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Abstract

It was shown in a previous paper that treadmill performance times of subjects wearing
respirators decreased linearly with increasing inhalation resstance. To see if loose-fitting
respirators with their ultra-low inspiratory resistances would, indeed give longer perfor-
mance times, an experiment was performed using aRacal Air-Mate 3 Respirator. To
contrasts these results, a North #76008A, a U.S. Army M17 respirator, and a control condi-
tion were included. Average performance times with these respirators were found to be
longer for the lower resistances, but standard deviations for the data were too large to
allow satistical significance. It was aso found that an educational videotape shown
during treadmill walking did not stetistically significantly affect performancetime, as
anticipated.

| ntroduction

Respirators have been shown to impair work be linearly related to inspiratory resistance levels at
performance due to anumber of factors (Johnsonet that rate of work (Johnson et al., 1999A).
al., 1992). Respiratory factors are especidly impor-
tant at intense work rates of about 80-85% VO, max, There are severa respirators on the market that
and treadmill performance times havebeenfoundto  have almost no inspiratory resistance. These are the
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|oose-fitting powered air purifying respirators
configured as hoods, helmets, or face shields.
According to previous results, these types of
respirators would be expected to impair worker

performances much less than would other air purify-
ing respirators with higher inspiratory res stances.

It was to test this hypothesis that this experiment
was performed.

M ethods

Twelve volunteer subjects participated in this
test. Subject demographicsappear inTable 1. The
protocol was approved by the Institutional Review
Board of the University of Maryland.

Subjects walked on amotorized treadmill at
80-85% of age-predicted maximal heart rate while
one of five treatmentswere administered. Tread-
mill speeds were 1.9 £ 0.13 m/sec (mean + std dev)
and grades were 8.3 = 1.7 percent, and remained the
same for al test sessons with the same subject. The
control condition, to which al other treatment
results were compared, was abareheaded (no
apparatus) condition. The standard respirator used
in our previous studieswas aU.S. Army M17 air
purifying respirator, and this respirator was used in
this test as one of the treatments for comparison
purposes.

The Racal AirMate 3 face shidd respirator was
tested to determine if there was a significant advan-
tage to thisconfiguration. A North model 76008Aa
air purifying respirator with #17A0O filterswas used
as the fourth condition to represent standard
commercialy available full face piece air purifying
respirators. The fifth treatment condition was
meant to test the effect of distraction on treadmill
performance while wearing a respirator, a question
raised in aprevious paper (Johnson et al., 1992).
Subjects wore M17 respirators while an educational
videotape was shown to them as they walked. The

videotape chosen to be shown was entitled, "Risk
Communication: Overcoming the Barriers," By Peter
M. Sandman, and is available from the American
Industrial Hygiene Association.

Sessions began with a 60 second warm-up
period and continued until the subjects expressed the
desireto stop. Before, during, and after exercise the
following were measured: heart rate, blood pressure,
blood oxygen saturation (pulse oximetry), and
Breathing A pparatus Comfort (Johnson et al., 1999B).
Thefirst three measurements are standard in our
|aboratory to assess the physiological health of the
subjects; the last measurement was used to assess
subject reactions to the respirators. Also measured
before the test session was the respiratory resistance
of each subject. This measurement was madewith
the Airflow Perturbation Device (Lausted and
Johnson, 1999) developed in our laboratory. This
measurement helps to assure that the respiratory
condition of each subjectisnormal. Prior to testing
each subject, the Speilberger State-Trait Anxiety
Inventory test (STAI) was administered to screen for
anxious subjects (Spieberger et al, 1970). All subjects
tested were nonanxious.

It would be possible for the subjects to over
breathe the Racal blower, requiring higher minute
volumes that the blower could supply. If thiswereto
happen in a contaminated atmosphere then the
respirator would no longer protect againgt airborne

Table 1. Subject demographics.
Age (yr) 26 +4
Height (cm) 174 +
Mass(kg) 69 £13
Max Heart Rate (bpm) 194 +3
Anxiety (STAI) 32+84
Respiratory Resistance 339+ 074
(cmH70-Sec/L)
Sexes 6males, 6 females

Values are means + standard deviations.
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hazards. Because of this, minute ventilation was
monitored for the Racal condition using a Respitrace
(Ambulatory Monitoring; Ardsley, NY) respiratory
monitor. This monitor uses two dastic bands, one
around the chest and the other around the abdomen.
Asthe eagtic bands expand, voltage signds are
obtained that can be converted to volumes and flow

rates. Calibration of these voltages was performed
both before and after the test sesson by monitoring
voltage while the subject breathed through a Fleisch
#3 pneumotach (OEM Medica; Richmond, VA) By
using the Respitrace, the subject remained unencum-
bered at the mouth, and the Racal respirator could be
tested as it was meant to be used.

Results

Subject dataappear in Table 1. Subjectswere
young and appeared to be normal.

The two most important performance measures
for this study were exercise performance times and
Breathing A pparatus Comfort Scale (BACS) results.
These appear in Table 2.

Wearing the Racal respirator was seen to de-
grade performance times by about 4 minutes com-
pared to the control; subjectswearing the North
respirator performed for a dightly shorter time than
for the Racal; the M17 had the greatest effect of all.
In terms of performance ratings, defined asthe ratio
of performance while wearing a respirator compared
to the performance of the control, the Racal had a
performance rating of 89, the North had an 82, and
the M17 had a 76. Comparing performance rating
data for the M17 to previous results from our labora
tory (Johnson et al., 1999A) shows that the perfor-
mance rating of the M17 at thiswork rateis amost
identical to previous results.

Paired t-testsfor performancetimes of thevarious
respirators compared to the control were al statisti-
caly significant at thep=0.05 level. Paired t-testsfor
performancetimesfor one respirator type compared to
any other type (for example, the Racal vsM17) yielded
no statistically significant comparisons.

Paired t-test for performance ratings of the
various respirators compared to the control were dl
datidticaly significant except for the control vs Raca
comparison. No statistically significant paired t-tests
resulted for comparisons of one respirator to another.

Subjectsrated the Breathing Apparatus Comfort
Scaefor the control condition at 7.64, standing for
"very comfortable." This rating was obtained
despite the fact that the subjects were not actually
wearing any breathing apparatus at the time. None-
theless, subjects were asked to give arating anyway.

The BACS scorefor the Racal was much better
than for the other respirators, although lower than
for the control. The average Racal BACS score
corresponded to "neither comfortable nor uncomfort-
able.” The North respirator (with an inspiratory
resistance of 1.58cm H,0.sec/L, asmeasured in our
lab) was rated more comfortable than theM17 (with
an inspiratory resistance of 3.4 cm H,O.sec/L). The
3.46 corresponded to "fairly uncomfortable” while
the 2.73 corresponded to "very uncomfortable.”

All paired t-tests comparing respirator BACS
scores to the control were statistically significant at
the p=0.05 level. Except for the North vs M17 and
t-test comparisons were statistically significant.

Table2. Performanceresultsfor thefivetreatment conditions.

Performance Performance Minute Volumes
Treatment Time (min) Rating BACS (L/min)
Control 191 + 106 100 + 0.00 7.64 + 1.96 82 + 18
Racal 154 + 7.85 888 + 26.3 5.09 + 2.07 76 £19
North 147 + 7.68 822+ 235 346 +2.02 75 £18
M17 134 + 618 761224 273+ 18 75 £18
M17 + Video 124 + 6.60 684 + 151 200+ 155 79 £24

Vauesare means+ standard deviations.
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Respitrace minute volume measurements for the
various conditions are found in the last column.
There were no significant differences found among
the various respirator types. There aso was no
evidence of the hypoventilation reported previousy
to result from breathing through an inspiratory
resistance (Johnson et al., 1999A). Perhapsthisis
because the Respitrace measurementsweretoo
variableto see subtle differences.

Theblower onthe Racal was rated at 300 LPM.
The minute volume measurements indicated that our
subjects did not approach this flow rate, dthough, if
exhdation is conddered to represent gpproximatey
50% of the breathing cyde, then peak flows would
have been in the 150-200 LPM range.

Discusson

In tests of this type it is frequently seen that the
variationsin the data are very large. Suchwasthe
casefor this study, where standard deviationsfor
performance timeswere 50% or more of the means.
With such large variability, traditional dtatistica
sgnificance is difficult or impossible to achieve.
However, we consider tests for Satistica significance
asjust one tool among many, and just as important
as statistical sgnificanceisthe way the datafitswith
previously established results. Subsequent state-
ments in this discussion are made considering the
data means more importantly than otherwise statisti-
caly justified because the means are condstent with
results from previous studies (Johnson et al, 1999A).

The Racal face shidd respirator gave good
results. Its performancerating was highest of the
three respirator types, and it was deemed the most
comfortable. Thismode is no longer commercidly
available, but its merits can be seen anyway.

The North respirator was not quite as good
as the Racd, but was ill not too bad. Wearing this
respirator can be expected to give aperformance
decrement of about 20% compared to theno
respirator condition. The M17 was generaly
comparable to the North, but gave somewhat
shorter performance times.

These results indicate that there is more than just
resistance that determines performance while
wearing arespirator. The extraweight, and perhaps
uncomfortable head harnesses decreased perfor-
mance rating and breathing apparatus comfort for
the Racdl respirator. It is possible that the face sed
and additional resistance contributed to the addi-
tional discomfort of the North, and the M17 includes
aalot of old technology that adds to its discomfort.

Breathing apparatus comfort and treadmill
performance times are highly interrelated. One

would expect the most comfortable respirator to
dlow wearerstowork for longer times. Thus, the
longer performance times and higher BACS scores
vary consistently. The purely subjective BACS scores
were no more inconsigtent than were the more
objective performance times.

Some might argue that a more correct control
condition would be one where such things as weight,
at least, were equalized among respirator types. A
control condition such as thiswould not be abare-
headed condition, but, rather, would place a weight
on someoneis head. This control condition would be
good for isolating the effect of breathing resistance
and, perhaps, other variables, but would not be a
good comparison between the respirator and no
respirator conditions.

For similar reasons, results form this experiment
cannot be expected to confirm or refute the linear
relationship between inspiratory resisance and
performance times found previously (Johnson et al,
1999A). Each respirator type differed from the others
by many aspects such asweight, configuration,
exhalation resistance, dead volume, visual field,
and others. Performancetimedifferencesamong
respirators were undoubtedly influenced by at least
some of these agpects, o the performance time
differences cannot be attributed solely to inhalation
resistancelevels.

This experiment aso partially answered the
question about distractions while exercising. Some
of the subjects indicated that the videotape chosen to
be shown was actually annoying. Performance time
with the videotape was essentidly the same as
without, but the BACS score and performance time
both indicated a possibly smal negative effect of this
particular tape. It ispossible, therefore, that a
videotape considered more interesting by the sub-
jects could enhance performance measures.
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Condusgons
The lower resistance respirators resulted in all the respirators used, with a performance rating of
improved average work performance times for 89. Distractions during the test in the form of
constant rate intense exercise lasting about educational videos can possibly affect performance
1520 minutes. The loose-fitting powered air times of the subjects.

purifying respirator gave the best performance of
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