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OBJECTIVE: To determine if using an N95 filtering face-piece respirator concurrently with a
loose-fitting powered air-purifying respirator (PAPR) offers additional protection to the wearer.
METHODS: We used a breathing mannequin programmed to deliver minute volumes of 25 L/min
and 40 L/min. We measured the baseline protection factor of the PAPR with its motor operational
and then deactivated (to simulate mechanical or battery failure). We tested 3 replicates of 3
different N95 models. We glued each N95 to the breathing mannequin and obtained a minimum
protection factor of 100 at 25 L/min. We then placed the PAPR on the mannequin and took
protection factor measurements with the N95-plus-PAPR combination, at 25 L/min and 40 L/min,
with the PAPR operational and then deactivated. RESULTS: The N95 significantly increased the
PAPR’s protection factor, even with the PAPR deactivated. The effect was multiplicative, not
merely additive. CONCLUSIONS: An N95 decreases the concentration of airborne particles inspired by the wearer of a PAPR. Key words: N95, respirator, powered air-purifying respirator, protection factor. [Respir Care 2008;53(12):1685–1690]

Introduction
During the severe acute respiratory syndrome outbreaks
of 2003, concerns about the lethality of the virus prompted
medical professionals, institutions, and governmental agencies to promote the use of N95 filtering face-piece respirators (or the equivalent) concurrently with loose-fitting
powered air-purifying respirators (PAPRs) during aerosol-
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generating medical procedures.1-5 The rationale was that
the N95 would supplement the respiratory protection to
the wearer,2 prevent the passage of unfiltered exhalation
gases from the wearer to the immediate environment,3,4
and serve as a backup in the event of PAPR mechanical
failure (eg, motor problem or battery failure) or overbreathing (inhalation at a flow higher than the PAPR can
provide, which creates negative pressure in the PAPR and
entrains outside, unfiltered air).6 The combination of an
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N95 and a PAPR is worn in special circumstances (eg,
bronchoscopy, intubation, or autopsy on a patient with a
virulent respiratory pathogen), and is not routinely used by
most health care workers. The fact that permissible exposure limits have not been assigned for most pathogens7
(some serious diseases, such as tuberculosis and influenza,
require as few as 1–3 infectious particles to initiate infection8) underscores the need to maximize respiratory protection. Although the suggestion to combine N95 and PAPR
seems logical, it has not been subjected to scientific scrutiny and is not approved by the National Institute for Occupational Safety and Health (NIOSH), the federal agency

RESPIRATORY CARE • DECEMBER 2008 VOL 53 NO 12

1685

The authors report no conflicts of interest related to the content of this
paper.
The findings and conclusions in this report are those of the authors and
do not necessarily represent the views of the National Institute for Occupational Safety and Health.

N95 RESPIRATOR PLUS POWERED AIR-PURIFYING RESPIRATOR
responsible for respirator certification. Furthermore, all personal protective equipment places physical and psychological strain on the wearer and can impede effective communication.9 Therefore, it would be useful to quantify
whether the combination of N95 plus PAPR increases protection, and to weigh the merits against the increased burden to the wearer.
One method to quantify the protection afforded by a
respirator is the protection factor, which is the ratio of
contaminant concentration outside the respirator to that
inside the respirator,10 which represents the respirator’s
efficiency in removing air contaminants from the air
breathed. We studied the effect of concurrent use of an
N95 on the protection factor of a loose-fitting PAPR.
Methods

nology to make optical density measurements of ambient
and within-respirator particulates. This method detects particles as small as 0.02 m in a range of 0.1–5⫻105 particles/cm3. We used a particle generator (model 8026, TSI,
Shoreview, Minnesota) that uses sodium chloride solution,
and during the tests we maintained the room-air particle
count at 16,000 –30,000 particles/m3, which is significantly
greater than the mean particle count (2,311 particles/m3) in
hospital operating rooms,14 but is in the preferred range
(8,000 –50,000 particles/m3) for optimal functioning of the
Portacount Plus.15 We measured the protection factors for
the normally functioning PAPR with and without the N95s,
the PAPR during battery failure with and without the N95s,
and the N95s alone.
Baseline PAPR

We used a breathing mannequin (Smartman, ILC Dover, Frederica, Delaware) composed of a hollow, cast zinc
shell and a head-form that represents a static uniform surface that outlines a medium-sized, human male head, neck,
shoulders, and upper chest stature. Anthropometric facial
measurements (face width, face length) of the Smartman
placed it in cell 10 of the recently-developed NIOSH Respirator Fit Test Panel.11 We used a computer-controlled
breathing simulator (Dynamic Breathing Machine, Warwick Technology, Warwick, United Kingdom) that houses
a reciprocating piston that moves within a precision-machined cylinder and reproduces human (sinusoidal) breathing patterns. We programmed the breathing simulator at
breathing rates and tidal volumes that created 2 deliver
minute volumes (V̇E): 25 L/min and 40 L/min. We selected 25 L/min to represent a light work level in a health
care worker, on the basis of the exhaustive literature evaluation by Caretti et al12 (21.3–21.6 L/min during nursing
activities). We selected 40 L/min to represent a moderate
work level, as might be expected with surge of patients in
a major catastrophe.
We tested one loose-fitting PAPR (BreatheEasy, 3M,
St Paul, Minnesota) fitted with 3 gas filter canisters (FR57, 3M, St Paul, Minnesota) that are rated as P-100 particulate filters (ie, they filter out at least 99.97% of particles ⬎ 0.3 m). The airflow range of the Breathe Easy
PAPR, when used with a loose-fitting hood, is 200 –250 L/
min (a NIOSH-certified loose-fitting PAPR must supply
airflow of at least 170 L/min).13 During the study we conducted routine airflow checks with a mass flow meter, and
the flow always exceeded the 170 L/min minimum.
We tested 3 models of N95 (models 1860 and 1870,
3M, St Paul, Minnesota, and model N9504C, AO Safety,
Chickasha, Oklahoma). The N95s were not pre-conditioned
prior to use. We measured the protection factors with a
respirator fit tester (Portacount Plus, TSI, Shoreview, Minnesota), which uses condensation nucleus counting tech-

We placed the PAPR over the mannequin, draped the
internal nape of the shroud over the mannequin torso,
covered it with a standard medical laboratory coat, buttoned the coat, and draped the external nape of the shroud
over the laboratory coat. That arrangement simulated actual wear in a medical facility. We activated the PAPR
motor, started the breathing simulator at 25 L/min, and
took 3 consecutive protection-factor measurements. We
then repeated this test scenario with the breathing simulator set at 40 L/min.
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PAPR With Battery Failure
For this test we turned off the PAPR to simulate PAPR
battery failure or mechanical failure, and used the same
test scenario (25 L/min and 40 L/min, and 3 protectionfactor measurements).
N95 Only
To obtain a good seal, we glued the N95 to the mannequin face, as has been done in other studies. To avoid
damage to the mannequin face we placed a layer of electrical tape where the N95 contacts the face. We then applied hot ethylene vinyl acetate polymer hydrocarbon resin
glue (Electromatic TR550 glue gun, Arrow Fastener, Saddle Brook, New Jersey) evenly around the inside edge of
the N95 and immediately placed it on the mannequin face.
The glue-drying time was less than 1 min. We then visually inspected the glue-N95 interface for leaks, and applied
additional glue if necessary. We then took 3 protectionfactor measurements at both 25 L/min and 40 L/min. We
then repeated the latter set-up and test procedure with 3
replicates of each N95 model (ie, we tested a total of 9
N95s). By gluing the N95 to the mannequin we achieved
protection factors ⬎ 100 at 25 L/min.
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Results

Fig. 1. Breathing mannequin with an N95 filtering face-piece respirator and a loose-fitting powered air-purifying respirator.

N95 Plus Operational PAPR
After 3 consecutive protection-factor measurements
⬎ 100 at 25 L/min, we left the N95 on the mannequin and
put the PAPR on over the N95 (Fig. 1). With the PAPR
motor activated, we took 3 protection-factor measurements,
at both 25 L/min and 40 L/min, with each of the 9 N95plus-PAPR combinations.
N95 Plus Deactivated PAPR
In this experiment we deactivated the PAPR motor and
took 3 protection-factor measurements with each of the 9
N95-plus-PAPR combinations, at 25 L/min and 40 L/min.
Statistical Analysis

Table 1 shows the protection-factor data, and Table 2
shows the mean protection factors.
The PAPR’s mean protection factor at 25 L/min
(31,552 ⫾ 8,758) was not significantly different than at
40 L/min (33,741 ⫾ 8,930) (P ⫽ .36). The mean protection factor of the 9 N95s at 25 L/min (142.6 ⫾ 38.2) was
significantly greater than at 40 L/min (98.4 ⫾ 28.9)
(P ⬍ .001).
The mean protection factor of the N95-plus-operationalPAPR at 25 L/min (325,037 ⫾ 127,739) was not significantly different from that at 40 L/min (320,185 ⫾ 161,254)
(P ⫽ .90) (Fig. 2). The mean protection factor of the
N95-plus-PAPR combination was significantly greater than
that of the PAPR alone, at both 25 L/min and 40 L/min
(P ⬍ .001).
There was no significant difference in the mean protection factor with the PAPR deactivated at 25 L/min
(7.7 ⫾ 2.1) and 40 L/min (8.5 ⫾ 2.3) (P ⫽ .32). The
combination of N95-plus-deactivated-PAPR had a mean
protection factor of 1,990 ⫾ 1,208 at 25 L/min and
1,414 ⫾ 621 at 40 L/min (P ⫽ .22) (Fig. 3).
The mean protection factor of the N95-plus-deactivated-PAPR combination was significantly greater than that
of the deactivated PAPR alone at both 20 L/min and 40 L/
min (P ⬍ .001). Two-way analysis of variance of delivered V̇E and N95 model indicated that, without the PAPR,
the different N95 models and the delivered V̇E both significantly affected protection factor (P ⬍ .001), but their
interaction was not significant (P ⫽ .90). Two-way analysis of variance of the N95-plus-PAPR combination and
the N95-plus-deactivated-PAPR tests indicated that the N95
models were significantly associated with the protection
factor (P ⫽ .05), but both V̇E and their interaction were not
significant associated (P ⫽ .09 and .45, respectively)
To improve the normality of the protection factors, we
ran the analyses with a log transformation. Although quantile-quantile (Q-Q) plots seemed to reveal that the logtransformed data conformed better to a normal distribution, the P values were qualitatively unchanged; the largest
differences observed, for instance, were P ⫽ .27 instead of
P ⫽ .36, and P ⫽ .53 instead of P ⫽ .90, so these data are
not shown here. We also ran mixed models whenever
possible, to adjust for potential correlation with a given
N95 (as 3 of each N95 model was tested 3 times). This
analysis also found no qualitative differences, and therefore the data are not described further.

We entered the data into a spreadsheet (Excel, Microsoft,
Redmond, Washington) and conducted statistical analysis
via single-factor and 2-factor (with replication) analysis of
variance for the differences in protection factors. A P value
of ⬍ .05 was considered significant.

The present study analyzes the protection factor with
concurrent use of a properly-fitting N95 under a loosefitting PAPR, which is a combination occasionally used
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Table 1.

Protection Factors of N95 Respirators, With and Without Powered Air-Purifying Respirator
N95 Only,
at 25 L/min

PAPR Only,
at 25 L/min

PAPR
Plus N95,
at 25 L/min

N95 Only,
at 40 L/min

PAPR Only,
at 40 L/min

PAPR
Plus N95,
at 40 L/min

3M 1860

107
111
107
113
117
120
108
112
113

35,200
22,100
35,700
56,100
37,700
41,200
28,700
29,600
28,500

255,000
203,000
399,000
499,000
502,000
334,000
582,000
381,000
154,000

71
68
67
107
113
112
68
70
67

31,900
29,200
28,400
50,000
67,000
46,000
34,800
33,000
29,200

214,000
140,000
241,000
515,000
676,000
498,000
193,000
408,000
235,000

3M 1870

166
171
181
209
223
242
163
167
170

30,000
58,700
29,500
23,700
25,200
29,300
23,300
27,000
26,400

238,000
415,000
410,000
332,000
265,000
349,000
147,000
267,000
116,000

136
135
140
138
142
142
119
119
122

42,000
34,100
34,700
30,000
29,400
31,500
31,600
32,200
31,200

424,000
292,000
286,000
213,000
259,000
220,000
118,000
108,000
124,000

AO Safety N95O4C

131
133
137
109
110
102
143
141
143

34,700
23,600
29,400
32,800
31,300
29,200
29,700
29,600
23,700

412,000
229,000
274,000
235,000
313,000
184,000
510,000
237,000
534,000

89
91
90
64
62
58
86
93
88

20,300
29,900
35,500
36,900
26,400
28,300
28,600
28,500
30,400

332,000
536,000
463,000
493,000
632,000
279,000
338,000
285,000
123,000

N95 Model

* PAPR ⫽ powered air-purifying respirator

Table 2.

Mean Protection Factors
Deactivated PAPR,
at 25 L/min

Deactivated PAPR Plus
N95, at 25 L/min

Deactivated PAPR,
at 40 L/min

Deactivated PAPR Plus
N95, at 40 L/min

3M 1860

4.1
7.9
8.3

2,798
2,056
4,732

3.7
8.2
9.5

1,756
2,096
2,370

3M 1870

7.1
9.1
10.3

2,104
1,868
1,101

8.8
9.9
11.6

1,930
1,226
835

8.7
7.1
4.4

1,158
965
1,127

9.9
9.1
5.9

1,045
681
782

N95 Model

AO Safety N95O4C

* PAPR ⫽ powered air-purifying respirator

during potentially aerosolizing medical procedures (eg, endotracheal intubation, airway suctioning, aerosol administration) on patients with dangerous pathogens (eg, severe
acute respiratory syndrome, influenza, tuberculosis). The

N95-plus-PAPR combination has not been approved by
NIOSH.16
The mean protection factors of the PAPR, deactivated
PAPR, N95-plus-operational-PAPR combination, and
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Fig. 2. Protection factors with a properly functioning, loose-fitting powered air-purifying respirator (PAPR) with and without N95 filtering
face-piece respirators, at minute volumes of 25 L/min and 40 L/min.

Fig. 3. Log-transformed protection factors with a properly functioning, loose-fitting powered air-purifying respirator (PAPR) with and without
N95 filtering face-piece respirators, at minute volumes of 25 L/min and 40 L/min.

N95-plus-deactivated-PAPR combination were not significantly influenced by the 2 V̇E we tested (25 L/min and
40 L/min). However, the N95s’ protection factors at 25 L/
min were significantly greater than at 40 L/min (P ⬍ .001).
The protection factors with the N95-plus-PAPR and N95plus-deactivated-PAPR were significantly greater than that
of the PAPR alone or the deactivated-PAPR alone (P ⬍ .001
for both).
The N95s increased the mean protection factor of the
functioning PAPR by approximately an order of magnitude (ie, protection factor of at least 100), at both 25 L/min
and 40 L/min. The deactivated PAPR provided relatively
little protection by itself (protection factor ⬍ 10), because
its loose fit does not provide an adequate facial seal. That
was highlighted in a recent study with humans, which
found that a tight-fitting, negative-pressure, full-face-piece
connected to a deactivated PAPR (same model as in the
present study) had a protection-factor range of 38,000 –
46,500.17 However, our data suggest that a properly-fitting
N95 increases the mean protection factor of a deactivated
PAPR by 2–3 orders of magnitude.

The breathing mannequin we used delivers equal, regular respirations at a pre-programmed rate, whereas humans have variable respiration. However, it is noteworthy
that our data, which indicate a protection factor of ⬎ 20,000
in all the trials of the functional PAPR at 25 L/min, are
similar to the findings of a study with humans of the same
PAPR model we tested, which found a 100% pass rate for
protection factor 20,000 (with a corn oil aerosol).18 The
difficulty in obtaining a good seal between the respirator

and mannequin face necessitated our use of glue to adhere
the N95 to the breathing mannequin, as has been done in
other studies.19 Because protection factor depends partly
on fit (and partly on filter-penetration), the use of glue to
enhance respirator adherence to the mannequin face provides a better fit than is generally obtainable in actual use
by humans,20 and thus increases the prominence of filterpenetration in the protection factor. The influence of N95
fit in the present study was further diminished by the fact
that the breathing mannequin cannot be fully fit-tested,
because the mannequin can only perform 2 of the 8 fit-test
exercises (normal breathing and deep breathing).21 Thus,
the protection factors of the N95-plus-PAPR combinations
in the present study are largely a measure of N95 filterpenetration and PAPR leakage, so our protection-factor
measurements may be superior to those that would be
obtained with humans, where face-seal leakage would probably be greater.
Although a low particle count measured by a respirator fit tester may generate a higher protection-factor
measurement, that higher protection factor may not correlate to additional protection. However, there may not
be much practical difference between protection factors
of 100,000 and 200,000, because in that situation there
are so few particles, and the accuracy of protectionfactor measurements ⬎ 10,000 with the respirator fit
tester have not been well described.15 Nonetheless, since
no permissible exposure limits have been set for infectious agents that may be carried on airborne particles
(some pathogens can generate a respiratory tract infection with as few as 1–3 organisms8), a higher protection
factor may translate to greater protection. The 2 V̇E we
tested are within the operating range of a loose-fitting
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PAPR and should not have resulted in negative-pressure
in the PAPR, so we did not determine protection factors
in an over-breathing scenario.6
Conclusions
Our study suggests that a properly-fitting N95 substantially increases the protection factor of a loose-fitting PAPR,
even if the PAPR suffers mechanical or battery failure.
This finding highlights the value of an N95 as an extra
protective measure in case of PAPR malfunction. Inasmuch as the protection afforded by an N95 is highly dependent on fit at the face/respirator interface, and we glued
the N95 onto the mannequin face, the protection factors
we found may be superior to those that would be observed
with humans, especially in a work environment.20 Determining the true protection from the N95-plus-PAPR combination would require a simulated or actual health-care
workplace protection-factor study, of the type previously
carried out for other respirators.22 Also, because with some
pathogens very few infectious particles can create a respiratory infection,8 we cannot state that the N95-plus-PAPR
combination offers complete protection, irrespective of the
significantly elevated protection factor the combination
achieves. Nonetheless, the N95-plus-PAPR combination
appears to significantly reduce aerosol exposure, over
PAPR alone. It is not our objective to promote widespread
use of the N95-plus-PAPR combination over the respiratory-protection methods currently practiced. This study addressed only the protection factor afforded by the N95plus-PAPR combination. Additional experiments are
necessary to quantify the effects of adding an N95 on
physiological and psychology tolerability and communication.
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