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Objective: Evaluate subjective tolerance to respirator use outside of
traditional industrial settings by users including persons with mild
respiratory impairment. Methods: The response to respirator use (half
face mask dual cartridge and N95) was measured during eight types of
work activities as well as in an exercise laboratory setting. The 43
research subjects included persons with mild respiratory impairments.
Multiple domains of subjective response were evaluated. Results: Mixed
model regression analyses assessing the effect of respirator type and task
type showed: 1) most tolerated respirator use well; 2) half face mask
respirators typically had greater adverse impact than N95 types; 3)
multiple subjective outcomes, rather than only comfort/breathing im-
pact, should be measured; and 4) rated subjective impact during work
activities is less than in exercise laboratory settings. Conclusions: The
results suggest that respirator use may be feasible on a widespread basis
if necessary in the face of epidemic or terror concerns. (J Occup
Environ Med. 2009;51:38–45)

P ersonal respiratory protection (respi-
rators) has been widely used to re-
duce inhalation of potentially toxic
materials. In the past, these devices
have been used primarily in occupa-
tional settings with well-recognized
specific inhalational hazards (eg, by
firefighters, lead foundry workers, as-
bestos workers); more recently, certain
respirator types have been used more
widely by health care workers because
of concern about potential bioaerosol
exposures from infectious patients.
Nevertheless, in the future, much more
widespread utilization may become
necessary because of concerns about
extensive epidemics such as H5N1
(avian) influenza or severe acute respi-
ratory syndrome,1–3 extensive mold
exposure due to natural disasters (eg,
hurricane Katrina), and fear about bi-
ologic/chemical/nuclear terrorism.4

One approach to significant public
health threats is to “shelter in place,”
implying that individuals should re-
main home with windows sealed to
avoid potential adverse exposures.
Nevertheless, for problems poten-
tially affecting a large proportion of
the workforce, such an approach
would create widespread impacts.
Therefore, an alternative to “shelter
in place” is to maintain work activi-
ties using respiratory protection.

It is not known, however, whether
workers or community members will
work safely and effectively with res-
pirators. Most prior research concerning
respirators has focused on healthy
industrial workers or members of the
military. For most industrial applica-
tions of respiratory protection, preas-
signment medical evaluation and
self-selection may exclude many
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persons with mild disorders from
respirator using positions. Therefore,
the current study assesses the ability
of a mixed population including indi-
viduals with mild respiratory impair-
ments to work safely and effectively
using typical respirators. Because prior
work has demonstrated significant im-
pact of respirator use on subjective
responses, this study evaluates the sub-
jective response to respirator use dur-
ing simulated work.

Materials and Methods
Potential research subjects were

recruited by several methods includ-
ing alerting clinicians to the avail-
ability of the study for their eligible
patients, newspaper advertisements,
and brochures available in several
locations. All subjects underwent a
preliminary screening interview and
discussion of the protocols; each
signed an informed consent state-
ment. Subjects were told the general
purposes of the study. Spirometry
was performed for subjects who had
not recently undergone such testing.

Potential subject were excluded if
the forced expiratory volume in 1
second (FEV1) was �50% of pre-
dicted or if they had been recently
hospitalized or received urgent care.

Simulation studies used two types
of respirators—an elastomeric reus-
able half face mask (HFM) with dual
replaceable particulate filters (Comfo-
Elite, Mine Safety Appliance Co,
Pittsburgh, PA) and an N95 single
use type (8210, 3M, St Paul, MN).
Several sizes of each were available
as needed for the subjects’ facial
configurations. Each subject partici-
pated on 3 separate days—work sim-
ulation with HFM (Sim-HFM), work
simulation with N95 (Sim-N95), and
pulmonary exercise laboratory.

The work simulation tasks and
exercise laboratory periods are sum-
marized in Table 1. The simulations
were selected to include a variety of
tasks. Some were sedentary (eg,
driving) or required only mild exer-
tion (eg, standing casing), whereas
others required greater exertion
(such as carrying and loading).

None, however, required heavy exer-
tion. The exercise laboratory periods
were designed to evaluate the effects
of individual respirator load surrogates
including inspiratory resistance, expi-
ratory resistance, and dead space5; in
addition, periods included mask only
without connection to apparatus and
exercise without any device.

Each simulation and exercise period
was approximately 8 to 10 minutes in
length. Subjects were permitted short
breaks ad hoc between each period
and a longer break after the fourth.
The order of experimental day (ie,
pulmonary exercise laboratory, Sim-
N95, Sim-HFM) and the order of
experimental periods within each
day were randomized. Nevertheless,
in the exercise laboratory, the three
periods with and the three without
dead space were done in a block
(order randomized).

The exercise laboratory studies were
performed using a calibrated bicycle
ergometer (Ergometric 800, Sensor-
Medics, West Germany); the work
level was set at 40 W, corresponding

TABLE 1
Experimental Periods

Task Code Description Exertion Body Position Concentration

Exercise laboratory
periods

dsre Dead space � expiratory resistance 40 W Exercise biking Low
dsri Dead space � inspiratory resistance 40 W Exercise biking Low
dsxx Dead space added (200 mL) 40 W Exercise biking Low
mask No load/resistance 40 W Exercise biking Low
nlxx No mask; no load 40 W Exercise biking Low
rexx Expiratory resistance 40 W Exercise biking Low
rixx Inspiratory resistance 40 W Exercise biking Low

Work simulation
periods

Bolt Bolt Sort bolts into bins Sedentary Sitting Low
Carry rice Carr Pick up and deliver buckets of rice Moderate Bending, walking Low
Case Case Walk across room, obtain paper, and place into

proper bins
Low Upright, bending Moderate

Drive Driv Simulate driving Sedentary Sitting High
Lego Lego Produce towers with plastic blocks following

prescribed instructions
Sedentary Sitting Moderate

Learn Lern Familiarize subject with rating procedures Low/moderate Sitting/walking Moderate
Magnet stand MagS Place magnets on boards at proper coordinates

based on aural instruction
Low Above head level High

Magnet walk MagW Walk to obtain magnets, then place on boards at
proper coordinates based on aural instruction

Low/moderate Walking, above
head level

High

Store Stor Stock store shelves with cereal boxes and juice
jugs (includes walking)

Moderate Walking, bending,
above head level

Low
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to moderate-heavy work. Subjects
were monitored by a physician as
well as by electrocardiography. Sub-
jects wore a tight fitting modified
half face respirator (Comfo-Elite,
Mine Safety Appliance Co, Pittsburgh,
PA). Respirator valves were modified
for connection to the apparatus. Sev-
eral respiratory physiologic measures
were determined using a respiratory
inductive plethysmograph and pres-
sure and flow transducers.

Experimental loads were con-
structed from respirator filter car-
tridges for inspiratory resistance and
expiratory resistance. The measured
resistance of each was approximately
2.10 cm of H2O/L/s; resistance was
determined to be similar at low and
high airflow rates (25 and 83 L/min,
respectively). Dead space was added
by inserting a 200-mL length of tub-
ing between a low resistance flow
valve and the subject’s mask.

Before initiating the study, subjects
received a short learning section
about how to perform the subjective
ratings. Each subject was shown how
to properly wear the respirator and
perform a qualitative fit check. This
learning period was not included in
the formal statistical analyses.

Subjective Response
Rating Methods

Subjects were asked to rate subjec-
tive responses to 13 subjective re-
sponse domains: breathing, comfort,
concentration, face, hearing, heavy,
hot, nose, slippery, speech, vision,
wet, work continuation. For each, the
subject selected among a set of fixed
choices. For the first 12 items, sub-
jects were asked to determine how
much the respirator affected the sen-
sation of X, where X is the specific
domain queried. They responded
with a modified Borg type scale with
a range from 6 to 20. Several de-
scriptive terms were used to provide
reference (eg, “not at all . . . moder-
ately . . . severely”). Impact on self-
assessed ability to continue work
was assessed with two questions:
“How long could you continue this
task with/without the respirator?”

Choices were nonlinear: 0, 1 minute,
5 minutes, 15 minutes, 1 hour, 2 hours,
4 hours, 8 hours; responses were trans-
formed to a 1 to 8 scale according to
choice selected. A derived variable,
WorkReduction was calculated as the
difference in category of continuation
without respirator minus category with
respirator. A full page display, using
either paper or a computer touch
screen, was used for each domain, with
large print and a graphic image to
facilitate recognition. In addition, the
rating scales and graphics were dis-
played on a large poster in front of the
subjects. Subjective ratings were per-
formed at 4 minutes and at the end of
each period.

In general, subjects completed a
set of ratings in less than 30 seconds.
Subjects were trained in the use of
the scales before initiating the study
by a “Learning” period. In the Learn-
ing period, subjects were familiar-
ized with the rating procedures by
verbal descriptions and by performing
ratings at rest and during rapid walking
in the hallway. (Ratings from this pe-
riod were not included in the statistical
analyses.) Although the research tech-
nician avoided any influence on rat-
ings during the simulated work, he or
she did provide verbal advice during
the Learning periods.

Statistical Analyses
Data were managed with custom

interfaces using a relational database
(Microsoft Access). Statistical anal-
yses were conducted with Access or
with SAS, Inc, Cary, NC (version
9.1) as appropriate. Descriptive mea-
sures were described by counts,
means, and standard deviations as
appropriate. Hypothesis testing and
estimation of the effects of main
factors (respirator type, task) were
conducted using a mixed regression
model. In the model, the subjective
rating was the outcome variable, and
predictor variables included task,
respirator type, and their interaction.
The model recognized that the mea-
sures were repeated within subjects.
The analysis was repeated without
the interaction term as well. The least

squares adjusted mean value for each
experimental condition was also cal-
culated by the model, adjusting for
the other main variables (ie, the
mean for a particular task was ad-
justed for the respirator types used).

Results
The subjects included 32 men and

11 women. The average age was 48.8
years (standard deviation � 9.8 years);
men and women did not differ in
average age. The average FEV1 was
84% of predicted.6 The group included
11 without known respiratory abnor-
malities, 7 with chronic rhinitis, 11
with asthma, and 14 with chronic ob-
structive pulmonary disease.

Exercise Laboratory Studies
Figure 1 summarizes the results

for the exercise laboratory studies.
The regression analysis demon-
strated that there were statistically
significant effects of the experimen-
tal loads on each of the subjective
domains (P � 0.001). Figure 1, in
which the average values for each
experimental condition are shown,
suggests that there are three group-
ings: a) Ratings for both hearing and
vision were very similar, and they
varied only slightly by period. Fur-
thermore, their ratings were lower
than those for the other variables. b)
The subjective ratings for speech,
concentration, and nose impact ap-
pear to form another group. The
ratings, particularly for speech and
concentration, were similar and show
the same pattern of changes across
different experimental periods. The
magnitude of the impact was inter-
mediate. c) The third group includes
the variables breathing, comfort, hot,
heavy, face, slippery, and wet. Their
values were similar and showed sim-
ilar patterns of response to the differ-
ent experimental periods. The ratings
in this variable group were generally
higher than in the other groups.

The data also suggest that effect of
combined loads (dead space plus a
resistance) tended to be higher than
those with a single load (eg, either
resistance or dead space), which
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were higher than the mask only con-
dition. Furthermore, even without any
additional load, the mask only period
was generally more adverse than un-
fettered breathing (nlxx period).

Work Simulation Studies
The mean values for each of the

rating domains are shown in Table 2.

The least squares means adjusted
values are shown for each according
to respirator type, and task. The av-
erage values for each task while us-
ing the HFM respirator (Sim-HFM)
and for the N95 (Sim-N95) are illus-
trated in Figs. 2, 3, respectively.
There were statistically significant
differences between the two respira-

tor types for all domains except wet.
For all variables except hot, the HFM
respirator was rated as more adverse
than the N95.

As was the case for the exercise
laboratory studies, there was cluster-
ing of response patterns for the var-
ious subjective domains. The ratings
for vision and hearing were less ad-
verse than for the other variables.
The greatest adverse ratings were for
comfort, face, breathing, hot, and
heavy. Intermediate impacts were re-
ported for wet, slippery, concentra-
tion, vision, and speech.

The greatest differences between
the two respirator types were for
nose and heavy. The HFM device
had particularly adverse ratings for
these variables as might be expected
based on the design.

Regression analyses for both the
exercise laboratory and the work
simulation sessions were repeated
without including the interaction
term. This did not lead to any signif-
icant differences in results.

The results described thus far re-
flect the central tendency (eg, mean
value). The overall distributions are
illustrated by the cumulative distri-
butions shown in Fig. 4. Separate
curves are displayed for each of the

Fig. 1. Exercise laboratory: the adjusted mean value for each experimental period is shown for
each of the subjective rating domains. The periods are defined in Table 1. The vertical scale (6
to 20) represents the range of choices available to the subjects.

TABLE 2
Respirator and Task Effects During Work

Domain

Respirator
Effect Task Effect Significance

HFM N95 Bolt Carry Case Drive Lego
Magnet
Stand

Magnet
Walk Store Respirator Task Interaction

Breathing 10 9.3 9.4 10 9.8 9.3 9.6 9.4 9.4 10.3 �0.0001 0.000 ns
Comfort 10.6 9.4 9.7 10.4 10.4 9.6 10.1 9.8 9.7 10.4 �0.0001 0.000 ns
Concentration 8.5 8.1 8.4 8.2 8.5 8.4 8 8.2 8 8.7 �0.0001 0.015 ns
Face 10.3 9.4 9.5 10 10.1 9.6 10.1 9.8 9.6 10.3 �0.0001 0.029 ns
Hearing 7.4 7.2 7.3 7.2 7.4 7.3 7.1 7.4 7.1 7.5 �0.014 ns ns
Heavy 10.6 8.6 9.3 9.9 9.9 9.2 9.7 9.5 9.2 10 �0.0001 0.003 ns
Hot 9.4 9.9 9.3 9.8 9.9 9.4 9.7 9.4 9.4 10 �0.0001 0.016 ns
Nose 10.4 8.6 9.4 9.8 9.8 9 9.4 9.3 9.5 10.1 �0.0001 0.003 ns
Slippery 8.8 8.4 8.4 8.7 8.8 8.4 8.9 8.4 8.4 9 0.002 0.022 ns
Speech 8.1 7.5 7.9 7.7 8 7.7 7.7 7.8 7.6 8 �0.0001 ns ns
Vision 8.1 7.7 7.8 8 8.1 7.8 8 7.8 7.5 8.2 0.001 0.023 ns
Wet 9.1 8.9 8.6 9.1 9.3 8.9 9 8.9 8.8 9.3 ns 0.016 ns
WorkReduction 1.1 0.9 0.8 1 1.1 1 1.1 0.9 0.9 1.1 �0.0001 0.011 ns

Subjective ratings for each of the rating domains are shown for each simulated task (defined in Table 1 and in Materials and Methods).
WorkReduction refers to the subjects’ estimate of reduction in duration of task performance due to respirator use (see Materials and Methods).
Values shown are least square adjusted means according to respirator type and task. The P values for effects of respirator type, task, and
interaction are shown in right three columns. ns � “not significant.” Results were similar in the model without the interaction term.
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domains. The figure is based on av-
erage ratings for the work simulation
studies, averaged across subjects,
task, and respirator type. Each y axis
value represents the percentage of
scores equal or lower than the corre-
sponding x axis value. The figure

suggests three findings. First, there
are groupings of variables: One is
composed of hearing, speech, and
vision, whereas the other grouping
includes the other variables. Within
each cluster, the overall distributions
are quite similar. Second, the adverse

impact for the first group is consid-
erably less than for the second group
of domains. For example, 75% of the
ratings for hearing were less than 7,
whereas the corresponding 75th per-
centile for breathing was 12. Third,
the distribution patterns do not sug-
gest that the subject group consists of
a small number of highly adversely
affected individuals and a separate
larger population of minimally af-
fected persons; rather, the distribu-
tion appears to be fairly continuous.

Discussion
The study evaluated the impact of

two types of respirator use on subjec-
tive tolerance in a variety of sedentary
to moderate work type activities and
in a laboratory setting. The study was
conducted in a mixed population
including normal individuals and
persons with mild upper and lower
respiratory impairments. Neverthe-
less, recognizing that persons with
advanced respiratory disease would
be unlikely to continue working in
circumstances requiring respiratory
protection, severely affected persons
were not included.

Respirators (respiratory personal
protective devices) have been widely
used in many industrial settings for
protection against inhaled toxins. More
recently, health care workers have
used respirators, particularly the N95
single use type. After hurricane Kat-
rina, many residents of Louisiana used
respirators during their cleanup of
molds contaminated homes.7,8 In addi-
tion, during the severe acute respira-
tory syndrome epidemic, community
members in addition to workers1,2

used respiratory protective devices.
The United States, planning for the
possibility of H5N1 (avian) influenza
epidemic has also considered wide-
spread use of respirators.3 Therefore,
there is a need for assessing the feasi-
bility of a much expanded role of
respirators with very widespread use in
the event of a major epidemic or wide-
spread perceptions of terrorist threat.

The current study seeks to over-
come some of the factors limiting

Fig. 2. Simulated work—HFM respirator: the adjusted mean value for each simulated work
task is shown for each of the subjective rating domains. The tasks are defined in Table 1. Note
that the vertical scale has been truncated in the figure for clarity.

Fig. 3. Simulated work-N95 respirator: the adjusted mean value for each simulated work is
shown for each of the subjective rating domains. The tasks are defined in Table 1. The vertical
scale has been truncated in the figure for clarity.

42 Respirator Use During Work Tasks • Harber et al



relevance of prior studies to use un-
der such circumstances:

1. The population of users will dif-
fer. Many of the prior studies of
the physiologic and subjective
impacts of respirator use have
focused on healthy workers such
as members of the military ser-
vices, firefighters, and healthy
volunteers. Furthermore, the age
of our subjects (mean 48 years)
was greater than that of most other
studies. Although one published
study suggested that age per se
did not affect acceptability,9 data
applicable to a general population
should be derived from a compa-
rable subject group.

2. Most of the studies have not in-
cluded persons with mild respira-
tory impairments. Nevertheless,
in the event of widespread use,
users will include a high propor-
tion of persons with mild respira-
tory impairments because such
disorders are very common (eg,
5% of the general population has
asthma,10 20% to 25% have rhi-
nitis,11–13 and 12% has undiag-
nosed airflow obstruction14) and
because heretofore healthy individ-

uals may develop mild respiratory
symptoms due to infections. A
few studies have explicitly fo-
cused on persons with obstructive
or restrictive abnormalities, gen-
erally focusing on physiologic re-
sponse only.15–18 A study of coal
miners found that workers with
respiratory symptoms are more
likely to use respirators than those
without, whereas FEV1 did not
show a statistically significant re-
lationship to respirator use.19 Al-
though the number of subjects in
each of the health status catego-
ries is currently insufficient to
compare responses among these
subgroups, future analyses with a
larger number of participants may
foster such comparisons.

3. Many of the jobs which are con-
ducted by the general worker pop-
ulation have lower exertion levels
than previously studied. Many
respirator effect studies have been
conducted at very high exercise
levels appropriate for firefighters
or military personnel.

4. Personal respiratory protection
will be used in the “real-life” jobs
rather than in exercise laboratory

settings. Although several studies
have assessed the comfort of res-
pirator used in actual work set-
tings (eg, anatomy laboratories20

or work simulations), most have
been conducted in research labo-
ratory settings.

5. Earlier studies of subjective toler-
ance had generally used a unidi-
mensional measure of subjective
response (eg, asking about general
comfort) or relied on a small set of
factors. The current study used a
multidimensional approach to as-
sess subjective response. Many of
the subjective assessments were
based on the impact on breathing
only.21 Other unidimensional mea-
sures focused on “comfort” per se.22

Some combined multiple scales
into a single aggregate value for
analysis.23 A few, however, used
multiple questions. For example,
some distinguished “general dis-
comfort,” “unacceptability,” and
specific symptoms such as respi-
ratory.20 Impact on six distinct
elements of mood during tread-
mill exercise using respirators
was not affected by use of respi-
ratory protection.24

Several conclusions may be reached
from the current study. First, the sub-
jective assessment methods appear to
be valid. This is suggested by the face
validity of the results, achieving higher
adverse ratings for those activities with
greater exercise than those with less
exertion requirements. Further, con-
sistent patterns of differences among
activities were noted although mea-
sured on different days. Similarly,
the finding that impact on nasal dis-
comfort and respirator heaviness
were particularly great for the HFM
respirator is consistent with reason-
able a priori expectations.

Comparison of the exercise labo-
ratory and the work simulation data
also supports the validity of the re-
sults: The subjective ratings for vi-
sion and hearing, which were not
likely to have been affected, were
fairly consistent across the exercise
and simulation days, whereas the

Fig. 4. Cumulative distribution of responses: the figure shows the distribution of subjective
rating for each domain. The value on the y axis represents the proportion of ratings that were less
than or equal to the corresponding rating value on the x axis.
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other variables showed greater effects.
If the subjects were “globally rating”
based on general discomfort in the
exercise laboratory, then one would
have expected to see that the vision/
hearing variables would also be af-
fected. In this study, the subjects
were able to meaningfully differenti-
ate among the domains of subjective
effect.

Second, the data also suggest that
respirators of both types are likely to
be relatively well tolerated. The
magnitude of the adverse impact in
most individuals was limited. For
example, only 14% rated breathing
discomfort higher than the midpoint
of the Borg scale even during the
moderate exertion level work activi-
ties. The cumulative distribution of
responses, shown in Fig. 4, does not
suggest a bimodal distribution of us-
ers, including one subgroup that is
extremely sensitive; rather, the dis-
tributions appear to be continuous.

Third, the magnitudes of adverse
effects reported during the work sim-
ulation laboratory sessions were con-
siderably lower than those during the
exercise laboratory studies. This was
noted across most variables. This
suggests that impacts measured in
exercise laboratory studies may rep-
resent the upper bound, rather than
the typical response expected during
field utilization.

Fourth, the study directly com-
pared the subjective responses to the
two types of respirators; they were
selected to be representative of types
that are likely to be widely used in
nontraditional settings. For nearly all
the domains studied, the HFM was
rated as more adverse than the N95.
This strongly suggests that N95 res-
pirators are likely to be better toler-
ated and more utilized.

Fifth, results from both the exer-
cise laboratory and work simulation
studies suggest that there are several
distinct clusters of responses. Al-
though seen most clearly in the fig-
ure representing the results of the
exercise laboratory study (Fig. 1), a
similar pattern is discernible in the
simulation studies. The three group-

ings may be termed “minimally af-
fected,” “functional impact,” and
“physiologic impact.” The first –
“minimally affected” – reflects the
variables of hearing and vision,
which had low impact ratings and
did not vary among experimental
periods. The “physiologic impact”
variables included those which are
likely to reflect actual physiologic
sensations such as work of breathing,
facial temperature, pressure on the
face, etc. Variables in this group
received the highest impact ratings
and varied considerably among the
experimental periods. An intermedi-
ate impact was seen for measures of
impact on functional performance.

Factors other than respiratory sen-
sation may be significant. Tempera-
ture and humidity, corresponding to
one of our indices, affect mask com-
fort.25,26 Although this study found
little impact on vision, studies have
reported impact on vision, probably
because they used full face mask
respirators.1,27

Implications
The study suggests several implica-

tions: 1) Respirators can be tolerated
fairly well by the general population.
Therefore, it may be possible to con-
tinue work with respiratory protec-
tion rather than relying on “shelter in
place” public policies. Nevertheless,
tolerance of respirator use is just one
of several factors to consider; others
include availability of respirators,
knowledge of proper use, ability to
select the appropriate respirator for
the hazard, and demonstration that
the respirator type is adequately pro-
tective. 2) N95 respirators may be
preferable to HFM types even if the
protection factor under optimal use
situations is higher for the latter. The
better tolerance and the greater sim-
plicity of the N95 respirator make it
more likely to be actually used con-
sistently by members of the general
public in the face of an epidemic or
terrorist threat. 3) Workers were able
to continue their work using respira-
tors. 4) Assessment of impact on
respirator users should consider

physiologic and other subjective re-
sponses. The subjective assessment
must be multidimensional rather than
rely on a single rating variable.
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