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Effect of Facial-seal Leaks on
Protection Provided by Half-mask

Respirators

William C. Hinds and Peter Bellin

University of California Southern Occupational Health Center, UCLA School of Public Health, Los Angeles, California 90024

Applications are presented of a computer model that gives the
performance (overall protection factor including filter penetration
and facial-seal leakage) of half-mask respirators for protection
against aerosols. Input variables for the model are type of filter
used, work rate of the wearer, QNFT-measured fit factor, and
size distribution of the exposure aerosol. Based on the model,
measurement errors due to loss of particles in leaks during qual-
itative fit testing (QNFT) measurements with current equipment
are estimated to be less than 5 percent, but the change from high
efficiency test filters to regular dust, fume, and mist (DFM) filters
in use can reduce protection significantly. Overall protection fac-
tors are predicted for 33 industrial exposures based on assumed
QNPT fit factors of 20 and 50. In these examples, DFM respirators
with a QNFT fit factor of 50 have predicted protection factors
from 21 to 2900, depending on aerosol size distribution. Overall
protection factors for disposable and DFM filter respirators hav-
ing a given facial-seal leak are presented graphically for a wide
range of aerosol size distributions and two work rates. Also given
is a contour chart showing the QNFT fit factor required to achieve
an overall protection factor of 20 or 50 for a wide range of aerosol
size distributions. For an unknown aerosol size distribution and
average respirator performance (half-mask with DFM filters), a
QNFT fit factor of 15 or more is required to ensure an overall
protection factor of at least 10. Hinds, W. C.; Bellin, P.: Effect of Facial-
seal Leaks on Protection Provided by Half-mask Respirators. Appl. Ind. Hyg.
3:158-164; 1988.

Introduction

Two mechanisms can diminish the respiratory protection pro-
vided by a half-mask respirator: 1) penetration through the filter
or cartridge and 2) facial-seal leakage. In most cases where res-
pirators are used for protection against gases or vapors, it is
reasonable to neglect the cartridge penetration, in the absence
of breakthrough, if the respirator is properly selected and used.
On the other hand, for respirators used to protect against aer-
osols, both paths represent potentially important avenues of ex-
posure and both are strongly particle size dependent;!-2) that
is, the extent of exposure depends on the size of the aerosol
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particles present. Furthermore, the particle size dependence is
controlled by the instantaneous flow rate through the respirator,
so penetration and leakage depend on the work rate of the wearer
and are constantly changing during each breathing cycle.

In normal use, the mass concentration and particle size dis-
tribution inside the respirator, that which the wearer is exposed
to, differ greatly from that outside the respirator where these
quantities are usually measured. This makes estimation of a res-
pirator wearer’s exposure in use and verification of adequate
protection a difficult task.

Despite these complexities, there are many situations for which
it is desirable to evaluate the actual exposure of a respirator
wearer, that is the concentration or amount of contaminant he
or she is breathing. Examples of such situations include the fol-
lowing: 1) good industrial hygiene practice where it is always
desirable to know the actual exposure experienced by each worker
(the “evaluation” component of “recognition, evaluation, and
control™), 2) epidemiological studies where accurate exposure
assessment is needed to establish associations between exposure
and the occurrence of symptoms or disease, 3) liability protec-
tion, 4) industrial hygiene evaluation as follow-up to observed
occurrence of disease or symptoms, and 5) design and devel-
opment of improved respirators by respirator manufacturers.

Overall respirator performance for protection against aerosols
depends on 1) filter penetration, 2) facial-seal leakage (air flow
rate), and 3) particle penetration through facial-seal leaks (the
relative ability of different size particles to pass through leaks).
All three depend on breathing rate which in turn depends on
the work rate of the wearer, and the first and third depend on
the particle size distribution to which he or she is exposed. In
this paper, work rate is expressed in kg-m/min. A work rate of
0 kg-m/min corresponds to workers standing still or seated;
622 kg-mymin (approximately 430 kcal/hr) represents moderate
to hard work that can be sustained for a period of several
hours. Inhaled volumes are 14.2 and 37.3L each minute for
0 and 622 kg-m/min, respectively.'» Work rate can exceed
622 kg-mvmin for brief periods such as emergency situations or
ladder climbing.

To put into perspective the role that the three factors identified
above play in the performance of a respirator, the predictive
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model for respirator performance described below was used to
estimate the range of penetration that results from the usual and
appropriate range of applications of average dust, fume, and mist
(DFM) half-mask cartridge respirators. Filter penetration can range
from less than 0.03 percent, for a coarse dust like coal mine dust
when the respirator is used at a low work rate, to 2.4 percent
for welding fume at a high work rate. This 80-fold difference
corresponds to protection factors ranging from 42 to 3300.

As discussed by Hinds and Kraske in a previous paper,(?) the
proportion of the inhaled air that goes through a facial seal leak
varies with the breathing rate. Thus, the same respirator with the
same fit might have a workplace protection factor (reciprocal of
facial seal leakage plus filter penetration) that changes by a factor
of three as the workrate of the wearer changes from 0 to
622 kg-m/min.

Finally, aerosol particles less than 2 pm in aerodynamic di-
ameter pass through leaks nearly undiminished, whereas parti-
cles > 5 um are significantly reduced in number as they pass
through leaks. As a result of this differential particle leak pene-
tration, the workplace protection factor for a half-mask respirator
with a perfect filter may vary by a factor of three for the usual
range of particle size distributions.

Assigned protection factors, while providing a convenient mea-
sure of minimum protection, do not take into account the unique
penetration characteristics of aerosols outlined above; conse-
quently, they provide only a crude indication of the actual ex-
posure of the wearer. One may be tempted to use the National
Institute for Occupational Safety and Health/Mine Safety and Health
Administration (NIOSH/MSHA) certification tests, such as the sil-
ica dust or lead fume tests, as a basis for estimating filter per-
formance. These tests are conducted for limited and specific size
distributions, and, although they require high average efficiency
(>99%), the conditions of the test involve heavy loading which
enhances aerosol capture efficiency. Thus, one can not assume
such high efficiency under more representative light loading
conditions.

Previous Work

Previous attempts 10 model the performance of respirators have
been described by Silver et al'® using an electrical analog, and
by Campbell‘>) and Williams'® using a steady flow model. Neither
type takes into account the variation in performance associated
with aerosol particle size. The respirator performance model for
aerosols described by Hinds and Bellin‘®’ is the most complete.
It takes into account all the factors outlined above and predicts
the overall performance of a respirator and filter combination
having a known or measured leakage for any work rate and
aerosol size distribution.

The Hinds and Bellin model is based on detailed experimental
measurements of filter penetration as a function of particle size
(aerodynamic diameter) and flow rate and on experimental mea-
surements of facial-seal leakage as a function of particle size
(aerodynamic diameter), leak size, and pressure drop (difference
in pressure between the inside and outside of the mask). Some
1600 penetration measurements were made for each filter or
leak tested. These data are reduced to form a data base matrix
of 98 penetration values (7 flow rates and 14 particle sizes) for
each filter or leak tested. Performance data for a specific filter
and average data for facial-seal leaks are combined in the correct
proportion in a Lotus 1-2-3 spreadsheet and integrated over the
breathing (inhalation) cycle associated with six work rates, seden-
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tary to 830 kg-m/min. The result is the combined penetration
(leakage plus filter penetration) for 14 particle sizes, 0.14 to
11 pm, for each work rate. These data are used in a BASIC pro-
gram that integrates penetration on a mass or count basis for a
given work rate over a lognormal particle size distribution with
a specified mass median aerodynamic diameter (MMAD) and
geometric standard deviation (GSD).

This paper presents some applications of this model to the
prediction of overall respirator performance for a range of con-
ditions likely to be found in industry.

Applications
QNFT Measurement Errors

One application of the model is to evaluate certain errors as-
sociated with quantitative fit testing (QNFT). Two types of errors
are considered here: 1) the measurement error due to the at-
tenuation of larger test aerosol particles as they traverse facial-
seal leaks and 2) the difference in overall performance that results
from using high efficiency filters for testing and standard (DFM)
filters in the workplace. The second has two counteracting effects:
pressure drop may be reduced with the standard filter causing
a decrease in leakage, and small particles can penetrate the stan-
dard DFM filter in significantly greater quantities compared to
the high efficiency filter.

The sodium chloride (NaCl) fit testing apparatus measures the
mass concentration of NaCl aerosol outside and inside the mask
while it is being worn. The direct-reading analytical method uses
flame photometry to measure the intensity of sodium emission
as the aerosol passes through a natwural gas flame. The output
signal is proportional to the number of sodium atoms present
and thus measures relative aerosol mass directly. The reported
size distribution for the NaCl test aerosol is a MMAD of 0.48 o
0.72 pm and a GSD of 1.8 to 2.0.7-9

Penetration measurements made with a corn oil (or DOP) fit
testing apparatus are more difficult to interpret because forward
light scattering (scattering angle 13 to 43 degrees) is used to
estimate aerosol concentrations outside and inside the mask.
Forward light scattering is a strong function of particle size, so
that the changes in test aerosol size distribution that occur as a
result of preferential capture in filters or leaks can modify the
signal to mass ratio. The reported size distribution for the corn
oil test aerosol is a count median diameter (CMD) of 0.25 pm
and a GSD of 1.53.(10

The model was used to estimate the error in measured QNFT
fit factor associated with the loss of larger particles in leaks. To
accomplish this, filter penetration was assumed to be zero, and
an average leak performance curve was used with published test
aerosol size distributions. Numerical Simpson’s rule integration
over the size distribution was done to get the mass penetration,
that is, the mass of particles traversing the leak divided by the
mass of particles originally in the air that passes through the leak.

For the NaCl aerosol at a work rate of 0 kg-m/min, 96 percent
of the aerosol mass will penetrate a facial-seal leak; at a
622 kg-mvymin work rate, penetration is slightly lower at 95 per-
cent. A similar analysis for corn oil was conducted, but here one
must take into account the differences in light scattering prop-
erties of the inside and outside aerosols. For this estimate, the
relative light scattering over a 13 to 43 degree range of scattering
angles for corn oil droplets was computed using a FORTRAN
subroutine(!) and integrated over the inside and outside size
distributions to determine their relative signals. Results suggest
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that over the normal range of work rates, a corn oil QNFT mea-
surement will indicate 97 percent of the potential mass leakage.
Although there are significant differences in light scattering over
the corn oil particle size range, leak penetration is not size de-
pendent in this size range, and, consequently, the systematic
measurement error is slight.

These calculations were also made using the recommended
particle size limits for QNFT test aerosols given in ANSI Z88.2-
1980, specifically a MMAD of 0.5 to 0.7 wm and a GSD of 2.0 to
2.4.412) For these size distribution limits, the NaCl apparatus will
indicate 93 to 96 percent and the corn oil apparatus 77 to 95
percent of the potential facial-seal leakage. The difference be-
tween the NaCl and corn oil results is due to the light scattering

TABLE 1.

effect described above.

In the above analysis, penetration through high efficiency dust,
fume, mist, and radionuclides (DFMR) filters was assumed to be
zero. Although high efficiency cartridge filters have much lower
penetration than DFM cartridge filters, great variation existed
among the four brands tested. At a steady flow of 10 liters per
minute (Ipm), average submicrometer penetration ranged from
0.0008 to 1.41 percent; at 100 lpm, penetration ranged from 0.005
to 0.75 percent. Clearly, filter penetration can be neglected for
the most efficient filter but not for the least efficient. Indeed,
QNFT testing using the least efficient of the four DFMR filters
tested would not be able to measure fit factors greater than about
100.

Aerosol Size Distributions for Various Industrial Operations and Predicted

Overall Protection Factors for QNFT Fit Factor of 20 and 50

Predicted PF*

QNFT QNFT
Operation MMAD,um GSD FF=20 FF=50 Ref.
Mining
Open pit, general environment (ns)B¢ 25 47 36 67 13
Open pit, in cab (2) 1.1 2.4 26 48 13
Coal mine, continuous miner (27) 46 25 56 132 14
Coal mine, continuous miner (8) 15.0 29 158 386 15
Coal mine, continuous miner (50)¢ 17.0 31 172 419 16
Coal mine, other operations (80)° 115 2.8 122 298 16
Qit Shale mine (26) 28 35 39 79 17
Smelting and Foundry
Lead smelter, sintering (7)° 1.0 24 130 322 18
Lead smelter, furnace (8)¢ 33 15.7 47 79 18
Brass foundry, pouring (4)¢ 2.1 10.3 38 64 18
Brass foundry, grinding (3)¢ 7.2 129 52 90 18
lron foundry, general environment (1) 28 51 38 70 19
Iron foundry, general environment (4) 16.8 44 127 290 20
Be-Cu foundry, furnace (16) 50 24 59 142 21
Nuclear fuel fabrication (66) 2.1 1.6 35 85 22
Non-mineral Dust
Bakery (6) 121 42 99 222 23
Cotton gin (5)c? 471 27 1150 2860 24
Cotton mill (10) 76 40 72 158 25
Swine confinement building (21)¢ 9.6 4.0 83 186 26
Woodwaorking, machining, sanding
fine mode (6) 1.3 2.7 27 51 27
coarse mode (6) 33.1 2.6 687 1710 27
Wood model shop (9) 7.2 14 92 229 28
Metal Fume
SMA (stick) Welding (ns)° 0.38 18 17 25 29
MIG Welding (ns)° 0.48 23 19 29 29
Lead fume (0,-Nat. gas) (5) 0.37 2.1 17 26 30
Mist and Spray
Pressroom, ink mist (10) 27.4 430 226 529 31
Spray painting, lacquer (ns) 6.4 34 68 152 32
Spray painting, enamel (ns) 5.7 2.0 67 165 32
Aerosol spray products (6)° 6.4 1.8 76 189 33
Other
Forging (ns) 55 2.0 65 161 34
Retinery, fluid catalytic cracker (4)° 6.2 24 70 17 35
Cigarette smoke (diluted) (5) 0.4 14 17 25 36
Pistol Range (2) 26 38 37 73 37
Diesel exhaust (age = 5-600s) (5) 012 1.4 16 21 38

APredicted protection factors are based on the following assumptions: measured QNFT fit factors are 20 or 50,
QNFT test conducted at a work rate of 0 kg-m/min with perfect DFMR filters having average resistance, respirator
is properly used at a work rate of 415 kg-m/min with average DFM filters.

BNumber in parenthesis following the operation name is the number of size distributions on which the data in the
table are based; ns = number of size distributions not specified.

CAverage values for MMAD and GSD used (median values used for all others).

DMass distribution parameters calculated from count distribution data.
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A comparison of the resistance of DFM and DFMR filters for
four brands reveals substantial differences. The ratio of DFM filter
resistance to DFMR filter resistance ranged from 0.29 to 1.49 for
the same brand. At a work rate of 0 kg-m/min, these differences
would typically cause facial-seal leakage to change by — 61 per-
cent to +35 percent as one switches from fit testing with DFMR
filters to use with DFM filters.

Taking all of the above into account, one can conclude that,
using current equipment, systematic measurement errors of facial-
seal leakage will usually be less than 5 percent, within experi-
mental accuracy for this type of measurement. However, as ex-
plained previously, the use of QNFT tests to estimate field pro-
tection factors may be significantly in error for three reasons:
1) the breathing rate in actual use may differ from the test con-
ditions, 2) the use of a less efficient filter will allow greater filter
penetration, and 3)the use of a filter with less resistance will
decrease leakage. As a consequence of these effects, it is necessary
to use a model such as the one described here or field mea-
surements to estimate workplace protection factors realistically
from QNFT fit factors. The use of the model described here
requires the additional assumptions that the fit measured by QNFT
is representative of the fit achieved in use and that there are no
sampling errors during QNFT.

Predicting Respirator Performance

A comparison between measured fit factors and the predicted
performance in use for half-mask respirators in selected indus-
trial aerosol exposures is given in Table I. The size distributions
given in Tablel represent a compilation of published studies
giving aerosol size distributions in terms of either MMAD and
GSD or data for which these values could be easily estimated.
Some data were excluded because they did not appear to have
a lognormal distribution. For those studies reporting multiple
size distributions, the median of the distribution parameters was
used to provide a representative single value for the MMAD and
GSD. Conditions for predicted protection factors are zero percent

1.0 1.5 20 2.5 30
10.0 + —+ + + 10.0
PF=100
5
E ——)
a
a8
§ 1.0+ 11.0
2
g PFe20
A
WORK RATE = 0 kg-m/min
o1 ettt — —r—t —+0, 1
1.0 1.5 2 2.5 a0
GEOMETRIC STANDARD DEVIATION
FIGURE 1.

rate equals 0 kg-m/min; b) work rate equals 622 kg-m/min.
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penetration of test aerosol through high efficiency test filters
having average resistance and a 0 kg-m/min average work rate
during QNFT fit testing. Arbitrarily selected QNFT fit factors of
20 and 50 as measured by corn oil QNFT were used. It is further
assumed that in use the worker has the same fit as during the
QNFT and that DFM filters having average performance charac-
teristics are used at a work rate of 415 kg-m/min. The work rate
of 415 kg-m/min was chosen because it is a moderate work rate
typical of many industrial situations.

One can conclude from Table I that for most of the exposure
conditions given, an accurate and representative QNFT test will
provide a conservative estimate of in-use performance. In ex-
treme cases (large particle size distributions), performance in
use is underestimated by the QNFT by a factor more than 50.
The exceptions to this pattern are metal fumes and combustion
aerosols where the small particle size distributions result in QNFT
fit factors that are larger than predicted workplace protection
factor by a factor of as much as 2.4. This situation could cause a
potential overexposure, especially when the QNFT test is
used as the basis for assigning a protection factor greater than
the customary one, a procedure provided for in ANSI
788.2-1980.0% '

At higher QNFT fit factors, leakage is less, so overall perfor-
mance is controlled to a greater extent by filter penetration rather
than facial-seal leakage. Consequently, for small particle sizes
where filter penetration is greatest, the predicted protection fac-
tors are lower relative to the corresponding QNFT fit factors.

A separate analysis was conducted using the model to
isolate the effects due to the different variables for the first row
of Tablel. The difference in work rate (0 kg-m/min for test,
415 kg-mvmin for use) increases the protection factor by 30 per-
cent. The difference between the test and use filters decreases
the protection factor by 21 percent. The difference between the
test and use aerosol size distribution causes a 53 percent increase
in protection factor. The small remaining difference is due to
the difference between the average percent leakage for the range

1.0 1.5 20 25 3.0
10.0 At 4 + + 10,0
-] //
K PF=100
a
g PF=50
§ 1.01 +1.0
2
g PF=20
B
WORK RATE = 622 kgm/min
[/} + t : + (1
1.0 L5 20 25 3.0

GEOMETRIC STANDARD DEVIATION

Predicted protection factor contours for dust, fume, and mist half-mask respirator having a 2% facial-seal leak at a total flow of 34.3 lpm; a) work
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A
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GEOMETRIC STANDARD DEVIATION

0.1
1.0

0.1

3.0

10.0 4 + 4 } 10.0
1
PF=1
L} P
a PF=1
2
1.07 11.0
e
=
B
WORK RATE = 622 hg-m/min
01 + — t— t +—+0, ]
1.0 1.5 20 2.5 3.0

GEOMETRIC STANDARD DEVIATION

FIGURE 2. Predicted protection factor contours for disposable dust and mist respirators having a 2% facial-sea! leak at a total flow 34.3 Ipm; a) work rate

equals 0 kg-m/min; b) work rate equals 622 kg-m/min.

of flow rates associated with a work rate of 0 kg-m/min and the
percent leakage at the average flow rate for 0 kg-m/min, 34.3 Ipm.

The information given above can be put in a more general
form as shown in Figures 1a and 1b. These graphs assume the
exposure aerosol size distribution is lognormal and show con-
tour lines of predicted protection factor for different values of
MMAD and GSD. The graph thus allows estimation of a workplace
protection factor for a respirator with a specified facial-seal leak
and a lognormal exposure aerosol size distribution having a MMAD
and GSD within the limits of the graph. A GSD of 1.0 corresponds

1.0 1.5 2.0 2.5

a0 35

10.0 + 4 10.0
PROTECTION FACTOR = 10
E w
g FF=5
2
[=}
e
é 1.0+ EF=7 +1.0
2
g ] FF=10
a1 + } 4 +——+ t 0.1
1.0 1.5 2.0 2.5 3.0 35

GEOMETRIC STANDARD DEVIATION

to a monodisperse aerosol (all particles the same size), and a
GSD of 3.5 corresponds to an aerosol with a wide size distri-
bution.

Figure 1a is for the case of an average DFM half-mask respirator
with a 2 percent leak at 3431lpm and a work rate of
0 kg-m/min. Figure 1b is the same except the work rate is
622 kg-m/min. A 2 percent leak at 34.3 Ipm means that at this
flow rate, 2 percent of the air flow goes through the facial-seal
leak and 98 percent through the filters. Figures 2a and 2b show
similar information for disposable respirators (average of three

1.0 1.5 2.0 2.5 a0 a.s

10.0 ) A A S ! 10.0

PROTECTION FACTOR = 50
g j——FF20 ]
a
=]
FF=50
1.0+ $1.0
FF=100
% 1 FF=300
B
0. 14—y . — . . 0.1
1.0 1.5 2.0 25 at a5

GEOMETRIC STANDARD DEVIATION

FIGURE 3. a) QNFT fit factor required to achieve a protection factor of 10 at a work rate of 415 kg-m/min; b) QNFT fit factor required to achieve a protection

factor of 50 at a work rate of 415 kg-m/min.
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brands with dust and mist approval) with the same 2 percent
leak at 34.3 lpm.

In both Figures 1 and 2, there is evidence of improved overall
performance as MMAD decreases below 0.2 pm. This effect is a
result of improved filter performance due to particle capture by
diffusion for particles less than 0.2 pm. The results in Figure 1
cannot be compared directly with Table I. Figure 1 is for a res-
pirator with a 2 percent leak and a DFM filter, whereas predicted
protection factors in Table I are for a respirator having the in-
dicated fit factor as measured by QNFT with DFMR filters at
0 kg-mymin, but used at 415 kg-m/min with DFM filters. Unfor-
tunately, one needs a whole set of graphs, like Figure 1, covering
many different leakage rates (or QNFT measurements) and work
rates to predict actual use performance and worker exposure.
The model described in reference 2 could be used to construct
such a set of graphs.

The information presented in Figures 1 and 2 can be presented
in a different way as shown in Figures 3a and 3b. The contour
lines in these figures represent the QNFT fit factor required to
achieve an overall protection factor of 10 and S0 at a
415 kg-m/min work rate for a given MMAD and GSD. The use of
Figures 1 and 2 requires one to assume that the fit measured
during QNFT is representative of the fit achieved in use. For large
particle sizes (MMAD), fit is less important for achieving a given
overall protection factor than it is for submicrometer sizes. For
most submicrometer particle size distributions, a QNFT fit factor
greater than 100 is required to achieve an overall protection
factor of 50, Figure 3b. For size distribution in the shaded region
of Figure 3b, an overall protection factor of 50 is not possible
because particle penetration through the average DFM filters
represents more than 2 percent of exposure aerosol concentra-
tion.

The analysis given above accepts the QNFT as being an accurate
evaluation of fit and does not consider, for example, how data
are averaged for the different exercises. Figures 1 and 2 predict
only respirator performance while the mask is being worn prop-
erly and having the specified 2 percent leak at 34.3 Ipm. Figure 3
predicts only the QNFT fit factor required to achieve the indicated
level of overall protection when the mask is worn properly by
a worker working at a work rate of 415 kg-m/min.

Conclusions and Recommendations

Applications of a previously reported computer model for pre-
dicting the performance of half-mask respirators for protection
against aerosols based on quantitative fit test results, the type of
respirator filter used, and exposure conditions of work rate and
aerosol size distribution are presented for a wide range of in-
dustrial exposure conditions. Based on published size distribu-
tions, properly conducted QNFT measurements using current
equipment accurately reflect facial-seal leakage with the particle
size dependent loss in facial-seal leaks introducing an error of
less than 5 percent. Based on the particle size limits recom-
mended in Z88.2-1980,'2) instruments relying on forward light
scattering particle detection may underestimate leak penetration
by up to 23 percent.

For normal working conditions, a work rate of 0 to
622 kg-m/min, persons wearing a half-mask cartridge respirator,
with DFM filters having average performance, need to have a
measured QNFT fit factor of 15 or greater in order to be sure of
achieving an overall protection factor of 10 in use. This assumes
that the QNFT test is conducted at a work rate of 0 kg-m/min
with DFMR filters having zero penetration and average resistance

APPL. IND. HYG. VOL. 3, NO. 5 . MAY 1988

and that the fit measured during QNFT is representative of the
fit achieved in use. For workers exposed to aerosols with MMADs
greater than 1.0 pm, a fit factor of 11 is required to achieve an
overall protection factor of 10 in use. To achieve an overall pro-
tection factor of 50 with DFM filters for exposure aerosols having
MMAD:s greater 1.0 wm, the QNFT fit factor must be greater than
85.

Because of the difficulties of making and interpreting QNFT
measurements with disposable dust and mist respirators, similar
fit factor recommendations can not be made. Based on Figures
2a and 2b, one can estimate that a facial-seal leakage of less than
2 percent is required to achieve an overall protection factor of
5 for the average disposable dust and mist respirator if the ex-
posure particle size distribution has a MMAD greater than 1.0 pm.
This would be equivalent to a QNFT fit factor of 50 determined
for a test respirator having zero filter penetration of the test
aerosol and the same resistance as the dust and mist disposable
respirator.
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