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Scand j work environ health 7 (1981) 8-13

Methyl chloride and diazepam effects on
performance

by Vernon Putz-Anderson, PhD, James V Setzer, SSc, Jack S Croxton, PhD,
Frederick C Phipps, SSc 1

PUTZ-ANDERSON V, SETZER JV, CROXTON .JS, PHIPPS FC. Methyl chloride and
diazepam effects on permormance. Scand j work environ health 7 (1981) 8-13. Human
behavioral effects resulting from the ingestion of an average dose of diazepam and
from 3 h of inhaling either 100 ppm or 200 ppm of methyl chloride (MeCI) were
studied in the laboratory. Each of 56 volunteers was randomly assigned to one of six
groups comprising the combinations of diazepam and placebo and one of the two
leve:ls o,f MeCl plus contrOl. 'Eadh individual was 'tested in an en'V'ironmental worn
on thr·ee tasks involving components of eye-hand coordination, mental alertness, and
time discrimination. Both pretreatment and treatment data were obtained. Diazepam
produced a significant 10010 impairment in task performance, whereas the effect of 200
ppm of MeCI was marginally significant (average performance impairment of 4.5 010).
When the two agents were combined, total impairment was equal to the sum of the
individually induced losses. Large interindividual differences in breath and blood
levels were found for MeCl.

Key terms: alertness, behavioral tests, diazepam, toxicology.

Repko and his associates (9) found that,
when compared with slightly younger
controls, workers exposed to approximate­
ly 43 ppm of methyl chloride (MeCl) vapor
exhibited increased tremor and impaired
performance on 'cognitive time-sharing
tasks. By comparison, Stewart et al (10)
found no consistent behavioral effects on
four subjects during a controlled labora­
tory eXiposure to 100 ppm of MeCl for
7.5 h.

Methyl chloride (CHaCl) is a widely
used and a relatively nontoxic chlorinated
hydrocarbon at low exposure levels (4).
Over 293,000 metric tons of this industrial
solvent are used annually in the rubber,
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plastics, petroleum, and stainless steel in­
dustries (13). The current US standard of
the Occupational Safety and Health Ad­
ministration (OSHA) specifies that levels
of MeCl are not to exceed a time-weighted
average (TWA) of 100 ppm during an 8-h
day, or a ceiling concentration of 200 ppm
(14).

The nervous system appears to be the
prime target for MeCl toxicity (4). Accord­
ing to Eckardt (1) the effects of excess
exposure to MeCl on humans are similar
to that of alcoholic intoxication. The symp­
toms include ataxic gait, nervousness and
emoti·onal instability, lack of limb coordi­
nation, headache, and drowsiness. These
effects may be aggravated in workers who
are being treated simultaneously with a
central nervous system depressant such as
diazepam (Valium®).

The following study was designed to
assess the potential behavioral effects, on
humans, of an acute exposure at permis­
si:ble levels to the solvent vapor of MeCl



by itself and in combination with an aver­
age dose of diazepam. Because of the
known depressant or narcotic action of
both chemicals, it was hypothesized that
the inhalation of MeCI, alone or in com­
bination with the consumption of diaze­
pam, would impair performance on tasks
that require alertness. Moreover, the com­
bined effect would at least be equal to the
sum of the independent effects, ie, the ef­
fect would be additive.

Subjects and methods

Subjects and experimental design

Fifty-six participants, of whom 17 were
females, were recruited from neighboring
universities over a three-month period
and given physical examinations. The par­
ticipants, whose ages ranged from 18 to
32 a (mean 22 a), were assigned to one of
six groups comprising a 3 X 2 factorial
design. The first factor (MeCl) consisted
of the following three levels or concentra­
tions 0, 100, 200 ppm, whereas the second
factor consisted of a placebo capsule
(0 mg) and a 10-mg diazepam capsule. Four
groups had 12 participants, and two
groups, those exposed to the 100-ppm con­
centration, had eight participants, four
who also received a placebo capsule and
four who received the diazepam dose.

Procedures

Each participant was tested repeatedly
for alertness during 5 h of testing. Three
different behavioral tests were used to
obtain a total of 20 measures for each
individual. Ten measures were accumu­
lated during the 2-h pretreatment pe­
riod, and a second set of 10 measures was
obtained during the 3-h treatment period.
In addition alveolar breath samples were
collected -every hour. Venous blood sam­
ples were obtained prior to exposure and
approximately 90 min after exposure
commenced. Procedures dealing with the
analyses of the breath and blood samples
followed the methods developed by Ste­
wart et al (10, 11) and Hake et al (3). So
that simultaneous peak body burdens
would be attained for MeCI and diazepam
during the behavioral test phase of the
treatment schedule, the diazepam capsule

was administered to each participant 30
min prior to the beginning of the MeCI
exposure.

Data analyses were performed with
multivariate techniques. A 5 Ofo signifi­
cance ,criterion was chosen; the average
test power was 0.70. The behavioral data
from the eight participants exposed to 100
ppm of MeCI were not included in the
statistical analyses because of the smaill
number ,of participants, the expected low
effect level, and the desire to maintain sta­
tistical power. Hence the statistical design
for the analyses of the behavioral data
reverted to a 2 X 2 factorial. However,
exposure-induced body-burden data from
the 100-ppm treatment have been pro­
vided. For descriptive purposes, a percent­
age change (0f0C) statistic was computed
for each variable in the following man­
ner: the raw score (amount impairment),
obtained during the pretreatment period,
was subtracted from -the score obtained
during the treatment period and the re­
sult was divided by the score obtained
during the pretreatment period.

All procedures were in accordance with
the guidelines of the Human Subject Re­
view Board of the National Institute for
Occupational Safety and Health (NIOSH).
The study was conducted as a single
blind one. Each volunteer was requested
to abstain from the use of caffeine, alco­
hol, or any medication for 24 h prior to
the -experiment. Only professed nonusers
of diazepam were allowed to participate.

Participant pairs were tested in a con­
trolled-environment -room with an inside
dimension of approximately 2 m3. Each
participant sat in a chair at a desk in
front of a remote computer-controlled
cathode ray tube (CRT). Pure MeCI was
administered from a pressurized cyclinder
through an inlet port of the environmental
room and recirculated in a semiopen sys­
tem. Since MeCl is odorless at low levels,
no masking of the exposure concentration
was necessary. Room concentrations were
measured by an infrared spectrophotmeter
and a gas chromatograph with an integra­
tor. [For the method used, see Hake et al
(3) and Stewart et al (10)].

Performance tests

The tests consisted of three tasks, visual
vigilance, dual task, and time discrimina-
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tion, which were presented and controlled
by a PDP-12 computer. All three tasks
were designed to assess different aspects
of human attention or alertness, and they
were adaptive in that signal conspicuity
was performance-adjusted to maintain a
stable criterion. Stability was achieved by
the automatic increasing or decreasing of
the level of the task load (input) to cor­
respond to the operator's performance
(12). Hence, 80 to 90 0J0 of the measured var­
iance on a given trial was a response to
the optimum level of the task load intro­
duced during a given experimental con­
dition. The label "threshold performance
level" (TPL) was given to the quantitative
measure of that .point on the continuum
of task loads at which performance levels
approached 70 0J0 accuracy. The remaining
10 to 20 % of the measured variance was
assessed by two additional indices: re­
sponse time (RT) and number of response
blocks. [A response block (RB) is a longer
than usual RT, ie, an RT which exceeds
the mean plus two SDs of the baseline
data.] The participants were trained for
approximately 7'0 min until their perform­
ance levels stabilized. Both pretreatment
and treatment scores were obtained from
the counterbalanced administration of the
three tests.

Visual-vigilance task. The visual-vigilance
task resembled an automated version of
Mackworth's Clock Test (5) with a CRT
display (8, 12). Once every second a light
dot (0.2 cm in diameter) "jumped" a stan­
dard distance of 5 cm away from the cen­
ter of the display (velocity = 40 cm/s),
paused for 0.35 s, and then returned to
the center for 0.35 s. At random times
(range 10-170 s, mean 90 s) the length of
the "jump" was increased or decreased by
X times delta. Delta was set at 1.5 times
the individual's threshold on the task, as
established during training, or at about
6.5 mm. The value of X was set between
1 and 8 by a titration ,process. As with the
Clock Test, the signal was a jump longer
in length than the standard, and it re­
quired a button-push response. However,
in the present adaptive version, the dis­
tance that the signal jumped was depen­
dent on the success or failure associated
with the occurrence of the two previous
signals. For example, after two successive
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correct detections X was increased by 1
unit and multiplied by delta; at the next
occurrence of a signal the distance of the
jump was decreased by the preceding val­
ue to approach the standard jump length,
ie, i·t became more difficult. An increase
in the distance of the signal jump - be­
yond the 5-cm standard - occurred fol­
lowing two ,errors in detection. The TPL
scores represented the average distance
the signal jumped throughout the test
period with a 70 0J0 performance accuracy.

Dual task. Tone detection and eye-hand
compensatory tracking comprised the two
test components of the dual task (8). A low
intensity tone (65 dB, 750 Hz) was pre­
sented briefly (250 ms) through a light­
weight headphone set. A silent interval of
750 ms followed the tone. The sequence
was repeated every second for the dura­
tion of the 25-min test ,period. At random
times a tone slightly higher in pitch was
presented (AF = 4 Hz). On the average it
occurred once every 25 s (32 times/test)
and served as ,the signal. The conspicuity
of 'the signal in the self-adaptive test was
varied through the adjustment of the fre­
quency of the signal tone in increments
of 4 Hz above the reference tone of 750
Hz. The computer used the same algorithm
as was used in the previous test for deter­
mining the magnitude of the signal. The
required response to a signal was a but­
ton push. Average TPL, RT, and RB scores
were obtained for each participant.

The second com,ponent of the dual task,
performed in conjunction with the tone
task, consisted of ·compensatory tracking.
The participant viewed two arrows in the
middle of a CRT; one pointed down (tar­
get) and was stationary, and the other
pointed up (cursor). The latter oscillated
horizontally in response to a semirandom,
sirrusodial forcing function of 5 c/min. By
applying light horizontal pressure to a
control lever (Measurement Systems, mod­
el 435), mounted in front of the CRT, the
participant attempted to align the cursor
with the stationary arrow. The tracking
activHy (TA) scores represented the aver­
age amount of error or deviation between
the target and cursor.

Time discrimination task. In the time-dis­
crimination task a sequence of 1-s tone
bursts (68 dB, 850 Hz) interspersed with a



2-s off-time was presented to each partic­
ipant through a headphone set. The task
was to push a button in response to a sig­
nal, which was a tone burst longer in
duration than the standard 1-s burst. The
signal occurred on the average of once
every 48 s throughout the 25-min test; it
was presented randomly. Adaptive tech­
niques based on the same algorithm as in
the first test were employed to determine
the conspicuity of the signal. The time dif­
ferences were based on increments of
100 ms. The TPL score represented the
smallest time difference detected between
the signal and the standard (l-s) tone with
70 Ufo accuracy. In addition to the TPL
score, both RT and number of RBs were
also measured.

Results

Exposure/biochemica~ data

The desired exposure level of either 200
ppm or 1'00 ppm was reached for the re­
spective groups within the first 30 min af­
ter exposure began and was maintained
(SD 4.5 ppm) throughout the 3-h exposure
period. The participants were no more
successful than chance in guessing which
MeCI concentration they had been exposed
to. However, because of the noticeable
relaxing effect of diazepam, 65 Ufo of the
participants correctly identified the treat­
ment.

Breath levels of the participants reached
equilibrium within the first hour of ex­
posure. For the 24 individuals €xposed to
200 ppm of MeCl, the average breath level
was 63 ppm (SD 23.6 ppm); the breath
levels for the eight individuals exposed

to 100 ppm MeCI averaged 36 ppm (SD
12 .ppm), or 30 to 40 Ofo of the exposure
level. The standard deviations amounted
to 37 and 33 Ofo of the respective mean
values. A closer inspection indicated that
3 of the 24 participants exposed to 200
ppm of MeCI had breath levels in excess
of 100 ppm or 50 Ufo of the exposure level,
whereas the majority of participants had
lower levels. As expected, the blood and
breath levels were highly correlated
(r = 0.85, N = 29, P < 0.01). For the 200­
ppm exposed group, the average blood
concentration was 11.5 ppm (SD 12.3 ppm),
whereas an average blood concentration of
7.7 ppm (SD 6.3 ppm) was registered for
those individuals exposed to 100 ppm of
MeCl. For the 28 participants who received
10 mg -of diazepam, the blood concentra­
tion averaged 290 ng/ml (SD 87 ng/ml), a
level at the high end of the normal thera­
peutic range.

Performance changes during exposure.
The results of th€ multivariate analysis of
vari'ance (MANOVA) indicated that the
diazepam treatment was significant at the
10f0 lev€l [F (10, 35) = 6.1, Wrlk's 'Ip =

0.36]; th€ MeCI treatment approached sig­
nificance at the 5 Ofo 'level ~p < 0.053, F (10,
35) = 2.09, Wilk's "I' =0.62]. No significant
interaction was found between the MeCI
exposure and diazepam treatment [F (10,
35) = '0.45, Wilk's V' = 0.88]. In the foHow­
up unvariate analyses, only the TPL vigi­
lance test score and RB measure of time
discrimination were sensitive ind~cators of
MeCl impairment. In contrast, the diaze­
pam treatment, which proved to be domi­
nant, had a significant effect on all test
indices, except the RB measure of time
discrimination.

Table 1. Degree of impairment on behavioral tests expressed as the percentage of change
(%C) between pretreatment and the subsequent test period during the methyl chloride (MeCI)
and diazepam study. (TPL = threshold performance level, RT = reaction time, RB = response block,
TA = tracking activity, - = impairment, + = improvement)

Test

Condition

MeCI Diazepam
(ppm) (mg)

Visual vigilance

TPL RT RB TPL

Dual task

RT RB TA

Time-discrimi­
nation

TPL RT RB

Mean
(%C)

0 0 -1.3 -7.2 -4.7 -0.1' -5.5 -7.6 -14.4 +1.1 +6.5 +5.9 -2.73
0 10 -3.6 -18.8 -8.2 -9.8 -17.0 -12.6 -36.5 -9.3 -14.6 +1.8 -12.8

200 0 -4.7 -10.3 -6.4 -3.1 -7.1 -6.5 -11.5 -5.0 -3.8 -8.3 -6.7
200 10 -12.1 -20.4 -9.6 -10.0 -23.6 -20.7 -32.1 -8.4 -15.3 -9.5 -16.2
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The degree of impairment for each of
the dependent measures is shown in ta­
ble 1. The control group (row 1) showed an
average decline of 2.73 % in performance
between the precontrol and control test
periods. The diazepam treatment (row 2)
showed an average impairment of 12.8 0/ 0

from the pretreatment to the treatment
period. When the aforementioned control
effect was removed (fatigue, etc), the net
decline was 10.1 %. The average impair­
ment found with the MeCI treatment
(row 3) was 6.7 %, or a net decline of 4 %.
The combined treatment of MeCI and dia­
zepam (row 4) produced an average im­
pairment of 16.2 %, or a net decline of
13.5 %.

Discussion

The main finding indica,tes that exposure
to 200 ppm of MeCI for 3 h had little or
no effect on the three tests of alertness.
However, an average dose of diazepam
resulted in an overall performance im­
pairment of 10 %. When MeCI was com­
bined with diazepam, the degree of im­
pairment was essentially equivalent to the
sum of the 'effects that occurred individu­
ally with each agent; hence, no potentia­
han was found.

The present results are in close agree­
ment with the findings from Stewart's
laboratory (3, 10). They examined the be­
havioral and neurological effects of re­
peatedexposures to a maximum of 150
ppm of MeCl. With one exception, they
found no deleterious behaviora'l or neuro­
}ogical effects from MeCI exposure. In
their study, a small impairment was ob­
served on a time-discrimination test in­
volving a light stimulus. In the present
investigation, a small impairment was also
found on a time-discrimination task (RB
measure) involving an auditory stimulus.

As was the case in the present study,
Stewart et al (10) and Hake et al (3) noted
an unusually high level of variance asso­
ciated with the mean body-burden mea­
sures of the groups exposed to MeCl. They
found that 4 'of the approximately 20 sub­
,jects had much higher alveolar breath
and blood concentrations of MeCI than
their peers after identical exposures. As
in the present study, no direct explana­
·tion for the effect was apparent.
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In a study of chemical workers exposed
to MeCI in a manufacturing plant, Repko
et al (~) found behavioral impairments as­
sociated with chronic MeCI exposure that
averaged 34 ppm. The impairments were
not correlated with MeCI breath levels.
When compared with younger controls,
the chemical workers exhibited increased
tremor and impaired performance on a
time-sharing task. The task comprised
three separate wat<:hkeeping activities, as
:well as performance on an intermittent
one- or two-digit arithmetic test. By com­
parison, the time-sharing task in the pres­
ent study consisted of a dual arrangement
·with a continuous tracking task and tone
monitoring activity. The latter task was
also moderately effective in differentiat­
ing between the control and MeCI-exposed
individuals. Although the overall effects
due to MeCI exposure were small in both
studies, the data support the notion ad­
vanced by Putz (7) that multiple tasks
with high-demand characteristics are sen­
sitive indicators of toxic stress.

The significant 'effect 'of diazepam on
the behavioral tests of alertness was not
unexpected. Numerous investigators have
found similar results in laboratory situa­
tions (2, 6). However, as with most drugs
that influence behavior, the effects of the
drug are difficult to separate from the
mood or personality of the recipient. An
even more critical influence is the situa­
tional context of drug administration, ie,
whether the individual requires the drug.
It is our experience that most research
volunteers are normal, confident and re­
latively low in anxiety and hence do not
need the drug to relax any further. In a
relatively nonstressful experiment in­
volving long and repetitious tasks that re­
quire alertness, the effects of such a drug
are likely to impair normal performance,
as was observed in the present study.
However, when the drug is given for ther­
apeutic reasons, the effects on perform­
ance may be quite different.

The findings of the present study also
correspond to the results obtained by Ste­
wart et al (11) in a laboratory investiga­
tion of perchloroethylene, diazepam and
ethanol. Both diazepam and ethanol pro­
duced significant impairments on a bat­
tery of behavioral tests, which included
eye-hand coordination, rotary pursuit,and
a dual task. As a result of exposure to 100



ppm of perchlol'oethyl-ene for 5.5 h, a
small impairment in performance was de­
tected on a coordination test. However, as
was the case in the .present study with
MeCI, the real effect, if any, was small.
Again, no interaction was found between
the solvent and either of the two drugs.
Nevertheless, :both Stewart's result and
the findings of the present study serve to
emphasize the potential hazard stemming
from the combined effects of central ner­
vous system depressants on workers en­
gaged in activities requiring alertness and
coordination.

Conclusion

Under the conditions studied, 3-h expo­
sure to MeCI at 200 ppm, a level equi­
valent to bhe current US standard of
a TWA of 100 ppm, resulted in Iittle or
no behavioral impairment. By comparison,
diazepam produced a significant loss of
10 010 on the attention tasks. The combined
diazepam/solvent treatment failed to sup­
port an interacting or potentiating effect.
The total assessed impairment in perform­
ance was essentially equal to the sum of
the losses observed for the individual
agents, ie, the effect was additive. Finally,
there were large interindividual differ­
ences in the MeCI concentration of both
alveolar air and venous blood at the same
exposure level. Additional studies link­
ing exposure concentration, uptake, and
the associated biological reactions are nec­
essary.
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