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Respirator Impact on Work Task Performance

Philip Harber, MD, MPH, David Yun, BS, Silverio Santiago, MD,
Siddharth Bansal, MD, and Yihang Liu, MD, MS

Objective: Respirators are used to maintain work performance and protect
against inhaled toxins. The study compared the effects of two commonly used
respirator classes—dual cartridge half face mask (HFM) and filtering face
piece (N95)—upon work productivity.

Methods: 107 volunteers performed eight simulated work tasks when using
the HFM and N95 respirators. Tasks included several body positions, exertion
levels, and concentration requirements. Objective measures of accuracy and
speed were developed for each task. Scores for each task were based on the
subject’s rank among all subjects.

Results: All subjects were capable of performing the tasks. There were no
statistically significant differences between respirator types in either task
performance metric.

Conclusions: Productivity impact can be measured effectively and should be
considered as part of respirator design testing and when selecting the optimal
respirator for a worker.

espirators are used to protect workers and community mem-

bers against inhaled toxic and biologic materials. Frequently,
however, they serve an additional purpose—allowing continuation
of productive activities that would otherwise be precluded. While
there has been extensive investigation of the degree of protection
afforded by respirators, their physiologic consequences,'® and ex-
ercise limitation,”! the actual impact upon work productivity has
not been carefully evaluated.'*!'> Impact on accomplishing activi-
ties may be relevant in nonoccupational'®!” as well as workplace
settings, particularly if use will be prolonged.

Therefore, the current study considered work productivity
as an important effect to be measured in conjunction with assess-
ment of subjective effects and physiologic consequences. The project
compared two commonly used respirator types during a variety of
simulated work tasks.

MATERIALS AND METHODS

A diverse group of subjects was recruited, including individ-
uals with normal lung function and persons with mild asthma, early
chronic obstructive pulmonary disease, and chronic rhinitis. Selec-
tion and exclusion criteria have been described elsewhere.>!® The
research protocol was approved by the institutional review boards of
the University of California, Los Angeles (UCLA) and of the Greater
Los Angeles Veterans Administration Medical Center. Subjects were
recruited from clinics associated with the Greater Los Angeles Vet-
erans Administration Medical Center and the UCLA as well as by
newspaper and other advertisements. Participants received a small
fee for their involvement.
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Research participants included 71 men and 36 women. Of
these, 27 were free of respiratory disorders, 49 had asthma, 15 had
chronic obstructive pulmonary disease, and 36 had chronic rhinitis.
(Several subjects had concomitant conditions, so the total is greater
than the total number of participants). The subjects were not selected
from known respirator users.

Each subject participated on three separate days: one session
was devoted to a cardiopulmonary exercise laboratory study, and the
remaining two were devoted to work simulation tasks. The subject
wore an N95 filtering face piece respirator without exhalation valve
(3M model 8210, Minneapolis, MN) on one day and a dual cartridge
half face mask respirator (MSA, Comfo Elite with P100 cartridges,
Pittsburgh, PA) on the other day; in this article, these are abbreviated
as “N95” and “HFM,” respectively. On each of the work simulation
days, the subject completed a series of eight tasks, each lasting ap-
proximately 8 to 10 minutes including task set up time. The order
of experimental days and the order of tasks within day were ran-
domized. The work was conducted at standard indoor temperatures
(ie, 25°C). Subjects had a break after the fourth period, during which
they removed their respirators, had access to water, and rested. If
the subject felt it was necessary, he or she could briefly remove the
respirator between the other periods (eg, to cough), but they rarely
did so. Each task included a short set up time (eg, 1 to 2 minutes such
as to sit down at the simulated driver device and turn it on), eight
minutes of task performance, and completion of the rating question-
naires (typically, 1 to 2 minutes). In addition, each subject spent a
few minutes initially donning and adjusting the respirator. Thus, the
subjects typically used the respirator for about 1.5 hours each day.

Tasks are summarized in Table 1. The tasks were selected to
be comparable to many types of normal work and to be feasible for
most individuals without special training. Several were sedentary,
such as sorting bolts while seated. Others required standing, such as
simulated casing operations; others required moderate exertion, such
as carrying buckets of rice or stocking store shelves. Some tasks
required considerable attention (eg, sorting and constructing with
plastic blocks or simulated driving). Furthermore, some required
frequently lifting the hands above head level, allowing investigation
of whether the respirator mask would interfere with such activities.
Subjects were allowed to utilize their own eyeglasses if necessary.
Prior to initiating the study, the subject was introduced to research
methods and to each of the tasks. Subjects were told that both the
speed and accuracy of performance were important.

Specific performance measures were designed and pilot tested
for each task. They were developed to be objective, reproducible, and
easy to apply. Two performance scales were devised for each task:
Speed reflected the amount of work accomplished, and Accuracy
summarized the degree to which the task was completed accurately.
Scale ranges varied among tasks. A single research staff member
measured performance without interfering with task performance or
providing feedback.

The measures are summarized in Table 1. For example, sorting
to the bins (Task), counting total number of items placed (Speed),
and percentage placed in correct bin (Accuracy).

Other measurements during the studies included respiratory
pattern and ventilatory volumes determined with a respiratory in-
ductive plethysmograph (Vivometrics, Ventura, CA). The methods
and hardware/software are described in detail elsewhere.? The fixed

JOEM o Volume 53, Number 1, January 2011



Respirator Effect on Productivity

JOEM o Volume 53, Number 1, January 2011

‘sjrun 939[dwoo Ul S[erojew
SULLIgJSUET) JOU ‘UOTIONISUT
01 SuIpI099€ 19JSuLs} SUIPIOIAI J0U

‘payorduod

“I9JUNO0J UO YOBd PIOIIY "ddUI JO

Mmo[/Sunyjem pue Surpuog QJRISPOIN “Irids 99011 Yoo 10J pajoenqns SIUI0J SIOJSUBI) JO JOqUINN]  S}OYONq I9JSUeI) pue ‘ISAT[ap ‘dn o1g 1Ie) K11e)
‘poyppow Judwddeld noqe
suonoNNSUl FUIMO[[0] JOU IO SUI)T SOATOYS *(Sunyrem sopnjour) s3nf aom( pue
9JBIOPOW/[0AS] PEAY 0A0qE pue Surpuog QJeISPOIN Surddoip 103 pajoenqns o1e SyUIOJ uo pooe[d SWON JO JoqUNN  SOXO0q [BIIAD JIM SIAJOYS 9I0)S JO03IS 101§ 2101S
'S9JeUIPI00d pue Juswded
910J0q SW9)I UTRIqO 0] Sun|[em
yS1y/peoy 0A0qQy  9JeIOPOUW/MO 9A0QE SV JA0QE SV ommnbor suononnsur Inq ‘oroqe sy mSe]N  J[ea JOUSEIN
‘(suononnsur “(sqof Ajquiosse ‘(uoneNUAIUOI
0} AIe13U09) W) € 18 W)l QU0 UBY) jusuoduwiod 0} sjqeredwoo) saxmbair) spowr pased
Q10w SUIAILIED 10 Q1eUIPIO0d dUIes (woysAs oy yym ooed Juryoew & ur uorodip (pades)
je syuowedeld ojdnnu ‘suoneso] urejurew oy s[rey 309[qns [eI0 0) SUIPIOOIE SAILUIPIOOD
y31y/pesay aroqy moT  poaoerd Appoarroour Jog syutod 1oenqng A} QW) OB PAdNPal 91095 je pIeoq © Uo s309[qo joudew ooe]  SSeN  puelS JOUSBN
*(Burses wooayrew
‘u1q 3091100u1 Ul Suroeyd 1o ‘pased pajenuuis) suiq 12doad ojur ooeyd
9eropowr/ Jurpueq Wudn MOT 1oded Surddoip 105 pajoenqns syurog s1oded jo syoe3s Jo JoqunN pue ‘1oded ureqo ‘wool ssoIok ey ase) ase)
-ooeds 0100 YUR[q IO ‘SUOTIEIUOPUT
‘90rJINS jJep wolij suorsnyoid
10J pajoenqns syutod :SyoLIq owm pay1oads ur pajeard ‘suononNsul paquosard Furmoroy
djeropour/3umig A1eIU9pasg 10J suononnsur yym douerduwo) SI9MO0) JO JYSIoY pauIquio)) s)1001q onse[d Yam s1omo) 9onpoid 0397 0397
‘A[[eanewo)ne 3109 & sapraoid wiry payrdads -owes oopIA 19indwod pue
ysy/Sumis K1eyuapag oweS oap1a ayy ‘owrn def 3sag ur pajerdwod sdej Jo roquunN ‘sepad ‘oaym [im SUuIALIp oje[nwIIg AL AL
‘s310q Surddoip
Mo[/3umig K1eyuapag 10 uIq SUOIM JOJ PIIR[IP SIUIO pojos IoquinN  '9ZIS pue I0[0d Aq SUIq OJUI S3[0q }10S jog og
UONBIIUIIUO))/UONISOJ UonIdXY Aeandy Lyanonpoag uondrLsaq apo) yseL,

SPOLIdIN buney pue sysel ‘L 319VL

23

© 2011 American College of Occupational and Environmental Medicine

Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Harber et al.

JOEM o Volume 53, Number 1, January 2011

volume method was used for calibration. The subjects also completed
a series of subjective ratings concerning comfort, facial conditions,
concentration, and other variables. The physiologic and subjective
data are summarized elsewhere.>!8

Statistical analyses were performed with SAS for PCs (Ver-
sion 9.1, SAS Institute, Cary, NC). Analyses addressed three ques-
tions: (1) For each task, did the respirator type affect productivity?
(2) Was there an overall effect of respirator type? (3) How correlated
were the two measures of performance?

To compare productivity scores within each task, nonparamet-
ric analyses were used since descriptive analyses showed skewed dis-
tributions (as most subjects performed well). The Wilcoxon signed
rank sum test compared paired scores according to respirator type
for each task. A common scale across all the tasks was created
as follows: The raw data for each task (including both respira-
tor types) were used to assign rankings for each person-respirator
combination. With this analytic approach, an effect of the respi-
rator type could be detected by comparing each individual’s ranks
by using the HFM and the N95; if the users consistently ranked
better with the HFM than the N95, one could conclude that the
NO95 adversely affected work performance in comparison to the
HFM.

The primary analysis was based on all subjects. A secondary
analysis was stratified into two groups—subjects with one or more
respiratory disorder (n = 80) and subjects free of respiratory disor-
ders (n = 27).

In addition to the scores for individual tasks, composite scores
for Accuracy and for Speed were calculated for each subject for the
HFM and the N95 by adding the individual’s ranks for each of the

eight tasks for each of the respirators (ie, there were four scores for
each person: HFM-Speed, HFM-Accuracy, N95-Speed, and N95-
Accuracy). The composite scores were used to evaluate the overall
effect of respirator type using paired ¢ tests.

Analyses were further conducted for the degree to which the
two measures, Speed and Accuracy performance, were correlated
within individuals. To do so, the correlations between raw score
for Accuracy and for Speed were determined for each experimental
period. The correlation between composite scores for Accuracy and
for Speed was also conducted to present the overall correlated degree.

RESULTS

Table 2 summarizes the data and analyses. The directly ob-
served (raw) scores were different for each task, reflecting the fun-
damental differences in scales used. For many of the scales, the
distributions were asymmetric.

Evaluating the individual tasks, there were no statistically
significant differences between the HFM and the N95 when analyzed
by the paired data nonparametric analysis (Wilcoxon signed rank
test).

The composite scores, which considered all data in aggregate,
are also summarized in Table 2. For Speed and for Accuracy, there
were no statistically significant effects of respirator type.

Figure 1 shows the relationship between the composite Accu-
racy and Speed scores for each individual, including data for both
the HFM and for the N95. In addition, the correlation coefficients
between Speed and Accuracy according to task for the raw scores are
shown in Table 3. There was only a weak correlation (0.19) between
the overall speed and accuracy performance for each individual. In

TABLE 2. Summary of Analyses of Effects of Respirator Type*

Raw Score
N9S HFM Respirator Effect
Task Mean SD Mean SD P
Speed
Bolt 1.91 0.61 1.95 0.67 0.38
Carr 55.67 11.41 54.65 13.27 0.28
Case 4.72 1.17 4.81 1.18 0.47
Driv 2.8 0.94 2.88 0.97 0.58
Lego 167.05 60.46 174.43 68.38 0.15
Mags 99.86 1.46 99.91 0.68 1
Magw 99.72 1.67 99.72 1.8 1
Stor 50.39 11.92 48.61 11.37 0.02
Composite score 3.96 1.01 4.03 1.05 0.48
Accuracy
Bolt 91.75 16.24 94.19 11.27 0.31
Carr 98.11 7.29 99.15 3.05 0.18
Case 97.43 5.93 95.77 10.31 0.19
Driv 304.48 79.65 301.86 71.24 0.27
Lego 87.09 20.44 90.91 15.9 0.06
Mags 97.95 4.99 97.5 5.18 0.32
Magw 97.22 5.69 97.83 4.83 0.39
Stor 96.69 8.68 96.89 6.81 0.93
Composite score 3.96 0.74 3.99 0.83 0.85

*For each of the simulated work tasks, the table shows the mean and standard deviation of the raw scores
for Accuracy and Speed. A separate scoring system was established for each task, as shown in Table 1. In
addition, the results of nonparametric comparison of the two respirator types (P value by Wilcoxon signed
rank test) are shown for each task. The composite scores are based on the sum of ranks (adjusted to 0—1
range) for all tasks within N95 or HFM (half face mask) adjusted; P value is based on paired ¢ test).
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Correlation of Composite Scores by Resp Type
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FIGURE 1. Relationship between Speed and Accuracy scores.
The figure shows the composite Speed and Accuracy scores
on the x and y axes, respectively. Solid diamonds represent
HFM, and open triangles represent N95. Scores were derived
from subjects’ rankings standardized to a O to 1 range within
task type (ie, are unitless).

TABLE 3. Correlation of Accuracy
and Speed Rank Measures for Each

Subject*

Task r P
Bolt 0.06 0.359
Carr 0.07 0.303
Case 0.13 0.059
Driv 0.79 <0.0001
Lego 0.19 0.006
Mags 0.34 <0.0001
Magw 0.34 <0.0001
Stor 0.23 0.0009
Composite score 0.43 0.0001

*For each work simulation task and for the com-
posite scores, the table shows the correlation coeffi-
cient between the Speed and Accuracy measures for
each subject.

addition, there were statistically significant correlations between the
two performance measures for five of the eight tasks studied. How-
ever, for most of the tasks, the correlation coefficients were relatively
small, suggesting that the two scales measure different underlying
characteristics.

DISCUSSION
Respirators are used to allow activities to continue despite
the presence of potentially toxic or biologically adverse agents in
the user’s ambient air. The study therefore compared the effects of
two commonly used respirator types upon work performance while
conducting a series of work activities.

The simulated tasks included a range of work activities com-
parable to those in most work situations.'*?! The simulated work
included both sedentary and low-to-moderate levels of activity. In
addition, tasks differed in the degree of concentration that was nec-
essary. The work was selected to be representative of many common
situations in which respirators would be employed.

Overall, the results show that the use of a respirator did not
prevent carrying out the tasks. Furthermore, since the users were
naive to respirator use and to the tasks, longer-term use might lead
to adaptation and learning. The project compared the effects of two
different types of respirators rather than investigating the difference
between respirator use and nonuse. As respirator use increases, the
focus of research should shift from finding a basis for excluding
some workers from respirator use to comparing different types of
respirators to select the optimal respirator for the worker and work
situation. Of course, the nature and magnitude of the hazard must be
the primary determinants of the necessary protection factor.

In the study, there were no significant differences between a
dual cartridge half face mask respirator and a filtering face piece
NO95 type. The study did not directly compare either type to work
with no respirator use at all. The study compared two respirators
rather than perform two smaller studies that each compares one type
to no use; this research design increased the power to address the
primary question: Assuming respirator use is mandatory, which type
is better?

Similarly, the tasks were each relatively simple. Additional
productivity factors may apply to more complex work such as health
care. Nevertheless, the results indicate that employers should not
discourage appropriate respirator use for fear of productivity impact.

The current study complements the earlier studies by directly
evaluating work performance rather than surrogate measures such
as maximal exertion. Other studies have considered the impact of
respirator use upon work performance in high exertion work (eg,
military work or firefighting)>®22-24 or at high exertion in research
laboratory settings.?> Studies that measure work performance as the
ability to conduct heavy physical exertion may not be directly appli-
cable to the low/moderate exertion typical of most applications.
For heavy self-contained breathing apparatus type equipment, phys-
iologic limitation due to the device’ s weight may be at least as
significant as impact upon productivity.!>2

In addition, several studies have examined the impact of spe-
cific respirators upon specific job activities. These activities include
automobile encapsulating,”’ anatomy laboratory work,?® and emer-
gency medical procedures.’® The magnitude of perceived health
threat may change perceptions about the acceptability of a respi-
rator (eg, the Severe Acute Respiratory Syndrome, SARS, epidemic
led to increased acceptability of powered air purifying respirators.?

Studies have also examined whether respirator use interferes
with several occupational functions. For example, they have ad-
dressed interference with telephone communication,® hearing,3!
cognitive processing,>3* and vision.* In one study, performance
in a laboratory test reaction time was improved by respirator use,
possibly due to the arousal caused by using the device.'*

The current study has several limitations. Subjects were en-
couraged to use their own eyeglasses, and therefore the results cannot
be directly extended to full face masks that would interfere with such
use. The study did not evaluate if respirator use interferes with the
ability to communicate by talking.'” In addition, each task was of
short duration, and therefore longer-term adaptation to respirator use
did not occur. However, although each task was brief, in aggregate,
the study volunteers used the respirators for an extended time; there-
fore, a cumulative adverse impact upon productivity would have
been reflected in the overall composite scores and appears unlikely.
Since participants in this study were generally naive both to respi-
rator use and to the specific tasks, the observed results represent an
upper bound to adverse impact upon work performance because the

2021
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opportunity for adaptation was limited. It is hypothetically possible 13. White MK, Hodous TK. Reduced work tolerance associated with wear-

that the measures of productivity were too insensitive to detect small ing protective clothing and respirators. Am Ind Hyg Assoc J. 1987:48:

differences in productivity according to respirator type. The perfor- 3 0473,10‘ N

mance metrics were selected to be as objective as possible to reduce 14. Caretti DM, Bay-Hansen LA, Kuhlmann WD. Cognitive performance dur-
. .. . . . ing respirator wear in the absence of other stressors. Am Ind Hyg Assoc J.

the llkellhgod that the tecl}mman mlght 1nt§oduce blqs. 1995:56:776-781.

Whlle the two respirator tYpeS in this study did nf’t have de- 15. Coates MJ, Jundi AS, James MR. Chemical protective clothing: a study into
tectable differences, more extensive study of other respirator types the ability of staff to perform lifesaving procedures. J Accid Emerg Med.
may identify significant differences among respirator designs. There- 2000;17:115-118.
fore, assessment of respirator designs should include measures of 16. Cummings KJ, Cox-Ganser J, Riggs MA, Edwards N, Kreiss K. Respira-
productivity impact. In the future, development of a standardized set %rod;’g;“ng in post-hurricane New Orleans. Emerg Infect Dis. 2007;13:
of work tasks for respirator testing might be considered as part of o . .
the respirator certification process. Rather than using the full set of 17. Riggs MA, Rao CY, Brown CM, et al. Resident cleanup activities, character-

. L istics of flood-damaged homes and airborne microbial concentrations in New
tasks,.a. standard .Set might be limited to only 3 to .4 tE.ISkS..The ‘COH}' Orleans, Louisiana, October 2005. Environ Res. 2008;106:401-409.
parability of findings across ta.Sks suggests th?t this simplification is 18. Harber P, Bansal S, Santiago S, et al. Multidomain subjective response
reasonable. Because of their limited correlation, both accuracy and to respirator use during simulated work. J Occup Environ Med. 2009;51:
speed should be ascertained. This is particularly important because 38-45.
respirators will be increasingly used by workers and community 19. Bureau of Labor Statistics. Respirator Use and Practices. United States De-
members in a wide variety of circumstances.!®* Understanding the partment of Labor; 2002.
determinants of proper use will help improve the overall protection 20. Laird IS, Goldsmith R, Pack RJ, Vitalis A. The effect on heart rate and facial

fforded t tkers and community members. %3 skin temperature of wearing respiratory protection at work. Ann Occup Hyg.
alrrorded to workers a CO unity me CTS. 2002;46:143-148.

21. Louhevaara V, Tuomi T, Smolander J, Korhonen O, Tossavainen A, Jaakkola J.
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