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SYNOPSIS - ABSTRACT

Adults of both sexes were exposed repetitively to p-xylene vapor
concentrations of 0, 20, 100, and 150 ppm for periods of 1, 3, and 7-1/2
hr in a controlled-environment chamber for two purpeses: 1) to develop
a practical "bioclogic" test which could be used to.limit the magnitude
0of an industrial exposure; 2) to monitor the phyvsiological response of
healthy, sedentary adults to different vaﬁor concentrations and durations
of exposure, including the Thresﬁold Limit Value (TLV) of 100 ppm, for
five consecutive days. '

Repetitive vapor exposure to the current TLV of 100 ppm produced no
serious subjective or objective health responses in the 16 subjects,
neither were any elicited in the eight male subjects while being exposed
for five consecutive days to 150 ppm p-xylene vapor; There was an
indication of the saturation of the metabolic pathway(s) of p-xylene
when four subjects exercised briefly while breathing 150 ppm; however,
the certainty and nature of this response requires confirmation.

Analysis of methyl hippuric acid metabolite in 24-hr urine samples,
and of p-xylene in post exposure blood, saliva, and breath samples all
revealed the certainty of p-xylene vapor exposures. For the greatest
practicality for routine biologic monitoring, combined with assurance of
limiting p-~xylene exposures in workers, we recommend breath éampling.

An alveoiar breath sample, obtained 15 min after the tegmination of a p-
xylene exposure, should have a p-xylene concentration of no greater than
4.5 pprn if from a male worker or 3.5 ppm if from a female worker.
Concentrations below these limits would give assurance that the workers
had not been exposed during the previous 8 hr to deleterious concentra-

tions of p-xylene.
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INTRODUCTION

p-Xylene is a key raw material in the burgeoning polyester fiber
and £ilm business, and is one of the three isomers in the mixed xylenes
solvent, now finding a new use in low-lead gasbline. Annual production
and imports of p-xylene in 1974 totalled 2,586 million 1b, and this

(l). To

figure is expected to increase to 4,735 million 1b in 1980
protect the American worker from harmful exposures to the mixed xylenes
solvent, a Threshold Limit Value of 100 ppm for an eight-hr work day was

established in l965<2)

and readopted annually thereafter. No attempt
was made to set separate values for the individual isomers in the
mixture, and it has been assumed that none individually is more hazar-
dous than the mixture of isomers. In this study, one isomer was chosen
to prevent any confounding effect of a mikture, and to allow an exact
measurement of the exposure concentrations at all times. p-Xylene was
chosen because of its highest volume usage of the three isomers by
American industry.

In the series of experiments to be reported, 16 adults of both
sexes were exposed repetitively to p-xylene vapor concentrations of 0,
20, 100, and 150 ppm for varying periods of time in an envircnmentally
controlled chamber. The goals were to: 1) observe the physiologic
respbnse of sedentary persons upon exposure to p-xylene vapor, and 2)

develop a practical biologic test useful for estimating the magnitude of

exposure to p-xylene.



EXPERIMENTAL

Healthy adults of both sexes were expoged to known concentrations
of p-xylene vapor in a controlled-environment chamber. These studies
were designed to simulate the type of exposSures encountered in the
industrial setting and consisted of both steady, non—fluctﬁating vapor
concentrations as well as widely fluctuating vapor cﬁncentrations of p-

xylene. .

Exposure Schedule:

The vapor exposure sequence is presentéd in Table I. The sequence
was initiated with male subjects who were exposed to p-xylene vapor
concentrations of 0, 20, 100, and 150 ppm for periods of 1, 3, or 7-1/2~-
hr. The female subjects were exposed to 0 and 100 ppm for identical
periods of time. The vapor concentrations in the controlled-environment
chamber were not permitted to fluctuate widely except for the ﬁale
subjécts' exposure during Week 5 when the ﬁide fluctuation experiment
was performed. The female subjects' exposure sequence occurred sub-
sequent to the exposure of male subjects and duplicated Week 2 for
males.

The widely fluctuating concentrations of p-xylenme vapor during Week
5 of exposure of male subjects was attained by varying the concentration
of p-xylene in the chamber from 50 to 100 to 150 ppm during equal
periods of time. The sequence of the up and down concentrations was
designed so that the last 15 min of exposure for 2ll subjects was to a

vapor concentration of 100 ppm p-xylene.



Subjects:

The subjects were selected from the Caucasian, middle-class,
working population of the Milwaukee metropolitan area. They were
recruited for this study by a private employﬁént agency. Each subject
who completed the study received $2.50 per hr spent at the labotratory,
plus overtime, with a 3-htr minimum payment for the Saturday morning
medical surveillénce check, After the objectives of the study and the
nature of the procedures to be used were fully explained to them, all
subjects signed an informed consent form, a copy of which is attached as
Appendix I.

Eleven healthy males volunteered for this study. Their ages ranged
from 19 to 55 years, height from 173 to 185 cm, and their weight from
62.7 to 110.1 kg. The one volunteer that was chese, weight--110.1 kg
and height--173 cm, dropped oug of the study after the first day (0 ppm
p-xylene) and thus was not exposed to the véEor of the chemical. O0f 9
volunteer subjects initially available, 4 wete assigned to Group I (7-
1/2-br exposure), 2 to Group II (3-hr exposure), and 3 to Group III (1-
hr exposufe). In addition to the Group III subject who drOpped out of
the study during the 0-ppm exposures, another Group III subject dropped
out after Day 1 of Week 2. His exposure to p-xylene was limited to 1
day at 100 ppm. Two mnew volunteers joined Group III during Week 3. The
last subject remaining of the 3 criginal Grdﬂb 11T subjects dropped out
at the end of Week 3.

The ages of the 7 participating females ranged from 22 to 39 years,
their height from 156 to 172 cm, and their weight from 56.7 to 93.5 kg.

One Group I subject was obese. Two additional females volunteered but
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dropped out of the study after the first day (6 ppm p-xylene). The
division of subjects into Groups I, II, and III was 3, 2, and 2, re-
spectively.

All subjects were cautioned‘to abstain from the use of drugs and to
limitvtheir use of alcohol to ﬁery moderaté amounts. Subjects who were
smokers were not allowed to smoke during their stay in the controlled-
environment chamber. Subjects who underwent behavioral testing (3-hr
and 7-1/2-hr males) were asked to refrain from consuming any caffeine
prior to the end of each day's study (1 hr post-exposure).

Most of the subjects had no other wage-earning job during the time
of the study, and none experienced any exposure to p-xylene outside of

the laboratory.

Exposure Chamber:

All exposures to the vapor of p-xylene were conducted in a con-
trolled-environment chamber 20 x ZO x 8 ft in size, which was adjoined
by a 3 x 5 x 8 ft toilet facility and a 7 x 7-1/2 x 8 ft room shielded
against electromagnetic radiation. Both the toilet facility and the
shielded room were ventilated by air from the chamber. This three room
complex had its independent air handling system and all outside doors
were self-sealing when closed. Air flow thrdﬁgh the complex was approx-
imately 1500 cu ft per min and approximately 25% of this flow was
exhausted causing a slight negative préssuré within the complex at all
times. Air temperature was maintained at 72-74° F while relative
humidity ranged between 45-55%. The p-xylene vapor was intrcduced by

sweeping the concentrated vapor from a warm flask with a stream of air



into the chamber's circulating air. A reclprocal dual-piston pump

maintained a steady flow of liquid p-xylene into the flask.

Analysis of Exposure Chamber Atmosphere:

Each 3-kg container of p-xylene (Aldrich Chemical, p-xylene, 99%)
used tc contaminate the chamber atmosphere was individually analyzed by
gas chromatography for benzene contamination before use. No benzene at
levels greater than the sensitivity of the instrument (1l ppm) were
found.

Standards were prepared by filling saran bags with room air pumped
in sequence through a charcoal column, & wet test meter, a Drierite
column, and a type N all-service gas mask cannister. After filling a
bag with a known amount of clean, dry air, a calculated amount of p-
xylene was injected into the bag using a microliter syringe. HNecessary
amounts ¢f p-xylene were calculated taking into account bag volume,
ambient temperature and barometric pressure. Calibration of analytical
devices was accomplished by attaching the saran bag standard to the
necessary probe within the chamber. At least three standards wére
analyzed prior to allowing subjects to enter the chamber each day and
tﬁen standards were analyzed at approximately 2-hr intervals throughout
the day.

Two completely independent systems were used to monitor the chamber
atmosphere. In both cases, air was withdrawﬁ from the chamber through
1/4" 1.D. polyethylene tubes at approximately 7%/min, through or past
the analytical device, to a small diaphragm pump which discharged back

inte the chamber.



A Wilks MIRAN-I Infrared Analyzer was used as the primary moni-
toring and chamber concentration control device. The 20-m cell was
operated at 13.5, 19.5, or 20 m path-length and the absoxption band at
12.65 p with a 2-mm slit was used. Voltage output of the MIRAN-I was
cennected to a strip-chart recorder, and a voltage proportionéi to the
pen position Ef that recorder was conducted to the analog-~to-digital
input of a PDP-12 (DEC) compute;. The computer sampled pen position
voltage each sec,.averaged those voltages every 30 sec, recorded the
average on magnetic tape, and using the best-fit inverse regressiqn line
based on standards wrote on a CRT the concentration over that 30-sec
interval and the cumulative or time-weighted average concentration since
the beginning of the run.

A gas chromatograph (GC) was used as the "backup" method of chamber
air analysis. The Varian Aerograph Model 940 GC was equipped with a
column packed with Apiezoﬁ L on Chrcmesorb W, 60/80 mesh, operated at
140° C. Nitrogen was used as the carrier gds to a hydrogen flame detec-
tor operated at 270-290° C. An automatic device injected a sample of
chamber air into the GC every 120 sec.. Output of the GC was connected
to a strip-chart recorder. Peak~height values read manually were trans-
formed into concentrations based on the standards that had been analyzed
during the day and compared with the values obtained using the infrared
spectrometer. Concentrations found by the two ﬁethods were in agreement

throughout the study.

Medical Surveillance:

Each subject was given a comprehensive medical examination prior to

the study and after the last exposure day of the study. These exam-




inations included a complete history and physical examination with the
following laboratory studies: complete blood count, complete panel of
clinical chemistries (23 values plus 2 calculated), and a 12-lead
electrocardiogram (EKG). A complete blood count and the panel of
clinicai chemistrieé were .repeated at least once per week during the
weekly exposurés. Prior to each day's exposure the subjects were given
a brief medical éxamination which included blood pressure, temperature,
subjective signs or symptoms, and urinalysié.(LabstixR, Ames). During
the time that they were in the envircnmental chamber, each subject's EKG
(lead~II) was continuously monitored by telemetry and recorded at hourly
inﬁervals. The subjects were under continual surveillance by medical

personnel while they were in the stidy.

Breath Sample Collection and Analysis:

Alveolar breath samples were obtained daily from eéch subject prior
to entry into the environmental éhamber, immediately upon exit from the
chamber, and at the following times after exiting the chamber (post
exposure): 15 and 30 min; 1, 2, and 3 hr. These samples were each
collected in 5-%& saran bags. The pre~exposure sample from the following
morning represented the 15-1/2-, 20-, or 22-hr post exposure sample for
Grogp I, IL, or III, respectively. Alveolar breath samples were ob-
tained by expelling a breath which had been held for at least 20 sec
into the saran bag and stoppering the bag securely. Sampling of the
breath in the bag was accomplished by puncturing with a syringe needle.
All samples, except the 2- and 3-hr post exposure samples, were analyzed

the same day that they were obtained. The 2Z- and 3-hr post exposure



samples were collected by the subjects after leaving the laboratory, and
they were analyzed the following day.

A Varian Agrograph Model 900 gas chromatograph (GC) equipped with a
hydrogen flame ionization detecto? was used to determine p-xylene in the
breath samples. The GC was fitted with a stainless steel column, 5 ft
x 1/3 in, packed with 10% FFAP on Chromosorb W, 80/100 mesh. The
column was preconditioned at 220° C overnight prior to use. The oper-
ating conditions of the GC were as follows: carrier gas {nitrogen) flow
rate of 40/ml per min; column temperature of 110° C; injection port,
190° C; and detector, 240° C. Both hydrogen and air flow were kept at
20 psig. The sample size was usually 1 ml. Standards at 3 concentra-
tions to bracket the unknown levels were prepared with clean air as
diluent. A single injection from the saran bags was used because of the
reproducibility of the analysis. The concentratien of p-xylene in the
unknowns was obtained by direct comparison of peak heights to the
standards. The minimal amount of p-xylene detectable in breath by this

method was 0.05 ppm with an acecuracy of x0.1 ppm.

Blood Sampling and p—XXlghe Analysis in Blood:

Blood samples‘were withdrawn from an antecubital vein of each
subject on Days 1 and 4 of each exposure weék. The blood samples were
obtained pre-exposure, immediately pre-exit from the chamber, 30 min,
and 60 min post exposure, by syringe. Analysis of p-xylene was carried
out on 2 ml of blood that was introduced immediately upon withdrawal
from the subject into a 40 ml saran-lined-capped glass vial containing 1

ml aqueous solution of 5 ppm toluene as internal standard. The headspace



technique was then employed for the analysis. After complete mixing and
equilibration at room temperature for at least 1 hr, 1 ml of the head-
space air was withdrawn and injected intc a gas chromatograph. ‘Samples
were analyzed the same day that they were obtained.

A Varian Aerograph Model 2700 ModulineR gas chromatograph (GC)
equipped with a hydrogen flame ionization'&etector was used to determine
the p-xylene levels in the blocod. The'GC was fitted with a staiﬂless
steel column 3-1/2 ft x 1/8 in, packed with 257 Apiezon L on Chromosorb
W, 45/60 mesh. The column was preconditioned at 200° C overnight prior
to its use. Throughout the analysis for p-xylene in blood, the column
was baked at 200° C wheﬁ it was not in use. The operating conditions of
the GC were: carrier pas (nitrogen) flow rate of 45/min; column tempera-
ture, 120° C; injection port, 235 C; and detector, 250° C. A calibration
curve (peak height ratio of p-xylene to toluene vs concentration) was
prepared daily. Samples were injected in duplicate and the concentra-
tion of p-xylene in blood was obtained directly from the calibration
curve, The detectable limit of p—xylenelby this method was 0.001 ppm

while the accuracy was *0.02 ppm.

Analysis of p-Xylene in Saliva Samples:

To demonstrate potential monitoring of another compartmental source
where p~xylene might be stored, a cursory study of p-xylene levels in
saliva was carried out.

Two ml of saliva were collected in a 35-ml saran-lined-capped glass
vial from both Group I male and female subjects. The time schedule for

sample collections included: prior to exposure, immediately upon exit,
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15 and 30 min post exposure. The analysis precedure for p-xylene in
saliva was identical to that of blood, except that no internal standard

was added.

Analysis of a p-Xylene Metabolite in Urine: Methyl Hippuric Acid:

Methyl hippuric acid (p-toluric acid) has been proposed as the
(3,4)

major metabolite of p-xylene in the urine of humans Twenty-four
hr urine collections were made by all subjects on Davs 1 and 4 of each
week. Plastic jars placed in iced foam buckets were used. Daily excre-~
tion was measured prior to sampling for analysis of wmethyl hippuric
acid.

A colorimetric method developed by Tomukuni and Ogata(s)that mea-
sures total hippuric acids was adopted with modification for the anal-
ysis. A Coleman Junior II A Linear Absorbalice Spectrophotometer Model
6-20A was used. One ml of urine was diluted with &4 ml of distilled
water, 0.5 ml of this diluted urine was pipetted into a glass tube,
followed by 0.5 ml pyridine. The resulting solution was well mixed
before introducing a Q.2-ml aliquot of benzenesulfonyl chloride (Aldrich
Chemical Company). An orange color develoﬁéd immediately. The colored
-solution was well mixed by means of gentle shaking and was allowed to
stand at room temperature for 30 min. The sample was then diluted to 5
ml with 95% ethanol. - The conceqtration of hippuric acids in urine was
read against a 95% ethanol blank at 410 nm. At least two aqueoué stan-—
dard solutions, e.g., 0.25 mgfmi and 0.5 mg/ml respectively, were used

to bracket the unknown concentrations. All samples were determined in

duplicate with an accuracy of * 0.05 mg/ml.
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Neurological Studies:

Within 5 min of entry into the environmental chamber on each
exposure day, and within 10 min prior to exit, each subject performed a
modified Romberg and heel-to-toe equilibriﬁﬁ'test which was videotéped
for later inépection if necessary. The test consisted of standing upon
each leg singly with arms at tﬁe side for a minimum of 3 sec, and walking
heel—to—tog in a straight line for approximately 5 ft. This was first
done with the eyes open and then repeated with the eyes shut.

Spontaneous electroencephalograms (EEG) and visual evoked responses
(VER) w;re recorded 4 times each on Monday, Wednesday, and Friday on
Group I (7-1/2-hr) subjects. Recordings were normally made once during
the first hr and 3 times after the fifth hr of exposure. A complete
description and illustration of the EEG-VER nonitoring s&stem is found
in a previous publication(é) from this laboratory. Gold-plated silver
disk electrodes were oriented on the scalp according to a modified 10-20
' International Electrode System(7). Grass EEG paste was used to secure
the electrodes to the scalp. An 8-channel Grass polygraph fitted with
EEG amplifiers was utilized for récording. EEG activity was recorded
for 15-30 sec befofe, during, aﬁd 15-30 sec after acquisition of the
VER. The EEG recordings were analyzed by visual examination.

The VER was recorded from the elect;ode at the inion, referred to
the left ear. An EEG channel was used to amplify the VER, and the
output was fed to an on-line averaging computer (Nuclear Chicago, 7100).
The VER was triggered by a strobe flash (3 usec)‘at the rate of 1 per
sec for 100 sec. The strobe was operated to‘deliver 18 million beam

candles at 1 m from the subject's eyes, which were closed throughout the
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period of strobe flashing. Analysis time was 250 mséc. Tlash delay
from the synchronizing pulse which initiated the computer sweep was 25
msec. The computer éveraged the response to the 100 flashes, and the
regultant VER was recorded on an X-Y plottér for analysis.

It has been shown that VER amplitude can be altered by wvarying

®)

levels of attention, cortical desynchronizafibn, and sleep According-~
ly, standardized conditions were used throughout each exposure day,
specifically immediately preceding the actual recordings. After entering

the booth, the subject was always allowed 3-5 min to achieve a relaxed

state, and then immediately prior to initidting the strobe flash, in an

t 1

attempt to standardize "attention,' the subject clapped his hands 5
times slowly and forcibly.

The most prominent and reproducible portions of the VER complex are
the 3rd, &4th, and 5th waves (designation by~Gastaut)(9). Our analysis
was thus restricted to these waves. Wave 3 was identified as proceeding
in a positive direction 80-120 msec after initiation of the strobe
fiash. Waves 4 and 5 were the succeeding negative and positive segments
of‘the VER. Our analysis involved 1) measuring the amplitude of these
waves and 2) measuring whether changes had occurred in latency and wave
form of the VER complex. A paired t-test was used to ascertain whether
the amplitude of any single wave of each subject differed significantly
during p-xylene exposure from O-ppm exposure conditions. Furthermore,
each subject's daily mean total amplitude wag calculated, and then using
paired t-test, analyses of variance, and group t-test methods, the O-ppm
data was ccompared with the p-xylene exposure data (technique employed by

(10))_

Forster et al
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Before and after each recording sessgion the equipment was cali-
brated as a system. Ten pv square waves, 100 msec in duration, were fed

into the amplifiers, averaged over 100 trials, and recorded.

Cardio-Pulmonary Function Studies:

Minute ventilation was measured under O-ppm conditions before and
after the p-xylene exposure and on the 2nd and 4th days of each week of
exposure to p-xylene. Measurements were made while in the sitting
position during the last one-half hour of exposufe_ The expiraticn port
of a breathing valve was connected via corrigated tubing (1 inch I.D.)
to a 13 & spirometer (W.E. Collins). After approximately 5 min breathing
on the valve, ventilation was collected for 3-4 min and the average
minute volume over this time period was tabulated.

Measurements designed to evaluate functionalvintegrity of pulmonary
airways, alveolér—capillary gas exchange, and regulation of pulmonary
ventilation and heart rate were made on male Group I subjects only.

Three maximum and partial forced expiratory maneuvers were per-
formed by each male Group I subject under resting conditions between the
5th and 6th exposdre hours on Day 5 of each week. The components of the
system employed in these forced expiratory maneuvers were: a) in series
a mouthpiece, a flexible tube, a heated Fleisch No. 3 Pneumotachegraph,
and a water spirometer, and b) the essentials of a computer system for
analysis, i.e. PDP-12 mini-computer, oscilloscope, teletype, etc.
Initially, under control conditions, each subject's vital capacity (VC)
and functional residual capacity (FRC} were determined on the water

spirometer. For the actual maneuver, the subject in sequence: a)
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breathed gquietly on the system for 3 or 4 Bréaths, b) inspired to his
70% VC mark on the spirometer (based on FRC), ¢) expired maximally, d)
inspired maximally, and finally, &) expired ﬁaximally. Step-by-step
software analysis of the acquired flow-time data included: a) inte-
gration to determine volumes, b) generation of flow-volume curves, and
¢) calculation and print out of such variables as total expiratory
volumes (VC), volume expired in one second (FEVl), and flow rates at 40%
and 25% of vital capacity for both the maximum and partial expiration.
It is important to note that in our s&stem, because expired flow rate
was dependent on lung volume, necessary adjustments were made so that
all flow rate determinations were at the same absolute lung volume.

Metabolic, pulmonary, cardiac, and hematologic parameters were
measured on Group I male subjects at rest and during two leveis of
dynamic muscular exercise between the 5th éhd’7th hours of exposure on
Day 4 of each week (Day 2 of Week 6). The exercise was performed on a
bicycle ergometer for 11 comsecutive min, 6 min at 350 KPM followed by 5
min at 750 KPM.

The esseﬁtial components of the expired gag collection and mea-
surement system were a breathing valve, corrﬁgated tubing, a Parkinson-
Cowan gas meter, a 150-% Douglas bag, and a Hewlitt-Packard recorder.
Minute ventilation was quantitated using the gas meter and recorder.
Expired gas was collected in the Douglas bag For 1 min at rest and 1 min
at each exercise intensity (between 4.5 and 5.5, and 9.5 and 10.5 min of
exercise). Fifty ml of this mixed expired air was stored in a glass
syringe and subsequently analyzedufor [COZj and [02] using a Quintron
gas chromatograph. Ventilation and [CO2] and [02] were used to calcu-

late metabolic rate and respiratory quotient.
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For sampling of blood, a 2l-gauge needle was placed in a super-
ficial dorsél hand vein. The needle was attached to a tubing stopcock
arrangement which during non-sampling periods was filled with heparin-
ized saline. For 5 min prior to sampling, the entire hand was heated to
approximately 42° C. This procedure sufficiently "arterialized’ the

(11)

venous blood so that P and pH were virtually identical to arterial

COo
Three to 5 ml of blood were sampled over the l-min period of expired air
collection. The blood was analyzed within‘iS min for PC02 and pH with
the Radiometer electrode arrangement.

Alveolar-capillary gas exchange was assessed by the single breath
carbon monoxide diffusion technique(lz) (DLCG). Measurements were made
twice on each subject at rest and after 5.5 and 10,5 min of exercise.
The previously deécribed computerized system was used to calculate
ingpired, residual, and total lung volume and DLCO. Neon was used as
the inert gas to measure residual velume. Neon and CO concentrations in
the collected alveolar sample were analyzed using a Quintron chroma-
tograph.

Heart rate was measured using the Biotel 170 ECG patient telemetry
system developed by Spacelabs, Inc. (Chatworth, California). Heart
rate was measured dﬁring the 30-sec interval preceding initiation of the
exercise and over the final 30-sec interval Jf each exercise period (350
and 750 KPM).

Systolic and diastolic blood pressure were measured by the auscul-

tatory method. Measurements were made at rest and after 4 and 9 minutes

of exercise.
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Cognitive Testing:

A battery of cognitive tests were perfofmed in a group situation by
the male Group I and II subjects on days 1, 3, and 5 of each week. The
testing was carried out 3 and 2 hr éfter the start of exposure for the
7-1/2 and 3-hr groups, respectively. The subjects were trained to a
performance plateau before these tests were used during exposures to p-
xylene.

The subjects sat in comfortable chairs at individual carrels to
perform the cognitive tests. The subjects were not permitted to talk or
have access to watches,. food, soft drinks, radios, etc. during the
testing. All instructicnal commands were made from outside of the
chamber via an intercog systeﬁ. The tests, in order of performance, are
described below,

Ten and Thirty Second Time Estimation Test: Each subject, upon

verbal signal (ready, begin) depressed a hand-held, silent, push-button
micro-switch for an interval of time he estimated to be 10 seconds.
This was repeated two additional times, and then three 30-second esti-
mates were made. The micro-switches were connected to the PDP—LZ
Digital computer which measured the time intervals. This test took
approximately 3 min to perform.

Marquette Time Estimation Test: This tést consisted of a series of

nine tone, stimuli followed by nine light stifli of approximately 1, 3,
and 5 seconds duration presented in a random sequence but always with
three stimuli of each time interval. At the termination of each stimu-
lus, the subject depressed thg push-button for that interval cf time he
estimated to be equal in length to the original auditory or light

stimulus. A detailed description of the test and the instrumentation
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used to carry it out has been described by Stewart, et al
test took approximately 7 min to perform.

Coordination Test: This test was the Flanagan Aptitude Class-

ification Tests, 7A, Coordinaticn, published by Science Research Assoc-
iates, Inc., 259 East Erie Street, Chicago, illinois. This test asked
the sﬁbject to rapidly follow a spiral pathway with a pencil. Thé
subject was allowed 40 sec to complete each of 6 spirals. The first 2
were considered practice and the last 4 were scored ana totaled. The
total score depended upon the longest distance attained in each spiral
minus the number of times the sides of the spiral pathway were touched

with the pencil. This test took approximately 5 min to perform.

Arithmetic Test: This test, which measured the subject's ability
to work with numbers, was divided into 2 pafts. The first part, lasting
5 min, consisted of simple addition and subtraction problems while the
second part, lasting 3 min, consisted of muitiplication and division.
The maximum score attainable if all answers were correct was 140;
however, no subject completed the tests in the.allotted time. In order
to minimize memorization of answers, 10 randomly generated problem tests
\

were used.

Inspection Test: This test was a measure of the subject's ability

to spot the number "3" in rows of random numbers on an 8-1/2" x 11"
page. The subject was asked to scan each row, beginning at the top of
the page, and slash out with a red pencil each "3" encountered. The
subject was given 2 min to strike out as many as possible. No subjecf
ever finished the entire page. A subject's score was the total number

of "3's" struck. S8ix differing pages with random numbers were utilized
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so that no subject received an idéntical number sheet on successive

tests.

Subjective Responses:

Each subject was asked to note on an individual;zed form any
subjective responses occurring during the exposure in the chamber or
during the first 3 hr post exposure. The form contained rows for noting
headache, nausea, dizziness, abdominal pain, eye, nose, throat irri-
tation, other, and odor, and columns for the "immediate"™, "1/2-hr", and
hourly periods of time thereafter. The adjeéﬁives "mild, moderate, and
strong" appeared on the sheet aé cue werds, and the phrase '"only ab-
normalities recorded" was prominently typed at the bottom. The home
telephone numbers of each of the Department physicians appeared on the
form and the subjects were encouraged to phone if they became 11l while

away from the laboratory.
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RESULTS

Exposure Schedule:

The exposure schedule for volunteer male subjects was designed in a
manner that included twe days of exposure to zero ppm concentration
{control) of p-xvlene before and after actual exposure to the vapor of
the chemical. A two-day weekend separated these control days from the
five-day per week actual exposures. As is customary in our studies, the
chamber was contaminated with an odor level (approximately 10 ppm) of p-

/
‘xylene when Groups I and III entered the en&ironmental chamber on the
two control days at the end of the study. Within 10 min the p-xylene
concentration was reduced to zerc ppm. A pre-exposure and a post-
exposure control day were also carried out for the female exposures,
with initial odor contamination on the post-exposure control day when
the subjects readily recognized the odor of p-xylene.

The 5-day weekly sequence of male subject exposures to p-xylene
vapor began with the TLV concentration, 100 ppm, at a steady level,
dropped to 20 ppm steady the second week, was increased to 150 ppm
steady the third week, and finished with five days at 100 ppm fluctu-
ating>from 50 to 100 to 150 ppm. The fémalg subjects were exposed to
100 ppm steady for five days. All time-weighted average exposure con-—
centrations were within two percent of the desired concentrations as
shown in Table I.

Figure I demonstrates the planned execution of the fluctuating
concentration exposures wherein each group of subjects was to be exposed

to a time-weighted average of 100 ppm. The discrepancy in actual
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exposure concentrations of the two Group III subjects (see Table I)
during this week was due to the one subject's inability to be present at

the usual time reserved for the Group III subjects.

Subjects:

Obtaining and retaining ten volunteer subjects for each study
{(male, female) with p-xylene prerd to be difficult. Although ten
subjects passed their physical examination for each study, one in each
study decided not to participate after orienhtation, and two from each
study dreopped out during the study. None of the drop-outs did so be-
cause of the exposure to the vapor of p-xylene. Because the study with
male subjects was of longer duration, we were able to add two subjects
to the study after it had begun. The number of subjects exposed daily
by group is shown in Table I.

Absenteeism was also a problem in the study with male subjects.
Again, this could not be attributed te the chemical, the usual excuse
being a personal reason.

Cooperation of subjects in carrying out their assigned tasks, and
in refraining from cver-indulgence in alcohol or other drugs, was ex-
cellent. All subjects accepted the required venipunctures, collection

of 24-hr urine samples, and breath samples with equanimity.

Exposure Chamber:

Because of the low odor threshold of p-xylene (<1 ppm), it was
possible to detect the vapor when it escaped from the environmental

chamber. Air sampling outside of the chamber demonstrated that 1-3 ﬁpm
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p-xylene contaminated the subject lounge occasionally. Although this
should have had no measurable effect upon breath sample concentrations,
as a precaution the subjects gave their pre-exposure breath samples in
the uncontaminated foyer immediately upon entry to the building.

The large size of the environmental chamber (20 x 20 x 8 ft) allowed
freedom of movement and sufficient comfort for all subjects while in the
chamber. The suﬁjects, with the exception of the 11 min of exercise by
Group I male subjects on day 4 of each week, were sedentary during their
stay in the chamber. Residence in the chamber for each group was con-
tinuous on a daily basis. During the periods of time that they were not
being tested, they read, played cards, watched TV, or occupied them-

selves with other sedentary activities.

Analysis of Exposure Chamber Atmosphere:

Use of the infrared analyzer connected to the computér allowed for
precise control of the chamber's atmosphere with regard to p-xylene
vapor concentration. As shown in Table I, tﬁe standard deviation of
continuous, repeated 30-sec samples during the weeks of steady concen-
trations Qas never more than three ppm. Damping of rapid excursions did
take place in the analyzer cell, however response to changes of 20 ppm
p—xyléne concentration of standards was always complete in three min.

Agreement between the two assay methods, with a possible variance
of up to five percent, continually assured the avoidance of an acciden-

tal over-exposure of the subjects.



=-22-

Medical Surveillance:

Comprehensive medical examination of each subject at least three
days after the last exposure to p—xylene revealed that all subjects were
in good health after the study. The attached forms (History-—-Appendix
I1, Physical Examination--Appendix III) were used and are retained in
each subject's personal file. Weekly blood clinical chemistries and
complete blood counts revealed the usual number {(approximately 5%) of
slightly "out-of-normal range" values; however, none were considered
significant or related to the exposure. Daily medical surveillance
vrevealed the usual number of wintertime colds. Daily urinalysis by the
dip-stick technique, and continual monitoring of EKG's (lead-I1) while
subjects were in the environmental‘chamber, revealed no abnormalities.

No female became pregnant while a subject in this study.

Breath Analysis:

‘p—Xylene concentration in breath samples obtained before entering
the chamber, upon exit, and at specified ti&es post exposure was deter-
mined by gas chromatography and reported as ppm (v/v) in the breath. Group
means, ranges, and standard deviations weré calculated for each time period of
each day. The results for the maie subjects are listed in Tables II through
XI1I and for the female subjects in Tables XVII through XIX. Perusal of
the data indicated no obvious differences in breath concentrations related
to the day of the week, and therefore, weekly data for each group was

pooled for Tables XIV, XV, and XVI, representing 7-1/2-, 3-, and l-hr



-23-

exposures of male subjects, while Table XX presents pooled data for each

group of female subjects. On each table, the 1 min post exit values represent
breath concentrations as subjects exited the chamber and before breathing
non-contaminated air, while the baseline values represent concentrations the
morning following the exposure.

Breath levels of p-xylene upon exit from the chaﬁber were only a small
fraction of the level of the vapor in the chamber. At 20 ppm exposure, this
breath level averaged 5.1% of the exposure level, at 100 ppm it averaged 5.7%,
and at 150 ppm, 6.4%. These low breath levels indicate uptake by the body of

93 to 95% of the inhaled p-xylene vapor from the alveolar spaces of the lungs.

Blcod p-Xylene Concentrations:

The concentrations of p-Xylene found in the pre-exposure, pre-—exit,
30-min post, and l1-hr post exposure blood samples obtained on Days 1 and
4 of each exposure week are listed in Tables XXI through XXIV. ALl
values are reported in ppm on a w/w basis, assuming blood to have a specific
gravity of 1.0. Perusal of the values found for the male subjects
on all Day 1 pre—exposﬁre blood samples reveals 0.0 to 0.8 ppm
p-xylene. It is felt that many of the high results found on Day 1 were
due to contamination, because from 0.1 to 0.5 ppm was found in pre-

exposure samples from subjects prior to amy exposure to p-xylene. This
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was not true of samples taken from female subjects on Day 1 as shown in
Table XXIV. By this time the conﬁamination problem had been solved, and
the pre-exposure values found for Day 4 are believed to‘be real, indi-
cating a slight build-up of p-xylene in the blood of all subjects upon
four consecutive days of exposure to p-xylene. Even though there may be
a contamination error in p-xylene blood values for.males, the data
reveals a positive relationship between exposure concentration and blood
level, but no clear relationship between length of daily exposure and
blood level.

Table XXV demonstrates the effect of exercise on p-xylene blood
levels. On day 4 of each exposure week, Group I male subjects exercised
on bicycle ergometers for a short time (see Cardiopulmonary Function
Studies). Arteriolized venous blood was obtained from a catheter in the
back of the hand, and aliquots were analyzed for p-xylene in the same
ﬁanner as the other venous blood samples. Average concentrations of p-

xylene in the blood increased two to three fold during 11 min of mod-

erate exercise.

Saliva p-Xylene Concentrations:

Analysis of saliva samples for p-xylene revealed concentrations
that were very similar to the concentrations of p~xylene in blood sam-
ples obtained at approximately the same time. Tables XXVI and XXVII
list the results of saliva analysis for Group I male subjects durihg the
weeks of exposure to 150 ppm and 100 ppm fluctuating p-xylene vapor
concentrations, while Table XXVIII lists the results from Group I female

subjects during their week of exposure to 100 ppm p-xylene vapor.



-25-

Rather wide ranges and variability on different days of the same week
were noted. Again, as in the blood analyses, low—-grade contamination of
the head-space, or imprecision of the procedure, may have contributed to
the scatter of results. This could be particularly true in the case of
the saliva analyses because, contrary to the blood analyses, no internal

standard was used.

Urinary Methyl Hippuric Acid Concentrations:

Twenty-four hr urine collections were analyzed for hippuric acids,
igcluding methyl hippuric acid (p-toluric acid) concentration,on Days 1
and 4 of each week. fables XXIX through XXXiI list individual wvalues
for each subject, noting both the urinary concentration in mg/mi, and
the calculated daily excretion in g/24 hr, based upon the measured
volune of urine excreted in 24 hr. From the values obtained it is
apparent that hippuric acids excretion is &xtremely variable due to the
presence of hippurates in the urine prior to any exposure to p-xylene.
As an example of the extreme variability between two subjects in one
group, female subjects 264 and 265 ekcreteé 4.90 and 0.69 g of hippuric
acids, respectively, during Day 1 of identical 1-hr exposures tc 100 ppm
p-xylene. Interestingly, the highest excreters of a group were gen-
erally highest on every day, and conversely the lowest was generally

always lowest, even on a non-exposure day.

Neurological Studies:

No significant neurological abnormalities occurred during the

exp@%ures of these subjects to p—xylene. Equilibrium as measured sub-
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jectively on a twice daily basis by the mbdified Romberg test and heel-
to-toe test remained normal at all times. EEG recordings were analyzed
visually for changes Erom the normal alpha rhythm, and only an increased
incidence of large amplitude waves in the delta frequency range (5-8 hz)
were noted. Examples of EEG recordings made during O ppm exposures
prior to actual exposure and some showing increased delta activity
during exposures to 100 ppm p-xylene are shown in Figures 2 through 9.
Although all Group 1 subjects demonstrated this trend to increased delta
activity, it was not evident in any subject during every exposure, its
incidence was poorly correlated with exposure concentration, and some
subjects admitted that they were drowsy or sleepy during some EEG re-
cordings (condition characterized by increased delta activity). How-
ever, these abnormal rhythms were not noted on the 0 ppm day after
exposures to p-xylene were compléte. The general stability of VER
tracings throughout exposures to p—-xylene vapor is demonstrated in
Figure 10, a compilation of tracings from female subject 258 taken from
days befgre, during, and after exposure to 100 ppm p-xylene vapor.
Tables XXXIII and XXXIV list the daily summed amplitudes and the means
of the weekly exposures for the 3, 4, and 5 complex of the VERs for all
Group I subjects. Values significantly different (p<0.05) from pre-
exposure by the paired t-test were spurious and not thought to be re-
lated to the breathing of air with p-xylene vapor ‘at a concentration of

up to 150 ppm.

Cardiopulmonary Function Studies:

Pulmonary ventilation (VE) values in ¢/min (B.T.P.S., body tem-

L]
perature and pressure, saturated) are listed for imndividual subjects in
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Table XXXV. There were some spurious high values for several individ-
uals, probably reflecting a heightened emotional state; however, in
general the values were consistent from day to day. Alse, values of
females were generally iower than those of males, reflecting the gen-
erally lower metabolic rate of females. The values are all in the range
expected from subjects in the seated positiop(l4).

The results of the extensive cardiopulmonary testing carried out on
Day 4 of each week on the Group I, male subjects are given in Tables
XXXVI through XXXVIII. Maximum and partial expiratory volumes and flow
‘rates were measured three times each day,.and the means of the three
trials were used to calculate the daily means for the four subjects
(Table XXXVI). Table XXXIX demonstrates the within-day trial to trial
variability of each parameter, and except for the flow rates during
" maximum expiration the intertrial variability was less than 5%. Flow
rates>during the second and third maximum expiration of each day were
significantly higher (two-tailed t-test) than the first expiration (11
to 17%5. One possible explanation of this difference is that, with the
initial expiration, residual bronchomotor tone was alleviated. Hence,
during the subsequent expirations the flow rates were increased(ls).
Taking into account the above reliability of the meaned trials, the
daily means found in Table XXXVI indicate that there was no decrement in
expiratory volumes and flow rates due to the p-xylene vapor.

Metabolic rate, pulmonary, éa%diac, and hematologic data as ex-—
pressed in mean values of four subjects at rest and at two levels of
exercise (work 1 = 350 KPM for 6 min, work 2 = 750 KPM for 5 min) during

Day 4 of each exposure week are found in Tables XXXVII and XXXVIII. The



results demqnstrate that there was no consistent effect of p-xylene
vapor on mechanisms regulating pulmonary ventilation, alveolar—capiilary
gas exchange, metabolic rate, heart rate, peak systolic and diastolic
blood pressure, and arterial acid-base status. Alveolar-capillary gas

exchange (DL ) seemed to increase with p~xylene exposure each week, but

co
the increases were not dose-related, and the mean values did not return
to pre-exposure values, indicating the possibility of spuriously low

pre—exposure values, or an actual prolonged effect of p-xylene upon this

parameter.

Cognitive Testing:

Extensive data accumulated from the battery of cognitive tests
given to Group I and II male subjects on Days 1, 3, and 5 of esach week.
The daily means (+ one standard deviation, S$.D.) of the test results vs.
the day performed, along with bar graphs showing the concentration of p-
xylene, were graphed for rapid visual assessment. Figures 11 through 20
contain the data for Group I subjects while Figures 21 through 30 are
for Group II subjects. 1In order to assess the significance of the
exposure to p-xylene on test results, analysis of variance for the Group
I scores were made for the parameters measured in each test. There were
insufficient tesé subjects in Group II to make such an assessment fea-
sible. Results of the analysis of variance are shown in Tables XL
through L, Significant variance (p<0.05), other than that attributed to
learning (linear day trend) and people, was noted only in the effect of
p-xylene exposure upon the Flanagan coordination test. Figures 31 and

32 show the test performance means (i S.D.) versus exposure level for
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Day 5 and Days 1,3, and 5 combined, respectively. These graphs show a
decrement in performance at the 150 ppm exposure level. Table LI pre-
sents the individual daily test scores throughout the study, and it can
be seen that the decrement in performance at 150 ppm is due almost
wholly to cne subject (#117). This subject had been 111, consequently
absent, on Days 1 and 3 of the previous week during the 20 ppm exposure,
and did poorly on the coordination test on Day 5. Therefore, it appears
that his poorer than normal performance during the‘exposures to 150 ppm
could have been related to his illness. A Second subject (#248) also
had a poorer than normal performance on Day 3 of this week, and this
occurred shortly after he had noted eye irritation on his subjective
response sheet. The other two subjects scores were unaffected. Un-
fortunately, the results of the testing of only ome or two subjects from
Group II during this week sheds little light on the effect of 150 ppm p-
xylene on this test. It is evident frém the Group 1 test scores that
100 ppm, steady or fluctuating, had no detrimental effect upon the

performance of this test.

Subjective Responses:

Subjective responses to the vapor of p-xylene are summarized in
Table LII as total mentions by male or female subjects at each exposure
ceoncentration. Of the six specific responses from the male subjects,
only ENT irritation appeared to be related to the concentration of p-
xylene, and this was primarily because one 7-1/2-hr subject who wore
contact lenses noted eye irritation on almost a daily basis, and he was

joined by one other subject twice at 100 ppm and 3 times at 150 ppm.
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There was no visible reddening of the eyes or conjunctiva in theée
subjects. No male 3-hr subjects ever listed ENT irritation, and only
once (at 150 ppm) did a l-hr subject mentiqn it. Interestingly, ENT
irritation was also mentioned very often by females during the week of
exposure to 100 ppm p-xylene, but in these mentions it was almost always
nose or throat’irritation. It appears that p—xylene has a weakly irri-
tating effect on seoft tissues at a concentration of 100 ppm, and may
particularly irritate the eyes of persons wearing contact leases.

The odor of p-xylene was noted by all subjects upon entering the
environmeﬁtal chamber at all times when the vapor was present. It was
generally judged to be moderate in intensity at a concentration of 100
ppm, and strong at 150 ppm, upon first contact. Usually within one hr
the intensity rating was reduced by at least one (strong to moderate to
mild to none). No subject complained that the odor was completely

objectionable.
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DISCUSSION

The Threshold Limit Value (TLV) of 100 ppm for the mixed xylene
isomers was selected primarily due to eye irritation and possible im-
pairment of reaction time in some.workers at 200 ppm(l6). The studies
described in this report tend to confirm the wvalidity of the TLV of 100
ppm for one of the isomers, p-xylene. Sedentary male subjects were
exposed to vapor concentrations of p-xylene that bracketed this TLV,
specifically 20 and 150 ppm, for up to 7-1/2 hr per day, five days per
week for one week, in additicon to two weeks of exposure to the TLV.
Also, female subjects were exposed to the TLV for onevweek to compare
their responses to the male subjects. It must be pointed out that this
comprehensive study of subject responses was made on individuals who
were usually sedentary during the exposure periods. Under these con-
ditions, only eye, nose, and/or throat irritation could be directly
related to the p—xyléne exposure. Especially sensitive to eye irri-
tation was one subject who wore contact lenses. Other responses that
were suggestive of changes at 100 and‘lSO ppm exposure levels were
changes from alpha to delta EEG activity on some occa%ions and a de-
crease in coordination in one subject as measured by the Flanagan
Coordination test. However, neither of these changed responses could be
associated without‘question to p-xylene exposure. Furthermore, the
decrement in coordination exhibited by the one male subject was not
correlatable with increas%d delta EEG acEivity.

There is a dearth of recent literature regarding the toxicity of

any xylenes in man or animal. Of some interest to this study is a paper
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by Mikulski, et al. wherein urinary hippuric acids concentration,
which also included methyl hippuric acid, was correlated to combined
toluene and xylene exposure in ship's painters. The correlation between
total hippuric acid concentration and exposure levels somewhat differen-
tiated <100 ppm f£rom >200 ppm exposures, though there was considerable
overlap. In this paper, the authors report a decrease in urinary uric
acid concentration inversely proportional to the amount of hippuric acid
excreted. They agtributed this decrease to the "contribution of the
glycine pool to the excretion of toluene and xylene metabolites.'" The
subjects in our study, thcough urinary uric acid was not measured, did
not experience an inecrease in blood uric acid concentration, as shown in
Table LIII. Almost all subjects had a mild decrease in blood uric acid
levels, though the decreases were not of great magnitude. If the ex-
.cretion of urimary uric acid, as reported by Mikulski, et al., 1is in
fact decreased upon toluene and xylene exposure, our data would éupport
the theory that-the reduction is not caused by greater retention of uric
acid in the blood, but possibly by a decrease in the formation of uric
"acid. Glycine is a precursor of endogenous uric acid, however, it seems
improbable that the glycine needed for hippuric acid excretion would
decrease the large glycine pool Sufficiently to cause a decrease in uric
acid biosynthesis, as postulated by Mikulski and coworkers. It would
seem more likely that an as vet unknown mechanism for this alleged
reduction in urinary uric acid. excretion should be postulated.

(18)

Moeschlin in his review of poisonihg by aromatic hydrocarbons

lumps benzene, toluene, and xylene together as myelotoxic agents, though

&

in none of his examples of xylene and toluene implication was a previous
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exposure to benzene excluded. In our study, every p-xXylene container
was assayed for benzene to entirely prevent any benzene exposure. The
blood picture of all subjects who were repeatedly exposed to p-xylene
remained normal. The white blood count of all male subjects who were
exposed for more than one week to p-xylene vapor are listed in Table
LIV. In a more recent publication(lg) from Moeschlin's own laboratory,
studiés with rabbits convinced the authors that pure xylene, uncontami-
nated with benzene, lacked myelotoxicity.

(3,4)

Ogata and co-workers have published data relating urinary
methyl hippuric acid and hippuric acid concentrations of painters to
exposures to toluene and p-xylene. As experienced with’our subjects,
correlation of urinary metabolite excretion with exposure was only
valuable as a gross measure of exposure. Other bioclogic measures that
we found to be useful as gross measures of exposure were p-xylene con-
centration in blood and in saliva. Concentrations of the chemical in
both of these biclogic fluids weré measurable by gas chromatography of
headspace samples taken from an enclosed container. However, contami-

nation was a problem in our hands, and the intersubject values obtained

were quite variable.
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(20,21) reported on the absorption, metabolism, and

Sedivec and Flek
excretion of xylenes in man in papers published after our study was
completed. These authors developed a chromatographic procedure for the
analysis of the methyl hippuric acids which has the advantage of speci-
ficity for quantifying the metabolite of p-xylene. They found that
95.1% of the p-xylene taken up by the body was excreted in the urine és
the p-toluric acid, and only 0.05% as the 2,5-xylenol. Most of the
remainder, or 3.5% was primarily excreted in the breath. These authors
propose(ZI) the measurement of toluric acids in an 8- or 24-hr urine
sample, and expressién of fhe results in mg excreted per 1 kg of body
weight, as the most suitable measure of determining the magnitude.of an
exposure. They suggest a range of from 4.29 to 7.1 mg/kg as acceptable
for a worker doing light physical work for an 8-hr day while exposed to
the Czechoslovakian MAC of 200 ug/% (46 ppm).

Our reported concentrations of p-toluric acids ‘excreted for a 24-hr
period including exposure cannct be favorably comﬁared with the results

21 . .
(21) because our colerimetric procedure was

reborted by Sedivec and Flek
not as specific for the metabolite of p—x&lene as was their chromato-
graphic procedure. For instance, our 7-1/2-hr subjects excreted from
0.77 to 2.19 gm of methyl hippuric acid during exposures to 20 ppm p-
#ylene, while they report a range of 0.46 to 0.85 gm from 8-hr exposures
to 46 ppm. It is reasonable to assume that the more specific procedure

employed by Sedivec and Flek(zo)

, though technically more difficult to
carry out, would result in lower, and more consistent, concentrations of

metabolite.
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Another apparent difference noted between our studies and those

(20) is that of post exposure breath concen-

reported by Sedivec and Flek
trations of xylene. Although their data dre shown for only one subject
who was exposed to 86 ppm of m—xylene for 8 hr, it appears from the
figure that they were obtaining much higher breath levels at all perieds
than we obtained with p-xylene at 100 ppm. It is most likely that this
difference is due primarily to the method of sampling. Whereas we used
a 20-second breath holding technique and measured the concentration in
alveolar air samples, they simply captured a sample of exhaled air and
measured the xXylene concentration. The difference points out the neces-
sity of defining the procedure when recommending breath sampling as a
too; for evaluating exposures.

Upon perusal of the mean p=-xylene post exposure breath concentra-
tions in Tables XIV, XV, XVI, and XX for 7-1/2-, 3-, and l-hr exposures
to identical concentraticns of p-xylene in the chamber air, it is obvious
that concentration and duration of exposure were not directly correlatable.
Although the breath concentrations from 7-1/2-hr exposures were generally
somewhat higher than those from 1-hr exposures, the differences were
usually small and there was considerable overlap in individual values.
The differences between 7-1/2- and 3-hr subjects were even less, with
means from the latter often higher than the former. It is interesting
to note that the same picture is present in the comparison of blood and
saliva concentrations after 7-1/2-, 3-, or l-hr exposures as seen in
Tables XXI through XXVIII.

Comparison of breath concentrations after 150-, 100-, or 20-ppm

exposures reveal§a slightly better correlation of breath to exposure
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concentrations. Figure 33 presents the means and ranges of breath
concentrations after the four 7-1/2-hr subjects were exposed to the
three steady concentrations on a weekly basis. Hand-drawn curves repré~\
sent the breath analysis decay curves. It can be noted that there is
very little overlap in values when only these three weeks are considered.
However, when the values from the week of 100-ppm fluctuating concentra-
tions (between 50 and 150 ppm p-xylene) were considered, there was
considerable overlap with the 150-ppm week. These data seem to indicate
that an equilibrium exists befween free p-xylene and either bound or
metabolized product, with the equilibrium in favor of the bound or

(20) who found

metabolized product. TFrom the work of Sedivec and Flek
that approximately 72% of the xylenes were excreted as the bound metabo-
lites during 8 hr of exposure, it is probable that .at the levels of
exposure stuéied a'metabdlite of p-xylene was being formed almost as
rapidly as the blood could carry the free chemical to the liver. As the
metabolized product was conjugated with glycine, it was being excreted
rapidly by the kidneys. Only during exercise and exposure to 150 ppm p-—
Xylene did the blood concentration rise dramatically, as shown in Table
XXV. This indicates that a saturation of the metabolic mechanism, plus
the shunting of more blood away from the liver to the musculature, was
taking place during the high exposure with exercise.

Because of the overlap and resultant lack of clarity of breath
analysis decay curves that could be drawn from the data obtained, and
because of the rapid drop of breath concentrations with time after
exposure, bar graphs of means and ranges of p-xylene breath concentrations

immediately and 15 min post exposure were drawn and are presented in
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Figures 34 and 35, respectively. Female subjects generally gave lower
breath p—xylene concentrations than did male subjects exposed to identical
concentrations of p-xylene. In neither male nor female sedentary subjects
exposed for 7-1/2 hr per day for five consecutive days was there any

clear cut evidence of deleterious response to 100 ppm of p-xylene. Even
at 130 ppm for the same time period, male subjects evidenced no deleter-
ious responses, with only a possible saturation of the metabolic pathways
as a potential indication of deleterious effect. Beczuse of the need

for a relatively simple method of assessing the body burden of p-xylene

as related to a safe exposure for 7-1/2 or 8 hr we recommend an alveolar
breath sample be obtained exactly 15 minutes after termination of the
exposure. The concentration of p-xylene should be no greater than 4.5
ppm if a male worker and no more than 3.5 ppm if a female worker. If

this standard is met, all workers should be protected from any deleterious

effects of p-xylene vapor exposure.
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APPENDIX I

STATEMENT OF VOLUNTARY CONSENT
FOR RESEARCH INVESTIGATION OF
HUMAN: EXPOSURE TO:

p~XYLENE

I, , héteby agree to participate as a
subject, in a program of research investigation under the direction and
supervision of Dr. R. D. Stewart.

The general purpose of this research is to determine rates of uptake, excretion
and metabolism of p-XYLENE _ .

The studies have been described to me and the known risks involved in this
experimental procedure have been explained to me. I understand that the most
frequently described known risks are: _ none known at this level of

exposure,

I understand also that it is not possible to 1dent1fy all potential risks in
experimental procedures which involve controlled exposures to the chemical
in a specially designed chamber,

I further understand that reasonable precauti'biis and safeguards have been and
will be taken to remove and reduce both the known and the potential but unknown
risks and to provide for my safety and comfort,

I also understand that, while the program will be under the direction and super-
vision of Dr. R. D. Stewart, other professional persons who work with him may
be designated to ass1st him or to act for him.

In view of those considerations, I hereby authorize Dr. R, D, Stewart and his
representatives to proceed with the investigation on the understanding that I
may terminate my service as a subjéct in this research at any time I so desire,
I also authorize Dr. R. D. Stewart to use any type of data, pictures, films

etc, for use in any scientific report or publication.

I am offering my service freely, i con51derat10n of similar actions on the part

of other subjects involved in like voluntary efforts to improve our society
through research,

Witness ' Sipried

Investigator Subject

Date
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TABLE 1

p—-XYLENE EXPOSURE SCHEDULE

Week Day Desired ACTUAL TIME-WEIGHTED AVERAGE VAPOR CONCENTRATION, PPM

of Conc.
Week PPM ] Group I, 7-1/2 hr Group II, 3 hr Group II1I, 1 hr
No. of No. of No. of
Subj. Mean +5.D. | Subi. Mean +5.D. Subi. Mean 4S.
MALE

1 4 0 4 0 2 0 3 0

5 0 4 0 2 0 2 0
2 1 100 4 99 2 2 99 2. 2 99 3
2 100 4 100 2 2 100 % 2 1 39 2
3 100 4 100 2 2 100 2 1 98 2
4 100 4 100 1 2 100 1 1 100 1
5 100 4 100 1 2 100 1 1 100 1
3 1 20 3 20 1 2 20 1 2. 20 <l
2 20 4 20 <1 1 20 <1 3 20 <1
3 20 3 20 <1 2 20 <1 3 20 <1
4 20 4 20 <1 2 20 <1 3 20 <l
5 20 A 20 1 2 20 <1 3 20 <1
4 1 150 4 149 2 2 148 2 2 148 2
2 150 4 150 2 2 150 2 2 150 2
3 150 4 149 2 2 148 2 2 149 y)
4 150 4 150 2 2 150 2 2 148 2
5 150 4 150 2 1 150 2 2 149 2
5 1 100f 3 101 39 2 102 37 2 <;%g§ ig
2 100f 4 101 40 2 100 40 2 {?198 39
3 100f 4 101 40 2 102 39 2 I iz
4 100f 4 101 39 1 102 38 1 “%gg %%
5 100f 3 101 39 1 101 39 2 .- 102 38
146 9

6 1 0 4 0 1 0 1 0

2 0 4 0 1 0 2 0

FEMALE

1 5 0 4 0 3 ¢ 2 0
2 1 100 3 100 2 2 99 1 2 99 1
2 100 3 99 1 2 98 1 2 98 1
3 100 3 100 1 2 100 1 2 99 2
4 100 3 100 1 2 100 1 2 99 1
5 100 3 100 1 2 99 1 2 99 1

3 1 0 3 0 ) 0 2 0




TABLE 11
DATLY p-XYLENE BREATIl CONCENTRATION OF

SEDENTARY MALES

Exposure Time: 7-1/2 Hours - Chamber Concentration: 100 ppm
GROUP T

Number
Mean Range ‘ Standard of

Time (in ppm) (in ppm) tDeviation Subjects
Day 1: 1 min., post exit 6.25 5.90 - 6.90 Q.47 4
15 " " " 1.98 1.80 - 2.20 0.17 4
3¢ " M " 1.69 1.58 - 1.80 0.13 4
1 hour " " 1.15 1.00 - 1.30 0.13 4
z " " " 0.40 0.22 - 0.59 0.17 4
3" " " 0.30 0.18 - 0.39 0.08 4
Baseline 0.20 0.13 - 0.26 0.08 4
Day 2: 1 min., post exit 3.91 2.93 - 4.98 0.92 4
‘ 15 " " " 1.56 1.51 - 1,57 0.03 4
30 " " " 1.28 1.12 - 1.33 0.11 4
1 hour " " .91 0.84 - 1.05 0.10 &
2 " " " 0.75 0.70 - 0.80 0.06 4
3 " " " 0.48 0.40 - 0.50 0.05 4
Baseline 0.30 0.20 - 0.40 0.08 4
Day 3: 1 min., post exit 4,78 3.40 - 6.50 1.28 4
15 " " " 1.90 1.80 - 2.20 .20 4
30 " " " 1.05 0.90 - 1.50 0.30 4
1 hour H " 0.68 0.60 - 0.80 0.10 4
2 " " " 0.44 0.40 - 0.55 0.08 4
3 " " " 0.41 0.38 - 0.50 0.06 4
Baseline 0.20 0.20 0 4
Day 4: 1 min., post exit 5.08 3.70 - 5.70 0.93 4
15 " " " 2.34 2.02 - 2.90 0.40 4
30 " " " 1.81 1.65 - 2.02 0.19 4
1 hour * " 1.33 1.20 - 1.50 0.13 4
2 U " " 1.02 0.81 - 1.38 0.25 4
30" " u 0.63 0.40 - 0.70 0.15 4
Baseline 0.30 0.22 - 0.38 0.07 4
Ez 5. 1 min. , post exit 4.99 3.22 - 8.11 2.23 4
— 15 " 1" " 0.99 0.95 - 1.00 0.03 4
30 " r " 0.70 0.61 - 0.95 0.17 4
1 hour " " 0.56 0.51 - 0.61 0.06 4
97 n " 0.65 0.60 - 0.81 0.11 4
3 " " " 0.36 0.30 - 0.45 0.08 4
0.19 0.10 - 0.30 0.09 4

Baselimne
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TABLE ITI

DAILY p-XYLENE BREATH CONCENTRATION OF

SEDENTARY MALES

GROUP I1

Exposure Time: 3

Mean
Time {(in ppm)

1l min., post exit 7.65
15 " " " 3.25
30 v " " 2.40
1 hour " " 1.65
2 1] 11 1 0.38
3 n n n 0-30
Baseline 0.13
1 min.,, post exit 5.87
15 " " n 1.84
30 1 rn n 1.23
1 hour " " 0.77
2 1] n n 0_40
3 1 t n O_ 20

Baseline 0.20
1 pin., post exit 7.40
15 1 1" " 2.30
30 n e " 1.25
1 hour " " 0.90
2 "n 1A} 13} 0.70
3" * " 0.60
Baseline 0.16
1 min., post exit 9.25
15 rr " 11 2.43
30 1t rr it 1.73
1 hour " " 1.25
2 " 1] n 0.67
3 " " " 0.53
Baseline 0.30
1 min., post exit 7.60
15 n " 11 1.73
30 T L1 11} 1-31
1 hour " " 0.90
2 " 1] 1" 0-60
3 1" n 1] 0'38
0.10

Baseline

Range
(in ppm)
6.90 - 8.40
3.10 - 3.40

2.40
1.50 - 1.80
0.21 - 0.54
0.12 - 0.47
0.13
4,64 - 7.09
1.68 - 2.00
1.10 - 1.35
0.77 -
0.20 - 0.60
0.20

. 0.20
5.50 - 9,30
1.70 - 2.90
1,20 - 1.30
0.80 - 1.00
0.70
0.60
0.12 - 0.20
7.30 -11.20
2,30 - 2.55
1.50 - 1.95
1.05 - 1.45
0.60 - 0.74
0.45 - 2.60
0.30
5.70 = 9.50
1.55 - 1.91
0.91 - 1.71
0.72 - 1.08
0.60
0.30 - 0.45
0.10

Hours - Chamber Concentration:

Standard
*peviation

100 ppm

Nunmber
of
Subijects

2.69
0.85
0.07
0.14

0.06

2.76
0.18
0.32
0.28
0.10
0.11

2.69
0.25
0.57
0.25

0.11

RPN NMEHEEHFNDPDRR NN NN LA SR S G L AR S

| il SRR I AR UV I N R S



TABLE IV

DAILY p~XYLENE BREATH CONCENTRATION OF

SEDENTARY MALES

Exposure Time: 1 Hours - Chamber Concentration: 100 ppm
GRoUP III
o Number
Mean Range Standard of
Time (in ppm) (in ppm) +Deviation Subjects

Day 1: 1 min., post exit 3.80 3.60 - 4.00 0.28 2
15 " " " 1.85 1.80 - 1.90 0.07 2
30 " " W 1,20 1.00 - 1.40 0.28 2
1 hour " " 0.75 0.70 - 0.80 0.07 2
2 " " " 0.22 D.22 - 1
3" " " 0.11 0.11 - 1
Baseline 0.13 0.13 - 1
Day 2: 1 min., post exit 1.47 1.47 - 1
15 " " " 1.33 1.33 - 1
30 " " " 0.52 0.52 - 1
1 hour " " 0.45 0.45 - 1

2 111 te 1 - -

3 " n 1T - -
Baseline 0.20 0.20 - 1
Day 3: 1 min., post exit 2.60 2.60 - 1
15 " " " 1.10 1.10 - 1
30 " " " 0.80 0.80 - 1
- 1 hour " " 0.60 0.60 - 1
2 " " " 0.58 0.58 - 1
3" n " 0.28 0.28 - 1
Baseline 0.12 0.12 - 1
Day 4: 1 min., post exit 4.00 4.00 - 1
1s " " " 1.50 1.50 - 1
30 11} 8] 11 1.05 1.05 — l
1 hour " " 0.80 0.80 - 1
2 1" 1t mn 0'40 0.40 - l
3 " H u 0.40 0.40 - 1
Baseline 0.10 .10 - i
Day 5: 1 min., post exit 3.82 3.82 - &1
15 " p" " 1.47 1.47 - 1
3 " " " 0.82 0.82 - 1
1 hour " " 0.61 0.61 - 1
2 n " 0.60 0.60 - 1
3 o " n 0.15 0.15 - 1
Baseline 0.10 0.10 - L



TABLE V -~

DAILY p-XYLENE BREATH CONCENTRATION OF

SEDENTARY MALES

Exposure Time: 7 1/2 Hours - Chamber Concentration: 20 ppm

GROUP 1
Number
Mean Range . Standard of
Time (in ppm) (in ppm) + Deviation Subjects
Day 1: 1 min., post exit 1.37 1.20 - 1.68 0.27 3
15 " " " 0.49 0.43 - 0.53 0.05 3
30 " " " 0.31 0.31 0 3
1 hour " " 0.20 0.16 - 0,22 0.03 3
2 " " 0.12 0.05 - 0.16 0.06 3
3 " u " 0.08 0.05 = 0.12 0.04 3
Baseline 0.05 . 0.05 0 3
Day 2: 1 min., post exit 0.89 0.83 - 0.93 0.05 A
' 15 " " " 0.30 0,22 - 0.41 0.09 4
30 " " " 0.17 0.15 - 0.18 0.02 4
1 hour " n 0.14 0.12 - 0.15 0.02 4
2 " " " 0.12 0.11 - 0.13 0.01 3
I " " " 0.05 0.05 0 3
Baseline 0 0 0 3
Day 3: 1 min., post exit 0.65 0.62 - 0.70 0.04 3
15 " " ! 0.37 0.36 - 0.40 0.02 3
30 " " " 0.27 0.26 - 0.30 0.02 3
1 hour " " 0.27 0.24 - 0.30 0.03 3
2 " " " 0.21 0.19 - 0.25 0.03 3
" B " 0.14 0.12 - 0.15 0.02 3
Baseline 0.08 0.05 - (0.10 0.02 4
Day 4: 1 min., post exit 1.16 1.00 - 1.30 0.13 4
15 " " " 0.49 0.48 - 0.50 0.01 4
30 0" " " 0.31 0.21 - 0.40 0.08 4
1 hour " " 0.18 0.15 - 0.24 0.04 4
2 " " " 0.17 0.14 - 0.24 0.06 3
3" " " 0.10 0.08 - 0.10 0.01 4
Baseline 0.03 0.02 - 0.05 0.02 4
Day 5: 1 min., post exit 0.90 ‘ 0.70 - 1.05 0.16 4
15 " " " 0.32 0.26 - 0.41 0.06 4
30 " " " 0.27 0.21 - 0.36 0.07 4
1 hour " " 0.22 0.19 - 0.31 0.06 4
2" n " 0.25 0.19 - 0.34 0.07 3
3" T " 0.15 0.10 - 0.20 0.06 4
Baseline 0.05 0.05 - 0.06 0.01 4



.Day 1:

Time

1 min., post

15
30 n

1l hour

2 L

3 1]
Baseline

1 min., post

15 M
30 "
1 hour
2 11
3 1"
Baseline

1l min., post

15 "
30 n
1 hour
2 1
3 T
Baceline

1 min., post

15 "
30 11
1l hour
2 1
3 11
Baseline

1l min., post

15 "
30 "
1 hour
2 w
3

Baseline

TABLE

Vi

DAILY p-XYLENE BREATH CONCENTRATION OF

Exposure Time:

"

11

13

1

1

It

(2]

"

1

exit

Mean

SEDENTARY MALES

3 Hours - Chamber Concentration:

GROUP 11

{in ppm)

OO OO O OO O OC OO0 OO o OO [on B a5 B o I o I e o e Y ]

SO0 OO

.45
.34
.28
.20
.16
.12
.05

.35
.31
21
.12
.11
.05

T4
.49
.33
.24
.20
12
.05

.11
.50
.24
.18
.11
.07
.02

.10
.28
.18
12
.13
.09

Range
(in ppm)
1.36 ~ 1.54
0.31 - 0.36
0.25 ~ 0.31
0.16 ~ 0.23

0.16

0.12

0.05

1.55

0.31

0.21

0.12

0.11

0.05

0

0.70 - 0.77
0.47 - 0.50
0.30 - 0.36
0.22 - 0.25
0.19 - 0.20
0.12

0.05

1.00 - 1.22
0.50

0.22 - 0.25
0.16 - 0.20
0.10 - 0,12
0.05 - 0.09
0.02

0.85 - 1.35
0.25 - 0.31
0.17 - 0.20
0.11 - 0.12
0.12 - 0.14
0.08 - 0.10
0

20 ppm
-Number
Standard of
+ Deviation Subijects
0.13 2
0.04 2
.04 2
0.05 2
- 1
- 1
- 1
- 1
- 1
- 1
- 1
- 1
- 1
- 1
0.05 2
0.02 2
0.04 2
0.02 2
0.01 2
0 2
0 2
0.16 2
0 2
0.02 2
0.03 2
0.01 2
0.03 2
0 2
0.35 2
0.04 2
0.02 2
0.01 2
0.01 2
0.01 2
- 1




TABLE VII
DAILY p-XYLENE BREATH CONCENTRATION OF

SEDENTARY MALES

€ Exposure Time: 1 Bours - Chamber Concentration: 20 ppm
GROUP 111

Number
Mean Range Standard of

Time ‘ (10 ppm). (in ppm) + Deviation Subijects
Day 1: 1 min., post exit 1.31 0.90 - 1.71 0.57 2
15 " " " 0.36 0.22 - 0.50 0.20 2
30 " " " 0.24 0.17 - 0.30 0.09 2
1 hour " " 0.16 0.10 - 0.21 0.08 2
2 " " " 0.14 0.10 - 0.18 0.06 2
3 " " " 0.11 0.10 - 0.11 0.01 2
Baseline 0.05 0.05 0 2
Day 2: 1 min., post exit 1.00 0.85 - 1.15 0.15 3
‘ 15 " " " 0.26 0.20 - 0.29 0.05 3
30 " " " 0.15 0.12 - 0.17 0.03 3
1 hour " " 0.09 0.08 - 0.10 0.01 3
2 " " " 0.05 0.05 0 3
3 n n i1 O 0 O 3
Baseline 0 0 8] 3
Day 3: 1 min., post exit 0.63 0.54 - 0.70 0.08 3
15 " L "o 0.32 0.30 -~ 0.36 0.03 3
30 " " " 0.27 0.25 - 0.30 0.03 3
1 hour " " 0.23 0.22 - 0.25 0.02 3
9 n " 1 0.12 0.10 - 0.15 0.03 3
3 0 " " 0.12 - 0.08 - 0,18 0.05 3
Baseline 0.05 0.05 0 3
Day 4: 1 min., post exit 1.00 ' 1.00 0 3
15 " " " 0.30 ¢0,19 - 0.41 0.11 3
30 " " " 0.18 0.15 - 0.19 0.02 3
1 hour " " 0.14 0,12 - 0.15 0.02 3
2 M L " 0.10 0.08 - 0.12 0.02 3
3 " " 0.08 0.04 -~ 0.10 0.03 3
Baseline 0 0 0 3
Day 5: 1 min., post exit 0.95 0.91 - 1.00 0.05 3
s " "o 0.19 0.17 - 0.20 0.02 3
30 " " " 0.16 0.15 - 0.17 0.01 3
1 hour " H 0.09 0.08 - 0.10 0.01 3
2 " " " 0.09 0.08 - 0.10 0.01 2
3" " " 0.07 0.05 - 0.08 0.02 2
Baseline 0.02 0.02" 0 2



Day 1:

Time

1 min., post
15 " 1"
30 1 "

1 hour "

2 1t 11

3 n 1]

Baseline

1 min., post
15 tt 1
30 1t 11

1 hour "

2 n i1

3 1 11

Baseline

1l min., post
15 (4] "
30 it it

1 hour "

2 1" 11

3 i3 113

Baseline

l min., post
15 n 11
30 n it

1 hour "

2 11} 11}

3 " Tt

Baseline

1 min., post
15 1 i
30 n "

1 hour "

2 1 1"

3 n 1"

Baseline

Exposure Time: 7-1/2

TABLE VIII

DAILY p-XYLENE BREATH CONCENTRATION OF

exit

exit

exit
1

L33

L1

11

SEDENTARY MALES

GROUP T .

Mean

(in ppm)

9.33
4,40
3.78
2.55
1.27
0.78
0.39

9.03
3.58
3.10
2.21
1.88
0.87
0.63

8.88
3.99
2.77
2.20
1.50
0.80
0.46

12.88
6.26
4,75
3.85
1.87

- 1.19

0.66

10.55
5.00
3.83
3.00
1.85
1.15
0.88

OO MNDWP~X

Range
(in_ppm)
8,21 -11.01
4,20 - 4.80
3.50 - 4,00
2.22 - 2.84
0.55 - 1.65
0.55 - 0.90
0.38 - 0.40
6.30 -11.81
3,20 - 4,10
2.60 - 3.50
2.08 - 2.30
1.75 - 2.05
0.81 - 0.95
0.55 - 0.65
8§.00 -10.81
3.71 - 4.35
1.91 - 3.71
1.91 - 2.30
1.31 - 1.60
0.50 - 0.95
0.32 - 0.50
1.80 -14.50
5.65 - 7.30
4.30 - 5.50
3.50 - 4.10
1.80 - 2.00
1.15 - 1.20
0.60 - Q.70
.20 -12.00
.80 - 5.30
.55 - 4,20
.60 - 3.60
.75 - 2.00
.95 - 1.50
.50 - 1.00

Standard
+ Deviation

Hours - Chamber Conceatration: 150 ppm

Number
of
Subiects

QOO OO OM ODOoOCOOC O OO O OO O OO OO WO -

OO0 C OO0+

.37
.28
.78
.28
.50
.16
.01

.25
.38
.39
L1
.13
.07
.05

.30
.32
74
.20
.13
.21
.09

.16
.75
.52
.27
.10
.03
.05

.67
.25
.33
.49
.13
.34
.25

B e i S AT S B AL R L ~er s ~ e

WL



Day 1:

TABLE

IX

DAILY p-XYLENE BREATH CONCENTRATION QF

SEDENTARY MALES

Exposure Time: 3 Hours - Chamber Concentration: 150 ppm
GROUP I1
Number
Mean Range Standard of
Time {in ppm) (in ppm) + Deviation Subjects

1 min. s post exit 8.45 7.46 - 9.44 1.40 2
5 " " 1 3.86 3.72 = 4.00 0.20 2
30 " " " 2.64 2.55 - 2,72 0.12 2
1 hour " " 1.90 1.90 0 3
9 m " " 0.98 0.90 - 1.05 0.11 2
3 0 " " 0.67 0.65 - 0.68 0.02 2
Baseline 0.38 0.35 - 0.40 0.04 2
1l min., post exit 8.68 7.55 - 9.80 1.59 2
15 " n " 3.01 2.76 - 3.25 0.35 2
30 " " i 1.83 1.61 - 2.05 0.31 2
1 hour " " 1.61 1.60 - 1,61 0.01 2
2 n " 1.12 1.03 - 1.21 0.13 2
3 " " " 0.76 0.72 - 0.80 0.06 2
Baseline 0-55 0.52 - 0.58 0.04 2
1 min., post exit 8.03 6.66 — 9.40 1.94 2
5 " " " 2.55 1.80 - 3.30 1.06 2
30 " " " 2.51 2,21 - 2,80 0.42 2
1 hour " " 1.75 1.40 - 2.10 0.50 2
z " " " 1.05 0.95 - 1.15 0.14 2
3 " " " 0.95 0.95 - 1
Baseline 0.48 0.48 0 2
1 min., post exit 9,43 8.85 -10.00 0.81 2
15 " " " 2.30 1.80 - 2.80 0.71 2
30 " " " 2.35 2.20 - 2.50 0.21 2
1 hour " " 1.88 1.85 - 1.9C 0.04 2
2 v " " 1.61 1.61 - 1
3 " " 1.35 1.35 - 1
Baseline 0.65 0.65 - 1
1l min., post exit  11.40 11.40 - 1
15 " " " 3.55 3.55 - 1
30 " " 2.70 2.70 - 1
1 hour " " 2.00 2.00 - 1
2 11 1] 1 1.75 1.75 - 1
3" n " 1.50 1.50 - 1
Baseline 0.20 0.20 B 1




~ Day 1:

TABLE X

DAILY p-XYLENE BREATH CONCENTRATION OF

SEDENTARY MALES

Exposure Time: 1 Hours - Chamber Concentration: 150 ppnm
GROUP 71717

, Number
) Mean Range Standard of

Time (in_ppm) (in ppm) + Deviation Subjects
1; mﬁn., pgst exﬁt 7.58 6.10 - 9.05 2.09 2
2.10 2.10 - 1
30 " " " 1.86 1.50 - 2.21 0.50 2
1 hour " n - 1.41 1.28 - 1.54 0.18 2
2 " " " 0.90 0.90 - 1
3 " " " 0.65 0.65 - 1
Baseline 0.35 0.28 - 0.41 .09 2
1 min., post exit 9.16 7.80 -10.51 1.92 2
15 " " " 2.11 1.81 - 2.41 0.42 2
30 " " " 1.54 1.27 - 1.81 0.38 2
1 hour " " 1.35 1.08 - 1.61 0.38 2
2 " "o " 0.94 0.72. - 1.16 0.31 2
3 " "o " 0.61 0.50 - 0.72 0.16 2
Baseline 0.43 0.38 - 0.48 0.71 2
1 min., post exit 8.65 8.10 - 9.20 0.78 2
15 " " " 2.26 2.21 - 2,30 0.06 2
30 " " " 2.00 1.80 -.2.20 0.28 2
1 hour " M 1.40 1.20 - 1.60 0.28 2
2 " " " 0.55 0.30 - 0.80 0.35 2
3" " " 0.35 0.20 - 0.50 0.21 2
Baseline 0.25 0.20 - 0.30 0.07 2
1 min., post exit  10.25 9.70 -16.80 0.78 2
s " " " 2.18 2.10 - 2,25 0.11 2
30 " " " 1.93 1.90 - 1.95 0.04 2
1 hour b " 1.53 1,15 - 1,90 0.53 2
2 " " n 0.92 0.79 - 1.05 0.92 2
3 " n n 0.70 0.61 - 0.79 0.13 2
Baseline 0.60 0.60 0 2
1 min,, post exit 9.48 8.70 -10.25 1.10 2
15 " " " 2.78 2.60 - 2.95 0.25 2
30 " " " 2.03 1.65 = 2.40 0.53 2
1 hour " " . 1.61 1.41 - 1.80 0.28 2
2 " " " 1.10 0.80 - 1.40 0.42 2
3 " " 0.75 0.50 - 1.00 0.35 2
Baseline 0.38 0.38 0 2



TABLE XI
DAILY p—-XYLENE BREATH CONCENTRATION OF

SEDENTARY MaLES

Exposure Time: 7-1/2 Hours - Chamber Concentration: Fluct. 50-150 ppm

GROUP 1

Number
Mean Range Standard of

Time (in ppm) (in ppm) + Deviation Subjects
Day 1: 1 min. ost exit 6.33 5.80 -~ 7.20 0.76 3
== 15 " ’ p" " 2.65 2.20 - 3,21 0.51 3
30 " " " 2.27 2.10 - 2.50 0.21 3
1 hour " v~ 1.82 1.66 - 2,00 0.17 3
2 U " " 1.52 1.40 - 1.70 0.16 3
3 " " "o 0.62 0.55 - 0.72 0.09 3
Baseline 0.27 0.10 - @.40 0.14 4
Day 2: 1 min., post exit 6.38 6.30 - 7.80 0.65 4
' 15 " " " 2.53 2,30 - 2.80 0.21 4
3o " " " 2.00 1.75 - 2.25 0.20 4
1 hour " " 1.63 1,41 - 1.75 0.16 4
2 " " " 1.36 1.22 - 1.45 0.11 4
3 " " " 0.60 0.55 -~ 0.65 0.06 4
Baseline 0.30 0.25 - 0.35 0.04 4
Day 3: 1 min., post exit 7.17 5.10 - 9.96 2.04 4
15 " " " 3.24 3.00 - 3.55 0.28 4
30 " " " 2.48 2.30 - 2.90 0.29 4
1 hour " " 1.75 1.70 - 1.80 0.06 4
2 U " . 1.78 1.60 - 1.90 0.15 4
3 ¢ t n 1.01 1.00 - 1.04 0.02 4
Baseline 0.57 0.50 - 0.70 0.10 4
Day 4: 1 min., post exit 7.50 5.10 -11.60 2.85 A
15 " " 4,13 3,50 - 4.75 0.62 4
g " " " 2.84 2.42 - 3.15 0.34 4
1 hour " " 2.20 1.92 - 2.42 0.23 4
2 M n " 1.50 1.35 - 1.80 0,26 4
3 " " l 0.90 0.70 - 1.10 ‘ 0.20 4
Baseline 0.45 0.45 0 3
Day 5: 1 min., post exit 6.43 5.70 - 7.00 0.67 3
15 " " " 3.72 3.55 - 3.80 0.14 3
30 " " " 2.55 2,45 - 2,70 0.13 3
1 hour " " 1.83 ‘ 1.75 - 2.00 0.14 3
2 " " " 1.07 0.80 - 1.30 0.25 3
O n " 0.78 0.75 - 0.80 0.03 3
Baseline 0.28 0.25 - 0.35 0.06 3




TABLE XII
DAILY p-XYLENE BREATH CONCENIRATION OF

SEDENTARY MALES

Exposure Time: 3  Hours - Chamber Concentration: Fluct. 50-150 ppm
GROUP 11
Number
Mean ‘ Range + Standard - of .
Time (in ppm) (in ppm) + Deviation Subjects
Day 1: 1 min. ost exit 6.15 5.60 - 6.70 0.78 2
15wt By o 2.48 2.48 0 2
30 " n n 1.78 1.67 - 1.89 N.16 2
1 hour " " 1.43 1.41 - 1.45 0.03 2
2 1 1 " 0.85 0.79 - 0.90 0.08 2
3 " " " 0.43 0.40 - 0.45 0.04 2.
Baseline 0.29 0.22 - D0.35 ‘ 0.09 2
Day 2: 1 min., post exit 7.00 5.70 - 8.30 1.84 2
‘ 5 " " " 1.93 1.80 - 2.05 0.18 2
30 " " " 1.60 1.50 - 1.70 0.14 2
1 hour " " 1.40 1.35 - 1.45 0.07 2
2 " n " 1.15 1.15 ~ 1
" " " 0,75 0.75 - 1
Baseline 0.39 n.30 » 0 2
Day 3: 1 min., post exit  7.13 4.75 - 9.50 3.36 2
15 " R " 2.93 2.30 - 3.55 -0.88 2
30 " " " 1.8% 1.67 - 2.10 0.30 2
1 hour " " 1.50 1.30 - 1.70 Nn.28 2
2 " " " 1.50 1.50 - 1
3 v 1 1 1.20 1.20 - 1
Baseline 0.70 0. 70 - . 1
Day 4: 1 min., post exit 7.40 7.40 - 1
5 " " " 3.10 3.10 o= 1
30 " " " 2.60 2.60 - 1
1 hour " " 2.00 2.00 - 1
2 " " " 1.25 1.25 - L
3 " " " 0.90 0.90 - 1
Baseline 0.48 D.48 - 1
Day 5: 1 min., post exit 7.80 7.80 - 1
15 " " " 3.50 3.50 - 1
30 " " " 2.20 2.20 - 1
1 hour " " 1.8 1.80 - 1
2 " " " 0.80 0.80 - 1
3" " " 0.80 0. 80 - 1
Baseline 0.20 7.20 - -1



Day 1:

TABLE XIII

DAILY p-XYLENE BREATH CONCENTRATION OF

Exposure Time:

Time

1 min., post
15 121 (23
30 n ) 1%

1 hour "

2 (1} 1

3 133 it

Baseline

1 min., post
15 1A) I
30 " 11

1 hour "

2 11 11

3 n Ir

Baseline

1 min., post
15 n 11t
30 mn n

1 hour "

2 " n

3 1] 1"

Baseline

1 min., post
ls " 1
30 11 17

1 hour "

2 11] n

3 11 e

Baseline

1 min., post
15 t L2
30 " Tt

1 hour "

2 " 1

3 " n

Baseline

exit

tt

exit

exit

SEDENTARY MALES

1 Hours - Chamber Concentration:

GROUP 11T
Mean Range
(in ppm) (in _ppm)
7.10 6.70 7.50
2.20 2.15 2.25
1.72 1.55 1.89
1.43 1.40 1.45
0.53 0.45 0.60
0.45 0.40 9.50
0.25 0.25
6.50 5.60 7.40
1.80 ‘1.50 2.10
1.35 1.20 1.50
1.10 0.90 1.30
0.80 0.80
C.23 0.20 0.25
0.23 0.20 0.25
5.15 5.00 5.30
2.06 1.67 2.45
1.30 1.15 1.45
1.13 0.99 1.35
0.94 0.70 1.18
0.65 0.45 0.85
0.40 0.40
9.20 9.20
3.10 3.10
2.10 2.10
1.45 1.45
NO DATA
NO DATA
0.30 0.25 0.35
6.95 6.90 7.00
2.35 2.30 2.40
1.88 1.80 1.95
1.48 1.30 1.65
0.70 0.40 - 1.00
0.45 0.30 0.60
0.20 0.20

Standard
+ Deviation

Fluct. 50-150 ppm.

Number
of
Subjects

0.57
0.07
0.24
0.04
0.11
0.07

0.21
0.55
0.21
0.32
0.34
0.28

0.07

0.07
0.07
0.11
0.25
0.42
0.21

R BN RO MMM [ NSRS S B (G G S )

R

=]

NN RN



2l

TABLE XIV
WEEKLY . p-XYLENE BREATH CONCENTRATION OF

SEDENTARY MALES

Exposure Time: 7-1/2 Hours - Chawmber Concentration:

GROUP I

Number
Chamber Mean Range Standard of

Time . Conc. in ppn  (in ppm) {irn popm) + Deviation Subjects
1 min., post exit 100 5.00 2.93 - 8.17 1.39 4
s " " "o 1.75 0.95 - 2.90 0.50 4
30 " 1" n 1.30 0.61 - 2.02 0.45 4
1 hour " " 0.92 0.51 - 1.33 0.31 4
5 n " L 0.65 0.22 - 1,38 0.27 4
3 " " 0.43 0.18 - 0.70 0.14 4
Baseline. 0.24 0.10 - 0.38 0.08 4
1 min., post exit 20 0.99 0.63 - 1.68 0.27 4
15 " u " 0.39 0.22 - 0.53 0.10 4
36V .ou ] 0,26 0.15 - 0.36 0.07 4
1 hour " " 0.20 0.12 - 0.31 0.06 4
2 m " " 0.16 0.05 - 0.33 0.08 4
3 0 u n 0.11 0.05 - 0.15 0.04 4
Baseline G.05 0,02 - 0.10 0.02 4
1 min., post exit 150 10.13 6.30 -14.50 2.09 4
15 o o L 4,65 3,20 - 7.30 1.04 4
30 " " " 3.62 1.91 - 5.50 0.82 4
1 hour " " 2.76 1.91 ~ 4.10 0.69 4
2 11 t " ].67 0.55 - 2.05 034 4
3 1 " 0.95 0.50 - 1.50 0.24 4
Baseline .60 - 0.32 - 1.00 0.21 4
1 min., post exit Flue. 6.91 5.10 -11.60 1.60 A
15 " " " 50 - 150 3.26 2.20 ~ 4.75 0.73 4
3g " " 0 2.43 1.75 - 3.15 0.37 4
1 hour " L 1.85 1.41 - 2.42 0.25 4
L on n 1.46 0.80 - 1.90 0.29 4
3 © " " 0.79 0.55 -~ 1.10 0.18 4
0.38 0.10 - 0.70 0.15 4

Baseline




: 1

Exposure Time:

Time

1 min., post exit

15 "
30 n
1 hour
2 "
3,u
Baseline

1 min., post exit

15 n
30 1"
1 hour
2 [}
3 "

Baseline

1 miﬁ., post exit

15 1"t
30 "
1 hour
2 11
3 [1]
Baseline

l min., post exit

ls 1)
30 11
1 hour
2 1"
3 1"
Baseline

"
1
"
11

1"
"
"
1
"

"
"t
1t
n

TABLE XV

WEEKLY .p- XYLENE BREATH CONCENTIRATION OF

n
13
"
11t
11"t

SEDENTARY MALES

GROUP II
Chamber Mean Range
Conc. in ppm ({n ppm) (in obom)
100 7.55 5.50 -11,20
2.31 1.55 - 3.40
1.58 0.91 - 2.40
1.09 0.72 - 1.80
0.53 0.20 - 0.74
0.38 0.12 - 0.60
0.19 0.10 - 0.30
20 1.15 0.70 - 1.55
0.39 0.25 - 0.47
0.25 0.17 - 0.36
0.17 0.11 - 0.25
0.14 0.11 - 0.19
0.09 0.05 - 0.12
0.04 0.02 - 0.05
150 8.95 6.66 =11.40
3.00 1.80 - 4.00
2.37 1.61 - 2.80
1.81 1.40 - 2.10
1.21 0.90 - 1.75
0.95 0.65 - 1.50
0.46 0.20 - 0.65
Fluct. 6.97 4.75 - 9.50
50-150 2.66 1.80 - 3.55
1.92 1.50 - 2.60
1.56 1.30 - 2.00
1.07 0.79 - 1.50
0.75 0.40 - 1.20
0.36 0.20 - 0.70

3  Hours - Chamber Concentration:

Standard
+ Deviation

Number
of
Subjects

COO0OOCOO K OO OoCO OO0 OO N

QOO OO O

.05
.65
.52
.37
.19
.18
.07

.33
.10
.06
.05
.04,
.03
.02

49
.79
.39
.22
.31
.34
.14

.58
.65
.36
.25
.28
.30
177

LSRN N NN N MR N RN DN Mo NN

NN RN



: 1

2l
™

Fal
(UL

™
£

‘Time

1l min., post

5 "
30 "’
1 hour
2 n
3 tt
Baseline

1l min., post

15 1
30 n

1 hour
2 (1]

3 143
Baseline

1 min., post

15 1
30 11
1 hour
2 1"
3
Baseline

1 min., post

15 I

. 30 "

‘1 hour

2 1

3 11
Baseline

Exposure Time:

1

11

1t
1t
1"
1]

”

TABLE XVI

WEEKLY p-XYLENE BREATH CONCENTRATION OF

exit
1]

exit

SEDERTARY MALES

GROUP III
Chamber Mean Range
Conc. in ppm (in ppm) (in pnm)

100 3.25 1.47 - 4.00
1.52 1.10 - 1.90
0.93 0.52 - 1.40
0.66 0.45 - 0.80
0.45 0.22 - C.60
0.24 0.11 - 0.28
0.13 0.10 - 0.20

20 0.96 0.54 - 1.71
0.27 .0.17 - 0.50
0.19 0.12 - 0.30
0.14 0.08 - 0.25
0.10 0.05 - 0,18
0.09 0.04 - 0.18
0.05 0.05

150 9.02 6.10 =10.80
2.30 1.81 - 2.95
1.87 1.27 - 2.40
1.46 1.08 - 1.90
0.88 0.30 - 1.40
0.61 0.20 - 1.00
0.40 0.20 - 0.60

Fluc. 6.73 5.00 - 9.20

50-150 2.21 1.50 - 3.10
1.62 1.15 - 2.10
1.30 0.90 - 1,65
0.73 0.40 - 1.18
0.44 0.20 - 0.85
0.28 0.20 - 0.40

1 Hours - Chamber Concentration:

Standard
+ Deviation

Number
of
Subjects

DO OO O

OO0 OO

OO COOOQO

OO OO0 OO

.02
.30
.30
.13
.18
.13
.04

.27
.10
.06
.06
.04
.04

43
.33
.34
.28
.31
.22
.13

.30
46
.33
.25
.28
.21
.08

NN NN N W LW www RN NN

NN NP



Day 1:

TABLE XVII

DAILY p-XYLENE BREATH CONCENTRATION OF

SEDENTARY FFMALES

Exposure Time:

Time

1 min., post

15 " I

30 " 11
1 hour "
2 []] 11
3 " 11
Baseline

1 min., post

15 " "

30 " n
1 hour "
2 (R} "
3 143 "
Baseline

1 min., post

15 it 1

30 n it
1 hour "
2 11 T
3 11 1
Baseline

1 min., post

15 " i
30 " n

"1 hour "

2 " n
3 " 1

Baseline

1 min., post

15 u "

30 n "
1 hour "
2 1" -
3 " 11}
Baseline

exit

exit

Mean

7-1/2 Hours - Chamber Concentration: 100 ppm

r)h

GROUP I

(in ppm)

4.73
1.90
1.28
1.10
0.53
0.40
0.03

5.17
1.95
1.50
1.08
0.80
0.60
0.23

6.00
2.10
1.62
1.28
0.73
0.50
0.28

6.20
3.08
2.57
2,00
0.75
0.53
0.30

4,70
1.63
1.25
1.12
0.82
0.65
0.35

Range

(in ppm)

3.90 - 5
1.70 -
1.20 -1
1.10

0.50 -
0.30 -
0.00 -

o

o oo

4.60 -
1.70 -
1.40 -
1.05 -
0.80

0.60

0.20 -

|l S SR |

[

4,80 -
1.90 -
1.40 -
1.15 -
0.70 -
0.45 -
0.25 -

OO OHKMMNN

5.10 -
2.65 -
2.45 -
1.80 -
0.70 -
0.50 -
0.30

DO NN W~

4.30 -
1.40 -
1.05 -
1.05 -
0.75 -
0.55 -
0.35

OO =W

.50
.05
W40

.55
.50
.10

.50
.35
.60
.10

.25

.10
.40
.80
.40
.75
.55
.30

.30
.50
.65
.20
.80
.55

.00
.80
.50
.20
.90
.70

Standard
*Deviation

Number
of
Subjects

.80
.18
.10

.03
.10

e e Y s B o B e B e

.49
.35
.10
.03

.03

.15
.27
.20
.13
.03
.05
.03

D000 OO

.10
43
.10
.20
.07
.04

OO COC OO O+

.36
.21
.23
.08
.08
.09

OO Coo OO

wWhhww W w Lw i www W wlwww W wwwwww

W

W W W



Day 1:

TABLE XVIII

DAILY p-XYLENE BREATH CONCENTRATION OF

SEDENTARY FEMALES

GROUP II

Exposure Time! 3
Mean .
Time (in ppm)
1 min,, post exit 4.90
15 " “, 1" 1.55
30 " 11 (33 1.08
1 hour " " 0,75
2 1 ¥ " 0.35
3 " " " 0.25
Baseline 0
1 min., post exit 5.48
15 4] 11 . e 1.35
30 " n " 0‘85
1 hour " " 0.55
2 1] n 1 0-43
3 " 1 31 0‘30
Baseline 0.08
l min., post exit 4.78
15 1" 1 e 1.25
30 " n [} 0,80
1 hour " " 0.60
2 " 11 11 0‘35
3 11 1 H 0.40
Baseline 0.13
1l min., post exit 4.75
15 1] n 11 1.18
30 1" " 1 0.88
1 hour " " 0.68
2 I 1" " 0‘50
3 (23 1" 11 0,50
Baseline 0.10
1l min., post exit 4.00
15 1 11 1 1,23
30 11 [} " 0'88
1 hour " " 0.55
2 1 " 111 0.50
3 113 11" 17 0.20
0.15

Baseline

Hours

-~ Chamber Concentration: 100 ppm
‘ Number
Range Standard of

{in ppm) tDeviation Subjects
4.60 - 5.20 0.42 2
1.40 - 1.70 0.21 2
1.05 - 1.10 0.35 2
0.70 - 0.80 0.07 2

" 0.35 0 2

0.00 - 0.50 0 2
0 0 2
3.95 - 7.00 2.16 2
1.20 - 1,50 0.21 2
0.80 - 0.90 0.07 2
0.55 0 2
0.40 - 0.45 0.04 2
0.30 - 1
0.00 - 0.15 0 2
3.25 - 6.30 2.16 2
1.10 - 1,40 0.21 2
0.70 - 0.90 0.14 2
0.60 0 2
0.35 - 1
0.40 - 1
0.10 - 0,15 0.04 2
4,20 - 5.30 0.78 2
1.15 - 1,20 0.04 2
0.80 - 0.95 0.11 2
0.65 - 0.70 0.04 2
0.50 0 2
0.40 - 0.60 0.141 2
0.10 0 2
3,00 - 5.00 1.41 2
1.20 - 1.25 0.04 2
0.80 - 0.95 0.11 2
0.50 - 0.60 0.07 2
0.50 - - 1
0.20 - 1
0.15 - 1



Day 1:

Exposure Time:

Time

1l win., post
15 n 1]
30 L "

1 hour "

2 [ 1} 1]

3 17 "

Baseline

1 min., post
15 1" "
30 " L1}

1 hour "

2 1l 11

3 n [} ]

Baseline

1 min., post
15 " "
30 " n

1 hour "

2 11} n

3 [ 1] n

Baseline

1l min., post
15 114 X
30 [1] n

1 hour "

2 " 1"

3 11} 11}

Baseline

l min., post
15 11 1"
30 11 1]

1 hour "

2 1" "

3 n ]

Baseline

TABLE XIX

DAILY p-XYLENE BREATH CONCENTRATION OF

SEDENTARY FEMALES

GROUP II

Mean

(in Epm)-

3.40
1.20
0.98
0.68
0.10
0.10
C

5.83
1.10
0.73
0.63
0.35
0.20
0

5.45
1.38
0.95
0.65
0.28
0.10
0.03

3.75
1.15
0.80
Q.63
G.40
0.30
0.10

4,60
1.15
0.38
0.58
0.40
0.20
0.10

I

Range

(in ppm)

.20
.10
.90
.65
.10
.10

OO0 OHW

.90
.90
.55
.55
.30
.20

DO OO OQ W

40
.05
.80
.50
.20
.00
.00

OO OO O~

.00
.00
.70
.53
40
.30
.10

OO0 OCOH W

.60
.00
.80
.55
.40

e e Y o I o B WL

0.10

.20

oo+ P~ OCOO0OO R HO QOO O~ (o B el R L)

O C ~ W,

.60
.30
.05
.70

.75
.30
.50
.70
.40

.50
.70
.10
.80
.35
.20
.05

.50
.30
.90
.70

.60
.30
.95
.60

1 Hours - Chamber Concentration:

Standard
*Deviation

100 ppm

Number
of
Subjects

0.28
0.14
0.11
0.04

0
0

2.72
0.28
0.25
0.11
0.07

1.49
0.46
0.21
0.21
0.11

1.06
0.21

0.11
0.04

NN MNR RN N NN NN N (S S N S A i SO NN RPN NN

PN NN



Time

GROUP I:

1 min., post exit

15 n
30 n"
1 hour
2 1
3 "
Baseline

GROUP II:

u
"
1"
11

"

1 min., post exit

15 [}
30 1

1 hour

2 "

3 "
Baseline

Baseline

"

WEEKLY p-XYLENE BREATH CONCENTRATION OF

TABLE XX

SEDENTARY FEMALES

Chamber Concentration: 100 ppm

Mean

(in ppm)

5.03
2.13
1.64
1.32
0.73
0.54
0.24

4.78
1.31
0.90
0.63
0.43
0.40
0.07

4.61
1.20
0.87
0.63
0.32
0.18
0.04

Range

{in EBm)
3.90 - 7.30
1.40 - 3.50
1.05 - 2.65
1.05 - 2.20
0.50 - 0.90
0¢.30 - 0.70
0.00 - 0.35
3,00 - 7.00
1.10 - 1.70
0.70 - 1.10
'0.50 - 0.80
0.35 - 0.50
0.00 - 0.80
0.00 - 0.15
3.00 - 7.75
0.90 - 1.70
0.55 - 1.10
0.50 - 0.80
0.10 - 0.40
0.00 - 0.30
Q.00 - 1,00

+Standard
“Deviation

OO OO QOO OO0 OO

O OO0 O O

.63
.58
.52
.37
12
11
.12

.26
.19
W12
.09
.07
.25
.07

.55
.23
.16
.10
.11
.10
.05

Number
of

Subjects

N RN N RN Wi W www
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Day 4,Wk 1

Day 1,Wk 2
Pre-exposure

Pre-exit
30 min post-exit
1 hr post-exit

Day 4,Wk 2

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 1,Wk 3
Pre-exposure

Pre-exit
30 min post-exit
1 hr post-exit

Day 4,Wk 3

Pre-exposure
Pre-exit

30 min post-exit
1l hr post-exit

Day 1,Wk 4

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 4,Wk 4

Pre~-exposure
Pre-exit

30 min post-exit
1 hr post-exitc

Day 1,Wk 5

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 4,Wk 5
Pre-exposure

Pre-exit
30 min post-exit
1l hr post-exit

Day 1,Wk 6

p—-XYLENE LEVELS IM BLOOD FOR MALE SUBJECTS

Mean

[YSEL VSIS, B o] H e O OO C O OO QO D00 o OO

— = D

OO = O

.31
.29
.89
.48

.13
.97
45
.29

.13
.42
.29
.19

.00
.51
.49
<40

.34
.86
.96
.29

.99
.99
.76
.77

.32
.02
)
.45

.31
.68
.81
.67

GROUP 1t

Chamber Concentration:

Chamber Concentration:

Chamber Concentration:

Chamber Concentration:

Range
Chamber Concentration: zero

100 ppm
0.25 - .40
1.05 - 1.55
0.50 - 1.10
0.40 - 0.60
0.09 - 0.17
0.83 - 1.11
0.35 - 0.52
0.26 - 0.31

20 ppm
0.12 - 0.13
0.40 -~ 0.45
0.27 - 0.30
0.15 - 0.22
0.00
0.43 - 0.60
0.26 - 0.80
0.21 - 0.58

150 ppm
0.24 = 0,47
3.11 - 4,47
1.75 - 2.09
1.24 - 1.43
G.65 - 1.35
5.09 - 5.88
3.38 - 4.62
2.49 - 2.95

Fluct.
0.20 - 0.40
2.80 -~ 3.25
1.20 - 1.60
1.00 - 1.92
0.27 - 0.40
1.40 - 2.03
0.70 - 1.00
0.49 - 1.01

TABLE XXI

7-1/2 UR EXPOSURE

Chamber Concentraticn: zero

(=4 B on BN a)

1+
4]
o

.08
.21
.27
.09

OO OO

.03
.16
.09
.02

QOO0

.01
.03
.02
.04

OO OO

.00
.07
.26
.15

Qoo O

.10
.65
.15
.09

OO oo

.35
.90
.38
.22

ppm
0.11

.061
.30
.14
.24

OO OO

L L W ke o o~ o F N N NN W W Do oo o N N N [2

Era R L e



Day 4,Wk 1
Day 1,Wk 2

Pre-exposure
Pre-exit

<30 min post-exit
1l hr post-exit

Day 4,Wk 2

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 1,Wk 3

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 4,Wk 3

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 1,Wk &

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 4,Wk 4

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 1,Wk 5

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 4,Wk 5
Pre-exposure

Pre-exit
30 min post-exit
1 hr post-exit

Day 1,Wk 6

p-XYLENE LEVELS IN BLOOD FOR MALE SUBJECTS

Q.
1.
.78
.38

RO WO cooco OO oo cooo

R e wo

OO O

Mean

48
65

.12
.95
44
.37

.12
.41
24
.24

.08
.43
.24
.26

.40
.18
.55
.11

<33
.19
.18
.80

.45
4l
.36
.07

. 26
.33
.67
»59

TABLE XXII

GROUP II

3 HR EXPOSURE

Range +S.D
Chamber Concentration: zero
Chamber Concentration: 100 ppn
0.45 - 0.50 0.04
1.30 - 2.00 0.50
0.65 - 0.90 0.18
0.50 - 0.65 0.11
0.09 - 0.14 0.04
0.90 - 0.99 0.06
0.44 0.00
0.35 - 0.39 0.03
Chamber Concentration: 20 ppm
0.11 - 0.12 0.01
0.34 - 0.47 N.09
0. 24 0.00
0.24 . 0.00
0.00 - 0.08 0.00
0.40 - 0.486 0.04
0.23 - 0.25 0.01
0.15 - 0.36 0.15
Chamber Concentration: 150 ppm
0.22 - 0.57 0.25
3.10 - 3.25 0.11
1.50 - 1.60 0.07
0.97 - 1.25 0.20
0.46 - 0.59 0.09
4.05 - 8.32 3.02
1.97 - 2.38 0.29
1.73 - 1.86 0.09
Chamber Concentration: Fluct. 50-150 ppm
0.40 - 0.50 0.07
3.09 - 3.73 0+ 45
1.27 = 1.45 0.13
1.00 - 1.13 0.09
0.26 -
1.33 -
0.59 -
0.67 -

Chamber Concentration:

zero

[ B ST N 8 ] o NN R AN A B A B MNNN N RSN [N S NGRS e SO I 6]

o e e
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Day 4,Wk 1
Day 1,Wk 2

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 4,Wk 2

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 1,Wk 3

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 4,Wk 3

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 1,Wk 4

Pre-exposure
Pre-exit

30 min post-exit
1l hr post-exit

Day 4,Wk & |

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 1,Wk 5

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 4,Wk 5

Pre-exposure
Pre-exit

30 min post-exit
1 hr post-exit

Day 1,Wk 6

p-XYLENE LEVELS TN BLOOD FOR MALE SUBJECTS
1 HR EXPOSURE

O+ MO ) coNno oo oo cooo cooo

OO~ O

- GROUP 1III

Mean

.18
.23
.55
.33

12

.69
.35

.23

.00

.24
.18
.00

.00
.58
.25
. 26

.30
. 04
-77
.67

.38
.37
.45
.12

.49
.93
.25
.82

.15
.30
.78
.41

TABEE XXITII

Range iS.D
Chamber Concentration: zero
Chamber Concentration: 100 ppm
0.10 - 0.25 0.11
1.10 - 1.35 0.18
0.45 - 0.65 0.14
0.30 - 0,35 0.04 .
0.12 -
0.69 -
0.35 -
0.23 -
Chamber Concentration: 20 ppm
0.00 -
0.24 -
0.18 -
0.00 -
- 0.00 0.00
0.27 - 0.76 0.27
0.15 - 0.40 0.13
0.12 - 0.48 0.19
Chamber Concentration: 150 ppm
0.15 - 0.45 0.21
1.50 - 2.57 0.76
0.67 - 0.87 0.14
0.60 -~ 0.73 0.09
0.38 0.00
3.35 - 3.38 0.02
1.35 - 1.54 0.13
1.05 - 1.19 0.10
Chamber Concentration: Fluct. 50-150 ppm
0.18 - 0.80 0.44
2.55 - 3.30 0.53
1.25 0.00
0.73 - 0.90 0.12
0.15 -
1.30 -
0.78 -
0.41 -

Chamber Concentraticn:

Zero

[N R I RN ]

b b

|

e b
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TABLE XXIV

p-XYLENE LEVELS IN BLOOD FOR FEMALE SUBJECTS

Chamber Concentration: 100 ppm

Mean Range
Day 1, Week 2
Group I, 7-1/2 hr exposure
Pre-exposure 0.00 0.00
Pre-exit 1.59 1.48 - 1.79
30 min post-exit 0.59 0.49 - 0.72
1 hr post-exit  0.50 0.46 - 0.58
Group II, 3 hr exposure
Pre-exposure 0.00 0.00
Pre-exit 0.95 G.85 ~ 1.05
30 min post-exit 0.38 0.26 - 0.49
"1 hr post-exit  0.29 0.27 - 0.31
Group III, 1 hr exposure
Pre-exposure 0.00 0.00
Pre-exit 0.88 0.82 - 0.93
30 min post-exit 0.46 0.39 - 0.52
1 hr post-exit  0.26 0.17 - 0.34
Day 4, Week 2
Group I, 7-1/2 hr exposure
Pre-exposure 0.50 0.38 - 0.59
Pre-exit 2.28 2.01 - 2.47
30 min post-exit 1.07 0.98 - 1.16
1 hr post-exit 0.91 0.74 - 1.25
Group II, 3 hr exposure
Pre-exposure 0. 36 0.31 - 0.41
Pre-exit 1.86 1.79 - 1.92
30 min post-exit 0.73 0.71 - 0.74
1 hr post-exit 0.62 0.57 - 0.67
Group III, 1 hr exposure
Pre-exposure 0. 39 0.37 - 0.40
Pre—-exit 1.74 1.41 - 2.06
30 min post-exit 0.60 0.57 - 0.62
1 hr post-exit 0.48 0.45 - 0.50

OO OO QO QO I+

OO0

OO oo [N N

QO o0

.00
.18
.12
.07

(00
.14
.16
.03

.00
.08
.09
.12

.11
.24
.09
.29

.07
.09
.02
.07

.02
.46
.04
.04

NN RO R W W W |z

P
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Resting
6 min exercise
11 min exercise

Resting
6 min exercise
11 min exercise

Resting
6 min exercise
1l min exercise

Resting
6 min exercise
11 min exercise

TABLE XXV

EFFECT OF EXERCISE ON p-XYLENE LEVELS IN BLOOD

Mean

=

&N e}

I

.79
.25
.83

.51
.71
.61

.64
.12
.52

.23
.87
.13

GROUP I MALE SUBJECTS

Range +S.D
Chamber Concentration: 100 ppm
0.71 - 0.90 0.08
0.96 - 1.53 0.40
1.53 - 2.35 0.45
Chamber Concentration: 20 ppm
0.40 - 0.68 0.12
0.55 - 6.87 0.13
1.49 - 1.67 0.08
Chamber Concentration: 150 ppm
4.07 - 5.95 0.88
5.95 - 8.55 1.32
11.06 - 14.61 1.86

Chamber Concentration: 50-150 ppm Fluct.

0.84 - 1.74 0.40
1.41 - 2.22 0.42
1.95 - 4.46 1.04

|=

)

(OS]



AY 2:

Pre-exposure

Exit
15 min post-exit
30 min post-exit

Pre-exposure
Exit

15 min post-exit
30 min post-exit

Pre-exposure
Exit

15 min post-exit
30 min post-exit

Pre-exposure
Exit

15 min post-exit
30 min post-exit

Pre-exposure
Exit

15 min post-exit
30 win post-exit

DAILY p-XYLENE LEVELS IN SALIVA

Mean

== w o = w»o O rRO = orsooon

H M wWwo

.64
.83

.69
.63

.72
.87
.58
.99

.71
.52
.99
Y

.41
.54
.87
27

.36
+35
.08
.81

TABLLE XXVI

FOR SEDENTARY MALE SUBJECTS

GROUP 1
Chamber

7-1/2 HR EXPOSURE
Concertration: 159 ppm
WEEK: 4
Range
1.23 - 1.9%4
5.50 - 6.13
2.38 = 2.88
1.50 - 1.75
0.50 - 1.06
2.31 ~ 4.06
1.25 - 1.88
0.88 -~ 1.13
0.30 - 1.30
3.63 - 7.25
1.81 - 2.13
1.25 - 1.63
0.19 - 0.73
2.50 - 4.25
1.58 - 2.33
1.00 - 1.58
0.16 - 0.32
3.13 - 3.53
1.90 - 2,30
1.69 - 1.93°

OO OO O QOO O C o O (=R By oo B o

(sl e B B o)

.30
.31
.24
.10

.25

.815
.312
.107

42
.50
.13
.18

.23
.76
.34
.29

154
.20
.17
.16

o - O SO SO lz

£~ B~



TABLE XXVII

DAILY p-XYLENE LEVELS IN SALIVA

FOR SEDENTARY MALZ SUBJECTS

GROUP 1 7-1/2 HR EXPOSURE
Chamber Concentration: 50-150 ppm fluctuating
WEEK 5
Mean Range +5.D
DAY 1: Pre-exposure 0.22 0.19 - 0.28 0.05
Exit 2.03 1.52 - 2.61 0.55
15 min post-exit 0.99 0.78 - 1.13 .19
30 min post-exit 0.65 0.50 = 0.75 .13
DAY 2: Pre-exposure 0.25 0.16 - 0.31 0.07
Exit 3.26 2.67 - 4.24 0.69
15 min post-exit 1.53 1,31 - 1.81 0.21
30 min post-exit 1.07 0.75 - 1.38 0.27
DAY 3: Pre-exposure 0.55 0.39 - 0.79 0.18
Exit 3.28 2.76 - 4.03 0.61
15 min post-exit 1.85 1.83 - 1.97 0.08
30 min post-exit 1.08 1.00 - 1.25 0.12
DAY 4: Pre-exposure 0.16 0.09 - 0.22 0.05
Exit 3.56 3.13 - 4.490 0.57
15 min post-exit 1.61 1.43 - 2.00 0.26
30 min post-exit 1.02 0.93 - 1.13 0.10
DAY 5: Pre-exposure 0.16 0.11 - 0.2 0.07
Exit . 1.21 1.08 - 1.43 0.19
15 min post-exit 0.75 0.68 - 0.81 0.97
30 min post-exit Q.47 0.41 - 0.54 6.07

Feo g R s s -~ e W W w W

w W w W



TABLE XXVIII

DATLY p-XYLENE LEVELS IN SALIVA
FOR SEDENTARY FEMALE SUBJECTS
GROUP I  7-1/2 HR EXPOSURE

Chamber Concentration: 100 ppm

Mean Range

DAY 1: Pre-exposure 0.21 0.19 - 0.22
1 min post-exit 0.79 0.56 - 1.10

15 min post-exit 0.37 0.33 - 0.42

30 min post-exit 0.25 0.19 - 0.28

DAY 2: Pre-exposure 0.34 0.31 - 0.41
l min post=-exit 1.26 1.04 - 1.37

15 min post-exit 0.51 0.41 - 0.56

30 min post-exit 0.42 0.37 - 0.46

DAY 3: Pre~-exposure 0.52 O.jZ - 0.71
1 min post-exit 1.07 0.85 - 1.35

15 min post-exit .57 0.47 - 0.65

30 min post-exit 0.39 0.35 - 0.41

DAY 4: Pre-exposure 0.51 0.48 = 0.55
1 min post-exit 1.15 0.65 - 1.45

15 min post—exit 0.95 0.93 - 0.98

30 min post-exit 0.60 0.50 - 0.75

DAY 5: Pre-exposure 0.33 0.17 - 0.52
.1 min post-exit 1.96 1.60 - 2.45

15 min post-exit 1.00 0.95 - 1.05

30 min post-exit 0.69 0.60 - 0.76

cooo

CPec«
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QOO0
=
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OO0 00O
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Date

Day

Day

Day

Day

Day

Day

Day

Day

Day

Day

*

4, Wk

1,wWk

4,Wk

1,Wk

4,0k

1,Wk

4,Wk

1,Wk

1,Wk

TABLE XXIX

DAILY METHYL HIPPURIC ACID EXCRETION
GROUP I MALE SUBJECTS

Exposure Time:
Urine
Subject Vol ml/24 hr
117 650
248 1400
249 200
250 1050
117 600
248 1050
249 1000
250 1175
117 2350
248 1400
249 1300
250 800
117 Absent
248 1350
249 1100
250 1100
117 950
248 1150
249 625
250 500
117 950
248 1000
249 650
250 800
117 1050
248 1200
249 650
*250 170
117 1100
248 1025
250 750
*%117 1150
248 1125
249 500
250 650
117 1425
248 1300
249 650
250 850

Subject voided cnce in 24 hr period

*% Sample was not refricerated

7-1/2 HR
Concentration ) p-xylene
mg/ml g/24 hr Chamber Conc: ppw
1.81 1.18 0
0.84 1.17
0.77 0.70
0.94 0.98
4.11 2.46 100
4.64 4.87
1.78 1.78
1.71 2.00
1.17 2.74 100
1.70 2.38
1.45 1.89
2.65 2.12
- - 20
0.57 G.77
0.78 0.86
1.24 1.37
2.30 2.19 20
1.28 1.48
1.44 0.90
2.38 1.19
3.57 3.39 150
2.82 2.82
3.57 2.32
3.28 ‘2.62
3.53 3.70 150
2.22 2.66
2.69 1.75
2.25 0.38
2.77 3.05 Fluct.
1.67 1.71 50-150
2.67 _2.00
0.72 Q.83 Fluct.
1.89 2.13 50-150
3.90 1.95
3.06 1.98
2.32 3.31 0
1.10 1.43
2.60 1.69
1,20 1.02



Date

Day 4,Wk
IDay i,Wk
Day 4,Wk
Day 1,Wk

Day 4,Wk

Day 1,Wk

Day &4,Wk

Day 1,Wk

Day 4,Wk

Day 1,Wk

DAILY METHYL HIPPURIC ACID EXCRETION

TABLE XXX

GROUP TII

MALE SUBJECTS

Exposure Time: 3 HR

Urine Concentration ‘ p-xylene
Subject Vol ml/24 hr mg/ml g/24 hr Chamber Conc: ppm

251 800 0.62 0.50 0

252 1925 0.04 1.24

251 1125 0.75 0.85 100

252 1750 0.66 1.16

251 1600 1.09 1.09 100

252 1400 0.43 0.60

251 550 0.66 0.36 20

252 1525 0.62 0.94

251 750 0.54 0.41 20

252 1275 1.05 1.34

251 550 0.73 0.40 150

252 1350 0.96 1.30

251 600 1.61 G.97 150

252 1100 1.12 1.23

251 600 1.31 0.79 ~Fluct.

252 900 1.11 1.00 50-150

252 1300 0.82 1.07 Fluct.
50-150

251 1150 0.83 0.95 0



TABLE XXXI

DAILY METHYL HIPPURIC ACID EXCRETION
GROUP III MALE SUBJEGTS

Exposure Time: 1 HR

Urine Concentration p-xylene
Date Subject Vol ml/24 hr mg/ml g/24 hr Chamber Conc: ppm
Day 4,Wk 1 253 775 0.74 0.58 0
254 1575 1.05 1.65
255 375 0.36 0,13
Day 1,Wk 2 255 375 1.16 0.44 100
254 1500 0.76 1.14
Day 4,Wk 2 255 1100 0.67 0.74 100
Day 1,Wk 3 255 975 0.62 0.6l ‘ 20
Day 4,Wk 3 255 750 0.23 0.17 - 20
%256 1100 0.62 0.68
*257 1520 1.23 1.87
Day 1,Wk 4 256 1400 0.44 }.62 150
257 1050 1.09 1.14
Day 4,Wk & 256 1100 0.61 0.68 150
257 1100 Q.87 0.95
Day 1,Wk 5 256 1050 1.42 1.45 | Fluct.
257 1450 l.61 2.33 : 50-150
Day 4,Wk 5 257 850 1.76 1.49 _ Fluct.
50-150
Day 1,Wk 6 256 1100 0.53 0.58 4]
257 1025 1.24 1.27

* Entered study during progress - no baseline data.



°
TABLE XXXII

DAILY METHYL HIPPURIC ACID EXCRETION
~FOR FEMALE SUBJECTS

Urine Concentration p—-xylene

Date Subject Vol ml/24 hr mg/ml g/24 hr Chamber Conc:

ppm

Group I, Exposure Time: 7-1/2 hr

Day 4,Wk 1 95 1900 0.85 1.62 0
258 1300 0.79 1.03
259 1450 1.46 - 2.12

Day 1,Wk 2 95 1500 2.29 3.44 100
258 1525 2.32 3.54
259 1350 2.65 3.58

Day 4,Wk 2 95 2000 2.32 4,64 100
258 1350 1.85 2.50
259 950 2.76 2.62

Day 1,Wk 3 95 . 1190 2.11 2.51 0
258 1480 0.70 1.03
259 960 1.12 1.08

Group II, Exposure Time: 3 hr

Day 4,Wk 1 261 1000 0.56 0.56 0
262 1200 1.55 1.86

Day 1,Wk 2 261 650 0.92 0.60 100
262 +1100 3.70 4.07

Day 4,Wk 2 261 800 1.36 1.09 100
262 1450 2.76 4.00

Day 1,Wk 3 261 1216 0.48 0.58 0
262 1140 . 1.32 1.50

Group IIT, Exposure Time: 1 hr

Day 4,Wk 1 264 850 1.60 1.36 0
265 750 1.07 0.80

Day 1,Wk 2 264 600 8.20 4.90 100
265 850 0.81 0.69

Day 4,Wk 2 264 750 6.19 4,64 100
265 450 1.86 0.84

Day 1,Wk 3 264 860 : 2.09 1.80 ' 0

265 1200 1.22 1.46
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TABLE XXXIX

WITHIN-DAY VARIABILITY IN VARIQUS FUNCTIONS AS MEASURED
FROM MAXIMUM AND PARTIAL FORCED EXPIRATORY MANEUVERS

(Between Trial Mean Difference / Actual Mean x 100)

Trial 1 vs. Trial 2 Trial. 1l vs. Trial 3

Max. Vol. -2.21% -2.397%
Partial Vol. -3.38% -5.13%
Partial - Flow @ 25% <1147 ~-3.90%
Max. -~ Flow @ 25% -17.390% -8.13%
Partial - Flow @ 40% ~5.72% -5.16%
Max. - Flow @ 40% -14,53%* -10.85%%*
Peak Flow -1.01% .88%
FEV, / FVC -3.11% -5.12%

* Significant increase at p = .05 (two-tailed t-test)



TABLY XL

Analysis of Variance for the

10 Second Time Estimations

During Exposure to p-Xylene (7-1/2 Hr/Day)

SOURCE DF SUM OF SQUARES MEAN SQUARE MSR(F)
TOTAL 55 165.08
DAYS 13 21.94 1.64
LINEAR 1 1.80 1.80 1.86
DAY TREND :
LINEAR
P-XYLENE 1 3.12 3.12 3.22
OTHER 11 15.85 1.44 1.08
FPEOPLE 3 105.30 35.10
RESIDUAL 39 37.84 0.97







TABLE XLI
Analysis of Variance for the
30 Second Time Estimations

During Exposure to p-Xylene (7-1/2 Hr/Day)

STOURCE DF SUM OF SQUARES MEAN SQUARE MSR(F)
ToTAL 55 1158.80
DAYS 13 58.91 4.53
LINEAR 1 3.45 3.45 0.79
DAY TREND
LINEAR . ‘
P-XYLENE 1 5.19 5.19 1.20
OTHER 11 48.19 4.81 1.11
PEOPLE 3 930.54 310.18

RESIDUAL 39 169.42 4.34




TABLE XLITI

Analysis of Variance for the Marquette Test

Estimate/Stimulus--Sound Stimulus

During Exposure to p-Xylene (7-1/2 Hr/Day)

SOURCE OF SUM OF SQUARES MEAN SQUARE MSR(F)
TOoTAL 51 2.409
Davys 12 0.222 0.018
LINEAR 1 0.125 0.125 10.42%%
DAY TREND .
T LINEAR _
P-XYLENE 1 0.029 0.029 2.42
OTHER 10 0.041 0.004 0.33
PEQPLE 3 1.742 0.581
RESIDUAL 36 0.445 0.012

*f;’Significant p < .01



TABLE XLIIL
Analysis of Variance for the Marquette Test
|Estimate-Stimulus|--Sound .Stimulus

During Exposure to p-Xylene (7-1/2 Hr/Day)

SOURCE OF SUM OF SQUARES MEAN SQUARE MSR(F)

TOTAL 51 6.570

DAYS 12 0.927 0.077
L INEAR 1 10.365 0.365 6.51%
DAY TREND ‘
l;i;ECENE 1 0.054 0.054 0.96
OTHER | 10 0.444 0.044 0.72

PEOPLE 3 3.627 1.209

RESIDUAL 36 2.016 0.056

* Significant p < .05



TABLE XLIV
Analysis of Variance for the Marquette Test
Reaction Time--Sound Stimulus

During Exposure to p-Xyleme (7-1/2 Hr/Day)

SOURCE DF SUM OF SQUARES MEAN SQUARE MSR(F)
TOTAL 51 ~0.938
DAYS 12 0.082 0.007
LINEAR 1 0.030 0.030 7.50%%
DAY TREND ‘
LINEAR ‘ , .
P—XYLENE 1 0.001 0.001 0.25
OTHER 10 0.052 0.005 1.25
PEORLE 3 0.721 0.240 ]
RESIDUAL 36 0.135 0.004

**Siponificant p < .01



TABLE XLV
Analysis of Variance for the Marquette Test
Estimate/Stimulus—-Light Stimulus

During Exposure to p-Xylene (7-1/2 Hr/Day)

SOURCE OF SuM OF SQUARES MEAN SQUARE MSR(F)
TOTAL 51 0.971
DAaYs 12 0.130 0.011
LINEAR 1 ©0.068 0.068 '11.33%%
DAY TREND
LINEAR .
B-XYLENE 1 0.0003 0.0003 0.05
OTHER 10 0.062 0.006 1.00
PEQPLE 3 0.634 0.211
RESIDUAL 36 0.207 . 0.006

- **Gignificant p < .01



TABLE XLVI
Analysis of Variance for the Marquette Test
|Estimate-Stimulus|——Light Stimulus

During Exposure to p-Xylene (7—1/2 Hr/Day)

SDURCE DF SumM OF SQUARES MEAN SQUARE MSR(F)
TOTAL 51 1.322
DAYS 12 0.448 0.37
LINEAR I 0.016 0.016 0.94
DAY TREND
LINEAR : _ ‘
P-XYLENE 1 0.035 0.035 2.06
OTHER 10 0.404 0.040 2.35
PcoOPLE 3 0.247 0.082

RESIDUAL 36 0.627 0.017




TABLE XLVIIL

* Analysis of Varlance for ‘the Marquette Test

Reaction Time--Light Stimulus

During Exposure to p-Xylene (7-1/2 Hr/Déy)

SOURCE OF SUM OF SQUARES MEAN SQUARE MSR(F)
ToTAL 51 1.160
DAYS 12 0.025 0.002
LINEAR 1 0.00008 0.00608 0.04
DAy TREND .
LINEAR .
P-XYLENE 1 0.000001 0.000001 0.001
OTHER 10 0.025 0.003 1.50
PEOPLE 3 1.053 0.351
RESIDUAL 36 0.081 0.002




TABLE XLVIII
Analysis of Variance for the
Arithmetic Test

During Exposure'to p-Xylene (7-1/2 Hr/Day)

SOURCE - DF SUM OF SQUARES MEAN SQUARE MSR(F)
ToTAL 55 38664.87
DAYS 13 865.36 ‘ 66.57
L INEAR 1 195.61 195.61 5.02%
DAY TREND
L INEAR : 3
P-XYLENE 1 120.32 20.32 0.52
OTHER 1 250.18 22.74 . 0.58
PEDOPLE 3 36281.62 12093.87
RESIDUAL 39 1517.80 38.92

* Significant at p < .05



TABLE XLIX

Coordination Test

Analysis of Variance for the

During Exposure to p-Xylene (7-1/2 Hr/Day)

SOURCE DF SUM OF SQUARES MEAN SQUARE MSR(F)
ToTAL 55 27841.84
DAYS 13 985.43 75.80
LINEAR 1 34.99 34.99 0.60
DAY TREND ‘
LINEAR : |
P-XYLENE 1 233.29 233.29 4.39%
OTHER 11 743.16 67.56 1.27
PEOPLE 3 24784.13 8261.38
RESIDUAL 39 2072.29 53.14

* Significant p < .05






TABLE L

Inspection Test

Analysis of Variance for the

During Exposure to p-Xylene (7-1/2 Hr/Day)

SOURCE OF SUM OF SQUARES MEAN SQUARE MSR(F)
TOoTAL 55 518290.75
DAYsS 13 125333.31 9641.02
LINEAR 1 11431.04 11431.04 1.20
Day TREND :
LINEAR .
P-XYLENE 1 1047.74 1047.74 0.11
OTHER 11 110947.49 | 10086.13 1.06
PEOPLE 3 21134.93 7044.97
RESIDUAL 39 371822.56 9533.91




TABLE LI

COORDINATION TEST PERFORMANCE DURING EXPOSURE TO p-XYLENE

0 PPM 100 PPM 20 PPM 150 PPM 100 PPM F 0 PPM
SUBJECT F M_W_F M_ W F M _W_F M_W_F M
117 35 36 33 49 A A 16 12 14 36 30 -° 48
248 67 72 67 85 75 78 85 76 62" 68 82 81 66 80
249 85 g7 83 77 83 86 89 82 79 86 A g6 84 83
250 63 67 8l 78 74 67 74 72 76 67 77 77 80

77

A: Subject out due to illness

B: Subject complained of eye irritation 1 hour prior to tests



Headache

Nausea

Dizziness

Abdominal Pain

Chest Pain

ENT Irritation

Other

Headache

Nausea -

Dizziness

Abdominal Pain

Chest Pain

ENT Irritation

TABLE LIT

SUBJECTIVE RESPONSES TO p-XYLENE VAPOR

8 MALES
0 ppm4 .20 ppm 100 ppm | 100 ppm 150 ppm
{(fluctuating)
4 days 5 days 5 days 5 days 5_days
| {Mentions)
.3 3 -3 5 3
0 1 0 0 1
3 0 3 1 1
0 0. | 0 ' 0 0
0 0 0 0 0
3 4 7 4 8
0 0 2 1 2
7_FEMALES
0 ppm 100 ppm
2 days > _days
| (Mentions)

1 8
0 1
3 6
0 0-
1 0
5 17
3 0

Other
i






TABLE LIII

p—KYLENE EXPOSURE
SERUM URIC ACID CONCENTRATIONS

in mg/dl*
Subject Previous Wk 2,Day 4 Wk 3,Day 4 Wk 4,Day & Wk 6,Day 2
No. to study 100 ppm 20 ppm 150 ppm 0 ppm

Group I, Males

117 5.50 4.50 4.70 4.20 4.10
248 6.50 6.00 5.30 6.00 5.40
249 ‘ 7.20 © 8.70%% 8.20 6.50 6.30

250 6.50 5.20 5.10 5.30 4.40

Group II, Males
251 8.50  5.90 5.60 5.90 4.50

252 6.10 5.70 5.10 5.40 5.00

Group 1II, Males

255 7.40 5.50 4.20 - --
256 4.40 - 3.80 3.90 2.60
257 5.50 » -= " 5.60 5.90 5.20

*Normal range for laboratory: 2.5-8.5 mg/dl.

. **Qut-of-normal range.



TABLE LIV

p-XYLENE EXPOSURE
WHITE BLOOD COUNT, thousands*

Subject Previous Wk 2,Day 4 Wk 3,Day 4 Wk 4,Day 4 Wk 6,Day 2
No. to study 100 ppm " 20 ppm . 150 ppm 0 ppm

Group I, Males

117 5.10 4.60%% 4.90 AL 4.50%%
248 6.70 5.70 5.90 6.20 5.70
249 5.90 ©6.20 : 6.60 8.20 6.90
250 5.40 4.60%% © 6.00 5.20 3.70%%

Group II, Males
251 5.10 5.80 6.40 5.60 6.80

252 8.40 8.60 11.80%% 8.60 8.30

Group II1I, Males

255 5.30 4. 30%% 5.10 - -
256 4.90 -— 5.00 6.00 5.20
257 5.70 - 5,80 5.60 5.20

*Normal range for laboratory: 48-108 thousand.

**Qut-of-normal range.



p-XYLENE, PPM
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2-21-75, O-ppm

2-24-75, 100-ppm

2-26~75, 100-ppm

/\/\/\/\/J\ "\\' N
AN

VER'S OF SUBJECT 258 .

4H50m

5H1Cm

5H30m

15m

5H10m

SH25m

5H50m

5H10m

5H35m

5H55m

FIGURE 10

2-28-75, 100-ppm

‘ 15m
\S\NJ/P\\\‘h//:r .
‘ -uw»msffr M\\r#/\\\\\’//Fn 5H25m
3-3-75, O-ppm
- ol ~ -
mefJ’\\w\hjf N\\Mgfﬂ/ AH50m
wuﬂv$»wﬁfﬁ\rm\\vffﬁk\ﬁwg/; 5H15m -
r\\‘f/n\**x\,/J 5H35m
— e PR —
0 100 200 m sec
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FIGURE 21

The Effect of Exposure (3 Hr/Day)

to p-Xylene on Time Estimations
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FIGURE 33

MEANS AND RANGES OF POST EXPOSURE BREATH
LEVELS FROM FOUR SUBJECTS EXPOSED FIVE DAYS
PER WEEK, 75 HOURS PER DAY, TO THREE
CONCENTRATIONS OF p-XYLENE VAPOR
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MEANS AND RANGES OF

FIGURLE 34

p-XYLENE BREATH LEVELS AFTER

REPEATED VAPOR EXPOSURES
IMMEDIATELY POST EXPOSURE
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FIGURE 35

MEANS AND RANGES OF
p-XYLENE BREATH LEVELS AFTER
REPEATED VAPOR EXPOSURES
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