


Qualitative fit tests

(continued from page 1)

above the liquid in the jar has a
concentration of 1 ppm. If the person
can smell the isoamyl acetate, he or
she can proceed to a fit test.

An organic vapor respirator must
be worn during the fit test. The test
is run by asking the respirator
wearer to step inside a chamber
(typically made from a large plastic
bag) in which a paper towel wetted
with 0.75 ml of pure isoamyl
acetate is hung from the ceiling.
This results in an average isoamyl
acetate concentration of about 150
ppm inside the bag. Thus, this test
is designed to detect respirator fit
factors of 150 or less. Studies done
to determine quantitative fit factors
for persons who pass the isoamyl
acetate fit test have shown that the
test does perform as designed.!

The saccharin QLFT uses a
similar process. First, the person
being tested has a small hood placed
over his or her head. A mist made
from a dilute solution of saccharin
in water is sprayed into the hood to
determine if the person can detect
the sweet taste. If so, he or she may
proceed to a fit test. A particulate
filter respirator must be worn during
the test. After the person puts on the
respirator, the hood is again placed
over the person’s head. This time,

a solution of saccharin 100 times
more concentrated is used. Thus,
this test is designed to detect fit
factors less than 100. Studies have
shown that the test performs as
designed (e.g., see Development
of a new qualitative fit test using
a Bitrex aerosol in this issue of
JobHealth Highlights).

The irritant smoke QLFT, as the
name implies, relies on the ability
to produce an involuntary irritation
response. The irritant smoke test
described by OSHA has less
detailed instructions than provided
for the isoamyl acetate and
saccharin tests. To determine
whether someone can smell or be
irritated by the smoke (stannic
chioride), OSHA instructs that the
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person “. . . be allowed to smell a
weak concentration of the irritant
smoke before the respirator is
donned to become familiar with its
characteristic odor.” A high
efficiency filter respirator is required
for the fit test. After the respirator is
fitted, 200 ml/min of air is blown
through a smoke tube using a low
flow pump to “. . . direct the stream
of irritant smoke from the smoke
tube towards the face seal area of the
test subject . . . begin at least

12 inches from the facepiece and
gradually move to within one inch,
moving around the whole perimeter
of the mask.”

Dixon and Skretvedt reported
on the concentration of stannic
chloride fume that produced a 50%
decrease in the respiratory rate
(RD350) of rats.2 The RD50 for
stannic chloride was measured at
6400 mg/m3, the threshold for

response was 700 mg/m3.

Concentrations 1/10th of the RD50
are believed to correlate with
Irritating concentrations in humans.
During simulated fit tests, they
reported that the concentration of
stannic chloride was 2500 mg/m3.
Theoretically, the irritant smoke

fit test should be able to detect

fit factors from 4 to 35 based on
an irritation threshold of 70 to

640 mg/m?.

Update on irritant smoke

In January 1995, the
manufacturer of ventilation smoke
tubes referred to in the OSHA
irritant smoke test protocol issued
a bulletin recommending against
their use for fit testing. A study
conducted by NIOSH had raised
concerns about use of irritant
smoke. The study reported on
concentrations measured during a
fit test.? The concentration of
hydrogen chloride was measured
with and without a hood, and on
days of low (14% RH) and high
(53% RH) humidity. On the low
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humidity day without a hood, the
hydrogen chloride concentration
ranged from <1 ppm at a distance of
24 inches to 2,700 ppm at 2 inches.
On the high humidity day, the
concentration ranged from 100 ppm
at 6 inches to 11,900 ppm at 2
inches. The concentrations during a
fit test showed potential to exceed
the immediately dangerous to life
and health level (IDLH) reported by
NIOSH (50 ppm), as well as the
OSHA permissible exposure limit
of 5 ppm (ceiling).

ANSI 288.10
draft standard —
fit test validation

Since there are many variations
of fit test procedures for both
quantitative and qualitative fit tests,
ANSI formed a committee (Z88.10)
to write a standard containing
protocols for acceptable fit tests and
providing guidance on research
needed to verify that new fit test
methods are valid. Though the
standard is still in draft form, it
recommends criteria for
determining whether or not a fit test
correctly identifies respirators with
inadequate fit, as well as those with
adequate fit. The ANSI committee
also addressed the concern that
validation procedures be
comprehensive,.but not so stringent
they would discourage validation or
new test method development.

Criteria for a valid
qualitative fit test

Two types of errors can occur
with fit tests: false positives and
false negatives. A false positive
occurs when a fit test is failed even
though adequate fit was obtained.
A false negative occurs when the
fit test is passed, but fit was not
adequate. A false positive (rejecting
an adequate fit) may be a burden

{see Qualitative fit tests on page 3)



Qualitative fit tests

{continued from page 2)

due to the need for retesting, or
may sometimes reject a respirator
that would have better acceptance.

A false negative (accepting an
inadequate fit) is obviously more
important from a health standpoint.

Two other possible outcomes of
a fit test are true positives and true
negatives. True positives
(sensitivity) include outcomes
where fit was inadequate and the
qualitative fit test was failed. True
negatives (specificity) include
outcomes where adequate fit was
obtained and the qualitative fit test
was passed.

To validate a qualitative fit test,
the results of a QNFT are compared
to the qualitative fit test result.
Adequate fit is defined as a
quantitative fit factor ten times the
assigned protection factor (APF) of
the device being tested. The ANSI
Z88.10 draft refers to this as the
required fit factor. The ANSI draft
further suggests that at least 100
people be tested, and that fit factors
bracket the required fit factor to
determine the ability of the test to
screen acceptable and unacceptable
fits. Proposed ANSI Z88.10 criteria
are summarized in Table 1-1.

Conclusion

References

Fit testing is an important part of
respiratory protection programs.
There are an increasing number of
fit testing options available today.
To determine the best option for
your program, benefits and
limitations of each method must be
considered. A fit test need not be
complicated or expensive to be
effective, but it must include a well
established, documented and
validated protocol to consistently
achieve meaningful results.

1. Nelson, TJ., O.T. Skrevedt, J.G.
Loschiavo, and S.W. Dixon:
Development of an Improved
Qualitative Fit Test Using Isoamyl
Acetate. J. ISRP 2(2):225-248 (1984).

2. Dixon, S.W. and O.T. Skrevedt:
Relative Hazards and Safe Use
Precautions for Qualitative Respirator
Fit Test Atmospheres. Paper presented
at American Industrial Hygiene
Conference, Portland, Oregon, 1981.

3. National Institute for Occupational
Safety and Health: Health Hazard
Evaluation Report HETA 93-040-2315.
Anchorage Fire Department,
Anchorage, Alaska. U.S. Dept. of
Health and Human Services, Public
Health Service Centers for Disease
Control and Prevention. May, 1993.

Table 1-1 ANSI 288.10 QLFT evaluation criteria

Torm Description
Teul Of thoce with fit lactors
sensiivily less than reciired 11
tacior what biaclion
tuiled the 0l lest)
Pradictive Ul those who passer]
valie of the 1 teat the fravtion
B pass with Hl faciors grester
than the reqiiren i
ooy’
lest Ol those with fitiacion
specificity gtealer than reauired
ftfactor what bactinn
passed OLETY
Praciclive 0 these who lailad he
value of & lail fitteal whnt fraction
hae fil faclole less
than the requized fit
faclor?

Where Faill .
Fallee 1
Tol o o
lolgl oo
Pass . o

g

gﬁffﬁ:ﬁmg
otk

Pass,, o/
Toll Pass

Passpe 0!
olal,

?&figﬁgﬁ,ﬁ% f
fom Fall

At lociors less than
tequired it factor must
fall BT

095 0l sublocia who
pasc the O FL et
have I lactors areater
than the requiod it
faclor

06 of sublects with it
lactots greaterthan e
teguired i nctor mgsl
passtbe G T

05 of sublects who Il
the QLET must have 1
faciore leas han the
toguired Ot lacior

Numbe: of qualitalive 1 test isllures where Tl factor wais « 100
Mumber of aualitatve i test failures whore W iacior was =100
Total numbet of guaniitative tests wheie it facior wae « 10D
Tolal number of quanifiative tests whete il facior wae 100
Nunber of qualifative i les passes where B fnclor was 2100

iolal Pass = lolgl nunber of qualilative it lesl passes

lola ba

3M JobHealth Highlights

= Tolal number of qualiiative 1 test lailures

Yolume 13 Humber 2 9988 3



Development
of a new
qualitative fit
test using a
Bitrex™ aerosol

By Alan Johnston, C.LH,

Al Johnstan is the Technical
Service Mannger with the 3M
OUH&LESD | aboratery.

The need for respirator fit testing
has been well established, but broad
acceptance of fit testing here in the
U.S., as well as elsewhere around the
world, requires that tests be simple to
use, effective and affordabie. There
are a number of fit test options, some
qualitative and some quantitative. In
general, qualitative fit tests have the
advantages of being simpler to
perform, easier to transport, easier
and quicker to conduct, and less
expensive to set up and maintain.
Thus, from a practical standpoint
many employers today prefer
qualitative fit testing.

When selecting a fit test, it is
tmportant to understand its
limitations. Since qualitative fit tests
rely on the ability of test subjects to
detect a test agent, sensitivity to the
test agent and the type of response
elicited are important limitations.
The sweet taste of saccharin, the
sweet odor of isoamyl acetate, and
the involuntary irritation response
caused by irritant smoke may be
easily detectable by some workers,
but not detectable or not appropriate
for others. Obviously, the more fit
test options you have, the more
likely it is that a suitable test or
combination of tests will be
available to meet your needs.

Criteria for a new fit test

3M was asked to develop
an alternate fit test, one using a
gualitative fit test agent with a less
pleasant response than saccharin or
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iscamyl acetate, but a less severe
response than irritant smoke. The
first concern with any new (or
existing) fit test method is suitability
of the test agent for human exposure.
Denatonium benzoate, commonly
known by the trade name Bitrex,™
had been identified by NIOSH as

a possible candidate for fit testing.
Since Bitrex was in common use as
a taste aversion agent in household
liquids (to keep children from
drinking them), it appeared to

have the right combination of

low toxicity and suitably unpleasant
sensory characteristics to be

worth investigating.

The next need was keeping the
test simple. Good acceptance and
prior validation of the saccharin fit
test protocol made it a good model
for developing a Bitrex test, so the
same nebulizers, hood and test
protocol were selected. Another
aspect of simplicity is the ability to
use a fit test with varied respirator
types. Our goal was a test suitable
for use with any class of approved
particulate respirator, as well as
with gas and vapor respirators
equipped with particulate filters.
Thus, particle size distribution of
the saccharin mist was also selected
(i.e., polydisperse aerosol with a
count mean diameter of
approximately 2.3 pm). A solution
of Bitrex with 5% Na(l in water
was found to produce the desired
particle size distribution.

Test validation

A suitable validation approach
then had to be defined. Stated
simply, the purpose of validation is
to find out if a fit test works. If it
does, a pass means you have an
acceptable fit and a failure means
you have an unacceptable fit. A lot
of work in this area had been done
by an ANSI committee (ANSI
Z88.10), (see Evaluating
effectiveness of qualitative fit tests
in this issue of JobHealth
Highlights). Their draft standard on
acceptance criteria for validating fit
tests was used as the basis for our
validation work.
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Bitrex evaluation

The basic validation process for
the Bitrex test involved running a
series of paired qualitative and
quantitative fit tests. A large
number of male and female test
subjects were selected, with a
deliberate attempt made to
incorporate a wide variety of facial
sizes. Prior to testing, subjects
were screened for sensitivity to
Bitrex and saccharin (run as a
control). The Bitrex sensitivity
solution contained 13.5 mg Bitrex
in 100 mi of a 5% NaCl solution in
water. The sensitivity test protocol
from the saccharin test protocol was
followed. Individuals who could
not taste Bitrex or saccharin were
omitted from the study.

Respirators used in the study
included four different NIOSH-
approved, half facepiece respirators
with high efficiency filters. A
sampling probe was added to the
facepieces to allow quantitative fit
testing. Since the purpose of the test
was to find out if a Bitrex
qualitative fit test would properly
identify inadequate fit, some test
subjects were provided with
respirators expected to fit well,
while others were provided with
respirators expected to be too large
or too small.

Quantitative fit tests were
run first. The test agent was a
polydisperse corn 0il aerosol
with a count median diameter of
approximately 0.28 ym, maintained
at a concentration of 15 mg/m?3
within the fit test chamber. A TSI
Model 101 Condensation Nuclei
Counter (CNC) was used as a
detector. Subjects were asked to
perform six standard one-minute
exercises during the fit test:

1. Normal breathing with
head motionless;

2. Deep breathing with head
motionless;

3. Turning head side-to-side,
stopping at each end of travel
for the duration of one breath;

{see Bitrex aerosol on page 5)



Bitrex aerosol

(continued from page 5)

Table 2-1 Results of 150 paired qualitative
and quantitative fit tesis
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4. Moving head up-and-down,
holding end movement for the
duration of one breath;

5. Talking, by reading the rainbow
passage from a prepared text;

6. Normal breathing with head
motionless.

Following completion of the
quantitative fit test, subjects were
asked to disconnect the sampling
line and leave the chamber without
touching or adjusting the respirator.
A plug was then installed at the end
of the sampling line, and qualitative
fit testing immediately conducted.
Both Bitrex and saccharin tests were

run. The Bitrex fit test consisted of
337.5 mg Bitrex in 200 ml of a 5%
NaCl solution in water. (This is 12.5
times more concentrated than the
sensitivity solution, as opposed to
the 100-fold difference used for
saccharin solutions. This change
was necessary because the taste
response to Bitrex solutions is not as
linear as the taste response to
saccharin solutions). The order of

fotsl
Saccharin = Saccharin No.
e es
2 45 o0
8B 12 oo
90 60

Bitrex and saccharin was alternated
with each test sequence. A short
interval was included between tests
to allow any taste from the first test
to diminish. If Bitrex or saccharin
was tasted, the result was recorded
as a failure. If no taste was detected,
the result was recorded as a pass.

The total number of paired
fit tests run was determined
from the ANSI Z88.10 draft
standard. It recommends the
following minimums:

1. 100 paired qualitative and
quantitative fit tests;

2. 50 quantitative fit tests resulting
in fit factors greater than or
equal to the required fit factor;

3. 50 quantitative fit tests resulting
in fit factors less than the
required fit factor;

4. 50 qualitative fit tests recorded
as passes; and

5. 50 qualitative fit tests recorded
as faitures.

Table 2-2 Bitrex/saccharin qualitative fit test
results vs. ANS|I 288.10 draft criteria
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The required fit factor was set at
100 for this study, based on the
Z88.10 draft standard and fit factor
acceptance criteria commonly used
for half facepiece respirators (e.g.,
see ANSI Z88.2-1992).

Results

A total of 150 valid data sets
were obtained, each including a
quantitative fit factor, a pass/fail for
the Bitrex test and a pass/fail for the
saccharin test. Results are
summarized in Table 2-1.

These findings were evaluated
per recommendations in the ANSI
Z88.10 draft standard. Suggested
criteria for determining the validity
of a qualitative fit test are
summarized in Table 2-2, along
with study results.

The actual quantitative fit factors
for study participants ranged from
2 to >50,000, with about 35% less
than 100. This is believed to be a
reasonable distribution of fit factors
for half facepiece respirators. Large
numbers of fit factors less than 100
are difficult to generate without
inducing face seal leaks or
otherwise creating artificial leaks
that may not be relevant to field use
of respirators. Of more importance,
when fit factors were less than 100,
the Bitrex qualitative fit test was
found to reliably detect
unacceptable fit. In fact, the
difference between guantitative fit
factors for subjects who passed the
Bitrex test to those who failed the
Bitrex test was very striking—a
geometric mean fit factor of 2096
for passes and a geometric mean fit
factor of 30 for failures.

Another interesting point about
Bitrex is that chocolate is one of the
suggested antidotes for counteracting
the bitter taste. For you chocolate
lovers out there, that in itself may be
enough to spur interest in this test.

(see Bitrex aerosol on page 6)
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Bitrex aerosol
{continued from page 5)

Conclusions

Based on criteria established in
the ANSI Z88.10 draft standard,
saccharin and Bitrex are both good
options for qualitative fit testing.
Substitution of Bitrex sensitivity
and fit test solutions into the
established saccharin fit test
protocol resulted in a qualitative fit
test method able to reliably predict
unacceptable fit of half facepiece
respirators. Because of its bitter
taste, Bitrex may be a good
substitute for people who want to
discontinue use of irritant smoke.

Regardless of the fit test you
select, it is important to follow a
valid protocol. If a published
protocol does not yet exist (as is the
case for Bitrex), or if you have
questions about which protocols
have been validated, please feel free
to contact us for additional
information. Remember that fit
testing is a fool to help choose
suitable respirators for individual
workers, as well as a training tool to
help workers understand the
importance of proper fitting and use
of respirators. A successful fit test
should not be viewed as a guarantee
of protection in the workplace. Other
factors such as respirator training,
wear time, use habits and
maintenance, along with proper
matching of respirators to workplace
contaminants and exposure levels,
will be at least as important as fit
when assessing suitability of a
respirator for a specific application.

Bitrex is a registered trademark of
Macfarlan Smith, Ltd.
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Introduction

to total inward
leakage

(TIL) testing

By Michele Collins, C1LH.

Michele Collins v a Technical
AHairs Manager with 3M Austealin

Although fit testing of respirators
has become a well-accepted
practice in the U.S. and Canada, the
majority of countries outside North
America do not require fit testing.
Differences in respirator
certification philosophies have
contributed to different viewpoints
about fit testing. Differences in
respirator selection and use criteria
are also a factor.

The U.S. approach to
certification of air purifying
respirators has been to assess filter
efficiency (or service life) and face
fit characteristics separately. Face
fit tests run during certification
testing include a qualitative fit test
(QLFT) using isoamyl acetate and a
quantitative fit test (QNFT) using
an oil mist. Other countries with
respirator certification systems test-
filter efficiency (or service life)
separately, but then run a total
inward leakage (TIL) test rather
than a fit test. For example,
certification standards in Europe
and Australia/New Zealand specify
TiL testing.t:2 This approach is
likely to become more common,
since several other countries are
considering certification standards
based on those adopted in Europe.

What is a TIL Test?

ATIL test, like a QNFT, is a
quantitative method which
compares the concentration of a test
material in an enclosure to the
concentration of the material inside
the respirator being tested. QNFTs
run for certification purposes
currently use a corn oil aerosol
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(mass median particle size 0.5 to
0.7 um). Sodium chloride (NaCl) is
the test material used for TIL tests.
A mass median particle size of 0.3
to 0.6 um is specified in the
Australia/New Zealand standard
(AS/NZ 1716-1994).2 The
fundamental difference between
QNFT and TIL is that QNFT is
intended to test only fit while TIL,
as the name indicates, tests the total
leakage into a respirator from both
leakage around the face seal and
leakage through the filter.

Both QNFT and TIL are, in
general, intended for use with
respirators fitted with particulate
filters. For a QNFT, particulate
filters are matched to the particle
size of the test aerosol to ensure
filter penetration is minimized.
This is usually done by replacing
any non-HEPA filters with HEPA
filters, thereby ensuring that any
leakage into the facepiece is
predominantly through the face
seal. QNFT results are typically
expressed as fit factors, which are
dimensioniess nombers derived
from the ratio of the test agent
concentration outside the respirator
to the test agent concentration
inside the respirator (C/C,).

In contrast, with TIL testing,
the respirator is tested with the
particulate filters that would be
used in the workplace. This means
that for dust/mist-type and
dust/fume/mist-type respirators,

a significant proportion of the

TIL result will be due to filter
penetration because of the small
particle size used for the test. TIL
results are recorded as percent
leakage (C,/C,) x 100). In some
standards, an additional adjustment
may be made for inhalation and
exhalation cycles.

Can fit be predicted
from TIL tests?

In general, the answer is no.
TIL results combine face seal and
filter penetration. The individual

{see TIL testing on page 7)
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(continued from page 6)

contributions they make are not
easily separated or predicted.
Airflow rate through the respirators
will depend on factors such as
breathing rate, lung volume, and
fitness level of the individual test
subjects. Resulting variations in
flow rates can cause variations in
filter penetration. These variations
will be particularly noticeable when
testing non-HEPA filter respirators.
It is, therefore, generally not
feasible to subtract filter leakage
from the combined face seal and
filter leakage results (TIL) to
obtain an accurate estimate face
seal leakage.

Do results correlate
with protection in
the workplace?

No correlation has been found
between quantitative fit factors and
actual workplace performance of
respirators.? Similarly, no
correlation between TIL results and
workplace performance has been
shown. AS/NZ S1716-1994, in
referring to TIL testing, states, “The
sodium chloride aerosol particles
used in this test are much smaller
than particles typically found in the
workplace. This test does not
indicate the performance of the
respirator in actual use. It is used as
an assessment of the ability of a
respirator to achieve adequate fit
over a variety of facial dimensions.”

Equipment cost and
maintenance, the need for
trained operators, impact of probe
placement in the respirator,
sampling line losses* and lack of
correlation to actual workplace
performance are just some of the
problems QNFT and TIL testing
share. Both also share some
advantages. QNFT and TIL are
objective rather than subjective
tests and both facilitate record
keeping. It is recognized that
both are able to differentiate
acceptable from unacceptable
respirator performance.23

Conclusion

It is very tempting to place too
much reliance on the numbers that
QNFTs or TIL tests produce.
Indeed, it would greatly simplify
the job of selecting the right
respirator if we could rely on these
numbers to identify the best
performing respirator. But the
reality is, these tests are not capable
of nor designed for that purpose.
Reliance on high fit factors may
result in a false sense of security,
while placing too much emphasis
on high percentage leakage from
TIL may result in over-specifying.

Just like QNFT, TIL is a
laboratory test only. The numbers
generated are compared to set
parameters relevant only in the
laboratory. Whether QNFT or TIL
is specified, these tests only serve

3M JobHealth Highlights

to indicate whether or not a
respirator passes or fails vs. the
parameters established for the test.
The test results do not correlate
with protection provided in the
workplace and should not be
assumed to be of more value than
results from qualitative tests
because they involve a numerical
measurement. Regardless of how
you choose to assess respirator fit,
be sure to use the results properly
— as a tool to help respirator
wearers differentiate acceptable
from unacceptable fit and
understand the importance of
proper selection, fitting and use.
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Respirator fit
checking

By Craig Colton, C.1.H.

Craig Colton is a Techaical
Service Specialist with the 3M
OH&ESD L aboratory.

Current regulations, standards
and recommendations for proper
use of respirators contain
requirements for fit tests and fit
checks.!.23

1. Fit tests The fit test, in contrast
to a fit check, is performed less
frequently; i.e., annually or
semi-annually, and is done to
select a proper-fitting facepiece
for a worker. Once the ability
to get a good fit is confirmed by
fit testing, it has been assumed
fit checks provide a means to
make sure the respirator is
donned and properly adjusted.
Therefore, fit checks are not
substitutes for fit tests. (See
Evaluating effectiveness of
qualitative fit tests in this issue
of JobHealth Highlights).

2. Fit checks Fit checks are
required to be conducted each
time the respirator is put on
(donned). The practice of using
fit checks when donning
respirators has been around for
some time.

What is a fit check?

According to ANSI Z88.2-1992,
a fit check is a test conducted by
the wearer to determine if the
respirator is properly seated to the
face.? It must be conducted by
appropriate means each time the
respirator is donned or adjusted.
The most commonly recommended
fit checks are negative and positive
pressure fit check procedures.

Description of fit checks

Negative (-) and positive (+)
pressure fit checks have been
described in the literature for many
years.4 In general, the end-point of
these tests is to be able to detect a
(-) or (+) pressure within the
facepiece for a few seconds or to
be able to detect face seal leakage
associated with the increased (-) or
(+) pressure. Table 4-1 describes
the traditional (-) and {(+) pressure
fit check methods in more detail
and traces the changes in the way
these fit checks have been
performed over the years. Careful
review of Table 4-1 indicates two
important points:

* The (-) and (+) pressure fit
checks as described in Table 4-1
cannot be used on all respirators.
It appears, as manufacturing
technology and respirator design
have changed, the fit check
descriptions became longer over
the years in an attempt, perhaps,
to remain generic. In 1980, ANSI
began warning users that these
specific methods would not work
on all respirators and
recommended that the respirator
manufacturer’s procedures for fit
checking be followed.

* No data existed indicating the
efficacy of these fit checks for
aiding in the donning of
respirators. It has been assumed
that the tightness or fit of the
respirator is probably,
considered to be, or reasonably
satisfactory.

Certainly, one would think that
performing these fit checks would
not make fit worse. Thus, it seems
reasonable to require some type of
fit check, since fit is important for
tight-fitiing respirators and:

* The wearer can perform the
check in the field.

* They are simple and easy
to conduct.
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* Generally, no special equipment
is required. Sometimes special
equipment such as a piece of
plastic film, or special cover may
be needed because the inlet or
outlet cannot be covered
sufficiently by the hand.

* They do not add much cost to
the respiratory protection
program.

This may have been the thinking
that led to the requirement for fit
checks. Fit checks are not
sophisticated tests, though, and
should not be overinterpreted for
the following reasons:

* The wearer must handle the
respirator after it has been
positioned on the face. This
handling, which may result in
pushing the respirator into the
face and distorting the
facepiece, can modify the seal.

» [f an exhalation valve cover has
to be removed, replacing the
valve cover may dislodge the
respirator. This can disturb the
facepiece seal more than the test.

» If the wearer exhales too
forcefully, with elastomeric
facepieces, it is possible to
break the face seal of a properly
adjusted, fitting respirator.

* Since the test must be
performed each time the
respirator is put on, special
equipment may not be
convenient to carry and always
have available.

Regulatory compliance

To meet the requirements of
OSHA’s respirator standard, fit
checks are required, but not the
(-) or (+) pressure fit check as
described by ANSI Z88.2. OSHA
states it may be done by following
the manufacturer’s instructions.!

(see Respirator fit checking on page 9)



Respirator fit checking

(continued from page 8)

A common misunderstanding is
that disposable respirators could
not be fit checked because the
traditional (-) or (+) pressure fit
check was not appropriate.

Disposable filtering
facepiece respirators

Disposable respirators, where the
filter is the facepiece (filtering
facepiece), can be fit tested using (-)
and (+) pressure fit checks. However,
the method of performing the fit test
and the endpoint indicating proper
adjustment are different than the
traditional tests described in Table 4-1.
Manufacturers of disposable filtering
facepiece respirators typically
recommend covering the mask with
both hands, exhaling, and checking
for air flow between the face and the
sealing surface of the respirator, or
inhaling sharply and feeling a
negative pressure inside the
respirator or detecting air leakage.
Since the respirator inlet opening
(i.e, the filter) cannot be completely
covered with the palm of the hand,
the traditional end-point of holding a
(-) pressure for 10 seconds or the
build up of a (+) pressure in the
respirator cannot be done. As
pointed out by ANSI, respirator
wearers should be given thorough
training in carrying out these tests.26
It is especially important to be able
to recognize the test end-point. The
end-point, in this case, is feeling for
a slight air flow or leakage of air into
or out of the respirator along the face
depending on whether a (-) or (+)
pressure test is done, respectively.

Research

As mentioned earlier, even though
these tests have been widely
recommended, there were no
published data indicating the
efficacy of fit checks for aiding in
the donning of respirators. One study

evaluated the negative pressure fit
check with elastomeric facepieces in
order to correlate the results with
quantitative fit testing.” The results
showed that out of 195 passing the
negative pressure test, one was
found to have a quantitative fit factor
(QNFF) less than 10.

A recent study was conducted to
determine if fit checks help users in
donning respirators and if the fit
checks recommended for filtering
facepiece respirators are as effective
as the (-) and (+) pressure fit checks
recommended for elastomeric
respirators.® The study evaluated
three models of disposable filtering
facepiece respirators (valved and
valveless) and one model of dual
cartridge, elastomeric facepiece.

To determine if fit checks
aid in the donning of respirators,
64 subjects with no previous
experience wearing respirators were
randomly divided into two equal
groups. One group was trained how
to don the respirators using fit
checks and the other group was
trained to don the respirator without
the aid of a fit check. They wore
both filtering facepiece and
elastomeric respirators. The number
of successful donnings in each
group was determined by a
quantitative fit test. The results
showed fewer unsuccessful
donnings and more consistent
donnings were obtained by
respirator users when fit checks
were used for both types of
respiratory protection equipment.

A second experiment in this
study was designed to determine if
fit checks could differentiate
between acceptable (QNFF = 10)
and unacceptable (QNFF < 10)
donnings. This experiment used a
different group of 64 subjects with
no previous respirator experience.
Respirators were pre-adjusted to
provide a large number of
unacceptable fits. This experiment
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allowed the sensitivity and
specificity of fit checks to be
determined. Sensitivity is the
ability of the test to accurately
identify an incorrectly-donned
respirator. Specificity is the ability
of the test to accurately identify

a correctly- donned respirator.
Specificity is not as critical as
sensitivity. If a worker performing
a test identifies a properly-adjusted
respirator as being incorrectly
donned, the consequence is the
worker will readjust the respirator
until the test proves satisfactory.
The resuits showed the sensitivity
of the (-) and (+) pressure fit check
procedures were not significantly
different than the sensitivity of the
fit check procedure for the filtering
facepieces. Specificity for all fit
checks averaged 66% for all

four respirators.

Summary

Fit checks are required by both
OSHA regulation and ANSI
standards.'? Both rely on the
manufacturers’ instructions. From
the single study on fit checks above,
the following can be summarized:

* The use of the fit check methods
studied generally lead to fewer
unsuccessful donnings and more
consistent donnings. This implies
fit checks have some value.

« Fit check methods applied to
disposable filtering facepiece
respirators were found to be
equivalent to the fit check
methods of elastomeric
facepiece respirators by all
criteria used in the study.

» Inexperienced workers can and
should be trained in performing
successful fit checks on both
types of respirators studied.

(see Respirator fit checking on page 10)
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Respirator fit checking

(continued from page 9)

Table 4-1 Descriptions of negative and positive pressure tests

RBeference Negative Pressure Test Positive Preseute lTest

AlHAACCHS Close ofi e nlel opening of the conister by | Close off the exbalalion valve and exhale
coverng A with the palm ol the bend or by gontly so thal o slighl posliive presaiie s
roplacing the tape seal mhaie 5o thal the bhullt upinthe facepiere the lacp iitis
facenioce collapses sightly and hold the satistactory «
breath for 10 sec U {he faceniece remaing in
ifs sligblly eollapeed condition and no iInward
leakage of st s detected e tightness ol the
gas mask as worn s @aﬁs’f&e’tzxy

ANSL 788 2. 108y Close off the inlel opening of the canisier or Clnge off the axhalalion valve and exlale

ANSI 788 2 1980

1his standard carres the following
warting. . Care must be taken gy

cartying ol & negalive pressire or
posilive progeiire tes! otherwse the

resulis of the sealing test may be
tnreliabls Thorough baining i
catrying oul these losts shoild be

carbiidgets) by coverng i with the palm of the

Barui(s] of by replacing 1he tape sealis)
inhale genily s that the facepiece collapses
slighily and bold the breath for 10 soc 1T e
tacepioce temains in s slighlly collansed
conditlon and no nwanlleakage ot ar is
delected e Yghiness ol the respirator s
;}t’oimi}éf salistaciony

ol Ec}w zﬁe procedures recommended by the
manyacirer or the lel opening of the
tespiraior s canisterls) cartrigels) or filter(s)
15 closed ofl by covering with the paln ol the
handis] by replacing the plel seal on o
canisleits] or by saqueering 8 broathing tibe
o blocking ts inlel go that E wil not allow the
passage of air Then the wearet inhales
gently and holds bis breath for 10 6o HHa

gertly nto the farapiere Theface it in
considered salisiaclory | a slighl positive
prossure can be bullt up inside the lacenlace
witheut any evidence of leakage of air ol the
seal Eor most resniratore this method of
leak testing reauires hal the wearo: fis!
rermiove the exhaletion valve cover and Hhen
carelully repiace 1 alier the lest

F’f:}iiﬁ}w he §f§%§§£§¥§$ recommended by the
manuiacturer or the exbalalion valve of
Brealbing Wube orbolh, s tlosed off and
then the wearer exhinles genlly the filof o
respiralol equipped with a lacepiece 15
considered 1o be satistaciory i o shight
positive preseure can be bulll up inside the
facapiece wibiout 1he detection of any
oulward leakage of air betweon the senling

giver io reshiralor wearers lacepiece colabses Sliobilly apd B inwag surface of the facepiore and the resoiraior
isakage of ay nto the lacepiece 1S defecied wearsr s face For some reaniiaiors this tost
{lhose] tasis may be ditfieuit o) it can be reasonably assired that the it of method requites that the weate: sl repove

impossible 1o carry out on valveloas

the tespivator to the wearor is sgtisiaciony

an exbhialation valve cover from the respirator

respirators and then replace i alter complelion of the
test These tacka often are dfficull fo cary

. ol without distibing the il of the respiator

A&éﬁi 288 2 1997 Eollow the procedires recommended by the Follow the g;fwaduras rmmmemieﬁ by tfzef

This slandard cartes the following
waning-- Cas st be loken 0
condiicling regalive: of nositive.

nishutaciurer o the inlet cpering of the
teapiralor s canislers) carinooels) of iifzeff{s}
Baosed ol by covernng with he pal ol the
hand(s) by replacing the inlel sealona

L manufaclurer of the extiglation valve or

breathing wbe or both 18 cliosed ofl and
thenthe weprerexbinlon gerlly Thatlioln
respiralor eduipped with o faceniace is

prossure U chocks [horunh aining
it carrying oul these tests should be
given I tespirator wearers Bl cherks
are not substitites for qualitative o1

capister(s) of by seiieazing 8 breathing Lube é considerad to be salisfaclory i o slicht
of blocking s inlet so that it will not allow the posiiive pressure can be bullt up inside the
passage ol air [hen the weater inhales taceplace wilhiou! the detection of any
gently and holde his braath for 10 sec Ha oulwan] leakage of all belwesn the sealing

quantitalive Hl tesis - fanepiere collapees eliohily and vo nward Surlace ol the facepiecs and the esplitor
leakage of air into the laceplere s doteciod | woarers fare For sone tespialon s lest
“[lhesal fests gy be ditficlt o sl be reasniebly assured thal the B ol the misthod requites thal the wearer st renove
imposaible lo carty oul ob valveless tsspiralor to the wearer is sallstactory an exbalabion valve cover from the tespiralny
respliaions and then replie i aller complation of the

108l Theae tacks often are dithicult 1o carry
ot without distirbing the B of the respirator

(see Respirator fit checking on page 11)
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Respirator fit checking

(continued from page 10)

* Even though these fit checks are
simple and easy to perform and
require no ancillary equipment,
they are remarkably good.

* Fit checks on either type of
respirator are not sensitive
enough to replace fit testing. Fit
checks should not be substitutes
for fit tests.

It is the ease with which they can
be conducted, the lack of special
equipment required and small costs
in money and time that make fit
checks worth doing. It appears they
can aid in donning respirators that
have been shown to fit an
individual by a validated qualitative
or quantitative fit test. The fit
checks described for disposable
filtering facepiece respirators are
equally as effective as those
traditionally used on elastomeric
facepiece respirators.
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T h I' To reach 3M’s Technical Service staff with questions regarding our products, you can call 1-800-243-4630.
ecC ine If you wish to contact your local sales representative, you can leave a message by calling 1-800-896-4223.

3. O PagARL  OHLOD Ui 08F
IeuTe 220868 Dept 1873 05
Lo JANSSEN o
DHEES LAB-FERBONAL PROTECTIO
GZ2E0-0T~B-0%
1aded sisem tauinsuod-isod 9,01 Bupniou @
1aded aysem pajohoal 94,08 Uo pellid
NI ‘Ined 1S 5661 WE© 1(58)0-28€+-90.0-0L
G2 'ON liwisdg

aivd

FOVISOd '8N
ILVH YINnd

0001-FF16S NN T0ed 1S
10-M9-§LT Futpling “1ajue]y N¢

HOISIAK(] 419]8 [BMIDWINOIAWY DUB yifeol reuonsduodg W




	
	
	
	
	
	
	
	
	
	
	

