A portion of Title 30, Part Il, CFR calls for a Man Test, which is a
series of regimens performed with a breathing apparatus. The
respiratory responses to the tasks in the Man Test were established on
coal miners and students. Based on these responses, the

minimal metabolic requirements were derived for the use of breathing
apparatuses with a service life of 30 minutes or more.
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Introduction ing resistance for selected work tasks during

The Mining Enforcement and Safety Adminis- ~ ™Man testing.

tration (MESA) and the National Institute for The testing procedure, listed in Title 30,
Occupational Health and Safety grant certifi- Part II, Code of Federal Regulations (CFR),!
cates of approval for a self-contained breathing  includes a combination of testing by machine
apparatus after it has fulfilled specific engineer-  and man. The Man Test begins with walking
ing requirements. In addition, successful ap- to allow subjects to become familiar with the
paratus must meet the user’s O; demand, pro- breathing apparatus. Thereafter, more difficult
vide for CO; elimination and have a low breath- tasks, such as running, crawling, ladder climb-
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ing, pulling weights and carrying loads, are
attempted. This regimen introduces circulatory
and respiratory responses which are relative

to the intensity of each activity. Information on
the expected respiratory responses to the
variety of the physical activities in the Man
Tests would be helpful for design and testing
of self-centained breathiag apparatus.

A cooperative research program with the
Bureau of Mines was initiated in order to
obtain this information. Our approach was to
measure the steady state responses to each of
the above mentioned activities. Steady state
responses refer to the state at which the sup-
porting systems, i.e., respiratory and circula-
tory systems, deliver the amount of O; needed
by the working muscles. The stage at which
the increased responses of the supporting sys-
tems reach the levels that meet the muscle’s
O: demand lags a few minutes behind the onset
of the exercise. The transient period between
the onset of exercise and the steady state re-
sponse accrues O deficit during which the
muscles resort to anaerobic processes. The
O deficit is repaid as soon as the exercise
ends. Thus, during man testing of breathing
apparatus, where repetitive short activities are
followed by predetermined rest periods, the
O cost and CO; elimination will sum up to
the amount the muscles call for, i.e., the amount
equivalent to that observed during steady state.

This paper summarizes the steady state
respiratory responses obtained for the follow-
ing: (1) the individual work tasks used in
man testing of self-contained breathing appara-
tus (30 CFR, Part 11); (2) some of the tasks
of 30 CFR, Part 11, performed at different
work rates (both higher and lower rates) than
those specified in the Man Test; and (3)
work on a cranking ergometer. The additional
information under items 2 and 3 was obtained
to provide a basic reference should changes
in Part 11, 30 CFR, Man Test requirements be
considered.

Experimental work equipment

Treadmill

Walking, carrying, and crawling were tested on
a level treadmill. Walking and carrying were
performed at 3 mph (4.8 km*hr!). The
carrying involved holding a 45-pound (20-kg)
package on the arms with the elbows at 90°.
The knees were padded for crawling at 1.5
mph (24 km*hr!).
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Overcast

An overcast is an enclosed airway in under-
ground mines which allows one air current to
pass over another without interruption. During
mine rescue and recovery operations, rescue
teams are expected to perform activities on the
overcast. The Mining Enforcement and Safety
Administration (MESA), Pittsburgh, Penna.,
has an overcast that meets 30 CFR, Part |1
requirements. It consists of: (1) a 114 inch
long ramp that rises to a height of 71.5 inches;
(2) a 96 inch horizontal platform at a distance
from the ceiling small enough to require a
person to crawl or duck walk along the pas-
sage; and (3) two uneven ramps, separated by
a step, down to the floor. One round of the
overcast consists of carrying a 50-pound
(23-kg) sack on the overcast and then walking
24 inches along the floor from the last step

to the bottom of the ramp.

Pulley

Each pull raised a 45-pound (20-kg) weight
to a height of 5 feet (152 cm). The subject
chose his position, posture, and distance from
the handle.

Laddermill

The “vertical treadmill” of the Man Test refers
to a motordriven ladder with rungs spaced at
14 inches (35.46 cm) and with adjustable tilt
and control speed. MESA, at its Pittsburgh
Station, has a laddermill which, when tilted at
15° from vertical, makes each step about a
1-foot vertical rise. A step per second was
therefore taken as 1 ft. per second.

Our laboratory has a ladder mill with
rungs spaced at | foot (30.48 cm). Using it
at 30° from vertical required the laddermill to
be operated at 80 rungs per minute to make
the prescribed speed of one foot vertical rise
per second.

Cranking ergometer
Arm cranking was performed on a modified
electrical ergometer with specially fitted
handles instead of pedals. Subjects cranked
above their heads either while kneeling on one
knee or while sitting with their legs stretched
on the floor. Three resistance levels were ad-
ministered for each posture: 200, 300, and
400 kg*m/min.

All tests were carried out at room tem-
perature (22-25°C).




J TABLE |
Characteristics of Subjects as Means and Standard Deviations

MINING .
SUBJECTS WITHIN AGE EXP, HEIGHT WEIGHT
TASKS YRS, YRS. cm kg
Pulley & Overcast
Miners X 32.1 8.8 180.2 87.2
n=25 S.D. 11.8 12.3 5.3 10.9
Non-Miners X 27.6 - 178.1 74.7
n= 8 S.D. 5.6 _ 4.8 6.6
Walking
Miners X 43.7 21 176 86
n=17 S.D. 17.1 17 5 11
Non-Miners X 21.4 - 176 78
n= 7 S.D. 1.9 - 6 17.5
Running
Miners % 39 17 176 82
n=10 S.D. 14 15.5 48 9.0
Non-Miners X 20.6 = 174 69
n= 5 S.D. 1.1 4.0 8.7
Crawling
Miners x 25.6 — 182 90
n= 9 S.D. 8.4 —_ 4 10
Carrying
Miners X 27.3 1.9 184 94
n= 9 S.D. 8.4 0.7 4 12
Non-Miners X 21.7 —_ 177 77
n= 3 range 20-24 _— 166-142 70-89
Laddermill with
Backpack
Non-Miners X - —_ 180.2 78.8
n= 7 range 21-28 —_— 170-193 66-107

Procedures

Tests were conducted between 9 a.m. and
noon. Following test preparation, which in-
cluded placing chest electrodes to monitor
heart rate and adjusting the respiratory unit to
measure expired air, subjects rested for at
least 30 minutes. Heart rate and respiratory
responses were measured at the end of this
resting period.

Pulley and overcast tasks were performed
alternately within one session. Random as-
signments of rate and type of pacing were
made within each task. Ten to twenty rests
were given between tasks. In other sessions
subjects were randomly assigned to walking,
running, carrying, ladder climbing and crank-
ing. Recovery time between tasks was vari-
able, but it was long enough to allow heart rate
to return to within five beats per minute of
the pretest resting value.

Sampling

Volume of expired air and O. and CO, con-
centrations for the overcast and pulley tasks
were measured for the total of the prescribed
performance period plus a recovery period.
Performance required 1 to 9 minutes. The
recovery period, defined as the time in which
O: uptake resumed pretest resting values, was
at least 5 minutes. The O, demand for the task

was calculated as the total O, uptake less the
resting value associated with recovery. For

all the other tasks, performances lasted 5
minutes to ensure steady state responses, and
the respiratory measurements were made during
the last minute.

Gas measurements

A hard hat fitted with a two-way valve, mouth-
piece and hose was adjusted to each subject.
[nspired room air was expired either into a
Douglas bag or through a portable, dry-gas
spirometer (Max Plank Instrumentation Asso-
ciates). Douglas bags were hung on a rack
adjusted to the subject’s back, expired air
collections were timed, and volume was later
measured in a Tissot spirometer and a pump
which forced .06% aliquots of each passing
breath into a bladder. Beckman’s C-2 Ana-
lyser and LB2 were used to measure the con-
centrations of O, and CO», respectively.

Subjects

Subjects were paid volunteers who were either
coal miners or college students. Table I lists
the characteristics of the subjects in each task.
Some miners participated in more than one
task, so the groups listed in Table I overlap
somewhat.
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Pace

Both the overcast and the pulley were admin-
istered as paced or self-paced tasks. In a paced
task, the subject was advised to perform the
task at a steady rate which used all the time
allowed (e.g., 4 overcast rounds in 8 minutes
or 15 pulls 1 minute). While performing, the
paced subject could watch a clock to time
himself and/or the investigator instructed him.
In a self-paced task, the subject performed at
his own pace. Self-pacing always used less
than the time allowed, so the subject was re-
qatired to remain still from the time he finished
the task until the end of the prescribed time

so that direct comparison of metabolic require-
ments between paced and self-paced tasks
could be obtained.

Results and discussion

Walking
The energy expenditure for walking has been
investigated extensively in recent years,?3%13
so that testing a group of college-age subjects
at the same time as a group of miners would
provide some comparison between the two
groups and between our data and the literature.
Table 11 gives means and stand deviations
(S.D.) of the obtained lung ventilation ( Vi),
O uptake (VO:), and Respiratory Quotient
(RQ) of each group. Ve was significantly
higher for miners as compared to students
(P < 0.05, using t-test). This difference be-
tween miners and students could have been a
result of the groups’ age differences. As for
VO,, there was no significant difference (at
the 95% level) between miners and students.
In a previous compilation of the data
from the literature’ the following prediction
was found reasonably accurate and convenient
for Q2 cost during walking:

VO, = 7.06 + 0.0018 + 0.012:GS (1)

where VO: is in ml per kg body weight per
minute, S is walking speed in meters per min-
ute, and G is the uphill grade in percent. The
data in Table II are somewhat above the ob-
tainable values using the equation: 14.8 and
15.2 ml/kg*min for miners and students com-
pared with a predicted value of 13.5 ml/
kgemin.

The Man Test involves carrying the
breathing apparatus on the back, which adds
to body weight. However, experiments on
young adults walking with and without external
loading on the back have shown that the energy
cost of carrying up to about 30 kg is equivalent
to carrying additional body weight.>* Hence,
the above equation could be used to standard-
ize the VO to the combined weight of the body
and apparatus.

Running
The running speed we have used was lower
than the 6 mph specified in the Man Test be-
cause some of the older miners found it hard
to cope with this rate. Therefore, we reduced
the speed but compensated for it by elevating
the treadmill to a slope of 2.5% so that the
VO, and Ve data can be treated as those for
running 6 mph.

Table I gives means and S.D. of Vg,
VO and RQ for miners and students during
running. The mean values of Vi for miners
are about 10 liters/min higher, but because of
the relatively high S.D., there is no significant
difference (t-test, at 95% level) between stu-
dents and miners. The statistically insignificant
difference could be a result of the smaller
number of miners tested, for even at the 2.5%
grade and 5.8 mph, some miners could not
perform the task. Therefore, for the purpose
of testing under the 30 CFR, 11h, miners
should be considered to ventilate at higher
rates. This higher rate of ventilation was

TABLE 1l

Ventilation (V;;), Oxygen Uptake (VO,), and Respiratory Quotient (RQ = VCO,/VO0,) for
Steady-State Walking and Running on the Treadmill.

GROUP WALKING LEVEL 3 MPH RUNNING UPHILL, 2.5%, 5.8 MPH
v Vo, RQ Ve Vo, RQ
L/min L/min ml/kgsmin L/min L/min mi/kgemin o
Miners X 29.1* 1.29, 14.8 0.94 81.3 291 35.6* 1.13
S.D. 8.3 0.24 1.7 0.07 10.0 0.33 3.4 0.08
Students X 23.4* 1.18 15.2 0.88 69.8 2.75 41.0° 0.97
S.D. 6.6 0.32 237 0.04 14.8 0.37 2.2 0.08

*Indicates significant difference at the 0.05 level between miners and students.
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probably due to the miners’ reduced physical
fitness for running, as compared to the students.
O uptake (VO): was significantly smaller
(p < 0.05) in miners than in students during
running. For most of the miners the 5.8 mph
at 2.5% was either close to or at their maximal
aerobic capacity. At this level of exercise,
hyperventilation is expected, in particular, for
unfit persons.
Lower physical fitness and performance
at the maximal aerobic capacity are also re-
flected in higher RQ, which was found in
miners as compared to students during the
running (Table II). Since the students were
at above average fitness even for their age.
VO at 41 ml/kg*min was well below their

maximal aerobic capacity, which is reflected
in both lower Vg and lower RQ.

Previously, we suggested a predictor for
running based on data obtained on fit subjects
and reported in the literature:’

VO, = 45 + 025 + 0.012:GS (2

(VO., S and G units same as for walking).

The data in Table Il agree favorably with this
equation: 41 ml/kg*min for the students com-
pared with a predicted value of 40.3 ml/
kg*min using this equation. The 35.6 ml/kg
obtained on the miners who could run for 3
minutes further suggests their lack of fitness to
perform the task aerobically. We have not
tested running with a backpack. The values for

TABLE 1l
Ventilation (V,.), O, Uptake, and CO, Elimination for Carrying 20 kg at 3 mph (level.)

V. 0, UPTAKE CO, ELIMINATION)
GROUP L/min L/min mi/kg*emin
Miners 1 46.1 1.82 (1.66) 21.0 (19.2)
n=29 S.D. 8.0 0.22 ( .37) 3.6 ( 3.4)
Students X 320 1.52 19.8
n=3 S.D. 2.4 0.12 1.6
Combined x 42.6 1.75 20.7

S.D. 9.0 .28 3.4
*body weight in kg.
_ TABLE IV
Ventilation (V,.), 0, Uptake (VO,) and RQ for the Pulling Tasks*
PULLS Ve Vi (ml)
MIN MODE LITERS TOTAL PER PULL RQ
15 paced 50.4 2037 136 —
1 13.8 403 27 —
5 7 7 —
self- 57.9 2524 168 1.07
aced 9.6 320 21 .07
8 8 8 3
30 paced 950 3574 119 —
2 21.7 364 12 —
5 7 7 —
self- 99.8 3690 123 1.06
paced 19.0 618 21 0.09
9 8 8 3
36 paced 125.6 4631 129 =
3 24.7 613 .17 —
7 8 8 —
self- 137.5 5168 144 1.04
paced 145 1055 29 0.18
10 9 ] 5
60 paced 230.8 8360 139 —
5 22.9 1342 22 —_
5 6 6 .
self- 218.6 8366 139 0.98
paced 54.0 1607 27 0.11
9 9 9 4
60 paced 210.0 9180 153 —
[3 24.6 1080 18
8 8 8 -

*Each set of numbers in vertical order are:

mean,

standard deviaticn, and number of participants (n)
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