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>~ SYNOPSIS - ABSTRACT

a

Adults of both sexes were exposed repetitively on a daily basis to
methyl chloride gas in air concentrations of 0, 20, 100 and 150 ppm for
periods of 1, 3, and 7-1/2 hours in a controlled—environment chamber for
two purposes: 1) to develop a practical "biclogic" test which would
indicate the magnitude of an industrial exposure, aﬁd 2) to monitor the
physiological responses of healthy adults to di;ferent vapor concen-
trations and durations of exposure. These studies were designed to
simulate the types of exposure encountered in the industrial setting and
consisfed éf both steady, nonfluctuating ﬁoncentrations of the gas in
air, as well as widely fluctuating concentratioﬁé.

Physiological, ngurological, behaviorgl, clinical, and medical
studies revealed no deleteribus effects of the methyl chloride‘exposures
‘dﬁring these studies..

Blood and breath analyses revealed that the subjects breathing an
atmosphere contaminated with methyl chleride gas could be divided into
two groups; a minority of subjects had methyl chloride blood and breath
levels two to six times higher in concentration than'did seven of ten
male' and eight of nine feméle subjects. This important phenomena
should encourage the use of breath monitoring to identify the employee
who consistently carries a higher body burden of methyl chioride upon
exposure to this gas. Although we found no‘deleﬁerious responses in any
‘ of our subjects at any magnitude of exposure that could be attributed to
methyi chloride, it is possible that the physically stressed worker, may
be adversely affected by repeated exposures to the recommended time-

welighted average (TWA) concentration.
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INTRODUCTLON

) ﬂethyl chloride is a gas at normal room temperature and atmosphefic
pressure {boiling point: -24.2° €). Because of this physical property,
it haé been used as a refrigérant, as an expanding agent‘for plastic
foams, and as a propellant solvent for aerésol prodﬁcts. It has also
been used in industry as a dewaxing solvent, a methylating agent, énd.a
catalyét solvent in synthetic rubber production. Its use as a refrig-
erant has decreaéed to being almost non-existent in the United States,
partly because of the availability of £he fluorocarbons, but maiﬁly
because of several deaths in households where leaks occurred in the
(1,2).

refrigerating units It can be used without symptoms of illness as

a foam blowing agent in industrial situations if the exposure is mini-
mized(3). No report of deleterious effects due to its use as a pro-
pellant is known to the authors; however, with the problems that the
flucrocarbons are presently eXperiencihg, the use of methyl chloride as
a propellant may increase and problems may ariséf

The Threshold Limit Value (TLV) for methyl chloride was established
by the American Conference of Industrial Hygienists in 19539 at 100 ppm,
where it remains todéy. Although some investigators assumed that methyl
chloride was métabolized to methanol and then to formic acid, these

(4) (5)

or humans . There-

metabolites could not be confirmed in animals
fore there has been no 'biclogic" monitor propoéed for i;s industrial
use or for consumer over-exposure.

This study evaluated the potential use of blood or breath analysié
as a monitor of exposure, énd evaluaﬁed human responses to exposures

that might occur in industrial situations.



EXPERIMENTAL

Healthy adults of both sexes were exposed to known concentrations
of methyl chleride gas in a controlled-enQironment chamber. These
studies were designed to simulate the type of exposures eqcountered in
the industrial setting and consisted of bbth steady, non-fluctuating
concentrations as ﬁell as wideiy fluctuating concentrations of methyl

chloride.

Exposure Schedule:

The exposure sequence is presented in Table‘I. The sequence was
initiated with male subjects who were gxposed to concentrations of
ﬁethyl chloride gas in air (v/v) of 0, 20, 100, and 150 ppm for periods
of 1, 3, of 7-1/2 hr. The female subjects were exposed to 0 anﬂ lOOIppm
for identical periods of time. The concentrations of methyl chloride in
the controlled-environment chamber were not permitted to fluctuate
widely except during the exposure of male sdbjects in Week 5 when the
wide fluctuation experiment Qas performed. The female subject exposure
sequence occurred subsequent to the exposure of male subjects and du-
plicated‘Week 2 for males,

The widely fluctua;ing concentrations of methyl chloride during
Week 5 of exposure of male subjects was attained by varying the con-
centration in the chamber from 50 to 100 to 150 ppm during equal periodé
of time. The sequence of the'up and down concentrations was designed so
that the last 15 min of exposure for ail subjects was to a concentration

of 100 ppm methyl chloride (see Figure 1).



S;bjects:

The subjects were selected from the Caucasian, middle-class, work-
ing population of the Milwaukeé metropolitan area. They were recruited
- for this study by a private_employmenf agency. Each subject who com-
pleted the study received $2.50/hr spent at the laboratofy, plus over-
time, with a 3-hr minimum payment for the Safurday morning medical
surveillance 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. Two volunteers
dropped out of the study after the first two contol days (0 ppm methyl
chloride) and thus were‘not exposed to the chemical. O0f the 9 volunteer
subjects remaining, 4 were assigned to Group I (7-1/2-hr e#posure), 3 to
Group II (3-hr exposure), and 2 te Group III (l-hr exposure). In aﬂdi—
tion to the subjects who dropped out of the study during the O-ppm
exposures, three sﬁbjects dropped out after the exposures to methyl
chloride began.  Two new volunteers joined Group III during Week 3.‘ The
ages\of-the exposed subjects ranged from 19 to 34 years (mean: 24),
height from 163 to 194 cm (mean: 177), and their weight from 59.7 to
© 95.4 kg (mean: 75.5).

The ages of the 9 participating femaleé rangea from 19 to 36 years
"(mean: 24), their height from 161 to 170 cm (mean: 16@), and their
weight from 50.1 to 77.2 kg (mean: 62.3). None of the subjects was
obese. One additional female volunteered but dropped out of the study

after the first day {0 ppm methyl chloride). The division of subjects



into Groups I, II, and ITT was 4, 3, and 2, respectively.

All subjects were cautioned to abstain from the use of drugs and to
limit their use of alcohol to very moderdte amounts.’ Subjects who were
smokers were not allowed to smoke during their Sta? in the controlled-
environment chamber. Subjects who underwent behavioral gesting (3-hr
and 7-1/2-hr males) were asked to refrain from consuming any caffeine
prior to the end of each day's stﬁdy (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 mekhyl chloride

outside of the laboratory.

Controlled-Environment Chamber:

All exposurés to methyl chléride were conducted in a controlled-
‘environment chamber 20 x 20 x 8 ft in éize, which was adjoined by a3 x
5 x é ft toilet facility and a 7 x 7-1/2 x 8 £t 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 own independent air handling system and all outside doors were
selfhsealiné when cloéed. Air flow through the complex was approxi-
mately 1500 cu ft/min gnd_approximgtely 25% of this flow was exhausted
causing‘a slight negative pressure within the complex ag all times. Air
temperature was maintained at 72-74° F while relative humidity ranged
between 45-55%. The methyl chloride was introduced by meteping the gas
into the chamber's circulating air using a GILﬁONT, size no. lé, glass

and TEFLON flowmeter.



Analysis of Chamber Atmosphere:

The methyl chloride‘gas uéed to contaminate the chambér atmosphere
was obtained from MATHESON SCIENTIFIC in liquid phase in a size 1J
pressurized cylinder. The gas was analyzed in our‘laboratory fof purity
by gas chromatography and infrared spectroscopy.

Standards were prepared by fiiling séran bags with room air pumped
in sequence through a charcoal column, a wet test meter, a Drierite
column, and a type N éll-service‘gas mask cannister. After filling a
bag with a known amount of clean, dry air, a calculated amount of methyl
chloride was injected into the bag using a gas syringe (Precision
Sampling Corp.). Calibration of analyticél devices was accomplished by
attaching the saran bag standard to ﬁhe necessary proBe within the
chamber. At least tﬁree standards were analyzed prior to allowing
subjects to enter the chamber each day and then standards were analyzed
at approximately Z-hr intefvals throughout the day. |

Two completely independent systems were used to monitor the chamber
atmosphere. In both cases, air was withdrawnlfrom the chamber throggh»a
1/4" 1.D. polyethylene tube at approximately 7 2/min, through or past
the analytical device, to a small diaphragm pumﬁ which ‘discharged back
.into the chamber.

A gas chroﬁatograph (GC) was used aé the primary monitoring and
chamber goncentration contrel device. The Varian Aerograph Model 940 GC
was equipped with a stainless steel column, 1/8" x 18", packed with
Poropak Q, and‘operated at 115° ' C. Nitrogen was used as the carrier gas
to a hydrogen flame detector ﬁperated at 335-340° C. An autoﬁatic‘

device injected a sample of chamber air into the GC every 70 sec.
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Output of the GC was connected tc a strip-chart recorder. Peak-height
values read manually were entered into a PDP-12 (DEé) computer and
transformed info concentrations based on the standards that had been
analyzed during the day. Time-weighted‘average exposure concentrations
for each group of subjects Qere calculated by the computer based upon
the methyl chleoride concentrations during their time in the, chamber.

A Wilks MIRAN-I Infrared Analyzer was used as the secondary monif
toring device. The 20-m cell was operated at 9.2, 9.5, or 20 m path-
length and the absorption band at 3.35 p with a 2-mm slit was used.
Voltage ocutput of éhe MIRAN~I was connected to a strip-chart recorder,
and a voltage proportional to the pen position of that rgcorder was
conducted to the analog-to-digital input of the cémputer. The computer
sampled pen position voltage each sec, averaged those voltages every 30
sec, recorded the average on magnetic tape,-aﬁd, using the best fit
inverse regression line based on standards, wrote‘on a CRT the concen-
tration err that 30—seé interval and the cumulative or\time—weighted

average concentration since the beginning of the run.

Medical Surveillance:

Each subject was given a comprehensive medical examination prier to
the study and after the last exposure day qf the study. These exami-
nations included a complete history and physical examination with the
following laboratory studies: complete bloodlcount; éomplete panel of
clinical chemistries (23 values plus 2 calculated), and a 12-lead elec-
trdcardiogram (EKG). A complete blood count and the panel qf clinical

chemistries were repeated at least once per week during the weekly



exposures. Prior to each day's exposure the subjects were given a brief
medical examination which included blood pressure, temperature, sub-
jective signs or symptoms, and urinéiysis (LabstixR, Ames). During the
time that they were in thé en#ironmental chamber, each subject's EKG
(ledd-II) was continuously monitored by telemetry and reﬁorded at hourly
intervals. The subjects were under continual surveillance by’medical

personnel while they were in the study.

Breath Sample Collection and Analysis:

Alveolar breath samples were obtained daily from each éubject prior
to entry into the environmental chamber, immediately upon exit from the
chamber} and at the following.times after exiting the chamber (post
exposure): 15 and 36 ﬁin; 1, 2, and 3 hr. These samples were each
collected in 5-2 saran bégs; The pre-exposure sample from the following
morning represented the 15-1/2-, 20-, or 22-hr post exposure (baseline)
sample for Group I, II, or III, respectively. Alveolar b;eath,samples
were obtained by expelling a breath {(which had been held for at least ZQ
sec) into the saran bag and stoppering the bag securely. Sampling of
the breath in the bag was accoﬁplished by puncturing with a syringe-
needie. All gamples, except the 2- and 3-hr post exposure-samples, were
analyzed the same day that they were obtained. The 2- and 3;hr post
exposure.samples were collected by the subjects after leaving the. labo-
ratory, and thus were aqalyzed the following dav.

A Varian Aerograph Model 900 gas chromatograph (GC) equipped with a
hydrégenzfiame ionizaﬁibn‘detector was used to determine methyl chloride

in the breath samples. The GC was fitted with a stainless éteel column,



5 ft x 1/8 incﬁ, packed with‘Poropak Q, 60/80 mesh. The column was
preconditioﬁed at 220°7C overnight prior to use. The operating condi-
tions of the GC were as follows: carrier gas‘(nitrogen) flow rate of 60
ml/min; column temperature of 110° C; injection port, 190° C; and de-
tector, 240° C. Both hydrogen and air flow Qere kept at 20 psig. The
gémple size was usually 1 ml. Standards at 3 concentrations to bracket
.the unknown levels were prepared with clean air as diluent. A single
injection from the saran bags was used because of thé reproducibility of
the analysis. The concentration of methyl chloride in the UnknownS'was ]
OBtained by direct compérison of ﬁeak heights té the standards. Thé
minimal amount of methyl chloride detectable in breath by this method

was 0.05 ppm with an accﬁracy'of + 0.1 ppm.

Blood Sampling and Methyl Chleoride Analysis:

Blood samples were withdrawn from an antecubital vein of each
subject on Days 1 and 4 of each exposure week; The blood samples were
- obtained pre-exposure, immediately pre-exit from the chamber, and 15 and
30 miﬁ post exposure by >-ml Vacutainer (B-D). Analysis of methyl
chloride was carried out by the indirect headépace'technique. After
equiiibration at ;oom temperature for at least 1 hr, 1 nl of the head-
spacé air Was‘withdrawn and injected into a gas chromatbgraph. Samples
were analyzed the same day that they were obtained.

A Varian‘Aerdgraph Model 2700 ModulineR gas chromatograph (CCj
equipped with a hydrogen flame ionization detector was used to determine
the methyl chloride levels in the blood. The GC was fitted with a
stainless steel column 3-1/2 ft‘x21/8 inch, 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 methyl chloride
in blood, the column was baked at 200° C when it was not in use. The
operating conditions of the GC were: cérrier‘gas (nitrogén) flow rate
of 45 ml per min; column temperature, 120° C; injectioﬁ port, 235° C;
and detector, 256u C. A calibration curve preparedlfrom at least 3
concentrations of methyi chloride in air was prepared daily. Samples
were injected in duplicate and the concentration of methyl chloride in
the headspace air above the blood was obtained directly from the cali-
bration curve., Concentrations were normalized to 5 ml of blood in each
sample. The detectable limit of methyl chloride by this method was 0.05

ppm while the accuracy was = 0.1 ppm.

Blood Carboxyhemoglobin:

At least once per week while exposed to ﬁethyl chloride, blood
samples from Group I male subjeéts and all female subjects were analyzed

for carboxyhemoglobin saturation using two IL CO-Oximeters.

Analysis for Methyl Alcohol in Urine as a Potential Metabolite:

A1l subjects collected 24-hr urine samples on Mondays and Thursdays
of each week. The samples were collected in iced jars, and an aliquot
of each urine was analyzed for methanol by the gas chromatographic

technique using a Poropak: Q column.

Neurological Studies:

Within 5 min of entry into the environmental chamber on each ex-

posure day, and within 10 min prior to exit, each subject performed a
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modified Réﬁberg and héel—to-toe equilibrium test which was videotaped
for later inspection if necessary. The Fest consiste@ of standing upon
each leg singly with arms at the side‘for a minimum of 3 sec, and walk- .
ing heel;to—toe in a straight line for approximately 5 ft. This was
first done with the eyés épen and then repeated with the eyes shut.

Spontaneous electroencéphalograms (EEG) and visual evoked responses
(VER) were recorded 4 times each on Monday, Wednesday, and Friday on
Group I (7-1/2-hr) Subjects. Recordings were nqrmally made once during
the first hr and 3 times after the fifth hr of exposure. A complete
descfiption and illustration of the EEG—VER monitoriné system is found
in a previous publication(6) from this laboratory. Gold-plated silver
disk electrodes were oriented onlthe scélp according t6 a modified 10-20
International Electrode Systém(7). GRASS EEG‘paste wgs used to secure
the electrodes to the scalp. An B-channel GRASS polygraph fitted with
EEG amplifiers was utilized for recording. EEG activity was rgcorded
for iS—sec before, dufing, andlls;BO sec after acquisition‘of the VER.
The EEG rec§¥dings were analyzed by visual examination.

The VER was recorded from the electrode at the inion, referred to
the ;eft ear. An EEG.chaﬁnel was used to amplify the VER, and the
éutput was fed to an on-line averaging computer (Nuclear Chidago, 7100).
The VER was triggered by é strobe flash (3 usec)-atlthelrate cf 1 per
sec for 100 sec. The strobe was operated to deliver 18 million beam
candles at 1 m from the subject's eyés, which were closed througheout the
vperiod of strobe flashing. Analysis time was 250 msec. Flash délay
from the synchronizing pulse which initiated the computer sweep was 25

.msec. The computer averaged the response to the 100 flashes and the
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resultant VER was recordéd on an X-Y plotter for analysis.

| It has been shown that VER amplitude can be altered by varying the
levels of attention, cortical desynchronization, and sieep(g-lo).
‘Accordingly; standardized conditions were used throughout each exposure
day, specifically immediately preceding the actual recordings. After
entering the booth, the subject was always éllowed 3-5 min to achieve a
relaxed state, and tﬁen immediately prior to initiating ﬁhe strobe
flash, in an attempt to standardize "attention', the subject clapped his
hands 5 times‘slowly and forcibly.

The most prominent and réproducible portions of the VER complex are

)(6’9’11). QOur

the 3rd, 4th, and 5th waves (désignation by Gastaut
analysis was thus rgstricted to these waves., Wave 3 was identified as

proceeding in a positive direction 80-120 mseclafter initiation of the

strobe flash. 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. The O-ppm data was comﬁared with tﬁe
methyl chloride exposure data at the three levels of exposure for male

GrouP I subjects and one levei-for female Group I subjects.

Before aﬁd after each réco;ding session the equipment was cali-

brated as a system. Ten uv 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.0-ppm conditions before,

during, and after the methyl chloride exposures and on the 2nd and 4th



12

days of each week of exposure to me;hyl chloride. Measurements were
made while in the sitting'position during the last one-half hour of
exposure for Groups II and II1 and during the 5th hr for Group I. The
expiraﬁion port of é breathing valve was connected via corrugated tubiﬁg
1 inch I.D.) to a ;3 £ spirometer (W.f..Collins). After approximately
5 min breathing oﬁ the valve, ventilation was collected for 3-4 min and
the average minute volume over this time period was tabuiated.
Measurements designed to evaluate functional integrity of pulmonary
alrways, alvecolar-capillary gas exchange, and regulation of pulmonary
ventilation and heart réte wefe made on male Grdup I subjects only.
Three maximum and partial forced'eipiratory maneuvers were per-
formed by each male Group I subject under resting conditions between the
5th and 6th exposure hours on 3 days of O-ppm conditions and on the
final day of exposure at 20 ppm, 100 ppm, and 100 ppm fluctuating. The
components of the system employed in thesé measurements were: a) in
series a mouthpiece, a flexible tube, a heated Fleisch No. 3 pneumo-
tachograph, and a water spirometer, and b) the’essentials of a computer
system for ahalysis; i.e. a PDP-12 mini—computef; oscilloscope, tele-
type, etc. ‘Initially, under control conditions, each subject's vital
‘capacity (VC) and functional residual capacity (FRC) were aetermiﬁeq on
the water spirometer. For the actual maneuver, the subject in sequence:'
a) breathed quietly on the system for 3 0r_4 breaths, b) inspired. to his
70% VC.mark on the spirometer (base& on FRC), é)‘expired maximally, d)
inspired maximally, and finally, e) expired maximally. 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
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c) calculation and printout of such variables as total expiratory vol-
umes (VC), yolume expired in one second (FEVl), and flow rates at 40%
and 25% of vital capacity for thh the maximum and partial expiration.
It is important to note that in our system, because expired flow réte
was dependent on lung volume, neceésary adjustments were made so that
all flow rate determinations were at the same absolute lung Qolume.

Metabolic, pulmonary, cardiac, and hematologig parameters wgfe
measured on Group I male subjects at rest and during two levels of
dynamic.musculér exercise between ;he‘Sth‘and ?th hoursvof exposure on
Day 4 of each week (Day 2 of Week 6). The exercise was performed on a
bicycle ergometer for 11 consecutive min, 6 min‘at 350 KPM followed by 5
min at 750 KPM; |

The essential components of‘the expired gas collection and mea-
surement system'were a breathing valve, corrugated tubing, a Parkinsen-
Cowan gas mete£; a.150-£ Douglas bag, and a Hewlitt-Packard recorder.
Minute ventilation and tidal volume were quantitated using the gas meter
and recorder. Expiredvgas was collected in the Douglas bag for 1 min at
rest and 1 min atleacb exercise intensity (between 4.5 and 5.5, and 9.5
and 10.5 min of exercise). TFifty ml of this mixed expired ailr was
stored in a glass syringevand subsequently analyzed for [COZ] and [02]
using a Quintron gas chtomatograph. Pulmenary ventilation, [COZ]’ and

[0 . were used to calculate metabolic rate, respiratory quotient, and

5]
alveolar ventilation.

For sampling of blood, a 21-gauge needle was placed in a super-—
ficial dorsal hand vein. The needle was attached to a tubing stopcock

arrangement which during non-sampling périods was filled with hepa-

rinized saline. For 5 min prior to sampling, the entire hand was heated
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to approximately 42° C. This procedure sufficiently "arterialized" the

venous blood so that P, and pH were virtually identical to arter-

Co

2

12
ial( )-

Three to 5 ml of blood were sampled over the 1-min period of
expired air collection. The blood was aﬁalyzed within 15 min for-?coz
and ﬁH with the Radiometer electrode arrangement.

Alveolar—capillary gas exchange was assessed by the single breath

- carbon monoxide diffusion technique(l3)

(DLCO). Measurements were made
twice on each subject at rest and after 5.5 and 10.5 min of exercise.
The previously described computerized éystem was used to calculate
inspiréd, residual, and total lung voluﬁe and DLCO. Neon was used as
the inert gas to measure residual volume. Neon and CO concentrations in
%the collected alQeolar sampie were analyzéd using a Quintron chroma-
tograph.

Heart rate was measured using the Biotel 170 ECG patient telemetry
system developed by Spaéelabs, Inc. (Chatworth, California). Heart rate
‘was measured during the 30-sec intérvél preceding initiation of the
exercise and over the final 15-sec interval of each exgrcise 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.

Cognitive Testing:

A battery of cognitive tests were performed in a group situation by
the male'Group I and II éubjects on days 1, 3, and 5 of each week. The

testing was carried out 3 and 2 hr after the start of exposure for the
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7-1/2 and 3-hr groups,‘respectively. The subjects were trained to a
performance plafeau before these tests were used during exposures to
methyl chloride.

The subjects sat in comfortable chairs at individual carrels to
perform the cognitive tests. The subjects were not permitted to talk or
have aécess to watches, food, soft drinks, radios, etc. during the
testing. All instructional commands were'made from outside of the
chamber via an intercom system. The tests, in order of performance, are
described beiow. |

Ten- and Thirty-Second Time Estimation Test: Each subject, upen

the verbal signal ''ready, begin", depressed a hand-held, silent, push-
buttén micro-switch for an interval of time he estimated to be 10 sec-
onds. This was repeated two additional times, and then three 30-second
estimates were made. Thé micro-switches were connected to tHe PDP-12
Digital computer which ﬁeasured the time intervals.  This test toék
‘approximately 3 min to perform.

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

nine tone stimuli followed by nine light stimuli of approximately 1, 3,

and.s sec duraticn ﬁresented in a random sequence but always’with three

stimuli of each time interval. At the termination of each stimulus, the

subject depressed the pu;h—button fof tﬁat interval of time he estimated

té‘be equal in length to the original auditory or light stiﬁulus. A

detailed description of the test and the instrumentation used to carry
(14)

it out has been described by Stewart, et al .- This test took approx-

imately 7 min to perform.
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Coordination Test: This test was the Flanagan Aptitude Class-
ification Tesés, 7A, Coordination, publiéhed by Science Research Assoc-
iates, Inc., 259 East Erie Street; Chicago, Illinois. This test a$ked
the subject to rapidly follow a‘spiral pathway with a pencil. The
subject was allowed 40 sec to complete each of 6 spirals. The first 2
were considered practice and the last § were scored and £otaled. The
total score depended upon the longést distance attained in each Spirai
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 Qith numbers, was divided into 2 parts. The first-part, lasting
5 min, consisted of simple addition and subtraction problems while the
second part, lasting 3 min, consisted of multiplication and division.
The maximum score attainable if all answers were correct was 140; how-
ever, no subject completed the tests in the éllotted 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 §n an 8-1/2" x 11"
pagef’ The subject was asked to scén 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 subject
ever finished the entire page. A subject's score was the total’number
of "3's" struck.‘ Six differing pages with random numbers were utilized
so that no subject received an identical number sheef on successive

tests.
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Electrically Evoked Electfomyograms:

The electrically elicited monosynaptic reflex‘of the gastrocnemius
muscle waé obtained from éroup I male and female subjecté 3 times a day
during the 2-3 days of 0 ppm conditions and during the first, third, and
fifth days of exposure at ﬁhe.various concentrations of methyl chloride.
This reflex is commonly called the "H response' and it is elicited by an
electric shock to the muscle spindle afferents_(la) in the tibial nerve
at the popliteal fossa (Figure 2). As shown by the schema in Figure 3,
the Ia sﬁindle afferents synapse with alpha motorneurons which when
activated elicit a contractioﬁ'of the muscle (gastrocnemius) .

For both delivefy of the stimulus éﬁd recording of the compound
action potential, small silver disk electrodes were taped to the pre-
pared skin of the left leg. The stimulus was a 0.1 msec square-wave
pulse (American Electronics Léb; stimular, model 104A) delivered to the
posterior tibial nerve at thé popliteal fossa. The anode was placed on
the posterior aspect of the.ipsilatéral thigh. One recording electrode
was placed on ﬁhe midline 6f.the posterior aspect of.the leg approxi-
mately 20 cm from the calcaneus. The other was placed oﬁer the belly of
the muscle approximately 5 cm proximal and 3 cm lateral to the first.
The ground was placed lateral to the popliteal fossa. Indelible ink was
used to mark the electrode sites. The electrodes were placed grior to
initiation of exposure, and generally, with the aid of an elastiéated
- net bandage (Surgifix) placed over the leg, they remained in place
throughout the qay. |

While obtaining the reflex, the subject lay prone on a well ground-
‘ed cot; After conﬁecting the electrodes, electrical stimuli were de-

livered at 20-sec intervals at increasing intensity until the reflex
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action potential (amplified by low level Tektronix preamplifier, model
FM 122) became evidént on theloséilloscope (Tektronix, type RMD04).
This étimulus intensity was then repeated with the shufter of a camera
(Beattier—Coleman Qscillotronlll, mounted on éscilloscope) open so that
a permanent record coﬁld be obtained of the compound action pdtential.
Our anaiysis of the EMG's was restricted to visual examination.and
measutement of stimulus to response latency. Statistical treatment of
the latency measurements included & paired t-test to determine whether
changes occurred‘within each particular day and analysis of variance and
group t-test for detection of potential changes between O ppm and methyl

chloride exposure conditions.

Subjective Responses:

Each subject waé asked to note on an individualized form any sub-
jective responses oécurring during the exposure in the chamber or during
thg first 3 hr post exposure. The form contained rows for noting head-
ache, nausea, dizziness, abdominal pain, eye, nose, throat irritation,
other, and odor, and coclumns for the "iﬁmediate", "1/2-hr", and hourly
pe&iods of time thereafter. The adjectives '"mild, moderate, aﬁd strong"
appeared on the sheet as cue words, and the phrase "only abnofmalities
recdrded” was prominently typéa at the bottom. The home telephone
numbers of each of the Deﬁartment physicians appeared on the form and
the subjects were encouraged to phone if they became ill while away from

the laboratory.



19

Retention of Methyl Chloride in Breath Containers:

Two types of breath containers were studied, the glass tube with

serew—on plastic caps at each endcls)

, and the approximately 5-% saran
film bag. The latter was used exclusively for breath sampling in the
study of breath decay cufves for methyl chloride. To study fetention in
the two types of containers, 30 tubes and 6 bags were filled, 5 tubes
alternated with 1 bag, with a‘diaphragm pump over a 30-min period while
the controlled—environmentlchamber concentration was held constant at 49
ppm (* 1.35, n = 27). Ten tubes, selected at random from the thirty,
were analyzed for methyl chloride within 2 hr (0 timé).r Five tubes‘were_
packaged, taken #o Colorado, and returned by airmail. vFiﬁe tubés from
the remainder were analyzed at 24 hr, 48 hr, and at 120 hr when the
airmailed tubes had beeﬁ returﬁed. Each time that tubes were assayéd,
the saran film bags were reassayed and a mylar film tape placed over the

needle puncture. Bags and tubes, except for the airmailed tubes, were

stored at room temperature during the studyﬂ
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RESULTS

Exposure Schedule:

The exposure schedule for volunteer male subjects was designed so
that control (0 ppm methyl chloride) exposures were carried out prior
to, in the midst of, and at the end of the actual exposures to this
chemical gas. As shown in Table I, these control days occurred omn days
4 and 5 of Week 1, prior to any methyl chloride exposure; days 4 and 5
of Week 4% six days after the last previous exposure to methyl chloride,
20 ppm; and on day 3 of Week 6, the day following an exposure to 150 ppm

methyl chleride gas. Because Groups I and IT male subjects were to be

. given behavioral tests which required several training sessions, these

sessions were carried out on days 1, 2, and 3 of Week 1. The two con-
trol days for volunteer female subjects were scheduled two days pricr to
and again after the five consecutive days of exposure to methyl chloride
gas. .

A five-consecutive~days-per-week exposure to a steady 100 ppm con-
centration of methyl chloride‘for 7-1/2, 3, or 1 hr per day was carried
out with male subjects during Week 2. Similarly, they were exposed to a
fluctuating (50 to 150 ppm) time-weighted average (TWA) concentration of
100 ppm during Week 5. The exposure of female subjects to a steady 100
ppm concentration of methyl chloride dupiicated the Week 2 exposures of
male subjects. The male subjects were also exposed to a TWA concen-—
tration of 20 ppmrfor four consecutive days, Week 3, and 150 ppm for two
consecﬁtive days, Week 6. This schedule provided the required data

utilizing the fewest number of exposure days.
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Subjects:

Retaining the optimum ten subjects for each study with methyl
chloride proved impossible. Table I shows the number of subjects in
each group on a dailylbasis. Although each study was begun with féur
subjects in Group II (3~hr exposure), three of the male subjects and one
female dropped out before each respective study was completed. There
was also a%dropout of a male subject in Group IIT (l1-hr exposure};
however, two male subjects were added during the study as training for
any tests was not necessary in this group. All subjects who dropped out
did so voluntarily because of pérsonal reasons, or were asked to dis-
continue testing because of their inability to meet the requirements of
the study. In cases of the latter, over—indulgenée of alcohol was the
usual problem.

Attendance of Group I subjects, male and female, was excellent, as

was their cooperation in carrying out their  assigned tasks.

Controlled-Environment Chamber:

All subjects were sedentary during their stéy in the controlled-
enviFonment chamber except for the brief periocd of exercise during
bulmonary function testing of Group I, males, one day per week. The
subjects generally watched television, chatted, or played cards during
the periods that they were not personélly involved in a testing pro-
cedure. All Group I subjects ate their lunches in the chamber. Each
period of exposure, 7-1/2, 3, or 1 hr, was continuous each day. The
large size of the environmental chamber (20 x 20 x 8 ft) allowed com-

plete freedom of movement and comfort for all subjects.
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Due to leaky ductwork in the air handling system of the chamber,
some ﬁethyl chloride contamination of the air in fhe subject lounge
occurred. The subjects stayed in this lounge for approximately one-half ,
hour before and one hour after daily exposure in the environmental
chamber. Random samples from the subject lounge, obtained and analyzed
during an exposure, measuréd 0.5 ppm methyl chloride during a 20-ppm
chamber exposure; 1.4, 2.3, and 3.0 ppm during é 100-ppm; and 4.2 ppm
during a 150-ppm exposure. Although these values represent a very small
percentage of the chamber concentration, as a precaution, all subjects
gave their pre-exposure breath samples in the uncontaminated foyer

immediately upon entry to the building.

Analysis of the Chamber Atmosphere: .

A slight interference by water vapor in the chamber atmosphere at
the analytical infrared wavelength for methyl chloride prevented use of
the infrared analyzer as the primary controliing device for the concen-
tration of methyl chloride gas in the controlled-environment chamber.
However, the gas chromatograph system, presenting a peak every 80 sec-
onds? but no time-weighted average concentration until the peak heights
were measured and entered into the computer, provided good control of
the methyl chloride gas concentration as shown in Table I. The time-
weighted average conéentrations were always within ten percent of the
goal‘for the day, and were usually within five percent.

Though the infrared analyzer system could not be used for primary
control of the chamber atmosphere, it was an effective.system for as-

suring that the concentration prior to subject entry was correct, and
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that no gross excursion of concentration occurred while subjects were in

the chamber.

Medical Surveillance:

Comprehensive medical examinations revealed that all subjects were
in good health prior to and after the study. The attached forms (His-
tory - Appendix IT, Physical Examination - Appendix IIT) were used and
are retained in each subjects' confidential personal file. Daily medi-
cal surveillance by a physician, dailylcheck of temperature and blood
pressure, weekly blood clinical chemistries and complete blood counts,
daily urinalysis, and continual mpnitoring of EKG's (lead II) while
subjects were in the controlled-environment chamber, revealed no unusual
abnormalities that could be attributed to the exposures to methyl chlo-

ride. No female became pregnant while a subject in the study.

Breath Analysis:

The results of the daily methyl chloride in breath analyses for
male subjects are given in Tables IT through XVIII. It became rapidly
apparent upon calculating means of the values from Groups II and III
that.one Subjec£ from each group had much higher breath levels of methyl
chloride, especially from immediately to one-hr post exposure, than did
the other subject or subjects. This is exemplified in Tables TII and V
by the large range in values. In those groﬁps that included‘a "high-
breath-level" responder, a second table of means was prepared omitting
the results from that reéponder.. Therlatter groups (omitting the "high-

breath-level' responders) were labeled II-b or III-b, while the total



24

group means were labeled II—alor ITI-a. A similar format was followed
for Tables XIX through XXIII which summarize the breath levels by weeks
for the male subjects. Tables XXIV through XXVIII list the results of
breath analysis for female subjects. Interestingly, only one of the
nine female subjects was found to be a ”high—breéth~leve1” responder,
and she was found in Group II. Therefore there are the two tables for
CGroup II‘females as already described for the Groups II and IIIrmales.
Atfention is also drawn to the fact that throughout these methyl
chloride breath conéen£ration tables, the values for "baseline' are
those from the initial breath samples for that day, given in the foyer
of the building befofe entering the laboratory area. Leaky or uncorked
bags, or occasional masked peaks, invalidated approximately 10 percent
of the breath values. The mgsked peaks in the chromatograms were felt
by the analyst to be due to ethanol because they occcurred exclusively on

sample bags taken home.

Methyl Chloride in Blood:

Tables XXIX through XXXIV list the individual methyl chloride in
bloed values obtained for each subject on Days 1 and 4 of each meth&l
chloriae exposure week. Perusal of the data reported from the labora-
tory indicates the difficulty of measuring methyl chloride accurately at
the lowest levels of expoéure {20 ppm), aﬁd at all time periods except
the pre-exit sample. Blood levels drop very rapidly post exposure, even
after a 7-1/2-hr exposure to 150 ppm.

It was of great interest to follow the blood levels of the three

male subjects (numbers 267, 274, and’276) and one female subject (number
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282) who had grossly exapgerated levels of methyl chloride‘in their
bfeath upon exit from the chamber. Not surprisingly, these subjects had
three‘to five-fold higher blood concentrations of methyl chloride than
did their peers. Thié situatién continued at 15 and 30 min post expo-—
sure, and possibly even until the next morning. Unfortunately, two of
these four subjects had poor attendance and multiple data points were

not obtained.

Blood Carboxyhemoglobin:

Tables XXXV through XXXVIII list the blood carboxyhemoglobin per-
cent saturation values for individual subjects. Values for pre-exposure
(baseline), pre-exit, and 30 min post exposure revealed no indication of
conversion of methyl chloride to carbon monoxide in the body as is the

case with methylene chloride(l6)}

Urinary Analysis for Methyl Alcohol:

Analysis of 24-hr urine collections for methyl alcohol revealed no

discernable amounts of methyl alcohol in any sample.

Neurological Studies:

No significant neureological abnormalities cccurred during the
exposures of these subjects to methyllchloride. Equilibrium as measured
subjectively on a daily basis by the modifiéd Romberg and heel-to-toe
tests remained normal after 7-1/2, 3, or 1 hour of exposure. One Group
IIT subject had difficulty performing the tests after his one hour of

exposure to 100 ppm methyl chloride on Day 3 of Week 2. This was
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interpréted ;o be a spurious result as the loss of equiiibrium was not
repeated at this concentration or at 150 ppm.

All visual analyses of EEG recordings during exposures to methyl
chloride appeared normal. Fipgures 4 to 7 and 8 to 1l show represen-
tative tracings of the EEGs of the four male and four female subjects,
respectively. Included are tracings from the O ppm days and the days of
highest exposure to methyl chloride. Like@ise, there was no Qisible
difference nor was there significant measurable difference in the VER
tracings of these subjects. Figures 12 teo 19 show the VER tracings
obtained during several contrcl days ﬁhile Figures 20 to 27 show repre-
sentative tracings for comparative purposes at the various levels of

methyl chloride exposure,

Cardio-Pulmonary Function Studies:

Pulmonary Ventilation. The individual values of pulmonary venti-
lation are presented in>Table XXXIX. There were some spurious values
from each‘individual, probably’reflecting an altered emotional state,
but in general, the values were consistent fro% day-to-dday. The dif-
ference between male and female subjects reflects the lower metabolic
ratés of the females. The values are in the range expected from sub-

a7

jects in the seated position

Maximum and Partial Expiratory Volumes and Flow Rates. Expiratory

volume and flow rates have traditionally been used to detect certain
pulmonary diseases. Recently it has been shown that probably the most
sensitive index of acutely induced airway disease is expiratory flow

rate (at low lung volumes) after inspiring to approximately three-fourths
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(18)

of total lung volume . Expiratory flbw—volume curves can be constructed
for expirations following both a maximum and a partial inspiration, and
typical examples of these curves are presented in Figures 28 and 29.

The calculated mean expiratory volumes and flow rates at various points
in the expiration for all four Group I male subjects are tabulated in
Table XL. There was no significant change in any of the parameters
during exposure to methyl chloride. Because lung volumes and expiratory
flow rates are dependent on such factors as respiratory muséle power,
lung and chest wall elasticity, and bronchomotor tone, we conclude that
methyl chloride exposure had no major effect on pulmonary mechanics.

The trial to trial Vériability in each parameter was calculated and is
presented in Table XLI. For all parameters, variability was three
percent or less, and there was no significant difference between trials
(p » 0.5).

Metabolic Rate, Pulmonary, Cardiac, and Hematologic Data. Cardio-

vascular-pulmonary function 1s sensitive to changes in metabolic rate
and state of anxiety or emotion. The effect of the latter is mérkedly
reduced during muscular exercise. Accordingly, in evaluating whether a
treatment such as methyl chloride exposure altered cardiovascular-
pulmonary function, it was helpful to relate each function to metabolic
rate during both resting and exercise conditions (Figures 30 through
35). When evaluated in this manner, moét of the functions remained

(19,20)_

within normal limits throughout the study The possible ex-

(Figure 32). There was a slight'

ceptions were arterial pH and P
CO2

respiratory acidesis during exercise on some of the days of methyl

chloride exposure. This trend was most evident during exposure at 100

\
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ppm, fluctuating. A tendency toward alvecolar hypoventilation was also
evident on this day which would induce respiratory acidosis. Trial to

, arterial pH, and D at rest.
CO2 LCO

There was no significant difference between 20 paired samples for each

trial variability was checked for Pa

parameter. Variability (mean difference/grand mean x lOO) ranged from

0.3% (arterial pH) to 2.6% (D ).
LCO

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 each week.
The daily means (* one standard deviation, S.D.) of the test results
versus therday performed, along witﬁ bar graphs showing the céncentra—
tion of methyl chloride, were graphed for rapid visual assessment.
 Figures 36 through 45 contain the data for Group I subjects while Fig-
ufes_46 through 55 are for Group II subjects. In order to assess the
significance of the exposure to methyl chloride on test results, anal-
ysis of variance for the Group I scores were made for the parameters
measured in each test. There were insufficient test subjects in Group
IT to make such an assessment feasible. Results of the analysis of
Variance are shown in Tables XLII through LII. Significant variance (p
< 0.05), other than that attributed to learning (linear day trend) and
people, was noted only in the effect of methyl chloride exposure ypon
the Marquétte test, Estimate/Stimulus, light stimulus only (Table XLVII).
Figure 56 shows the test performance means (f S.D.) versus exposure
level‘on.the last day of exposure at each exposure level (first day only

for 150 ppm level). The mean performance scores do show an inverse
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relationship with exposure level, from an over-estimate at control
levels to an under-estimate at each methyl chloride exposure level.
Interestingly, this effect was not seen for the sound stimulus. Neither
were the Group II (3-hr exposure) subjects affected by methyl chloride
for either the light or sound stimulus. It is therefore assumed that
this change in estimating the length of the light stimulus is probably

a spurious occurrence.

Electrically Evoked Electromyograms:

o

Electrically evoked electromyograms (EMGs) were obtﬁined on both
male and female subjects exposed to methyl chloride for 7-1/2 hr daily.
The testing was carried out within 1 hr after exposure began, at 3-4 hr
of elapsed time, and again at 6-1/2 to 7-1/2 hr, on Days 1, 3, and 5 of
each week. Visual comparatiye examination of control and exposure EMGs
" revealed no change in the configuration or stimulus-to-response latency
for any subject as a result of exposure to methyl chloride. Figure 57,
which shows randomly selected EMGs of one male subject at three dif- )
ferent time periovds while exposed to either 0 ppm or 100 ppm methyl
chloride, demonstrates the extreme stability of the response. Latency

o
meaéurements, as shown in mean and standard-error-of-the-mean analyses

in Table LIII, revealed no significant within-day or methyl chloride

exposure effect for either males or females.

Subjective Responses:

There were a minimum number of subjective responses noted during

exposures to methyl chloride {see Table LIV), and there was noldifference
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in percent responding with complaints between control days and exposure
to 20, 100, or 150 ppm, ﬁales, or 100 ppm, fémales. Although a notation
of a mild odor was entered occasionally on the subjective response
forms, this occurred as frequently during O ppm conditions as during 100
or 150 ppﬁ levels. Several subjects developed colds, including mild
throat irritation, but by the physician's judgment the incidence was no

greater than normal for this season of the year.

Retention of Methyl Chloride in Breath Containers:

The results of the study to ascertain the retention of methyl
chloride iﬁ two types of breath containers are shown in Table LV. The
saran bags were excellent in retaining the methyl chloride for the first
24 hr as shown at the bottem of the table. At 48 hr, one had leaked
severely, as noted by complete deflation, as had another at 120 hr.
Individual assay results also were spread considerably at these two
times post-filling, even though the averages were close fo the zero-time
average. It is more difficult to determine when and if a glass tube has
leaked, the criteria being'an assay value one-half, or less, than that
expected. This occurred only in the tubes that were airmailed, where
the Eeduced outside pressure at the heights flown by airéraft no doubt
partiélly evacuated some of the tubes. The tubes appear to be rela-
tively stable in methyl chloride content for the first 24 hr; however, a
gradual decline in concentration was already apparent af this time. At
120 hr, the five tubes retained an average of 87% of the zero-time saran

bag average.
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DISCUSSION

v

Methyl chloride has three physical properties that increase its
potential for hazard to workers' health; it is a gas at room temperature,
it is colorless, and its odor is undetectable at concentrations in air
that may be injurious to health. Despite these hazardous properties,
only one report could be found in the literature of the past ten years
describing serious intoxication of workers other than due to refrigeration

(21), relates six cases

leakages. This 1974 report by Scharnweber, et al
of chronic overexposure in a plastic foam plant where methyl chloride

was used as a blowing aéent. The intoxicated workers were believed to
have been exposed to an eight-hour time-weighted average concentration

in air of from 265 to 300 ppm for several weeks. Behavioral and neuro-
logical symptoms of an insidious nature predominated, with slight eleQa—
tion in blood pressure in three cases. All workers recovered from the
overexposures with the exception of one individual who still exhibited
symptoms of tremor and increased nervousness three months after hospitali-
zation. Other recently reported cases of methyl chloride intoxica-
tion(22’23’24) have all occurred in Eastern. European countries as a

result of leaking refrigeration charged with methyl chloride as a refrig-
erant. This use has been abandoned in the U.S., and therefore a potential
hazard has been removed.

(25)

Repko, et al evaluated the behavioral and neurological performance
of a large group of workers in several industrial plants of a company

using methyl chloride as a blowing agent for foam manufacture. They

found a significant correlation between increasing levels of methyl



32

chloride exposure and decrements in amount of hand tremor (increased)

and performance of the two-digit math test. There was no correlation
with electroencepﬁalographic changes. Unfortunately, the two methods of
exposure analyéis used did not give acceptably agreeing results causing
some question és to actual exposure conditions on the test days. Between
group comparisons were marred by the significantly lower age of the
control group. Methyllchloride in bréath proved to be an insensitive
indicator of methyl chloride exposure. A significant correlation of
performance decrement was found with decreasiﬁg urine pH. However, the
meaning of this correlation is unknown because diets were uncontrolled,
and there have been no laboratory studies to confirm a direct relationship
between increasing methyl chloride exposure and decréasing pH or urinary
acidity.

Behavioral, neuroiogical, and electromyographic testing of subjects
in this study exposed to 20, iOO, or 150 ppm methyl chloride in air for
7-1/2 hr per day resulted in no significant decrements in performance.
One significant change in performance was correlated with iﬁcreasing
methyl chloride concentration in air; maie subjects changed from overesti-
mating the length of a light stimulus during control conditions to
underestimating it with increasing methyl chloride concentration (see
Figure 56). However, this change did not occur with the sound stimulus
or with 3-hr Subigcts, and is therefofe believed to have been spurious
and to have no significance regarding performance in the work place.
There was no decfément in performance on the‘arithmetic tasks performed
by these subjects; however, they were notla part of a multiple-task :

(25)

testing regimen as employed by Repko, et al . Hand tremor was not
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tested in the subjects in this investigation. However, hand tremor
would not be expected to be induced under the few days of exposure used.
In summary, we did not find any‘significant behavioral changes in these ,
subjects similar to those found by Repko, et al,'in methyl chloride
exposed workers.

Regarding urine pH, a rough pH meaéure of the morning ufine sample
was made daily using the dip indicator technique. The results did not
reveal any increasing acidity with increased methyl chloride concentration,
though no exact pH measurements were made and therefore the dip technique
may not have been sensitive enough to reveal any relationship. No
methyl alcohol was found in the urines as a metabolite of metﬁyl chloride.

The most interesting results of this Study‘occurred in the analyses
of breath and blood samples. The mean daily alveolar post exposure
breath concentrations from four 7-1/2-hr subjects during the week of
exposure to 100 ppm steady are shown in Figures 58 and 59 for male and
female subjects, respectively; The mean Breath concentrations, at 35 to
50 ppm upeon exit from the chamber, dropped very rapidiy so that by 60
min post exposure the concentrations were in the range of 1 to 4 ppm.

At 2 and 3 hr post exposure they were in a range of questionable accuracy,
beléw 1 ppm. None of the other chlorinated hydrocarbons studied in this
series, methylene chloride, 1,1,l-trichloroethane, perchloroethylene, or
trichlorcethylene, dropped to such low levels so rapidly. As would be
expected from such a rapid disappearance from the breath, there was no
cumulation effect on successive days of the week.

Figure 60 demonstrates the mean breath decay curves for the four

male subjects exposed to three concentrations of methyl chloride for
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7-1/2 hr per day and the four female subjects exposed to 100 ppm only.
The dashed line represents mean values from the female subjects. It is
evident that though the concentration of methyl chloride in the sample
taken at exit from the chamber (zero time) correlated directly with
exposure concentration, subsequent samples were more difficult to differ-
entiate as'to exposure concentration, except those from the 20 ppm
exposures which were sigﬁificantly lower. TFrom these results it is
evident that breath analysis decay curves thét would differentiate
exposures of 100 and 150 ppm were not obtained. Therefore it is not
possible, as it is with other chlorinated hydrocarbons studied, to
assess the magnitude of a methyl chloride exposure by analyzing post
exposure alveolar breath samples! |

As noted in the Results section, four subjects in the 3- and l-hr ;
exposure groups‘consistently had much higher concentrations of methyl
chloride in their alveolar breath samples after identical exposures than
‘'did their peers. The high responders were arbitrarily labeled type B,
while the normal responders were labeled type A. Table LVI-compare;
individual type B subject's alveolar breath values to those of type A at
zero time, while Table LVII gives similar data obtained at 1 hr post
exposure. Mean alveolér breath concentrations of type B subjects were
elevated from 60 to 110% over mean values for type A subjects at zero
time, and were three to six fold higher at 1 hr post exposure. A similar

(26)

phenomenon had been observed but unconfirmed in 1962 when two of six

male subjects exposed to approximately 100 ppm methyl chloride for 6-1/2
hr had similarly elevated post exposure breath levels. Those two subjects

were added to Table LVII as type B subjects 5 and 6. The similarity of
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® breath concentrations to the present type B and type A subjects is

striking.
Breath analysis points were plofted for the varying lengths of

@ exposure to 100 ppm methyl chloride for both type A and B subjects as
shown in Figure 61. This figure demonstrates another unique feature of
the methyl chloride breath analysis decay curves, i.e., one cannot

o " differentiate between 1-, 3-, and/or 7-1/2-hr exposures of type A subjects.
In addition, the figure demonstrates that there was no overlap of the
value from type A and type B subjects at 15, 30, and 60 min post exposure.

‘.' At 120 and 180 min post exposure values from all subjects tended to
converge.

The comparison of methyl chloride venous blood concentrations

@ ’ (indirect headspace method) at the end of 1- or 3-hr exposures of types
A and B subjects is demonstrated in Figure 62. Blood levels by this
method were also much highef in type B subjects, although one could

@ argue that this could have been due to a difference in solubility since
the headspace technique was used. The higher blood levels in fype B
subjects continued through the 15 and 30 min post exposure sémpling

@ peri‘ods. These results indicate that the higher post exposure breath
levels of tyﬁe B subjects are a direct result of higher blood levels.

Unfortunately, the fate of methyl chloride in the human body is

9 still unknown. It was thought to be metabolized to methanol and hydro-
chloriF acid(27); however, we were unable to detect any methahol in the
urine of our subjects confirming a previous report(s). It more likely

® - 1is conjugated with sulfhydryl groups in the liver and excreted as a

mercapturic acid, or it may be oxidized to formaldehyde, which would




36

rapidly be further oxidized to formic acid and excreted. The reason for
the difference in blood and breath levels in our subjects could not be
associated with differences in weight, body build, or blood lipids. It
may be fheorized that the difference was related to glutathione content
of the liver which is known to be dépleted with starvation. However,
the consistency of the increased response would negate this theory.

The question arises as to which of the two types of persons may be
more susceptible to the central nervous system effects noted with chronic

(21)

overexposure to methyl chloride As previously noted, these effects
are insidious, and can occur long after blood and breath levels are
below measurable concentrations. From this standpoint, the person who
exhibits the lower blecod and breath 1evels, and who therefore asggmedly
is metabolizing more of the compound to the toxic ﬁetabolite, may be
‘more susceptible. On the other hand, the type of person who exhibits
higher blood and breath levels may be more susceptible to acute overex-
pésure, assuming methyl chloride per se is the cause of any acute effects.
And.of course the third possibility exists that any t0xic effects are.
due to a mincr metabolite that is produced only upon exposure to much
higher levels of methyl chloride.

Tt is our recommendation that additional studies be carried out to
attempt to determine whether the type A and B responders exist, and in
what ratio, in industrial situations where methyl chloride exposures
occur. Furthermore, additional studies should be carried out to attempt
to define the metabolite(s) of methyl chloride. And finally, the effect

of exercise on both types of subjects should be determined.
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+

In conclusion, this study did not reveal any deleterious, measurable
effects of the sedentary exposure of male or female subjects to 100 ppm
methyl chloride for up to 7-1/2 hr per day for five consecutive days.

It did reveal that a small number of subjects, four of twenty, exhibited
much higher blood and breath levels of methyl chloride than did there
peers. This finding and its significan&e in the work place needs addi-

tional study.
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TABIE T

METHYL CHLORIDE EXPOSURE SCHEDULE

ACTUAL TIME-WEIGHTED AVERAGE CHBCI CONCENTRATION, PPM

GROUP I, 7-1/2 HR GROUP II, 3 HR GROUP IT1. 1 HR
DAY  DESIRED | NUMBER NUMBER NUMBER
OF CONC. OF OF OF
WEEK WEEK  PPM SUBJECTS MEAN +S.D. | SUBJECTS MEAN  +5.D. [SUBJECTS MEAN  +5.D
MALE \
1 4 0 4 0 4 0 2 0
5 0 3 0 4 0 2 0
1 100 4 98 3 3 100 2 2 100 2
2 100 3 93 5 4 93 2 2 96 1
2 3 100 4 97 5 3 98 3 2 92 5
4 100 4 93 4 2 94 4 2 90 2
5 100 4 92 3 2 93 3 2 92 - 1
1 20 4 20 <1 1 20 < 3 20 <1
2 20 4 18 <1 1 18 . <1 3 18 1
3 3 20 4 19 1 2 20 <1 3 21 <1
4 20 4 20 <1 2 20 <1 3 20 <1
Lo 4 0 4 0 1 0 1 0
5 0 4 0 1 0 3 0
1 100£ 4 95 40 1 95 42 3 99 41
2 100f 4 97 39 0 3 92 37
5 3 100f 4 98 138 0 3 98 36
4 100% 4 106 43 1 105 43 1 105 43
5 100f 4 97 39 1 100 40 3 92 34
1 150 4 148 4 1 150 3 2 143 5
6 2 150 4 149 6 1 150 4 1 155 4
3 0 4 0 1 0 1 0
FEMALE
15 0 4 0 4 0 2 0
1 100 4 99 i 3 99 4 2 95 2
. 2 100 4 100 4 3 101 5 2 99 3
3 100 4 98 3 3 99 3 2 100 3
4 100 4 99 3 3 102 2 2 96 3
5 100 4 99 4 3 100 3 5 97 4
3 1 0 ;A 0 3 ) 2 0 2

Gd<




TABLE 11

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

o SEDENTARY MALES -
Exposure Time: 7-1/2 Hours - Chamber Concentration; 00 PPM
° ~ GROUP 1
Number
' Mean Range Standard of
® Time (in_ppm) * (in ppm) + Deviation Subjects
Day 1: 1 min., post exit 47.25 39.00 - 55.00 6.55 4
15 " " n 3.40 . 2.00 - 4.20 0.99 4
30 " " " 1.95 1.80 - 2.00 0.10 4
1 hour " " 1.23 1.00 1.80 0.39 4
® 2 " " 0.30 0.30 0 3
K " " 0.20 0.20 0 2
Baseline 0.30 0 - 0.60 0.30 3
Day 2: 1 min., post exit 45.50 © 44,00 - 47,50 .1.80, 3
5 " " " 3.83 3.30 - 4.20 0.47 3
® 30 " n o 2.27 2.06 - 2.40 0.23 3
1 hour " " 1.63 1.40 - 1.75 0.20 3
2 " " " 0.30 0.90 _ 0 3
3" " " 0.60 0.60 0 2
Baseline 0.30 0.30 0 4
® Day 3: 1 min., post exit 42.00 ‘ 28.00 - 50.00 10.46 4
15 " " " 3.50 3.00 - 4.00 0.44 4
30 " " " 2.33 1.80 - 3.60 0.86 4
1 hour " " 1.20 0.90 - 1.50 0.25 4
2 " " " 0.50 0.50 0 3
3" " " 0.33 0.25 - 0.50 0.14 3
@ Baseline 0.23 0.20 - 0.25 0.29 4
Day 4: 1 min., post exit 40.50 . 7 32.00 - 48.00 7.72 4
15 " " " 3.10 2.40 - 3.60 0.50 4
30 " " " 1.80 1.60 - 2.00 0.23 4
1" " " 1.00 0.80 - 1.20 0.23 4
@ 2 " " " 0.40 0.30 - 0.50 0.08 4
3" " " 0.30 0.20 - 0.50 0.14 4
Baseline 0.20 ' 0.20 0 3
Day 5: 1 min., post exit 46.63 39.00 - 52.50 6.49 4
15 " " " 3.15 2.60 - 3.60 0.44 4
L 30 " " " 1.85 1.60 - 2.10 0.29 4
1 hour " " 0.95 0.80 - 1.00 0.10 4
2" " o 0.40 0.40 0 2
3" " " 0.33 0.25 - 0.40 0.08 4
Baseline 0.22 0 3

15 - 0.40 0.16

43<




TABLE ITI

DAILY METHYL CHLORIDE BREATH CONCENTRATIO& OF

o SEDENTARY MALES
Exposure Time: 3 Hours -  Chamber Concentration; 100 ppm
® GROUP II-a
Number
\ _ Mean Range Standard of
° Time (in ppm) (in ppm) + Deviation Subjects
Day 1: 1 min., post exit " 49.67 35.00 - 74.00 21.22 3
15 " " " 6.80 1.90 - 16.50 . 8.40 3
30 " " " 4.78 1.80 - 10.75 5.17 3
1 hour " " 3.47 1.00 - 8.00 3.93 3
°® 2" " " 0.67 0.60 -~ 0.70 0.06 3
R " " 0.40 0.30 - 0.60 0.17 3
Baseline 0.45 0.00 - 0.70 0.31 4
Day 2: 1 min., post exit 50.63 39.00 - 74.00 15.82 4
. 15 v " " 6.48 3.00 - 15.60 6.10 4
Py 30 " 1 ~4.60 2.00 - 12.00 4,94 4
1 hour " " 4.03 1.90 - 10.00 3.99 4
2 " * 1.48 0.90 - 1.80 0.43 4
3" " " 0.73 0.30 - 1.10 0.35 4
Baseline 0.38 0.30 = 0.45 0.11 2
® Day 3: 1 min., post exit 53.00 - 38.00 - 74.00 18.74 3
15 v " " 8.83 2.40 - 18.60 8.60 3
30 ¢ " " 6.00 2.10 - 13.50 6.50 3
1 hour " " 4.30 1.80 - 9,30 4.133 3
2 n " 4l 1.10 0.40 - 1.60 0.62 3
3 " " " 0.45 0.30 - 0.60 0.21 2
® Baseline 0.70 0.40 - 1.0 0.42 2
Day &4: 1 min., post exit 49.5 " 35.00 - 64.00 20.51 2
15 " " il 11.6 3.20 - 20.00 11.88 2
30 " " 6.95 2.40 - 11.50 6.44 2
10" " " 5.60 2.00 - 9.20 5.09 2
® L " " 0.65 0.30 - 1.00 0.50 2
3 " n " 0.60 0.6 1
Baseline 0.40 0.4 0 2
Day 5: 1 min., post exit 51.00 37.00 - 65.00 19.80 2
15 ¢ " " 10.20 3.40 - 17.00 9.62 2
) 30 " " " 6.50 2.00 - 11.00 6.36 2
1 hour " " 4.50 1.80 - 7.20 3.82 2
2 " " " 0.50 0.5 0 1
3 " " " 0-40 ) 0_4 O 2
Baseline '

L o 44«




TABLE IV
DAILY METHYL CHLORIDE BREATH CCNCENTRATION OF

SEDENTARY MALES

Exposure Time; 3 Hours -  Chamber Concentration: 100 ppm
GROUP 1I-b
Number
Mean Range Standard of
Time (in ppm) (in _ppm) *+ Deviation Subjects

Day 1: 1 min., post exit _37.50 35.00 - 40.00 3.54 2
T 15 ¢ " " 1.95 1.50 - 2.00 .07 2
30 v " " 1.80 1.80 0 2

1 hour " " 1.20 1.00 - 1.40 0.28 2

2 " n 0.65 0.60 - 0.70 0.70 2

3 o " n 0.45 0.30 - (.60 0.21 2

Baseline 0.38 o - 0.60 0.32 3

Day 2: 1 min., post exit 42.83 39,00 - 45.00 3.33 3
15 " " " 3.43 3.00 - 4.00 0.51 3

30 " " " 2.13 2.00 = 2.40 0.23 3
1 hour " " 2.03 1.90 - 2.20 0.15 3T

2 " " " 1.37 ¢.90 - 1.80 0.45 3

3 " o " 0.68 0.30 - 1.10 0.40 3

Baseline 0.30 0.30 -- 1

Day 3: 1 min., post exit 42.50 38,00 ~ 47.00 6.36 2
15 " " " 3.95 2.40 - 5.50 2.19 2

30 " " " 2.25 2.10 - 2.40 0.21 2

1 hour " " 1.80 1.80 0 2
- 2 " " 1" 1.30 1.30 _ 1.

3 0" " " 0.60 ‘ 0.60 - 1

Ba$elj_ne . 0.40 : 0.40 - 1

Day 4: 1 min., post exit 35.00 35.00 ‘ - 1
15 " " 3.20 3.20 - 1

30 (R} Tt 1" 2.40 2.40 _—— l

1 - " " 2.00 ’ 2.00 == 1

2 " H ' 0.30 0.30 - 1

3 L " 111 — —_— —— l

Baseline 0.40 0.40 - 1

Day 5: 1l min., post exit 37.00 37.00 - 1
5 v i " 3.40 3.40 ‘ - 1

30 " " " 2.00 2.00 -- 1

1 hour " " 1.80 1.80 - 1

2 " ' " 0.50 0.50 -- 1

3 " " 0.40 0.40 - 1
Baseline - - - -

o - O






TABLE Vv

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

e SEDENTARY MALES
Exposure Time: 1 Hour ~  Chamber Concentration: 100 ppm
® GROUP III-a
. Number
’ Mean Range Standard of
Py : Time (in_ppm) (in ppm) + Deviation Subjects
Day 1: 1 min., post exit 54.00 38.00 - 70.00 22.63 2
15 "¢ " " 9.55 3.10 - 16.00 9.12 2
30 " " 6.38 2.00 - 10.75 6.19 2
1 hour n " 5.00 2.00 - 8.00 4.24 2
® 2 " " " 0.48 0.40 - 0.55 0.11 2
3 " t I 0.20 . 0.20 0 2
Baseline 0.55 0.40 - 0.70 0.21 2
Day 2: 1 min., post exit 51.00. 30.00 - 72.00 29.70 2
15 " " " 9.40 3.20 - 15.60 8.77 2
® 30 " " " 6.10 2.20 - 10.00 5.52 2
1 hour " " 4,20 . 1.60 - 6.80 3.68 2
2" " " 1.20 0.60 -~ 1.80 0.85 2
3" " " 0.85 0.60 - 1.10 0.35 2
Baseline 0.38 0.30 - (.45 0.11 "2
® Day' 3: 1 min., post exit 55.00 33.00 - 77.00 31.11 2
15 " " o 'B.85 2.70 - 15.00 8.70 2
3 ¢ " " 6.80 2.00 - 11.60. 6.79 2
1 hour " " 4.05 1.50 - 6.60 3.61 2
2 " Y " 0.55 0.50 - 0.60 0.71 2
3" " " .33 0.25 - 0.40 0.11 2
@ Baseline 0.25 0.25 0 2
Day 4: 1 min,, post exit 50.25 31.50 - 69.00 26.52 2
15 ¢ " t 9.40 2.80 - 16.00 9.33 2
30 " " " 7.65 2.80 -.12.50 6.86 2
1" " " 3.00 2.20 - 3.80 1.13 2
@ 2 " ' " 1.40 0.80 - 2.00 0.85 2
" " " 0.30 0.30 0 2
Baseline 0.20 - - 1
Day 5: 1 min., post exit 49.50 34.00 - 65.00 21.92 2
15 e 1] " 8.50 2.60 ~ 14.40 8.31} 2
@ 30 " " " 6.00 2.00 - 10.00 5.66 2
' 1 hour " " 4.00 2.00 - 6.00 . 2.83 2
2 " " " 0.75 0.40 - 1.10 0.50 2
3 " ] " 0-60 0 —_ 1
Baseline

ar-




TABLE VI

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

® ' SEDENTARY MALES
Exposure Time: 1 Hour - Chamber Concentration; 100 ppm
® GROUP III-Db
Number
. Mean Range Standard of
® Time (in ppm) (in ppm) + Deviation Subjects
Day 1: 1 min,, post exit 38.00 38.00 - 1
Is " m " 3.10 3.10 — 1
30 " " " 2.00 2.00 : —_— 1
1 hour " " 2.00 2,00 - 1
® 2 " " " 0.40 0.40 : —_ 1
3 " t " 0.20 Q.20 — 1
Baseline 0.70 0.70 - 1
Day 2: 1 min., post exit 30.00 30.00 “ -- 1
15 " " 3.20 3.20 —_ 1
® 30 " " " 2.20 2.20 —_— 1
1 hour ". n 1.60 1.60 - 1
2 " " " 0.60 0.60 - 1
3 " " . 0.60 0.60 C - 1
Baseline 0.45 0.45 - 1
PY , Day 3: 1 min., post exit 33.00 33.00 -- 1
: 15 " L L 2.70 2.70 - 1
30 " * " 2.00 2.00 - 1
1 hour " " 1.50 1.50 - 1
2 " " " 0.50 0.50 ’ -- 1
3 n tr n 0.40 0.40 - 1
® Baseline ‘ 0.25 0.25 -- 1
Day 4: 1 min., post exit 31.50 31.50 - 1
15 " " " 2.80 ‘ 2.80 —- 1
30 " " " 2.80 2.80 - 1
" " " 2.20 2.20 -= 1
® ' y I " L 0.80 0.80 —- 1
3 " ' " 0.30 .30 - 1
Baseline 0.20 0.20 -= 1
Day 5: 1 min., post exit 34,00 34.00 . - 1
5 " " " 2.60 2.60 ‘ - 1
® ‘ 3 v i " 2.00 2.00 -- 1
1 hour B t 2.00 2.00 - 1
2 " " 0.40 0.40 - 1
3 tr 4 tt J— —— —_—— —_—
Baseline 0.10 . 0.10 —= 1

a6 <




Day 1:

Daz 5:

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

Exposure Time:

Time

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

1 hour " "

2 1" n "

3 " " "
Baseline

1 min., post exit
15 11 " 1"
30 " " 1"
.1 hour " "

2 n noo 1"

3 1) " 1"
Baseline

1 min., post exit
15 (3] 1" 1"

30 " 1A} 1

" "

1 hour

2 n 131 "

3 11} i 1" v "
Basgline

1 min., post exit
15 1" n 1"
30 " 13 1t

l " " 124

2 " " 1

3 8] ”n mn
Baseline

1 min., post exit
15 134 (1] IlL
30 1) " tn

1 hour " "

2 L3} A 1

3 e " 1
Baseline

rd

s

TABELE VIT

SEDENTARY MALES

7-1/2

GROUP 1

Mean .

{in ppm)

8.68
0.58
0.41
0.23
0.08
>0.05

8.73
0.66
0.39
0.21
0.10
0.05
0.01

10.00
0.51
0.35
0.21
0.13
0.09
0.01

"10.85
0.70
0.33
0.25
0.19
0.10

Holiday

Range
(in _ppm)
8.10 - 9
0.45 - O
0.30 - O
0.20 - 0
0.05 - 0O

>0.05

0

7.60 - 10
0.55 - 0
0.30 - O
0.15 - 0
0.05 - 0

0.05
0 - 0
9.20 - 10
0.40 - O
0.20 - ©
0.15 - 0O
0.10 - O
0.05 - 0
0 - 0
8.00 - 14
0.60 - 0
0.25 - 0

0.25
0.10 - 0O

0.10

0

Chamber Concentration:

.40
.70
W45
.30
.10

.90
.80
.50
.30
.20

.05

.70
.70
.50
.30
.20
.10
.05

.00
.80
.40

.25

Standard
+ Deviation

20 ppm

Number
of
Subjects

0.54
0.14
0.08
0.05
.03
0
0

1.56
0.11
0.10
0.07
0.07

.65
14
.13
.06
.03
.01
.01

OO O COoOOO

+59
.08
.09

O ON

0.06

F e VA ) wWw e P A
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TABLE VIII

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

o SEDENTARY MALES
Exposure Time: 3 Hours - Chamber Concentration; - 20 ppm .
® GROUP I1Ib
‘ Number
. Mean Range Standard of
® Time (in ppm) (in ppm) + Deviation Subjects
Day 1: 1 min., post exit 6.50 6.50 -- 1
5 " " " 0.70 0.70 . - 1
30 " " n 0.30 0.30 - 1
1 hour " " 0.20 0.20 - 1
® 2 " H " 0.05 0.05 -- 1
3 " " " 0.05 0.05 : - 1
Baseline 0 0 - 1
Day 2: 1 min., post exit 8.00 8.00 - 1
lS r " 2] 0.50 0.50 _— 1
® 30 " " " 0.30 0.30 - 1
1l hour " " 0.30 0.30 ' - 1
2 n " ] 0.05 0.05 - 1
3 n 1" " —_— . —_— - —_—
Baseline 0 0 - 1
® Day 3: 1 min., post exit 7.80 7.80 - 1
15 " " " 0.50 0.50 == 1
30 " " " 0.30 0.30 - 1
1 hour " " 0.30 0.30 ‘ - 1
2" " " 0.10 0.10 - 1
3 N 1" 1 0 0 - 1
o Baseline 0 0 ‘ - 1
Day 4: 1 min., post exit 9.50 9.50 -= 1
' 5 " ' " 0.70 0.70 - 1
30 t L1 1"t 0- 60 0_60 —_ l
l r 1] " 0. 40 - O. 40 Ju— _‘L
. 2 4] " " —_ —_— —_— —_
30" n t 0.10 : 0.10 - 1
Baseline 0 0 -- L
Day 5: 1 min., post exit
, 15 1] o 1,
. 30 " " ] \ '
1 hour " " : Heoliday
2w n " /,"
s

3 L ] ] "
Baseline //// ~

aA¥<




TABLE IX

DAILY METHYL CHLORIDE BREATH CONCENTRATICN OF

¢ SEDENTARY MALES
Exposure Time: 3 Hours - Chamber Concentration: 20 ppm
® GROUP Ii-a
Number
. Mean Range Standard of
® Time (in ppm) (in_ppm) + Deviation Subjects
Day 1l¢ 1 min., post exit
15 1 n r
30 " 41 rr
1 hour " "
2 1" 1 "
® ‘ 3 " 1" 1"
Baseline
Day 2: 1 min., post exit
15 n tr 11
. 30 " rn 1
1 hour " "
2 r 11 "
3 (B} 1" "
Baseline 0 0 0 2
. - — . 2
® Day 3: 1 min., post exit 11.25 7.80 - 14.70 4.88
5 " " " 1.80 0.50 - 3.10 1.84 2
30 " " " 1.30 0.30 - 2.30 1.41 2
1 hour " " 1.10 0.30 - 1.90 1.13 2
2 " " " 0.60 0.10 - 1.10 0.50 2
3" " " 0.40 0 - 0.80 0.40 2
@ Baseline 0.15 0 - 0.3 0.15 2
Day 4: 1 min., post exit 13.50 9.50 - 17.50 5.66 2
15 " " 2.55 0.70 - 4.40 2.62 2
o0 " " " 2.05 0.60 - 3.530 2.05 2
" " " 0.95 - 0,40 - 1.50 0.78 2
. 2 n u 1] 1.20 1-20 - 1
3" " " 0.55 0.10 - 1.00 0.45 2
Baseline 0.05 0 - 0.10 0.05 2
Day 5: 1 min., post exit
15 " 1 11
9 ) 30 " " n
1 hour " " quiday
2 " " 1 .
3 (1} " nn
Baseline

49<




r

_TABLE X

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

® SEDENTARY MALES

Exposure Time: 1 Hour - Chamber Concentration; 20 ppm

GROUP 1II1I-a

o
‘ Number
"Mean Range Standard of
Time (in ppm) (in ppm) + Deviation Subjects
® _
Day 1: 1 min., post exit 10.57 8.60 - 13.50 2.59 3
15" " " 1.40 0.60 - 2.90 1.30 3
30 " " n 0.97 0.45 - 2.00 Q.90 3
1 hour " " 0.63 0.30 - 1.30 0.58 3
2 " " " 0.15 0.05 - 0.30 0.13 3
L 3" " " 0.07 0.05 - 0.10 0.03 3
Baseline 0.02 0 - 0.05 0.02 3
Day 2: 1 min., post exit 8.97 6.00 - 12.9 3.55 3
15 " " " 1.10 0.50 - 2.20 0.95 3
30 " " " 0.92 0.35 - 2.00 0.94 3
® 1 hour " " 0.62 0.25 - 1.30 0.59 3
2 " " " 0.32 0.10 - 0.60 0.26 3
" .o 0.12 0.05 - 0.25 0.12 3
Baseline 0.02 0 - 0.05 0.02 3
Day 3: 1 min., post exit 10. 30 8.60 - 13.70 2.90 3
® 15 " n L 1.13 0.50 - 2.30 1.01 3
30 " " " 0.88 0.35 - 1.80 0.80 3
1 hour " " 0.72 0.30 - 1.50 0.68 3
2 " " " 0.27 0.20 - 0.40 0.12 3
3 " " " 0.20 0.10 - 0.30 0.10 3
® Baseline ' 0.02 0 - 0.05 0.02 3
Day 4: 1 min., post exit 12.70 9.50 - 16.6 3.60 3
15 " " " 1.53 0.70 - 3.10 1.36 3
30 " " " 1.10 0.50 - 2.00 0.79 3
1" " " 0.63 0.30 - 1.30 0.58 3
° 2 " " 0.42 0.20 - 0.80 0.33 3
3 " " 0.30 ‘ 0.10 - 0.50 0.28 2
Baseline 0.02 ) 0 - 0.05 0.02 3
Day 5: 1l min., post exit
15 7" rr 11
30 " e "
* 1 hour " " Holiday
2 n 1 11
3 " ”n 1]
Baseline

o0<




TABLE XI
DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

SEDENTARY MALES

Exposure Time: 1 Hour -  Chamber Concentration: 20 ppm
Group ITI-b
‘ Number
Mean Range Standard of
Time (in ppm) (in ppm) + Deviation Subjects
Day 1: 1 min., post exit 9.10 8.60 - 9.60 0.71 2
15 " " 0.65 0.60 - 0.70 0.07 2
30 0" " "o 0.45 0.45 0 2
1 hour " " 0.30 0.30 0 2
2 " " n 0.08 0.05 - 0.10 0.04 2
3 " " gl 0.05 : 0.05 -0 2
Baseline ‘ 0 , 0 0 2
Day 2: 1 min., post exit 7.00 6.00 - 8.00 1.41 2
15 " " " 0.55 0.50 - .0.60 .07 2
30 " ". " 0.38 0.35 - 0.40 0.04 2
1 hour " " 0.28 0.25 - 0.30 0.04 2
2 " " " 0.18 0.10 - 0.25. 0.11 2
3 " " " 0.05 0.05 0 2
Baseline 0 : 0 0 2
+Day 3: 1 min., post exit 8.60 .60 0 2
15 " " 0.55 0.50 - 0.60 0.07 2
30 " " " 0.43 ‘ 0.35 - 0.50 0.11 2
1 hour ' " 0.33 0.30 - 0.35 0.04 2
AL " " G.20 0.20 0 2
3 " " " 0.15 : 0.10 = 0.20 0.07 2
Baseline 0 0 0 2 -
Day 4: 1 min., post exit 10.75 9.50 - 12.00 1.77 2
15' n " " 0.75 0.70 - 0.80 0.07 2
3g " " n 0.65 0.50 - 0.80 0.21 2
1 " " " 0.30 : 0.30 4] 2
2 n " n 0.23 0.20 - 0.25 0.04 2
3 " " " 0.10 0.10 — 1
Baseline 0 0 ‘ 0 2
- Day 5: 1l min., poét exit
15 " [} 1"
30 " - n
1 hour " " Holiday
2 " 1" n
3 " " I n
Baseline

o1<



TABLE XII

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

o SEDENTARY MALES
Exposure Time: 7-1/2 Hours ~ Chamber Concentration; Fluct. 50-150 ppm
® . GrOUP I
Number
Mean Range Standard of
® Time {in ppm) (in ppm) + Deviation Subjects
Day Ll: 1 min., post exit 50.13 ‘ 45.00 - 56.50 6.01 4
5 " " " 3.6% 3.00 — 4.00 0.45 4
30 ' n " , 2.28 2.10 - 2.40 0.13 4
1 hour " " 1.18 1.00 - 1.40 0.17 4
® 2" " " 0.73 0.65 - 0.80 0.09 4
i " " " 0.43 . 0.30 - 0.80 0.25 4
Baseline .15 ‘ 0.15 0 4
Day 2: 1 min., post exit . 533.38 40.50 - 62.50 9.24 4
15 " " " 2.43 1.60 - 3.00 0.59 4
® 30 " " " 1.13 0.60 - 1.80 0.51 4
1 hour " on 0.54 0.45 - 0.60 .08 4
2 ." " " 0.37 0.25 - 0.50 0.13 3
3 -n " 0.27 0.20 - 0.40 0.12 3
Baseline 0.21 0.10 - 0.40 0.14 4
® Day 3: 1 min., post exit 47.38 36.00 - 60.00 10.08 4
15 " " " 1.41 1.15 - 1.55 0.19 4
30 " " " 0.91 0.70 - 1.05 0.17 4
1 hour " " 0.30 0.25 - 0.40 0.07" 4
2 " " " 0.27 0.20 - 0.30 0.06 3
3" " " 0.20 0.20 0 4
® Baseline 0.13 0.10 - 0.15 0.03 4
Day 4: 1 min., post exit 45,38 41.00 - 53.00 5.28 4
15 " " " 4.00 2.60 - 4.80 0.96 4
30 " " " 2.40 1.40 - 2.90 0.71 4
i " " 1.10 0.70 - 1.90 0.54 4
] 2 " "o " 0.55 0.50 - 0.65 0.09 3
3 " " " 0.41 0.15 - 0.60 0.19 4
Baseline 0.23 0.10 - 0.60 0.25 4
Day 5: 1 min., post exit 53.00 51.00 - 58.00 3.37 4
15 " " " 2.73 1.85 - 3.10 0.59 4
o 30 " " " "1.15 0.80 - 1.55 0.32 4
1 hour " " 0.56 0.30 - 0.80 0.23 4
2 " " " 0.36 0.25 - 0.60 0.16 4
3" " " 0.32 0.25 - 0.40 0.08 4
Baseline 0.10 +0.10 0 4




TABLE XIII

DAILY METHYL CHLORIDE BREATH CONCENTRATION 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., post exit. 43.00 43.00 -— 1
15 " " " ‘ 1.40 1.40 - 1
30 " " " 1.20 1.20 - 1
1 hour " " 0.90 0.90 - 1
. 2 " " " 0.40 0.40 — 1
® 3 " " L 0.30 0.30 - 1
Baseline 0.20 0.20 - 1
Day 2: 1 min., post exit
15 " tt R ]
. 30 " " i
1 hour " " -—Subject out sick--
2 " " "
3 1 " "
Baseline
® Day 3: 1 min., post exit
lS ‘ Ty 1 n
30 Tt " 1] )
1 hour ™ " -<Subject out sick--
2 r " "
3 ] 1" "
® Baseline 0 0 —_— 1
Day &4: 1 min., post exit 51.50 51.50 - 1
15 11 ft 1 2‘20 2.20 . ]_
30 0" " " 1.90 1.90 _ - 1
T " " " 1.40 . 1.40 — 1
® 2" " . 1.00 1.00 - ]
3 v AR L 0.65 0.65 - 1
Baseline 0.50 0.50 - 1
Day 5: 1 min., post exit 46.00 46.00 e 1
5 " " " 3.00 3.00 - 1
® 30 " " " 1.00 ' 1.00 - 1
' 1 hour " " - - L 1
2" " " g.25 0.25 - 1
3 1 n 1 — —_— —_ l
1

Baseline 0.10 0.10 —

T B3<




TABLE XIV

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

o SEDENTARY MALES
Exposure Time: 1 Hour -~  Chamber Concentration; Fluct. 30-150 ppm
) GROUP III-a
o . Number
) . Mean Range Standard = of
® Time (in ppm) {in ppm) + Deviation Subjects
Day 1: 1 min., post exit 66.33 55.00 - 85.00 16.29 3
15 " H " ‘ 7.23 3.50 - 14.00 5.87 3
30 " " " 6.27 2.90 - 12.20 : 5.15 3
1 hour n 1" 5.17 3.00 - 9.00 3.33 3
PY 2 " " n 0.72 0.50 - 1.00 0.26 3
3" " " 0.50 0.40 - 0.70 0.17 3
Baseline 0.17 0.15 - 0.20 0.03 3
Day 2: 1 min., post exit 57.17 43.00 - 81.00 20.76 3
15 " " " 4.30 0.90 - 10.00 4,97 3
® BTV " " 1.42 0.35 - 2.50 1.08 3
1 hour " " 1.27 0.30 - 2.50 1.12 3
2 " " " 0.45 0.30 - 0.60 0.21 3
3 0 " n 0.33 0.30 - 0.35 0.04 3
Baseline 0.38 0.35 - 0.40 0.03 3
® Day 3: 1 min., post exit 50.67 38.00 - 72.00 18.58 3
15 " " 4.87 1.20 - 12.00 6.18 3
' 30 " " " 3.47 0.80 - 8.80 4.62 3
1 hour " " 2.07 0.60 - 5.00 2.54 3
2 " " " 0.30 0.15 - 0.55 0.22 3
3 " " " 0.22 0.15 - .30 ‘ 0.08 3
o Baseline 0.15 0.15 —-— 1
Day 4: 1 min., post exit 35.00 ‘ 35.00 - 1
15 " " " 2.60 2.60 - 1
30 " " " 2.60 2.60 - 1
1" " " 2.30 . 2.30 C - 1
® 2z v . " '0.65 0.65 - 1
: 3" " " 0.30 0.30 - 1
Baseline 0.30 0.15 - 0.45 0.30 3
Day 5: 1 min., post exit 59.00 46.00 - 78.00 16.82 3
15 " " S 4.62 1.85 - 10.00 4,66 3
® g " " " 3.57 1.45 - 7.50 3.41 3
1 hour " " 2.67 1.30 - 5.25 2.24 3
2 " " " 0.50 0.50 - 1
j " " " 0.40 0.40 - 1
Baseline -0 0.10 - 1

.10
od<




TABLE XV

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

4 SEDENTARY MALES
Exposure Time: 1 Hour '~ —=  Chamber Concentration; Fluct. 50-150 ppm
® GROUP III-b
] Number
. ‘ ‘Mean _ Range Standard of
® Time (in ppm) (in_ppm) * Deviation Subjects
Day 1: 1 min., post exit 57.00 55.00 - 59.00 2.83 2
15 " t " 3.85 3.50 - 4.20 0.50 2
30 " " i 3.30 2.90 - 3.70 0.57 2
1 hour " " 3.25 " 3.00 - 3.50 0.35 2
2 " " " 0.75 0.50 - 1.00 0.35 2
® 3w r " 0.40 . 0.40 0 2
‘ Baseline 0.18 0.15 - 0.20 0.04 2
Day 2: 1 min., post exit 45.25 43.00 - 47.50 3.18 2
5 " " " 1.45 03.90°- 2.00 0.78 2
PY 3o " " " 0.88 0.35 = 1.40 .74 2
1 hour " " 0.65 0.30 - 1.00 0.50 2
2 " " " 0.30 0.30 0 1
3 " " " 0.30 0.30 0 1
Baseline 0.38 0.35 - 0.40 0.04 2
® ‘Day 3: 1 min., post exit 40.00 . 38.00 - 42.00 2.83 2
15 " " " 1.30 1.20 - 1.40 0.14 2
30 " u it 0.80 . 0.80 0 C 2
1 hour " " 0.60 0.60 0 2
2 n " " 0.18 0.15 - 0.20 - 0.04 2
3 " " " 0.18 0.15 - 0.20 0.04 2
® Baseline 0.15 0.15 -= 1
Day 4: 1 min., post exit 35.00 35.00 -- 1
I " " 2,60 2.60 - 1
30 " n " 2.60 2.60 . - 1
1 " " " 2.30 2.30 - 1
® 2 " " " 0.65 0.65 —— 1
3 1 1 rr 0.30 0.30 . — l
Baseline 0.38 0.30 - 0.45 0.11 2
Day 5: 1 min., post exit 49.50 46.00 - 53.00 4.95 2
18 " " " 1.93 1.85 - 2.00 0.11 2
& 30 " " " 1.60 1.45 - 1.75 0.21 2
1 hour " " 1.38 1.30 - 1.45 0.11 2
2 " " " 0.50 0.50 - 1
3" " " 0. 40 0.40 - 1
Baseline 0.10 0.10 - 1

SO




DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

Exposure Time:

Day 1:

Day 2:

Time

1 min., post exit
15 " 3] "
30 1 11 T

1 hour " oo

2 1" (1] "

3 17 kl 123
Baseline

1 min., post exit

15 " fr 1
30 [ 1 133
1 hour r "
2 i it 113
3 n Tt 11
Baseline

Exposure Time;

Time

1l min., post exit
lS " 1" 11
30 1 " 11

1 hour " "

2 n 1" "

3 " 1 17"
Baseline

"1 min., post exit

15 " r 12}

30 1" n 11
1 hour " "
2 " 1" 11

3 " tt 1"

TABLE XVI

SEDENTARY MALES

7-1/2 Hours -  Chamber Concentratibn: 150 ppm.
GROUP 1
N - Number
Mean Range Standard of
(in ppm) (in _ppm) t Deviation Subjects
74.00 6.00 - 82.00 8.00 3
3.90 2.80 - 4.80 0.92 4
2.53 1.50 - 3.00 0.69 4
1.05 0.60 - 1.70 0.47 4
0.55 0.50 - 0.60 0.06 4
0.51 0.35 - 0.60 0.12 4
0.39 0.25 - 0.60 0.16 4
76.67 8.00 - 81.00 7.51 3
5.98 4.20 - 7.00 1.28 4
3.90 2.20 - 5.00 1.26 4
1.66 1.30 - 2.30 0.46 4
0.85 0.55 - 1.25 0.29 4
0.66 0.50 - 1.10 0.29 4
0.39 0.35 - 0.50 0.08 &
TABLE XVII
DAILY METHYL CHLORIDE BREATH CONCENTRATION OF
SEDENTARY MALES
3 Hours ~  Chamber Concentration: 150 ppm
GROUP 1I
- - - Number
Mean Range Standard of
{in ppm) (in ppm) + Deviation Subjects
60.00 60.00 - 1
2.50 2.50 - 1
2.40 2.40 - 1
2.00 2.00 - 1
1.70 1.70 -- 1
1.40 1.40 - 1
1.00 1.00 - 1
64.00 64.00 -- 1
2.70 2.70 - 1
2.30 2.30 - 1
2.00 2.00 - 1
1.35 S 1.35 - 1
1.15 1.15 - 1
0.35 0.35 - 1

Baseline

Na<



TABLE XVILL

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF

b SEDENTARY MALES
Exposure Time: 1 Hour - Chamber Concentration; 150 ppm -
® GROUP III
, Number
Mean Range Standard of
@ Time (in ppm) (in ppm) + Deviation Subjects
Day 1: 1 min., post exit 69.50 63.00 - 76.00 9.19 2
15 " " " 3.80 3.60 - 4.00 0.28 2
30 ° "' " 2.35 2.30 = 2.40 0.07 2
) 1 hour " " 1.30 1.30 0 2
® 2 " t " 0.50. 0.50 - 1
3 " t n 0.50 , 0.50 - I
Baseline -- - —= 1
Day 2: 1 mlin., post exit 60.50 60.50 R 1
15 " " " 4.00 4.00 - 1
9 ‘ 30 " " " ©3.20 3.20 -— 1
1 hour " " S2.30 2.30 : - 1
2 " " " ©0.90 0.90 -— 1
3 n " " o 0.45 0.45 - 1
Baseline 0.40 0.40 - 1
®
o
@
@




TABLE XIX
WEEKLY METHYL CHLORIDE BREATH CONCENTRATION OF

SEDENTARY MALES

Exposure Time: 7-1/2 Hours

GROUP I
Nunber
Mean Range Standard of
Time . (in ppm) - {in ppm) t Deviation Subjects

Chamber Concentration: 100 ppm

1 min., post exit T 44.32 28.00 - 55.00 7.10 4
15 " " 3.37 2.00 - 4.20 0.60 4
30 " " " 2.03 1.60 - 3.60 0.45 4
1 hour " " 1.18 0.80 - 1.80 0.32 4
2 " " " 0.50 0.30 - 0.30 0.22 A
3 " Y " 0.34 0.20 - 0.60 0.15 4
Baseline 0.25 0 - 0.60 0.13 4
Chamber Concentration: 20 ppm

1 min., post exit - 9.56 7.60 - 14.00 1.69 4
AT N " 0.61 0.40 - 0.80 0.13 4
30 ¢ " " 0.37 0.20 - 0.50 0.10 4
1 hour " " 0.22 0.15 - 0.30 0.05 4
2 " " " 0.12 0.05 - 0.25 0.07 4

3 " " " 0.07 0.05 - 0.10 0.03 4
Baseline 0.01 0 - 0.10 0.03 4
Chamber Concentration: Fluc. 50-150 ppm

1 min., post exit 498y 36.00 - 62.50 7.19 4
5 " " " . 2.84 1.15 - 4.80 1.09 4
30 ¢ A " 1.57 0.60 - 2.90 0.75 4

1. hour v " 0.74 0.25 - 1.90 0.43 4

2 v " " 0.47 0.20 - 0.80 0.20 4

3" " " 0.33 0.15 - 0.80 0.17 4
Baseline 0.16 0.10 - 0.60 0.13 4
Chamber Concentrationt: 150 ppm

1 min., post exit 75.33 . 66.00 - 82.00 7.09 4
5" " " 4.94 2.80 - 7.00 1.51 4
30 " " " 3.21 1.50 - 5.00 1.20 4

1 hour " " 1.36 0.60 = 2.30 0.54 4

2 " " " 0.70 0.50 - 1.25 0.25 4

3" " " 0.59 0.35 - 1,10 0.22 4
Baseline 0.39 0.25 - 0.60 0.11 4



Wk. :

Wk. 4:

TABLE XX

WEEKLY METHYL CHLORIDE BREATH CONCENTRATION OF

SEDENTARY MALES

Standard
* Deviatien

Exposure Time: 3 Hours
GROUP II-a
Mean Range
Time (in ppm) {(in ppm) .

Chamber Concentration: 100 ppm

1 min., post exit - 50.82 35.00 - 74.00
5 " " " 8.31 1.90 - 20.00
30 " " H 5.55 1.80 - 13.50

1 hour " " 4.26 1.00 - 10.00

2 " " " 1.00 0.30 - 1.80

3 " n " 0.53 0.30 - 1.10
Baseline 0.46 0 - 1.00
Chamber Concentration: 20 ppm

1 min., post exit - 10.67 6.50 - 17.50
15 " " " 1.65 0.50 - 4.40
30 " " " 1.22 0.30 - 3.50

1 hour " " 0.77 0.20 - 1.90

2 " " " 0.48 0.01 - 1.20

30" " " 0.39 0 - 1.00
Baseline 0.05 0 - 0.30
Chamber Concentration: Fluc. 50-150 ppm

1 min., post exit 46.83 43.00 - 51.50
5" " " 2.20 1.40 - 3.00
30 v " " 1.37 1.00 - 1.90

1.hour " " 1.15 0.90 - 1.40

2 " " G.55 0.25 - 1.00

3" " " 0.48 0.30 - 0.65
Baseline 0.20 0 - 0.50

T
P
A

Number
of
subjects

OO0 O OO O WU

OO0 OO

.66
.25
.84
.53
.53
26
.25

41
.68
.36
.74
.61
.47
.11

.31
.80
.47
.35
.40
.25
.22

[l el el el s e



Wk H

Wk. 4:

TABLE XXI

WEEKLY METHYL CHLORIDE BREATH CONCENTRATION OF

Time

Chamber Concentration:

1l min., post exit
15 n 1 "
30 12 1 11

1 hour " "

2 " L] 1

3 " 1" "
Baseline

Chamber Concentration:

1 min., post exit
15 1" 1 n
30 (2] 1" "

1 hour " "

2 " 1" "

3 1) 13 n
Baseline

Chamber Concentration:

1l min., post exit
15 1t " "
30 123 " n

1 hour " "

2 T

3 Tt " (3]
Baseline

Chamber Concentration:

1l min., post exit
15 3] 1 "
30 Tt 1 [

1 hour v "

2 1 1"t t

3 1" (2] 11

‘Baseline

SEDENTARY MALES

Exposure Time: 3 Hours
GROUP II-b
Mean Range
(in ppm) (in ppm)
100 ppm
T 40,06 35.00 - 47.00
3.19 1.90 - 5.50
2.10 1.80 - 2.40
1.77 1.00 - 2.20
0.88 0.30 - 1.80
0.53 0.30 - 1.10
0.37 0 - 0.60
20 ppm
7.95 .50 = 9.50
0.60 0.50 - 0.70
0.38 0.30 - 0.60
0.30 0.20 - 0.40
0.07 0.05 - 0.10
0.05 0 - 0.10
0 0
Fluc. 50-150 ppm
46.83 43.00 - 51.50
2.20 1.40 - 3.00
1.37 1.00 - 1.90
1.15 0.90 - 1.40
0.55 0.25 - 1.00
0.48 0.30 - 0.65
0.20 0 - 0.50
150 ppm
62.00 60.00 - 64.00
2.60 2.50 - 2.70
2.35 2.30 - 2.40
2.00 2.00
1.53 1.35 - 1.70
1.28 1.15 - 1.40
0.68 0.35 - 1.00

Standard
+ Deviation

Number
of
Subjects

.45
.11
.25
.36
.17
.10
.21

QOO0 CHM™

.23
.12
.15
.08
.03
.05

OO OO OH

.31
.80
W47
.35
.40
.25
.22

SO OO 0D e

H e R e b= e

el e e



TABLE XXII
. WEEKLY METHYL CHLORIDE BREATH CONCENTRATION OF

o SEDENTARY MALES

'Exposufe Time: 1 Hour

® ' GROUP 1III-a
: Number
Mean Range Standard of |
Time o (in _ppm) (in_ppm) * Deviation Subjects
@ Wk. 2: Chamber Concentration: 100 ppm
1 min., post exit T 51.95 30.00 - 77.00 19.98 2
15 " " 9.14 2.60 - 16.00 6.62 2
30 " " " 6.59 2.00 - 12.50 4.68 2
1 hour " " 4.05 1.50 - 8.00 2.54 2
2 0 " " 0.88 0.40 - 2.00 0.58 2
® 3 m " " 0.44 0.20 - 1.10 0.29 2
Baseline , 0.31 0.10 - 0.70 0.19 2
Wk. 3: Chamber Concentration: 20 ppm
1 min., post exit — 10.63 6.00 - 16.60 3.07 3
® 15 " " " 1.29 0.50 ~ 3.10 1.02 3
30 " " " 0.97 0.35 -= 2.00 0.74 3
1 hour " " 0.65 0.25 - 1.50 0.52 3
2 N n " 0.29 0.05 - 0.80 0.22 3
3 " " " 0.16 0.05 - 0.50 0.14 3
Baseline 0.02 0 - 0.10 0.03 3
®
Wk. 4: Chamber Concentration: Fluc. 50-150 ppm
- 1 min., post exit 56.50 35.00 - 85.00 17.14 3
15 " " " 5.05 0.90 - 14.00 4.66 3
30 " ! N 3.60 0.35 - 12.20 3.63 3
o 1.hour " " 2.75 0.30 - 9.00 2.47 3
: 2 " " " 0.51 0.15 - 1.00 0.25 3
30" " " 0.35 0.15 - 0.70 0.15 3
Baseline 0.26 0.10 - 0.45 0.13 3
L
®
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TABLE XXIII

WEEKLY METHYL CHLORIDE BREATH CONCENTRATION OF

SEDENTARY MALES

o
Exposure Time: 1 Hour
GROUP IILI-b
® .
Number
Mean Range Standard of
Time S (in_ppm) (in ppm) * Deviation  Subjects
® Wk. 2: Chamber Concentration: 100 ppm
1 min., post exit- 33.30 30.00 - 38.00 3.03 1
15 " H " 2.88 2.60 - 3.20 0.26 1
3o " " 2.20 2.00 - 2.80 0.35 1
1 hour " " 1.86 1.50 - 2.20 0.30 1
2 " " 0.54 0.40 - 0.80 0.07 1
® 3 " " " 0.38 0.20 - 0,60 0.09 1
Baseline 0.34 0.10 - 0.70 0.11 1
Wk. 3: Chamber Concentration: 20 ppm
1 min., post exit 8.86 6.00 - 12.00 1.69 2
® 5 " " " 0.63 0.50 - 0.80 0.10 2
: 30 " " " 0.48 0.35 - 0.80 0.14 2
1 hour " " - 0.30. 0.25 - 0.35 0.03 2
2 " " " 0.1 0.05 - 0.25 0.08 2
30" " " 0.09 0.05' - Q.20 0.06 2
Baseline 0.01 0 - 0.10 0.03 2
®
Wk. 4: Chamber Concentration: Fluc. 50-150 ppm
1 min., post exit -\ 46.50 35.00 - 59.00 7.98 2
15 " " " 2.18 0.90 - 4.20 1.08 2
_ 30 ¢ " " 1.75 0.35 - 3.70 1.1%1 2
® l.hour " Y 1.56 0.30 - 3.50 1.13 2
2 " " " 0.47 0.15 - 1.00 0.29 2
3 " " " 0.31 0.15 - 0.40 0.10 2
+ DBaseline 0.26 0.10 - 0.45 0.13 2
@ Wk. 5: Chamber Concentration: 150 ppm .
1 min., post exit 66.50 . 60.50 - 76.00 8.32 2
15 " " " 3.87 3.60 - 4.00 0.23 2
o " " " 2.63 2.30 - 3.20 0.49 2
1 hour ' ' 1.63 1.30 - 2.30 0.58 2
2 " " " 0.70 0.50 - 0.90 0.28 1
® 3 " n 0.48 . 0.45 - . 0.50 0.04 1
Baseline 0.40 0.40 - 1

i<




TABLE XXIV

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF
SEDENTARY FEMALES

@
GROUP I !
Exposure Time: 7-1/2 HRS - Chamber Concentration: 100 PPM
[
Number
‘ Mean Range Standard of
® Time (in ppm) (in ppm) + Deviation Subjects
Day 1: 1 min., post exit . 35.0 31 - 41 5.29 3
15 " " " 3.75 3.5-4.3 0.38 4
3 " " " 2.13 1.8-2.5 0.38 4
1 hour ", " _ 1.25 1.2-1.3 0.06 4
‘ .2 " " 0.42 0.35-0.5 Q.08 3
® 3 " " 0.2 0.15-0.35 0.1 4
Baseline 0.05 0-20.2 0.1 4
Day 2: 1 min., post exit 37.17 32 - 42.5 5.03 3
15 " " " 4.78 4.5-5.3 0.38 4
® 30 " " " 2.85 2.3-3.6 0.58 4
1 hour " " 1.26 0.8-1.6 0.40 4
2 " " " 0.87 0.6-1.1 0.25 3
3" " " 0.45 0.45 0 2
Baseline 0.05 0 - 0.5 0.09 3
® Day 3: 1 min., post exit 42.67 407- 45 2.52 3
15 " " " 3.88 2.8-4.3 0.72 4
30 v " " 3.05 2.4-3.5 0.48 4
1 hour " " 1.93 1.6-2.3 0.38 4
2 " " " 0.53 0.4-0.6 0.10 4
3 e 1" " 0.4 0.4 0 4
® Baseline 0 0 0 4
Day 4: 1l min., post exit 39.3 30 - 44 8.08 3
5 " " " 5.9 4.4-7.6 1.35 4
g " " " 4,23 3.7-5.0 0.60 4
_ 1 " " 2.25 1.8-3.1 0.61 4
e 2 " " S 0.53 0.3-0.6 0.15 4
3 " " " 0.3 0.1-0.5 0.16 4
Baseline 0.01 0 - 0.5 0.03 4
Day 5: -1 min., post exit 40.0 38 - 42 2.0 3
5 " " " 3.83 3.3-4.5 0.62 4
@ 30 " " " 2.58 1.7-3.2 0.68 4
1 hour " " 0.83 0.6-0.9 0.15 4
2 " " oM 0.5 0.2-0.7 0.22 4
3" " 0.4 0.3-0.7 0.2 4
Baseline 0.1 0 -20.2 0.1 3

63<



TABLE XXV

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF
SEDENTARY FEMALES

Exposure Time: 3 HRS - - Chamber Concentration: 100 PPM:
GROUP IIa
e
‘ Number
Mean Range Standard of
° Time (in ppm) (in _ppm) + Deviation Subjects
Day 1: 1 min., post exit 45.0 36 - 62 14.73 3
15 " e 6.2 1.4-14.2 6.97 3
30 " " " 4,17 1.0-9.6 4.73 3
1 hour " " 2.93 1.0-6.6 3.18 3
2 " " " 0.77 0.4-1.5 0.64 3
e 3 " " 0. 60 0.15-1.5 0.78 3
Baseline 0.37 0.2-0.5 0.15 3
Day 2: 1 min., post exit 52.33 36 - 76 20.98 3
5 " " 7.37 1.6-17.5 §8.80 3
30 "¢ " " 5.27 1.1-12.90 5.89 3
® 1 hour " " 3.23 1.0-6.5 2.89 3
2 " o " 1.23 0.5-2.6 1.18 3
3 " " " 0.63 0.0-1.5 0.78 3
Baseline 0.13 0.0-0.4 0.23 3
PY Day 3: 1 min., post exit 42,67 29 - 62 17.21 3
' 5 " " " 6.27 1.4-14.1 6.85 3
30 " " " 4,73 1.2-10.6 3.83 3
1 hour " " 4.2 1.6-8.6 3.83 3
2" " " 0.77 0.4-1.3 0.47 3
CI " " 0.6 0.4-0.8 0.28 2
® Baseline 0.12 0.0-0.35 0.20 3
Day 4: 1 min., post exit 40.0 28 - 47 '10.44 3
15 " " 6.33 1.6-14.3 6.94 3
30 " " " 5.63 1.2-13.0 6.42 3
1" " " 3.2 1.0-6.4 2.84 3
® 2 " " " 0.8 0.3-1.8 0.87 3
: 3 " " " 0.73 0.1-1.8 0.93 3
Baseline 0.47 0.0-1.3 0.72 3
Day 5: 1 min., post exit 48.33 35 - 57 11.72 3
15 " " 6.6 2.2-14.1 6.53 3
® 30 " " " 5.7 2.1-11.2 - 4.84 3
1 hour " " 3.57 1.4-6.5 2.64 3
2 " " " 0.35 0.2-0.5 0.15 3
3" " " 0.35. 0.1-0.6 0.35 2
Baseline 0.13 0.0-0.3 0.15 3
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TABLE XXVI

DATILY METHYL CHLORIDE BREATH CONCENTRATION QF
SEDENTARY FEMALES

o
Exposure Time: 3 HRS - Chamber Concentration; 100 PPM .
o GROUP IIb
Number
Mean Range Standard of
° Time (in ppm) (in ppm) t Deviation Subjects
Day 1: 1 min., post exit 36.5 36 - 37 0.71 2
15 " " " 2.2 1.4-3.0 1.13 2
30 " " " 1.45 1.0-1.9 0.64 2
1 hour " " 1.1 1.0-1.2 0.14 2
‘ 2 " " " 0.4 0.4 0.0 2
® 3 " " 0.15 0.15 0.0 2
Baseline ‘ 0.35 0.2-0.5 0.21 2
Day 2: 1 min., post exit 40.5 36 - 45 6.36 2
i5 " " " 2.3 1.6-3.0 0.99 2
30 " " " 1.9 1.1-2.7 1.13 2
® 1 hour " " 1.6 1.0-2.2 0.85 2
2" " " 0.55 0.5-0.6 0.07 2
3 " " " 0.2 0.0-0.4 0.28 2
Baseline 0 0 0 2
Py Day 3: 1 min., post exit 33.0. 29 - 37 5.66 2
15 " " " 2.35 1.4-3.3 1.34 2
0 " " " 1.8 1.2-2.4 0.85 2
1 hour " n 2.0 1.6-2.4 0.57 2
2 " " " 0.5 0.4-0.6 0.14 2
3 1" . " . " 0.4 0.4 = 1
° Baseline 0 0 0 2
Day 4: 1 min., post exit 37.5 28 - 47 13.44 2
15 " " " 2.35 1.6-3.1 1.06 2
300" " " 1.95 1.2-2.7 - 1.06 2
1" " " 1.6 1.0-2.2 0.85 2
. 2 1 1" " 0.3 0.3 O-O 2
" " " 0.2 0.1-0.3 0.14 2
Baseline 0.05 0.0-0.1 0.07 2
Day 5: 1 min., post exit 44.0 35 - 53 12.73 2
15 " " o 2.85 2.2-3.5 0.92 2
® 30 " " " 2.95 2.1-3.8 1.20 2
1 hour " " 2.1 1.4-2.8 0.99 2
2" " " .43 0.35-0.5 0.11 2
3 [ r L1} 0-1 0-1 - l
Baseline 0.05 0.0-0.1 0.07 2
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Day 1:

. ‘Day 2:

Day 3:

TABLE XXVII

DAILY METHYL CHLORIDE BREATH CONCENTRATION OF
' SEDENTARY FEMALES

Chamber Concentration; 100 PPM

Exposure Time: 1 HR -
GROUP III
Number
Mean - Range Standard of
Time {in ppm) (in ppm) + Deviation Subjects
1 nin., post exit 47.75 41.5-54 8.84 2
15 " " " 1.7 1.3-2.1 0.57 2
30 " v 1.05 1.05 0.0 2
1 hour " " 0.98 0.9-1.05 0.11 2
z " " " 0.6 0.6 - 1
3 " " " 0.2 0.2 - 1
Baseline . 0.2 0.2 - 1
1 min., post exit 49.0 43 - 55 8.49 2
5 " " " 2.75 2.5-3.0 0.35 2
30 " " " 1.85 1.6-2.1 0.35 2
1 bour " " 1.4 1.4 0.0 2
2" " " trace trace 0.0 2
3" " " 0.0 0.0 0.0 2
Baseline 0.0 0.0 0.0 2
1 min., post exit 41.75 40.5-43 1.77 2
5 " " " 1.85 1.6-2.1 0.35 2
30 " " " 1.13 1.0-1.25 0.18 2
1 hour " " 1.0 1.0 0.0 2
2 " " " trace trace - 2
3" " " 0.0 0.0 0.0 2
Baseline 0.0 0.0 0.0 2
1 min., post exit 52.5 50 - 55 3.54 2
15 " M " 2.95 2.8-3.1 0.21 2
30 " " " 1.95 1.9-2.0 0.07 2
1 " " 1.4 1.4 0.0 2
2 " " " 0.3 0.3 0.0 2
3 " " " 0.1 0.1 0.0 2
Baseline 0.0 0.0 0.0 2
1 min., post exit 44.5 42.0-47.0 3.54 2
5 " " " 4.8 4.8 0.0 2
30 1" " " 4.5 4.5 0.0 2
1 hour " " 4.5 4,.2-4.8 0.42 2
2 " " " 0.45 0.2-0.7 0.35 2
3" " " 0.2 0 - 0.4 0.28 2
Baseline <0.1 <0.1 0.0 2
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TABLE XXVIII

WEEKLY METHYL CHLORIDE BREATH CONCENTRATION OF
® SEDENTARY FEMALES

Chamber Concentration: 100 PPM

Number
Mean Range - Standard af
Time (in ppm) (in ppm) +Deviation Subjects
Week 1: 1 min. post exit 38.94/33.38 30~45/15-45 6.79/10.67 3/4
5" " " 4.43 2.8-7.6 1.09 4
Group T g " " " 2.95 1.7-5.0 0.85 4
Exposure 1 hour " " 1.50 0.6-3.1 0.63 4
Time: 7-1/2 2" " " 0.54 0.15-1.1 0.22 4
HRS 3" " " 0.35 0.15-0.7 0.14 4
Baseline 0.04 0.0-0.2 0.07 4
Week 1: 1 min. post exit  45.67 28 - 76 13.83 3
s " " " 6.55 1.4-17.5 6.16 3
Group Ila 30" " "t 5.1 1.0-13.0 4.63 3
Exposure 1 hour " " 3.43 1.0-8.6 2.66 3
. Time: 3 HRS 2" " " 0.78 0.2-2.6 a.7 3
4 | " nooo 0.6 0.0-1.8 0.62 3
3 Raseline 0.243 0.0-1.3 0.34 3
g Week 1: 1 min. post exit  38.3 28 - 53 7.85 2
l 15 " " " 2.41 1.4-3.5 0.85 2
: Group IIb 30 " " " 2.01 1.0-3.8 0.91 2
Exposure 1 hour " " 1.68 1.0-2.8 Q.67 2
Time: 3 HRS 2 " " " 0.44 0.3-0.6 0.11 2
@ 3" " " 0.2 0.0=-0.4 0.15 2
] Baseline. 0.09 0.0-0.5 0.16 2
Week 1: 1 min. post exit 47.1 40.5-55 5.92 2
‘ st " " 2.81 : 1.3-4.8 1.20 2
] Group III 30 " " " 2.10 1.0-4.5 1.33 2
'. Exposure 1 hour " " 1.86 0.9-4.8 1.42 2
Time: 1 HR 2 " v 0.42 0.2-0.7 0.22 2
‘ 3" " v 0.09 0.0-0.4 0.14 2
Baseline 0.04 0.0-0.2 0.07 2
[ ]
]
®
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TABLE XXIX

METHYL CHLORIDE LEVELS IN BLOOD: FOR MALE SUBJECTS
GROUP I
EXPOSURE TIME: 7-1/2 HOURS

S

CHAMBER
, METHYL CHLORIDE CONCENTRATION CONCENTRATION 0
WEEK /DAY IN PPM IN SUBJECTS IN PPM REMARKS
163 229 266 273 100 ppm *Values obtained
: on this day ap-
Week 2 /Day 1% peared due to
Baseline ‘ : ' , leaks of con-
Pre-exit 0.1 0.7 1.2 tainer.
30 min post-exposure 0.22 <0.1 0.22 0.2
1 hour post-exposure 0.17 <0.1 0 <0.1
Week 2 /Day 4 100 ppm .
Baseline <0.1 -0 ~<0.1  <0.1
Pre-exit 1.1 1.2 1.3 0.6
15 min post-exposure 0.2 <0.1 6.1 0.1
30 min post-exposure <(.1 0.1 0 <0.1
Week 3 /Day 1 ' 20 ppm
Baseline 0.2 <0.1 0.1 0.1
Pre—exit 0.3 0.5 0.4 0.3
15 min post-exposure 0.2 <0.1 0.2 <0.1
30 min post-exposure 0.3 0.2 <0.1 0.2
Week 3 /Day 4 20 ppm
Baseline 0.3 0.3 0.1 <0.1
Pre-exit 0 0] 0 0
15 min post-exposure 0 0 0 0
30 min post-exposure 0 0 0 0
Week 4 /Day 1 fluct. 50-150 ppm
Baseline 0 0 0 0
Pre-exit 4,2 3.2 5.1 5.3
15 min post-exposure 0.4 0.4 0.4 0.5
30 min post-exposure 0.3 0.2 0.3 0.3
Week & /Day &4 fluct. 50-150 ppm
Baseline 0.5 0.4 0.3 0.5
Pre-exit 5.8 3.2 5.8 7.0
15 min post-exposure 1.5 0.5 1.0 1.2
30 min post-exposure 0.8 Q.6 1.0 0.4
Week 3 /Day 1 150 ppm
Baseline v, g 0] 0
Pre-exit 8.1 4.1 7.1 3.9
15 min post-exposure 0.7 0.2 0.8 1.6
30 min post—exposure 0.5 0.3 0 0.5
Week 5/Day 3 0 ppm
Baseline U 0 0 0

68<



TABLE XXX

METHYL CHLORIDE LEVELS IN BLOOD FOR MALE SUBJECTS
: GROUP TI
EXPOSURE TIMLE: 3 HOURS

L4 _
. CHAMBER
METHYL CHLORIDE CONCENTRATION CONCENTRATION
- WEEK/DAY . IN PPM IN SUBJECTS IN PPM REMARKS
267 269 270
Py z27 27 ki
Week 2/Day 1% ‘ 100 ppm *Values obtained
Baseline 0 <0.1 0.1 ~on this day ap-
Pre-exit - peared question-
30 min post-exposure able due to leak
@ 1 hour post-exposure of container.
Week 2 /Day 4 100 ppm
Bascline 0 <0.1
Pre-exit 15.1 0.3
15 min post-exposure 5.0 <0.1
® 30 min post-exposure 0.9 <0.1
Week 3/Day 1 20 ppm
Baseline 0.3
Pre-exit 0.15
15 min post-exposure 0.1
o 30 min post-exposure <0,1
Week 3 /Day 4 20 ppm
Baseline <0.1 <0.1 :
Pre-exit 3.8 0
15 min post-exposure 0.9 0
® 30 min post-exposure 0.8 0
Week 4 /Day 1 fluct. 50-150 ppm
Baseline . 0 ‘
Pre-exit 1.2
15 min post-exposure 0.2
® 30 min post-exposure 0.4
Week 4 /Day 4 fluct. 50-150 ppm
Baseline 0.4
Pre-exit 1.4
15 min post-cxposure 0.6
L4 30 min post-exposure 0.7
Week 5 /Day 1 150 ppm
Baseline 0
Pre-exit 1.2
15 min post-exposure 0.4
® 30 min post-exposure . " <0.1
Week 5 /Day 3 . ‘ 0 ppm
Baseline 0 '

£9<




TABLE XXXI

METHYL CHLCRIDE LEVELS IN BLOOD FOR MALE SUBJECIS
GROUP III
EXPCSURE TIME: 1 HOUR

CHAMBER

' . METHYL CHLORIDE CONCENTRATION CONCENTRATION
WEFK /DAY . IN PPM_IN SUBJEGIS IN PBM

274 275 276 277

Week 2/Day 1% '

Baseline - 100 pem
Pre-exit

30 min post-exposure
1 hour post-exposure

Week 2/Day 4

Baseline <
Pre-exit

15 min post-exposure

30 min post-exposure

<0.

0o
® o
oy e

Week 3/Day 1 20 ppm
Baseline
Pre-exit
15 min post-exposure
30 nmin post-exposure

N~ O N
oo oo
el S

(& Mo
= N e
SO PO

Week 3 /Day 4 ‘ 20 ppm
Baseline <0.1
Pre-exit . 0.2
15 min pest-exposure o
30 min post-exposure <(1.1

OO MO
L R )

oy O
leNeoNeNw]

Week 4 /Day 1 fluet., 50-150 ppm
Baseline
Pre-exit
15 min post-exposure
30 min post-exposure

fe R e i e
W O
woOwWwo
-~ W
QOO
w o

wn

Week 4 /Day 4 fluct. 50-150 ppm
Baseline '
Pre-cxit

15 min post-exposure
30 min post-exposure

COMNOC
o~ 0o &

Week 5 /Day 1 150 ppm
Baseline '

Pre~exit

15 min post-exposure

30 min post-exposure <

oo N QO
. .
= o e
O O wo
= o~

Week 5 /Day 3 - 0 ppm
Baseline 0 '

70<
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*Values obtained
on this day
appeared ques-
tionable due to
leaks of con-
tainers.



TABLE XXXII

METHYL CHLORIDE LEVELS IN BLOOD FOR FEMALE SUBJECTS
GROUP I
EXPOSURE TIME: 7-1/2 HOURS

. CHAMBER
METHYL CHLORIDE CONCENTRATION CONCENTRATION
WEEK /DAY IN PPM IN SUBJECTS : IN PPM
186 278 279 280
Week 2/Day 1 . "~ 100 ppm
Baseline off scale 0.6 trace 0.3
Pre-exit , 8.2 5.6 no samp. 6.0
15 min post-exposure 1.3 1.4 2.1 1.3
30 min post-exposure Off scale 0.9 0.7 0.5
Week 2/Day 4
Baseline 0.2 0.4 0.4 0.3
Pre-exit 3.9 7.4 6.6 4.5
15 min post-exposure 1.3 3.3. 1.8 1.2 v
30 min post-exposure 1.0 1.3 1.2 1.0
Week 3/Day 1 0 ppm
Basdline 0.8 0.3 0.6 trace

REMARKS



TABLE XXXIIIL

METHYL CHLORIDE LEVELS IN BLOOD FOR FEMALE SUBJECTS
GROUP 11
EXPOSURE TIME: 3 HOURS

CHAMBER
METHYL CHLORIDE CONCENTRATION CONCENTRATICN
WEEK /DAY , IN PPM IN SUBJECTS IN PPM
214 282 283
Week 2/Day 1 ' 100 ppm
Baseline , 0.3 0.3 ' 0.2
Pre-exit 1.8 5.0 trace*
15 min post—exposure 0.4 trace 0.4
30 min post-exposure no trace 0.2
specimen
Week 2/Day &
Baseline 0.3 1.1 0.5
Pre-exit 1.6 18.3 3.4
15 min post-exposure 0.9 8.4 1.2
30 min post-exposure 0.7 4.3 1.1
Week 3/Day 1 .
Baseline ‘ 0.8 0.7 0.4 0 ppm
TABLE XXXIV

METHYL CHLORIDE LEVELS IN BLOOD FOR FEMALE SUBJECTS
GROUP TII
EXPOSURE TIME: 1 HOUR

, CHAMBER
METHYL CHLORIDE CONCENTRATION CONCENTRATION
WEEK/DAY IN PPM IN SUBJECTS IN PPM
285 286
Week 2/Day 1 . 100 ppm
Baseline no® specimen trace
Pre-exit no specimen 1.2
15 min post-exposure 0.4 0.5
30 min post-exposure no specimen 0.4

Week 2/Day 4

Baseline 0.3 0.5
Pre-exit 3.9 2.9
15 min post-exposure 1.1 0.9
30 min post-exposure 0.8 G¢.9

Week 3/Day 1
Baseline : 0.5 0.3 0 ppm

FAS

REMARKS

*]ow blood
volume

REMARKS



TABLE XXXV

CARBON MONOXIDE LEVELS IN BLOCD FROM
MALE METHYL CHLORIDE SUBJECTS
GROUP I
EXPOSURE TIME: 7-~1/2 HOURS

CHAMBER
COHb % SATURATION CONCENTRATION
WEEK/DAY ‘ . IN PPM ' REMARKS
163 229 266 273 ' #163 rides a
‘ motorcycle
Week 2/Day 1 ' 100 ppm
Baseline 3.8 1.4 1.2 1.9
Pre-exit 2.0 1.1 1.1 1.5
30 min post-exposure 1.6 1.3 r,0.9 1.3
Week 3/Day 1 20 ppm
Baseline 2.3 1.4 1.2 2.1
Pre-exit 0.4 1.1 0.7 0.8
30 win post-exposure 0.4 0.5 0.8 0.9
Week 4/Day 1 ' fluet. 50-150 ppm
Baseline 1.4 1.0 0.5 1.2
Pre-exit 0.8 0.6 G.6 1.1
30 min post-exposure 0.8 0.8 0.9 1.3
Week 5/Day 1 150 ppm
Baseline 1.5 0.8 1.5 1.7 ‘
Pre-exit 0.7 , 0.8 0.7 1.0
30 min post-exposure 1.4 1.1 0.5 1.5

jact] \
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WEEK/DAY

Week 2/bay 1.
Baseline

Pre-exit

30 min post-exposure

Week 3/Day 1
Baseline

Pre-exit

30 min post—exposure

Week 4/Day 1
Baseline

Pre-exit

30 min post-exposure

Week 5/Day 1
Baseline

Pre-exit

30 min post-exposure

TABLE XXXVI

CAREON MONOXIDE LEVELS IN BLOOD FROM

MALE METHYL CHLORIDE SUBJECTS

GROUP I1
EXPOSURE TIME: 3 HOURS
"COHb % SATURATION
267 269 270
4.6 3.6 5.4
3.8 3.2 4.1
4,2 2.8 4.7
2.5
2.2
1.6
4.5
3.3
3.5
5.7
4.2
5.1

T4<

CHAMBER

CONCENTRATION .
IN PPM REMARKS
All subjects
in this group
100 ppm smoke. '
20 ppm

fluct. 50-150 ppm

150 ppm



WEEK /DAY

Week 2/Day 1
Baseline

Pre-exit

30 min post-exposure

- Week 3/Day 1
Baseline

Pre-exit

30 min post-exposure

Week 4/Day 1
Baseline

Pre-exit

30 min post-exposure

Week 5/Day 1
Baseline

Pre-exit

30 min post-exposure

TABLE XXXVIT

CARBON MONOXIDE LEVELS IN BLOOD FROM
MALE METHYL CHLORIDE SUBJECTS
GROUP 1III
EXPOSURE TIME: 1 HOUR

CHAMBER
CoHb 7 SATURATION CONCENTRATION
IN PPM
274 275 276 277
100 ppm
1.8 4.8
1.8 4.2
1.75 5.6
20 ppm
4.6 2.0 4.5
4.5 1.8 3.9
4.3 2.0 3.6
fluect. 30-150 ppm
3.0 1.5 3.7
3.0 1.4 3.2
4.1 1.5 2.2
150 ppm
4.3 7.3
4.2 6.2
5.6 4.1

REMARKS

#275 does smoke



WEEK /DAY

Week 1/Day 1
Baseline

Pre-exit

30 min post-exposure

Week 1/Day 4
Baseline

Pre-exit

30 min post-exposure

Week 2/Day 1
Baseline

Week 1/Day 1
Baseline
Pre-exit

TABLE XXXVIIIL

CARBON MONOXIDE LEVE
FROM FEMALE METHYL CHLO

LS 1IN BLOOD
RIDE SUBJECTS

30 min post-exposure no

Week 1/Day 4
Baseline

Pre—exit

30 win post—exposure

Week 2/Day 1
Baseline

Week 1/Day 1
Baseline

Pre-exit

30 min post-exposure

Week 1/Day 4
Baseline

Pre-exit

30 min post-exposure

Week "2/Day 1
Baseline

GROUP I, EXPOSURE TIME: 7-1/2 HOURS
CHAMBER
COHb . Z . SATURATION CONCENTRATION
I IN PPM
#186 #278 #2768 #280
100 ppm
3.0 1.9 3.0 1.7
1.1 1.7 no samp. 1.4
0.9 1.5 2.0 1.4
3.6 1.0 0.6 0.5
1.0 0.5 g.5 0.3
1.8 0.7 0.6 0.5
0 ppm
3.5 0.8 0.4 0.4
- GROUP 1I, EXPOSURE TIME: 3 HOURS
#214 - {282 #283
_ 100 ppm
1.4 0.8 5.9
1.4, 0.9 4.5
samp. 0.7 5.9
0.7 1.4 5.2
0.2 0.1 2.3
0.1 0.3 3.0
0 ppm
0.3 0.6 3.9
GROUP TIII, EXPOSURE TIME: 1 HOUR
#285 #286
. 100 ppm
1.6
0.7 1.6
1.5
0.6 0.7
0.5 0.8
0.6 0.7
0 ppm
0.3 1.7

o<

REMARKS

Subject #186
smokes

Subject #283
smokes
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TABLE XLI
o
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 1 vs. Trial 3
Max. Vol. 2.81 1.06
® Partial Vol. 1.61 2.78
Partial - Flow @ 25% 2.81 2.59
Max. - Flow @ 25% 2.80 , 2.20
® Partial - Flow @ 407 0.39 0.81
Max. - Flow @ 40% ’ 0.92 0.52
Peak Flow 2.96 3.24
®
®
[
®
®

T9<




TABLE XLII
@ :
ANALYSIS OF VARTANCE FOR THE 10 SECOND TIME ESTIMATIONS
DURING EXPOSURE TO METHYL CHLORIDE (7-1/2 HR/DAY)
®
® SOURCE DF SUM OF SQUARES MEAN SQUARE MSR(F)
I0IAL _ _ _ _ _ bz o __167.013 o ___
SESSIONS 11 17.090
| ' DAY
1 .
TREND | 3.996 3.996 2.308
CONC. 1 .001 .001 .0006
_ _OommER 9 12.967 1,441 .832
* PEOPLE 3 _ _ _ _ _ 92.791  _ __ _30.939 _ __17.865% _
RESIDUAL 33 57.132 1.731
o o
#Significant at p < .00l
@
@
o

80«




TABLE XLITI
ANALYSIS OF VARIANCE FOR THE 30 SECOND TIME ESTIMATIONS

DURING EXPOSURE TO METHYL CHLORIDE (7-1/2 HR/DAY)

SOURCE DF SUM OF SQUARES MEAN SQUARES MSR(F)
IOTAL _ _ _ _ _ 47 _ _961.873 _ o e
SESSIONS 11 75.022
DAY ’ ,
TREND 1 | 18.979 18.979 1.578
CONC. 1 16.939 16.939 1.408
_ _OTHER __ 9 _ _ _ _ _ 44.855 _ _ _ _ _ 4.984 LY4
PEOPLE - 3 _ _ _ __489.834 . 162.278_ _ _ _ 13.480% _
RESIDUAL 33 397.018 12.031

*Significant at p < .0Q01
TABLE XLIV
ANALYSIS OF VARIANCE FOR THE MARQUETTE TEST
ESTIMATE/STIMULUS--SOUND STIMULUS

DURING EXPOSURE TO METHYL CHLORIDE (7-1/2 HR/DAY)

SOURCE _ DF SUM OF SQUARES MEAN SQUARES - MSR(F)
TOTAL _ _ _ _ _ 47 o l.42y
SESSTONS 1 .059

DAY 1 .003 .003 .287

TREND

‘CONC. 1 . 0004 .0004 044
_OTHER_ _ % _ _ _ _ __ 056 _ _ _ _ _ _ . 006_ _ _ _ _ 642
PEOPLE _ _ _ _ 3 _ _ _ _ _ L.od2 347 _ _ _35.727% _
RESIDUAL 33 | .321 .010

8i<

*Significant at p < .001



TABLE XLV
ANALYSTIS OF VARIANCE FOR THE MARQUETTE TEST
ESTIMATE-STIMULUS |--SOUND STIMULUS

DURING EXPOSURE TO METHYL CHLORIDE (7-1/2 HR/DAY)

SOURCE ' DF SUM OF SQUARES MEAN SQUARES MSR(F)
ToIAL _ _ _ _ 87 . __ 6N} ___
SESSTIONS 11 .236

DAY '

TREND 1 .004 .004 131

CONC. 1 .001 ‘ 001 .048
_ OTHER 9 _ __ _ _-232 . 026 931
PEOPLE 3 _ _ _ _ _4.93 1.654 59.899
RESIDUAL 33 912 .028

TABLE XLVI

ANALYSIS OF VARIANCE FOR THE MARQUETTE TEST
REACTION TIME--SOUND STIMULUS

DURING EXPOSURE TO METHYL CHLORIDE (7-1/2 HR/DAX)I

SOURCE -DF SUM OF SQUARES MEAN SQUARES MSR (F)

TOTAL 4 S
SESSIONS 11 L4773
DAY 1 .196 .196 12.027*
TREND )
CONG. 1 .027 .027 1.653
OTHER 9 271 030 ‘} 848‘___
PEOPLE 3 012 .004 243
RESIDUAL 33 -337 .016

*Significant at p < .005 ’ §§23<:



TABLE XLVIZI
ANALYSIS OF VARIANCE FOR THE MARQUETTE TEST
ESTIMATE/STIMULUS--LIGHT STIMULUS

DURING EXPOSURE IO METHYL, CHLORIDE (7-1/2 HR/DAY)

SOURCE DF SUM OF SQUARES ~ MEAN SQUARES MSR(F)
TOTAL _ _ _ _ 87 20
SESSTONS 11 .078

DAY

1 :

TRED 0008 0008 136

CONC. 1 .033 .033 '5.609%
_ OTHER__ 9 e _ 0081 __ _ 00 _ _.792_
PEOPLE _ _ _ 3 _ _ _ _ - _ 231 07T _13.208_
RESIDUAL 33 .192 .006

*Significant at p < .025

TABLE XLVIII
ANALYSIS OF VARIANCE FOR THE MARQUETTE TEST
ESTIMATE-STIMULUS |--LIGHT STIMULUS

DURING EXPOSURE TQ METHYL CHLORLDE (7-1/2 HR/DAY)

SOURCE DF SUM OF SQUARES MEAN SQUARES  MSR(F)
TOTAL _ _ _ _ 47 . _1.995 _ _ _ _ e - -
SESSIONS 11 .149

bAY 1 .007 .007 433

TREND

CONC. | .040 ' .040 2.390
__@HER_____?_______;og; ______ 012 _ _ _ _ - 700_ _
PEOPLE  _ _ _ _ 3 _ _ _ _ _l.asi __ _ _ _ _ :A30 ___ 25.368 _
RESIDUAL 33 .556 .0L7




TABLE XLVIX
ANALYSIS OF VARIANCE FOR THE MARQUETTE TEST
REACTION TIME-~LIGHT STIMULUS

DURING EXPOSURE TO METHYL CHLORIDE (7-1/2 HR/DAY)

SOURCE DF SUM OF SQUARES - MEAN SQUARES MSR(F)
TOTAL _ _ _ _ _ 87 o _ 997 _ o o o e e e e
SESSIONS 11 .499

DAY

TREND 1 .186 .186 14,786%

CONC. 1 .029 .029 2.291
_ _OTHER _ 9 __ _ _ _ _.306 _ _ _ _ __ _ D34 _ 2 704 _
PEOPLE _ _ _ _ 3 _ _ _ _ _ _.083 __ _ _ _ _ .t 028 _ _ _ _ 2.201_ _
RESIDUAL - 33 - YA .013

*Significant at p < .00L

TABLE L .
ANALYSIS OF VARIANCE FOR THE ARITHMETIC TEST

DURING EXPOSURE TO METHYL CHLCRIDE (7-1/2 HR/DAY)

SOURCE DF SUM OF SQUARES  MEAN SQUARES MSR(F)
TOTAL 47 12868.000  _ _ _ _ _ _ _ _ _ _______
SESSIONS 11 603.000
DAY .
TREND 1 236.945 236.945 8.839
CONC. 1 -+ 10.178 10.178 .380
_ _OIHER _ _ 3 _ _ _ _365.989  _ _ _ _ 40.665_  _ 1 1.517_ _
PEOPLE _ _ _ 3 13380.333 3793.444 _ _ 141.504  _
RESTIDUAL 33 884.668 26.808

%Significant at p < .01 @4<



TABLE LI
ANALYSIS OF VARIANCE FOR THE COORDINATION TEST

DURING EXPOSURE TO METHYL CHLORIDE (7-1/2 HR/DAY)

SOURCE DF SUM OF SQUARES  MEAN SQUARES  MSR(F)
TOTAL _ _ _ _ _ 87 _ _ __4220.973 _ _ _ o o
SESSIONS 11 672.229

DAY

TRED 1 -65.769 65.769 854

CONC. 1 46.152 46.152 .599
_ OIHER _ 8 ___ _ 534214 5937 __ _ 79 _
PEOPLE _ _ _ _ 3 _ _ _ _1007.8%6 _ _ _ _ 335.965_ _ . _ ¢ 4.161
RESIDUAL 33 2540.848 76.995

TABLE LII

ANALYSIS OF VARIANCE FOR THE INSPECTION TEST

DURING EXPOSURE TO METHYL CHLORIDE (7-1/2 HR/DAY)

SOURCE . DF SUM OF SQUARES  MEAN SQUARES MSR(F)
TOTAL _ _ _ _ . 47 _ _ _12310.813 _ _ _ o —— —
SESSIONS 11 1429.062 |

DAY 1 701.571 701.571 14.098%

TREND )

CONC. 1 60.599 60.599 1.218
omen_ 9 _5%.233  _ __ _6L.BOL_ 1242
PEOPLE, 3 o239.562 __ _ _3079.854__ _ _61.890__
RESTDUAL 13 1642.187 49.763

*Significant at p £ .005

8o<



Condition "’

0.5 hr

3.5 hr

6.5 hr

0.5 hr

3.5 hr

6.5 hr

LATENCY (in m sec) BETWEEN DELIVERY OF ELECTRICAL STIMULUS
AND THE ONSET OF THE REFLEXLY ELICITED ELECTROMYOGRAM

0 ppm

%33,
sem 0.
x33.
sem 0.
x33.

sem 0.

x29.

. sem
x29.
senm
x29.

sem

2

7

3

33.9
0.7

34.3

34.1

0.7

TABLE LIII

MALES

100s ppm

33.8

0.6

33.8

0.6

33.4

FEMALES

29.4

29.6

29.5

100f m

33.4
0.6
33.4
0.5
33.2

0.6

150 ppm

32.7
1.0
33.2
1.1
33.2

1.0



DAY

OF COXNC.
WEEK WEEK PPM

TABLE LIV

METHYL CHLORIDE STUDY
SUBJECTIVE RESPONSES AND ODOR DETECTION

GROUP I - 7-1/2 HR

Xo. or%  suBJ.® ODOR S

SUBJECTS RESPONSE NOTED

GROUP II - 3 HR

¥o. oF*  susJ.” ODOR

SUBJECTS RESPONSE NOTED

NO. Or@

GROUP III - 1 HR

b
SUBJ.

c
0ODOR

SUBJECTS RESPONSE NOTED

MALE
1 4 0 4 2 0 4 2 4 2 0 1
5 0 3 1 0 3 2 2 2 0 0
1 100 & 0 0 3 2 0 2 0 0
) 2 100 3 0 0 4 2 2 2 1 0
3 100 4 1 0 3 1 2 2 0 4]
4 100 4 0 0 2 4] 2 2 0 0
5 100 3 0 0 0 2 0 0
1 20 4 1 0 1 R, L 3 0 0
3 2. 20 4 0 0 1 0 4] 3 0 0
3 20 4 1 1 1 a 0 3 0 0
4 20 3 0 0 1 0 0 3 1 0
4 4 0 3 0 0] L 0 1 G 0
5 0 4 0 0 1l 0 1 1 0 0
1 100f 4 0 0 - 1 0 1 3 v 0]
5 2 100f 4 2 1 0 2 o; C
3 100t 4 0 0 0 3 0 0]
4 100f 4 0 0 1 1 0 1 0 0
5 100t 4 0 0 1. 0 0 3 1 0
1 150 4 1 0 1 0 0 1 1 0
& 2 150 3 0. 0 1 0 0 1 0 0
3 0 4 o) 0 1 0 0 0 ‘
FEMALE
1 5 0 4 2 0 . 3 0 0 2 ¢ 0
1 100 4 1 0\ 3 0 0 2 0 0
2 100 4 Q 0 3 0 0 2 0 0
2 3 100 4 0 0 3 0 0 2 0 0
4 100 4 0 0 3 1 0 2 1 0
5 100 3 0 0 3 2 0 2 0 0
3 1 0 4 1 0 0 2 0 0
4 a ‘
‘ﬂ Number of subjects returning a subjective response form..
b

Number of
abdominal

Number of

~

subjects who noted what they perceived to be met?§%?cbloride cdor

subjects whe noted a response, including headache, nausea, dizziness,
pain, chest pain, ENT irritatiom, or other, regardless of severity.
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TABLE LVI

ALVEOLAR BREATH CONCENTRATIONS IMMEDIATELY
AFTER EXPOSURE TO METHYL CHLORIDE, 100 OR 20 PPM

TYPER HR. SEX PPM+SD  COMPARED TO TYPE A SUBJS.
SUBJECT  EXP, T PPM + SD >
%7/ 3 M 70.2+572 40,1 + 4.5
16.1%2.0 80T 1.2
2 3 64,3 + 8.2 38.3+7.9
o1 70.6 + 4.4 33,3+ 3.0
76 1 79.0 + 5.5 46,5 + 8.0
14,2517 8.9%1.7
TABLE LVII:

ALVEOLAR BREATH CONCENTRATIONS 1 HR AFTER
[XPOSURE TO METHYL CHLORIDE, 100 OR 20 PPM

TYPE B WA, SEX PPM+SD  COMPARED TO TYPE A SUBJS.
SUBJECT EX. PPN + SD
Z+11 1,8 + 0.4
SR & 1 05501
2% 3 F  59%0.39 CL7%07
1 N B2+16 2.2+ 0.4
1 B5E20 16+ 11
do b b 0:3%0.1
S8 6-1/2 M 58853 0.6 +0.1

(1962) -



METHYL CHLORIDE, PPM
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Supertor

yluteal
» "
Pudendat __ 7
Nerree to |
obltratos (nlerars @\

N
Post. fem. LY
crlanrous oY ¢
Periveat
branch

Beseending __Y!
cutaneous |

Ground

Cathode
Med, sural _

culanemuts

Tibial

W

Medial Ly
calcaneal [ i)

FIGURE 2

Electrode placement for recording
electrically elicited electromyograms

from gastrocnemius muscle. This muscle

is the most superficial muscle on the
posterior aspect of the calf; hence,

it has been removed in the above photo so

that the nervous pathways can be demonstrated.

mustle spindle

Ia

alpha
motoneurone
poo]

FIGURE 3
.Diagram depicting .components

of neural circuit involved in
the H response.
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FIGURE 12
CONTROL VER'S FOR EXPOSURE TO METHYL CHLORIDE

MALE SUBJECT #163, GROUP I
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FIGURE 13
CONTROL VER'S FOR EXPOSURE TO METHYL CHLORIDE

MALE SUBJECT #229, GROUP I
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FIGURE 14
CONTROL VER'S FOR EXPOSURE TO METHYIL. CHLORIDE

MALE SUBJECT #266, GROUP 1

200 MSEC
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FIGURE 15
CONTROL VER'S FOR EXPOSURE TO METHYL CHLORIDE

MALE SUBJECT #273, GROUP I
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FIGURE 16
CONTROL VER'S FOR EXPOSURE TC METHYL CHLORIDE

FEMALE SUBJECT #186, GROUP 1

200 MSEC
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FIGURE 17
-CONTROL VER'S FOR EXPOSURE TO METHYL CHLORIDE

FEMALE SUBJECT #278, GROUP I
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FIGURE 18

CONTROL VER'S FOR EXPOSURE TO METHYL CHLORIDE

FEMALE SUBJECT #279, GROUP I

0 100 200 MSEC

FIGURE 19

CONTROL VER'S FOR EXPOSURE TO METHYL CHLORIDE
FEMALE SUBJECT #280, GROUP I
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FIGURE 20
SUMMARY VER'S FOR EXPOSURE TO METHYL CHLORIDE

MALE SUBJECT #163, GROUP 1
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FIGURE 21
SUMMARY VER'S FOR EXPOSURE TO METHYL CHLORIDE

MALE SUBJECT #229, GROUP I
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FIGURE 22
SUMMARY VER'S FQR EXPOSURE TO METHYL CHLORIDE

MALE SUBJECT #266, GROUP I

0 PPM PRE-CONTROL
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100 PPM EXPOSURE
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FIGURE 23
SUMMARY VER'S FOR EXPOSURE TO METHYL CHLORIDE

MALE SUBJECT #273, GROUP I

0 PPM PRE-CONTROL
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100 PPM EXPOSURE
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FIGURE 24
SUMMARY VER'S FOR EXPOSURE TO METHYL CHLORIDL

FEMALE SUBJECT #186, GROUP I
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FIGURE 25
SUMMARY VER'S FOR EXPOSURE TO METHYL CHLORIDE

FEMALE SUBJECT #278, GROUP 1
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FICURLE 26
SUMMARY VER'S FOR EXPOSURE TO METHYL CHLORIDE

FEMALE SUBJECT #279, GROUP 1
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FIGURE 27
SUMMARY VER'S FOR EXPOSURE TO METHYL CHLORIDE

FEMALE SUBJECT #280, GROUP 1
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FIGURE 28

3 ]
VOLUME EXPIRED, BTES
FLOW-VOLUME CURVES CONSTRUCTED FROM THREE PARTIAL AND THREE
) ' MAXIMUM EXPIRATIONS : ﬂiﬁléﬁ
-

MALE SUBJECT 229, DURING O PPM EXPOSURE CONDITIONS




12 —| FIGURE 29
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VOLUME EXPIRED, RTPS
FLOW-VOLUME CURVES CONSTRUCTED FROM THREE PARTIAL AND THREE
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CUVIGURE 30
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FTGURE 31
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O9l-
TIDAL VOLUME (VOLUME OF AIR
L PER BREATH) AND RESPIRATORY
QUOTIENT (VG0,/Vo,) DURING
08 | REST AND EXERCISE
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FIGURE 32

ARTERIAL pH
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FIGURE 33
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IFIGURE 34
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CARTERIAL BLOOD PRESSURE

mm Hg | r
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FIGURE 46

THE EFFECT OF EXPOSURE (3 HR/DAY) TO METHYL CHLORIDE ON THE TIME ESTIMATIONS TEST
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FIGURE‘57

SELECTED EMG'S OF SUBJECT 163 DURING METHYL CHLORIDE STUDY

4-4-75, +41 m at 0 ppm

4-4-75, 43 hr 43 m at 0 ppm

4=4-75, +6 hr 31 m at O ppm

4=7-75, +1 hr 15 m at 100 ppm

4-7-75, +4p at 100 ppm

" 4-7-75, +6 hr 50 m at 100 ppm
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FIGURE 58

MEAN DAILY ALVEOLAR BREATH CONCENTRATIONS
- AFTER 7 1/2 HOURS OF EXPOSURE
(SEDENTARY) TO 100 PPM METHYL CHLORIDE
(4 Male Subjecis)
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FIGURE 59

MEAN DAILY ALVEOLAR BREATH CONCENTRATIONS

AFTER 7 1/2 HOURS OF EXPOSURE

(SEDENTARY) TOI00 PPM METHYL CHLORIDE

(4 Female Subjects)

60.]
50+ DAY
404 t e /
0] % s 3
& 4
204 a 5
=
= 0.
D_ q
g \
O \
9_) ‘
L \
c o
.= 0,
Q \A
k= :
O \
=
Q ',
; [.O.. i
.C pa ©.
©
E A,
o
\\+
\A
o
T i 1} L3 A ) i
O 15 30 60 120 180

Time postexposure, min.

143<



FIGURE 60

MEANS OF ALL ALVEOCLAR BREATH CONCENTRATION
AFTER 7 172 HOURS OF EXPOSURE
(SEDENTARY) ON CONSECUTIVE DAYS

TO METHYL CHLORIDE

80.
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FIGURE 61

MEANS OF ALVEOLAR BREATH CONCENTRATIONS
AFTER VARYING LENGTHS OF EXPOSURE
(SEDENTARY) FOR FIVE CONSECUTIVE DAYS

TO 100 PPM METHYL CHLORIDE
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; , . APPENDIX I
STATEMENT OF VOLUNTARY CONSENT

FOR RESEARCH INVESTIGATION OF

HUMAN EXPOSURE TO:

METHYL CHLORIDE

I, \ , hereby agree to participate as a
subject, in a program of research 1nvest1gat10n 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 ) .

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 CONUENTRATION

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

I further understand that reasonable precautions 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 direc tion and super-
vision of Dr. R, D, Stewart, other professional persons who work with him may
be designated to assist 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 subject in this research at any time I so0 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, in consideration of similar actions on the part
of other subjects involved in like voluntary efforts to improve our society

through research,

Witness , Signed

Investigator Subject
Date
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