests revealed that each of these peraou vaa
qualifi~d to carry out the behavioral/neurological teating under the
required testing conditions. All personal Qedical data concerning these
persons Ilre secured in the Depart_nt's confidential filea, available
upon written request to the individual concerned. One _Ie person
fsiled to appear for the orientation and another failed to return after
the first day of training. All persona present for orientation signed
the Participant DoclllEnt form. Table III lists the ages, heighta and
weights of the six males and six f ....les who volunteered for and then
began the stud". All were Caucasian. They were assigned subject
numbers, three having been subjects in previous studies (.are than six
months previous) and these retained their original subject nnaber. All
data generated in the study were collected by subject n~er, or pseu­
donym (lIOOd evaluation only).

The six _Ie and six fl!lD&le subjects were further divided into Groups A
and B for study purposes. As seen in Table III, there were three subjects
of each sex in each Group, aelected simply by consecutively assigned
subject n....bers.

There '''ere S5 tra.ining and exposure days durinl the study. Table
XV gives the attendance s~ry of esch subject. Subject 326 withdrew
f",OlD the study when her previous job alain bec_ available, and subject
331 withdrew when ~is spouse suffered an injury that forced him to stay
at hOlle. Subject 123 was withdrawn froa the study after a week's ab­
sence with no excuae. All other subjects finishe~ the study. Three
subjects, 329, 330, and 334, were present but not participating on four
days while aedical problems were being resolved. Absences were most
often due to the subject's reporting by phone of bad colds or flu-like
symptoms. Several absences were due to trips out-of-town for personal
reasons. Only one subject, 330, was present for all 5S training and
exposure days.

Daily medical surveillance by the attending physician, using the testing
procedures listed in the METHODOLOGY section and further follow-up when
necessary, provided assurance that each subject entering the exposure
chaaber each day for testing was in good health. Weekly laboratory
studies and final comprehensive physical examination confirBed that
each subject remained in good health throu,hout the 8tudy. Surveillance
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of EKG's on the scope during subject exercise and daily review of inter­
mittent EKG tracings revealed no deleterious effect of th~ study upon
the electrical activity of the heart of any subject.

EXPOSURE LEVELS

The PCE used for this study wa~ obtained froa the Aldrich Che-ical Co.,
Inc. (catalog no. T1So-0. tetrachlQroethyleue. 99%. HW 165.83. d 1.623,
bp 121°) in 4-kg bottles. Each bottle was sa.pled for identity confir­
mation by infrared spectroscopy. Table V lists the ti..-weighted
average (TWA) PCE concentrations. and the standard deviations (SD). that
were ...sured in the controlled-envirou.ent c~r by the infrared
aonitoring syatea. Each pair of subjects entered the chaaber at lo-.dn
intervals. thus the S-1/2-hr TWA for each pair differed slilhtly fro.
that found in the table. but the difference fre- that report~ was Mver
more than O.S%.

Table VI It., \.s the daily total .r of lOO-proof vodka consUlMd in two
"cock.tails" by each subject durina the t'w weelta that ethanol was
studied. These levels were chosen by tb.e physician based upon weight
and probable blood levels of ethanol tlutt would be attained. Subject
326 had already withdrawn fror the study at Week S. and subject 123 and
331 had withdrawn by Week. 10. Although the aaount of conversation in
the chamber was greater during these two weeks. no subject bec_ nau­
seated or ill from this dose of vodka. All subjects were encouraged not
to consume any fo~ of alcohol outside of the tests. However. most of
the subjects reported drinking socially in ~eration after the test day
was ~ompleted. Blood and breath ethanol levels found during the test
day will be discussed in a later section on Bioche.ical Measure.ents. as
will the blood diazep.. levels.

Although subjects were continually reminded to take the diazepam doses
that were required while away from the laboratory. many forgot or were
unable ro comply. Listed in Table VII are the exceptions to the pre­
scribed diazep.. and placebo dosages. Every dose thut was to be ingested
while in the chamber was ingested unless the subject was absent. In
some cases the breakfast dose was taken when the SUbject arrived at the
laboratory because there was no "convenient" ti.. beforehand. During
the high dose diazep.. and placebo weelta (Weelts 1 and 8) and the high
ethanol and last diazepam weeks <weeks 10 and 11). all subjects were
transported between their place of residence and the laboratory by taxi •

DAILY SCHEDULE

The schedule for the S5 training and exposure days thst were included in
this study was described under METHODOLOGY. Exposure Schedule; therefore.
this section will deal with the daily schedules.

During the 2-1/2 days of training. all subjects carried out the Michigan
eye-hand coordination test six tt.8s. the rotary pursuit test six times.
and the Flanagan coordination test seven tt.8s. They were oriented on
esch of the other tests by practical de~nstrations. and rode the bicycle
ergometer while heart rates were dete~ined. These training day. allowed
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each subject to become thoroughly acquainted with the testing procedures.
and brought them near their individual plateau performance on those
tests where practice affected the performance.

It was determined before the exposure days b?gan that it would be diffi­
cult for all 12 subjects to be involved in every test on a daily basis
for two reasons: 1) there was insufficient time. and 2) it was objection­
able to the subjects to have both the saccade velocity and EEG electrodes
attached every day for 53 days. Therefore. the 12 subjects were divided
into Groups A and B, as noted in the Subjects section. Group A subjects
underwent EEG testing and Group B the EOG during the alcohol (ethanol)
dose weeks and certain control and placebo days. while the reverse was
true durinl diazepam dosing and alternate control and placebo days. The
schedule shown in Table II includes the notations for which Group vas
scheduled to undergo EEG testinl. The other Group auta.atically underwent
EOG testing. Another complication to overcoae was the fact that. for
ar.ost all the behavioral and neurological testing. only one piece of
equipment was available. and only one person at a ti~ could be tested
in the isolation booth for EEG. BOG, or the dual tasks test. Therefore,
each Group was further divided into three subgroups of a male and fe..le
(subgroups 1 and 2. 3 and 4. 5 and 6). Alternate subgroups from A and B
entered the chaaber at 10-.in intervals in the same order on a daily
basis.

The first pair of subjects (1 and 2. EOG) entered the chamber at 8:30 AM
and exited at 2:00 PM with an elapsed ti_ of 5-1/2 ilr or 330 lIdn.
Their Bchedule using elapsed ti... in min was as followa: 0 to 5.
Romberg and heel-to-toe and EKG strip; 5 to 35, saccade velocity (EOG)
and Michigan eye-band; 35 to 65, exerciae with EKG monito~ing; 65 to 95.
"cocktails"; 95 to 115. rest with blood and breath slllBple at 112; 115 to
130. Michigan eye-hand and rotary pursuit; 130 to 140. mood and Flanagan
coordir~tion; 140 to 170. saccade velocity (EOG) and dual tasks; EKG
strip at 250; 225 to 255. lunch; 320 to 325. Ramberl and heel-to-toe and
EKG strip; 330. exit chamber. The second pair of subjects (1 and 2,
EEG) enteted the chamber at 8:40 AM and exited at 2:10 PM. Their sched­
ule was as follows: 0 to 5. Romberg and heel-to-toe and £KG strip; 10
to 20. EEG; 25 to 40. Michigan eye-hand; 40 to 70. exercise with EltG
monitoring; 70 to 100. "cocktails": 100 to 120, reat with blood and
breath sample at 118; 120 to 135. Michil8D eye-hand and rotary pursuit;
135 to 145. mooQ and Flanagan coordination: EKG strip at 240; 215 to
245. lunch; 260 to 320. two sets of BEGs; 320 to 325. Roeberg and heel­
to-toe and ERG strip; 330. exit chamber. The alternating subgroup entry
by twos each 10 min continued through 9:20 AM. and subsequent testing
followed the alternating schedules (see Appendix VII).

In su.mary. each subject was in the chamber 5-1/2 hr daily. Within 5
min of entry and 10 min of exit, each subject perforJDed a Roaberg and
heel-to-toe equilibrium test. Within 30 to 60 min of entry. each sub­
ject carried out the Michigan eye-band cOQrdination test. During thiss_ 30-60 min. before exercise, "alcohol" subjects bad an EEG while
"diazepam" subjects had an EOG. After thill 30-60 nn period. each
subject carried out the following sequence: 30 nn of exercise on a
bicycle ergOlBeter; 30 ain of sippina two "cocktail.. " with medication
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during the first if it was a diaz,paa or placebo week; 20 min of rest,
with a blood and breath sample at 18-20 min; 15 ain of Michigan eye-hand
coordination and rotary pursuit tests; and 10 min of Flanagan coordin­
ation and lIlOod tests. The "diazepam" subjects then repeated the BOG and
carried out the dual tasks test over the next 30 min, while the "alco­
hol" subjects were given EEGs after lunch.

BIOCHEMICAL

The results of the biochemical measurements made on blood and breath
samples revealed that all subjects carried ,ignificant body burdens of
the cheadcal or cheaicals under test at the tt.a that behavioral studies
were carried out.

Because of the voluainous nature of the individual analyses. the daily
results were averaged by sex for this report. The results of the
analysis of PCE in the venous blood samples taken just prior to behavioral
testing (2' of exposure) are given by week in Tables VIII to XVIII,
along with pre-exposure (baseline) levels on -any days. As had been
expected, exercise had a marked effect upon the PCE blood lev~ls. These
values at 50 ain after exercise were found to be three to six times
higher than the venous blood levels of sedentary subjects exposed to
equivalent levels of PCE vapor in this laboratory previously (Stewart,
~al., 1974) (8.25 vs 1.12 to 2.95 ppm). As was also noted previously,
PCE is measureable in the venous blood for many hours after exposure;
however, the levels were generally below 0.5 ppm 18 hr after a 5-1/2 hr
exposure to 100 ppm.

Mean PCE breath concentrations, baseline, after two hr of exposure, and
at 15 and 30 min post exposure, are given by week in Tables XIX through
XXIX. Breath concentrations of PCE at 50 min sfter exercise were ele­
vated approximately 50% over those from previous studieo with sedentary
subjects exposed for 3 hr to 100 ppm PCE. The post exposure breath
levels were unaffected by the ~xercise early in the exposure period.
They fell between levels from 3- and 7-1/2-hr exposures of sedentary
subjects test~d previously (Stewart, e~~., 1974).

The mean blood and breath ethanol concentrations foand in the samples
taken just prior to behavioral testing during Weeks 5 and 10 £re listed
in Tables XXX and XXXI, respectively. The individual values varied
considerably as noted by the ranges, also listed. During Weel 5, the
low dose week. both mala and female subjects averaged just under 50 as
% ethanol in blood,except on Day 1 when both were much lower. During
the higher dose week, Week 10, male subjects averaged 61, while female
subjects averaged 65 as % ethanol in blood. There was a larger dif­
ference in the breath ethanol levels between the low and high doses, an
average of 150 vs 255 ppm, respectively. The latter is more represent­
ative of the general difference in doses during these two weeks.

The mean diazepam blood concentrations for the weeks of diazepam dosage
ar.. given in Tables XXXII, XXXIII, and XXXIV. The blood levels of
diazepam were generally in the same range during Week 7 as during Week
3 d~8pite a 66% increase in daily dose. However, the return to the
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lower dose during Week 11 resulted in lower blood levels than during the
first week of identical dosing. This phenomenon is probably related to
the induction of enzymes that metabolize diazepam, giving the lower
levels during the weeks after induction (Sellman, et_ a!., 1975).
Included iL each tabla are the results of spot checking of diazepam
blood ).evels during the week after dosing. None was ever detected
during those weeks. However. it should be pointed out th~t we were
operating near the lower detection limits of the analysis procedure for
diazep.... even during the w"eks of dia"epam dosing. It can he assumed
fro. the results, hut not proven .. that no mistake in dosing with the
wrong capsules occurred.

In the tables already discussed. medns were derived from all analytical
data that were available each day. In further development of the
effects of the coabined treatments upon each biocheaical level in order
to deteraine w~ther there was an interaction between peE b100d levels
and alcohol or diazep... consu.ption, blood values from the four male
subjects who finished the study (nos. 117, 332, 333, and 334), and the
four feaale subjects who had the best attendance record (nos. 95, 328,
329, and 330) were studied. Values for blood and breath when no diazepam
or alcohol were given, including placebo days. were meaned, and compared
to either all alcohol days, regardless of dose, or all diazepam days,
regardless of dose. The results are shown in Table XXXV. At 25 ppm
exposure concentration, alcohol significantly increased the PCE blood
level (p < 0.01), but did not increase it at 100 ppm. Diazepam had no
effect upon PCE bl~od levels at 25 or 100 ppm PCE exposure. A similar
picture emerged when coeparing breath levels from samples taken at the
same time as the blood samples (2 hr into the exposure). Breath sample
values from 3D-min post exposure indi~ated a significant effect of
alcohol at both levels of PCE exposure; however, the 100 ppm PCE and
alcohol coahination resulted in a significantly lower breath PCE level
in contrast to the 25 ppm where it was higher. The lEaning of these
results is unclear. Because the alcohol was consumed almost five hours
earlier, it certainly was all metabolized by the time of this breath
sample and should have had no direct effect. If tte effect is real, it
mU3t be an indirect effect.

The difference of blood levels between male subjects and female subjects
at two hours into the daily study was calculated for all treatments
combined and neither blood nor breath levels were statistically different
(p > 0.10) by the two-tailed t-test (8 pairs of means, t ~ 0.623).

Alcohol blood and breath levels of the eight subjects were found to both
be significantly greater during the higher alcohol versus the lower
alcohol week (bloods: means of 43.9 and 60.9 as/dl, 6 - 11 mg/dl, t ­
-3,19. p < 0.01; and breaths: means of 149 and 256 ppm, 6 - 108 ppm, t-
-6.10, p < 0.0005). However, diB,~ep... blood levels were highest the
first week of the lower dosage (Week 3), the mean being 18.46 ± 4.76
~g/dl. During the week of aigher dosage (Week 1), the mean dropped to
11.51 ± 6.65 ~g/dl. However, by paired t-tes4this mean was signif­
icantly higher (p < 0.05) than the second week of lower dosage (Week
11), the mean for this week falling to 12.07 ± 4.52 ~g/dl. This re­
spouse was a8s..-d to be due to .-ore rapid _tabolism of the diazepam
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after enzyme induction during the first week of dosage (Sellman, et al.,
1975).

BEHAVIORAL

As noted in previous sections. a great amount of effort was made to
reduce the variations in the par~meters, other than peE, ethanol, and
diazepaM levels, that might affect test scores. In addition, efforts
were made to keep the "double-blind" aspects of the study intact, with
both the staff supervising the testing and the subjects unaware of the
exposure conditions. As with an; study of this magnitude and length,
certain unavoidable problems presented themselves that may have had some
unknown affect on the individual's particular performance, or the
group's performance. Deviations that could affect performance were
noted each day by the staff psychologist and the physician. A list of
these is presented in Table XXXVI. Also noted are equipment failures.
Data known to be affected were removed from further analysis.

Problems with the equipment during behavioral testing usually invalidated
the data obtained. One particular problem was the dual-attention tasks
test wherein the paper tape reader that presented the stimuli to the
subjects malfunctioned randomly through Day 2 of Week 4. All of the
previous data were invalidated. Even after repair, there were problems
with the recording of the number of times a subject noted that the white
light blinked. Therefore additional data were discarded. Another
instrument that malfunctioned occasionally was the rotary pursuit, where
unpredictable stoppage oi tIle rotating light occurred on a few days.

Also noted in Table XXXVI are minor ~edical problems and some outside
influences that may have had some bearing on behavioral test scores.

On the last day of the study, all the remaining nine subjects were asked
to co.plete a debriefing questiO\~dire after testing was completed and
prior to actual debriefing. The questionnaire and the results are shown
in Appendix VIltlhe last page of the questionnaire was completed after
debriefing. It is apparent from the results that the presence or absence
of alcohol in the "cock.ail" was easily established by the subjects, and
therefore that part of the study was not blinded. However, only two of
the nine were accurate in distinguishing the two dosages. Subjects'
~ccuracy in determining when they received diazepam versus placebo was
only about half acc"-cate. and only 'Jne subject could distinguish the low
from the high dose accurately. Excess noise from conversation, laughing.
joking, etc. during the alcohol days had some influences upon the behav­
ioral testing according to this questionnaire.

NECROLOGICAL

Test conditions that varied during the Romberg and heel-to-toe equilibrium
testiug just aiter entry and before exit from the controlled-environment
chamber were the peE concentration and the presence or absence of diazepam.
Any ethanol effect would have been mitigated by the four-hour time
period between alcohol consumption snd chamber exit. Because diazepam
dosage wss on a more continuous basis over a week's period. any differences
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between the entry and exit performance would most likely have been due
to peE.

Table XXXVI also lists the deviations that occurred in EEG testing.
Unfortunately, the computer program that recorded the EEG epochs on taf
was unavailable until the third day of Week 4. However, with th~ repeat
of Week 3, all types of exposure combinations were eventually \,ut on
tape ani therefore were studied. The accidental blinking of a strobe
light in the EEG room during days 3 and 4 of Week 8 may have inadvert­
ently affected some subjects EEGs during those days (placebo plus 100
ppm and plus 25 ppm peE).

PHYSIOLOGICAL

Pulse rates were recorded in the resting state three times daily, and
three times during the 30 min of iaily exercise. Bicycle ergometer
loads were set individually to cause an approximate increase of 30 beats
per min during the exercise period. LoaaR had to be adjusted at least
once for all subjects as their physical performance usually improved
during the study. .

SUBJECTIVE

Each subject completed a Lorr-McNair mood adjective checkli~ in the
midst of the behavioral testing on a daily basis. As noted under Method­
ology, the 56 adjectives or phrases to assess mood were divided into
categories for analysis to indicate depression, carefree, friendliness,
hostility, anxiety, cognitive gain, guilty-ashamed, fatigued, and miscel­
laneous (see Table XXXVII). Four direction phrases were also included
for a total of 60 multiple-choice questions. A visual assessment of the
answers to the four direction-type questions showed that all subjects
had no problem on any day with following these simple directions.

Two of the nine categories of mood need some explanation. As seen in
Table XXXVII, the cognitive gain category included the terms confused,
able to think clearly, forgetful, able to concentrate, and alert.
Obviously some of these terms are opposite in effect and therefore a
change in score was difficult to assess. The miscellaneous category
included nine mostly unrelated adjectives, again making scoring almost
meaningless. In all other categories, an increase in score could be
directly related to an increase of this particular mood.

Figures 4 through 12 relate the daily mean scores (~ SD) of each of the
nine groups of mood assessment to treatment. The straight lines descr.lbe
the trend of scores for zero exposure conditions and the outer lines the
95% confidence limits of the zero exposure means. Unfortunately,there
was a wide range of responses for all categories,with no change easily
relatable to exposure condition. This was confirmed with the trend
adjusted t-test where no significant differences (p < 0.05) from zero
exposure scores were found for any treatments in any categories. The
analysis of variance approach, using individual differences from predicted
values in the paired t-test to compare treatments, also revealed a low
level of significant changes in mood with treatment. On high level
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alcohol days, scores on the cognitive gain decreased (p < 0.005) and the
miscellaneous category increased (p < 0.05). Unfortunately, neither of
these two categories included a well-defined mood. Diazepam treatment
also resulted in a significant increase (p < 0.005) in score of the
miscellaneous category. During the diazepam treatment weeks, the analysis
of variance revealed a significant increase (p < 0.025) in friendliness
due to PCE, and an interactive effect of PCE and diazepam to significantly
decrease (p < 0.025) friendliness.

Subjects noted subjective symptoms on the subjective reponse forms pight
times per exposure day, and PCE odor perception seven times. The number
of subjects per day who noted a given symptom or perceived the odor of
PCE.(responders), and the total number of times each were noted per day
(responses), were totaled for each different type of exposure. Be,cause
there were often different numbers of subjects and,therefore,different
numbers of subjective response forms returned under different conditions,
total numbers of responders and responses were divided by the number ot
forms returned in order to give a rate per subject report. These rates
are listed by type of response as "incidence" and "persistence," responders
and responses, respectively, in Tables XXXVIII and XXXIX. There was no
suggestion of a trend to a greater rate of any symptom when exposures to
increasing concentrations of peE alone took place. However, as expected,
the PCE odor perceived became stronger and persisted longer as the PCE
concentrp',ion increased. Table XXXVIII "haws the results for the addition
of placeb, mg, and 10 mg of diazepam to each level of PCE. Again
there seems to be no dose-response relationship regarding untoward
symptoms, and only the odor perception increases with increasing PCE
concentration. Table XXXIX demonstrates similar responses for addition
of alcohol to the PCE exposures. It appears that the alcohol may have
actually decreased the number of symptoms in some areas. As a Whole, it
can be concluded that, despite the increase in PCE odor perception with
increasing PCE concentration, PCE, diazepam, alcohol, or the combinations
of these at the levels studied had no discernible effect upon the
subjective symptoms of the subjects.

The staff assessments of the subjects' mood and behavior while they were
in the controlled-enviro'tm~ntchamber are summari?ed in Tables XL and
XLI. Five staff members who worked with the subjects, but were not
informed of the PCE concentrations or the drug and alcohol dosage~

completed the mood and behavior assessment daily. The scales between
opposite types of behavior ranged from +5 through 0 to -5 (see Appendix
VI). The means for each condition are listed in the tables. PCE
concentration alone had no effect on these assessments, while the higher
dose of alcohol was assessed to increase the subjects' happy, at ease,
friendly, carefree, full of pep, giddy, talkative, active, and staggering
images, and the higher dose of diazepam decreased the subjects' alert,
concentration (able to think clearly), happy, full of pep, talkative and
active images,as assessed by the staff.
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RESULTS OF BEHAVIORAL AND NEUROLOGICAL TESTING

~EHAVIORAL MEASUREMENTS

Micnigan Eye-Hand Coordination Test

Tne Michigan eye-hand coordination test required the subjects to follow
a weaving maze-like path with an electronic recording stylus. At each
of the 119 points in the path, changing direction at each point, the
stylus was fully inserted to the bottom of the hole. Tne response
measured at each trial was the total elapsed time in seconds required
for the completion of the entire path tracing. The final score was the
total of four path tracings. Thus, a higher score indicated a slower
response time. This test incorporatod ~~ny of the eye-hand coordination
movements encountered in manual work tasks requiring hand and arm dexter­
ity. Each subject performed tha test twice daily, once within 60 min of
entry into the chamber and prior to ex(~rcise and dosing (labeled AM),
and again 1-1/2 br later after exercisl~ and dosing (labeled PM). Tne
two daily test scores were analyzed separately.

Figure 13 displaYs the mean scotes (± one SD) for both AM and PM tests.
Even though the subjects were trained before the &xposure sequence was
initiated, the general improvement in performance is quite noticeable,
especially during the first few weeks. Inspection of Figure 13 reveals
that the higher level of alcohol (ca 1.50 ml/kg) produced the greatest
variation in the PM scores.

Analysis of the data from weeks pertaining to PCE exposure and alcohol
yielded the following multiple regression equations:

AM score' 47.67 - 0.t199 D + 0.0016 P - 0.1196 A - 0.0091 (p x A) + subject effects

PM ucore • 45.90 - 0.1089 D + 0.0037 P + 1.7529 A - 0.0023 (P x A) + subiect effects

•
Where: » • day number (0 thrOUGh 75)

p ~ level of peF. (0, 25, or 100 ppm)

A. level of Alcohol (0, 0.75, or 1.5 ml/kg)

Analysis of variance summaries for these two multiple regressions are
given in Tables XLII and X~III. Results indicate the highly significsnt
improvement trend (linear day effect). Alcohol manifested its signif­
icant effect in the PM scores. PCE showed no significant (linear)
effect and no significant interaction effect with alcohol. Trend ad­
justed t-tests (Table XLIV), which were designed to correct for indi­
vidual improvement in scores, showed that PM scores yielded significant
increases (decrements) in test completion time on two days (56 and 58).
Fortuitously, these t-tests showed a significant improvement in AM score
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during the first week in which alc~hol was used (0.75 mI/kg). This i8
not an alcohol effect because it was administered after the test. The
improvements could have been due to some subjects performing well in
anticipation of their alcohol "cocktail" andlor a reflection of the
general point in the study where further baseline improve.ent subsided
and, since overall improvement was accounted for by a straight-line
relationship for the entire study, one would expect deviations from the
assumed linear zero-exposure trend.

Subparts of the study encompassing PCE expo9ure and diazepaa coabinations
produced the following multiple regression equations:

AN score - 47.91 - 0.1322 D - 0.0041 P + 0.0861 V + 0.9428 (P x V) + s~jeet effectI

PH score. 44.42 - 0.1251 D - 0.0024 P + 0.0874 V - 0.0010 (P x V) + subject effect.

Where: D • day n.....r (0 thr....... 75)

P - lev("1... of peE (0, 25. or 100 p,.)

V - level of 41.&e,.. (0, placebo ~ 0, 6 or 10 as/day)

•

The analysis of variance for each multiple ~egre8sion is given in Tables
XLV and XLVI. The linear day trend was the only significant effect.
PC& and the interaction with diazepam showed no significant effects.
Analysis of all days excluding alcohol (0.75 and 1.5) and diazepam (6
and 10) yielded multiple regression equations:

AM .~are - 47.59 - 0.1259 D - 0.0055 P + Jubjec~ effe~t.

PK leore • 44.28 - 0.11960 - 0.0032 P + subject effectl

Corresponding analysis of variance tables are not presented, but as
inoicatec by the underlined effects, only the linear day trend was
significant. The AM and PH scores for these no ethanol:no diazepam days
correlated quite highly (r = 0.9324), agreeing with the previous repQrt
by Pook (1967).

Flanagan Coordination Test

The F'lanagan cooldination test required the subjects to draw with a
pencil a continuous spiral path between well-marked ~piral boundaries •
Forty sec were allowed for co~pletion of each of four scored trials and
the test score was a function of the greatest distance obtained and the
number of spiral borders that were touched (adds negatively to the final
score). The scoring was standardized to a 0 to 100 point scale, with
100 polnts signifying a perf~ct score. Scores above 100 were impossible
and scores of 100 were rarely obtained. However, scores below zero can
be observed when subjects are intoxicated (alcohol). Past experience
has shown that individuals show marked differences in the Flanagan
coordination test. Improvement in score was generally achieved over a
period of weeks, particularly for subjects with low initial scores and
less frequently for subjects with high initial scores.
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The gra.' In Figure 14 shows the daily Flanagan coordination mean
responses for th~ entire study period. The average trend line shown waa
outained only froa the zero exposure days of the study (open circles on
graph). The trend line reveals only slight iaprovement for the group of
nine subjects. The boundary about the line depicts a region tbat can be
expected to contain about 95% of future coordination score .eans if
experiaental conditions reaain at zero (no PCE, diazepaa, or alcohol).
Obvious deviations fra. the control situation occurred during weeks when
subjects received either low alcohol or high alcohol. The trend ad­
justed t-tests given in Table XLIV show that significant deviations
obtained during low alcohol, high alcohol and high PCE, hilh diazepaa,
high diazepam and high PCE. and low diazepam and high PCE. All of these
deviations r.esulted in an average reduction in the coordination score.
Multiple linear regression analysis perfor.ed on zero-expoaure days and
alcohol exposure weeks yielded aultiple regression equations:

C • 81.11 + 0.0456 D - 0.0418 P - 7.0537 A + 8u~ject effect.

c - 80.83 + 0.0453 D - 0,0332 P -~~ - 0.01848 (P x A) + subject effect.

Where: C • averAge cOQrdination score

D • day nuaber (0 through 75)

P • level of peE (Ot 25. or 100 pp.)

A - le.el of Alcohol (0, 0.75, or 1.5 al/oa)

•

Underlined coefficients in the above equations correspond to significant
effects as deterained by the analysis of variance for the ~~ltiple

regression(s) (Table XLVII). The effect of PCE and alcohol is exhibited
by an augmented drop in average score, particularly noticeable on days
58 and 60 (Figure 14). However, the interaction effect was not statisti­
cally significant (in the equation above). Alcohol had an extremely
significant effect and this is obvious in Figure 14 and iu Table XLVII.
By focusing only on this subset of the study, the linear effect of PCE
indicated a drop in coordination score of three to four unit8 per 100
ppa PCE. A siailar effect of PCE was not entirely confiraed for days
when alcohol and/or diazepam (including placebo) was absent, but inclusion
of placebo (diazepaa) days to other zero days yielded a statistically
significant linear PCE effect. The corresponding aultiple regression
equation for the drug non-exposure days are:

C - 79.79 + 0.0482 D - 0.0191 P + subject effects
C • 81.36 + 0.0164 D - 0.0387 P + subject effects (placebo days included)

Analysis of PCE and diazepam exposure revealed similar results. Multi­
ple regression equstions reflecting effects of days, PCE and diazep.a
are:
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C. 80.10 + 0.0413 D - G.02S3 P - 0.226S V + subject efhcts

C • eo.OS + 0.0413 ~ - 0.0241 P - 0.209S V - 0.00042 <P • V) + subject effect.

Where; C • averale Flanagan coordination score

J) • day nUlber

p • lev~l of peE (ppm)

v - 1,',01 of dhae,.. <../d•.,>

•

Table XLVIII gives the corresponding analysis of variance results to
multiple regressions. The effect of diazepaa was not statistically
significant, the interaction of PCE and diazepaa (linear interaction)
was not statistically significant, and the linear effect of PCE and the
linear day trend showed statistical s~gnificance only in the first
equation above. These results were derived frc. an analysis that eoa­
pared exposure factors with s.-ller measures of randoa variation (the
Residual Hean Square of Table XLVIII is _lIer than the Residual Hean
Square of Table XLVII) and this accounts for the day trend being declared
significant.

The effect of PCE was in the neiphborhood of a two to four unit reduction
for a 10C ppm exposure to PCE. This effect was not consistently statisti­
cally significant for all subparts of the experiment.

Rotary Pursuit Test

The rotary pursuit test required the subjects to aaneuver a hand-held
electronic recording stylus in a circular pattern so that it "pursued" a
one-inch square light that revolved in a 30-cm diameter circle. The
rotation of the light ior each of four successive trials was fixed at
constant speeds of IS, 30, 45, and 60 rpm, with each trial lasting 45
sec. Variables recorded that characterized each subject's performance
were (1) the time off target, in seconds, and (2) the number of errors
or the number of times the stylus moved off and onto the target while
tracking it. This Was an eye-hand coordination test similar to the
Flanagan coordination test in the sense that circular motion waS involved.
However, it differed froa the Flanagan in several respects, namely (1)
the circular pattern was much larger than the series of concentric
spirals of the Flanagan, (2) the speed of the rotation was fixed for
each trial, and (3) the rotary pursuit waa adainistered in a standing
rather than a sitting position as in the Flanagan.

Analysis of the rotary pursuit data revealed that the time off target
and the number of errors provided nearly equivalent informat"~n with
respect to the influence of PCE, alcohol, and diazepam. Figures 15. 16,
17, and 18 depict the daily mean results for each rotation speed. As
rotation velocity increased. the time off target also increased; and as
the stuay progresse~the subjects exhibited improved trends in tracking
ability at each of the four speeds.

The effects of PCE and alcohol are illustrated in the following multiple
regression equations:
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TIS. 1.47 - 0.00321 n + 0.00132 P + 0.73159 A + 0.00021 (P x A) + subject effects

T • 1.8& - 0.04124 0 - 0.D0281 P + 2.9831 A + 0.00567 (P x A) + subject effects
30 -- -------

T • 11.08 - 0.08345 0 + 0.00548 P + 5.2654 A + 0.00836 (P x A) + subject effects
45 ---- ---

T ~ 26.36 - Oe07443 D - 0.01267 P + 3.6921 A + 0.02129 (P x A) + subject effects
60 ----

Where: T. - ti.e off target at .peed s (rpa)

D • day number (froa 1 to 15)

A - level of alcohol (0. O~7S. or 1.5 .l!~&)

P • level of PCE (0, 25, or 100 pp.)

•

Analysis of variance tables that correspond to the above regression
equations are given in Tables XLIX, L, LI, and LlI. Results indicated
a clear day trend that exhibite" improvelDSDt in perfor-nce. Alcohol
effects significantly increased the time off target at all four rotation
speeds. However, the effect of PCE was not significant at any of the
four speeds, and moreover, the alternating signs of the PCE coefficients
suggests inconsistent directional effects. The linear by linear inter­
action of PCE and alcohol wss also non-significant,except at 6~ rpm
trials,where it was significant at the p = 0.05 level. The effect of
alcohol is quite obvious in Figures IS, 16, 11, and 18. It is note­
worthy that the number 01 errors also showed similar deviations from
expected responses during zero exposure conditione,except at the fastest
rotation speed, where the number of errors is lower than expected be­
cause of the large amount of time spent off the target during high
alcohol conditions. The trend adjusted t-tests in Table XLIV demon­
strate that the high level alcohol week resulted in the most consistent
significant deviations fcom the expected respcnse of ~ero exposures.
This occurred for all four rotation speeds and also for the number of
errors at 15 and 30 rpm. The low alcohol week showed essentially no
significant deviations from the expected trend line (Figures IS, 16, 11,
18, and Table XLIV).

Multiple regression equations that display the effects of diazepam, PCE,
and day trends in concert are:

T
1S

• 1.45 - 0.00233 D - 0.00082 P + ~07149 v - OO7סס.0 (P x V) + subject effects

T
30

• 7.33 - 0.036.41 0 - 0.00463 P + 0.06806 V + 0.00093 (P l': V) + $u;jece effecn

'45. 1&.&5 - 0.07524 0 + 0.00130 P + 0.21287 V - 0.00053 (p x V) + subject .'i'ecU

'60 • 25.&1 - 0.06754 D - 0.00968 P + 0.23283 V + 0.00053 (P x V) + subject effects

Where: V· level of dl.~er" (0. 6, or 10 aa/d.y)

Analysis of variance tables that correspond to the above equations are
found in Tables LUI, LlV, LV, and LVI. As with the alcohol subset
analysis, the diazepam and peE analysis showed no significant peE effect
and no significant linear by linear interaction effect of PCE and diaze­
pam. This conclusLon was made for each of the four rotation speeds.
The day trend is significant at speeds of 30, 45, and 60 rpm, and the
effect of diazepam is signHicant at IS, 45, and 60 r.pm, in the regres­
sions shown above. If the 30 rpm speed is analyzed ignoring the inter­
action term, the resulting multiple regression equation becomes:
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r
30

• 7.23 - 0.03652 n - 0.00182 P + 0.10602 V + oubject efCect.

Now the diazepam effect reappea~s with a larger coefficient and also
tests to be statistically significant (p < 0.005). (The corresponding
analysis of variance is not presented.) The diazepam effect indicates
that ti-e off target increased as the dose of diazepam was increased.
Trend adjusted t-tests show no significant deviati~ns for the 6 .. dose
of diazepam during Week 2. and a few significant deviations at the 30
rp. speed at the identical dose level during Week 11 (see Table XLIV).
The high dose diazepaa week. Week 7. Jhowed essentially no significant
deviations frca the eJCllected zero exposure trend line. Oddly though.
the placebo diazepaa exposure (week 4) produced significant deviations
frOil the expected respOllses for the 15. 30. and 45 rpa speeds on no PCE
and PCE days. SOlIe deviations fr.... control levels would be expected.

The suaaary of the multiple regressinn analyses of the rotary pursui~

data is as follows: (1) PCE did no~ exhibit a statistically siRnificant
effect for ti_ off target. (2) its inter.action with alcohol or diazepam
also showed no statistical significance, and (3) alcohol and diazepam
alone each produced significant effects that increased the ti_ off
target.

NEUROLOGICAL MEASUREMENTS

Only once during the three-month study did a subject perform abno~lly

on the equilibrium test. This occurred on a high-dose diazepam c08bined
with 100 ppm PCE day in the test given just prior to leaving the chamber.
Subject 95 could not perfora a normal heel-to-toe walk with eyes closed.
Because all other subjects perfOX"1lled the dual test (Romberg and heel-to­
toe) normally. this single abnormal result of 18 tests perfol~d under
these conditions was considered as spurious.

The subjects were divided into Groups A and B as explained earlier.
Group A undergoing electroencephalographic tests on ethanol. placebo.
and certain control days while Group B underwent EEG testing on diaze"
pam. alternate placebo. and alternate control days. Figures 19 through
24 and 25 throu"h 30 are plots of each subjects' EEG power spectra which
are representative of those generated during each treatment condition
for the PCE-ethanol (Group A) and PCE-diazepam (Group B) subject groups,
respectively. Table LVII presents the results of the analysis of variance
for shifts in the dominant frequency from each of the four leads over
all the treatment conditions. Tables LVIII and LIK present the results
of the analysis of va~iance for chanses in the percent relative activity
in the n. ~. 6 and &b3nds for each of the four leads over all the
treatment conditions.

Visual comparison of the three power spectra derived frem subjects in
Group A (Figures 19, 20, and 23) showed that subjects 117 and 327 had no
shifts in the distribution during treatment days that did not also occur
on control clays. Subject 95, however, did show increased n activity in
lead 3 (F7-F8) and increased 0 activity in lead 2 (F8-02) after ingesting
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alcohol during Week 5, but this did not occur consistently over all the
days of that week. Neither did it occur at the higher level of alcohol
ingestion. The peak that appears i~ these power spectra at 4 Hz is an
artifact of 60 Hz noise. The noise appeared at 4 Hz due to the sampling
rate, and while it appeared in some of the spectra, it was not visible
in the EEG tracings themselves.

The one-way analysis of variance for the three subjects in Group A
showed no aignificant effects on the doainant frequency for any subject
(Table LVII), but did show an effect in the percent relative amount of
activity in the a band for subject 95 (Table LVIII). This effect was a
significant decrease in the relative amount of a activity in lead 2 (F8­
02) during the high alcohol alone, and the high PCE plus placebo, treat­
ment days.

Visual cosparison of the power spectra of the six subjects in Group B
(Figures 25 through 30) show no consistent changes between treatment
conditions. The one-way analysis of variance teats showed several
Significant shifts in the dominant frequency in one of six subjects
(Table LVII) and percent relative activity of bands frca four le~ds

(Table LIX) in four of the aix subjects. These shifts are correlated
with the co.~responding treatment conditions in Table LX. Although no
consistent pst tern e..rged, a majority of them occurred on a combined
PCE exposure and diazepam ingestion day, and was elicited as increased
B activity. Voly one of these (subject 333, increased B activity in
lead 1) can be attributed to a deviation in conditions. as this oc­
curred on the day a light inadvertently blinked in the darkened testing
room.
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DISCUSSION

The discussion of the voluainous bank of data obtained in this study is
divided into four ..in parts: (1) the effect of perchloroethylene (PCE)
alone. (2) the effect of alcohol alone and in ca.bination with PCE. (3)
the effect of dia.epaa alone and in coabinatioft with PCE. and (4) the
co-parison of behavioral tests.

A co-prehenaive study on the total effect of repeated exposure to PC!
alone bas been reported froa this laboratory (Stewart. ~ al •• 1974).
The following conclusions were advanced in that Unal report:

1. Repeated daily exposurea to PeE r.ault 1n a t.chyPhyl.~~te

t1pe of response re••rd1na 8ubjective feelinc8 aad odor deteetion.
'!'her.fore. both of thea. par_tela ate unreliable _aBurea of ex­
posure ~oncentr.tlon.

2. net. t. considerable individual dlfferenef: in subjeetive
r••poaae to PCI "apor exposurea ..

3. BIG _ly... iactieate that the preU..1M.ry atlua of nar­
coei. are preaent in ..t 8ubject. expoeed to 100 ,pa PCB for 7-1/2
....... ~. day.

4. I.,.1n.ent of coord1natiOQ. -1 occur at lS\) ppa expo.ure
for 1-1/2 hou•••

5. leeauH there 18 vel'y little _tabolt.. of PeE by h~...
tbe c:lIS re_. 10 probably due to .be l'CE it••U.

6. Anal,81. of the ehealcal in the poateXP08ure eX'!'1red
breath provides •• excellent tool for ••tlaatina the "1Q1tude of
tbe body burden of PCE.

7. Phyaieal activity (exerei••) durin, '~1'O.ur. to PCI dr-.­
tically incrta••s the body burden of the ch~cal. Therefore, the
t18e-we1ahted avera.. concentration to which a ..Ie or £...le bu.an
i. expoeed aa1 not r.fl«ct the true body burden attained by that
indbidual.

S. Poatexpoau'f'e level. of the cheaical ill the breath are an
accurate reflection of the body burden and thqa pxqylde a ·~iolo.ic

tbresbold 11.1t value" for worker expo_ure to thb eheatcal.

None of the above conclusions need be abrolated frOlI the results of the
present study; however. several require further clarification. None of
the twelve subjects exposed to PCE in the present study was unusually
susceptible to PCE vapors as related to objective testa. However. as in
the previous study, one subject reported ...ny IIOre subjective s~t~
than all others. This subject accounted for 1/3 of the incidence of
headache and 2/3 of the nausea reported by the nine subjecta who ca.pleted
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the study. This subject also reported ENT irritation on all but 8 of
the 55 exposure days. Upon analysis of the times of reporting these
subjective symptoms, it was found that there was no relationship to PCE
vapor exposure; in fact, the incidence decreased somewhat when the 100
ppm PCE exposure concentrations were compared te> non-PCE exposures.

The preliminary signs of narcosis, as indicated by EEG changes found by
subjective review of tracings in most subjects exposed to 100 ppm PCE
for 7-1/2 hr in the previous study, were not found with PCE alone in the
present study. In this study, the EEG power spectra analyzed were
obtained by averaging six power spectra generated from four 4-sec epochs
for a total of 96 sec. This should have been sufficient time to demons­
trate any significant changes in the spectra had they occurred. The
conditions and subjects for the two studies were different, therefore,
one cannot assume that either study was in error regarding EEG changes
from exposure to 100 ppm PCEe However, it appears that EEG testing is
an unreliable test for the early detection of narcosis due to PCE expo­
sure.

Of great interest is the fact that PCE alone caused a significant
decrement in the Flanagan coordination scores on some of the 10o-ppm
exposure days. This confirms the finding in the previous study wherein
the group of male subjects exposed to 150 ppm for 7-1/2 hr per day had a
significant decrement in performance on the same test. There were no
significant decrements in performance in the Michigan eye-hand or rotary
pursuit tests due to PCE alone.

The assessment of effects of PCE upon any change frOm control in mood of
the subjects during exposure to 100 ppm revealed almost no effect either
by the subjects own assessment or by the assessment of staff personnel.
Analysis of variance did reveal that during the diazepam treatment
weeks, POE exposure caused the subjects to feel more friendly than
expected. In looking at the weekly data, this appears to have been due
to a ''more friendly" attitude during Week 3 when the subjects may have
first felt "better acquainted."

Analysis of the blood and breath levels for PCE after 30 min of exercise
confirmed the rather dramatic effect that exercise confers upon body
burden of PCE. The previous study had indicated that an increase would
occur and this was confirmed. The similarities in blood and breath PCE
levels between male and female subjects found in this study are different
from the previous study. However, it was theorized that the lower
levels found in female subjects previously could have been due to the
fact that they did not exercise during the exposures, while male subjects
exercised. though minimally.

Post exposure breath analysis at 30 min revealed that 5-1/2 hI' of
exposure to PCE vapor resulted in a mean breath level of 17.6 + 3.3 ppm
(n - 64) PCE for all subjects exposed to PCE alone or PCE and placebo.
This compares favorably to the previous study of male subjects where a
similar exposure to PCE vapor for 7-12 hI' resulted in a mean PCE breath
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concentration of 26.5 + 3.2 ppa (n • 40) 30 ..in post exposure. These
results further confit; that o;post exposure expired breath provides an
excellent tool for estimating the magnitude of the body burden of PCE."

In sUJIlIIUlry, we found no effects from the exposure of twelve h.....n
subjects to PCE vapor at 2S or 100 ppm concentration for 5-1/2 hr that
were either unpredictable or unexpected.

Turning tQ the effects of alcohol, it has been iapossible to review all
of the myriad of previous publications on the behavioral effects of
alcohoL In our own laboratory, we have found in previous studies that
blood alcohol levels of > SO mg/dl caused a significant decre.ent in
perfo nce scores of the Flanagan coordination test. Mosltovitz and
Sha (1974) reported a decre.ent in the dual-attention tasks test, if
the central white light was blinking, with blood alcohol levels of
0.06%. (Breathalyzer test. This is eqUivalent to ca. 60 ..g/dl.) Using
the rotary pursuit test, Kelant, et al., (1975) found a decrement in
performance, measured by time on target at 30 rpa for 1 .in, in both
male and felll8le subjects when blood levels reached SO to 70 mg/dl.
These levels were similar to our high dose levels. Sidell and Pless
(1911) found the "greatest decrement in performance was on the test
requiring hand-eye coordination; lesser decre.ents were produced on
tests of cognitive ability" when subjects ingested from 0.5 to 2.0 ml
ethanol/kg body weight. Serial blood alcohol levels revealed a rather
level concentration from 0.5 to 2 hr post dosing when the alcohol was
consumed as a juice "cocktail" over a half-hour period. At the blood
levels equivalent to our low dose, the blood alcohol level was reduced
to almost zero at 4 hr post dosing, while the level equivalent to our
high dose level neared zero at 6 br. Jones and Vega (1912) showed that
after alcohol consumption, which was slightly higher than our high dose,
students demonstrated a poorer performance on cognitive testing only
when the blood alcohol concentration was rising. While the concentration
was decreasing (about 2 hr post dosing), performance was identical to
placebo controls. From these results, it would appear that all of our
behavioral testing was carried out during the correct time period post
dosing to observe maximum decrement in performance. However. the EEG
spectra were obtained on the descending limb of tbe blood alcohol con­
centration curve at a time when the expected alcohol effect was past its
maximum•

The mood tests completed by the subjects themselves did not confirm the
staff assessment that alcohol increased the subjects' general "euphoric"
mood. In fact. the consumption of alcohol had a significant effect on
only two categories of the subjects' own sssessaent of their mood. The
scores in the cognitive gain category (which included tbe sdjectives
confused, able to think clearly, forgetful, able to concentrate, and
alert) were significantly lowered due to alcohol, while those for the
miscellaneous category (suspicious, feel sexy. need a cigsrette. need a
drink, taken advantage of, hungry, headache, stomach upset, and trouble
seeing) were significantly increased. Although these changes in ''mood''
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could be expected. the subjects did not see themselves AS ~re carefree
and friendly AS the staff assessed thea. In addition. there was no
interactive effect between PCE and alcohol on the subjects' own asseSSDent
of their mood.

The Michigan eye-hand coordination test was the only test in which all
subjects participated in daily both prior to and after consumin3 alcohol
or a dose of diazepsa. Alcohol alone at 1.5 aI/kg had a significant
effect. resulting in an increased score (a slowing down). upon the
perforunce of this coordination test. There was no significant blter­
action with PCE. even at the 100 ppa exposure concentration. A similar
picture was obtained with the Flanaaan coordination test. Here, a
significant reduction in score, equivalent to a poorer perforaance. vas
observed with both low and high alcohol alone. Although high PCE also
caused an occasionally significant decre.ent in perfo~ce. the inter­
action effect between slcohol and PCE was not statistically significant
due to the extr_ly significant effect of the alcohol. Alcohol alone
also had a significant detrt.ental effect upon perforaance of the rotary
pursuit test, both in ti.e off target and in nuaber of errors. during
the high dose week. However. this was Itot true during the low dose
week. nor was there a statistically significant interaction with PCE.
Moskowitz (1974) has observed siguificant effects of alcohol at low
dosage levels on the dual-attention tasks test where divided attention
to both signal detection and recall of st.llitaneoualy presented digits
were required.

Ethanol cons_ption alone. or with st.lllt_ous e"posure to PCE. had
little effect on the power spectra generated froa the EEGs. One of the
three subjects who underwent EEG testing during the ethanol dosing weeks
did show significantly increased ~ activity which would correlate with
a aore relaxed feeling. It is not surprising that ~~ alc~hol effect
upon the EEG was not uncovered because the EEG t~sting vas carried out
eit/ler before the consUIIPtion of the "cocktails" or several hours after
when blood alcohol levels were probably low or undetectable (Jones and
Vega. 1972).

Before leaving the subject of alcohol effects. it ~st be Gentioned that
PCE at 25 ppm se_d to have a positive effect on the blood alcohol
concentration. particularly at the lower dose level. The average blood
alcohol level of eight subjects was 50.7 ± 8.6 ..g/dl during the low
alcohol. low PC! day, while it was significantly lower. 40.1 ± 12.5
mg/dl on the tva low alcohol. zero PCE days. A similar relationship was
deaonstrated during the high alcohol week. although the difference was
not significant (66.1 ± 17.7 vs 58.5 ± 13.2). It aay also be recalled
that alcohol (both weeks combined) had a statistically significant
effect on the blood level of PCE durl.ng low PCE (25 ppa) e:I<Posure days
(Table XXXV). The reason for these increases is uncertain. although
they aay have simply been due to the physical effects of solubility.
However. one would have expected them to also occur at the high dose
levels.

Kleinknecht and Donaldson (1975) have recently reviewed the effects of
diazepam on cognitive and psychOllOtor perforaanc.e. Fr.. this review. it
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is evident that our dosage regimens of 6 mg or 10 mg per day were on the
threshold of impaired perfora.nce in many of the various tasks assessed.
The review divided the tasks into six major groupings: reflex speed;
critical fHcker fusion threshold; attention and vigilance; decision
making; learnlng and memory; and psychomotor performance. At 6 mg per
day or les6, lt seems that only the critical flicker fusion threshold
was deflnitively impaired, while reflex speed was unimpaired at doses up
to 15 mg/day. In one of the papers, the reviewers report that 10 mg of
dlaz~pam administered over a l4-hr period had no effect on the pursuit
rotor test. Combination effects of diazepam and alcohol taken together
were reported as additive, or occasionally potentiating, although "typi­
cally the effects are not dramatic."

A factor that often was not taken into account in the previous studies
was the cuaulative dose effect. In our studies, diazepam blood levels
were generally lowest on Monday, and generally increased during the
week, despite the beginning of dosing on the previous Friday
evening. Hillstead, Hansen, and Melsom (1974) also reported a cumulation
of diazepam, and metabolite, in blood over a period of one week. However,
the clinical effects, evaluated somewhat subjectively and classified on
a zero to four scale, were not changed greatly during the full two weeks
of dosing at 15 IIl8/day (5 mg t.i.d.). We found a lower mean blood level
after 10 mg/day dosage during Week 7 than during Week 3 when the dosage
was 6 mg/day. A repeat of the 6 IIl8/day dosage reg1llle during Week 11
yielded significantly lower mean blood levels. Blood sampling was
carried out at the S81lle time period after capsule ingestion all three
weeks. The lowered diazepam blood levels we found during the second and
third week of dosing corroborate the work of Sellman, et al., (1975) and
indicate that metabolic enzyme induction reduced the bloo~levels of
diazepam. The results of the rotary pursuit testing indicate that this
reduction in blood level was not associated with a decrement in performance.

Diazepam alone or in combination with PCE had no significant effect upon
the performance of the Michigan eye-hand or the Flanagan coordination
teats in our studies. However, the drug alone had a significant effect
on the time ~ff target, but no interaction effects with PCE, in the
rotary pursuit test. The EEG changes seen in this study almost all
occurred during a combination of PCE and diazepam. Interestingly, the
peE plus diazepam changes were asymmetrical, generally occurring in only
one lead. Although an asymmetrical EEG change is unusual, it is in
agreement with the previous PCE study from this laboratory (Stewart, et
~., 1974) and the report of Hynek, Tosovsky, and SUsov& (1975), who
related asymmetrical changes to right and left handedness. Contrary to
our previous study, the majority of changes seen in the present study
were increases in a activity as opposed to 9 activity. Mantagu (1972)
has studied the effects of low doses of diazepam on the EEG of normal
subjects and reported decreased theta activity and increased beta activity
with eyes open. During the eyes shut testing, his subjects demonstrated
typical light sleep and drowsiness in their EEG patterns.

Diazepam also had a visible effect upon the staff's assessment of mood
of the subjects. The staff evaluation of the subjects' mood and behavior
resulted in decreased ale?tness, concentration, happiness, peppiness,
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giddiness. talkativeness. and activity. all especially noticeable during
the high dose week. However, the subjects' themselves revealed only a
significant decrease in the miscellaneous mood category attributable to
diazepam dosing. This category included the adjectives suspicious. feel
sexy, need a cigarette, need a drink, taken advantage of, hungry, head­
ache, stomach upset, and trouble seeing. There was also a significant
interactive effect with PCE during the diazepam dosing weeks resulting
in a mood of less friendlineds. Included in this category were the
adjectiv~s good natured, friendly, kind, warmhearted, pleasant, and
considerate. From this result. we can assume that the subjects assessed
themselves to be less friendly during the diazepam and high PCE exposure
days.

The effect on each behavioral test for which the data has been analyzed
demonstrates that each test pro~ided slightly different results. How­
ever, in none of the behavioral tests was there an int~raction effect
between PCE and alcohol or PCE and diazepam. The general increases in
the average scores of the Michigan eye-hand coordination test were:

EXPOSURE CONDITION SCORE INCREASE'-- -'COItI="'£NT""' _

peE. 100 pp.

Dilzep8a. 10 ag/day

Alcohol. 1.5 mIlks

O~25 to 0.50 sec

0.86 sec

3.1 sec

not sianificant

not significant

sianificant

The general reduction in the average scores of the Flanagan coordination
test were:

EXPOSURE 5:O"""ND""'IT...I"'0"-N "'SCO""'~R"'E_'REDU"'_""CT"_'_'I"'ON"___ "'COIfiENT""''''''~ _

PCE, 100 ppm

Dia~epam. 10 _g/day

Alcohol. 1.5 mIlks

2 to 'i Utl!.~.

2 units

9 to 10 units

occasionally significant

Dot significant

h11hly sisnificsnt

•

The average changes in time off target in the rotary pursuit test due to
exposure conditions were:

EnECT ON TIIlF. OFF TAReET (SECONDS)

Exposure
Condition 15 rpm 30 rpll 45 r"", 60 rpa C~nt

PCE. all not
100 ppa .08 \, +.3 .28 to .46 +.1 to +. .5 .9 to -1.2 81&nifLcant

Diazep8JI, .U significant
10 as/day +0.7 +1.1 +2.1 +2.3 deere_ncs

Alcohol. all signlf1c:ant
1.5 ..l/kg +1.1. +4.5 +7.9 +5.5 decre:.ents

74 Days of all 81I\nifi,:ant
TeaUna. -.2 to -.4 -2.7 to -5.0 -5.6 to -8.0 -5.1 to -6.4 iaproveM:nts
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Comparison of the results from these three behavioral tests show that
the high dose of alcohol had a significant detrimental effect on perfor­
mance in all three tests, the high dose of diazepam had a detrimental
effect on performance of only the rotary pursuit test, and high PCE had
an occasional detrimental effect only on the Flanagan coordination test.

The correlation of performances on the rotary pursuit test at four
speeds to the other two coordination tests during 21 days when complete
data for all nine subjects was available resulted in the following
levels of correlation:

TEST 15 rp. )0 rpm 45 rpm.. 60 rpm.
low middle high low middle high low bliddle hi&h low middle high

Flanagan
coor<~ ··,nation -.77 -.53 +.15 -.90 -.60 -.17 -.81 -.62 +.01 -.66 -.45 +.29

Kichigan eye-
hand, AM -.37 +.08 +.49 -.29 +.25 +.53 -.40 +.29 +.73 +.01 +.43 +.77

Michigan eye-
hand t PH -.32 +.11 +.83 -.26 +.31 +.78 -.20 +.28 -1-'.86 -.01 +.54 +.88

From these correlations it c~n be concluded that the rotary pursuit test
at all speeds is moderately correlated with the Flanagan coordination
test while the Michigan eye-hand coordination test, both AM and PM.
correlate best with the rotary pursuit test at high speeds and poorly at
low speeds. These results, together with the detrimental differences
already noted, suggest that these coordination tests measure similar but
not identical tasks •
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CONCLUSIONS

A comprehensive study of the behavioral and neurological effects of
perchloroethylene (tetrachloroethylene) exposure al?ne at OSHA standard
concentrations, and in combination with low doses of diazepam or alcohol,
has been carried out, The result of data analysis from one behavioral
test is not yet available. However, the results of all other behavioral
testing lead us to conclude that perchloroethylene at its present
standard of 100 ppm had no consistent, significant effect upon the perfor­
mance of four beha~ioral tests, and the addition of alcohol or diazepam
at relatively low levels added no significant decrement to performance
over and above that imposed by the alcohol or diazepam itselfo There
was a non-consistent significant detrimental effect of perchloroethylene
alone in the performance of the Flanagan coordination testo However,
any additive effect or interaction with alcohol was obscured by the
highly sigi,ificant alcohol effect upon the performance of this testo
There was no additive effect by diazepam addition to the P~E exposureo
Analysis of neurological data revealed a significant but inconsistent
i"crease in the beta activity of the EEG during combined perchloroethylene
exposure and diazepam doaingo We interpret this increased beta activity
to be due primarily to the diazepam, although it did not appear consis­
tenely with diazepam alone. However, diazepam alone has been reported
to have tltis effect, whereas, perchloroethylene alone has not.

At the levels of dosing studied, there was no exacerbation of the deleter­
ious behavioral and/or neurological effects of either alcohol or diazepam
when perchloroethylene was added to the exposureo However, the results
emphasize rhe hazard involved with drinking alcohol during any work
situation, as decrements in coordination were found at blood alcohol
~evels below those generally considered to be legally drunk (100 mg %).
Diazepam, at the low dosages generally prescribed for outpatients,
caused a significant decrement in only One of three coordination tests.
The EEG changes noted are therefore difficult to associate with any
projected increased work hazard from these low dosageso In summary,
the results from this laboratory study suggest that the degree of
hazard the workman presents to himself and others when the effect of
low doses of alcohol or diazepam are added to that of breathing OSHA
standard PCE vapor levels will be no greater than these attributable
to the alcohol or diazepam alone.
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TABLE HI

SUBJECTS PARTICIPATING IN STUDY

SUBJECT ASSIGNEIi HEIGHT WEIGHT
NIlKBER GROUP AGE (ca.) (kg. )

FEMALE

95 A 37 164 62.3

326 A 23 170 61.1

327 A 19 165 59.2

328 B 25 162 81.6

329 B 27 172 56.6

330 B 24 160 61.0

MALE

117 A 27 111 15.8

.l.23 A 42 173 69.2

331 A 33 182 78.4

332 B 22 170 59.8

• 333 B 23 180 59.8

334 B 29 178 84.8
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TABLE IV

SlIHMARY OF SUBJECT ATTENDANCE DURING STUDY

SUBJECT POTENTIAL TOTAL DAYS TOTAL DAYS
llUMllER & SEX DAYS, TOTAL PRESENT ABSENT

GROUP A

95, F 55 54 1

326, F 19
a

19 0

327, F 55 45 10

117, M 55 48 7

123, K 32b 22 10

331, H 17-1/"'1 17-1/2 0

GROUP B

328, F 55 47 8

329, F 5S S4 1

330, F 55 55 0

332, YJ 55 50 5

333, M B C 51 2

• 334, H 55 53 2

a withdrew from study

b withdrawn from study

c
alternate subject

AO



TABLE V

PCE CONCENTRATION TN EXPOSURE CIWIBER
1WA and SD in Pplll

qlOO.li5 6
±3.7 ;

111~:: 1 12 113
'~-'-f-'--"--' ~--I..

Saturday I Sunday
ADDIT. I

I
WEEK' EXPOSURE I Uonday--'._--- ..

2 none i

---...

!73 Valium 0
6 lIIg

4 i Placebo : 1q 0,

Tuesday

11 0

I
8 0

: 15 0
I

, I

: Wednesday I Thursday

2 0 3 25.1
-+0.9

9 99.9 10 25.7
±3.4 ±1.0

, 16101.5
:t4.9

Friday

18 100.0: 19
+2.9 '
- !

20

I 3125.2 3299.9 33
I., ±1.4 L., ±2.7;

3825.4 39100.2 40
±1.3 +3.7-_......~---" ..-.~

5 Alcohol i 21 0
, 0.75ml/kg

"~ ' I,
6 none : 28100.3

±J.4

7 Valium
,

35 0
10 mg

8 Placebo : 42 0,
.. - .- ._.. - J

;i22 0

; 29 0

i 36 0

I
!

: 43 0

i ..
; .>00
'- _.- -+-,
, 37101.0

±3.5

4499.8
+:1.3

4525.1
+1.0

4699.2 . q7
±2.9 ;

27

34

41

48

62

55

6099.7 ' 61
. ±3.6 .

6799.8 68 69
...... +3~,__ ... "_ ,..

74100.3
±3.l

52 53' 54
THANKSGIVING HOLIDAYS

5925.7
+1.2

510

64 0

58100.3 I
..;!:'t. 0 '

. "1'"
: 65 100.8 ! 66 25.0

......... _; ._±~.2 .._j... +1.0

i 70 100.0 71 0 : 72 0 I 7325.4
I ±3.5 ; ±l.l

none

nonf'!9

12

,
10 Alcohol; 56 0

1.5ml/kg !
---- '" I

11 Valium I 63 0
6mg

! 49 25.3 ! 50 0,
I +1.0,._-,_.._~ . - ~ .. ---:,-__.._--.-.

!
, 57 0

•
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TABLE VI

HL VODKA CONSUMED BY SUBJECTS DAILY DURING WEEKS 5 & 10

GROUP A
SUBJECT SEX WEEK 5 WEEK 10

95 F 64 la1 90 al

326 F out of study out of study

327 F 55 .1 90 al

117 M 76 al 110 ..1

123 M 65 1Il1 out of study

331 M 75 ..I out of study

GROUP B

SUBJECT SEX WEEK 5 WEEK 10

328 F 60 ..I 120 ..I

329 F 56 1Il1 90 1Il1

330 F 60 1Il1 90 1Il1

332 M 62 1Il1 100 IIlI

333 M 60 m1 100 ..1

334 M 75 ..1 100 ..I
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TABLE VII

DEVIATIONS TO DIAZEPAM AND PLACEBO DOSES

WEEKEND 328 missed 1 dose; 331 missed 3 doses; 332 .issed 1 dos.; 334 ~.8ed

7 doses (all).

MONDAY 331 missed breakfast dose; 334 aissed breakf..t dose.

TUESDAY 327 missed breakfast dose.

WEDNESDAY - 117 missed breakfast dose.

THURSDAY - 327 missed supper dose; 331 mi.sed supper dose.

FRIDAY 327 mbsed breakfast dose.

WEEK 4: ThJr.ee pt4cebo ClJ.p4u.te6/dalJ, w.Uh meaU, .\.taU:Utg Oil weekend.

WEEKEND 326, 328, 331 and )33 missed 1 dose.

KONDAY 117 and 123 absent.

TUESDAY 123 absent; 331 missed breakfast dose.

WEDNESDAY - 121 & 327 absent; 329 - no doses after breakfast.

THURSDAY - 123 absent; 329 - no doses.

FRIDAY 123 absent.

WEEK 7: Two cwnepam Cilp4u.te6/day, w/btLeak6a6t and .\uppeJt, ~.t.aIl:.ting Oil wuke.tld•

WEEKEND 327 missed 5 doses (all).

MONDAY 123 absent.

TUESDAY 123 absent.

WEDNESDAY - 123 and 332 absent, no doses.

THURSDAY 123 absent.

FRIDAY 123 absent; 300 missed chamber dose due to Dausea.
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TABLE VII (continued)

Two ptacebo cal)6u.iu/da!l. wlbJr.eak6aAt /lIld ~uppeJr.. 4t1VrUng on weekend.WEEK 8:

WEEKEND

MONDAY

nJESDA'{

WEDNESDAY ­

THURSDAY

FRIDAY

No recorded deviations.

117 and 327 absent. missed 2 doses.

327 absent. missed 2 doses.

No recorded deviations.

No recorded deviations.

328 absent.

ThJr.ee diazepam Clll)6u.ieA/day. w.U:h rneal.6. 4taJr.ting on we.ekend.

327 missed 3 doses; 333 missed 1 dose.

328 absent, missed 1 dose.

328 missed 3 doses; 333 absent, no doses.

327 and 328 absent; 328 no doses.

328 absent.

117. 328. and 332 absent.

WEEK 11:

WEEKEND

KOl-'DAY

TUESDAY

WEDNESDAY ­

THURSDAY ­

FRIDAY

•
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TABLE VIII

PCE BLOOD CONCENTRATIONS

WEEK: 2 (Control)

PCE CHAMBER PCE BLOOD CONe •• PPH NO. OF
TIME OF SAJ>IPLE CONC •• PPM MEAN RANGE :l:S.D. SUBJECTS

MALES
DAY 1 : Baseline no exposure

2' of Exposure

DAY 2: Baseline 0
2' of Exposure

DAY 3: Baseline 0
2' of Exposure

DAY 4: Baseline 2S
2' of Exposure 0.7 0.6-1.0 0.2 6

DAY 5: Baseline 100
2' of Exposure 13.9 7.9-21.0 5.0 5

FEMALES
DAY 1: Baseline no exposure

2' of EXposure

Day 2: Baseline 0
2' of Exposure

Day .1: Baseline 0
2' of Exposure

Day 4: Baseline 25
• 2' of'Exposure 0.6 0.3-0.8 0.2 6

Day 5: Baseline 100
2' of Exposure 7.2 4.0-10.1 2.3 6
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TABLE IX

PCE BLOOD CONCENTRATIONS

WEEK: 3 (Valium, 6 mg.)

PCE CHAMBER PCE BLOOD CONC •• PPM NO. OF
TIME O~' SAJoIPLE CONC •• PPM MEAN RANGE :!S.D. SUBJECTS

MALES

DA.Y 1: Baseline 0 0.1 0.0-0.4 0.2 6
2' of Exposure

DAY 2: Baseline 0
2' of Exposure 0.1 0.0-0.4 0.2 6

DAY 3: Baseline 100
2' of Exposure 8.8 1.0-9.6 1.0 6

DAY 4: Baseline 25 0.3 0.2-0.1 0.2 6
2' of Exposure 1.0 0.8-1.2 0.1 6

DAY ~;: BaselIne 100 0.1 0.0-0.2 0.1 6
2' of Exposure 9.1 5.7-12.2 2.6 5

FEMALES

DAY 1: Baseline 0 0.1 0.0-0.2 0.1
2' of Exposure

Day 2: Baseline 0 0.2 0.0-0.4 0.1 5
2' of Exposure

Day 3: Baseline 100
2' of Exposure 9.0 6.7-11.3 1.8 6

Day 4: Baseline 25 0.4 0.3-0.8 0.1 6

• 2' of Exposure 0.8 0.6-1.0 0.1 6

Day 5: Baseline 100
2' of Exposure 8.2 6.3-10.4 1.5 6
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TABLE X

PCE BLOOD CONCENTRATIONS

WEEK: 4 (Pla.cebo)

PCE CIlAMBER PCE BLOOD CONC., PPM NO. OF
TIME OF SAMPLE CONC., PPM ~ RANGE +S.D. SUBJECTS

MALES

DAY 1: Baseline 0 0.2 0.1-0.3 0.1 3
2' of Exposure

DAY 2: Baseline 0
2' of Exposure

DAY 3: Baseline 100
2' of Exposure 9.1 7.8-10.8 1.2 5

DAY 4: Baseline 25
2' of Exposure 1.8 1. 4-2. 2 0.3 5

DAY 5: Baseline 100
2' of Exposure 7.4 7.0-8.6 0.7 5

FEMALES

DAY 1: Baseline 0
2' of Exposure 0.4 0.3-0.6 0.1 6

Day 2: Baseline 0 0.1 0.0-':' .8 0.3 6
2' of Exposure

Day 3: Baseline 100 <0.1 0.0-0.2 0.1 6
2' of Exposure 8.5 7.1-9.2 1.0 4

Day 4: Baseline 25 <0.1 0.0-0.2 0.1 5

• 2' of Exposure 1.4 1.0-1.8 0.3 5

Day 5: Baseline 100
2' of Exposure 6.9 5.9-8.8 1.3 5
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'fABLE XI

PCE BLOOD CONCENTRATIONS

WEEK: 5 (Alcohol, 0.75 rnl/kg)

PCE CHAMBER PCE BLOOD CONC., PPM NO. OF
TUIE OF SAMPLF; CONC. , PPM MEAN RANGE ±S.D. SUBJECTS

MALES

DAY 1: Baseline 0
2' of Exposure

DAY 2: Baseline 0
2' of Exposure

DAY 3: Baseline 100
2' of Exposure 7.0 5.6-8.4 1.3 5

DAY 4: Baseline 25 0.1 0.0--0.3 0.1 5
2' of Expost\re 2.5 1.8-3.2 0.6 5

DAY 5, Baseline 100
Z' of Exposure 8.7 6.4-12.0 2.3 5

FEMALES
DAY 1: Baseline

2' of Exposure

Day 2: Baseline 0
2' of Exposure

Day 3: Ba~clinc 100
2' of Exposure 8.5 7.6-9.2 0.8 4

Day 4: Baseline 25 0.1 0.0-0.2 0.1 4
• 2' of' Exposure 2.7 2.1-3.2, 0.6 4
"

Day 5, Baseline 100 0.1 (\.0-0.2 0.1 6
2' of Exposure 9.6 8.0-12.0 1.8 5
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TABLE XII

PCE BLOOD CONCENTRATIONS

WEEK: 6 (Control)

PCE CHAMBER PCE BLOOD CONC., PPM NO. OF
TIME OF SAMPLE CONC., PPM MEAN RANGE +S.D. SUBJECTS

MALES

DAY 1: Baseline 100
2' of Exposure 7.3 6.2-9.0 1.1 5

DAY 2: Baseline 0
2' of Exposure

DAY 3: Baseline 0
2' of Exposure

DAY 4: Baseline 25
2' of Exposure 1.6 1.4-2.0 0.3 4

DAY 5: Baseline 100 0.5 0.4-0.7 0.1 4
2' of Exposure 7.3 6.6-8.8 0.8 5

FEMALES

DAY 1: Baseline 100 0.4 0.4-0.5 <0.1 4
2' of Exposure 7.8 5.8-9.0 1.3 5

Day 2: Baseline 0 0.4 0.0-0.7 0.4 5
2' of Exposure

Day 3: Baseline 0
2' of Exposure

Day 4: Baseline 25
• 2' of'Exposure 1.5 1.3-1.7 0.2 4

Day 5, Baseline 100 0,6 0.3-0.9 0.2 4
2' of Exposure 7.2 5.8-8.4 1.1 4
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TABLE nn

PCE BLOOD CONCE1(OlAIIONS

WEEK: 7 (ValiUlll, 10 mg)

PCE CHAMBER PCE BLOOD CONC., PPM NO. OF
TIME OF SAMPLE CONC., PPM MEAN RANGE is.D. SUBJECTS

MALES
DAY 1: Baseline 0 0.3 0.0-0.4 0.2 3

2' of Exposure

DAY 2: Baseline 0
2' of Exposure

DAY 3: Baseline 100
2' of Exposure 10.5 7.6-13.2 2.8 3

DAY 4: Baseline 25
2' of Exposure 2.2 1.5-2.6 0.5 4

DAY 5: Baseline' 100 0.6 0.4-0.8 0.2 4
2' of Exposure 12.7 10.8-14.7 1.7 4

FEMALES

DAY , . Baseline 0 0.5 0.0-0.6 0.3 5~.

2' of Exposure

Day 2: Baseline 0
2' of Exposure

Day 3: Baseline 100
2' of Exposure 9.4 7.5-11.1 1.5 5

Day 4: Baseline 25 0.4 0.0-0.8 0.3 5
• 2' of' Exposure 3.2 2.7-4.2 0.6 5

Day 5: Baseline 100 0.5 0.3-0.8 0.2 5
2' of Exposure 10.8 8.2-13.8 2.5 4
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TABLE XIV

PCE BLOOD CONCENTRAtIONS

WEEK: 8 (Placebo)

PCE CHAMBER -PCE BLOOD CONC., PPH NO. OF
TIME OF SAMPLE CONC., PPH HEAN RANGE ±S.D. SUBJECTS

MALES

DAY I. Baseline 0 1.1 1.0-1.2 0.1 3
2' of Exposure

DAY 2: Baseline 0 0.2 0.0-0.5 0.2 4
2' of Exposure

DAY 3: Baseline 100 <0.1 0.0-0.2 0.1 4
2' of Exposure 5.9 4.6-7.3 1.1 4

DAY 4: Baseline 25 0.4 0.4-0.5 0.1 3
2' of Exposure 1.3 1.2-1.5 0.1 4

DAY 5: Baseline 100 0.6 0.5-0.8 0.1 4
2' of Exposure 7.9 6.5-9.5 1.4 4

FEMALES

DAY 1: Baseline 0 1.2 1.2-1.4 0.1 4
2' of Exposure

Day 2: Baseline 0 0.3 0.2-0.6 0.2 4
2' of Exposure

Day 3: B<.seline 100 0.1 0.0-0.4 0.2 5
2' of Exposure 7.2 5.0-8.6 1.5 5

Day 4. Baseline 25 0.4 0.3-0.6 0.1 5

• 2' of Exposure 1.2 0.9-1.5 0.3 4

Day 5: Baseline 100 0.5 0.4-0.5 <0.1 3
2' of Exposure 7.4 6.5-8.4 0.9 4
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TABLE XV

PCE BLOOD CONCENTRATIONS

WEEK: 9 (Control)

PCE CHAMBER PCE BLOOD CONe., PPM NO. OF
TIMe; 01' SAMPLE (,ONC., PPM MEAN RANGE ±S.D. SUBJECTS.

MALES
DAY 1: liascline 25 0.4 0.3-0.5 0.1 3

2' of Exposure 1.7 1.6-1.8 0.2 3

DAY 2: Baseline 0 0.7 0.7-0.9 0.1 J
2' of F.xposure

DAY 3: Baseline 0 0.1 0.1-0.2 <0.1 2
2' of Exposure

DAY 4: Baseline no exposut'e
2 I of Exposure

DAY S: Baseline no exposure
2' of Exposure

FEMALES
DAY 1: Baseline 2S 0.4 0.0-0.8 0.3 e

~

2' of Exposure 1.7 1.6-1.8 0.1 5

Day 2: Baseline 0 0.6 0.4-0.8 0.1 !-,
2' of Exposure

Day 3: Baseline a
2' of Exposure

Day 4: Baseline no exposure
• 2 I ot' Exposure

Day 5: Baseline no exposure
2' of Exposure
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TABLE XVI

PCE BLOOD CONCENTRATIONS

WEEK: 10 (Alcohol, 1.5 Ill/kg)

PCE CIWtBER PCE BLOOD COMe., PPM NO. OF
TIME OF SAMPLE COlIC. , PPIt MEAN RANGE is.D. SUBJECTS

MALES
DAY 1: Ilaseline 0

2' of Exposure

DAY 2: Baseline 0
2' of Exposure

DAY 3: daseline 100
)' of Exposure 7.4 7.0-8.4 0.7 4

DAY 4: 1;" ,cline 25 0.7 0.5-0.8 0.2 4
'f of Exposure 3.0 2.3-3.2 0.2 4

DAY 5: Baseline 100 0.3 0.2-0.6 0.2 3
2' of Exposure 6.8 6.0-8.1 1.1 3

FEMALES
DAY 1: Baseline 0

2' of Exposure

Day 2: Baseline 0
2' of Exposure

Day 3: Baseline 100
2' of Exposure 7.3 6.0-8.5 1.2 4

Day 4: Baseline 25 0.7 0.6-0.7 <0.1 4
• 2 I of' Exposure 3.0 2.7-3.5 0.3 5

Day 5: t..~; .eline 100 0.4 0.4-0.5 0.1 4

2' of Exposure 7.0 6.0-9.3 1.1 4
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TABLE XVIII

PCE BLOOD CONCENTRATIONS

WEEK: 12 ('-':lntrol)

PCE CHAHBER PeE BLOOD CONe •• PPH NO. OF
TIME OF SAMPLE CONC. , PPM HEAN RANGE ±S.D. SUBJLCTS

MALES

DAY 1: Baseline 100
2' of Exposure 10.9 9.9-11.7 0.9 3

DAY ~ . Baseline 0••
2' of Exposure

DAY 3: Baseline 0
2' of Exposure

DAY 4: Baseline 25 2.2 1.6-2.7 0.5 4
2' of Exposure

DAY 5: Baseline 100
2' "f Exposure 9.8 8.7-11.2 1.1 4

FEMALES

DAY 1: Baseline 100
2' of Exposure

Day 2: Baseline 0
2' of Exposure

Day 3: Baseline 0
2' of Exposure

Day 4: Baseline 25
• 2' of'Exposure

Day 5: Baseline 100
2' of Exposure
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TABU; XIX

PeE BREATII CONCENTRATIONS

WEEK: 2 (Control)

PCE CHAMBER PeE .REATII CONe •• PPH RO.OF
,!HE OF SMPLE COlle •• pPI\ HEAN IlAIIGE "S.D. SUIIJICrS

HALES
DAY 1: B.1sf;lUue no expoaure

2' of Exposure
lSI' p('lst EXposul'e
)0" post Exposure

DAY 2: BaseUne 0
2' of Exposure
l~-' Post Exposure
30" Post Exposure

DAY 3: Baseline.
2' of Exposure
15" Post Exposure
lOU 'ost Exposure

DAY 4: Baseline 25
2' (If Exposure 6.4 5.7-7.2 0.5 6
l~n PQst Exposure 4.4 2.6-4.7 0.8 6
30" Post Exposure 3.6 2.0-4.3 0.8 6

DAY 5: Baseline 100 1.7 1.5-1.9 0.2 5
2' of Exposure 30.8 27.4-32.4 2.1 5
1511 Post Exposure 20.5 17.7-23.1 2.3 5
30u Post Exposure 16.6 14.6-18.9 2.2 5

fEMALES
DAY 1: Baseline no exposure

2' of Exposure
l~" Post Exposure
lOU PO.!lt Exposul'e

DAY 2: Baseline 0
2' of Exposure
15" Post: Exposure
JO" Post Exposure

DAY 3: Baseline 0
2' of Exposure

• 15" Post Exposure
30" Post Exposure

DAY 4: Baseline 25
2' of Exposure 6.6 5.5-8.1 0.9 6

15" Post Exposure 4.1 1..0-5.9 1.5 6
3~' Post Exposure 3.0 1.4-4.1 1.0 6

DAY 5. Baseline 100 1.7 1.5-1.9 0.2 5
2' of Exposure 32.9 24.6-39.3 5.3 6
IS" Post ~)(pOSllre 18.3 13.8-22.5 3.8 6
30" Post Exposure 15.1 9.7-18.4 3.7 6
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'fABLE XX

PCE 1lllEilTli CONCENTRATIONS

WEEK: 3 (Valiu_. 6 -s>

PCE CIWl&ER PCE BREATH CONC., PPH NO. OF
TIME OF SAMPLE CONC., PPM HElIN lWIGE ·S.D. SUBJECTS

MALES
DAY 1: Baseline 0 1.3 0.8-1.9 0.5 5

2' of Exposure
lSI' Post Exposure
30" Pos t Exposure

DAY 2: ".eline 0 0.9 0.6-1.1 0.2 6
2:' of Exposure
1Sl1 Post ExposurE'- 0.7 0.5-1.0 0.2 6
.30" Post Exposure

DAY 3: Baseline. 100 0.6 0.6-0.6 0 6
2' of Exposun 33.8 29.2-36.7 3.0 6
15,11 Post Expo$ure 20.5 1$.8-22.3 2.4 6
30" Post Exposure 16.8 13.6-20.9 2.6 6

DAy 4. Baseline 25 3.4 2.9-3.8 0.4 6
2' of Exposure 12.8 10.5-15.3 1.6 6
IS" PQst Exposure 8.8 7.6-10.5 1.1 6
30lt Post Exposure 7.5 6.7-8.8 0.8 6

DAY 5. Baseline 100 1.3 1.1-1.6 0.3 6
2 1 of Exposure 47.0 31.0-59.9 9.9 6
IS" Post Exposure 29.0 25.4-33.8 2.8 6
30" Post Exposure 23.9 18.3-26.8 3.2 6

FEMALES
DAY 1: Baseline 0 1.~ 1.3-2.9 0.6 6

2' of Exposure
IS" Post Exposure
30" Post Exposure

DAY 2, a_.eline 0 0.8 0.5-1.1 0.2 6
2' of ElCposure
1511 Post Exposure 1.0 0.8-1.1 0.1 5
30" Post Exposure

DAY 3: Basel1ne 100 0.6 0.5-0.9 0.1 6
2' of Exposure 31.7 21.D-38.1 5.9 6

• IS" Post Exposure 19.4 15.1-25.2 :.9 6
lOU Post Exposure 15.1 9.4-19.4 3.5 6

DAY 4: Baseline 25 3.2 2.3-4.1 0.6 6
2' of EXP05U["C 12.0 9.1-14.1 1.8 6
IS" Post Exposure 8.1 6.8-9.4 1.0 5
3~' Post Exposure 6.4 4.1-7.3 1.1 6

DAY 5: Baseline 100 1.0 0.9-1.0 0.1 6
2' of ExpQsure 51.4 43.7-57.7 6.6 6
15" Post Exposure 29.6 19.7-40.8 7.0 6
30" Post Exposure 22.3 17.7-27.5 3.4 6
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TABLE XXI

PeE BREATII r.oNCENUATIONS

WEEK: 4 (Placebo)

PCt; CIlAHBER !'CE BREATH CONe.. PPM NO.OF
!.!~!..QL.~ ..ANPLE CONe., PI'H MEAN RANGE !S.D. SUBJECTS

MALES
DAY' 1: na!Sclin~ 0 1.2 1.1-1. 5 0.2 4

2' (If Exposure
IS" P('Ist" Exposure 0.9 0.7-1. 2 0.2 4
30" P()sl Exposure

DAY 2: Base)ine 1.0 1.0-1.1 0 5
2' of Exposure
IS" Post Exposure 0.9 0.7-1.1 0.2 3
30" Post Exposure

DAY 3: Baseline 100 0.9 0.5-1.0 0.2 5
2 1 of Exposure 34.6 29.2-39.6 3.8 5
IS" Post Exposure 21.1 16.7-23.4 2.8 5
30" Post Exposure 18.0 14.1-19.B 2.5 5

DAY 4: Baseline 25 3.3 2.2-4.4 0.8 5
2 1 of Exposure 12.7 12.1-14.3 0•• 5
IS" post Exposure 6.1 4.7-7.7 1.1 5
30" Post Exposure 6.1 5.2-7.2 0.8 5

DAY 5: Baseline 100 2.1 2.3-3.7 0.6 5
2· of Exposure 38.9 33.2-44.2 4.2 5
15" P015t Exposure 22.0 19.4-26.7 2.9 5
30" Post Exposure 19.5 14.1-22.1 3.1 5

FEMALES
DAY 1: Baseline 0 1.4 1.2-1.8 0.2 6

2 t of Exposure
15" Post Exposure 1.3 1.2-1.8 0.3 5
30" Post Exposure

DAY 2: RaseUne 0 1.0 0.8-1.1 0.2 6
2 1 of Expo5\1re
1511 pOf;t Exposure. 0.9 0.1-1.1 0.2 3
30" post Exposure

DAY 3: Baseline 100 0.9 0.8-1.0 0.1 6
2· of Exposure 35.9 28.1-41. 6 6.8 4
1511 Post Exposure 21.8 19.2-27.1 4.6 3

• ~' Post Exposure 18.7 15.6-23.4 4.1 3

DAY 4: Baseline 25 2.1 2.2-3.9 0.7 5
2 1 of Exposure 11.4 9.9-12.1 0.9 5
1511 Post ~l<posurc 6.1 4.9-8.2 1.3 5
30" Post Exposure 5.1 3.8-6.~ 0.9 4

DAY 5: Baseline 100 2.4 1.8-2.8 0.5 5
2' of Exposure 36.9 27.6-46.1 6.6 6
15" Post Exposure 20.8 17.1-28.1 4.4 6
JOlt Post E:'(posure 19.2 14.7-25.8 4.4 6
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TABLE XXU

PCE BREATH CONCENTRATIONS

WEEK' ~ (Alcohol. O. 7~ aI/kg)

PCE CHAMBER PCE BREATH CONC., PPM NO. OF
TIME OF SAMPLE CONC•• PFH IlJ!AN RANGE is.D. SUBJECTS

MALES
DAY 1, Baseline 0 1.8 o -2.6 1.1 5

2' of lx,.aaure
1)" Post Exposure
30" Post Exposure

DAY 2, Baseline 0
2' of Exposure
IS" Post Exposure
3D" Post Exposure

DAY 3: Baseline. 100
2' of Exposure 32.3 23.1-36.5 5.6 5
15" Post Exposure 16.5 10.6-22.1 4.2 5
30" Post Exposure 14.7 10.1-20.2 4.3 5

DAY 4: base1:lne 25 3.& 3.0-4.5 0.6 4
2' of Exposure 15.2 14.9-16.4 0.7 5
15" Post Exposure 9.~ 7.5-11.2 1.3 5
JO" Post Exposure &.3 6.3-9.7 1.5 5

DAY 5, Baseline 1.00 2.7 2.5-3.1 0.3 5
2 1 of Exposure 36.3 32.5-42.5 3.8 5
15" Post Exposure 16.~ 13.1-20.0 2.7 5
JO" Post Exposure 12.5 11.3-13.8 1.1 4

FEMALES
DAY 1, Baseline 0 1.9 1.2-2.3 0.4 6

2' of Exposure
IS" Post Exposure
30" Post Exposure

DAY 2, Baseline 0
2' of Exposure
ISn POfit Exposure
30" '<.dt Exposure

DAY 3' Baseline 100
2' of Exposure 31.3 25.0-38.5 5.5 4

• 15" P~6t Exposure 16.9 14.4-20.2 2.7 5
30" Post Exposure 1~.4 11.5-18.8 3.0 4

DAY 4: Baseline 25 3.9 3.0-4.5 0.7 4
2' of Exposure 13.4 10.4-14.9 2.1 4
1511 Post Exposure 9.8 8.2-11.9 1.6 4
3011 Post Exposure S.2 6.0-9.7 1,6 4

I
I DAY 5: Baseline 100 2.3 1.8-2.5 0.3 5
I 2' of Exposure 34.5 25.0-40.0 5.7 5

I 1S" Post Exposure 16.5 13.8-18.8 2.6 S
30" Post Exposure 13.1 11. 3-16.3 2.3 5

•
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peF. BREATH CONCENTRATIONS

WEEK: 6 (Centrol)

PCE CHAMBER peE BREATH CONe., PPM NO. OF
TUIE 01: SA:1PLE CONe •• PPM HEAN RANGE +S.D. .SUBJ~

MALES
DAY 1: Uaselillc 100 3.1 2.5-4.5 1.0 4

2' of Exposure 33.1 28.2-39.> 4.4 5
15" post Exposure 18.8 13.6-22.1 3.3 5
3011 PClat Exposure 16.1 11. 8-20.> 3.3 5

DAY 2: Baseline 0 4.1 3.8-4.5 0.3 5
2' of Exposure
1:>" Post Exposure
30" Post Exposure

DAY 3: Ba~eline 0
2' of Exposure
15" post Exposure
30" Post Exposure

DAY 4: Baseline 25 1.4 1.1-1.8 0.3 5
2 1 of Exposure 11.6 10.8-12.9 0.9 4
15" pOst EXpf)SUre ;.9 7.5-8.1 0.3 4
30" Post Exposure '1.1 6.9-7.3 0.2 4

DAY>' Baseline 100 2.6 1.3-3.4 0.9 5
2' of Exposure 30.S 28.1-34.9 2.6 5
15H post Exposure 18.5 16.2-20.8 1.8 5
30" Post Exposure 16.4 14.1-11.7 1.> 5

FEMALES
DAY 1: Baseline 100 3.2 2.8-3.4 0.3 5

2' of Exposure 35.6 27.1-39.0 4.9 S
15" pos t Exposure 19.5 18.4-22.1 1.4 5
30" Post Exposure 17.2 15.4-19.0 1.4 5

DAY 2: Baseline 0 3.5 3.0-3.8 0.3 5
2' of E:ltposure
15" Post Exposure
JOlt PaoS t Exposure

DAY 3: Baseline 0
2' of Exposure
15" fost Exposure
30" Post Exposure

DAY 4: Tllseline 25 1.4 1.1-1.8 0.3 4
l: of Exposure 11.2 10.5-12.5 0.9 4
15" Post Exposure 8.5 8.1-8.6 0.3 4
30" fosl Exposure 7.5 1.3-1.8 0.2 4

DAY 5: Baseline 100 2.4 1.9-3.4 0.6 5
2' of Exposure 26.3 19.3-34.9 6.6 4
IS" Post Exposur/~ 18.0 13.6-23.2 4.1 4
3011 Post Exposure 11.0 13.6-20.8 3.0 4
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TABLE XXIV

PCE BREATII CONCENTRATIONS

WEEK: 7 (Vali••, 10 .g)

PCE CHAMBER PCE BREATH CONC. , IlPH NO. OF
!llIE OF SAMPLE CONC. , PPM MEAN RANGE :±S.lJ.. .~UBJECTS

MALES
DAY 1, Baseline 0 2.2 2.1-2.3 0.1 3

2' of Exposure
15" Post Exposure
30" Post Exposure

DAY 2: Baseline 0 1.1 0.9-1.5 0.2 4
2' of Exposure
1511 Post Exposure
3011 Post Exposure

DAY 3: Baseline, 100 1.5 1.4-1.7 0.2 3
2' of Exposure 27.5 24,0-31.1 3.6 3
15" Post Exposure 18.7 15.0-21.2 3.3 3
30" Post Exposure 16.4 13.7-18.5 2.5 3

DAY 4, Baseline 25 3.0 1.8-4.1 0.9 4
2 1 of Exposure 11.1 9.3-12.3 1.4 4
1511 Post Exposure 8.2 6.7-8.8 1.0 4
30" Post Exposure 7.4 5.3-9.2 1.6 4

DAY s: Baseline. 100 3.0 2.7-3.4 0.3 4
2' of Exposure 33.1 31.3-34.2 1.4 4
1511 Post Exposure 18.0 16.6-20.2 1.7 4
JOn Post Exposure 16.2 13.6-19.0 2.6 4

FEMALES
DAY 1: Baseline 0 2.1 1.4-2.5 0.5 5

2' of Exposure
15" Post Exposure
30" Post Exposure

DAY 2: Baseline 0 1.2 0.9-1.5 0.2
2' of Exposure
1511 Post Exposure
30" Post Exposure

DAY 3: Jaseline 100 1.5 0.7-2.0 0.6 5
2' of Exposure 28.4 23.3-31.1 3.2 5

• 15" Post Exposure 16.6 14.6-19.2 2.1 5
30" Post Exposure 14.64 13.0-16.4 1.1 5

DAY 4: Baseline 25 3.2 2.8-3.7 0.3 5
2' of Exposure H.9 10.2-13.0 1.1 5
1.511 Post Exposure 0.1 6.5-9.5 1.1 5
30" Post E:Kposure 7.1 6.0-8.1 1.0 5

~, DAY 5, Baseline 100 3.5 3.1-4.3 0.5 5t
f· 2' af Exposure 31.9 29.9-35.7 2.6 4

I 15" Post Exposure 15.5 14.0-16.3 1.1 4
30" Post Exposure 14.2 12.0-17.1 2.3 4
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TABLE XXV

PCt. 8REAl'It CONCENTRATIONS

WEEK: B (Placebo)

PCE CIWIBER PCE BREATH CONC., PPM NO OF
TIME O~' SAMPLE CONG •• PPM !'fFAN lWlCE 04-8.D. §!!!Y~

MALES
DAY 1, Baseline' 0 3.2 3.0-3.5 0.2 3

2' of Expo!lure
1511 Post Exposure
30" Pos t Exposure

DAY 2, Baseline 0 2.3 2.1-2.6 0.3 4
2' of Exposure
15'· Post Exposure
30" Post J<:xposule

DAY 3: Baseline. 100 1.9 1.6-2.3 0.3 4
2' of Exposure 30.3 27.5-32.1 1.9 4
1511 Post Exposure. 19.4 18.3-21.9 1.7 4
30" Post Exposure 16.3 15.0-18.3 1.6 4

DiY 4: Baseline 25 3.0 2.8-3.2 0.2 4
2' of Exposure 10.0 9.1-11.2 0.9 4
1511 Post Exposure '1.3 6.7-8.0 0.5 4
JOn Post Exposure 6.9 6.6-7.1 0.2 4

DAY 5: lSasE::.ine 100 3.0 2.9-3.1 0.1 4
2' of Exposure 2.1.6 25.8-30.9 2.4 4
lS" Post Exposure 16.7 12.0-21.1 4.0 4
30" Post Exposure 14.7 11.4-17.5 2.8 4

FEMALES
DAY 1: Baseline 0 3.9 3.5-4.3 0.4 4

2' of Exposuce
IS" Post Exposure
JO" Post Exposut'e

DAY 2: Baseline 0 2.5 1.5-3.0 0.7 4
2' of Exposu['e
15" Post Exposure
.30" Pos t Exposure

DAY 3: Baseline 100 1.7 1.3-2.6 0.6 5
2' of Exposure 29.72 25.6--32.7 2.8 5
15" !last Exposure 16.2 13.4-19.0 2.7 5

• 30" Post Exposure 15.5 13.8-17.1 2.0 3

DAY 4: Baseline 25 3.0 2.7-3.2 0.2 5
2' of Exposure 11.3 10.7-12.6 0.8 5
1.5" Pos t Exposure 7.9 7.5-9.4 0.8 5
30" Post Exposure 6.6 6.2-7.0 0.3 5

DAY 5: Baseline 100 3.0 2.6-3.3 0.3 4
2' of Exposure 26.9 23.7-32.0 3.7 4
1.5" POst Exposure 16.2 14.0--18.6 1.9 4
30" Post Expost,lre 14.5 11.4·-16.5 2.3 4
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TAliLE XXVI

PCE BREATN CONCENTRATIONS

WEEK: 9 (Control)

PCE CHAMBER PCE BREATH CONe•• PPtl NO. OF
TINE OF SAlolPU: CONC •• PPI\ IlEAN RANGE +S.D. SUBJECTS

MALES
DAY I: Baseline 25 2.5 1.8-3.6 1.0 3

2' of Exposure 8.8 6.2-10.3 2.3 3
lSI! Post Exposure 6.9 6.3-7.6 0.6 3
30" Post Exposure 5.6 4.1-6.7 1.4 3

·DAY 2: Baseline 0 2.3 2.0-2.5 0.3 3
2' of Exposure
IS" Post EJcposure
30" P08t Exposure

DAY 3: Baseline 0 1.4 1.3-1.5 0.1 2
2' of Expo$ure
IS" Post Exposure
30" Post Exposure

DAY 4: Baseline no exposure
2' of Exposure
151l Post Exposure
30" Post Exposure

DAY 5: Baseline no exposure
2 1 of Exposure
15" Post Exposure
30" Post Exposure

FEMALES
DAY 1: Baseline 25 2.4 2.1-2.8 0.3 5

2' of Exposure 1.0 8.0-11.6 1.3 5
15" Post Exposure 7.0 5.7-8.0 0.9 5
30" Post Exposure 5.9 5.1-6.4 0.5 5

DAY 2: Baseline 0 2.2 1.9-2.7 0.3 5
2' of Ex.. :lsure
1511 Post Exposure
30" Post Exposure

DAY 3* Baseline 0 1.4 '1.2-1.7 0.2 5
2' of Exposure
is'' Post Exposure

• 30" Post Exposure

DAY 4: Baseline no exposure
2' of Exposure
15" Post Exposure
30" Post Exposure

MY 5: Baseline no exposure
2' of Exposure
IS" Post Exposure
30" Post Exposure
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TA8LE XXVII

fCE 8R&ATH CONCENTRATIONS

WEEK: 10 (Aleohol, 1.5 _IlkS)

PCt: CIlJIHBER PCE BREATH CONC., rp'l NO. OF
I!.I!.JLQ!:.~ ~t~£:.~ MEAN RANGE !S.D. ~TS

MALES
DA' I, Baseline 0

2' of Exposure
15" Post Exposure
3011 Post Exposure

DAY 2, Baseline 0
2' of Exposure
15" Post Exposure
30" Post Exp~sure

DAY 3: Baseline. 100
2 1 of Expos.ure 30.0 25.0-34.2 4.7 3
15 11 Post Exposure 15.3 11.0-19.7 3.6 4
3011 Post Exposure 12.1 7.6-14.9 4.0 3

DAY 4: Baseline 25 3.4 2.2-5.2 1.4 4
2' of Exposure 11.5 11.0-12.3 0.6 4
15" Post Exposure 7.9 6.8-8.9 0.9 4
30" Post Exposure 6.7 6.5-6.8 0.2 3

DA' 5: Baseline 100 2.3 1.6-3.0 0.7 3
2' of t:KpOSU-rC 33.5 26.5-37.0 6-.1 3
1511 Povt Exposure 17.9 16.5-19.1 :'.:l 3
30u Post Exposure 13.3 10.4-18.0 4.1 3

FEMALES
DAY 1: Easeline 0

2' of ExpC'sure
15u Post Exposure
3011 Post Exposure

DAY 2: Easeline 0
2' of Fxposure
15" Pr.ost Exposure
JO" Post Exposure

DAY 3: Baseline 100
2' of Exposure 28.5 28.6-32.3 3.3 :
ISn Post Exposure 15.8 14.5-17.1 1.0 5

• 3011 Post Exposure 11.6 9.6-13.5 1.4 5

DAY 4: Baseline 25 4.1 3.4-5.2 0.8 4
2' (If Exposure 10.0 8.2-11.6 1.2 5
1511 Post Exposur(! 6.8 5.5-8.2 1.1 5
3W' Post Exposure 5.8 4.8-6.5 0.7 5

DAY 5: Baseline 100 2.9 2.7-3.3 0.3 4
2' of Exposure 30.5 27.3-33.3 2.5 5
1511 Post Exposure 17.5 14.7-21.8 3.1 5
30" Post Exposure 12.9 9.8-14.7 1.8 S
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fAIlLE XXVIII

PCE BREATH CONCENTRATIONS

WEEK: 11 (V.liua. 6 mg)

PCE CIlAHBER PCE SHEATII CONC•• PPH NO. or
TIllE OF SAMPLE COlIC•• PPt\ HEAN IlANGE ;!S.D.!. SUBJECTS

.MAL£S
DAY 1: Baseline 0 2.4 1.7-2.9 0.6 3

2' of Exposure
1~1I Pgst Exposure
30" Post Exposure

DAY 2: Baseline 0
2' of Exposure
lS" Post Exposure
30" Poat Exposure

DAY 3: Baseline. 100
2' of Exposure 32.1 31.1-32.4 0.7 4
IS" Post Exposure 17.7 13.0-20.0 3.3 4
30" Post Exposure 16.2 12.7-18.4 2.5 4

DAY 4: BaseUne 25 3.3 2.4-3.9 0.8 3
2' of Exposure 11.3 10.4-12.6 0.9
15'" Post f;xposure 6.1 5.8-6.7 0.6 4
30" Post r;x~osure 6.1 4:3-7.5 1.3 4

DAY 5: Baseline 100 3.8 3.2-4.3 0.8 2
2' of Exposure 41.3 33.3-49.3 11.3 2
IS11 Post Exposure 17.7 17,3-18.0 0·.5 2
30u Post Exposure 16.B 16.0-17.5 1.1 2

FEMALES
DAY 1: Baseline 0 2.0 1.7-2.7 0.4

2 t of Exposure
1S·' PORt t:xpO$ure
30" Post Exposure

DAY 2: Baseline 0
2' of Exposure
I)" Post Exposure
30" Post Exp08Ul'e

DAY 3: Baseline 100
2' of Exposure 36.0 35.1-31.8 1.6 3

• 1S" Post Exposure 71.3 20.3-21. 9 0.9 3
30u Post Eltposure 18.6 18.4-18.9 0.3 3

DAY 4: Baseline 25 3.3 2.6-4.1 O.C 3
2' of Exposure 10.4 9.3-11.2 0.8 4
1..511 Post Exposure 7.0 4.5-8.3 1.7 4
30" Post Exposure 6.4 4.3-7.5 1.4 4

DAY 5: 8ncline 100 3.5 3.2-4.0 0.4 4
2 1 of Exposure 38.0 30.0-45.3 6.3 4
lS11 Post E1'iposure 18.6 12.7-21.0 4.0 4
30" Post Exposurt!: 17.1 12.3-20.7 3.6 4
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TARLS XXIX

PCE BREATH CONCENTRATIONS

WEEK: 12 (Control)

peE CII.M18J.:R feE BRF~TH CONe., PI'H IIO,OF
TINE OF S.\tIPLE s-0!!~,-rPI1 !l~£t.N 'ANeE !S.D. sunJECTS

HALES
DAY 1: Baseline 100 1,9 1,6-4,1 0,1 3

2' (If Exposure 36,6 3~.o-19.5 4.1 3
1511 Post Exposure 23.5 18.2-28.3 5.1 3
30" PO$t Exposure 16.9 13,9-22.4 4,8 3

DAY 2: Baseline ° 1,9 3.4-4,1 0,5 3
2' of Exposure
15" Post Exposure
30" Post Exposure

DAY 3, lasoUnc. 0 2.1 1.4-1.1 0.9 3
2' of Exposure
15" Post Exposure
30" Post Exposure

DAY 4, B\\5eUne 25
21 of ExposurEl 11.4 10.2-13.6 1.6 4
15" }lost Exposure 6.5 5.4-8.9 1.6 4
30" Post Exposure 6.1 5.3-7.2 0.9 4

DAY S; baseline 100 2.3 1.8-2.7 0.4 4
2 1 of Exposure 41.5 35.7-46.3 5.2 4
1Stl Post Exposure 25.7 20,4-29.0 3.9 4
30" Post Exposure 20.5 14.9-25.9 4.6 4

;'EHALES

\lAY 1: Baseline 100 4.1 3.1-4.3 0.3 4
2' of Exposure 35.2 34.1-37.9 1.8 4
1511 Post Expos\.Ire 22.2 19.2-24.8 2.5 4
30'1 Poat Exposure 18.2 13.9-21.1 3.1 4

DAY 2: Baseline 0 3.7 3.4-3.8 0.2 4
2' of Exposure
1511 Post Exposurl:i~

30" Post Exposut'(·

• DAY 3. Bc.seline 0 3.1 2.6-3.4 0.4 3
2' of Exposure
15" Post Exposure
30" Post Exposure

DAY 4: R8&cline 25
2' of Expo~ure 9.9 6.4-11.6 2.4 4
lS" fast Exposure 6.2 3.8-8.3 1.9 4
30'1 Post Exposure 5.1 4.5-7.1 1.1 4

DAY 5: Baseline 100 2.4 1.8-2.9 0.6 3
2· of Exposure 37.G 31.4-40.4 3.9 4
1S" Post Exposure 22.1 16.5-28.6 5.0 5
30" Post Gxposurfl 18.4 10.0-23.9 6.9 5
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TABLE XXX

ETHANOL BLOOD. CONCENTRATIONS

PCE CHAMBER ETHANOL BLOOD CONG •• mg/dl NO. OF
DAY OF WEEK CONC .. PPM MEAN RANGE tS.D. SUBJECTS

WEEK 5

~: ApproxilDately 0.75 lDl vodka/kg body weight

KALES

1 0 35.6 28.5-42.5 5.1 5
2 0 50.6 31.7-64.3 13.8 4
3 100 44.1 25.5-56.4 11.5 5
4 25 50.0 41. 0-63. 2 9.1 5
5 100 50.7 39.2-59.1 8.1 5

FEMALES

1 0 32.1 13.6-42.1 10.9 .5
2 0 48.5 33.7-58.6 11.2 4
3 100 43.1 20.7-56.9 14.5 5
4 25 54.8 45.9-64.9 8.0 4
5 100 46.8 23.9-60.3 15.0 5

WEEK 10

~: Apprm::lilllitely 1.5 101 vodka/kg body weight

MALES

1 0 62.6 40.0-90.5 20.8 4
2 0 51. 7 44.6-58.4 6.2 4
3 100 58.8 44.1-66.1 10.0 4
4 25 65.5 54.0-81.0 13.2 4
5 100 69.2 65.0-72.0 3.7 3

FEMALES

1 0 63.3 41.1-85.5 l.5.9 5
2 0 64.1 44.0-74.1 12.6 5
3 100 54.2 36.8-71.4 15.0 5
4 25 74.4 34.0-105.0 26.7 .5
5 100 70.1 47.5-95.0 21.8 5

.Samp1ed 15-20 min after dosage that was consumed over 30-min period
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TABLE XXXI

ETHANOL BREATH* CONCENTRATIONS

PCE CHAMBER ETHANOL BREATH CONC •• PPM NO. OF
DAY OF WEEK CONC •• PPM MEAN RANGE ±S.D. SUBJECTS

WEEK 5

Dose: Approximately 0.75 ml vodka/kg body weight

MALES

1 0 130 102-154 26 3
2 0 181 144-245 48 4
3 100 153 118-181 27 4
4 25 156 130-180 23 4
5 100 156 106-200 38 5

FEMALES

1 0 118 82-170 41 4
2 0 1~6 125-147 10 4
3 100 131 75-200 62 4
4 25 198 160-270 63 3
5 100 148 96-192 48 3

WEEK 10

Dose: Approximately 1.5 ml vodka/kg body weight

MALES

1 0 209 162-255 38 4
2 0 241 201-313 50 4
3 100 218 206-247 20 4

• 4 25 250 202-304 43 4
5 100 194 160-226 33 3

FEMALES

1 0 341 240-465 III 4
2 0 335 262-480 85 5
3 100 277 182-352 71 4
4 25 279 223-324 41 5
5 100 213 173-246 30 4

*Sampled 15-20 min after dosage that was consumed over 3D-min period
68



I
•



I
•

TABLE XXXIII

DIAZEPAM BLOOD* CONCENTRATIONS

PC? CHAMBER DIAZEPAM BLOOD CONe., lJg/dl NO. OF
DAY OF WEEK CONC., PPM MEAN RANGE fS .D. SUBJECTS

WEEK 7

Dose: 10 mg/day (5 mg b.i.d.)

KALES

1 0 19 17-21 1.7 4
2 0 13 10-18 3.6 4
3 100 18 14-21 3.5 3
4 25 21 11-41 13.5 4
5 100 30 20-42 9.3 4

FEKALES

1 0 16 12-23 4.4 5
2 0 13 8-19 4.2 5
3 100 19 14-28 4.6 5
4 25 17 9-26 6.2 5
5 100 23 13-30 6.3 5

WEEK 8

Dose: Placebo

MALES

1 0
2 0 <5** 2

• 3 100 <5 2
4 25 <5 2
5 100 <5 1

FEMALES

1 0 <5 3
2 0 <5 2
3 100 <5 2
4 25 <5 1
5 100

*Sampled approximately 45 min after second dose
**Detection limit = 5 lJg/dl
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TABLE XXXIV

DIAZEPAM BLOOD* CONCENTRATIONS

peE CHAMBER DIAZEPAM BLOOD CONC., Ug/d1 NO. OF
DAY OF WEEK CONC., PPM MEAN RANGE +S.D. SUBJECTS

WEEK 11

Dose: 6 mg/day (2 mg t.i.d.)

MALES

1 0 8 6-9 1.4 4
2 0 12 11-14 1.5 3
3 100 11 7-16 4.4 3
4 25 19 11-25 7.0 4
5 100 8 8-8 0.0 2

FEMALES

1 0 8 5-10 2.1 4
2 0 15 11-20 3.3 5
3 100 12 9-15 3.0 3
4 25 13 8-18 4.1 4
5 100 16 10-20 4.2 4

WEEK 12

Dose: Control

MALES

1 0 <5** 3
2 0
3 100 <5 1

• 4 25
5 100

FEMALES

1 0 <5 4
2 0 <5 1
3 100
4 25
5 100

*Samp1ed approximately 45 min after second dose
**Detection limit = 5 Ug/dl
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TABLE XXXVI

DEVIATIONS NOTED IN PERC/DRUG STUDY

GENERAL, BF.HAVIORAL, NEUROLOGICAL, SUBJECTIVE, KEDICAL DEVIATIONS

2

3

2

5

1

2

3

o

o

25

100

o
o

100

diazepaa.
dally.
6"'11

General - all &8 learniug schedule. Medical - 88111 and 329
have viral infectione. NeuTological - co~uter EEG program
Dot working.

Behavioral - all 8S told to hold ams parallel to tal)le in
~cbi&8n eye-hand. ~ehanlcal probleas with r~tary pursuit and
dual-taYks tests. Neurological - no PM EEG tracings for 8334.

Behavioral - saccade velocity test equipment problems.

Medical - s326 ~ldlY nauseated 1n AK.

General - 8327 tired.

B~havloral - 8330 had difficulty during Flanagan Coordination
:tue to cou&hinS' Subjective - a333 vas clarified reo "check'"
fluestions on mood. test.

General - physician noted altered .ood in chamber. Behavioral­
staff operator noted problellS w.1th dual-attention task equlpftnt.

4 25

100 General - 831.9 upset due to involvement in car accident pre­
vimts PH. Behavioral - ssJ21, 330, and 334 rotary pursuit
testa invalid due to uechanical probleas. Medical - 8326
has URI.

o placebo Behavioral - still baving proble.a with dual-tasks test.
daUy

•

4 1

2

3

5

o

100

25

100

Medical - 88330 & 333 have URI.

General - all testing started 40 min later than normal.
Behavioral - dual-task test equipment repaired. Neurological­
lEG computer program repaired. Medical - s327 sent home,
"URI. .329 not exposed due to medical problem.

General - all testing started 20 min later than normal.
Medical - 8329 still held out from study resolving medical
problem.

Medical - 8329 back in study.

(continued)
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TABLE ~~XVI(continucd)

DI:.VIATIONS NOTED IN PERC/DRUG STUDY

GENERAL. BEHAVIORAL. NEUROLOGICAL. SUBJECTIVE, HEDICAL DEVIATIONS

General - control day for 8326. 5331 called home on emergency
(last day exposed).

~

1

2

PCE.
PPM .Q!!I]!

o alcohol.
daily t

0.75 ml
o per kg General - last control day

due to flu-like symptoas.
saccade velocity test.

for 8326. Medical - s117 Sent home
Behavioral - 8329 given second

3 100

4 25 Medical - 8327 has URI.

5 100

•

6

7

1

2

3

4

5

1

2

3

4

5

100

o

o

25

100

o

o

100

25

100

diazepam,
daily.
10 111&

Behavioral - 8s95, 327, and 332 rotary pursuit mechanical
probleus. Medical - 8327 has soft tissue bruise on leg.
ss34 GI problems.

Behavioral - rotary pursuit data all invalid.

Medical - 6334 held out of study due to medieal problem.

Medical - 8334 held out of study due to medical problem.

Medical - 8334 ha6 aedical problem resolved, back in study.

General - sl17 ingested 2 beers prior to coming to work, all
data invalid.

Subjective - ss all see. tired and subdued.

Behavioral - rotary pursuit data for s327 invalid.

Behavioral - dual tasks test data invalid for 595 •

General - s123 withdrawn frnm study because of unexcused
absences. Medical - s330 taken out of chamber at 1.5 hr due
to nausea.

8 1

2

o placebo)
daily

o Kedical - .332 has VR1.

3 100 Neurological - ss
light during BEG.
sore throat.

may have noted accidental blinki~g of strobe
Medical - 8895. 330. 332 have cough or

4 25 Neurological - 8s328 and 330 reported light flash during EEG,
corrected coday.

(continued)
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peEt.
IIEE1t !!!! ~ OTHER

8 5 100

9 1 2S

2 0

l 0

4 holiday

5 holiday

TABLE.XXXVI(continued)

DEVIATIONS NOTED IN PERC/DRUG STUDy

GEHERAL, BEHAVIORAL, NEUROLOGICAL, SUBJECTIVE, MEDICAL DEVIATIONS

Medical - 83)0 has URI.

Nedical"- 8328 haa _OM: "flu -like" 8y.ptOll8.

Behavioral - 8334 had finger injury and tetanus shot. therefore.
Flanagan coordination, rotary pursuit, Michigan eye-hand data
iovalid. Kedl~al - .330 haa URI.

BehaviQral - s117 repeated rotary pursuit test.

10 1 0 alcohol,
daily,

2 0 1.5.x
per ka

3 100

4 25

5 100 Behavioral - 8329 had invalid rotary pursuit test.

11 ! 0 diazep.a.
doily,
6ag

2 0

3 100

4 25

• 5 100

12 1 100

2 0

3 0

4 25

5 100

Subje~tive - 8330 upset due to ~ltiple sticks upon blood with­
drawal. Medical - .333 has URI.

General - 8332 entered study 40 ain late, all data invalid.

Behavioral - 8330 Flanagan coordination invalid. Subjective­
.11 mood tests invalid due to tandoa answering vIa pseudonyms.

Ceneral - all 88 entered chamber 15 adn later than noraal.

General - 8333 entered chamber 20 min late.

General - all 88 rec~ived debriefing in PM - .333 entered chamber
15 .in late.

Behavioral - all rotary pursuit data probably invalid due to
.echanieal difficulties.
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TABLJ; XXXVII

MOOD AS~ESSMENT CONTEXT AR~~GED IN N~NE GROUPS
ACCORDING TO DAVIS(197l)

DEPRESSSlON CAREFREE FRIENDLINESS

sad happy goodnatured
downhearted full of pep friendly
worthless carefree kind
unhappy at ease warmhearted
useless active pleasant
depressed cheerful considerate
blue satisfied
troubled lively
lonely effic-ient MISCELLANEOUS

:.hASpicious
HOSTILITY ANXIETY feel sexy

need a cigarette
angry tense need a drink
irritable on edge taken advantage of
annoyed fearful hungry
rude impatient headache
sarcastic restless stomach upset

nervous trouble seeing
jittery

COGNITIVE GAIN
~~-----

FATIGUED
confused GUILTY-ASHAMED
able to think clearly tired
forgetful troubled by conscience sleepy
able to concentrate sorry for things done worn out
alert weary

•
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'l'ABLIl XLll

ANAL'YSIS OF VARIANCE FOR A.M. MICHIGAN EYF.-IIA'Ill COORDINATION TEST: PCE AND ALCOHOL

SOURCE DF SUM OF SQUARES MEAN SQUARE F-RATlO P-LEVEL

Total 220 {,222.7027

Linear Day (adj. ) 1 1651. 7111 1651. 71Il 329.04643 <.005

Linear PCE (adj. ) 1 .67672 .67672 .13481 ns

Linear Alcohol (adj.) 1 .59577 .59577 .11869 us

Linear PCE x Linear Ale. 1 13.17060 13.17060 2.62379 ns

People Effects 8 1512.4522 189.05652

Residual 208 1044.09644 5.01969

TABLE XLIII

ANALYSIS OF VARIANCE FOR P.M. MICHIGAN EYE-HAND COORDINATION TEST: PCE AND ALCOHOL

SOURCE DF SUM OF SQUARES MEAN SQUARE F-RATIO P-LEVEL

• Total 220 3837.4371

Linear Day (adj. ) 1 1362.7621 1362.7621 243.85332 <.005

Linear PCE (adj. ) 1 3.76556 3.765.56 .67381 ns

Linear Alcohol (adj.) 1 128.04042 128.040/,2 22.91162 <.005
I

I Linear PCE x Linear Ale. 1 .82714 .82714 .14801 ns

People Effect.. 8 1179.6459 147.45513

Residual 208 H62.3~673 5.5881,5
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I
• TABLE XLV

ANALYSIS OF VARIANCE FOR A.M. MICIlIGAN EYE-HAND COORDINATION TEST: PCE AND DIAZEPAM

SOURCE DF SUM OF SQUARES MEAN SQUARE F-RATlO F-LEVEL

Total 342 7849.0203

Linear Day (aaj. ) 1 3120.5006 3120.5006 519.14551 <.005

Linear PCE (adj. ) 1 6.55081 6.55081 1.08983 ns

Linear Diaz. (adj.) 1 17.76346 17.76346 2.95524 ns

Linear PCE x Linear Diaz. 1 6.13822 6.13822 1.02119 ns
!."dj. )

People Effect 8 2714.4892 339.3415

Residual 330 1983.57813 6.01084

TABLE XLVI

ANALYSIS OF VARIANCE FOR P.M. MICHIGAN EYE-HAND COORDINATION TEST: PCE AND DIAZEP.~

SOURCE DF SUM OF SQUARES MEAN SQUARE F-RATlO P-LEVEL

Total 342 6938.5674

Linear Day (adj. ) 1 2818.4941 2818.4941 496.35094 <.005•
Lineae PCE (ad.l . ) 1 2.24162 2.24162 .39476 ns

Linear Diaz. (adj.) 1 18.28790 18.28790 3.22059 ns

': Linear PCE x Linear Diaz. 1 8.47979 8.47979 1.49333 ns
(adj.)

,.,
People Effects 8 2217 .1813 271.14766

Residual nO 1873.88281 5.67845
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TABLE XLVII

ANALYSIS OF VARIANCE FOR FLANAGAN COORDINATION TEST: PCE AND ALCOHOL

SOURCE Dr' SUM OF SQUARES MEAN SQUARE F-RATIO P-LEVEL

Total 220 41425.0000
(1)

Linear Day (adj.) 1 239.3341 239.3341 2.6455 ns

Linear PCE (adj. ) 1 754.0464 754.0464 8.3348 P<.005

Linear Alcohol (~dj.) 1 3733.4705 3733.4705 41.2677 P<.OO5
(2)

Linear Day (adj.) 1 34.2222 34.2222 .3782 ns

Linear PCE (adj .) 1 300.1192 300.1192 3.3173 ns

Linear Alcohol (adj.) 1 1649.0425 1649.0425 18.2276 P<.OO5

L.PGE x L.A1c. 1 54.5122 54.5122 .6025 ns

People 8 17437.7052 2179.7131

Residual 208 18817.6602 90.4695

Note (1): Assumes Model with absence of PCE-Alcohol interaction.

Note (2): Assumes Model with PCE-A1cohol interaction.
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TABLE XLVII I

ANALYSIS OF VARIANCE FOR FLANAGAN COORDINATION TEST: PCE AND DIAZEPAM

SOURCE DF SU~I OF SQUARES MEAN SQUARE F-RATIO P-LEVEL

Total 342 46231.0000
(1) -----------

Linear Day (adj. ) 1 305.2656 305.2656 4.6395 P<.05

Linear PCE (adj.! 1 437.127 437.127 6.6436 P<.025

Linear Diaz. (?dj .) 1 224.8434 224.8434 3.4172 ns
(2)

Linear Day (adj.) 1 304.3750 304.3;50 4.626 P<.05

Linear PCE (adj.) 1 231.1051 231.1051 3.512 P<.l

Linear Diaz. (adj. ) 1 105.1256 105.1256 1.598 ns

L.PCE x L.Diaz. (adj.) 1 1. 5~45 1.5345 .023 ns

People 8 23353.8864 2919.2358

Residual 330 21712.7539 65.7962

Note (1) : Assumes Model with absence of PCE-Diazepam interaction.

Note (2): Assumes Model with PCE-Diazepam interaction.
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TABLE )(LIX

ANALYSIS OF VARIANCE FOR 15 RFM ROTARY PURSUIT TEST: PCE AND ALCOHOL

SOURCE DF SUM OF SQUARES MEAN SQUARE F-RATIO P-LEVEL

Total 220 324.53203

Linear Day (adj. ) 1 1.19046 1.19046 1.62780 ns

Linear PCE (adj.) 1 .47244 .47244 .64600 ns

Linear Alcohol (adj.) 1 22.32041 22.32041 30.52030 <.005

Linear PCE x Linear Ale. 1 .00723 .00723 .00989 ns
(adj.)

People Effects 8 148.42441 18.55305

Residual 208 152.4708 .73133

TABLE L

ANALYSIS OF VARIANCE FOR 30 RPM ROTARY PURSUIT TEST: YCE AND ALCOHOL

SOURCE DF SUM OF SQUARES MEAN SQUARE F-RATIO P-LEVEL

Total 220 4241. 2867
•

Linear Day (adj. ) 1 196.84016 196.84016 29.93380 <.005

Linear PCE (adj. ) 1 2.14730 2.14730 .32654 ns

Linear Alcohol (adj.) 1 371.27166 371. 27166 56.45987 <.005

Linear PCE x Linear Ale. 1 5.13211 5.13211 .78045 ns
(adj.)

Peop Ie Effec ts 8 2298.493 284.26491

Residual 208 1251.77587 6.57585
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TABLE LI

ANAIoYSIS OF VARIANCE FOR 45 RPM ROTARY PURSUIT TEST: PCE AND ALCOHOL

SOURCE DF SUM OF SQUARES MEAN SQUARE F-RATIO P-LEVEL

Total 220 11060.588

Linear Day (adj.) 1 805.91894 805.91894 61.07094 <.005

Linear PCE (adj.) 1 8.18365 8.18365 .62014 ns

Linear Alcohol (adj.) 1 1156.1816 1156.1816 87.61314 <.005

Linear PCE x Linear Ale. 1 11.15636 11.15636 .84541 ns
(adj.)

People Effects 8 6334.2962 791. 78627

Residual 208 2744.85938 13.19644

TABLE LII

ANALYSIS OF VARIANCE FOR 60 RPM ROTARY PURSUIT TEST: PCE AND ALCOHOL

SOURCE OF SUM OF SQUARES MEAN SQUARE F-RATIO P-LEVEL

Total 220 11295.052

• Linear Day (adj.) 1 641.15817 641.15817 42.93551 <.005

Linear PCE (adj.) 1 43.68820 43.68820 2.92560 ns

Linear Alcohol (adj.) 1 568.47365 568.47365 38.06815 <.005

Linear PCE x Linear Ale. 1 72.30947 72.30947 4.84224 <.05
(adj.)

People Effects 8 6862.3499 854.9579

Residual 208 3106.07422 74.93305
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TABLE LUI

ANALYSIS OF VARIANCE FOR 15 RPM ROTARY PURSUIT TEST: PCE AND DIAZEPAM

SOURCE DF SIlM OF SQUARES MEAN SQUARE F-RATIO P-LEVEL

Total 342 444.03199

Linear Day (adj. ) 1 .97643 .97643 1.23036 ns

Linear PCE (adj. ) 1 .26965 .26965 .35313 ns

Linear Diaz. (adj.) 1 12.23945 12.23945 16.0284 <.005

Linear PCE x Linear Diaz. 1 .04245 .04245 .05560 us
{adj.)

People Eff"cts 8 178.51413 22.31427

Residual 330 251.98988 0.76361

TABLE LrV

ANALYSIS OF VARIANCE FOR 30 RPM ROTARY PURSUIT TEST: PCE AND DIAZEPAM

SOURCE DF SUM OF SQUARES MEAN SQUAIlE F-RATIO P-LEVEL

Total 342 3748.5687

• Linear Day (adj.) 1 237.84305 237.84305 52.09664 <.005

Linear PCE (adj. ) 1 8.57822 8.57822 1.87896 us

Linear Diaz. (adj. ) 1 11.09247 11.09247 2.42967 ns

Linear PCE x Linear Dia~. 1 7.61051 7.61051 1.66699 ns
(adj. )

People Effects 8 1970.8558 247.3397

Residual 330 1506.58889 4.56542
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TABLE LV

ANALYSIS OF VARIANCE FOR 45 RPM RCTARY PURSUIT TEST: PCE AND DIAZEPAM

SOURCE DF SUM OF SQUARES MEAN SQUARE F RATIO P-LEVEL

Total 34<: 12874.242

Linear Day (adj.) 1 1015.6076 1015.6076 94.65598 <.005

Linear PCE (adj.) 1 .69796 .69796 .06505 ns

Linear Diaz. (adj.) 1 108.51152 108.51152 10.11342 <.005

Linear PCE x Linear Diaz. 1 2.42981 2.42981 .22646 ns
(adj.)

People Effects 8 8206.2754 1025.7844

Residual 330 3540.72266 10.72946

TABLE LVI

ANALYSIS OF VARIANCE FOR 60 RPM ROTARY PURSUIT: PCE AND DIAZEPAM

SOURCE DF SUM OF SQUARES MEAN SQUARE F-RATIO P-LEVEL

Total 342 16055.503

• Linear Day (adj.) 1 818.43684 818.43684 55.47987 <.005

Linear PCE (edj.) 1 37.45881 37.45881 2.53924 ns

Linear Diaz. (adj. ) 1 129.83125 129.83125 8.80095 <.005

Linear PCE x Linear Diaz. 1 2.45736 2.45736 .16658 ns
I (adj ).,,
I People Effects 8 10199.178 1274.8992

Residual 330 4868.14844
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TABLE LVII

RESULTS OF ANALYSIS OF VARIANCE FOR
DOMINANT FREQUENCY SHIFTS FOR EACH LEAD

PCE-ETHANOL GROUP A

SUBJECT LEAD 1 LEAD 2 LEAD 3 LEAD 4

95 NS NS NS NS

117 NS NS NS NS

327 NS NS NS liS

PCf. ..1y:&PAM GROUP B

,.SUBJECT LEAD 1 LEAD 2 LEAD 3 LEAD 4

328 NS NS NS NS

329 NS NS NS NS

330 NS NS NS NS

332 NS NS NS NS

333 NS NS NS NS

334 NS NS NS P<.005
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TABLE LVIII

RESULTS OF ANALYSIS OF VARIANCE FOR PERCENT RELATIVE
ACTIVITY AT DIFFERENT TREATMENT CONDITIONS FOR FOUR

FREQUENCY BANDS AND AT EACH OF FOUR LEADS

PCE-ETHANOL GROUP A

SUBJECT BAND LEAD I LEAD 2 LEAD 3 LEAD 4

95 6 KS KS NS KS
e KS NS NS KS
a KS P<.OOS KS KS
II KS NS NS KS

117 6 KS KS NS KS
e KS NS NS NS
a KS NS NS NS
II NS NS NS NS

327 6 KS NS KS KS
e NS NS KS KS
a KS NS KS KS
II NS KS NS KS
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TI'IILE LXX

RESULTS CF ANALYSIS OF VARIANCE FOR PERCENT RELATIVE
ACTIVITY AT DIFFFRENT TREATMENT CONDITIONS FOR FOUR

FREQUENCY BANDS AND AT EACH OF FOUR LEADS

PCE-DIAZEPAM. GROUP B

SUBJECT BAND LEAD I LEAD 2 LEAD 3 LEAD 4

328 6 NS NS NS NS
e NS NS liS NS
II NS NS NS KS
8 P<.Ol KS KS KS

329 6 NS NS KS KS
e NS NS KS KS
II NS KS KS NS
II KS NS NS KS

330 6 NS NS KS NS
e NS NS KS NS
II NS NS NS NS
Il liS NS NS NS

332 6 NS NS NS NS
e NS NS KS P<.OOS
II NS KS NS NS
Il P<.Ol P<.OO5 NS P<.Ol

333 6 KS KS KS KS
e NS NS NS KS
II NS NS NS KS
8 P<.Ol KS KS KS

334 6 NS NS KS NS
6 P<.OO5 NS P< .005 KS
II NS NS NS NS
8 NS NS KS KS

•
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TABLE LK

TREATMENT CONDITIONS SIGNIFICANTLY DIFFERENT
FROK CONTROL FOR GROUP B SUBJECTS

SUBJECT ~ ACIIVlTY TREATMENT CONDITIONS

328 I,ll t LO PCE - HI DIAZEPAM
I,ll t HI PCE - HI DIAZEPAM

332 I,ll t i.O PCE - LO DIAZEPAM
1,8 t H~ PCE - HI DIAZEPAM
I,ll t HI PCE - HI DIAZEPAM
2,11 t LO PCE - 1.0 DIAZEPAM
2,ll t HI PCE - HI DIAZEPAM
4,8 ~ LO PCE - HI DIAZEPAM
4,1l t HI DIAZEPAM
4,11 t HI PCE - HI DIAZEPAM

333 1,11 t HI DIAZEPAM
I,ll t HI PCE - PLACEBO

334 1,8 t LO PCE - HI DIAZEPAM
3,8 ~ LO PCE - HI DIAZEPAM
3,9 ~ HI PCE - Ul DIAZEPAM
3,9 ~ HI PCE - HI DIAZEPAM
4, 1lolII. Freq. ~ HI PCE
4, DOIII. Freq. ~ HI DIAZEPAM
4, 1lolII. Freq. ~ LO PCE - HI DIAZEPAM
4, ])om. Freq. ~ HI PCE - LO DIAZEPAM
4, DOIIl. Freq• ~ HI PCE - HI DIAZEPAM
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APPENDIX I

INFORMED CONSENT QUESTIONNAIRE

1. Do Y~\l think. the inve.til~ti..,n is based on enou,:h information to allow
the scientist. to proceed s!l,.lely, it. explai.ned, (on human heine.?

Yea No

2.. Do you uDderstand that yeu have the ript to witbd~&w from the
i"vedi.atiOft at .ay time'!

Yea No

10 your,ePn

Yea

to 'Jour fellow m(:n and women?

Ye,

No

No

f. Do yOll under.tand that other human heiD,. have been exposed to the
Bame concentration of perchtoroethylene [or at Ie... the SLm.
period of lime without ,howiu& allY harmful effect?

Ye, No

5. Do 'you understand that ...·ou will be .,tuck with a needle it. lew tim••
a day on different daye of the week in order that email sample. of
blood can be drawn from you.?

Ye, No

6. Have the risk. involved to you been adequately explained?

• Ye, __ No

7. Plea8e tell ua briefly why you are willing to participate in thtl inve'ti.ation~

Dale Si&nalure _
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APPENDIX :1

mel! [(;,\N En:-IIANIl COORIH:-lAi'ION TEST
INSTRUCTIONS-PROCEDURES

1. Determine if subject is left or right handed. Position plate
accordinf,ly.

2. Instruct subject as follows:

a) This is an eye-hand coordination test. There are 119 holes in
this maze from S to F. Your task is to insert the stylus tip_. -
into each hole- according to the traced pattern. Accuracy and
speed are important, and we record both. Any quest tons?

b) Again, let me remind you to be accurate if you miss a hole, or
deWiate from the pattern, we will have to start that trial
over. So "aecuracy is most important. and speed is second in
importallcl~ but do try to go as fast and as accurate as you can.

c) Ok - Put stylus in your right (or left hand), and place the tip
in the lUp hole marked §. for start. I will tell you when to
'slart'. (Experimenter - resets clock to zero, and says 'start')

d) Experimenter records data for trial 1. Four trials are run per
session. No feed back on time values should he provided.
Appropriate encouragement can be given for those subjects
lacking in apparent enthusiasm. If errors are made, and you
instruct subject to start over. record this under the error
column on data sheet, and encourage subjects to be more accurate.
If they are really slow. encourage them to work faster.

Don't forget to date the data sheet •
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APPENDIX III

INSTRUCTIONS FOR
ROTARY PURSUIT

1. This is like a game. Th~ area of white light is your target. The
object of the game is to keep this ~ointer on the target as much
of the time as possjble when it goes around.

Chase the target in a circular IIlOt:lon if it gets away frOll you. Every­
time the tip of this pointer or stylus is not on the target an error
is scored.

2. Do not press down on the stylus; rather, follow the target with a
relaxed swinging movl!IIlent of the arm. Also, relax your body to avoid
becoming tired.

3. Experimenter demonstrates.

4. You will be given one trial in which to wal'lll-up. Then, you will be given
1 trial at 15 RfMs, 1 at 30 RPHS, 1 at 45 RPMs, and 1 at 60 RPMs with a
30 second rest period between each 45 second trial.

5. Any questions?
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APPENDIX I\'

S~llJECTIV[ ,EELING IIIVL'ITORr

1. No Names

Z. Cbeck the appropriate box - which indicates hov you~ at
~~. Use your first response.

3. Sa.e items just require you to follow directiona.

1. Uieless Hot at all D a little 0 quite a bit [] extr..ely 0
Z. Taken 3dvantage of Hot at all 0 a little 0 quite a bit CI extre.cly 0
3. Check "not at all" Hot a'; all 0 a little 0 ~uite • bit CI extr..ely 0
4. Need a cigarette Not at all 0 a little 0 quite a bit 1=1 extretlelr 0
S. Check "a Iittlell

kot at .11 CI a little 0 qaite • bit CI extre.ely Cl
6. S;td Not at all CI • U.ttle 0 quite • bit CI extremely D
7. Nervous Not at all CI a little CI quite a bit CI extxetQely Q
8. Able to concentrate Not at all [] a little 0 quite a bit CI extrmely 0
,. Carefree Not at all [] a little D quit. a bit [] extreaely CJ

10. Fearful Not at all 0 a little CI quite .. bit CI extretlaely D
11. Wannhearted Not 2t all [] a l.tttle 0 quite a bit CI extrf'rtl~ly 0
12. Cheerful Not at.ll 0 A little D quite a bit CI extrf>1Aely 0
13. Alert Hot at all 0 • little 0 quite a bi t CI c<~tremely D
14. Restless Not at all 0 a little 0 quite a bit CI extrelllely 0
IS. Feel ~exy Not at ..11 0 a little 0 quite a bit CI extreae1y D

• Sgrry f~r
Hot at all CI a little 0 quite a bit CI ""tr...ely 016. t n~s one

17. Pleasant Not at all 0 a little CI quite a bit CI extreL1.ely Q
18. Need a drink Not at all II a little CI quite a bit CI extrhlely D---------
1'.

Check 11Quite a
Hot at all CI a little CI quite a bit CI extremely DBit

20. Efficient Not at all 0 a little CI quite a bit CI extre.ely D
~,
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H. Blue Kat at all 0 a little [J quite a bit 0 extremely 0
22. Tense Not at .11 0 a little 0 quite a bit: 0 extrEllely 0
23. I.patient Not at all 0 a little 0 quite a bit 0 extre.el)" 0
24. Troubled Not at .11 0 a little 0 quite a bit 0 extremely 0
25. Sarcastic Not at all 0 a little 0 quite a bit 0 E:xtremely 0
26. Satisfied Hot at 811 0 8 little 0 quite .. bit 0 extremely 0
27. Lively Not at 8110 8 little 0 quite. a bit 0 extretll.cly 0
28. At ease Not at all 0 a little 0 quite a bit 0 extremely 0
29. Suspicious Not at .11 0 a little 0 quite;. a bit D extremely 0
30. .~~sed Not at .11 0 a little 0 quite a bit 0 extremely 0
31. Unhappy Not i"t all 0 a little 0 quite a bit 0 extremely 0
32. CheCK "extrPll'l~" 'foot at .110 a little D qui.te a bit 0 extremel)' D
33. Headache NDt at .11 0 a little 0 quitt>: a bit D extrt!Dlely D---------
31•• Lonely "'-'t :tt al10 a little 0 quite a bit tl extremely D
35. "Worn out Not at all [::I a little CI quit~ it bit 1:1 extremely tJ----------
36. Sleepy Not at all 0 a ll.ttle 0 quite a bit t:l extremely tJ
37. Weary l'Jot at aU CJ a little 0 quite a bit t:1 extremely t1
38. Full of pep Not at all [J • little 0 qu:l.te a bit "0 E':xtretnely 0
39. Goodnatured Not at ,11 [J a little rJ quite • bit [J extremely 0

• 40. Considerate Not at all [] a little [J quite Jl bit [:I extremely 0
41. Angry Not at all 0 a little Cl quite a bit 0 extremely 0

Able to think
a110 a little CI quite " bit CI extremely 042. clearlY Not at

I 43. StO'lltach upset Not at 0110 a little CI quite" bit CI extrctftltly D
/

.' aU t:I " little [] quite a bit CI extremely 0..
44. Annoyed Not atf
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45. !'Ownheart(~d Not at a110 a little 0 quite a hit t1 extrehldy tJ
46 . .!~- Not at a110 a little 0 quite a bit t1 extremdy II
47. Forgl'tful Not at a110 a little 0 1Juite a bi t t1 extremely tJ.
48. Happy Not at <\11 0 a little 0 quite a bit LI extremel)' n
49. hiendly Not at all 0 a little D quite a bit I:J extrem.ely 0
50. Jittery Not at a110 a little 0 quite a bit tJ extremely Q
51. Oll ~ge Not 4t a110 ., little 0 q\iite a hit 0 extremely 0
52. Irritable Not at a110 a little 0 quite a bit 0 extremely 0
53. lltJngry Not at 0110 a little 0 quite a bit t::I extremely 0
54. Trouble Seeing Not at nUO a little 0 quite a bit tJ extremely 0
55. Rude No.:: at aU 0 a little 0 quite a bit t:1 extremely 1].---------
56. Uorthless Not at a110 a little 0 quite a hit t::I extre.,u... ly tJ
57. Tired Not .. aUO a little 1] quite a hit Ci extrell!f!'ly C
58. Active Not at auD a little tJ quite • bit t:/ extre'llely 0

"roubled by
aUD a little 1j a bit r:1 extremely 1159. conscience Not at quite

60. Depressed Nut at .all tJ a litt1e 1:1 quite a bit t:1 extr"".ly t::1
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CONFUSED/DISORIENTED ,-,-,-,-,-,-,-,-,-,-,-,
(Aware of their enviroPMnt but -5 0 +5
DOt able to eope with it)

ApPENDIX VI
Date:_, Aase8sort' _

1'1_:

STAFF ASSESSKDIT OF TIlE SUIJt:CTS I

MOOD AND IEHA't'IOR IN THE CHAMBER

Directions: On the followln& d1Jlell$ions assess the subjects· .ood and
behavior .a observed in interactions with fellow subjects and ataff. 1ft
the Hc~tS" section describe the behavior of a particular lubjf'c:t if
it dUfen.. ilppreci••bly in. the behavilJ,r of the gruup in leneral. Hull.
70ur i'aUna on dull (-). ftOt OIl. colon (:).

(They are in tou+,;~: with ALERT :-:-;-:_:_:_:_:_:_:_:_: lI01,JT OF lyll (kind of in a zotlble
what is bappeninj, iuound the_.) +5 0 -S atate physically but not

__taUy here)
ABLE TO TlIINK CLEAIU.Y/CONCENTRATF.
(without e~tre.e effort)

HAPPy ,-,-,-,-,-,-,-,-,-,-,-, DEPRESSED
+; 0 -;

ANXIOUS ,-,-,-,-:-,-,-,-:-,-,-, AT EASE
-S 0 +S

FRIEMDLY ,-,-,-,-,-,-,-:-,-,-,-, HOSTILE
+S 0 -5

UPTIGHT ~-:-:-:-:-:-:-;-;-:-;-: CAlEflEE
-S 0 +5

FULL OF PEP ,-,-:-,-:-,-,-,-,-,-,-, SLEEPY
+5 0 -5

SERIOUS :-,-,-,-:-,-,-:-:-:-,-, GIDDY
-5 0 +5

TALKATIVE ,-,-,-,-,-,-,-:-,-:-:-, QUIET
+S 0 -5

IMACTIVE :-,-,-:-,-,-,-,-:-:-,-, ACTIVE
-; o +5

•

f,

COOPERATIVE ,-,-,-,-,-,-,-,-:-:-,-, UNCOOPERATIVE
H 0 -S

STAGGERING ,-,-,-,-,-,-,-,-,-:-,-, IN BALANCE
-5 0 +5

COIl!lEIITS ,
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l'fJU:/URIl" SlUUY

____ -Ill. br

""'-.iCh e-h , pur8ulf
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...... _lei e-h

++OiiJlse ..JEkC

I
;:;-cJrallii----

_l_

L
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M
C
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a:'ln
8:)5 :<:,:ttn:K CHt,,'1BER
8:4U <t..... 'ht
8:45
8:SO _ ac I
8' 55 ---.l:
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':15
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9:35
9.40
.:45
.:50
9:55

10,00
jO:05
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12:55
1:00
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2:05 EKe
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8:40 I
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10:55 •
11.00 dual t.s~

11'05 I11:10
11,15 L' _
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11.25
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11:50
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12:00
i'i-'05
12: 10
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SlJlIWlvt .0. 4<JLiptl

•

PUC/DRUG STUDY

DEBal.FING QUESTiONNAIRE

Prepared by S. Kar low. ".s.
1. Were you able- to deteralne whether: or not you were neet"l.,. alcohol

in your juice?

..."er a.-eti.a often__'_a,'..w&Yt:__'_

2. Do you believe that ro~ received O~C 40.c, tva different doses or
Wl('\l'e tMll tva different diuses of alcohfilll over the coune of the
eftthe etudy?

Dtd you answer question 12 on the basi. of the vay the drink. tasted,
b1 the ~ffects they had, or by both?

3. On the days you were Biven 1IedicatioQ. vere you able to deter.lne
whether or not ·'ou ""ere recei.vina Vall.. rather thaa « drua fr•• pill!

~. Before the study began yo~ were told that you would be a1ven two
different dos~s of Vali~. Were you able to deteraine on which day.
yol,l; "cre receiving the 6Itla. dose and on whiC!h day. you were recelvlna
the lOac. dose of Yaliua?

5. When under the influence of Vali~, did y~u try to do your heat on:

the Hichiaan--
never__IOMtiacs__often.-i.-alv<::;ys-l.-

the pursuit traekioC--
never sa..et1I1es-Loften.....-L.-illvAy.--L.

the Tlana.an--
never__IOIM!tl_s..-l-ofte~----L-alvay.-...L

the dual task--
never__sOMti.a_l_often_4_alva)'l-L

6. When under the influence of alcohol. did you try to do your best on:

the Michigan--
neveJ"__8a.eti.es-Loften..-l-always_5_

the pursuit tracking--
Mver .o.etilles__'_orten~:ll\1ay.---i-
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the FlalYlgan--
.."er aoatt:ti..s__often-L.lvays~

th! dual laat-:--
_r s,..t:t.es_-L..0ften.--Lalvaya-L

7. Did Skadl f.il to see errora (ak1p,lna • hole) that JOU .... on tbe
ticlll...?

••

9.

R...pcoue,
f
J....,
f
J....,
f
J

10.

"itll "1" taclleatina ~. "2" the neat. Ireatest, ad "JII tM .!!!!!'
pl-.e rank the (ollovin. to allow tn YOUI' oplnl" the de.ree to which
~affeeted your ....pone•• on the .cd teat:

--4...-thl... h.p....In. In ., Hfe that h.d noth1.. t. do vlth the
S c~r rllft •••

tt
:=z:::the chemical. (pere vapors. V.lt.... alcohDl) 1 WAS ex.poaa4 to

S durl"" the study•••
4

::lC::aocial interaction. (or the lack pf t~) tak1aa place 1n tbe
S ch_r...,

Did the I'equire.ent of putUn, • paeudonr- oa. YOUI' -.ood teat keep
JOU frOli beina honest!

•

i
c

11. If yc')\l had it to do 0Ye~4 again would you prefer to put )'our 1'••1
u.e•• pseudon,., or no n.. on the JIOOd te.t1

..e.1 __---1.-.1••udon~_J_no__4_

12. Did you have an idea of wat you vere 8corilll on the Nidai.a" by aq,,.
.eana other than sbeer intuition?

IN'Ver-l-ao.et1llea_'_often_'_ala,. _

13. Did you have an idea of what you were scorin. Oft the pursuit trackin•
by an, lleau uther than intuition and the feedback the ..chine lave
you (the clicks)?

naver__soneti.es -l..._often_4_alvaye_'_

14. Do you feel that when kick te8ted you on the pursuit you perfor.ed
differently than when T~ tested youT

neYer~...ti.._J_often_J _alvaya_J_
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IS. Do you feel that when Dr~ lIake tested JOu on the Flanagan you perfoned
differently than w~n Bert tested you?

..e'let_S_scweU_._f_oftea._f_.. l .....y.__

16. To what extent did the aoiBe (conversation, buabina. jokiDI) on the
alcohol daye influence your perfor..ace on the;

M1ehiaan-
not It al1_3_8 little bit_3_quite a bit_t_extre.e:ly_'_

pursuit tracking--
_t at all_'_il U.ttle bit_4_qu.ite .. bit_t_ex.tre.ely_f_

'lan....n-- ,
..ot at a11_'_a little bit_3_qulte a bit_4_extreaely_I_

~ test--
oat at 811 4_8 little bit I_quite .. bit~extr~.ely '_

If 80, i~ what way for each of the above?

SSA 4.fAted tIo4t :the no,ue l16&eettd :the.ilt o.bi.U.tJj to conetJltMte.

3S6 • .fAted tIo4t :the.ilt -. tAuslo.ttA lllOde ,><Jt4o_e d<&~CJJ.U.

17. H~ frequently did lack of .1ee~ influence your perfo~ance nelatively?

ne.ver_S_Ij~t:ble._4_often__.lw.7.__

18. To what E!xtent did the boredo. of the day to day routlne, schedule,
affect your perfor..nce negatively on the behavioral tests!

DOt at 811_4_8 little bit_S_qultc a b1t extre.-.ely__

19. Did you raIl asleep durin. the dua\ task between the tone. (yout
111041 to type)?

never_6_8011eU••_ 2_often_'_alvaY8__

20. On the dual task, did you .ake t1ping er[Ors (e.g. typing four nuabers,
two nUMbers, O[ hittinl the wrona key) while typing in th£ nu.ber of
U.ea you saw the white light blink!

never_f_ae-ethtea_1_often__always__
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If 60', explain \ibQlt type of ern)r.

4$& &fAted tJ",t the ~ hi.t tIle .".ng nUlOb"".

3S6 4t4Ud that tIt~V ""t",.d """ •• t ... tit.... t"'~, d'gw.
RotMy,..... S; lIidl. <OOU. t;

Whic:'h t<est did you find aost difficult? P"o' to'''' J. ['puag'- =po'Ld. ,

22.

23.

Which l~st did you

Which lest did you

find .... , .hall....1...! RotllAy ,.... ••; 1Iiclt. <OOU. I

fUn4g4n eoood. S; 14idt. <DOo\d. I;
find "'at borin;? P"4' 'nAt,! I. Em t

•

24. R~ do you fe~l about behaviprally-ori.nted -edicat research .fter
your ~xperiencc at the Depart~nt of Eaviron-ental Medicine!

not vorthvtlilc has so.e v.h'e.....L-QO oplnlO1l-L-vortlNhile-l.-.

¥lr, ....thwhl1.--L.-

25. bid you feel exploited by any of the procedures or telts you were
IUt-j ec ted to?

11 ."'. what tests or procedures wade JO\\ feel thia va,!

Tk S ""'. o\"""lIded ·.,t.... •W-ed, ".tJ\utlwlt ...d ott< tude 0& •__0' tit.. """,....<o"',t....

Ad~ltional Co..ents:

·N.t ....OUSh <ho.i.u .0\ eu.b<et...

·It _ 0 .My plt..c2JIt upeMtne....Ublg >JUJt b.tIt tit.. peDplt .u.
the 9MUP 4IId tit.. Otpt••to"".
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110 IWIE

DEBRIKt'ING QUESTIONNAIRE (cont.)

Try to auver the follow!... four questioae .. objecti."l,. and bcmeltly ..
pOlullble:

1. Were 7" ac.curate in ."'!l'IIilllOC ¥bell you vet:.ee rec:elYlq alcohol!

aot at a11__.& little hit_'_~ulte a bit__'_extreRel1 _7_

2. Were you ac:c:u~.te in detectin, on which d.,.s you were rec:elv1na the
low dose of alcohol and on which day. you. were recelvlna doee. twice
as attOIl.!

DOt at 811_4_& little hit_f_quite a bit_'_extn-ly'_f_

3.. Were }'ou .ccur.t~ in df!.tel'll1D11l1 ¥ben YQU were recel"llll Vall..."

DOt at .11_3__ little b1.t;:_'_quite • bit_!.....--extr_ly._'_

4. Were JOu accurate in detectins on which da.,. you were recelvioa the
... do.. of Vali_ • .MI on which day_ .tv:. 1010&. dose?

80t at &11_7__ little bit_'_q\:ite a ltlt__extreMlJ._'_
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DUAL-ATTENTION TASK ANALYSIS

PCE-Alcohol Coabination

Response times for the dual-attention task (see page 8 of the aethodology
section). hereafter referred to as the peripheral light test, are shown in
Figure 1 of the addendua for the different PCE-alcohol treat-ent coabinatioDB.
Each of tbe nine data points in the figure represent a the -ean respon.. ti.e
of five subjects for both conditions of peripheral ligbt detection: peripheral­
lights alone and peripheral-lights plus central counting. In the latter
condition, only response tilles for those trials were included where the
central count was correct or within plus or ainus one value of the correct
count. Inspection of Figure I indicates that PCE had little influence on

-: 550
E

=: 450zo
L....
'" 400

100,..

0,0 US 1.50
• ALCOHOL !lIL/",'

Figure 1. Th~ effects of the three concentrations of PCE with
three different levels of administered alcohql on
response time of five subjects averaged over 'both
conditions of the peripheral-light task.

*Prepared by Vernon R. Putz, Research Psychologist, Behavioral and Motivational
Factors Branch, DBBS, NIOSH, Cincinnati, Ohio.

141



I

•

ADDENDUM (cont.)

response times for peripheral lights. while alcohol. as 100-proof vodka, at the
low dose of 0.75 mllkg appeared to increase response time, only to be reduced
at the higher alcohol level of 1.50 ml/kg. This observation was confirmed in
the analysis of variance. No significant interactions occurred among the
levels of PCE and the alcohol conditions (! (4, 16) - 0.31, ~ >0.01). However.
a significant main effect was found with alcohol! (2, 8) - 9.65, ~ <0.01. The
Newman-Keuls range test indicated that the control mean of 442 msec (no
alcohol) was significantly different from the inten.ediate alcohol level, which
produced a mean response time of 488 msec, ~ < 0.1. No further significant
differences were found between the control and the high alcohol level or
between the intermediate and high levels.

A main methodological interest with the periphe"al light test was to determine
if information loading of the subject by adding a second task of counting a
central light blinking would serve to aid in the differentation of treatment
effects by reducing the subject's short term compensatory capability. Analysis
of variance revealed the dual-task condition was significantly different from
the single activity of peripheral-light detection (! I, 4) - 45.7, ~ <0.01).
Mean response time for the dual-task condition was 490 msec as compared to
435 msec for the single-task condition. However. no significant differences
were found in the three way interaction involving PCE, alcohol and the task
conditions (! (4, 16) - 1.47, ~ >0,01). In other words, the dual-task condition
increased general response time, but did not differentially affect the nine
treatment combinations.

The above analyses were performed on the mean response times for all 30
peripheral light locations, In the subsequent analysis,the data were grouped
according to the position of the peripheral lights, or angle of presentation,
namely, far left, far right,and center. Center lights were those defined to
be within + 100 of the straight ahead ~vsition, while the far left and far
right included the range of 30 - 700 to the left or rt.ght of center. Mean
response times across all conditions averaged 429 msec for the lights
positioned on the far left, 448 msec for those on the far right. and 417 msec
for the lights within + 100 center. Although the orientation of the peripheral
lights did produce a significant main effect across all task and treatment
conditions <! (2, 8) - 13.29. ~ <0.01), this variable did not interact with
the PCE and alcohol treatment combinations (! (8. 32) - 0,82 ~ >0.01). Due
in part to the high visibility of the peripheral lights. and the task
procedure. misses and false positives were very infrequent. and accounted for
less than 2% of the total trial data which resulted in too few responses to
warrant subsequent analysis. Blink-counting during the dual-task condition
was also very accurate and did not reflect any treatment effects •

PCE-Diazepam Combination

The data for the PCE-diazepam treatments averaged across the two task
conditions for three subjects are shown in Figure 2 of the addendum. With
zero diazepam or placebo. PCE appeared to increase the response times slightly.
However. analysis of variance indicated that neither PeE nor diazepam were
significant as a main effect and did not inter~ct in any manner (F (6, 12) ­
1.37. ~ >0.01). The only significant variable was task condition (F (1. 2) ­
840, ~ < 0.01). Since the task conditions did not significantly interact with
the PCE-diazepam treatment conditions <! (6, 12) - 1.51. ~ >0.01). the task
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650

- 600"u•e
lOOp,..

'" 550:I 2' "tr1>-

'" 0".... 500z
0
"-on

'"
450[

oil:

f
0 P

CONTROL PLACEBO

DIAZEPAM

6... 10,0.

Figure 2. The effects of three concentrations of PCE at
each of the four conditions of diazepam adminis­
tration on response time of three subjects averaged
over both conditions of the peripheral-light task.

variable did not aid in differentiating the treatment combinations or have
any particular meaning in the present context.

The effect of the angle ofpresentstion of the peripheral lights was also
analyzed for the PCE-diszepam conditions. The orientation of he lights did
significantly influence response times (! (2, 4) * 29.5, £ <0.01). Lights
located to the far left of center produced a mean response time of 492 maec,
to the far right 514 msec, and 461 msec were recorded for lights in the
center of the subject's visual field (+100 ). Both left and right values were
significantly different from the center.

A significant three-way interaction occurred with di~zepam, lamp orientation,
and task condition (! (6, 12) * 3.6, £ <0 .05). Figure 3 of the addendum
shows the relationships. Three things are apparent on inspection of the
figure: (a) the dual-task condition' resulted in generally higher response
times, (b) reaponse ti~es to the peripheral lights were slower than the
central, snp (3) no trend with regard to diazepam was evident. The expectation
that the effects of the PCE snd drug treatments on response time would be
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550

530

u
: 510
E

...
:IE 490
...
... 410.,
z
o
"...
'" '

FAR RIGHT-DUAL TASK
f"AR LEFT-OuAL TASK
FAR ftlGttT-SINGLE
CENT£ft -DUAL
FAR LI£n - SINGl,.E
CENTER - SINGt.E

t'0
o P 6... 10...

CONTROL PLAC£IO

DIAZEPAM

F'igure 3. A three-way interactlon amcmg the four conditions of
diazepam administration, the two conditions of the
peripheral-light task: single and dual, and the three
angles of light p~esentation: far right, far 1eft,and
center is i'ndicated. Peripheral-light respc,nse times
we~e mea'ured to an accuracy of ± 1 msec.
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more evident by the added stress of responding l? peripheral lights while
simultaneously counting a central blinking light received no support in this
study with three subjects. Variations in the data with regard to misses,
false positives, and central light blinking accuracy were extremely small
ar.d did not warrant analysis.

The general conclusion from this behavioral test was that the peripheral-
light test,as applied,provided little insight into possible PCE-diazepam and
PCE-alcohol interactions. Furthermore, the test did not reveal any significant
or consistent trend with regard to the main effects of PCE, aleohol,or diazepam•
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