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ABSTRACT

The effects of heat stress on an individual's static work capabilities were investi-
gated. Various indicators of strength and endurance were measured under differing heat
stress levels. One measure which exhibited a significant change at higher heat stress
levels was a combined strength-endurance measurement involving a series of maximal volun-
tary contractions throughout a one hour exposure. At 35° C WBGT the decrease in MVC from
the beginning of the exposure to the end was 437 compared to only 6% at 18° C WBGT. Core
temperature was also monitored throughout each exposure.

INTRODUCTION

In analyzing any physical work task, it is
often convenient to partition the task into
static and dynamic components even though the
components may not be clearly distinguishable.
This can help in evaluating the match between
the task requirements and the individual's capa-
bilities. The static components are those which
involve little or no movement of the muscles or
joints and the dynamic components are those
involving alternate contraction and relaxation
of the muscles.

The physiological changes associated with
the two types of work differ. With static work,
constriction of the blood vessels causes a re-
duced blood flow to the working muscles result-
ing in an increased blood pressure and a slight-
ly increased heart rate. With dynamic work, the
pumping action of the muscles assists the flow
of blood resulting in only a small change in
blood pressure. There is, however, a greatly
increased heart rate to satisfy the greater
demands for fuel and oxygen.

Depending on the type of work, different
measures of an individual's work capability can
be used. For dynamic work, the efficiency of
oxygen transport and utilization can be measured
by maximal aerobic power. For static work, max—
imum voluntary contraction can be used as a
measure of muscular strength and continuous hold
endurance as a measure of muscular endurance.

In evaluating an individual's work capabil-
ities, it is essential to know how they depend
on the work environment. One aspect of the work
environment is the level of heat stress. A
large amount of data has been collected on the
effects of heat stress on the performance of
dynamic work but very little on the effects on
static work. The recommended standards set
forth in the NIOSH Criteria Document (NIOSH,
1976) are for tasks with a moderately high
metabolic load. The objective of the standard
is to maintain the core temperature within the
Upper Limit of the Prescriptive Zone.

LITERATURE REVIEW

Research on static work tasks performed in
hot enviromments has been limited and very gen-
eral in nature. A study by Robbins (1942) indi-
cated that grip strength decreased after a hot
shower. Wright (1959), in investigating the
relationship of grip strength to time of day,
found that grip strength followed the same diur-
nal variation as core temperature. However,
Tornvall (1963) found no relationship between
strength and time of day when examining the
elbow flexors and knee extensors.

More controlled experiments have been per-
formed by placing the limb in a hot water bath
and examining changes in strength and endurance
as a function of bath temperature and muscle
temperature. Nukada (1955) investigated grip
strength and endurance for water bath tempera-
tures ranging from 20° C to 40° C and found that
endurance was higher at the lower water tempera-
tures and decreased steadily as water tempera-
ture increased. Grose (1958) used a water bath
at 489 C for eight minutes and found an insigni-
ficant strength decrease but a 34% decrease in
endurance.

A. R. Lind and associates (1957, 1958, 1959)
investigated several combinations of water bath
temperature and rest interval between tests
using continuous hold endurance at 1/3 MVC. The
results showed little changes in strength but up
to an 80% change in endurance from the lower to
the higher bath temperatures. The effect was
attributed to a shift in the blood flow from the
muscles to the limb surface to aid in cooling.

EXPERIMENT

Objective

The objective of the current research was
to evaluate changes in strength and endurance
resulting from an overall hot environment rather
than a water bath. The approach was to expose
the subject to fixed heat stress levels and
while monitoring core temperature and other
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parameters make measurements of strength and
endurance. For preliminary work, grip strength
measurement was selected as it appeared to be
the most promising and allowed for comparisons
with previous findings.

Variables

For the preliminary study, a combined meas-
ure of strength and endurance was used. It con-
sisted of a series of five-second maximal volun-
tary contractions taken every thirty seconds
while in the heat stress environment. This com-
bined strength-endurance measure was selected to
provide preliminary evaluation of the cumulative
effects of repeated strength measurement under
different heat stress levels. It provided an
indication of the degree of fatigue involved and
the adequacy of recovery time for repeated stat-
ic exertions.

Each trial consisted of a sixty minute
exposure to one of three heat stress levels.
The heat stress levels used were 18° C, 26.5° C
and 35° C. The relative humidity for all expo-
sures was 40%.

Two females, ages 20 and 26, were used as
subjects. Neither subject was acclimatized, but
both were experienced in performing static
strength exertions. Each subject was exposed to
each environment twice and the order of expo-
sures was counterbalanced.

Each MVC measurement consisted of a five
second exertion measured in accordance with the
recommended guidelines for strength measurement
given by Kroemer (1970), Caldwell et al. (1974)
and Chaffin (1975). In addition, core tempera-
ture was monitored continuously during the expo-
sure.

Apparatus

The major pieces of equipment were those
used to perform the strength measurements. A
special apparatus was constructed to measure
grip strength using a strain gage force trans-
ducer. The signal from the load cell was condi-
tioned by a preamplifier and amplifier, recorded
on a strip chart recorder and input to a PDP
11/03 minicomputer via an analog-to-digital con-—
verter. The computer system sampled the incom-
ing data at the rate of twenty points per
second, calculated the maximum twenty point mov-
ing average and output the strength value for
each exertion. The computer also controlled the
timing of the experiment and provided signals to
cue the subject for each force exertion.

Standard WBGT apparatus was used to monitor
the heat stress level and a rectal thermistor
probe inserted 10 cm beyond the anal sphincter
was used to monitor core temperature.

RESULTS

For each trial, the data consisted of a set

of 120 MVC values. Due to the wide variation
between successive points, some type of smooth-
ing was required. The technique used was to
calculate the average of every five successive
points, thus giving a single value for each 2.5
minute period. This reduced the amount of data
to 24 points for each 60 minute trial.

Figures 1, 2 and 3 show the results ob-
tained at 189 €, 26.5° C and 35° C WBGT respec-
tively. The values are the combined averages of
both subjects across all trials. At 18° C WBGT,
the MVC showed a slight decrease from 14.5 kg
initially to 13.6 kg after 60 minutes. At 26.5°
C, there was a more significant decrease from
15.2 to 11.8 kg and at 35° C a pronounced de-
crease from 18.8 to 10.4 kg. For the three heat
stress levels the percentage decreases were 6%,
23% and 437 respectively.

Figure 4 shows the results for all three
heat stress levels. There is a significant
difference in muscular endurance dependent on
the temperature of the environment. As the heat
stress level increases, the initial strength
also increases. However, the decline in
strength after a continuous exposure is also
greater under the higher levels of heat stress.
A least squares regression analysis was per-
formed on the reduced data with the following
results.

For 18.0° C:

Force (kg) = 14.10 - 0.014 x Time (min)
For 26.5° C:

Force (kg) = 15.20 - 0.054 x Time (min)

For 35.0° C:
Force (kg) = 18.78 - 0.136 x Time (min)

The correlation coefficients for the above
analysis were ~0.27, -0.74 and -0.93 respective-
ly.

The changes in core temperature are given
in Table 1. The core temperature data followed
the same pattern for both subjects. In the 18
and 26.5° C environments there was a slight
decrease (0.2° C). At 35° C, the core tempera-
ture increased approximately 0.5° C during the
one hour exposure.

Table 1: Average core temperature for all tri-
als at the beginning, middle and end of each
exposure.

s o

Environment Core Temperature C
WBGT °C 0 min 30 min 60 min
18.0 37.00 36.85 36.80
26.5 37.40 37.23 37.20
35.0 37.35 37.50 37.83
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Figure 1. MVC Force vs. Time at 18.0° C WBGT
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Figure 2. MVC Force vs. Time at 26.50 C WBGT
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Figure 3. MVC Force vs. Time at 35.0° C WBGT
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Figure 4. MVC Force vs. Time at 18.0°, 26.5° and 35.0° ¢ WBGT
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SUMMARY

In evaluating the effects of heat stress on
static work capabilities, it is evident that the
heat stress level has a definite effect on how
rapidly one fatigues when required to repeatedly
exert his maximum strength. For the 18° C lev-
el, it appears that the 25 second recovery time
is adequate. At 26.5° C, 25 seconds appears
questionable while at 35° C it is completely
inadequate. The results agree with the previous
experimentation performed by immersing the
forearm in a hot water bath in that endurance
decreases with higher temperatures.

The pattern of results for both subjects
were similar. For almost all trials, a cyclic
pattern was evident in the data. Although the
reason for this cycling was not obvious, it is
hypothesized to be the result of fluctuations in
the level of motivation.

These preliminary results are part of a
larger study examining various aspects of static
work in hot environments. Additional data is
forthcoming on the separate effects of heat
stress on strength and continuous hold en-
durance. The larger study involves additional
subjects, both acclimatized and unacclimatized,
working in enviromments which result in higher
core temperatures.
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