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Heat Stress Limits for the Sedentary Worker

J.D.RAMSEY, D. DAYAL and B. GHAHRAMANI

Texas Tech University, Department of Industrial Engineering,
P.O. Box 4130, Lubbock, Texas 79409

Performance on four sedentary tasks was monitored during temperatures of 85°F,
95°F, and 105°F WBGT for work periods up to 2 hours. Results were compared
with limits recommended for occupational safety and health regulations. It is suggested
that this limit is not a single line, but rather a range of temperature—time combinations.
Further, man’s compensating nature during short exposures supports a higher tem-

perature limit for brief work bouts.

Introduction

HERE HAS BEEN and there continues
to be an interest in predicting impairment
in perceptual motor performance as a func-
tion of hot environments. By definition, the
sedentary worker or operator is seated and
is performing psychomotor or mental work
tasks which involve minimal metabolic re-
quirements. The recent criteria dccument
developed by the National Institute for Oc-
cupational Safety and Health (NIOSH) con-
tains a recommended standard for man per-
forming sedentary tasks in hot environments,
and specifically states:! “For sedentary jobs
where continuous unimpaired mental per-
formance is required, no employee shall be
exposed to condtions which exceed the limits
set forth in Figure 1.” Figure 1 is an adapta-
tion ‘of results obtained by Wing? and is a
summary of fifteen different studies concern-
ing sedentary (mental performance) tasks in
the heat. According to the NIOSH docu-
ment: “It is quite apparent from these studies
that thermal stress is an important factor
where the worker has to make critical de-
cisions, make fine discriminations, or have
to perform fast or skillful actions, because
safety will depend on constant alertness.”
Current literature has been reviewed and
summarized according to those studies in the
temperature that relate to specific sedentary
tasks. Results of these investigations have
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been plotted in Figure 2 to depict the com-
bination of working time, temperature, and
results of tasks performance.>% This is the
same type of analysis as Wing’s,? but it in-
cludes a larger group of studies. Wet-bulb
globe temperatures (WBGT) were stimated,
if not given, for each of the cited studies.
Each vertical line in Figure 2 represents an
individual study performed for some given
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Figure 1. Upper limits of exposure for unim-
paired mental performance (from “Criteria for a
tecommended Standard . . . Occupational Expo-
sure to Hot Environments,” NIOSH, 1972).1
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duration of time in the heat. The circle at
each intersection of temperature and time
indicates whether significant (¢ < 0.05),
partial, or no performance decrement was
observed at this condition. Superimposed

April, 1975

across the top of this figure are lines repre-
senting the NIOSH proposed limits.

In reviewing Figure 2, we see that there
are numerous studies that do not support
the proposed limit. Some studies do not
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Figure 2. Sedentary work performance for specific mental tasks.3-23
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show performance decrement at the time—
temperature conditions above the limit, while
others do show performance decrement oc-
curring below the limit. On the other hand,
there are numerous studies that do support
the hypothesis of performance decrement
above the limit. Thus, the evidence is some-
what contradictory as to impaired perform-
ance at a specified level of temperaturc and
time duration.

Figure 2 also identifies the studies accord-
ing to the type of tasks. Studies using mental,
tracking, and vigilance tasks indicate results
where impairment was observed on each side
of the proposed limits. The telegraphy tasks,
however, support the NIOSH proposed limits
in that both Mackworth!® and Pepler!® depict
decrement above the limit and no decrement
below the limit. In general, this evaluation
does not clarify task differences which would
contribute to the wide range of performance
results observed above and below the tem-
perature-time combination of the NIOSH
limit,

In an attempt to explain performance dif-
ferences based on acclimatization of the sub-
jects, Figure 2 has been further modified to
show whether acclimatized or unacclimatized
subjects were used in the reported studies.
The studies using acclimatized subjects sup-
port the NIOSH limit in all cases except in
those by Pepler.>!* The unacclimatized sub-
jects, however, show no such pattern. This
indicates that perhaps the unacclimatized
subjects performed with higher degree of
variability than is found with the acclimatized
subjects, The proposed NIOSH limit for
sedentary workers does not specify a degree
of acclimatization in conjunction with its
proposed limit for sedentary work.

Rationale

The composite of research concerning
man’s performance on sedentary work in
the heat is contradictory. It is felt that this
is in part due to the wide variety of experi-
mental conditions. The WBGT has seldom
been used as an index to control temperature
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levels, since its wide popularity as an index
has come only recently (as a result, no doubt,
of NIOSH recommendation of WBGT). The
study reported herein controls and stand-
ardizes the temperature, time, tasks, and
experimental conditions so that the proce-
dure should be more semsitive to genuine
performance differences resulting from ther-
mal stresses. This study presents initial re-
sults from an effort which will be continued
with a larger and more diverse population
of subjects.

Independent Variables

Temperature

Three levels of temperature were selected
for this study: 85°F, 95°F, and 105°F
WBGT. These WBGT values were based on
a 45% = 2% relative humidity and a wind
velocity of approximately 80 feet per min-
ute. This represents dry bulb/wet bulb val-
ues of 99°/79°F, 110°/89°F and 120°/
99°FF. These temperatures provide data
points on both sides of the limit values pre-
scribed in Figure 1.

Duration

Another major independent variable was
duration of time on task. The performance
measures were obtained for each discrete
work period in the heat by a work procedure
in which the subjects rotated through four
work tasks on a schedule of 2% minutes of
work and 1 minute of rest. When each sub-
ject completed the four tasks, he was given
a 2-minute break and then began the cycle
again at his original starting task. Since
each work cycle consumed 15 minutes, the
subjects performed each task eight times dur-
ing a 2-hour work session. This provided
an independent work score for each task dur-
ing each 15 minutes of work. Since the work
duration in the heat is an important param-
eter in evaluating impaired performance, this
experimental procedure allowed assessment
of sedentary performance on a variety of
tasks, with a variety of temperature condi-
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tions, and over an extended duration of
time.

The total duration of the experimental
sessions differed for the various tempera-
tures. An exposure of 120 minutes was used
for 85°F, 90 minutes for 95°F, and 45 min-
utes for 105°F WBGT.

Tasks

Four different tasks were selected to rep-
resent an array of commonly encountered
occupational skills. The first task was a
mental task in which the subjects were re-
quired to multiply sets of three by four digits.
The subjects were scored on both speed and
accuracy by means of counting all correct
digits in each line of multiplication and in
each column of addition. An eye-hand co-
ordination task was also used in which sub-
jects were required to pick up a small
straight pin with a standard pair of tweezers.
The pin was then placed in the center of a
small circular target. This task was scored
in terms of speed (number attempted) and
errors (number missed). The third task
was one of simple reaction time to a light
stimuli. The subjects were given an electric
contact button with which to signal the onset
of a light. The fourth task was a pursuit
rotor tracking task in which the subjects
were required to hold a stylus against a
moving metal target located at the. edge of
a 10-inch-diameter rotating wheel. Perform-
ance was measured as total time on target.

Subjects

Ten male college-age students were select-
ed as subjects for this task. The experimental
design required that each subject spend time
in the chamber for each of the three tem-
perature levels. An initial training session
without thermal load was utilized to minimize
task learning effects. The subjects were un-
acclimatized, and their sequence of exposure
in the environmental chamber was counter-
balanced to minimize these effects.

Dependent Variables
Measures of performance, normally in
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terms of speed and accuracy, were obtained
for each of the four tasks. Additionally, each
subject’s oral temperature was sampled
every 15 minutes during his work bout in
the environmental chamber. Oral tempera-
ture, a correlate to deep body temperature,
was taken as a safety precaution and as a
means of estimating heat loading on the sub-
jects during the different thermal environ-
ments,

Results

The physiological response of subjects un-
der various thermal environmental conditions
was measured in terms of oral temperature.
This temperature was sampled during each
15 minutes in the chamber. Figure 3 depicts
a significantly higher oral temperature (a <
0.05) associated with 105°F, but also shows
no significant difference between the 95°F
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Figure 3. Oral temperature versus time and
WBGT.

and 85°F thermal levels. The 105°F tem-
perature generates a physiological reaction
to the heat stress in that it represents a con-
dition well above the prescriptive zone as
described by Lind.?*

Since the combination of short duration
and 85°F is considerably below the NIOSH
limit for performance decrement, these con-
ditions served as bases for testing relative
decrement at higher temperatures and longer
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durations. Randomized block factorial anal-
ysis of variance and z-tests were used as the
primary statistical methods for analysis.
Figure 4 depicts performance on the reac-
tion time task. Reaction time in the 105°F

temperature is significantly longer (o <

0.05) at the 45-minute than at the 15-minute
period. No other statistically significant dif-
ferences exist, but Figure 4 shows a slight
trend for the 105°F reaction time to be
higher than that at 95°F and 85°F.

Rcaction Time (seconds)

.43 —O-0-0— 105°FWRGT
2 —0—~0—0—  9S°FNRGT
) DD 85 PRRGT

.40 + + + —t—

30 60 a0 120
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Figure 4. Reaction time versus time and WBGT.

The number of pins successfully inserted
during the pin insertion task did not differ

significantly under variable temperature—

time conditions. This task indicated a con-
tinuing improvement in motor skill during
each work session. Although subjects were
given pre-experimental training sessions to
minimize this effect, it apparently was not
adequate to gain a stable level of motor
skill performance. A second and related task
measure was the number of pins missed or
omitted. This measure did not display the
same learning effect, and it indicated at 60
minutes a slightly significant (¢ < 0.10)
difference between the 85°F and 95°F ther-
mal conditions (see Figure 5).

Figure 6 depicts the number of problems
attempted on the multiplication task. Two
combinations of temperature and time ap-
pear to be slightly significant (« < 0.10).
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Figure 5. Pins missed versus time and WBGT.
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Figure 6. Multiplication attempts versus time
and WBGT.

These are the differences between 85°F and
95°F at both the 15-minute and the 45-
minute interval. No other temperature con-
ditions are statistically different for this mul-
tiplication task or for the pursuit rotor task
scores. :

Conclusions

Figure 7 summarizes the conditions of
temperature and time investigated in this
study. The charting scheme of Figure 1 is
again used to present this array of informa-
tion. The performance scores on each task
at 85°F and a brief thermal exposure were
used as criteria of normal performance.
These were selected, since neither the
NIOSH criterion nor the evidence from pre-
vious studies indicates that performance of
mental tasks would be affected to any de-
gree by this level of temperature and time.
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Figure 7. Summary of results: performance de-
crement versus time and temperature.

A single circle on Figure 7 actually repre-
sents four individual tasks performed at this
temperature and -time combination (muti-
plication, pin insertion, reaction time, and
pursuit rotor). Further, the multiplication
and pin tasks had performance scores for
both speed and accuracy. Thus there were
six opportuinties for performance decrement
to occur at each temperature—time combina-
tion. At 105°F only the reaction time task
showed a significant decrement during the
first 45 minutes. At the 95°F level, there
were three task—time combinations that in-
dicated a partial or slight decrement signifi-
cant at the 0.10 level. The multiplication
attempted—that is, speed of multiplication
—at 15 and 45 minutes showed slightly
lower scores than were obtained for 85°F.
The number of pins missed (accuracy) in the
pin insertion task showed a slight decrement
at the 1-hour duration task at 95°F com-
pared to that at the 85°F base line. The
performance of task at the 85°F level did
not show a decrease in performance level
over the 2-hour period during which per-
formance was measured.
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These results do not close the issue of
whether a cause/effect relationship can be
established between time and performance
on sedentary tasks as a function of the
thermal environment. They do not, however,
lend strong support to the NIOSH criteria
for thermal limits that will avoid degraded
performance. The finding that none of the
tasks were significantly affected during the
first 30 minutes at the 105°F temperature is
no doubt a substantiation of the fact that
man has great reserve capability to perform
under adverse conditions for brief bouts.
After performing in the chamber at 105°F,
the subjects were physically exhausted and
noticeably affected. Since this strain was
not reflected strongly in their task perform-
ance, it appears that, with effort on the
individual’s part and perhaps driven by the
heat, a person can keep his mental faculties
and simple motor skill faculties at a high
level of performance during short work
bouts. This unimpaired performance was
observed with subjects who received no spe-
cial motivation, The student subjects were
volunteers with no reward or feedback re-
lated to performance scores.

Intuitively, one would expect a relation-
ship, similar to that depicted by NTOSH! and
Wing,? to exist between time in the heat and
level of heat. It is likely, however, that this
is not a single line, but rather a range of
temperatures associated with each time, or,
inversely, a range of times associated with
each temperature, within which the likeli-
hood of performance impairment is in-
creased. Additionally, the compensating
and adaptive nature of man would support
a higher temperature limit for brief work
bouts.
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