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1—Background

[n 1972, the Departments of the Interior and of Health, Education, and Welfare
issued substantial revisions to the Federal regulation in 30 CFR Part 11. This regu-

MSHA certifications are in effect for more than 7,000 industrial respirator models.
Up to 6.6 million American workers use NIOSH-certified respirators, either full
time or part time, to protect themselves from hazards in their workplaces. Occupa-

tional Safety and Health Administration (OSHA) regulations require that
NIOSH/MSHA -certified respirators be used by many of these workers. Regulations
of the Environmental Protection Agency (EPA) and the Nuclear Regulatory Commis-
sion (NRC) also require the use of NIOSH-certified respirators.

Many workers must wear their NIOSH-certified respirators as an involuntary con-
dition of employment. Hundreds of thousands of American workers wear NIOSH-
certified respirators in highly toxic and lethal environments in which a momentary
lapse in respiratory protection can result in serious injury or death.

During the last 20 years, NIOSH and MSHA have made only minor amendments
to the certification test criteria promulgated in 1972.' Then on August 27, 1987, the
National Institute for Occupational Safety and Health (NIOSH) published in the
Federal Register a Notice of Proposed Rulemaking (NPRM) for certification of respi-
ratory protective devices.’ The Notice Proposed a regulation for 42 CFR Part 84.
Upon promulgation, 42 CFR Part 84 will replace 30 CFR Part 11. In the first
NPRM, NIOSH proposed extensive changes in the current performance test require-
ments for certifying respirators.

A substantial portion of the respirators certified by NIOSH are air-purifying respi-
rators equipped with DM or DFM filters. These filter respirators play a critical role
in American workplaces in providing worker protection against airborne chemical

'U. S. Department of the Interior, Bureau of Mines: Final Rule—Respiratory Protective Devices; Tests

for Permissibility; Fees (30 CFR Part 11), Federal Register 37(#59):6244—6271 (March 25, 1972), pp.
6244-6271.

752 FR 32401.
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hazards. NIOSH-certified DM and DFM filters are produced, sold, and widely used
for protection against over 200 toxic dusts and mists regulated by OSHA. NIOSH
estimates that several million workers depend on DM- and DFM-filter halfmasks for
protection against toxic contaminants in their workplaces. Safe and effective filter
respirators are essential for assuring safe and healthfu] working conditions and pre-
venting work-related diseases and injuries in millions of American workers.

In support of its ongoing rulemaking activities to promulgate 42 CFR Part 84,
NIOSH conducted a performance evaluation of dust and mist (DM) and dust, fume,
and mist (DFM) filter respirators certified by NIOSH for protection against toxic
dusts, fumes, and mists with exposure limits equal to or exceeding 50 micrograms
per cubic meter. Based on this evaluation, NIOSH is recommending that the
assigned protection factors (APF's) for these devices be substantially lowered from the
values currently in general use.
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2—Nonregulatory APF values used during the 1970s and 1980s,

Assigned protection factors are a necessity for correct respirator selection and
proper use. In 1976, OSHA gave the following guidance on the use of respirator-
class APFs to its compliance officers during an evaluation of an employer’s respirato-
ry protection program for acceptability:

(4) Compare air contaminant €Xposure measurements collected during the inspection to the
(assigned) protection factor for the respirator device. (Assigned] Protection factors ([A)PFs)
should be considered as an element in determining compliance with 29 CFR 1910.134(c).

the concentration of that contaminant inside the facepiece. It is a measure of the facepiece fit of
a respirator based on quantitative respirator fit tests. The product of the (AJPF and the permis-
sible exposure limit (PEL) is the maximum use concentration muc).?

Prior to the revised APF's for filter respirators recommended in this evaluation,

there have been numerous APF tables recommended by NIOSH, OSHA, and the
American National Standards Institute (ANSI). These are given as follows:

Tables in this evaluation Recommending Organization
A B OSHA (1976)
C | ANSI (1980), OSHA (1984)
D ANSI (1991)
E,F NIOSH (1976)
J, K NIOSH (1987)

OSHA has previously used APFs to derive respirator-selection tables in numerous
contaminant-specific regulations. OSHA has also published APFs in their 1976

’OSHA: Industrial Hygiene Manual, Chapter III—OSHA Standard Method for Determination of
Respiratory Protection Program Acceptability (June 28, 1976), p. 82.

“To determine the “required apparatus” or “required respirator” for differing “atmospheric concentra-
tions” of a specified contaminant. For example, but not limited to: 29 CFR 1910.1017(3)(.4). 29 CFR
1910.1018(h)X2Xi), 29 CFR 1910.1025(fX2), 29 CFR 1910.1043(fX2), 29 CFR 1910.1044(h X 2)Xi).
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Industrial Hygiene Manual (IHM)® and 1984 Industrial Hygiene Technical Manua]
(IHTM)®. The latter Publication was replaced in 1990 by the OSHA Technical Man.
ual (OTM). OSHA's 1976 APFs from their IHM are given in Tables A and B of this
evaluation. OSHA cited a Los Alamos Scientific Laboratory publication written by
Hyatt as the source for their APFs.” OSHA's 1984 APF's in their IHTM were repro-
duced from those given in the nonregulatory 1980 ANSI Z88.2-1980 American Na-
tional Standard® and were preceded by the following explanatory material:

8. [Assigned] Protection Factors. The protection afforded by respirators is dependent upon the
seal of the facepiece to the face, leakage around valves, and leakage through or around cartridges
or canisters. Depending on these criteria, the degree of protection may be ascertained and a rela-
tive safety factor assigned. (Assigned] Protection factors are only applicable if all elements of an
effective respirator program are in Place and being enforced.

a. The [assigned] protection factor is a ratio of the air contaminant concentration outsida the
respirator to the air con i i
(assigned) protection factor, the greater the degree of protection offered by the respirator.

b. [Assigned] Protection factors are used in conjunction with permissible exposure limits of con.
taminants to estimate the upper concentration limits to which respirators can be utilized safely.
Table V-3, which is reproduced from ANSI 288.2-1980, provides (assigned] protection factars and
explanations for various types of respirators.

¢. [Assigned] Protection factors are invalid when employees remove their respiratory protection
for unspecified periods while in the contaminated atmosphere.

NOTE: Field studies of respirator performance have not correlated well with the laboratory
test data. Hence, the reported values should only be taken as estimates. For example, recent
studies have found that Powered Air-Purifying Respirators (PAPR's) have not achieved the [as-
signed] protection factors suggested by laboratory data.’

The 1980 APF's from the ANSI 288.2-1980 nonregulatory consensus standard and
OSHA's 1984 APF's are given in Table C of this evaluation.

SOSHA: Industrial Hygiene Manual, Chapter II—OSHA Standard Method for Determination of

Respiratory Protection Program Acceptability (June 28, 1976), Figures I11-6 and II1-6, pp. 89-90.

%0OSHA: Industrial Hygiene Technical Manual, cumv-mphmwwwosm
Imeﬁmmz—w&mw, lm)mdwhosmmmz-zmﬂm-l,
October 29, 1984), pp. 75-77.

Hyatt E.C.: Respirator Protection Factors. Los Alamos Scientific Laboratory, Informal Report No.
LA-6084-MS (1976), Table I, p. 4.

’American National Standards Institute, Inc.: American National Standard Practices for Respiratory
Protection, ANSI 288.2-1980, New York, New York, (1980), Table 5, pp. 21-23.
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In late 1990 the ANS] Subcommittee Z88.2 (Practices for Respiratory Protection)
completed a revision of their 1980 standard, which was accepted by the 288 Commit-
tee for Respiratory Protection.!’ Their 1991 revision has been forwarded by the
ANSI Z88 Committee's Secretariat to the ANSI Board of Standards Review for their
approval.!” However, as of September 1992, a formal appeal to the ANSI Secretari-
at regarding the submitted revision was in the process of adjudication.’? A success-
ful appeal could result in changes to the APF's given in Table D of this evaluation.’?
Refer to the material titled Evaluation of the ANST 199 APF-Determination Strategy
given later in this evaluation for an extended discussion of the 1991 ANSI Z88 APFs.

Da Roza, R. A. and P. R Steinmeyer: The New ANSI 288.2, Respiratory Protection Newsietter
6(5):1-7 (September-October 1990).

"'Da Roza, R. A.: Letter to ANSI Board of Standards Review: Submittal of Revised Standard 288.2,
from the Lawrence Livermore National Laboratory, Livermore, California (March 6, 1991).

’Bevis, D.: Letter to Ms. Nancy Kippenhan, Chairperson, ANSI Board of Standards Review, from
Darell Bevis Associates, Ine., Chantilly, Virginia (August 24, 1992).

1JANSI 288 Committee on Respiratory Protection: American National Standard Practices for Respira-

tory Protection, ANSI Z88.2-1991, submitted by Z88 Secretariat for ANSI approval, Livermore, Califor- -
nia (March 6, 1991), Table 1, pp. 19-22.
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Table A—OSHA's 1976 Assigned Protection Factors for Particulate-Filter Respirators.

dmﬁ":"m;s ';':::: Pormissble Respiators
o - Single use dust
- Quarter-mask dust
: Half mask dust
10X . Half- or quarter mask, fume
- Hall- or quarter mask, high-efficiency
50X : Full facepiece, high efficiency
1,000X . Powered, high-efficiency, all enclosures

Note: Half-mask and quarter-mask respirators should not be used if the particulate matter causes eye imitation at the use
concentration.

CDC

CENTERS FOR OBBARE CONTROL
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Table B—OSHA's 1976 Assigned Protection Factors for Gas Or Vapor Respirators.

Concentrations in muttiples Facepiece o _
of permissible exposure limits Pressure Permissible Respirators
10X - Qmuhummummmm
“Name” cartridges or canister haif mask, supplied-air
- Full facepiece gas mask or chemical cartridge with
“Name" cartridges or canister
o - Full facepiece SCBA
Full facepiece supplied-air
1,000X + Hal-mask, supplied-air 1
0 * | Supplied-air with full facepiece, hood, heimet or sul
|+ | Full facepiece, SCBA
5 " Full facepiece supplied-air with auxiliary self-contained air
supply -
Emergency entry into unknown concen- R Full facepiece SCBA
trations or firefighting

+ | Any full facepiece SCBA
Escape only' - Gas mask with a “Name” canister
- Any seif rescuer

'lnanan'nosph«owhidlitimmodimtydangmusmlihahlm
Notes: 1. ﬂn“Nm"mmwwm«mqwamdhmM«lm&m
dmmmwuwmvm,mm.wmmmm«wmplmm
vapor.
2. Qmahdﬂmmmﬂmwmhuadimhiuﬁumnmmmm.

3 Fufumwummmmmuwuhmmm.muhmm
bﬁcuMMthMmuﬂwﬁMMmuWhuMm-
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Table C—ANSI Z88.2-1980 and OSHA 1984 Assigned Protection Factors.
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Z88.2-1980 and OSHA 1984 Assigned Protection Fac-
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1980 and OSHA 1984 Assigned Protection Fac.
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Table D—ANSI Z88 Committee’'s 1991 Assigned Protection Factors for Particulate-

Filter Respirators in ANSI Z88.2-1991 Submitted to ANSI for Approval on March 6,
1991.

I Respiratory Iniet Covering
Type of Respirator |
‘ Half Masi* | Full Facepiece
Air Puritying | 0 | e
Respirator Iniet Covering
Type of Respirator Loose Fitting
Half Mask Full Face Heimet/Hood ’ Facan:
Powered Air Puritying ) 1,0002 100000 | g

* Includes 1/4 mask, disposable haf masks, and half masks with elastomeric facepieces.

’Pmmonfmnusuamforhigh.md.aninmwm(wmwmmy. With dust filters an assigned
protocﬁonfactoroHOOistobouadductomlimhﬁonsofﬂ\oﬁhr.

°Whoromop|r&dosinisunknownofl¢ssﬂun2um{MMAD}.lhighﬁﬁdU\cymtuMbomd. If the contaminant
isafumo.usanﬁn«lpprovodforfumnunhighdﬁdonqﬁlt«. Ifhmummmnishmtobommmz
um (MMAD), any filter type (dust, fumes, mist or high efficiency) may be used.

CDC
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3—History of NIOSH’s Recommended APFs,

Institute’s Respirator Decision Logic (RDL). The Institute’s 1976 RAPFs for air-puri.
fying devices are given in Tables E and F of this evaluation.” The Institute’s 1987
RAPF's for air-purifying devices are given in Tables J and K of this evaluation,'s
The NIOSH RDL with its necessary RAPF tables, has always been nonregulatory in
nature. It contains scientific evaluations, information, and recommendations for em-
ployers, respirator Purchasers, and users for their consideration when selecting and
using respirators.

The Institute's Respirator Decision Logic and RAPF recommendations are similar
in nature to respirator recommendations in the 1986 EPA/NIOSH respiratory pro-
tection guide for asbestos.’® In 1988, this guide was ruled to be advisory only.!?

The NIOSH RDL and its RAPF's are without binding effect, have not changed law or
regulatory policy, have not affected the agencies’ own certifications under 30 CFR
Part 11, nor have they altered anyone’s obligations or duties.

Respirator purchasers and users and employers of users should note that the

RAPF's published in this evaluation constitute NIOSH'’s most current recommended

APFs. As such they supersede certain previous NIOSH RAPFs published in the
Institute’s 1987 RDL./¢

YNIOSH: A Guide to Industrial Respiratory Protection, DHEW (NIOSH) Publication No. 76-189,
Cincinnati, Ohio (June 1976), Appendix F, pp. 137-148.

'SNIOSH Respirator Decision Logic, DHHS (NTIOSH) Publication # 87-108, Cincinnati, OH (May, 1987),
Tables 1-3, pp. 2—4, 13-18, and 27-29.

!*Environmental Protection Agency and the National Institute for Occupational Safety and Huif.hlz A
Guide to Respiratory Protection for the Asbestoe Abatement Industry, EPA-660-OPTS-86-001, Washing-
ton, D.C. (April 1986).

!"Industrial Safety Equipment Association (ISEA) v. EP.A, 837 F.2d 1115 (D.C. Cir. 1988).

'®NIOSH Respirator Decision Logic, DHHS (NIOSH) Publication # 87-108, Cincinnati, OH (May, 1987),
Tables 1-3, pp. 24, 13-18, and 27-29.
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Table E—~NIOSH's 1976 Recommended Assigned Protection Factors for Particulate.
Filter Respirators.

Protection Factor Permissible Respiratory Protection
(Minimal) |
5X Any dust and mist respirator (30 CFR 11.130)
5X wdunuummmwm.mmmmmn.m)
10X mmwmuw.mmummm
(30 CFR 11.130
10X Any fume respirator or high efficiency part: 2 filter respirator (30 CFR 11.130)
10X Any high efficiency particulate filter respirator (30 CFR 11.130)
50X Ammmpmmmm.ufm(aocmmam
1,000X Amwmmwwmlﬁmmmm
(30 CFR 11.130)
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Table F—NIOSH’s 1987 Recommended Assigned Protection Factors for Particulate-
Filter Respirators.

Assigned Type of respirator'
Protection Factor

5 Single-use (see definition in Glossary) or quarter masik respirator
—Any air-punitying half-mask respirator inciudi disposable’ &m definition in Glossary)

10 equipped with any type of particulate fiter except single use®
—Anymwngufmmmwmwwdmmuﬁm‘

25 —mwwmmwm-hwumwmywum-
late filter
—Awm-wngmufmmquwmm-mmﬁmﬁ

50 -wwwmmwwmmnmmtmmﬂw«ﬁ-
ciency filter

'Only high efficiency fitters are permitted for protection against particulates having exposure limits less than 0.05 mg/m’.
"ﬂnuﬂgnodmbdonfm:(APF‘s]mdomhodbyLoaAhmosNaﬁomlubmuiu(LANL)bym
quanﬁt:ﬁwﬁttuhgonapanddhumvolumm.

’AnAPFo(TomumbdisMthmmiMMMMMum-mﬁmm
test. Ohm'uaswtlbelssigmd.
mWaMMMWMmmePHMaWMMMWMNWL

data.
Wmemmmmumumm.mumm

CDC
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Table J—NIOSH’s 1987 Recommended Assigned Protection Factors for Protection
Against Particulate Exposures.

Assigned Type of respirator’
Protection Factor

5 Shgim(mdoﬁniﬁonhsloswy)ummak’mpimor
—mqummmwmm’xmmmm)
equipped with any type of particulate fiter except single use®

10 —Any air-purifying full facepiece respirator equipped with any type of particuiate fiter’
—Awmpﬁﬂ-;insﬂmqﬁppdﬁhahdmﬂﬂon&dham(m
pressure) mode

%wmmmmm.Mamwmwdm

—Anysup?ﬁod-lkmpmnuquippodwimamoduhwmmdwmlm
flow mode

—Any air-purifying full facepiece respirator equipped with a high efficiency fiter®
—_Anypowmdm.‘ air-purifying respirator equipped with a tight-fitting facepiece and a high effs
ciency
—mwmwmaufmmwmdmuﬁm
50 tive pressure) mode®

—Any i &ur respirator equipped with a tight-fitting facepiece and cperated in a continu-
ous flow mode*

-mmmmmmm.urmmwmumum
ative pressure) mode®

1.000 mwumnwmnmmwmmmm«
' other positive pressure mode®

2,000 Anywppiod-airupmwoqurdwimaufmwop«mdhlmm
or other positive pressure mode
—Anymmmwmm.ufmmmmmmw
mand or other positive pressure mode?

10,000 —mmmwwaumwmmm«
mmMMhMMmmyme
tus operated in a pressure demand or other positive pressure mode?

‘&wmmm“mummmmumunmummm.
mmmm(mqmmwmmmm(wuwm
quantitative fit testing on a penel of human volunteers. '
’mmmomumbdmmmimmmmmmqwﬂ
test. Otherwise a 5 shall be assigned. :

WW:MMmW&MWMM«WMMMWMHWL
iy |

“The APF was basad on consideration of efficiency of dust, fume, and/or mist filters.

CDC
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Table K—NIOSH's 1987 Recommended Assigned Protection Factors for Protection
Against Gas/Vapor Exposures.

Assigned Type of respirator
Protection Factor'

—Any air-purifying haff-mask respirator (including disposable) equipped with 2ppropnate

10 gas/vapor cartridges?

—Any supplied-air respirator equipped with a half-mask and operated in a demand (negative
pressure) mode’

—Mypomdlir-wﬂfyingwmamﬁmohoodww
25 —Mymp?ﬁw-wnmmnmpmmlhoodumdeham
flow mode

—Anvﬁr-puﬁfyinqufmmmmpmmwwwwma
gas mask (canister respirator)®
—mmﬂrmmmmwmaMMfmwm
gas/vapor cartridges or canisters’
50 —Anysuppdiomknmmtqmppodwimafulfupbuwop«mhldnm{m
tive pressure) mode?
—Awmpﬁn-wmmnmmam-ﬁmtmwmmmm
ous flow mode®
—Anyun-oomainodmp#mroquippodwimamtumwopcmdhndm
(negative pressure) mode®

1.000 Anysupp!igd-airrospimoquippodwmawmwop«mdhlmmdmww

2,000 Anysuppmwmpimmwimlhﬂfupbumdmhammmﬂ

10,000 qwmummwaumwm_.m'mu

CENTERS FOR DSASE CONTROL
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4—Strategy used by NIOSH for RAPF determinations.

It is not feasible for NIOSH to test or evaluate respirator performance over an en.
tire range of typical use conditions that may adversely affect their protection levels.
As will be discussed at length in this evaluation,’® the strategy for equipment test.

leakage measurements. That is, it has not been the accepted standard of profession-
al practice to use the makes and models with average or typical face-seal leakage in
a class to determine APFs. Instead, it has been the practice to use the makes and
model with greater or higher face-seal leakage in the class to determine APFs. This
Practice has been founded on the rationale that virtually no purchasers nor users
know whether their particular respirator mode| and use conditions may result in
hazardous, poor, average, or superior face-seal fit.

Because the nature and technology of industrial respirators prevents purchasers
and users from adequately assessing respirator safety and Protection under widely-
varying use conditions, NIOSH has determined that demanding-use considerations

are necessary when determining APFs in order to protect the health and safety of all
respirator users.

the protection potential that can be afforded by the listed masks. The RAPFs do not
consider whether certain types of respirators certified by NIOSH can be reliably fit
tested periodically and reliably fit checked by a wearer each time they don their
mask. The NIOSH RAPFs do not necessarily indicate and do not Suarantee the per-
sonal protection that will actually be provided every day to every wearer as respi-
rators are used on the job.

Reliable and effective facepiece-seal tests (both periodic fit tests and fit checks
every time a mask is donned) are essential for the likelihood of each wearer achiev-
ing the RAPF's given in this report. Thus, when users and purchasers utilize NIOSH
RAPFs, they must take into account any questionable efficacy and reliability of those
fit tests and fit checks they rely upon. For example, the U. S. Court of Appeals for
the District of Columbia Circuit ruled, in 1987, that OSHA had correctly assigned an
APF of 5 to those “disposable respirators” that could not be fit checked by wearers

'Refer to discussion presented in this evaluation under Review and Evaluation of Professional Practic-
es Used During the 1970s and 1980s for Respirator Evaluations and APF Determinations.
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for adequate inhalation protection against cotton dust.?’ That is, certain “mainte-
nance-free” halfmasks with filtering facepieces for which it is “difficult, if not impos-
sible, for the wearer to cover the entire (filtering] surface area, but not the sea] be-
tween the respirator and the wearer's face"?’ during the user fit check recommended
by the manufacturer. The federal court stated that:

OSHA recognized that, in the case of [certain filtering-facepiece] disposable respirators, the wor-
ker’s hands cannot effectively block intended air intake, and that intake only, while leaving unob-
structed air taken in because of the respirator’s improper fit.??

The federal court also noted that:

Absent assurance of a respirator’s proper fit, the NIOSH and ANSI ratings can reliably indicate
on.lgat.he efficiency of the filter, not the effectiveness of the entire respirator as it is used on the
job.

Therefore, filter mask purchasers and users must recognize that indispensable as

they are, reliable and effective fit testing and fit checks cannot detect excessive filter
leakage.

The 1987 NIOSH-recommended APF's for dust, fume, and mist (DFM) filter respi- »

rators certified under 30 CFR Part 11 were determined by a process that did not
fully embody the fundamental strategy underlying the performance tests and APFs
recommended in this evaluation and did not fully recognize the potential protection
defects for certain filter types. Therefore, NIOSH decided to reexamine the basic as-
sumptions underlying the Institute’s 1987 APF recommendations for both air-puri-
fying and atmosphere-supplying respirators.

¥National Cottonseed Products Association v. Brock and Minnesota Mining and Manufacturing v.
Occupational Safety and Health Administration, 825 F.2d 482 (D.C. Cir. 1987)

#Tbid., p. 489, footnote 6.
2Tbid., p. 492.
¥bid., p. 493.
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S—introduction to respirator-performance evaluations, APF determina-
tions, and use of APFs.

tions have evolved slowly since the early research efforts of the U.S. Public Health
Service and U.S. Bureau of Mines in the 1920s.% Part of this evolution over the

tast three decades first involved efforts to quantitatively evaluate respirator perfor-
mance,?526.27,28,29,30,31,32,33

*Letts, H. J. R.: The Limitations of Gas Masks as Means of Protection Against Occupational Hazards,
in Design and Use of Respirators, D. N. Davies, Ed., Pergamon Press, Oxford, England (1961), p. 119.

?Adley, F. E. and D. E, Wisehart: Methods for Performance Testing of Respiratory Protective Equip-
ment, Am. Ind. Hyg. Assoc. J. 23:251-256 (1962).

“Hounam, R F.: 4 Method for Evaluating the Protection Afforded When Wearing a Respirator, Report
No. AERE-R-4125, United Kingdom Atomic Energy Authority, Harwell, Berkshire (1962).

“Hounam, R F., D. J. Morgan, D. T. O’Conner, and R. J. Sherwood: The Evaluation of Protection
Afforded by Respirators, Ann, Occup. Hyg. 7:353- 363 (1964).

"Morgan, D. J.: A Method of Testing the Efficiency of a Respirator Using a Halogenated Hydrocarbon
Test Gas, Report No. AERE-R-4485, United Kingdom Atomic Energy Autharity, Harwell, Berkshire
(1964).

Y'White, J. M. and R. J. Beal: The Measurement of Leakage of Respirators, Am. Ind Hyg. Assoc. J.
27:239-242 (1966).

’Burgess, W. A., W. C. Hinds, and S. Shook: Performance and Acceptance of Respirator Facial Seals,
presented at the Annual Conference of the Ergonomics Research Society, University of Sussex, England
(March 20-26, 1968).

¥Griffin, D. G. and D. J. Longson: The Hazard Due to Inward Leakage of Gas Into a Full Face Mask,
Ann. Occup. Hyg. 13:147-151 (1970).
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subsequent determination of APFs. These are presented in Table L of this evalua-
tion. .

It is also impo.rtant to understand how APFs are used in respirator selection in
order to appreciate both their significance and limitations. A simplified version of
this information is given in Table M of this evaluation. Respirator selection and use
activities are regulated by OSHA (under 29 CFR 1910.134) and other Federal agen-
cies. ™

Table P presents recommended APF's for various respirator types (classes), face-
pieces, and certification performance tests (i.e., 30 CFR Part 11). APF's can be con-
sidered to be potential “effectiveness” or “protection” ratings. They reflect the fact
that different types of respirators are capable of providing different degrees of protec-
tion to wearers. Differences between potential protection values (APFs) afforded by
different respirator types can be quite substantial.

Step 4 of Table M in this evaluation summarizes how APFs are used in respirator
selection. Possible low levels of user protection exhibited by devices with lower APFs
must be recognized and considered by purchasers and users when selecting and us-
ing NIOSH-certified respirators. Hence valid APF's are essential for correct respira-
tor selection.

Most respirator evaluation studies that will be discussed later in this evalua-
tion” have measured respirator performance after the test subjects have gone
through Steps 1 through 7 shown in Table M of this evaluation. However there are
numerous factors that can affect the protection levels exhibited by respirators. With

regard to the determinant factors affectins orotection levels provided by respirators,
Galvin et al. have stated:

The protection afforded by an air-purifying respirator is determined by two major factors. One is
the fit of the respirator around the face seal (face-seal leakage] and the second is the efficiency of
the cartridge in removing the contaminant from the airstream [filter leakage). Fit is influenced
by the nbﬂityofthcmphttartoeonfomtoindividudflcidltructunmdt.oml.intnint.hofldll
seal during work activities.’®

“Refer to discussion presented in this evaluation under Regulatory APFs in NIOSH and Other Federal
Agencies.

*For example, refer to discussion Presented in this evaluation under Evaluation of Face-Seal Leahkage
Resuits from Nine Studies of Non-Powered, Air-Punifying Halfmasks.

%Galvin, K., S. Selvin, and R. C. Spear: Variability in Protection Afforded by Half-Mask Respirators
Against Styrene Exposure in the Field, Am. Ind. Hyg. Assoc. J. 51:625-639 (1990), p. 625.
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Additionally, a major respirator manufacturer has stated:

Ideally, respirator performance as described by 5th percentile values should be based on variabil.
ity caused by the fit and filter efficiency of the respirator alone.’’

Thus hazardous leakage of a contaminant into a respirator can result when either or
both of excessive filter leakage or excessive face-seal leakage occur. Employers are
responsible for testing for face-seal leakage with procedures known as fit tests, which
can be either qualitative (QLFT) or quantitative (QNFT).% In several OSHA rule-
makings, NIOSH has suggested numerous factors that affect respirator effectiveness
for individual wearers in the workplace 740

NIOSH recognizes that the likelihood of each respirator wearer achieving adequate
Protection during each respirator wearing is a strong function of the inherent protec-
tive capabilities of the make and model respirator used. In addition, the Institute
also recognizes that the likelihood of achieving adequate wearer protection is also a
strong function of two types of determinant factors:

. the determinant factors affecting excessive face-seal leakage at the time of the
initial and periodic fit factor screening (fit testing with QLFTs or QNFTs)

. the “point-of-use” determinant factors affecting both excessive filter leakage
and excessive face-seal leakage during the time of each wearing.

As generally performed, QLFTs or QNFTs are performed to detect only face-seal
leakage existing at the time of testing. They are not capable of detecting excessive
filter leakage. No matter how effective they are or how well they are performed, fit
tests can only help identify compromised protection resulting from the first type of
factors for face-seal leakage. The fit tests cannot detect excessive filter or face-seal

""Gosselink, D. W., Wilmes, D. P, and Mullins, H. E.: Workplace Protaction Factor Study for Airborne
Asbestos (a.k.a. The Shiloh Brake Study conducted by representatives of the 3M Company), presented
at the American Industrial Hygiene Conference, Dallas, Texas (May 1986), p. 7.

3For example, but not limited to, 29 CFR 1910.134(eX5).

*National Institute for Occupational Safety and Health: Supplemental Report to OSHA for Docket
H-049A: Evaluation of Quantitative and Proposed Qualitative Screening Testa for Inadequate Fit
Factors of Respirator Users, (October 1982), pp. 20-21.

“’National Institute for Occupational Safety and Health: Comments to OSHA for Docket H-160:
Health Standards: Methods of Compliance, (June 1983), p. 7.
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leakage resultins.from the second type of point-of-use factors occurring after initial
fit testing and mask selection. These include, but are not limited to,

airborne contaminants that can leak through filters

incorrect mask position on the user's face

incorrect headstrap tension

incorrect headstrap position on and behind the user’s head

failure to use all the headstraps

changes in a user’s facial surface such as facial stubble and perspiration
mask damage

improper mask maintenance.

A major respirator manufacturer has correctly noted:

- - . neither QNFT nor QLFT can guarantee that the wearer will don the respirator in the same
fashion in the workplace as when being fit tested and, therefore, that the same respirator fit
factor will be achieved under actual working conditions. Control of fit is primarily up to wearer
himself. Consequently, in a real sense, neither QNFT nor QLFT by themselves have a direct
bearing in assuring proper employee health protection, but rather can only assure that the respi-
rator selected by the employee can fit properly.*!

This statement supports the critical importance of adequate training for each user so
they will know how to properly don, adjust, and wear their respirator. It also
emphasizes that adequate fit testing must be performed by an employer so that a
user will not have to wear a mask that leaks at the face seal.

Point-of-use factors can create a considerable risk of undetected excessive leakage
at the face seal or through the filter when a mask is worn in a hazardous environ-
ment. Even for those minimal number of particulate contaminants with “adequate
warning properties,” there is risk to the wearer. By the time a user has smelled or
tasted a hazardous contaminant, it may already have done some damage to the
user’s health. Thus, each wearer must have the capability of reliably and effectively
fit checking his or her mask forproporﬁtuchtimothomuk‘uprotectionmmtbo

depended on. This is the purpose of fit-check tests that must be performed by users
each time they don their respirator.

‘/3M Company: Comment of Minnesota Mining and Manufacturing Company with Respect to the
Permanent Lead Standard Quantitative Fit Test Provision, OSHA Docket No. H-049A, Exhibit 6-16,
(July 1, 1981), p. 3.
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Table L—Process Elements for Evaluating Respirator Performance and Determining
APFs,

Process Element

1—Select respirators to be tested.

2—Select test environment.

3—Select test subjects.

4—Optional) Perform fit-test screening (QLFT or QNFT) that is supposed to
reject thase subjects unable to obtain an adequate fit.

S—Measure respirator performance under test conditions.

6—Analyze respirator-leakage data and determine APFs for each respirator
class. '

CDC

CINTERS POR OBLASE CONTROL
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Table M—Simplified Elements of Respirator Selection and Usage Illustrating the Re-
quired Application of APFs for Air-Purifying Masks.

1—identity intended respirator uses. Identify physical nature and toxicity of
contaminant(s).

2—Measure concentration levels of contaminant(s) where worker exposures

can occur. Compute the concentration level to OSHA PEL ratio (i.e., concen-
tration level as a multiple of applicable PEL).

3—identify prospective respirator wearers in a given workplace.

4—Using APF tables and other necessary informatio:, from a Respirator Deci-
sion Logic, select respirator(s) that can provide assured protection as required
10 exposed workers. Selected respirator must have an APF farger than
PEL multiple from Step 2 above.

S—Using the selected respirator(s) and QLFT or QNFT, fit-test screen the
adequacy of the face seal(s) on each prospective wearer. This is to identify
those respirator facepieces that cannot achieve the class APF for selected
device(s) on the prospective wearers. No filter testing is performed, since it is
assumed that the fiters that will actually be worn on the facepieces have
essentially zero leakage.

6—Provide and assign a respirator to those workers that passed the fit-test
screening.

7—Ead1wewmustpeﬂomapohﬂ-d-uu"ﬁtd1¢ck”bcforeead1uuot
their assigned respirator. This is done to identify those wearers with inade-
quate protection due to point-of-use factors such as poorly-fitted or improperty
adjusudfacopiocawmmuinmcuscrsskinmatmprevenﬁruaprop«
fit (e.g, beard stubble).

8—Property wear the respirator in the hazardous environment. For tight-fitting
mdn.donumammmmammldm
facepiece to the wearers skin. For respirator-related causes, respirator users
shoddhavuhazardousm(e.g..faimdmmwpmidoadoqum
protaction, respirator malfunction, detection of leakage of air contaminant into
the respirator).

CDC
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6—Review and evaluation of professional practices used during the

1970s and 1980s for respirator face-seal evaluations and APF
determinations.

As part of its efforts to develop APF values as part of this evaluation, NIOSH re-
viewed and evaluated professional practices used during the 1970s and 1980s for
respirator face-seal performance evaluations and APF determinations. All NIOSH
conclusions stated in this section are based on the best available evidence regarding
professional practices used during these two decades.

The concept of respirator-class protection factors is over 25 years old. Since the
early 1980s they have been called assigned protection factors (APF's) by respirator
specialists. Hyatt‘’ noted in 1976 that the first official definition of the term
[assigned] protection factor was made by the U. S. Bureau of Mines in their Approval
Schedule 21B published in 1965. For over 7 years from 1965 to 1972, assigned
Protection factors were part of filter-type respirator certifications issued by the Bu-
reau of Mines. Hyatt also reported that two years later in 1967, the Atomic Energy
Commission (AEC) Director of Regulation published proposed (assigned] protection
factors.” Hyatt reported that due to concerns relative to the lack of adequate test
data for all types of devices, the AEC-proposed [assigned] protection factor table was
withdrawn.

It is important to recognize that most current respirator-class APFs are founded on
the professional precepts, technical policies, and respirator protection factor val-
ues*’ developed during the late 1960s through the 1970s as the product of AEC-fund-

““Hyatt E.C.: Respirator Protection Factors. Los Alamos Scientific Laboratory, Informal Report No.
LA-6084-MS (1976), p. 7.

"U.S.Dopm:ofthnlntn-iu, Bureau of Mines: Respiratory Protective Apparatus—Taests for
Permissibility; Fees: Schedule 21B, Filtar-Type Dust, Fume, and Mist Respirators (30 CFR Part 14),
Federal Register 30(#616), (January 19, 1965) as amended at 34 FR 9617 (June 12, 1969).

“U. S. Atomic Energy Commission: Proposed Rule Making, Standards for Protection Against Radia-
tion—10 CFR Part 20, Federal Register 32(#215), (November 4, 1967).

‘“Hyatt E.C.: Respirator Protection Factors. Los Alamos Scientific Laboratory, Informal Report No.
LA-6084-MS (1976), Table I, PP 4-5.
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ed and NIOSH-funded research at the Los Alamos Scientific Laboratory
(LAS L).JGJ 7.48,49,50,51

Hyatt stated in 1977 that “These (1976] respirator protection factor values are
based on quantitative fit tests with Bureau of Mines’' approved respirators on men
during the period 1971 through 1973.”2 Hyatt also stated in 1977:

New quantitative fit test data on NIOSH/MESA approved respirators made with male and
female test panels representative of the facial sizes of the U. S. adult workers during the past
three years is available and has been reviewed by several investigators. My analysis of this new
data indicates that the respirator protection factors in the [Joint NIOSH/OSHA Standards Com-
pletion Program, 1975] “Respirator Decision Logic” should be reviewed and revised. . . .

Respirator protection factors in the “Respirator Decision Logic” recommends a protection factor
of 10 for quarter-mask and half-mask facepieces and 50 for full facepiece respirators operated
with a negative pressure during inhalation. . . . The new respirator fit test data demonstrates
that full facepiece respirators now available should be assigned a protection factor of 100 for
men. However, this (sic) data indicates (sic) that the protection factor for women should be re-
duced. . ..

My recommendation for an interim solution is to assign a protection factor of 10 for quarter
mask and half-mask facepieces and 100 for full facepiece devices operated with a negative pres-
sure in the facepiece for men only. For women respirator users, [ recommend a protection factor
of 5 for quarter-mask and half-mask facepieces and 50 for full facepieces operated with a nega-

“*Hyatt E. C. et al.: Respirator R and D Related to Quality Control; LASL Project P-37, Los Alamos

Scientific Laboratory, Quarterly Report July 1 thru September 30, 1971, No. LA-4908-PR (March
1972).

‘"Hyatt E. C. et al.: Respiratory Studies for the National Institute for Occupational Safety and
Health—July 1, 1972 through June 3, 1973, Los Alamos Scientific Laboratory, Progress Report, No.
LA-5620-PR (May 1974).

‘““Held, B. J. et al.: Respirator Studies for the National Institute for Occupational Safety and
Health—July 1, 1973 through June 30, 1974, Los Alamos Scientific Laboratory, Progress Report,
#LA-5805-PR (December 1974).

Lowry, P. L. et al.: R.pimtorsmdiafbrt}nNatiﬂulImtimuforOcmpaw&fuyw
Health—July 1, 1975-December 31, 1976, Los Alamos Scientific Laboratory, Progress Report, No.
LA-6722-PR (February 1977).

'Lowry, P. L. et al.: Respirator Studies for the National Institute for Occupational Safety and
Heaith—January 1-December 31, 1977, Los Alamos Scientific Laboratory, Progress Repart, No.
LA-7317-PR and HEW publication No. (NIOSH) 78-161 (June 1978).

‘?Hyatt, E. C.: Latter to J. F. Finklea of NIOSH, Los Alamos, New Mexico (September 14, 1977).
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tive pressure in the facepiece. This may be impractical because the current practice is to assign
the same protection factor for both men and women.?

Regarding the face-seal-performance data and technical criterion used for deter-

mining respirator-class APFs recommended to NIOSH and OSHA, an important
LASL report stated in 1976:

A reasonable basis for assigning a (assigned] Protection factor to a single class of respirators
would be to require that 95% of the (test] subjects must meet the performance criteria to assign a
given protection factor. In addition, the 5% of the People not meeting the (APF) performance
criteria and the 5% not included in the panel must be identifiable by a stringent qualitative or
quantitative fitting test or by anthropometric facial measurements. It is recommended that this
criteria be used in assigning a given protection factor to a single class of respirators such as half-
mask high-efficiency filter respirators. This is the criteria that is used in making recommenda-

masks by the LASL researchers were performed on test subjects who had not been
properly fit tested with qualitative or quantitative fit tests. These measurements.
subsequently were used as the basis for the LASL APF recommendations. The LASL
researchers stated the following regarding their measurements:

Before entering the test chamber, the subject donned the respirator and tested the fit. When
wearing a half-mask respirator, the subject tested the fit by either the positive or negative pres-
sure method.>

The 1976 LASL report also stated that face-seal-performance results from each
and every NIOSH-certified respirator in a class must meet the preceding criteria
when determining a class APF.% Thig criterion is supported by remarks made at a

Mbid.

“Hyatt E.C.: Respirator Protection Factors. Los Alamos Scientific Laboratory, Informal Report No.
LA-6084-MS (1976), p. 10.

*Hyatt E.C., J. A. Pritchard, and C, P. Richards: Respirator Efficiency Measurement Using Quantita-
tive DOP Man Tests, Am. Ind. Hyg. Assoc. J. 33(10):634-643 (1972), p. 637.

5®Ibid., Section VI, pp. 10-14.



30  Performance Evaluation of DM and DFM Fitter Respirators—WORKING DRAFT 9.15.92

1975 OSHA seminar presented by the senior LASL respirator researcher at that time.

The following APF criteria were also used for 1970s-vintage APFs recommended by
LASL to NIOSH and OSHA and subsequently incorporated into NIOSH's first APF
recommendations,* numerous OSHA regulations, OSHA’s Industrial Hygiene Man.
ual,®® and OSHA's Industrial Hygiene Technical Manual:%

95% of [the test] subjects must meet given (A]PF criteria to assign [A]PF for that respirator (and)
all types of respirators in one class must meet criteria to assign a [A]PF to one class of respirs-
tor. Example; if less than 95% of subjects fail taobtlinaPFoflwononlyomothypeaofFF
(fullface] approved, then the [A]PF assigned to FF class must be lowered, say to [AJPF of 50.5

In 1980, the American National Standards Institute (ANSI) Z88.2-1980 respirator-
use standard stated:

Respirators shall be selected according to the characteristics of the hazards involved, the capabili-
ties and limitations of the respirators, and the ability of each respirator wearer to obtain a satis-
factory fit with a respirator. Taking into account the capabilities and limitations of respirators
and the results of respirator-fitting tests, a table of respirator (assigned] protection factors has
been prepared (see Table 5 [Table C in this evaluation]). A respirator (assigned] protection factor
is a measure of the degree of protection provided by a respirator to a wearer.®

[N

The ANSI standard required the successful completion of respirator-fitting tests be-
fore use of the standard’s APF values. This was stated as follows:

A qualitative or quantitative respirator-fitting test shall be used to determine the ability of each
individual respirator wearer to obtain a satisfactory fit with a negative-pressure respirator. (The
National Institute for Occupational Safety and Health recommends that only a program of quan-
titative-fit testing can provide adequate worker protection.) . . .

‘"Hyatt, E.: Respirator Protection Factors, OSHA Seminar Outline (December 17, 1975).

S°NIOSH: A Guide to Industrial Respiratory Protection, DHEW (NIOSH) Publication No. 76-189,
Cincinnati, Ohio (June 1976), Appendix F, pp. 137-148.

OSHA: Industrial Hygiene Manual, Chapter III—OSHA Standard Method for Determination of
Respiratory Protection Program Acceptability (1979), pp. 89-90.

®OSHA: Industrial Hygiene Technical Manual, Chapter V—Raspiratory Protaction, Issued by OSHA
Instruction CPL 2-2.20 A, (March 30, 1984), pp. 75-77.

*'Hyatt, E.: Respirator Protection Factors, OSHA Seminar Outline (December 17, 1975), p. 8.

*?American National Standards Institute, Inc.: American National Standard Practices for Respiratory
Protection, ANSI 288.2-1980, New York, New York, (1980), p. 20.
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If a qualitative respirator-fitting test has been used in respirator selection, a person shall be
allowed to use only the specific make(s) and model(s) of respirator(s) for which the person ob-

In 1982, researchers at Los Alamos National Laboratory (LANL) reiterated the

criteria of their organization® in the following statements on [Assigned] Protection
Factors:

The (Assigned) Protection Factor is the number assigned to a particular type of respirator, or to
an entire class of respirators, representing the degree of protection that the respirator is thought
to provide for the majority of users. In the past, the [A]PF has been selected to represent the
lowest level of protection provided by the class of respirators selected.

The following information must be available for the derivation of a (Assigned] Protection Factor:
the results of face-to-facepiece sealing tests (fit factor) on a representative number of test sub-

jects, and a knowledge of the efficiency of the air-cleaning elements, if any, to be used with respi-
rator in the workplace.%

In early 1983, Myers et al. stated the definitions and measures of respirator per-
formance “currently used by the NIOSH Testing and Certification Branch respirator
research staff.”® They noted that “these definitions and relationships are in some
instances at variance or different than those advocated by Hack, et al. [and
Hyatt/LASL)]" Regarding their APF definition Myers et al. stated:

The “assigned protection factor is a measure of the minimum anticipated workplace level of respi-

ratory protection that would be provided, by a properly functioning respirator, to a large percent-
age of properly fitted and trained users. . . - The assigned protection factor should be based on

*Tbid., pp. 20 and 24.
“rhnIAcAlmuScionﬁﬂehhornmryhadeduth.bonNaﬁondleonury.

*Hack, A., C. Fairchild, and B. J. Skaggs: The Forum—Latter to the Editor, Am. Ind. Hyg. Assoc. J.
43(12):A-16.(1982). _

%Myers, W. R., Lenhart, S. W., Campbell, D. and G. Provost: The Forum—Letter to the Editor, Am.
Ind. Hyg. Assoc. J. 44(3):B25-26 (1983).
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workplace protection factors’” (WPF] measurements made in a representative number of work-
place settings and for a representative number of wearers.*

Regarding their proposed computational method for APFs, Myers' et al. stated:

While no method for calculating assigned protection factors from such (workplace protection
factor] data has been established, several methods might be considered. If the distribution of

measured workplace protection factors is lognormal, the assigned protection factor could be com-
puted from the following relation: . . .

If we want to calculate the assigned protection factor for which we would expect 90% of the work-

place protection factors to be above, then Z, would be 1.28. If however, we choose 95% instead of
90%, Z, would be 1.64. . . .

A more conservative method of determining the assigned protection factor from such data is to
compute a one-sided lower tolerance limit above which, for example, we may prodict (sic) with
90% confidence that 90% of the workplace protection factors lie, and equate the assigned protec-
tion factor to that limit.5

In the same 1983 Letter to the Editor, Myers et al. of NIOSH gave the definition
for another type of protection factor:

The “program protection factor” is a measure of the respiratory protection provided to a worker
by an established respirator program. ... In terms of worker healith, the program protection
factor is the most significant form of the protection factor. It is a measure of the effectiveness of
the complete respirator program. The program protection factor is a function of the workplace
environment, the activity of the wearer, the fit of the respirator, respirator selection, the respira-
tor design, training, maintenance, storage, supervision, program administration and monitoring,
and any other variable that affects program effectiveness. If any of these program elements are
deficient, the program protection factor will be adversely affected.”” [underlines added]

However, none of the protection-factor studies performed by NIOSH or other
researchers in the 1980s or early 1990s have evaluated program protection factors.

”Amdthmdmﬁonmﬁdodbyampinuin.nwkphuunduthmdiﬁomof
thcmrkplmbyampelyfuuﬁonin.mphﬁwwbonithemnﬂymmdm A WPF is

*Myers, W. R., Lenhart, S. W., Campbell, D. and G. Provost: The Forum—Letter to the Editor, Am.
Ind. Hyg Assoc. J. 44(3):B25-26 (1983) , p. B-26.

*Ibid., p. B-26.
Ibid., p. B-26.
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Hence many of the variables that can adversely affect protection actually provided to
workers in typical respirator programs are not reflected in WPF studies,

In 1985, the ATHA Respirator Technical Committee, chaired by H. P. Guy, pre-
pared a “consensus terminology” for respirator performance in consultation with the
principals from Los Alamos Nationa] Laboratory and NIOSH.” The Guy Committee

The Guy Committee also recommended the following definition for workplace protec-
tion factors:

defined as the workplace contaminant concentration which the user would inhale if he were not
wearing the respirator (Co) divided by the workplace contaminant concentration inside the respi-
rator facepiece (C,). Both Co and C; are determined from samples taken simulitaneously, only
while the respirator is Properly worn and used during normal work activities.””

Regarding NIOSH's 1987 recommended APF values,” NIOSH stated:

When WPF data existed, NIOSH utilized the point estimate equation proposed by Myers et al.
(13] to help establish the APF's recommended in the decision logic. The point estimate equation
is as follows . . .

"iIGuy, H. P.: Latter to the Editor—Respirator Performance Technology, Am. Ind. Hyg. Assoc. J.
46(5):B~22 to B-24 (1985).

*Ibid., p. B-22.
"Tbid.

“NIOSH Respirator Decision Logic, DHHS (NIOSH) Publication # 87-108, Cincinnati, OH (May, 1987),
Tables 1-3, pp. 24, 13-18, and 27-29.
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When WPF data existed, NIOSH selected a confidence limit of p=0.95.” Thus for a given set of
data and given class of respirators, NJOSH would expect that 95% of the WPF's would exceed the
calculated point estimate.’0

NIOSH has concluded that APFs based on APF definitions from Myers et al. and
the Guy Committee are derived from WPF data that were obtained after each test
subject has been properly fitted and trained. “Properly fitted” for these APF defini-
tions has generally been interpreted as fit screening with OSHA-approved qualitative
or quantitative fit tests. As reported by respirator researchers in the 1980s, WPF
values are measurements of the actual protection provided in the workplace by a
properly-functioning respirator when correctly worn by a properly trained user after
proper fit testing. This is in marked contrast to the LASL laboratory face-seal data
for halfmasks that were obtained before proper fit testing was performed.

NIOSH has concluded that the Hyatt/LASL-recommended APF's were values that
at least 90% of all workers were expected to achieve before proper fit testing was
performed. That is, up to 5% of a face-seal-performance test panel not achieving an
APF plus the 5% of all American workers with extreme facial sizes not represented
on a test panel were expected to not be able to achieve a given LASL-recommended
APF. However, for a given respirator, it was expected and required that these 10% |
maximum of all potential wearers would be identified and not permitted to wear the
respirator in the workplace.

NIOSH has concluded that the Hyatt/LASL and ANSI 1980 APF recommendations
were predicated on the requirement that 100% of respirator users in the workplace
must attain protection exceeding a class APF after proper fitting (i.e., fit testing) has
been performed by the employer. That is, the Hyatt/LASL and 1980 ANSI APFs
expressed the level of respiratory protection expected to be achieved by 100% of prop-
erly-fitted users (i.e., those with satisfactory fits exceeding the class APF).

A noted respirator expert stated the following in 1989 with regard to the impact of
workplace-testing results on the Hyatt/LASL APFs developed in the 1970s:

ncmbjmdblﬁngthceﬁciencyofmpintmwhﬂcm in the workplace has become a
hot topic of conversation. . . . This subject has been brought into close scrutiny by the significant
work of several investigators which shows essentially no correlation between the “Simulated
Workplace Protection Factor” (SWPF) determined in a semi-laboratory situation, that is, quanti-
tative respirator fit testing (QNFT) resuits, as compared to the WPFs obtained in the workplace.

"*This is an incorrect statement. NIOSH personnel did not compute confidence limits at a confidence
leve! for the NIOSH-recommended APFs based on WPF data. The statement should read, “. . . NIOSH
selected a population proportion of p = 0.95.”

"NIOSH Respirator Decision Logic, DHHS (NIOSH) Publication # 87108, Cincinnati, OH (May, 1967),
p. 29.
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By inference, these data are equally at odds with the protection factors established by OSHA
for various types of respirator, which were based on QNFT data obtained by the Los Alamos
National Laboratory in the 1970S. Until recently, the SWPFs gathered during QNFT were more
or less assumed to transjate directly into the protection afforded by a particular respirator, or
class of respirators, while worn in the workplace.

Apparently this is now a questionable assumption which has thrown the entire concept of fit
testing into doubt.”’

Earlier, in a 1982 evaluation of qualitative fit tests (QLFTs), NIOSH had statisti-
cally analyzed numerous data sets that had been submitted to OSHA in support of
the du Pont isoamyl acetate, irritant smoke, and 3M Company saccharin tests.”

The 1982 NIOSH conclusions regarding the efficacy of these QLFTs included the fol-
lowing statements:

A substantial number of the studies submitted to Docket H-049A we believe were
inappropriately conducted, analyzed, or reported. As a result many of the data sets are unreli-
able indicators of how the proposed qualitative Screening tests will perform in respirator pro-
grams that can be reasonably expected in the lead industries. . . .

The use of the Du Pont iscamyl, 3M saccharin, or irritant amoke protocols could substantially
mmmtheﬁkcﬁhoodofmicninthdqu.umwlhwwkm, when compared to the

The Du Pont isoamyl acetate, 3M saccharin, and stringent irritant smoke protocols cannot assure
that respirator wearers with fit factors less than 100 (required for halfmask testing] will be effi-
ciently rejected by any of the three screening tests.”?

In 1989, a noted respirator expert stated the following with regard to the efficacy
of both qualitative and quantitative fit tests:

- + - I believe it is more instructive to examine the role and function of respirator fit testing,
and face some realities. First of all, it is unfortunate that fit testing results apparently cannot be
used as a reliable indication of respirator performance in the workplace. Life would be simpler if
the converse were to continue to be true.

But looking at fit testing logically, both in the semi-laboratory and in the workplace, it’s unre-
n]iltictomahanydaimnotherthmthatthuomthomuluwhichwmobta.inodogthis

"Pritchard, J. A.: Open Forum: Respirator Testing—Old Values, Ind. Safety and Hyg. News (May
1989).

MIbid., pp. 7-8.
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we are left with respirator fit testing, whether qualitative or quantitative, playing the role as a
means of obtaining the best possible fit of a given respirator on a given person at a given time.
We should not make any representation as to the ultimate efficiency in the workplace.?’

In 1990, another noted respirator expert sf.ated the following regarding one qualita-
tive fit test (QLFT) that has been widely-used in the 1980s:

If a person wearing a respirator in an atmosphere containing the airborne sodium saccharin
particles detects the penetration of the sodium saccharin particles by taste, then the respirator is
declared to have failed the test. OSHA has listed this test in several hazardous substance stan-
dards including those for respirator fitting test. However, evidence has been uncovered recently
during the proceedings of an ANSI sucommittee (sic) on respirator fit testing that there may be
insufficient data to validate the adequacy of this respirator fitting test.?!

Previously in 1981, Revoir had expressed serious reservations regarding the saccha-
rin and other qualitative fit tests proposed to OSHA.%?

OSHA should not promulgate a rule making to permit employers to use the iscamyl acetate*
vapor and the protocol for this test for selecting specific makes and model of negative pressure
type respirators for assignment of lead aerosols unless the faults in the protocol are eliminated.
Eliminating these faults should not be a difficult task. . . .&

OSHA should not promulgate an interim rule to permit the use of QLFT which uses the saccha-

rin aerosol as the test agent until more work has been carried out to eliminate problems associat-
ed with the saccharin aerosol. . . .%

Before OSHA promulgates an interim rule to permit the use of the saccharin aerosol QLFT by
employers who must comply with the provisions of the OSHA Standard on Occupation Exposure
to Lead, OSHA has the obligation of assuring that any problems associated with the size of the
saccharin aerosol particles in the test atmospheres are resoived.’*

®Pritchard, J. A.: Open Forum: Respirator Testing—Old Values, Ind. Safety and Hyg. News (May
1989).

*'Revoir, W. H.: Comments on OSHA's Proposal to Modify Existing Provisions for Controlling Employee
Ezposure to Toxic Substances Found in 29 CFR 1910.1000(3) and 29 CFR 1910.134(a)(1). Comments
submitted to OSHA (May 30, 1990), p. 14.

**Revoir, W. H.: Comments Concerning Respirator Fit Testing, statement made at the OSHA Informal
Public Hearing on Respirator Fit Testing, Washington, D.C. (Septamber 23, 1981), pp. 11-22.

&Mbid., p. 14.
4Tbid., p. 18.
&1bid., p. 20.
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Los Alamos Scientific Laboratory (LASL) for respirator-performance research, which
was supported in part by NIOSH. Originally, NIOSH and LASL had hoped to test
respirator performance during simulated-workplace use of the respirators. However,
as reported in 1976, LASL wag unable to accomplish this:

The use of the humid chamber was abandoned because of the time pressure on completion of the
required number of tests.%

As with the LASL protocol, the current OSHA fit-test protocol does not use a “hot
humid chamber, to work Up & sweat, as a substitute for physical activity” as LASL

intended. Regarding the OSHA test protocol, a noted respirator expert stated in
1990: | -

The exercise time limits are very short. The required exercises are sedentary and do not repli-
cate movements of workers that may occur in workplaces.’”

In 1987, NIOSH cautioned with regard to the efficacy of both qualitative and quanti-
tative fit tests:

No qualitative or quantitative fit tests have been dmonmﬁd to be capable of eﬂ'octivlcly identi-
fying inadequately fitting respirators (i.e., respirator-wearer combinations that provide less pro-
tection than the APF). The presently used tests (e.g., ANSI-recommended, OSHA-approved) may
fail to identify individual wearers with inadequate respiratory protection. Thus fit tests lhould
be used with caution and with recognition of their possible deficiencies. As appropriate, periodic

*Douglas, D. D. et al.: MmrsmdbbrWNMImﬁrwmw
Health, July 1, 1974—June 30, 1975, Los Alamos Scientific Laboratory Progress Report LA-6386-FR,
Los Alamos, New Mexico (August 1976), pp. 35-36.

*"Revoir, W. H.: Comments on OSHA's Proposal to Modify Existing Provisions for Controlling Empioyee
Exposure to Toxic Substances Found in 29 CFR 1910.1000(3) and 29 CFR 1910.134(a)(1). Comments
submitted to OSHA (May 30, 1990), p. 20.
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evaluations of the effectiveness of each respirator during use in the workplace should be conduct-
ed to ensure that each wearer is being provided with adequate respiratory protection.®

NIOSH has concluded that this 1987 statement continues to best summarize the |
questionable efficacy of QLFTs and QNFTs. NIOSH also concluded that the OSHA
fit-test protocol (and those similar to it) represents, at best, respirator wearers un-
dergoing no physical activity and no rapid motions of the head. That is, at best the
protocol is representative only of sedentary use of a respirator.

NIOSH has concluded that the Hyatt/LASL approach for determining class APFs
for air-purifying respirators contains a critical assumption that has not been satisfac-
torily substantiated and must be considered questionable. The Hyatt/LASL approach
assumes that the required proper fit testing®® conducted by a respirator wearer’s
employer will be 100% efficient at identifying those prospective wearer'’s who cannot
achieve a given APF. However, NIOSH concluded that proper fit tests are not 100%
efficient at identifying those prospective wearer's who cannot achieve a given APF.
At this time there is insufficient evidence to provide reasonable assurance of their
efficacy. Thus any of these fit tests should be selected by respirator-program admin.
istrators and utilized by fit-test operators with due caution and appreciation of their
possible deficiencies. Respirator wearers should be explicitly informed that these fit »
tests may fail to identify individual wearers with inadequately-fitting respirators.

NIOSH concluded that the Hyatt/LASL approach for determining APFs embodies a
basically sound requirement. That is, that 100% of respirator users in the workplace
must attain protection exceeding a class APF after proper fitting (i.e., fit testing) has
been performed by the employer. Meeting this requirement is a technical matter of
developing proper fit test methodologies, whether they be quantitative or qualitative,
that can adequately screen out those prospective wearers that are incapable of
achieving an adequate fit with a given respirator.

NIOSH has concluded that due to excessive face-seal leakage, while wearing air-
purifying, NIOSH-certified respirators in the workplace as part of a state-of-the-art
respirator program, from less than 1% to substantially more than 109% of American
workers will not achieve with their respirator facepieces the APF-level protection
computed according to the recommendations of Hyatt/LASL. This is because current-
ly available quantitative and qualitative fit tests have not been satisfactorily demon-
strated to be capable of effectively identifying (screening out) those wearers with

“NIOSH Respirator Decision Logic, DHHS (NIOSH) Publication # 87-108, Cincinnati, OH (May, 1987),
p- 2

#Qualitative or quantitative fit testing accepted by OSHA or generally considered acceptable for
professional practice.
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inadequately-fitting respirators. These percentages consider only face-seal leakage.
Any additional leakage through filters or sorbent elements will increase the percent.
age of wearers not achieving APF-level protection. It should be recognized that those
wearers with inadequate respiratory protection will not be identifiable except possi-
bly for those contaminants with adequate warning properties or those very few con-
taminants for which an overexposure can be biologically detected (e.g., urine- or
blood-monitoring techniques).

Additionally, it should be also recognized that the Hyatt/LASL APFs do not consid-
er uncertainty present in the underlying performance data that is due to sampling
errors. However, this is not Necessarily a critical weakness in the approach. With
the Hyatt/LASL approach it is not particularly relevant nor critical to know with a
high degree of certainty the precise percentage of all workers expected to achieve a
given APF before proper fit testing is performed. That is, it is basically irrelevant
whether 5, 9, 10, 12, or 15% are i capable of achieving a satisfactory fit. This is be-
cause the purpose of subsequent fit testing is to screen out 100% of these individuals.

NIOSH concluded that APFs computed according-to the definition used by Myers et
al. and other researchers in the 1980s can result in less protection to at least 1 in 20
respirator users when compared to APFs computed according to the criterion of
Hyatt/LASL in the 1970s even if the fit testing in 100% effective. This occurs because
Myers et al. APF values are predicated on the less strict requirement that only an
estimated 95%, not an assured 100%, of respirator users in the workplace must attain
a class APF after proper fitting (i.e., fit testing) has been performed by the employer.

NIOSH has concluded that the Myers et al. approach implicitly considers it accept-
able to permit at least 5% of respirator wearers in the workplace to receive protec-

American workers to exceed Permissible exposure limits (PELs).

The resuits from any WPF must be evaluated both in terms of internal validity
and external validity. With regard to internal validity, suppose a researcher were to
conclude that the WPF-performance of respirator A is better than some performance
criterion. If the conclusion was based on random errors occurring during WPF mea-
surements, rather than truly superior performance, the conclusion would have no
internal validity. Variability in WPF results exist and this variability casts doubt on
the internal validity of any conclusions drawn from WPF results.

However, there is a widely accepted solution to the problem of Questionable inter-
nal validity. The answer is to perform a statistical analysis that takes into account
not only the differences among WPF percentile point estimates, but also considers
the variability of the WPF results.
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One type of statistical analysis for WPF data was proposed in 1978. Leidel and
Busch suggested the use of 2- and 3-parameter lognormal distributions and tolerance
limits for the reporting and interpretation of respirator leakage data.® However,
these authors specifically omitted any recommendation for the use of lognormal toler-
ance limits for APF computations. They recognized that APFs based on tolerance
limits would tacitly permit some wearers to receive less than APF-level protection.

In 1983, Myers et al. proposed the use of 1-sided lower tolerance limits for APF
estimates.” However, except for one WPF study reported in 1984,°? subsequent
respirator researchers have not reported tolerance limits for their WPF results and
APF estimates. In 1987, the ISEA stated with regard to the tolerance limit approach
for determining APFs:

The proposed rule requires that during analysis of the workplace protection data, 95% of the test
subjects must achieve a workplace protection factor with 95% confidence. There is too much
variability in the test methods to require the use of confidence intervals. When the confidence
interval is added to the prediction, no field test performed to date indicates any tested respirator
can meet its assigned protection factor. For example, a half mask respirator with a minimum
workplace protection factor (WPF) of 22 in the DuPont [sic] asbestos study would have a WPF of
6 using the NIOSH [confidence interval] methods.®

[N
If one were to able to conduct multiple WPF respirator-performance studies under
conditions similar to the initial study reported by a research team, the resulting
study-to-study 5th-percentile WPF point estimates™ would vary considerably due to
sampling errors. In general, the smaller the number of test subjects, the larger the
potential sampling error and uncertainty are associated with a computed point esti-
mate.

%Leidel, N. A. and K. A. Busch: Statistical Methods for Analysis of Respirator Data, paper presented
at the 1978 American Industrial Hygiene Conference, Los Angeles, CA (May 10, 1978), pp. 12-13.

*’Myers, W. R., Lanhart, S. W., Campbell, D. and G. Provost: The Forum—Laetter to the Editor, Am.
Ind. Hyg. Assce. J. 44(3):B25-26 (1983), p. B-26.

*Lanhart, S.W. and D. L. Campbell: Assigned Protection Factors for Two Respirator Types Based
Upon Workplace Performance Testing, Ann. Occup. Hyg. 28(2):173-182 (1984), pp. 180-181.

“ndustrial Safety Equipment Association: Key Issues on NIOSH Notice of Proposed Rulemaking for
Testing and Certification of Respirators for Use in Mines and Mining, enclosure transmitted in a letter
“To Our Customers and Distributors” from C. D. Cowan of the 3M Company, St. Paul, Minnesota
(October 9, 1987), Item 1.A.2, p- 2

MA 5th-percentile WPF point estimate from a sample of WPF's estimates the WPF value for which 5% of
all similariy-obtained WPF's will be less than or equal to. Carrespondingly, it estimates the WPF value
forwhieh%%ofdllimﬂ_uiyobuin.dmlwiﬁm
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The computation of a tolerance limit enables one to Create an interval estimate for
the range of values around the point estimate within which we are confident (at a
specified confidence level) that the actual Sth-percentile WPF lies. The interval esti-
mate defines the error band for the actual Sth-percentile WPF. It is similar to the
margin of error typically reported with the results of public opinion polls.

A 1-sided lower tolerance limit computed at the 95% confidence level for the 5th-
percentile WPF would be denoted as LTL, g6,05- A 1-sided lower tolerance limit is a
type of confidence limit below which we expect a stated proportion of a population to
lie.* With a tolerance limit one can then assess the amount of uncertainty or mar-
gin of sampling error associated with a point estimate of the actual 5th-percentile
WPF.

Respirator researchers may conclude that their WPF data substantiate an APF of
10 for non-powered, air-purifying halfmasks if their point estimate for their Sth-per-
centile WPF exceeds 10. However, this approach to reaching research conclusions
does not consider the uncertainty in their point estimate due to sampling errors. By
not computing a 1-sided lower tolerance limit for their actual 5th-percentile WPF,
they may reach erroneous conclusions regarding their study results, since the actual
Sth-percentile WPF may be lower than the point estimate for this value. In this case
the actual proportion of wearers expected to exceed the 5th-percentile WPF point
estimate would exceed 5%.

For example, Lenhart and Campbell studied the performance of a non-powered,
HEPA-equipped halfmask on 25 test subjects.®® For their data they reported a 5th-
percentile WPF point estimate of 18 and concluded that the use of an APF of 10 “for
the negative pressure halfmask is not discredited” and “an assigned protection factor
of 10 is appropriate for the half-mask negative pressure air-purifying respirator eval-
uated in this study.”’ They also computed a 1-sided lower tolerance limit for the
actual Sth-percentile WPF and stated that “at a confidence level of 90% (y = 0.9)
approximately 95% (P = 0.95) of the negative pressure respirator workplace protec-
tion factors exceed a value of 10.”%

%Laidel, N. A. and K. A. Busch: SMWWMMmW Chapter 8 of
qu‘afmwﬁmwm, Volume III, Mwmqrmam
Pmctiu,SocondEdiﬁon,Vol\maA.'choriEnvimnm,&-dlq,LJ.mdLV.Cnlhy.Edim,
John Wiley & Sons, Inc., New York, (1985), Sections 6.7 and 6.13.

*Lenbart, S.W. and D. L. Campbell: Assigned Protection Factors for Two Respirator Types Based
Upon Workplace Performance Testing, Ann. Occup. Hyg. 28(2):173-182 (1964).

?’Ibid., pp. 180-181.
9Tbid., p. 181.
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For their data, a NIOSH computation of the LTL, g9 o5 yields an APF value of 8.9
at the 90% confidence level. However, a 95% confidence level, not 90%, is the accept-
ed value for professional practice in most scientific research work. At the 95% confi-
dence level a NIOSH computation of LTL,,g,05 yields an APF value of 7.1, which is
substantially lower than the observed WPF point estimate of 18 for the 5th percen-
tile. That is, for these results that best we can conclude with 95% confidence is that
the Sth-percentile WPF exceeds 7.1. The difference in WPF values between the 5th-
percentile point estimate of 18 and LTL, g5 o5 of 7.1 is the margin of error associated
with the point estimate.

Additionally, none of the WPF studies reported in the literature have selected their
test subjects according to anthropometric restrictions. As a result, in any given WPF
study the test subjects may represent substantially less than 95% of facial sizes in
American workers.

NIOSH has concluded that due to excessive face-seal leakage, while wearing air-
purifying, NIOSH-certified respirators under ideal conditions in the workplace, from
less than 1% to substantially more than 10% of American workers will not achieve a
class APF computed according to the recommendations of Myers et al. These per-
centages consider only face-seal leakage. Any additional leakage through filters or
sorbent elements will increase the percentage of wearers not achieving APF-level
protection. These wearers with inadequate respiratory protection would not be iden-
tifiable except possibly for those contaminants with adequate warning properties or
those very few contaminants for which an overexposure can be biologically detected
(e.g., urine- or blood-monitoring techniques).

Since essentially all respirator-performance data reported since 1983 were mea-
sured as WPF values, the 1-sided lower tolerance limit approach might still be a
viable means of determining APFs. However, because of public health consider-
ations, the proportion of wearers not achieving the WPF would have to be set sub-
stantially lower than 5%. Values such as 0.1% to 19 might be considered. Confi-
dence levels should be set at 95% or 999, Most importantly, if this APF-determina-
tionmethodisuud.bothpurchmnanduursmustbeﬁ:llyinformedthatagim
pmnunofwmmnotup«udtouhimthoAPFmdwﬁlnotbcnblcin
many cases to know who these inadequately-protected wearers are. The issue of
informed consent should be investigated if this approach is considered.

In addition to examining WPF study results for internal validity, it is also essen-
tial to examine the external validity of WPF and APF results from any given study.
That is, how valid are the research results outside of the research-study sample?
Suppose a researcher were to conclude that the WPF-performance of respirator A is
better than some performance criterion. If the conclusion was based on activities
than are irrelevant to tasks and circumstances in the real worid, then the conclusion

[N
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would have no externgi validity. External validity includes topics such as possible
non-sampling errors and biases’ in WPF results. It requires that the respirator-use
tasks and conditions of use are representative of actual conditions in typical work-
places. Unlike internal validit » for which there are objective statistical computa-
tions to justify conclusions, evaluating external validity is largely a subjective judg-
ment.

For those researchers that wish to generalize their respirator-performance study
findings to larger groups, a two-stage process in involved during which external va-
lidity problems can arise.’®*!% First researchers must define a target population of
persons, settings, or times (e.g., efficacy of respirators worn by most users in the U.S.
for specific respirator classes under actual working conditions of typical respirator
programs). Second, researchers must draw respirator-wearer samples to represent
these populations. However, samples usually cannot be drawn systematically in a
formal randomized manner and are drawn instead because they are convenient and
give an intuitive impression of representativeness. However, the settings and condi-
tions of any given research study may severely hamper the generalizability of the
results.

Cook and Campbell have suggested that it is useful to distinguish between (1) " -
target populations, (2) formally representative samples that correspond to known

populations, (3) samples actually achieved in field research, and (4) achieved popula-
tions.’”? They have noted:

To criticize the study because the achieved sample of settings was not formally representative of
the target population may appear unduly harsh in light of the fact that financial and logistical
resources for the experiment were limited, and so sampling was conducted for convenience rather
than formal representativeness. . .. it is worth noting that accidental samples of convenience do

NIOSH has concluded that the majority of respirator-performance studies reported
in the professional literature have not considered the uncertainty or margin or error

'%Cook, T. D. and D. T. Campbell: Quasi-Experimentation—Design and Analysis Issues for Field
Settings, Houghton Mifflin Company, Boston, MA (1979), pp. 70-80.

19%1bid., p. 71.
19bid., p. 71.
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associated with computed APFs. Thus the internal validity of the APF's is subject to
question. It has been said that “the science of statistics deals with making decisions
based on observed data in the face of uncertainty.”’® If decisions regarding the ob-
served levels of Sth-percentile sample WPF values (or other percentiles such as the
1st or one tenth of 1%) are not made with regard to the margins of error associated
with them, then the credibility of those decisions is suspect. In all modern scientific
professions, the accepted standard of practice regarding research data is to consider
the uncertainty in the data when making comparative decisions (i.e., establish inter-
nal validity with confidence intervals and hypothesis testing).

With regard to the research settings and study conditions of WPF research con.
ducted by NIOSH staff in the 1980s and into the 1990s, it was stated in 1984:

The methods and materials identified for collecting the workplace protection factor (WPF] data
represent an optimized set of conditions in which the respirator is used while its field perform-
ance is being measured. Therefore, the best possible results should be obtained./%

Additionally, a noted respirator expert stated in 1989:

Since the administrative deficiencies that reduce respiratory protection will be suppressed in a A
closely mo%%ored field test, the WPF [workplace protection factor] may not reflect actual working
conditions.

Gaboury and Burd also stated in 1989:

As mentioned before, these 5th percentile WPFs represent what can be achieved in the workplace
under good worker compliance and tight administrative controls. Real life WPFs may be less
than 275 (for a helmeted PAPR with organic vapor/HEPA cartridges] and 9 [for non-powered
halfmasks with organic vapor cartridges and DM or DFM prefilters] respectively for the tested
respiratory protective devices for the following reasons:

—_ Clmtmoﬂlmudwwkmudnnmdwuﬁn.mdiﬁmhnotumﬂy
performed by supervision (sic);

- Clunin.dthcmpiramduﬁngthcmtpeﬁodhnudmdmpﬁwtotho
worker returning to the workplace;

1%Bowker, A. H. and G. J. Lieberman: Engineering Statistics, 2nd edition, Prentice-Hall, Inc., Engle-
wood Cliffs, New Jersey (1972), p. 1.

'“Myers, W.R,, M. J. Peach, III, and J. Allender: Workplace Protection Factor Measurements on
Powered Air-Purifying Respirators at a Secondary Lead Smelter—Test Protocol, Am. Ind. Hyg. Assoc. J.
45(4):236-241 (1984), p. 237.

'%0Leary, C. C.: New Concepts—Open Forum: Respirator Testing, Ind. Safety and Health News
(May 1989).
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— [n thez real world no respirator is used 100% of the time while in the work.
place.

After 39 years of professional experience in respiratory Protection, Revoir stated in
1990:

Major problems frequently encountered by employers in using respirators to protect employees
against respiratory hazards in workplaces include:

Selecting the proper respirator for protecting persons against harmful air contaminants in work-
places is a difficult task. Employers often fail to consider all the factors necessary for making the
correct decision such as workplace characteristics and conditions, nature of the process, location
of the hazardous area relative to a safe area, employee activities, length of time a respirator
must be worn, properties of the respiratory hazard (physical, chemical, toxicological), actual con-
centration of hazardous substance in workplace atmosphere, permissible exposure levels, physical
and functional capabilities and limitations of each type of respirator, and assigned protection

Respirator Fit Testing.

Many employers do not conduct either qualitative or quantitative fit testing of respirators to
insure that each employee is provided with a respirator that provides an adequate seal to his/her
face. Carrying out a proper fit test is tedious and timo-eomumj.ng.’“

In a report prepared for OSHA by Centaur Associates, survey results estimated
the actual working conditions in typical U.S. respirator programs.’® For the
approximately 3.6 million wearers covered by OSHA's respirator-use regulation, Cen-
taur Associates estimated the following levels of noncompliance with respirator-use
regulations by American employers in the early 1980’s:

!7Gaboury, A. and D. H. Burd: Workplace Protection Factor Evaluation of Respiratory Protective
Equipment in a Primary Aluminum Smelter, presented at the International Society for Respiratory
Protection Confi ,Snﬁtncim,CA(Novmhnlm). :

!%Revoir, W. H.: Comments on OSHA'’s Proposal to Modify Existing Provisions for Controlling Employ-
ee Exposure to Tozic Substances Found in 29 CFR 1910.1000(3) and 29 CFR 1910.134(a)(1). Comments
submitted to OSHA (May 30, 1990), pp. 22-23.
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* Almost 80% of negative-pressure respirator wearers were not receiving fit
testing.!!?

@ Over 70% of 123,000 manufacturing plants did not perform exposure-level
monitoring, when selecting respirators to use in the plants.’’! The level of
noncompliance increased to almost 90% for the smallest plants.

« 75% of manufacturing plants did not have a written program.’/?

. 56% of manufacturing plants did not have a professional respirator-program
administrator (i.e., qualified individual supervising the program)./!?

. almost 509 of wearers in manufacturing plants did not receive an annual
examination by a physician./!

. almost 50% of wearers in manufacturing plants did not receive respirator-use
training./’$

. 80% of wearers in manufacturing plants did not have access to more than one &
facial-size mask, even though nearly all reusable masks were available in at
least three sizes.

Additionally, Hyatt had noted earlier in 1976 that:

The majority of those purchasing and using respirators do not conduct a fitting program to deter-
mine if the respirator provides an adequate face seal.!’®

11929 CFR 1910.134(e)X5).
11129 CFR 1910.134(bX8).
11209 CFR 1910.134(bX1).
11329 CFR 1910.134(eX2).
11429 CFR 1910.134(bX10).
11529 CFR 1910.134(e)5).

""®Hyatt E.C.: Respirator Protection Factors. Los Alamos Scientific Laboratory, Informal Report No.
LA-6084-MS (1976), p. 17.
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NIOSH has concluded there is no reason to believe that the actual quality of respi-
rator programs provided to American workers has improved substantially since
Hyatt's 1976 assessment and the 1984 Centaur Associates’ report or are substantial.
ly better than the 1990 assessments of Revoir. NIOSH has concluded that all respi-
rator workplace studies reported in the 1980s and early 1990s are respirator-perfor-
mance studies, not respirator program evaluation studies. That is, they evaluate
workplace protection factors, not program protection factors.!!7

WPF studies frequently are conducted primarily to demonstrate “adequate protec-
tion” from a particular make and model respirator. Thus, in effect, WPF studies
generally are designed and conducted to measure only respirator performance in the
most favorable light possible. This is done to avoid reducing or “biasing” (i.e., sys-
tematically distorting) the observed respirator protection resulting from poorly-per-
formed or inadequately-performed respirator program elements that are typically
found in actual programs. A major objective in respirator-performance (WPF) stud-
ies is to minimize the effects of human errors, even though these errors may typi-
cally occur in actual workplace use of respirators. However, it must be recognized
that in terms of worker health, WPFs are not the most significant form of the protec-
tion factor. |

NIOSH has concluded that respirator wearers in most laboratory and workplace
respirator-performance studies are generally given substantially more and better
training, fitting, and use observation than is actually received in real-life respirator
programs. Thus, many respirator-performance studies are conducted under the ef-
fects of ideal respirator Programs that are notably unrealistic compared to the way
respirators are utilized in most workplaces. The laboratory protection factors (PFs)
and working protection factors (WPFs) reported in any given study and subsequent
APF recommendations are representative only of protection levels obtained under
conditions similar to those of the study. Therefore NIOSH concludes that the APF
conclusions from most laboratory and workplace respirator-performance studies re-
ported to date have questionable external validity concerning WPF results achieved
in many real-life respirator programs.

NIOSH’s evaluation has shown that there are considerable differences between the
approach to determining APFs used during the 1970s (i.e., Hyatt/LASL) and that
used during the 1980s (i.e., Myers, et al.). A summary of NIOSH's evaluation of
these differences is given in Table N of this evaluation. NIOSH has concluded that
both APF approaches yield APFs such that while workers are wearing air-purifying,
NIOSH-certified respirators in the workplace as part of a state-of-the-art respirator

""Myers, W. R., Lenhart, S. W, Campbell, D. and G. Provost: The Forum—Letter to the Editor, Am.
Ind. Hyg. Assoc. J. 44(3):B25-26 (1983).




48  Performance Evaluation of DM and DFM Filter Respirators—WORKING DRAFT 9.15.92

program, from less than 1% to substantially more than 10% of American workers
will not achieve APF-level protection with their respirator facepieces. These percent.
ages consider only face-seal leakage. Any additional leakage through filters or sor-
bent elements will increase the percentage of wearers not achieving APF-level pro-
tection.
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Table N—Summary of Evaluation of Professional Practices Used During the 1970s

and 1980s for Face-Seal Evaluations and APF Determinations.
Comments on 1970's Comments on 1980's Workplace
Process Element Evaiuatons and APFs Evaluatons and APFs
1—Select respira- Many # not most available models in Hmwmnotnmuﬂym
fors 1o be tested each respirator class were lesied. Hence WOrSt in each class, perhaps even the beter
hmpeﬁumhewdmm- ones were tested. Thus the worst in each
ally were tested and considered when dmmwmﬂymnm
setting APFs, setting APFs,
environment. mmunmmmumm tions. Peﬂummmmm
of respirators. Small-size test asrosols foutine job activites. Contaminants
used 10 measure mask periormance. N workplace were used 10 measure mask
3—Select test Test panels were selected with intent of wmwmmmm
subjects. representing 95% of facial sizes in U.S. and larger facial sizes may not have been
population. hﬂd,Muoudmmoz:cﬂh
mmmm ©
face-seal leakage.
4—Perform fit-test Generally a QLFT-type irmitant fume fit Generally the saccharin QLFT was used. A
screening (QUFT uwuuudfotmmmwy. few studies used other QLFTs or QNFT
or QNFT) 1o elimi- No fit testing was used befors halfmask
nate those sub- performance testing.
jects unabie 1o
obtain an ade-
te fit.
S—Measure respi- These results were later shown in the Tnbhummbiammm
rator leakages 1980’s 1o have no correlation with resuits ent in most studies. Thus the reporied WPFs
under test condi- measured in the workpiace. generally overestimated the sctual WPFs and
tions. reporisd APFs,
6—Analyze leak- Afer proper fit testing has been conduct mmﬁmmmmw
age data and de- uwu«m.msam hw.wyﬂidmm
termine APFs for Wearers are required 10 achieve a class &% required 1o achieve a class APF in the
each respirstor APF in the workpiace. workplace.
class.
Class APF set at 5th percentile PF ob- APF3 for measured respiraiors are set at Sth
served in panel subjects wearing worst mmmhumw
respiraions) in each class. it is expected proper fit testing has been performed. Addi-
that up ©© 10% of Amencan workers can m.mmmuwm
not achieve the class APF with the worst certainty in Sth percentiie WPF estimates dus
wa&.wbﬂdum o statistical samgling error. Paneis may
not achieving APF plus 5% of U.S. facial represent substantally less than 95% of U.S.
ﬁummmumb facial sizes.
fore proper i testing is performed. How-
over, proper fit lesting has not been dem- Tiutunhulmi%bmm
onstrated o be capable of identitying than 10% of American workers will nor
100% of those fits less than class APFs, m.mm%mm
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7—Evaluation of face-seal leakage results from nine studies of non-
powered, air-purifying halfmasks. '

As discussed earlier in this evaluation,’’% the safety and efficacy of an air-purify-.
ing respirator is determined by the efficacy of the face seal in combination with the
efficacy of the air-purifying element. As part of this evaluation, NIOSH reviewed
and evaluated face-seal leakage data from nine studies of non-powered, air-purifying
halfmasks. The Institute conducted a statistical analysis of some published and
unpublished studies to evaluate the value of 109-maximum face-seal leakage that is
the accepted value for professional practice for non-powered, air-purifying
halfmasks./19.120121,122 my.0 analysis was performed because non-powered halfmask
facepieces are used daily by several million respirator wearers.'*

Respirators are a public health exposure control method with the sole purpose of
Preventing occupationally-related illness and death. As such, it is important to eval-
uate the failure rates'™ of the control method as it is implemented in representative
applications. Other public health research on control methods typically measure and
report failure rates (e.g., study of contraceptive failure rates for birth control meth-

11%Refer to discussion presented in this evaluation under Introduction to Respirator-Performance
Evaiuations, APF Determinations, and Use of APFs.

"SNTOSH Respirator Decision Logic, DHHS (NIOSH) Publication # 87-108, Cincinnati, OH (May,
1987), Tables 1-3, pp. 24, 13-18, and 27-29.

%American National Standards Institute, Inc.: American National Standard Proctices for Respiratory
Protection, ANSI 288.2-1980, New York, New York, (1980), Table 5, pp- 21-23. 7

12'Birkner, L. R: Respiratory Protection: Aummmmmumam
Association, Akron, Ohio (1980).

I2%Birkner, L. R: Celanese Corporation Respiratory Protection Manual and Guideline, Celanese Corpo-
ration, New York, N.Y. (August 1978), Section 61, PP. 3—4.

133N ational Institute for Occupational Safety and Health: Preliminary Regulatory Impact Analysis: 42
mm&.wNﬁ«dmwdemmd&unth-
cation of Respiratory Protective Devices, (September 1989), :

'%opﬁmMm.amhmmd.wQM’w?cmtof
aiuofth.popuhﬁonormpinwhichitilm In this case the characteristic is a failure of the
control method.
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ods’#%). As with birth control methods, the ideal public health goal for respirator
wearers is a zero control failure rate.

For respirator performance, control failure rate will be defined as the number of
users per 100 users that fail to achieve individual working protection factors equal to
or exceeding the assigned protection factor for their respirator (i.e., WPFs > APF),
Where respirators are used, the reasonable expectation of both purchasers and users
is that none of the users will receive less protection than the class APF (when the
masks are properly selected, fit tested by the employer, and properly worn by the us-
ers).

One type of statistical analysis suitable for WPF failure-rate analysis computes the
following two values:

. A point estimate for the number of users that fail to achieve a given WPF per
100 users (failure rate) and

. A 1-sided, 95% upper confidence limit (UCLyge) for the actual number of user

WPF's less than a given WPF per 100 users (actual failure rate under the con-
ditions of the study)./2¢
('S

If one were to able to conduct multiple WPF respirator-performance studies under
conditions identical to any given study reported by a research team, the resulting
study-to-study failure-rate point estimates would vary considerably due to sampling
error. Generally, the smaller the sample size in a study, the larger the potential
sampling error. Thus computation of confidence limits is essential so that one can
create a confidence interval (interval estimate). This is a range of values around the
point estimate within which we are confident (at a specified confidence level) that the
actual failure rate lies. With a confidence interval one can then assess the amount
of uncertainty or margin of error associated with the point estimate of the actual fail-
ure rate in each study. Regarding the 95% confidence level associated with each par-
ticular UCL, o, statistical theory predicts for any given sample of WPF's that in 19
of 20 similarly conducted studies the similarly computed UCLs will exceed the actual

%Trussell, J. and K. Kost: Contraceptive Failure in the United States: A Critical Review of the
Literature, Studies in Family Planning 18(5):237-283 (1987).

“Leidel, N. A. and K. A. Busch: Statistical Design and Data Analysis Requirements. Chapter 8 of
Patty’s Industrial Hygliene and Toxicology, Volume 111, Theory and Rationale of Industrial Hyghene
Practice, Second Edition, Volume 3A, The Work Environment, Cralley, L. J. and L. V. Cralley, Editors,
John Wiley & Sons, Inc., New York, (1985), Section 6.8, p. 493-497.
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failure rate. This statistica] analysis for WPF data is both informative and relevant
from a public health standpoint.

NIOSH performed this statistical analysis for some published and unpublished
WPF data sets reported for non-powered, air-purifying halfmasks over the last de-
cade. This evaluation included studies by Galvin et al.,’*” Gaboury and Burd,'#
Nelson and Dixon,’? Lenhart and Campbell,'* Colton and Mullins,’”’ Colton et
al,'” Johnston and Mullins, /% Gosselink et al.,’™ and Dixon and Nelson.’® Since
this respirator class currently has an accepted APF of 10 for professional practice
(i.e., 10% or less leakage at the face seal only), the results of NIOSH’s control failure-
rate analysis for these halfmasks against this APF of 10 are given in Table O of this
evaluation.

In addition to sampling errors, the results in presented in Table O also need to be
examined with regard to their external validity limitations.'*® That is, the possi-

!3'Galvin, K., S. Selvin, and R. C. Spear: Variability in Protection Affarded by Half-Mask Respirators
Against Styrene Exposure in the Field, Am. Ind. Hyg. Assoc. J. 51:625-639 (1990).

133Colton, C. E., A. R Johnston, H. E. Mullins, and C. R. Rhoe: Respirator Workplace Protection Factor

Study on a Half Mask Dust/Mist Respirator, paper presented at the 1990 American Industrial Hygiene
Conference, Orlando, Florida (May 17, 1990).

$Johnston, A. R and H. E. Mullins: Workplace Protection Factor Study for Airborne Metal Dusts,
Paper presented at the 1987 American Industrial Hygiene Conference, Montreal, Canada (June 4, 1987).

1%Gosselink, D. W., Wilmes, D. P, and Mullins, H. E.: Warkplace Protaction Factor Study for Airborne
Asbestos (a.k.a. ThoShﬂothk.SmdymducbdbymﬁmdthoaMCompmy);mud
athmhduMdeConfm.Ddh-.Tml(lhylm

!¥Dixon, S.W. and T. J. Nelson: Workplace Protection Factors for Negative Pressure Half-Mask
Facepiece Respirators, J. Int. Soc. Respir. Prot. 2(4):347-361 (1964).

'%That is, the problems inherent in attempting to generalize from sample results to populations of

respirator wearers. Memmfummmmmmmmm
and Evaluation of Professional Practices Used during the 1970s and 1980s for Respirator Faceseai
Evaluations and APF Determinations.
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bility of nonsampling errors and biases must be explored. First, NIOSH noted that
the computed failure rates were observed in WPF studies representing optimal wear-
ing conditions in which the lowest possible failure-rate results should have been
obtained. These optimal conditions include fit testing of all test subjects with OSHA.
approved fit tests.

Second, none of the nine studies used a NIOSH-type deep probe to measure the
in-mask concentrations. Failure to use this type of probe can erroneously overesti-
mate all WPFs by up to 100% due to megsurement bias,!¥.138

Third, eight of the nine studies’* did not correct the observed WPF measure-
ments for lung retention of inhaled aerosols. Failure to perform this correction can
erroneously overestimate all WPFs by 10% to 30% due to measurement
bias,140.141,142,143

Fourth, none of the eight studies/*/ investigating WPF's in workplaces with aero-
sol contaminants corrected the observed WPF measurements for filter-holder wall
deposition. In the Pallay et al. study, it was reported that this deposition averaged
18% for the ambient-air samples (outside a respirator) and 61% for the in-face sam-
ples (inside a respirator).”** This magnitude of difference in the proportion of con-
taminant lost to the filter-holder wall can erroneously overestimate all WPFs by a
substantial amount due to measurement bias. Results reported by Pallay et al. indi- *

“Myers, W.R., J. Allender, R. Plummer, and T. Stobbe: Parameters that Bias the Measurement of
Airborne Concentration Within a Respirator, Am. Ind. Hyg. Assoc. J. 47(2):106-114 (1986).

"Myers, W.R, J.R. Allender, W. Iakander and C. Stanley: Causes of In-Facepiece Sampling Bias—I.
Half-Facepiece Respirators, Ann. Oce. Hyg. 32(3):345-359 (1988).

”’Studiununbu-.h-brou;hBinTabhOofthhwﬂmﬁon.

!*Holton, P. M. and K. Willeke: mmmdwsmmmmuomhh&odm
Respirator Fit, Am. Ind. Hyg. Assoc. J. 48(10):855-860 (1987), Figure 1, p. 856.

“'Hounam, R. F., D. J. Morgan, D. T. O'Conner, and R. J. Sherwood: The Evaluation of Protection
Afforded by Respirators, Ann. Occup. Hyg. 7:353- 363 (1964), pp. 361-362.

M3Galvin, K., S. Selvin, and R. C. Spear: V!ﬁabﬂityinﬁnheﬁenﬂudodhyﬂnﬂ’-mm
AmsmEminththld,Am.Ind.Hyg.Amc.J. 51:625-639 (1990), p. 628.

1“Pallay, B.: Workplace Protection Factor Study of Half-Facepiece Particulate Air Purifying Respirators
at Two Lead-Acid Battery Manufacturing Facilities, Paper presented at the 1991 American Industrial
Hygiene Conference, Salt Lake City, Utah (May 22, 1991).

14Studies numbers 2 through 8 in Table O of this evaluation.

14Pallay, B.: Workplace Protection Factor Study of Half-Facepiece Particulate Air Purifying R.pima'n
at Two Lead-Acid Battery Manufacturing Faciiities, paper presented at the 1991 American Industrial
Hygiene Conference, Salt Lake City, Utah May 22, 1991).
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cated that observed WPF's properly adjusted for wall deposition could typically be
only one third to one fifth of the uncorrected values. ‘6

Fifth, in 1981 it was stated that the saccharin QLFT “would reject any respirator
having a leakage rate in excess of one percent (any PF less than 100]."7 However,
in the five studies of Table O that utilized the saccharin test, the true failure rates
could have ranged from about 1 to 14 users per 100 users for an APF of only 10.
Failure rates for an APF of 100 would be substantially higher.

Additionally, with respect to the issue of external validity, it should be noted that
there are several reasons why the higher control failure rate estimates in Table O
possibly underestimate the highest failure rates that can occur with NIOSH-certified
halfmasks available to purchasers and users. These reasons relate to process ele-
ments 1 and 3 in Table L of this evaluation, which are necessary for evaluating res-
pirator performance.

First, the studies presented in Table O were not based on a representative sample
of all non-powered, halfmask facepieces certified under 30 CFR Part 11. Second, the
reported results are from a very limited number of the scores of halfmask makes and
models certified by NIOSH. Third, it was not the objective of any of the studies to
test or identify the halfmasks with the highest control failure rates. Thus, other: _
makes and models of untested halfmasks with higher control failure rates might
easily have been excluded from the nine studies.

Fourth, the studies generally measured respirator performance on any available
facial sizes. Based on the Institute’s experience in this area and, absent information
to the contrary reported in the studies, one can surmise that smaller and larger fa-
cial sizes were probably not included in the test subjects. Compared to average fa-
cial sizes, extreme facial sizes are generally expected to show substantially higher
control failure rates due to excessive face-seal leakage. In summary, NIOSH con-
cludes that it is highly probable that higher control failure rates would have been
reported than those presented in Table O of this evaluation if the nine studies had
been able to test non-powered halfmasks from more manufacturers and sample respi-
rator performance on a wider range of facial sizes with each mask. :

In three of the nine studies presented in Table O, the small-sample point estimates
for the control failure rates were about 5 per 100 users, even though every measured
respirator user had passed an OSHA-apprwgd fit test (i.e., QNFT or QLFT). More
importantly, the 1-sided, 95% upper confidence limits (UCL, g¢) for the true failure

ohig,

73M Company: Comment of Minnesota Mining and Manufacturing Company with Respect to the
Permanent Lead Standard Quantitative Fit Test Provision, OSHA Docket No. H-048A, Exhibit 6—-16_.
(July 1, 1981), p. 4. ;
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rates ranged from about 9 to 14 users per 100 users in these three studies. That is,
after necessary consideration of statistical sampling error for these three studies, the
best one can conclude with 95% confidence is that the true failure rates for an APF
of 10 was as high as 9 to 14 user failures per 100 users in these studies. These fail.
ure-rate results are in sharp contrast to Hyatt's requirement (and the expectations of
most respirator purchasers and users) that no user failures will occur after OSHA-ap-
proved fit-test screening. !¢

Based on the preceding discussion and the results given in Table O for the nine
studies, NIOSH concludes that:

(1) The failure rates in Table O were obtained under ideal conditions and it is

highly likely that actual failure rates in typical American workplaces are sub-
stantially higher.

(2) The WPFs reported in eight of the nine studies had measurement biases and
most likely were substantially overestimated because:

(A) A NIOSH-type deep probe was not used and failure to use this type
of probe can erroneously overestimate WPF's by up to 1009 and

(B) Lung retention was not corrected for and failure to perform this
correction can erroneously overestimate WPF's by up to 25%.

(C) Filter-holder wall deposition was not corrected for and failure to

perform this correction can erroneously overestimate WPFs by 300 to
5009%%.

(3)  Because the individual WPFs reported in eight of the nine studies had mea-
surement biases, both the computed point estimates for the control failure
rates and the associated upper confidence limits are biased (i.e., incorrect).
That is, the values reported in Table O erroneously underestimate the point

estimates and confidence limits because of the inherent measurement biases in
the WPF data values.

(4) In at least three studies of face-seal leakage for non-powered, air-purifying
halfmask, the actual control-failure rates could have been as high as 9 to 14

"“*Hyatt E.C.: Respirator Protection Factors. Los Alamos Scientific Laboratory, Informal Report No.
LA-6084-MS (1976), p. 10.

A
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users per 100 users for the currently accepted APF value of 10 used for profes-
sional practice. However, in two of these three studies’*’ the results were
biased to an unknown degree. Thus the actual control-failure rates for these
two studies could be higher than 14 users per 100 users.

(5)  For the WPF data reported in studies #1 through #6 of Table O, which yielded
the highest upper confidence limits for actual failure rates, the top two and

exhibit zero leakage as is expected for HEPA filters. Thus all the reported
mask leakage should have occurred at the halfmask facial seals.

NIOSH concludes that there is a serious question whether an APF of 10 is valid
for non-powered, HEPA-filter halfmasks, which for over 15 years has been an accept-
ed value for professional practice. This conclusion is based on NIOSH evaluation of
APF-determination methods used during the 1970s and 1980s'* considered in combi-
nation with this evaluation of nine halfmask-performance studies conducted in the
last decade. If the APF of 10 is invalid and is erroneously high, then the six APFs
for non-powered, filter halfmasks recommended by NIOSH are erroneously high.

For non-powered halfmasks equipped with DM, DFM, HEPA filters, the APFs rec-
ommended by NIOSH in Table P of this evaluation have been computed using an
APF of 10 to represent faceseal-only leakage. If this value of 10 is invalid and
should actually be lower, then several of the APF computations summarized in Ta-
bles P and R of this evaluation are in error and six of the Institute’s recommended
APFs are erroneously high. The potential reductions in NIOSH-recommended AFPFs
that might result from the use of an APF less than 10 can be estimated with the use
of Figure II or III provided later in this evaluation.

Additionally, NIOSH questions why a failure-rate as high as 5% should be consid-
ered acceptable by respirator and public health professionals, as it apparently has
since the 1983 proposal of Myers et al.!®? The Institute requests comments whether

"*Studies number 2 and 3 in Table O of this evaluation.

%Galvin et al. (1990), Gaboury and Burd (1989), Lenhart and Campbell (1984), and Colton et al.
(1990).

!5/Refer to discussion presented in this evaluation under Review and Evaiuation omefacquPrw-
tices Used During the 1970s and 1980s for Respirator Face-Seal Evaluations and APF Determinations.

'*Myers, W. R, S. W. Lenhart, D. Campbell, and G. Provost: The Forum—Letter to the editor, Am.
Ind. Hyg. Assoc. J. 44(3):B25-26 (1983).
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it should be acceptable public health practice to permit as many as one (or more)
wearers in twenty to unknowingly receive less than the designated minimum protec-
tion level (i.e., class APF)? The Institute is considering basing its APF determina-
tions on a substantially lower maximum control-failure rate (e.g., 0.1 to 1 users per
100 users). Confidence levels should be set at 95% or 99%. A confidence level as low
as 90% is unacceptable because possibility of erroneous decisions (10%) is
unacceptably high. Most importantly, if this type of APF-determination method is
used, both purchasers and users must be fully informed that this control method is
expected to fail to achieve APF-level protection in a specified proportion of wearers.
Additionally, they should be informed that in many cases the employer and wearers
are unable to know who these inadequately-protected wearers are. The issue of in-
formed consent given by respirator users should be investigated if this approach is
considered.

More importantly, NIOSH concludes that respirator manufacturers and suppliers
have not routinely informed respirator purchasers and users that a significant num-
ber of users are expected to unknowingly fail to-attain APF-level protection, even:
under optimal use conditions due to excessive face-seal leakage. That is, neither
supplier purchase guidance nor respirator-user instructions for NIOSH-certified
masks routinely inform purchasers and users of this situation. Purchasers and users *
have not been provided with appropriate instructions regarding how to identify and
adequately protect those wearers with facepieces failing to attain APF-level protec-
tion so as to permit the safe and effective use of NIOSH-certified respirators.

NIOSH concludes that APF values recommended by the Institute possibly may
create a false sense of security in respirator users. In their use of NIOSH RAPFs,
purchasers and users might erroneously assume that 100 in 100 respirator wearers
¥ill receive APF-level or better protection under typical usage conditions. Purchas-
ers might then purchase NIOSH-certified respirators for use in conditions where
they are less than effective for all wearers. This could create a hazard for those
wearers that could receive inadequate protection.
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Table O—Statistica] Analysis of Control Failure Rates for Some Published and Un.

published WPF Studies for Non-Powered, Air-Purifying Halfmasks.
Biased Biased
Control UCL on
Failure Actual NIOSH-Type Lung-
Rate per Failure Fit Test Deep Probe Retention
Suay [ o0 Rate per Used Used? Comecton? e
Wearers for 100 (Note C) (Note D)
APF of 10 Wearers
(Note A) | (Note B)
1 50 8.9 Imtant smoke No Yes Gaivin et al. (1990)
QNFT,
2 47 27 2 e No No Gaboury/Burd (1989)
48 142
42 12,1
3 21 85| Saccharin No No NeisoryDixon (1985)
20 72
02 23
. 20 63| ONFT, No No | LenhartCampbel (1984)
' FF > 250
09 28 .
5 07 19 Saccharin No No ColtoryMulling (1990)
] 0.7 32 Saccharin No No Colton et al. (1990)
08 4.1
7 0.1 1.7 Sacchann No No JohnstonyMullins (1987)
0.04 0.9
05 44
8 o%; f': Saccharin No No |Gosseiink et ai. (1988)
0.01 08
lsoamyl 1
9 0 0 A No No DixoryNeison (1984)
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8—Review and evaluation of reports, research findings, and recom-
mendations concerning the nature of leakage through DM and DFM fil-
ters certified by NIOSH under 30 CFR Part i |

As part of its efforts to prepare APFs values for this evaluation, NIOSH conducted
a thorough review of relevant material pertaining to the issue of possible contami.
nant leakage through DM and DFM filters. The Institute's review included research
data, findings, and recommendations that have been reported in the professional lit-
erature over the last two decades and in nonconfidential research reports and com-
mittee recommendations. The NIOSH conclusions stated in this section are based on
the best available evidence from the last two decades regarding the efficacy of DM
and DFM filters.

Over the last twenty years, numerous reports have appeared in the professional
literature on the subject of leakage through NIOSH-certified DM and DFM filters.
Substantial filter leakage has been reported to occur for contaminant sizes that typi-
cally range from about 0.05 to 0.40 micrometers (um) count median diameter (CMD).
Filter leakage of particles with aerodynamic mean sizes up to 2.5 ym has been re-
ported through one type of NIOSH-certified DM filtering-facepiece mask.

In 1971, Mitchell et al. published the results of using a 0.05 ym CMD (geometric
standard deviation (GSD) of 2.22) NaCl aerosol to test several DM and DFM filters
that were approved at that time by the U.S. Bureau of Mines.’™ For three models
of DM filters tested at 42.5 L/min/filter, they reported filter leakages of 3.896, 40.096,
and 44.0%.'* For three models of DFM filters also tested at 42.5 L/min/filter, they
reported filter leakages of 6.5%, 12.5%, and 24.5%./55

In 1972, Ferber et al. reported the use of a 0.15 ym CMD (GSD of 1.9) NaCl aero-
sol to test 13 DM and 6 DFM filters that were commercially available and approved
by the U.S. Bureau of Mines.'* For the 13 DM filters tested at 42.5 I/min/filter,
they reported filter leakages of 31%, 27%, 24%, 18%, 13%, 129, 11%, and the rest

'Mitchell, RN., D. A. Bevis, and E. C. Hyatt: Comparison of Respirator Filter Penetration by Dioctyl
Phthalate and Sodium Chleride, Am. Ind. Hyg. Assoc. J., 32:357-364 (1971).

'Tbid., Table II, p. 362.
%5Tbid., Table II, p. 361.

'50Ferber, B. ., F. J. Brenenborg, and A. Rhode: Penetration of Sodium Chloride Aerosol through
Respirator Filters, Am. Ind. Hyg. Assoc. J., 33(12):791-796 (1972).
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below 10% leakage.’*” For the 6 DFM filters also tested at 42.5 L/minfilter, they
reported leakages of 13%, 1206, 10%, 8%, 7%, and 4% /54

In 1972, Hyatt et al. at LASL published the resuits of using a 0.82 um MMD (GSD
of 1.6) NaCl aerosol to test DM and DFM filters that were approved at that time by
the U.S. Bureau of Mines.’¥ For 7 DM filters tested at 32 L/min/filter, they report.
ed average filter leakages of 11.5%, 10.7%, 5.3%, 4.0%, 2.7%, 0.9%, and 0.3% and for

6 DFM filters tested at 32 L/min/filter, they reported leakages of 15.3%, 14.89%,
10.1%, 5.7%, 3.2%, and 1.49%, 1%

used for the Institute’s certification testing of DM and DFM filters.’®! LASL
recommended that the amount of permissible DM- and DFM-filter leakage be mar.
kedly reduced to the range of 1% to 5%. The LASL report stated that since before
1970 British respirator standards have required that filter testing be performed with
a test aerosol of about 0.15 to 0.20 ym count median diameter, /52:163.164

In May 1974, Hyatt et al. at LASL reported on the September 1972 preparation of
a proposed respirator selection (protection factor) guide that was “distributed to ap-
propriate agencies and manufacturers for comments.”’% They stated that “The first
(LASL)] selection guide (Table XVI) received many comments, and from these Table .
XVII was prepared.” In addition to a column containing (assigned) protection factors

'$7Ibid., Table II, p. T94.
10bid.

I5%Hyatt E. C. et al.: Respirator R and D Related to Quality Control; LASL Project P-37, Los Alamoe

Scientific Laboratory, Quarterly Report July 1 thru September 30, 1971, No. LA-4908-FR (March
1972).

"“Ibid., Table II.

“'Hyatt E.C., ot al.: chimtoaySndz‘-for‘HnNaﬁaul Imhwmw
Health—July 1, 1972 through June 3, 1973, Los Alamos Scientific Laboratory, Progress Report, No.
LA-5620-PR (May 1974), p- 19.

1831pid., p- 21, Table V—British Standard Methods Respirator Filter and Facepiece Leakage Tests.

®British Standard BS 2091 Respirators foertcaiauAaninuHmﬂndndGcm. British
Standards House, London (1969).

'British Standard BS 4558: Poditive Pressure, Powered Respirators, British Standards House, London
(1970).

'®Hyatt E. C. et al: Respiratory Studies for the National Institute for Occupational Safety and
Health—July 1, 1972 through June 3, 1973, Los Alamce Scientific Labaratory, Progress Repart, No.
LA-5620-PR (May 1974), p. 38.
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for various respirator classes, the first Hyatt et al. guide contained a column for “fil.
ter efficiency, %" with values for both NaCl and DOP. The reported filter efficiencies
against NaCl were 75% to 90% (25% to 10% filter leakage) for four DM-filter classes:
single use, 1/4 or 1/2; dust filters on 1/4 and 1/2 facepieces, and dust filters on pow-
ered 1/2 facepieces.’® Additionally, the reported filter efficiencies against NaCl
were 95% to 99% (5% to 1% filter leakage) for three DFM-filter classes: fume filters
on 1/4 and 1/2 facepieces and fume filters on powered 1/2 facepieces.’%’

The second LASL selection guide reported by Hyatt et al. (their Table XVII) had
the filter-efficiency values removed and only “selection guide multiples of TWA for 8
br. day” were reported.’® Their second Table XVII contained a footnote 2 stating:

Contaminants include gases, vapors, dusts, fumes, and mists. Each type of specific contaminant
would have to be considered as to the size if it is a dust, fume, or mist, and the sorbent if a gas
or vapor. Example, sulfuric acid mist riteria—concentrated sulfuric acid mist gives off SO,,
which is very fine and requires a high efficiency filter. It is known that dust filters are satisfac-
tory for dilute sulfuric acid mist./%’

Hyatt et al. also stated regarding their second Table XVII:

Table XVI differs from Table XVII in several ways, a major one being the different protection
factors (PF's) for various types of devices. . . . The selection guide of 10X time-weighted average
(TWA) for both dust and fume respirators is based on new quantitative man tests on dust respi-
rator facepieces equipped with high efficiency filters. This permits the measurement of facepiece
leakage only, on both quarter and half facepieces. The data indicated that both types will pass
the criteria for a protection factor of 10, based on facepiece leakage only.!”

In 1975, the Executive Director of the Industrial Safety Equipment Association,
Inc. (ISEA), sent comments from the Respirator Group of the ISEA. The ISEA “rep-
resents virtually all the manufacturers of respirators.”’” The ISEA provided their
analysis of respirator filter and face-seal performance data obtained at the Los

1%1bid., Table XVI, p. 40.
1¥7Ibid., Table XVI, p. 40.
188Tbid., Table XVII, PP- 4142,
1®Tbid., p. 41.

1700bid., p. 36.

"'Wilcher, F. E.: Letter to J. Donald Millar of NIOSH from F. E. Wilcher, President, ISEA, Arlington,
Virginia (September 23, 1986).
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Alamos Scientific Laboratory in the early 1970s./”? Regarding the performance of
fume (DFM) filters they stated:

Fume filters are designed to meet the criteria of an approval test involving a high load of lead
oxide fume. ... A comparison of the data of Table C-I for the half-mask facepiece respirators
equipped with high efficiency filters with the data given in Table C~II indicates that the penetra.
tions of the aerosols through the fume filters have a significant effect upon the determination of
respirator protection factors.’ ™’

Regarding the performance of dust (DM) filters the ISEA Respirator Group stated:

Dust filters are designed to meet the requirements of an approval test involving a high load of
relatively coarse silica dust. . . . Comparing the data given in Table C~I for the half-mask face-
Piece respirators equipped with high efficiency filters with the data given in Tables C-[II & C-IV
shows that the penetrations of NaCl aerosol through the dust filters have a significant effect
upon the determination of respirator protection factors. . . .

A comparison of the protection factors given in Table D-I for respirators equipped with high
efficiency filters and with the protection factors given in Tables D-II and D-III for respirators
eqmp?;‘d with dust filters indicates that the dust filters permitted significant aerosol penetrs-
tions.

In 1976, Douglas et al. at LASL reported on the effects of flow rates ranging from *
16 to 77 L/minffilter on leakage of a 0.6 um MMAD (GSD of 2.0, which is about
0.15 ym CMD) NaCl aerosol through DM filters (both mechanical nonwoven and
electrostatic-type filter materials).!” At about 50 L/min/filter, they observed filter
leakages ranging from about 3% to almost 20% for five different types of DM-filter
material with two of the five DM-filter media exceeding about 13% leakage.!’®

During 1978, NIOSH conducted a multiphase investigation to compare filter leak-
age results from test aerosols used in 30 CFR Part 11 and test aerosols that had
been proposed by LASL several years earlier. The results of this investigation were

Wilcher, F. E.: ISEA Analysis of Supporting Test Data (OSHA Ezhibit 38) Utilized by E. C. Hyatt to
MMWMan,mMWWISEAbOSHAMnSCP-I,
Arlington, VA (October 1, 1975).

PTbid., Section C, pp. 11-12.

11bid., Section C, p. 12 and Section D, p. 17.

™Douglas, D. D. et al.: Respirator Studies for the National Institute for Occupational Safety and
Health—July 1, 1974~June 30, 1975, los Alamos Scientific Laboratory, Progress Report, No.
LA-6386-PR (August 1976), pp. 13-14.

17%Tbid., Figure 7, p. 14.
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ties ranging from 10 to 90%: 10%, 7%, and 7% leakage through Norton 7500-6A DM
filters; 3.3%, 2.4, and 1.0% leakage through 3M 9910 DM filter masks; and 1% or
less for the other DM and DFM filters,!™ They reported the following test results
after one hour of testing with the NaC] aerosol at 15 mg/m® 27%, 24%, and 17%
leakage through Norton 7500-6A DM filters; 4.7%, 3.3%, and 3.5% leakage through
3M 9910 DM filter masks; 6.4% leakage through a Willson R-30 DM filter; 2.8%
leakage through a 3M 9900 DM filter mask; and 1% or less for the other DM and
DFM filters.’® Reed et al. also used a 0.3 Hm geometric mean diameter (GSD of

1.2) DOP oil aerosol to test several NIOSH-certified DM and DFM filters at a flow
rate of 42.5 L/min per filter. They reported the following test results for mean filter

The initial penetration of DOP for DM filters started at about 3% and reached 88% after about

five minutes. This rapid increase in DOP penetration results from degradation of the filter me-
dia and was noted for some DFM filters as well./52

In 1979, Smith et al. reported on the use of a 0.70 yum MMAD (GSD of 2, which is
about a 0.14 um count median diameter aerosol) NaCl aerosol to test several NIOSH-
certified DM and DFM filters at a flow rate of 32 L/min per filter.’”®® They reported

'"Reed, L. D., D. L. Smith, T. C. Mollman, and 1. J. Frockt: Comparison of Respirator Particulate
Filter Test Methods, NIOSH, Cincinnati, OH (August 1980).

'""Reed, L. D., D. L. Smith, and E. S, Moyer: Comparison of Respirator Particulate Filter Test Meth-
ods, J. Int. Soc. Resp. Prot. 4(3):43-60 (1986).

'™Ibid., Table VI, p. 58.
'®1bid., Table VI, p. 58.
"#!Tbid., Table IV, p. 52.
#bid., p. 52.

18Smith, D. L., O. E. Johnston, and W. T. Lockwood: mmdman..pmwrﬂuum-ak-_
Oven Atmosphere, Am. Ind. Hyg. Assoc. J. 40(12): 1030-1038 (1979). .
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the following geometric mean NaCl leakages: 38% through a Willson DM filter,
31% leakage through an MSA DM filter, 28% through a Willson DM filter with acid-
gas sorbent, 26% through a Willson DM filter with organic vapor sorbent, 24% leak-
age through an MSA DM filter with organic vapor sorbent, 23% leakage through an
MSA DM filter with acid-gas sorbent, 4.3% leakage through a Willson DFM filter,
and 1.5% leakage through an MSA DFM filter.'®

In the early 1980s, the following consensus statements were made to NIOSH by
respirator experts on the Ad Hoc Air-Purifying Committee of the ANSI Z88 Commit-

tee. These experts included several representatives from major respirator manufac-
turers.

The second shortcoming of the [30 CFR Part 11] certification tests is that the actual aerosols

used could not be related to those found in the workplace nor could they be considered as an
aerosol having the greatest ability to penetrate the respirator filter media of those aerosols likely
to found in the workplace. Many alternatives were discussed. The one most feasible aerosol
evaluated was the extremely small (“worst case”) sodium chloride aerosol having a particle size of

approximately .12 (geometric count mean) microns in diameter and geometric SD [standard devi-
ation] of less than 1.6. ...

The committee decided that in addition to the sodium chloride solid aerosol, the incorporation
(sie) liquid aerosol should be also included to measure the respirator’s efficiency in removing
mists, should that certification be requested. The thermally generated approximately .3 micron
DOP aerosol was chosen as the candidate for respirator certification for mists.

Mists or liquid aerosols will affect filter media in a much different manner than a solid aervsol.
With some filter media the liquid particles can have an extremely determental (sic) effect. For
example, the committee has generated data that show an “(NIOSH-] approved” mist filter that
can be less than 50% efficient when challenged with oil mist. . . .

However to summarize, the data the committee obtained indicated that, in many cases, the effi-
ciency of the respirator throughout the test when continuously measured was far less than indi-
cated by the current (30 CFR Part 11] certification tests. The net result being that should the
respirator wearer rely on a respirator currently certified for protection of certain particulates, he
or she may not receive adequate protection if the environment contains a significant quantity of
the “worst case” or hardest to filter contaminants. The committee recommended that NIOSH
adopt a proposed alternatives (sic) attached to this report. ;

The recommended particulate certification would consist of certifying the respirator for protection
apimteithcral.iquidoralolidumolorbothinﬁlur@doncydmoflmthlnﬁﬂuk-
age], less than 1% or less than 0.03% [leakage). . . ./%

181bid., Table VIII, p. 1036.

'®Wilmes, D.: Recommendations to NIOSH for Revision of 30 CFR Part 11, memorandum from
clm'rmmofth-AdHoeAbﬁvﬂﬁuCommod&.ANSlmCmmofGWM-
tiom, St. Paul, MN (undated, ca. early 1980s), p. 2.
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In 1987, Hinds and Kraske published filter leakage results for the 3M 8710 single-
use, DM-filter respirator and MSA Type S DFM filters for aerosol size midpoints
ranging from 0.14 to 11.3 ym and flow rates of 2 to 150 L/min/mask./% At
50 I/min/mask and against aerosol sizes about 0.2 um diameter, they reported leak-
ages through the 8710 DM filter of about 14 to 18% and about 4 to 5% leakage
through MSA DFM filters, !¢’

In 1989, Stevens and Moyer reported filter leakage results for four DM filters and
four DFM filter challenged against 0.03 to 0.24 Hm CMD (GSD of 1.4 to 1.6) NaCl
aerosols at flow rates of 32 to 170 L/min/mask.”®® For flow rates in the range 32 to
85 L/min/mask, they reported maximum-leakage results of 11% to 29% for DFM
filters and 1% to 6% for DFM filters, /%

NIOSH concludes that for over two decades data have been available to indicate
that substantial leakage can be expected to occur through some models of NIOSH-
certified DM and DFM filters. There have been numerous reports of this filter leak-
age occurring when these filters were used against contaminant sizes ranging from
about 0.05 to 0.40 micrometers (um) (count median diameter).

Experts in the field of respiratory protection have cautioned that filter-protection

limitations must be considered when determining assigned protection factors. In
1976, Hyatt cautioned:

The (assigned] protection factor can only be applied when a comprehensive respirator program is
being carried out and the respirator approval limitations are considered. Also, other factors must
be considered, such as . . . the efficiency of a particulate-filter element for removal of specific
types of aerosols./%

Hyatt also observed with regard to respirator-performance test results on dust filters
using sodium chloride aerosol (0.6 pm MMAD):

'®Hinds, W. C. and G. Kraske: Performance of Dust Respirators with Facial Seal Leaks: 1. Experi-
mental, Am. Ind Hyg. Assoc. J., 45(10):836-841 (1987), Figures 5 and 6, pp. 839-840.

7bid.

!®Tbid., Table II, p. 262.

!®Hyatt E.C.: Respirator Protection Factors. Los Alamos Scientific Laboratory, Informal Repert No.
LA-6084-MS (1976), p. 7.
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The penetration measured on the dust respirators represents overall leakage through filters,
facepiece seal, and exhalation valves. The results indicate that penetration through the quarter-
and half-mask dust respirator filters are a major source of penetration when compared with the
results in Table C for the same facepiece [equipped with a HEPA filter] and subject.’9’

Also in 1976 NIOSH stated:

Some filters used on the so-called “fume” respirators, look similar (to HEPA filters). The basic
difference is that the fume filter is less efficient (90-99% against 0.6-um [MMAD] particles) . . .
Less efficient are the so-called “dust” filters used on respirators designed for protection against
“pneumoconiosis- and fibrosis-producing dusts” . . . This class of respirator accounts for as much
as 90% of total sales. Their lower efficiency (80-90% against 0.6—um particles [MMAD)) results
from beinclgzuigned to withstand heavy dust loadings without unacceptably increasing breathing
resistance.

The American National Standards Institute (ANSI) Z88.2-1980 respirator-use stan-
dard cautioned in 1980:

Limitations of filters, cartridges, and canisters used in air-purifying respirators shall be consid-
ered in determining [assigned] protection factors.'®

For over two decades, statements have appeared in the professional literature re-
garding the filter-penetration problems caused by certain test aerosols used for quan-
titative fit testing (QNFT) and qualitative fit testing (QLFT) of face-seal efficacy.

For example, the 1969 ANSI-recommended procedure for irritant-smoke fit test-
ing!# restricted its use to “a respirator equipped with a high-efficiency particulate
filter” (to protect the wearer from irritant-smoke-leakage through DM- and DFM-fil-
ters) and noted:

Freshly produced smoke particles from this [smoke-generating] tube range from less than 0.1 to 3
microns [micrometers, um) in diameter.'%

911bid,, p. 21.

IN1OSH: A Guide to Industrial Respiratory Protection, DHEW(NIOSH) Publication # 76-189, Cincin-
nati, OH, (June 1976), p. 32.

I9American National Standards Institute, Inc.: American National Standard Practices for Respiratory
Protection, ANS] Z88.2-1980, New York, New York, (1980), pp. 20 and 23, Table 5, footnote (a).

'%American National Standards Institute, Inc.: American National Standard Practices for Respiratory
Protection, ANSI 288.2-1969, New York, NY, (1969), p. 4.

%Tbid., p. 25.
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Regarding this QLFT, NJOSH cautioned in 1976:

This test can be used for both air-purifying and atmosphere-supplying respirators, but an air-
purifying respirator must have a high-efficiency filter(s).'%¢

Similarly, the 1980 ANSI-recommended procedures for aerosol QNFTs permitted the

use of HEPA filters on the tested masks./"’ The 1980 ANSI-recommended protocol
for irritant-smoke QLFT cautioned:

Whg‘ an air-purifying respirator is tested, it should be equipped with a high-efficiency fil-
ter.

Another example is a QLFT based on a saccharin-water aerosol, which was intro-
duced in the early 1980s./%° OSHA permitted its use to comply with fit-testing re-

quirements in the lead standard, ?% The following background information has been
provided to NIOSH regarding this test:

This test was designed and developed in the late 1970’s and early 1980’s as a validated qualita-
tive fit test to be used with respirators with dust/mist filters. The test was developed because up

to that time there was no fit test, qualitative or quantitative suitable for use with respirators
with dust and mist filters.

The quantitative fit tests then available were not suitable because the filter efficiency of this type
of respirator filter would allow 10 to more than 20 percent of the test agent to pass through the
filter masking any attempt to quantify the test aerosol that Wwas passing through faceseal leakag-
es. The qualitative fit tests available were also not suitable because they were either too small of
a particle, such as irritant smoke, or a vapor, such as isoamyl acetate.?0!

1%N10SH: A Guide to Industrial Respiratory Protection, DHEW(NIOSH) Publication # 76-189, Cincin-
nati, OH, (June 1976), p. 70.

!9 American National Standards Institute, Inc.: American National Standard Practices for Respiratory
Protection, ANSI 288.2-1980, New York, New York, (1980), p. 34.

191bid., p. 33.

'¥3M Company: Comment of Minnesota Mining and Manufacturing Company with Respect to the
Permanent Lead Standard Quantitative Fit Test Provision, OSHA Dockst No. H-049A, Exhibit 6-16,
(July 1, 1981).

#9929 CFR 1910.125(fX3) and Appendix D.

®'Wilmes, D. P.: Latter to R. W. Niemeier of NIOSH from the 3M Occupational Health and Eaviren-
mental Safety Division, 3M Company, St. Paul, MN May 17, 1991), p. 1.
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The saccharin test agent has a relatively large size of 2.0 to 2.4 microns (um]
(count geometric mean, with 99.5% of the particles below 7.0 microns).?? Given the
data provided with the validation study for the QLFT, NIOSH estimates the saccha-
rin test aerosol has a mass median aerodynamic diameter (MMAD) of about 4.5 to
5.0 microns.

Lastly, in 1992, Iverson et al. reported results for a proposed quantitative fit test
for DM- and DFM-filter masks.’”® They reported that

Submicron aerosol test agents used in many fit tests can be used with high-efficiency particulate
(HEPA) filter elements but cannot be properly used with dust/fume/mist particulate filter ele-
ments because the aerosol is not completely stopped by these filter elements.’¥

Iverson et al. investigated the leakage of aerosols ranging from 0.7 to 15 ym at 32
L/min/mask through one type of NIOSH-certified, filtering-facepiece, DM-filter half-
mask (Model 8710 from the 3M Company). They reported that a 2.5-uym aerosol
particle met their QNFT criteria of 0.3 percent or lower filter leakage through their
DM filter.?%

NIOSH concludes that it has been well known for over two decades that face-seal-
leakage test protocols based on certain aerosols for quantitative fit testing (QNFT)
and qualitative fit testing (QLFT) required the use of HEPA-filters on the tested -
masks. This is because the test aerosols used in these protocols (e.g., less than about
2.5 pm aerodynamic diameter) will infiltrate NIOSH-certified DM and DFM filters.

¥M3M Company: Comment of Minnesota Mining and Manufacturing Company with Respect to the
Permanent Lead Standard Quantitative Fit Test Provision, OSHA Dockst No. H-049A, Exhibit 8-16,
(July 1, 1981), Attachment 1—Validation data for the Saccharin QLFT.

?versen, S. G., S. G. Danisch, H. E. Mullins, and S. K. Rudolph: Validation of & Quantitative Fit
Test for Dust/Fume/Mist Respirators: Part I, Appl. Occup. Environ. Hyg. 7(3):161-167 (1992).

2Thid., p. 161.
2Tbid., p. 163.
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9—Derivation and evaluation of two leakage-function models for

describing a user’s protection factor while wearing a DM- or DFM-filter
mask.

In order to evaluate the nature and extent of a possible hazard to respirator wear-
ers due to contaminant leakage through NIOSH-certified DM and DFM filters, it is
Decessary to evaluate the combined effect of filter leakage and face-seal leakage on
user protection factors (PF's) for filter-mask respirators. For the Institute to perform
a quantitative evaluation of the efficacy of these filter masks, NIOSH examined two
leakage-function models. These models describe a user's protection factor as a func-
tion of total user-inhaled leakage, filter leakage, and face-seal leakage. For both mod-
els the user protection factor for a given wearer shall be denoted by PF,,,,. total us-
er-inhaled leakage by Lot filter leakage by Ls).. and face-seal leakage by Lee
wa» Where leakages are always given in fractional-leakage values, not percentage val-
ues. A protection factor is defined as the reciprocal of the corresponding fractional
leakage (e.g., PF,,_ = VL o)

A simple-additive model relating L., to the component leakages is given by

Linnaiad = Lisce seai * Lpsier 1)

Since L., yus = VPF \ry sea;s after rearranging the terms the simple-additive model
becomes

PF ey = [(PF oy o)™ + (L1, @

where L, is given as fractional leakage (i.e., percentage leakage divided by 100).
This is the same additive-leakage model used by a major respirator mnufact'qr-
er.? 1t is based on assumptions that filter leakage and face-seal leakage are inde-
pendent and additive. For the simple-additive model, Figure II illustrates the pre-

dicted effects on PF,_, resulting from PF f1rg seat Values between 5 and 1,000 and Lay,,
values between 0.10 and 0.50.

*%3M Company: Comment of Minnesota Mining and Manufacturing Company with Respect to the
Permanen: Lead Standard Quantitative Fit Test Provision, OSHA Docket No. H-049A, Exhibit 6-16,
Wuly 1, 1981), p. 18,
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A more sophisticated model developed by NIOSH is based on a relationship for
filter and face-seal leakage that was first presented by Williams in 1980 and pub.
lished in 1983.%72% This model was also given in 1984 by Campbell.?” The deri-
vation given in this evaluation for the improved model is based on that given by
Campbell. This leakage-function model relies on the following assumptions:

° Pressure variations are sufficiently small such that the contaminated and
filtered air can be considered incompressible.

. The cyclic performance of the respirator can be characterized by a representa-
tive constant volumetric flow rate.

» During each inhalation cycle, the inhaled concentration Cinhaled reaches equi-

librium sufficiently quick so that it can be considered a constant during the
entire inhalation cycle.

. The workplace concentration C, is spatially uniform and time independent.

. The contaminant concentration passing through the face seal Clace seat #quals

the workplace contaminant concentration C, (i.e., face-seal leakage L o ™
1.00).

Start by considering a negative-pressure filter mask worn in = workplace contami-
nant concentration C,. The contaminant concentration C,,, ., in the volumetric air
flow Q101 inhaled by the mask wearer is an air-flow-rate-weighted mixture of the
contaminant concentration Cpy,, in the volumetric air flow Qav.r Penetrating the
filter and the concentration Cp,, o in the volumetric air flow Qfoce seal that has
breached the face seal-to-skin interface. Q.. is the sum of Qtiter N4 Q oy guni®
Then define the PF,, as :

*Williams, F. T.: An Analytical Method for Respirator Perfarmance Prediction Utilizing the Quantita-
tive Fit Test (QNFT), presented at NIOSH First International Respirator Research Workshop, Morgan-
town, West Virginia (September 11, 1980).

#¢Williams, F. T.: An Analytical Method for Respirator Performance Predic:. . Utilizing the Quantita-
tive Fit Test, J. Int. Soc. Resp. Prot. 1(3):109-125 (1983).

#%Campbell, D. L.: mﬁmﬁwmwdmmmmmmpm-ﬁonmﬂupm
Protection Factors, J. Int. Soc. Resp. Prot. %(3):198-204 (1984).
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PF jer = VLinhaiag = Co/Cinpgiag: (3)

For these conditions, write a mass per unit time balance around the user’s mouth
and nose (i.e., total mass rate of contaminant inhaled into the user's body as a fune-
tion of component mass rates approaching the mouth and nose). One obtains

(Cinnaiad)Qinnaied) = (Chien)Qpier) + Croee 002X Qace sea): 4)

These concentrations are related to the workplace contaminant concentration outside
the respirator C, as follows

Cinnated = (LinraiaXC)), (5)
Chitier = (L4 XC,), and (6)
Cfacl seai = (Lfau -:I)(Co)' (7

From equations (3) through (7) and using the assumption that Clace seai = C, one can
obtain

Linhaied = L1 Qhitier /Qnhaia) + (Qface seat /Qinnaia)- ®

From flow-rate balance around the user's mouth and nose one obtains

Qinhaied = Qtier + - F— 9

which can be substituted into equation (8) to yield

Linnaied = Ly, + (1 - L1t11erXQace sast /Qiniraiad)- (10)

Equation (10) can be solved by creating two equations for two sets of conditions.

This will yield two equations in three unknowns: Linnated: Qoce seatr 304 Qs Then
an assumption will be used to eliminate Qlace i+ Case A is one in which a respirator
is worn with a filter with essentially zero leakage (e.g., when a HEPA filter is fitted
to the respirator during fit testing). In this case, equation (10) reduces to:

L.inhald = Qlace saai/Qinaieds (11)
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where the superscript (%) is used to indicate Case A with zero filter leakage. The
second Case B is where the same respirator is worn with a DM or DFM filter against
a contaminant size producing appreciable filter leakage. In this case, equation (10)
yields

Linnated = Ler + (1 = Lo XQoce smat /Diniroiad)- (12)

Then, after assuming Qy,,, ,o,, is the same in both cases, combining equations (11)
and (12) then yields

Linhated = Lper + (1 = Lgie XL’ piaind)- (13)

Rearranging the right side of this equation yields

Linnaiad = L'inraied * LpneX1 = L' piaiad)- (14)

Since melﬂfd = VPFu.,. and for Cm A, L.M = qu-‘ = UPFfaﬂ.ﬂ'

VPF pper = V/PFpppy ea + (Lpiie X1 = VPF oy o), (15)

thus

PF roer = (PFface saad) ™ + (Litar) = Liptser) A(PF g o)) (16)

As with Figure II for the simple-additive model, Figure III similarly illustrates for
the improved model the predicted effects on PF,,, resulting from PFo e wai Values
between 5 and 1,000 and Lgy.r values between 0.10 and 0.50. There is a strong simi-
larity between the two functions for PF,,,, in equations (2) and (16) respectively giv-
en by the simple-additive and improved models. In spite of additional complexity in
assumptions and derivation, the improved model has only one extra term, the nega-
tive ratio Ly, /PFjy sair A comparison of user-PF values on Figures II and III for
similar filter isoleakage curves indicates that the two models yield essentially iden-
tical user-PF values except in the face-seal PF range § to 10. Even in that region the
user-PF differences between the two models is about 10% at most. Note that the
improved model yields slightly lower user PFs than those of the simple-additive mod-
el. The small differences between the two models result from the minimal effect of
the negative (Lsy,,/PF oy saq) term. For face-seal PF values > 10, this term rapidly
approaches zero, thus it has minimal effect on computed user-PF values.
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Because the simple-additive and improved models for computing PF,__ vield essen-

tially the same results, one can consider the derivation given in this evaluation as
primarily an interesting academic exercise rather than an essential step for analysis
of filter-leakage data. However, because of its improved accuracy, additional sophis-
tication, and technical considerations, NIOSH elected to use the improved model

reflected in equation (16) as the basis for the Institute’s analysis of filter-leakage
data.
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10—Evaluation factors for DM- and DFM-filter-leakage data.

In order to evaluate the nature and extent of a possible hazard to respirator wear-
ers due to contaminant leakage through NIOSH-certified DM and DFM filters, it is
important to understand the factors affecting respirator-filter leakage. There are
several major technical factors that determine the actug! leakages through dust and
mist (DM) and dust, fume, and mist (DFM) filter respirators. For over two decades it

has been well known that these determinant factors include,?’? but are not limited
to:

. Leakage function for each make and model filter (i.e., filter leakage as a func-
tion of particle size and air velocity through a filter).

° Size distribution for airborne contaminant (i.e., both the range and relative
frequencies of different Particle sizes challenging the filtering material).

® Linear air velocity through the filtering material, which is a function of the
total filtering area and the wearer’s volumetric flow rate through the mask fil-
ter(s). '

. Filter loading (i.e., amount of contaminant deposited on the filtering material
during use).

. Electrostatic charge(s) on the filtering material and on an airborne contami-
nant or test aerosol. These filter and aerosol charges are affected by the hu-
midity conditions in the workplace, where the filters are stored before use, and
how the contaminant or test aerosol are generated.

When comparing or evaluating leakage measurements (or APF values) from a fil-
ter-performance study, it is Decessary to consider the effects from each of these five
factors, particularly the first three. Regarding filter leakage functions for each make
and model filter, note that the variability in observed leakage between different filter
lots from the same manufacturer can be of comparable magnitude to that observed

“%yatt E.C., ot al: Respiratory Studies for the National Institute for Occupational Safety and
Health—July 1, 1972 through June 3, 1973, Los Alamos Scientific Laboratory, Progress Report, No.
LA-5620-PR (May 1974), p. 15.
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between different brands of the same filter type.?’! These leakage functions can be
considered to be leakage bands, ranges, or distributions that are a function of each
(contaminant size, volumetric flow rate, filter lot) combination, rather than a single
leakage value for each combination of (contaminant size, volumetric flow rate). Addi-
tionally, these functions can be characterized as “narrow band” or “wide band” func.-
tions, depending on how narrow or wide a range of contaminant sizes the substantig]
filter leakage occurs over. Refer to leakage functions reported by Hinds and
Kraske,?’? Liu and Fardi,?”? or Stevens and Moyer?’ to gain an appreciation of dif.
ferent leakage functions. Also refer to Figures VI through IX presented later in this
evaluation.

Regarding the effect of particle size on filter leakage, contaminant count diameters
between about 0.05 and 0.5 um generally produce the highest leakage values for DM
and DFM filters (some authors report a size range of about 0.1 to 0.4 ym). Particle
count diameters smaller or larger than this range generally produce considerably
lower leakage results. If a median diameter for a size distribution is reported, then
leakage values must be evaluated on the basis of count median diameter (CMD), not
mass median diameter (MMD) or mass median aerodynamic diameter (MMAD).3!5
If either one of the latter two is reported, it should be converted to a count median
diameter. Typically a CMD is at least one fifth to one tenth the size of the corres- *
ponding MMD or MMAD, depending on the geometric standard deviation of the con-
taminant size distribution.?’¢ Refer to multiple particle-size results reported by
Hinds and Kraske,?’” Liu and Fardi,?’ or Stevens and Moyer?!? o gain an apprecia-

#'Hinds, W. C. and G. Kraske: Performance of Dust Respirators with Facial Seal Leaks: 1. Exper-
imental, Am. Ind. Hyg. Assoc. J., 48(10):836-841 (1987), p. 840.

Tbid., Figures 5 and 6.

iy, B. Y. H. and B. Fardi: 4 Fundamental Study of Respiratory Air Filtration, Final Report for
NIOSH Grant # R01 OHO01485-01A1, University of Minnesota, Particle Technology Laboratory Publica-
tion No. 680, Minneapolis, Minnesota (September 1988), Chapter 6—Experimental Results, pp. 250-307

#%inds, W. C.: Aeroeol Technology, John Wiley & Sons, New York (1982), p- 93, Figure 4.16.

*'"Hinds, W. C. and G. Kraske: Performance of Dust Respirators with Facial Seal Leaks: I. Exper-
imental, Am. Ind. Hyg. Assoc. J., 48(10):836-841 (1987), Figures 5 and 6.
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tion of the effect of particle size on DM and DFM filter leakage. Also refer to Fig-
ures VI through X presented later in this evaluation.

The linear air velocity through a filter, which is function of volumetric flow rate
and filtering area, can have a substantial effect on filter leakage values. In general,
leakage increases as air velocity increases through the filtering material. That is, as
volumetric flow rate increases and filtering area decreases.

Prior to the late 1980s, most researchers performed filter-leakage studies at voly-
metric flow rates of about 16 to 50 liters per minute per filter (L/minfAfilter). Gen-
erally, this was done because 32 L/min is the volumetric flow rate for non-powered
respirators tested against silica dust, silica mist, and lead fume under the require-
ments of 30 CFR Part 11.22 That is, a test flow rate of 16 L/minffilter when two
filters are used on a respirator and 32 L/min/filter when only a single filter is used.
However, for DOP tests conducted on HEPA filters, Part 11 requires substantially
higher volumetric flow rates of 85 L/min/mask (42.5 L/min/filter for 2-filter masks).

As a historical note, 32 liters/min/mask was the flow rate used in U.S. Public
Health Service tests respirator-performance tests conducted over 60 years ago.?!
This flow rate was stated to be “the rate of breathing by a man doing vigorous
work.”?2? However, at that time the Bureau of Mines evaluated the maximum per-
missible resistance of gas masks at a flow rate of 85 liter/min.?® NIOSH still uses
the same flow rate today for the same resistance test.?¥

Thus for comparing the potential for excessive filter leakage of Part 11-certified
filters against that of any new Part 84-certified filters, leakage data obtained at volu-
metric flow rates nearest to 85 L/min/mask are the most relevant. If leakage data

218, continued)

®Liu, B. Y. H. and B. Fardi: A Fundamental Study of Respiratory Air Filtration, Final Rlpnrt_for
NIOSH Grant # RO1 OHO01485-01A1, University of Minnesota, Particle Technology Laboratory Publica-
tion No. 680, Minneapolis, Minnesota (September 1988), Chapter 6—Experimental Results, pp. 250-307

22088 11.140—4 to 11.140-7.

H'Kate, S. H,, E. G. Meiter, and F. H. Gibeon: Efficienciss of Painters’ Respirators Filtering Lead
Paint, BmmlanthmmEmmdSpmyc,PnbthulthBulkﬂnNo. 177, Treasury Department, U.S.
Public Health Service (June 1928).

23bid., p. 7.

***Bureau of Mines: Schedule 14A, Procedure for Establishing a List of Permissible Gas Masks (August
25, 1923).

22430 CFR 11.102-1.
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are reported only for lower volumetric flow rates (e.g., 28 or 32 L/min/filter), then the
expected higher leakage values at 85 L/min/mask must be considered when evaluat.
ing a study depending on whether one or two filters are used per mask. All volumet-
ric flow rate results reported and discussed in this evaluation have been converted to
“as-used-on-mask” units (I/min/mask) when necessary.

Refer to multiple flow-rate results reported by Hinds and Kraske,’”® Liu and
Fardi,”? or Stevens and Moyer’?’ to gain an appreciation of the substantial effect of
volumetric flow rate on DM and DFM filter leakage. Also refer to Figures VI
through IX presented later in this evaluation.

In order to evaluate what volumetric flow rates through filters are most relevant
to actual workplace usage, one needs to know what volumetric flow rates are

achieved by respirator users at various work rates. In 1990, this topic was comment-
ed on by Revoir as follows:

Breathing rates for healthy adult males determined by the late Dr. Leslie Silverman and his
associates at Harvard University often are used to establish air-flow rates for performance test-
ing of respirators. The breathing rates determined by Dr. Silverman and his associates that
should be considered for respirator performance testing are listed as follows:

. Maximum
Work Work Rase | SO | Mo | Mamam | o '
Classificat in) per volume Inspiratory Rate
(kg-mimin minute (Umin) | Rate (min) g
(Umin)
Medium work 622-830 3% 37-55 100-149 107-154
Heavy work 1107-1384 35-41 75-104 194-254 211-314
Maximum

i 1660 48 114 288 32

The (volumetric] air-flow requirement for an open-circuit self-contained breathing apparatus
listed in 30 CFR Part llhmﬁwuuwhiehmm&uiﬂhoudvitydnmhthn

equivalent to heavy work, the wearer's peak inspiration rate may exceed the air-flow rate of the

%Hinds, W. C. and G. Kraske: Performance of Dust Respirators with Facial Seal Leaks: 1. Exper-
imental, Am. IndeAmaJ.i&(lO):Ml(lm,Hmﬁmd&

#%Liu, B. Y. H. and B. Fardi: A Fundamental Study of Respiratory Air Filtration, Final Report for
NIOSH Grant # R01 OH01485-01A1, University of Minnesota, Particie Technology Laboratory Publica-
tion No. 680, Minneapolis, Minnesota (September 1988), § 6.3, pPp. 296-299.

**7Stevens, G.A. and E. S. Moyer: orst Case” Aerosol Testing Parameters: I. Sodium Chloride and
Dioctyl Phthalate Aerosol Filter Efficiency as a Function of Particle Size and Flow Rate, Am. Ind. Hyg.
Assoc. J., 50(5):257-264 (1989).
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apparatus and this could result in leakage of contaminated air into the

during the peak inhalation portion of the breathing cycle.??®

In 1992, Johnson et al. used five work classifications to evaluate workplace-perfor-
The following is an abridged ver-

mance degradations caused by respirator usage.???

sion of Table II from Johnson et al.:

facepiece of the apparatus

e e Work Rate | Ventision |  Fiow

Classdication (Watts) (L/min) (Lmin)

ikl 1= I O
Washing clothes, polishing, light gymnas- 10 15 59
tics, walking at 2 mph

Moderats Climbing hills, shoveling fast 140 50 128
Running at 9-10 mph unencumbered, sii-

Heavy ing, plays : 240 80 192

Very heavy Sprinting 430 110 284

For most filter-mask users, peak inhalation flow rates are probably not the best
indicator of filter leakage risk, since peak flow rates occur for such short periods of
time. For filter masks, a more relevant indicator of leakage risk is the time-averaged
inhalation flow rate (i.e., minute volume, the volume of air inhaled per minute or
respiratory ventilation).

Silverman'’s results indicate that for

150 L/min/mask. Correspondingly, Johnson et al. defined moderate work as that
with an average respiratory ventilation of 50 L/min/mask with a peak flow of 125
L/min/mask. For typical periods defined by Silverman as heavy work, one can expect
that filter-mask users will inhale at average volumetric rates of 75 to about

**Revoir, W. H.: Comments on OSHA's Proposal to Modify Existing Provisions for Controlling Empioy-
ee Exposure to Toxic Substances Found in 29 CFR 1910.1000(3) and 29 CFR 1910.134(a)(1). Comments
submitted to OSHA (May 30, 1990), p. 10.

’”Johmau,A.T.,R.A.Woiu,de.Grom

RupinmPormeatincchhforMnka.
Am. Ind Hyg. Assoc. J., 53(3):193-202 (1992).
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100 L/min/mask through their filter(s) with peak volumetric rates of about 200 to
250 L/min/mask. Similarly, Johnson et al. defined heavy work as that with an aver-
age respirgtory ventilation of 80 I/min/mask with a peak flow of 192 L/min/mask.

Also on the subject of respirator work rates, two respirator experts commented in
1984:

The breathing rate at a moderate to heavy work rate would be greater than the rate at rest.
Typical rates may be 60 LPM ([L/min) at work versus 6 LPM at rest. Higher breathing rates may
affect a respirator's efﬁdency.ﬁo

Therefore for filter testing, a range of volumetric flow rates from about 35 to
100 I/min/mask are most relevant to actual workplace usage of filter masks for use
at medium (moderate) to heavy work rates.

Filter loading can also have a marked effect on filter leakage values. In general,
leakage decreases as filter loading increases. That is, clean filters are generally the
least protective. This effect applies to “mechanical” (non-electrostatic) filter media.
For “electrostatic” filter media the loading effect can be reversed, with increasing .
leakage resulting from increased loading.”?!*? Wilmes stated in the early 1980s:

The current (30 CFR Part 11] certification tests only give an integrated value throughout the
time period and provide little information on how much penetration occurs at any particular
time. This element is important in that many of the filter media in existence today and in use in
respirators have either good initial filter efficiency but the efficiency “degrades” when the filter
begins to load with particulates due to the masking or loss of electrostatic charge or alternately
other types hnv;:goor initial filter efficiency but the efficiency increases as filter becomes load
(sic) or clogged.

*®Dixon, S.W. and T. J. Nelson: Workplace Protection Factors for Negative Pressure Half-Mask
Facepiece Respirators, J. Int. Soc. Respir. Prot. 24): 347-361 (1984), p. 357.

YiHyatt E. C. ot al.: wmwrnwnmuwgwmmp-nmum
Scientific Laboratory, Quarterly Report July 1 thru September 30, 1971, No. LA—4808-PR (March
1972), pp. 15-16.

Wilmes, D.: Recommendations to NIOSH for Revision of 30 CFR Part 11, memorandum from
chairman of the Ad Hoe Air-Purifying Committee of the ANSI 288 Committes for Respiratory Protec-
tion, St. Paul, MN (undated, ca. early 1980s), -5

.
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Refer to multiple loading-level results reported by Hyatt et al. for NaCl,?* Douglas
et al. for DOP and NaCl,?* Shibata et al. for NaCl,%® ang Liy and Fardi®7 to

gain a qualitative appreciation for the substantial effect of filter loading on filter
leakage.

Lastly, the effects on filter leakage due to electrostatic charges on a filter and air-
borne contaminants or test aerosols generally are not nearly as great as seen with
particle size and volumetric flow rate changes.2* However, testing with a non-neu.
tralized aerosol can underestimate a filter's leakage.”? Additional comments on the
preceding factors are given in this evaluation, X?

/:/;L;(
& LASL Project P-37, Los Alamos
, 1971, No. LA—4908-PR (March
GAA— = 4 iy o
tute for Occupational Safety and
&4«;&«, ' \boratory, Progress Report, No.
/g/,a, O T A

- :‘Gf 2 77 nt Aerosol Technology for Meeting
( /5 /‘ M T ’/) %/ J—Instrumentation of Aerosols in
{. H. Liu, Eds., Ann Arbor Science

nd 11.

TSI Incorporated: Model 8110 Automated Filter Tester—Operation and Service Manual, P/N
1980053 (Rev. C), St. Paul, Minnesota (November 1990), Appendix N, Part II, pp. N-9 to N-15.

#%Refer to discussion presented in this evaluation for Subpart V—Particulate Air-Purifying Respira-
tors.
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11—Results reported from four recent studies of DM- and DFM-fiiter
leakage. -

teams: (1) Hinds and Kraske?!#4? g¢ the University of California at Los

Angeles, (2) Liu and Fardi?%¢ g¢ the University of Minnesota, (3) Stevens and
Moyer?** at NIOSH, and (4) Willeke and Chen6.47.248 o4 4} o University of Cincin-
nati.

Hinds and Kraske used an oleic acid aerosol to test filter masks and respirators
equipped with the following DM- and DFM.-filter cartridges (SF and DF indicate uti-
lization with single or dual filters respectively): MSA Type F (DM/DF) and Type S
(DFM/DF) filter cartridges; North N7500-7 (DFM/DF) filters; American Optical AO®

#'Hinds, W. C. and G. Kraske: Performance of Dust Respirators with Facial Seal Leaks: . Exper-
imental, Am. Ind. Hyg. Assoc. J., 48(10): 836-841 (1987), Figures 5 and 6.

M™Hinds, W. C.: Letter to L. W, Spl.rhofNIOSHtﬂm.itﬁn(ﬂlhr-lukm data obtained duri

uring
research activities supported in part by NIOSH Grant RO1 OH01596, Los Angeles, CA (June 19, 1991).

#ju, B. Y. H. and B. Fardi: A Fundamentai Study of Respiratory Air Filtration, Final Report for
NIOSH Grant # RO1 OHO01485-01A1, University of Minnesota, Particie Technology Laboratory Publica-
tion No. 680, Minneapolis, Minnesota (Septamber 1988), Chapter 6—Experimental Results, pp. 250-307.

#4Chen, C. C., Ruuskanen, J., Pilacinski, W., and K. Willeke: Filter and Leak Penetration Character-

i-ﬁuanuumthtFﬂtoﬁngFmp' , Am, IndHygAnoaJ,Sl(lmuQN).FiamsA.
p. 6386.

“™Willeke, K. and C. C. Chen: Letters to N. A. Leidel of NIOSH transmitting filter-leakage data
obtained during research activities supported in part by NIOSH Grant RO1 OHO01301, Cincinnati, OH
(June 27 and July 15, 1991).

#4Chen C. C., Lebtimiki, M., and K. Willeke: Aerosol Penetration Through Filtering Facepieces and
Respirator Cartridges, Am. Ind. Hvg. Asscc, J,, 53(9):566-574 (1992).
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R56A (DFM/DF) filters; 3M 8710 (DM/SF) filter mask; American Optical AO® R1070
(DM/SF) filter mask; and Gerson 1710 (DM/SF) filter mask. Liu and Fardi used both
dioctyl phthalate (DOP) and sodium chloride aerosols to test the following disposable
DM- and DFM-filter masks: American Optical AO® R1070 (DM/SF); Moldex 2200
(DM/SF); and 3M 8710 (DM/SF), 9900 (DM/SF), and 9920 (DFM/SF). Stevens and
Moyer also used both dioctyl phthalate (DOP) and sodium chloride aerosols to test
the following DM- and DFM-filter cartridges: American Optical AO® R30 (DM/DF)
and R56 (DFM/DF); North N7500-6A (DM/DF) and N7500-7 (DFM/DF); Pulmosan
C-264-7 (DM/SF); and Willson® R-11 (DFM/DF).

Stevens and Moyer reported their filter leakage results as a function of volumetric
flow rates per single filters (L/min/filter). For the data values reported in this eval-
uation, NIOSH doubled their reported flow-rate values to convert them to compara-
ble L/min/mask flow rates (except for one facepiece that used only a single filter).

Lastly, Willeke and Chen used a corn oil aerosol to test filter masks and respirator
facepieces equipped with the following DM- and DFM-filters: Gerson 1710 (DM/SF)
filter mask; Moldex 2200 (DM/SF) and 3400 (DFM/SF) filter masks; MSA Type P
(DM/DF) and Type S (DFM/DF) filters; 3M 7258 (DM/DF) prefilters; and 3M 8710
(DM/SF), 8715 (DM/SF), and 9920 (DFM/SF) filter masks.

The percent filter-leakage versus respirator volumetric flow rate results from these
four studies are presented in Figures [V (DM filters) and V (DFM filters) of this
evaluation. The capital letters on each graph are data markers for reported filter-
leakage results from individual masks. The data markers are given as suffixes in
the first column of the accompanying data tables. For example in Figure IV, each of
the four “A” markers indicates one value in the data table for the HK-22 leakage
results (i.e., 3.6, 5.2, 15.5, and 22.3 percent leakage) at the respective flow rates in
L/min/mask indicated in the header row of the data table on the continuation page
for Figure IV. In the first column of each data table, resuits reported by Hinds and
KraskearecododuHK,thoufmmLiuandFardiuLF,datafromSuvemmd
Moyer as SM, and results from Willeke and Chen are coded as WC. The alphanu-
meric suffixes after the investigator codes are those used in their research reports.

For each research team, NIOSH plotted the highest-reported leakage values at
each available volumetric flow rate (i.e., at the highest-leakage aerosol sizes). For
example, the plotted values for the Hinds-Kraske results generally are for test-aero-
sol sizes in the range 0.14 to 0.37 ym diameter.

For Liu and Fardi, their DOP aerosol-leakage results are plotted. Their NaCl-
leakage results were similar to or slightly lower than their DOP resulits, thus the
former were not plotted on Figures IV and V to improve the clarity of the presenta-
tions (i.e. reduce visual clutter on the scatter plots). For Stevens and Moyer, their
only their NaCl-leakage results are plotted. Since their DOP results were essentially

3
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the same as for their NaCl resulits, the former are not Presented in Figures [V or V
to improve the clarity of the presentations.

To help the reader better understand the general effect of filter volumetric flow
rate @, on filter leakage Lyer NIOSH statistically fitted logarithmic-regression
curves®’ to each data serjes (each row in the data tables) shown in Figures [V
and V. In all cases the correlation coefficient (degree of relationship) between the
Qf1er and Lg,,., variables exceeded 0.93 and in many cases it exceeded 0.99, which
indicated a high positive relationship between the two variables. However, note that
these regression curves are Presented primarily for illustrative Purposes. They are
not critical to NIOSH's determination of relevant filter-leakage values at relevant
volumetric flow rates.

The data presented in Figures IV end V show that a consistent pattern of filter-

at four different laboratories. Their results were also consistent with those report in
1976 by Douglas et al. for five DM filters of that era?® The mid-1980’s results of
Hinds and Kraske have been verified by the other-three research teams. Each study
reported consistently wide differences in the amount of filter leakage exhibited be-
tween different filter makes and models within each filter class. For DM filters at
medium work rates, Figure IV indicates an approximately five-fold spread in percent
leakage between those filter models exhibiting the least leakage versus the most
leakage. For DFM filters at medium work rates, Figure V indicates an approximate-
ly two and a half-fold spread in percent leakage between filter models exhibiting the
least leakage versus the most leakage.

As discussed previously in this evaluation, the quantitative effect on filter leakage
due to use against contaminant sizes other than 0.1 to 0.4 Mm depends both on the
filter-leakage function for a given filter and the size distribution for the contaminant
in question. For some filters the amount of leakage drops off relatively sharply to
less than a few percent for contaminant sizes larger than about 0.3 Hm (i.e., “narrow-
band” leakage). However for other filters the leakage remains high even for contami-
nant sizes exceeding 1.0 um diameter (i.e., “broad-band” leakage).

For the four DM.-filter sets from Figure IV that exhibited the highest leakage val-
ues, Figures VI, VII, VIII, and IX indicate that all four exhibit broad-band leakage
characteristics for breathing rates of 20 to 100 L/min (i.e., light to heavy work rates).

"'Mathcmaﬁcdmoddo{thofmy-az’ﬂﬁodthmghmdnchnrhbl-.

"”Doutlu. D. D. et al.: Respirator Studies for the National Institute for Occupational Safety and
Health—July 1, 1974~June 30, 1975, Los Alamos Scientific Laboratory, Progress Repart, No.
LA-6386-PR (August 1976), Figure 7, p. 14.



90 Performance Evaluation of DM and DFM Fiter Respirators—WORKING DRAFT 9.15.92

Figure X summarizes the filter-leakage functions for three DM filters LF-M, %!
HK-23,%*? and HK-24%% at a medjum work rate (i.e., 50 L/min breathing rate).

Lastly, Figures XI through XIII illustrate the effect of DM-filter leakage on a
user’s protection factor PF,__as a function of contaminant size and face-seal PF va].
ues of 10 and 1,000 for DM filters HK-23 (Figure XI) and HK-24 (Figure XII) at a
medium-work breathing rate (50 L/min characteristic volumetric flow rate) and WC-D
at 30 L/min (Figure XIII). The PF,,, values for Figures XI, XII, and XIII were com-
puted with equation (16) in this evaluation

*Hinds, W. C.: Latter to Mr. Larry W, Sparks of NIOSH transmitting filter-leakage data obtained

during research activities supported in part by NIOSH Grant RO1 OHO01686, Los Angeles, CA (June 19,
1991).

WMhid.

*Under discussion under Derivation and Evaluation of Two Leakage-Function Models for Describing
@ User’s Protection Factor While Wearing a DM- or DFM-filter Mask.
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Figure IV—DM-Filter Leakage Values Reported in Four Recent Studies.
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Flow Rate, L/min/mask

Figure IV (Continued)—DM-Filter

ies.

Leakage Values Reported in Four Recent Stud-

10 16 20 28 30 32 425 48 5 60 64 &5 100 |
HK-22:A | 38 52 155 23|
HK-238 |19.7 422 50.5 845 |
H-24=C | 250 39.0 588 731
HK-31=D | 121 120 29 .0
F-AsE 52 95 189
LF-MsF 312 3.8 488
LF.T1=G 73 137 208
LF-T2=H 25 41 95
SM-Asf | 128 205 |
SM-BaJ | 11.5 175 285 |
SM-CaK 185 A5 |
WC-AsL | 38 10.1 16.3 29
WCBsM | 43 129 205 as
WC-CaN | 143 24 389 482
WC-D=0 |30.7 49.1 57.1 64.8
WCEsP | 20 58 10.1 14.1
WCF=Q | 1.3 47 [T] 139
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Figure V—DFM-Filter Leakage Values Reported in Four Recent Studies.
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| 10 16 20 28 30 42.5 48 50 60 64 85 100 |
HK-12zA | 13 2.4 45 6.7 |
HK-13sB | 0.8 1.4 3.1 59 |
HK-14sC | 0.7 22 48 101 |
LF-TsD | 1.4 32 68 |
SM-A=E | 15 55 75 85 ]
SM-CaF | 15 45 85 105 |
SM-D | 125

WCAG | 05 22 43 6.8
WC-BaH | 48 121 18.8 4.1 |
25 55 79 103 |

CDC

CENTERS FOR OBEASE CONTROL

Figure V (Continued)—DFM-Filter Leakage Values Reported in Four Recent Stud-

le’l
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fied Under 30 CFR Part 11.
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Figure XI—Effect of Particle Size and Face-Seal PF on User Protection Factors at a
Characteristic 50 L/min for DM Filter HK-23 Certified Under 30 CFR Part 11.
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Figure XII—Effect of Particle Size and Face-Seal PF on User Photectionl Factors at a
Characteristic 50 L/min for DM Filter HEK-24 Certified Under 30 CFR Part 11.
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Figure XIII—Effect of Particle Size and Face-Seal PF on User Protection Factors at
a Characteristic 30 L/min for DM Filter WC-D Certified Under 30 CFR Part 11.
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12—Evaluation of a Possible hazard to respirator wearers due to leak-.
age through DM and DFM filters.

As part of this performance evaluation, NIOSH conducted a thorough evaluation of
the nature and extent of a Possible hazard to filter-mask users due to contaminant
leakage through DM and DFM filters certified by the Institute under 30 CFR Part
11. The NIOSH conclusions stated in this section are based on the best available
evidence regarding leakage through DM and DFM filters as presented earlier in this
evaluation.

As part of this evaluation, NIOSH addressed the following pertinent questions
regarding DM- and DFM-filter leakage:

. What is the nature and extent of DM- and DFM-filter usage against toxic
dusts, fumes, and mists?

» What do research results from four recent filter-leakage studies indicate with
regard to whether DM- and DFM-filter leakage can Present a hazard to respi-

® Do the hazardous contaminants that DM- and DFM-filters are used for protec-

tion against possess adequate warning properties to alert users if filter leak-
age occurs?

o Are the contaminant sizes that leak through DM- and DFM.-filters more or
less toxicologically potent than other respirable particle sizes?

. Does informative technical material produced by respirator manufacturers for
purchasers and users address the issue of possible contaminant leakage -
through DM and DFM filters? Such material would include, but is not limited

to, advertising, selection guides, respiratory protection catalogs, and respira-
tor-user instructions.
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. Do the approval-limitation and cautionary statements on respirator approval
labels® required of respirator manufacturers address the issue of possible
contaminant leakage through DM and DFM filters?

. Is information readily available to respirator purchasers and users regarding
the sizes of contaminants present in workplaces where respirators are used?

. What is the nature and extent of DM- and DFM-filter usage against toxic dusts,
fumes, and mists?

NIOSH-certified DM and DFM filters are produced and sold for protection against
over 200 toxic dusts and mists regulated by OSHA 256257 Based on estimates pro-
vided to the Office of Management and Budget in the Institute’s Preliminary Regu-
latory Impact Analysis, NIOSH estimates that several million workers depend on
these filters for protection against toxic contaminants in their workplaces.?® DM
and DFM filters are NIOSH-approved for use against contaminants of such high -
toxicity that OSHA limits worker inhalation exposures to levels as low as
50 millionths of a gram per cubic meter (i.e., 50 billionths of an ounce per cubic
foot).™® DM filters are sold under 120+ different NIOSH certification numbers and
DFM filters are sold under 50+ NIOSH certification numbers,?®

. Regarding the filter-leakage results reported in four recent filter-leakage stud-
ies, how representative are these results of the range of leakage values occurring
in the populations of all 120+ NIOSH-certified DM filters and 50+ NIOSH-
certified DFM filters?

#530 CFR 11.33

#4Occupational Safety and Health Administration: AirConhmmn.u, Final Rule, 29 CFR Part 1910,
Federal Register 54(12):2332-2983 (January 19, 1989), Table Z-1-A, pp. 2923-2968. -

*73M Company: 1991 Respirator Selection Guide, St. Psul, MN (1991), pp. 6-41.

#National Institute for Occupational Safety and Health: Preliminary Regulatory Impact Analysis: 42
CFR Part 84, Second Notice of Proposed Rulemaking—Revision of Tests and Requirements for Certifi-
cation of Respiratory Protective Devices, (September 1989).

3930 CFR 11.130
#0National Institute for Occupational Safety and Health: NIOSH Certified Equipment List as of

December 31, 1990, DHHS (NIOSH) Publication #91-106, Cincinnati, OH (January 1991), pp. D-1
through D-28. ‘

LN
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Filter-leakage results from four recent research studies were presented in the pre-
vious section of this evaluation discussion (Figures IV through XIII and XVI and
XVII). Numerous cases of excessive and unexpectedly high filter leakage were re-
ported (e.g., for heavy work rates, up to 74% leakage through DM filters and up to
24% leakage through DFM filters). '

There are four major reasons why the high-leakage data sets in Figures IV and V
of this evaluation probably underestimate the highest hazardous leakages that can
occur with NIOSH-certified DM and DFM filters available to purchasers and users g
any given volumetric flow rate. Correspondingly, Figures [V and V probably overesti-
mate the lowest leakages in each filter class that some manufacturers have been able
to achieve for NIOSH-certified filters. That is, these figures do not contain the high-

est and lowest filter-leakage curves for DM and DFM respirators worn by American
workers.

facturers.

Second, the high-leakage filter group presented in Figure IV, which represent some
of the data reported by three research teams, were for DM filters obtained from a
very limited subset of only four tested filters. For DFM filters, Hinds and Kraske

and Fardi reported DFM results from only one major manufacturer. Additionally,
applicable results for only two DFM manufacturers were available from Stevens and
Moyer. It was not the objective of any of the four research teams to test or identify
the highest- or lowest-leakage DM or DFM filters certified by NIOSH. Thus, untest-
ed lower- and more hazardous higher-leakage filters from other manufacturers might
easily have been excluded from these four studies. For example, if one were to eval-
uate only the DM-filter results from Stevens and Moyer, then the two substantially
higher-leakage DM.-filter models from the other three research groups would be over-
looked.

Third, generally a very small sample of filters (e.g., five or less) was tested at each
test-aerosol diameter. This small a sample results in large sampling errors in esti-
mates of population means, that is, large uncertainties in the sample means reported
for Lg,, at each aerosol size. .
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Fourth, in the case of Stevens and Moyer, the investigators stated that “whenever po
ble, all filters tested were from the same lot to eliminate lot-to-lot variability.”?6!
Hinds and Kraske observed a wide range of Lg,,, values between their several filter

makes and a similarly wide range of Lg,,,, values observed from three different filter
lots from the same manufacturer. They stated:

Filter performance was found to vary significantly between types and between brands within a
type. Based on three different filter brands the relative standard deviation for penetration mea.
surements (Ly,,] is 65% for dust, fume, and mist half-mask cartridges pairs (MSA, AO, and
North) and 77% for single use respirators (3M 8710, American Optical R1070, and Gerson 1710).
Three lots of MSA Type S filters (dust, fume, and mist cartridge pairs) had a relative standard

deviation for penetration measurements of 57%. Note, that this relative standard deviation is of
comparable magnitude to that for different brands of the same type.gu

Thus the variability in filter-leakage results shown in Figures IV and V at any
given volumetric flow rate is due to variability contributed by one or more of the
following variabilities: between individual filters, between filter lots, between filter
makes and models, between measurements conducted at a single laboratory, and
between measurements conducted at different laboratories. The first three types of
variability are actual differences in what is being measured (filter leakage), while the
last two variabilities are differences in leakage-measurement equipment and tech-
niques. Note that Figures IV and V do not display confidence intervals (i.e., probable
range of values) for the true leakages, only point estimates are plotted.

NIOSH concludes that if the four research teams had been able to test NIOSH-
certified filters from a wider range of manufacturers, sample from multiple lots of
each make and model filter, and sample more filters from each lot, then it is highly
probable that they would have observed Lg,.,, values both lower and higher than
those presented in Figures IV and V of this evaluation. Thus it is probable that the
leakage values reported from the four recent studies are not representative of the best

and worst filters in the populations of 120+ DM and 50+ DFM NIOSH-certified fil.
ters available in the United States. :

[

**'Stevens, G.A. and E. S. Moyer: “Worst Case” Aerosol Testing Parameters: . Sodium Chleride and
Dioctyl Phthalate Aerosol Filter Efficiency as a Function of Particle Size and Flow Rate, Am. Ind Hyg.
Assoc. J., 50(5):257-264 (1989), p. 258.

**Hinds, W. C. and G. Kraske: Performance of Dust Respirators with Facial Seal Leaks: 1. Exper-
imental, Am. Ind. Hyg. Assoc. J., 48(10): 836-841 (1987), p. 840.
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. What is the effect on DM- and DFM-filter leakage when the filters are used
against contamingnt sizes larger than the highest-leakage-size ("worst-case”)
contaminants (e.g., used against sizes of 0.25 to over 1.0 um digameter)?

For the four high-leakage DM-filter sets shown in Figure [V, F igures V1, VII, VIII,
and IX indicate that all four tested filters exhibited broad-band leakage
characteristics for volumetric breathing rates of 20 to 100 L/min (i.e., light to heavy
work rates). That is, leakage through these filters remained high even for contami-
nant sizes exceeding 1.0 ym diameter (e.g., leakage of particles with aerodynamic
mean sizes up to 2.5 um has been reported through one type of NIOSH-certified DM
filter’™). Figure X summarizes the filter-leakage functions for three DM filters
LF-M,?* HK-23,265 and HK-24266 at a medium work rate (i.e., a characteristic
breathing rate of 50 L/min). Two of these three DM filters exhibited 15% to almost
30% leakage at particle sizes just over 1.0 um diameter.

Lastly, Figures XI through XIII illustrate the debilitating effect of DM.-filter leak-
age on a user'’s protection factor PF,,,, as a function of contaminant size and face-seal
PF values of 10 and 1,000 for DM filters HK-23 (Figure XI) and HK-24 (Figure XII)
at a medium-work breathing rate (50 L/min characteristic volumetric flow rate) and
WC-D (Figure XIII) at a light-medium-work breathing rate (30 L/min). The PF,.
values for Figures XI, XII, and XIII Were computed with equation (16) in this eva-

It is important to note that regardless of how well a respirator user’s face seal
might be fitted, Figures X1, XII, and XIII demonstrate that a user's protection factors
can remain very low at contaminant sizes up to and exceeding 1.0 um diameter for at
least three NIOSH-certified DM-filter masks.

NIOSH concludes that significant leakage through DM filters and the resulting
unexpectedly low user protection factors are not limited to a narrow range of small,

*®lverson, S. G., S. G.Dlninch,l-LE.MuHiu,l.ndS.K.Rudo!ph: Validation of a Quantitative Fit
Test for Dust/Fume/Mist Respirators: Part |, Appl. Occup. Environ. Hyg. 7(3):161-167 (1992), p. 1638.

Liu, B. Y. H. and B. Fardi: Awswqmmrymmmmmm
NIOSH Grant # RO1 OHO01485-01A1, University of MIBM,PMTMQ Laboratory Publica-
tion No. 680, Minneapolis, Minnesota (September 1888), Table 6-5, p. 271.

W. C.: Letter to Mr. Larry W. Sparhol‘NIOSthanuﬁltn-lo&m data obtained
dmwinmmh activities supported in part by NIOSH Grant RO1 OHO01586, Los Angeles, CA (June 19,
1991).

#%bid.

*Under discussion under Derivation and Evaluation of Two Leakage-Function Models for Describing
@ User's Protection Factor While Wearing a DM- or DFM-filter Mask.



108  Performance Evaluation of DM and DFM Fiter Respirators—WORKING DRAFT 9.15.92

“worst-case” contaminant sizes. This conclusion is based on Figures VI through XIII
in this evaluation. These eight figures indicate that significant leakage does occur
through NIOSH-certified DM filters when they are used against contaminant sizes
ranging from less than 0.2 um to at least 1.0 ym in diameter.

» What is the effect on DM- and DFM-filter leakage when these filters are used at

medium work rates (i.e., user’s breathing rate in the range 35 to 55 L/min) and
heavy work rates (75 to 100 L/min).

The effect of respirator usage at medium and heavy work rates upon filter leakage
is shown in Figures IV through IX of this evaluation. NIOSH concludes that signifi-
cant leakage through these filters is not limited to only medium and heavy work
rates. This conclusion is based on Figures VI through IX for DM filters. NIOSH
also concludes that significant leakage occurs through some NIOSH-certified DM
filters even at very light work rates (in effect, sedentary usage) with volumetric flow
rates as low as 5 L/min into a respirator. NIOSH concludes that the existence of a
DM-filter-leakage hazard to a user is unrelated to the user’s breathing rate over a
wide range of very light to heavy work rates. However, the magnitude of the filter-
leakage hazard generally becomes larger at higher work rates.

L Ifa reapimtor user’s DM or DFM filter exhibits significant leakage, can the
adverse effect on overall mask protection be offset by a better-fitting face seal?
That is, what are the interactive effects of significant filter leakage and face-
seal efficacy on overall mask protection levels?

Figures XI, XII, and XIII indicate that for users with face-seal PFs between 10
(10% face-seal leakage) and 1,000 (0.1% face-seal leakage) and filter leakages over
10%, those users will have user PFs substantially less than the minimum PF of 10
expected for non-powered, air-purifying halfmasks. For filter leakages above about
10%, Figure III demonstrates that user PFs remain relatively low even for face-seal
PF's over 1,000 (i.e., less than 0.1% face-seal leakage). For example, for a DM filter
with 20% leakage, a user's PF would go from about 3.5 at a face-seal PF of 10to a
maximum of about 5 for face-seal PFs over 1,000. This user-PF range is not substan-
tially higher than the APF of 2 recommended for NIOSH for a non-powered halfmask
with a DM filter. Another example would be a DFM filter with 5% leakage. A user's
PF would go from about 7 for a face-seal PF of 10 to a maximum of about 20 for face-
seal PF's over 1,000.

NIOSH concludes that for filters with leakages over 10%, negligible additional

[N
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protection is given to a respirator user by obtaining a well-fitting face seal (e.g., in-
creasing a face-seal PF from 10 to 1,000). This conclusion is based on Figures I11,
XI, XII, and XIII. That is, the adverse effects of significant filter leakage on overall
protection provided by a respirator to a wearer cannot be mitigated through mea-

sures such as comprehensive user training and superior fit testing (whether it be
quantitative or qualitative).

® What is the effect on filter leakage due to the use of new filters or those with
relatively little contaminant loading?

As discussed previously in this evaluation, the effect on hazardous filter leakage
due to use with moderate to substantial loading (accumulated contaminant) can be to

either increase or decrease the filter leakage, depending on the filter media used by
the manufacturer.

® Do the hazardous contaminants that DM- and DFM-filters are used for protec-

tion against possess adequate warning properties to alert users if filter leakage
occurs?

Most hazardous airborne contaminants that are dusts, fumes, or mists do not have

- adequate warning properties®® to warn respirator users of any hazardous contami-

nant leakage that may infiltrate into their respirators. NIOSH concludes that DM-
and DFM-filter mask users can be unknowingly exposed to hazardous contaminants
leaking through their filters because they generally have no warning properties.

. Are the contaminant sizes that leak through DM- and DFM-filters more or less
toxicologically potent than other respirable particle sizes?

There have been several statements in the professional literature noting that con-
taminant sizes known by manufacturers and respirator experts to leak through DM
and DFM filters (e.g., 0.05 to 0.5 ym diameter) can be especially hazardous from a
toxicological standpoint. That is, these particle sizes might be readily absorbed by a
worker’s body and therefore be more toxic compared to other particle sizes. Amdur
stated in 1973:

#**Physiological effects in humans (e.g., odor, taste, eye irritation, respiratory-tract irritation) thnt have
been demonstrated as being capable of consistently providing respirator wearers with timely, consistent,
persistent, and reliable warning of hazardous airborne concentrations inside a rupu-ntor so that users
can take necessary action to protect themseives (e.g., leaving the area where respirators are required,
changing the filter element).
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In the limited space available only one point will be emphasized here, namely, the toxicological
importance of particles below 1 um in size. Aerosols in the range 0.2-0.4 um tend to be fairly
stable in the atmosphere because they are too small to be effectively removed by forces of settling
or impaction and too big to be effectively removed by diffusion. Since these are the forces that
lead to deposition in the respiratory tract, it has been predicted theoretically and confirmed ex-
perimentally that a lesser percentage of these particles is deposited in the respiratory tract. On
the other hand, since they are stable in the atmosphere, there are large numbers of them present
to be inhaled, and to dismiss this size range as of minimal importance is an error in toxicological
thinking which should be corrected whenever it is encountered,?5?

In the early 1980s respirator experts on the Ad Hoc Air-Purifying Committee of the
ANSI Z88 Committee sent the following comments to NIOSH. These experts includ-
ed several representatives from major respirator manufacturers.

Literature indicates that the most difficult size particle or (sic) any filter to remove lies within
the size range of .1 - .3 microns (micrometers, um). While these particles are the most difficult
to filter they are also the size that is most difficult for the respirator systems to retain. However
because of their physiological effect, this size particle is considered to be the most hazardous per
unit of mass. The systemically toxic particles of this size are most easily absorbed into the body
because of the large surface area per unit mass. Lung damaging particles of this size are consid-
md#huardomperunitmmbeuuutheirmtnumbmlﬂactlgrutara.ruoftho
lung.

’

[N

Lastly, in 1987 based on the work of Froines, et al.,’”’ Hinds and Kraske made this

comment on the disproportional adverse effects on respirator users than can result
from smaller-size particle leakage:

For example, even though the mass concentration of lead aerosol is reduced by a factor of 20 bya
respirator, if the particle-size distribution inside is smaller than outside, the fraction of inhaled
aerosol absorbed into the blood may be as much as four times that for the larger outside distribu-
tion yielding performance equivalent to a protection factor as low as 5.57%

*®Amdur, M. O.: Industrial Toxicology. Chaptar 7 of The Industrial Environment—{ts Evaluation and
Control, National Institute for Occupational Safety and Health, Cincinnati, OH, (1973), pp. 68-70.

""'Froines, J. R., et al.: Effect of Aerosol Size on the Blood Lead Distribution of Industrial Workars.
Am. J. Ind. Med. 9:227 (1986).

*”Hinda, W. C. and G. Krasks: Performance of Dust Respirstors with Facial Seal Loaks: 1. Expaeri-
mental. Am. Ind. Hyg. Assoc. J. 48(10):836-841 (1987).
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NIOSH concludes that smaller contaminant sizes can be more toxicologically po-
tent than indicated by their proportional mass contribution to inhaled doses received
by respirator wearers via filter leakage. Unfortunately for respirator wearers, the
inhalation of smaller contaminant sizes by filter-mask wearers is expected to occur

with the type of significant leakage known to occur through DM and DFM filters.
The same effect occurs with leakage past a respirator’s face seal.?’%?%

®  Does informative technical material produced by respirator manufacturers for
purchasers and users address the issue of possible contaminant leakage
through DM and DFM filters?

Respirator manufacturers have not routinely informed respirator purchasers and
users of the potential for significant leakage through NIOSH-certified DM and DFM
filters of hazardous particles with aerodynamic diameters up to 2.5 vm. That is,
respirator advertising, selection guides, product catalogs, and respirator-user instruc-
tions for DM- and DFM-filter masks do not inform purchasers and users of the po-
tential for significant filter leakage that can compromise the safety and efficacy of
these masks. NIOSH concludes that filter-mask purchasers and users have not been
provided with appropriate instructions to permit the safe and effective use of these
respirators against all sizes of hazardous contaminants.

. Do the approval-limitation and cautionary statements on respirator approval
labels required of respirator manufacturers address the issue of possible con-
taminant leakage through DM and DFM filters?

There is no contaminant-size-qualifying language given on the labels for NIOSH-
certified DM- and DFM-filters. These labels typically contain language to the effect:

Approved for respiratory protection against dusts, fumes, and mists having a time-weighted
average less than 0.05 milligram per cubic meter,

The certification regulation defines dusts, fumes, and mists as:

Dust means a solid mechanically produced particle with a size ranging from submicroscopic to
macroscopic. Fume means a solid condensation particle, generally less than 1 micrometer (um]

3MMpid.

**Holton, P. M. and K. Willeke: The Effect of Aerosol Size Distribution and Measurement Method on
Respirator Fit, Am. Ind. Hyg. Assoc. J. 48(10): 855-860 (1987).
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in diameter. Mist means a liquid condensation particle with a size ranging from submicroscopic
to macroscopic.

NIOSH concludes that the labels for NIOSH-certified DM- and DFM-filters Create
an erroneous perception for purchasers and users that these filters will protect
against all sizes of dusts, fumes, and mists. The clearly implied, but apparently
incorrect message to a purchaser or user of NIOSH-certified filters is that they will

Protect a user from any size dry dust or wet mist and any size fume generally below
1 ym diameter.

» Is information readily available to respirator purchasers and users regarding
the sizes of contaminants present in workplaces where respirators are used?

If workplace contaminant-size information were available to the several million
users who wear NIOSH-certified DM- and DFM-filter masks, then purchasers and
users would be able to make informed decisions as to when to avoid the use of DM or
DFM filters. However, determination of airborne-contaminant particle sizes appears
to be far from a routine procedure in workplaces where employers provide respirators
to workers. As previously noted in this evaluation, an OSHA contractor reported
that over 7096 of 123,000 manufacturing plants performed no exposure-level monitor-
ing when selecting respirators to use in the plants®” (in spite of OSHA regulatory
requirements to do s0?’”). More importantly, the sophisticated technical expertise
and equipment necessary to measure contaminant size distributions in the workplace
and interpret the results are not generally available to employers or users. Current-
ly, airborne-contaminant sizing methods are primarily used only in workplace re-
search studies.

Additionally, just as with workplace-concentration levels, particle-size distributions
of airborne contaminants can vary substantially between workplaces and from day to

730 CFR 11.3(k, p, and y respectively).

#7729 CFR 1910.134(bX8)
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day in the same workplace,275.279,280 This would substantially increage the
burden of contaminant-size monitoring for employers if they elected to perform it.

In summary, after conducting the evaluation discussed in this section of the eval-
uation and based on the best available evidence, NIOSH concludes that contaminant
leakage through some widely-used DM and DFM filters currently certified by the
Institute can create a hazard for respirator users. Additionally, becauge of their
widespread usage against several hundred toxic contaminants, the excessive leakage
exhibited by some DM and DFM filters is a significant public health hazard.

"Herrick, P.F., M. J. Ellenbecker, and T. J. Smith: Measurement of the Epoxy Content of Paint Spray
Aerosol: Three Case Studies, Appl. Ind. Hyg., 3(4):123-128 (1988).

*®McCammon, Jr., C. S., C. Robinson, R. J. Worwsiller, and R. Roscos: Industrial Hygiene Character-
ization of Automotive Wood Model Shops, Am. Ind. Hyg. Assoc. J. 48(7):343-349 (19856).

#ONIOSH: Heaith Hazard Evaluation Report, HETA 84-115-1493, Cincinnati, Ohio (July 1984).
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13—NIOSH’s control strategy for lower APFs for DM- and DFM-filter
masks to reduce inhalation hazards to respirator users.

The remainder of this evaluation concerns the control strategy that NIOSH is con-
sidering to protect filter-mask users from hazardous filter leakage. NIOSH has con-
cluded that APF's for currently-certified DM- and DFM.-filter masks must reflect pro-
tection levels that respirator wearers will receive against all contaminant sizes,

Since the early 1970s, APFs pPreviously recommended and utilized by organizations
such as the LASL, NIOSH, OSHA, ANSI, American Industrial Hygiene Association
(AIHA), %! and private employers®? must have relied on two critical assump-
tions. First, it must have been assumed that hazardous filter leakage never occurs
through any NIOSH-certified filter during use. Second, it must have been assumed
that DM- and DFM-filter masks are never used against a workplace contaminant
that is at or near the highest-leakage size. However, substantiating data has not
been given for these two critical assumptions. Absent substantiation for these as-
sumptions, the Institute has concluded that it must assume:

= that NIOSH-certified DM- and DFM-filter masks will be used without knowl-
edge of contaminant sizes and

. that mask usage will occur under higher filter-leakage conditions.

Thus, NIOSH determined that it must use known leakage values for DM and DFM
filters obtained at higher-leakage contaminant sizes to calculate recommended APFs
for these filter-mask respirators. NIOSH recognizes that many DM- and DFM-filter
masks may be used against contaminant sizes, at inhalation volumetric flow rates,
and at filter loadings for which these filters provide adequate protection. However,
the Institute’s control strategy is totally consistent with accepted standards of profes-
sional practice used for over 20 years by respirator experts to determine respirator-
class APFs.

#Birkner, L. R.: Respiratory Protection: A Manual and Guideline, American Industrial Hygiene
Association, Akron, Ohio (1980).

*Birkner, L. R.: Celanese Corporation Respiratory Protection Manual and Guideline, Celanese Corpo-
ration, New York, N.Y. (August 1978), Section 61, pPp. 3—4.
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As previously noted in this evaluation, respirator-class APFs have always been
governed by those makes and models of respirator facepieces with the higher face-
seal leakage in each class (i.e., poorer performance). :

Therefore, NIOSH maintains that it is not the average or typical filter leakage
that must also govern APF determinations. Instead, it is the higher filter-leakages
that can be reasonably expected to occur through each type of NIOSH-certified DM
and DFM filter that must govern filter-mask APFs. This strategy is founded on the
rationale that virtually no purchasers nor users know whether their particular com-
bination of non-HEPA filter and contaminant size will result in hazardous, average,
or superior protection. Thus in the absence of specific and reliable information as to
which filters will or will not exhibit inadequate protection, prudent purchasers and
users must assume that any NIOSH-certified filter they purchase or use may provide
the least expected protection (e.g., the APF's recommended in Table P).

Because the nature and technology of industrial respirator filters prevents purc-
hasers and users from assessing filter safety and protection under widely varying use
conditions, NIOSH concluded that its assumptions for computing filter-mask APFs
are necessary to protect the health and safety of all users.

As discussed earlier in this evaluation, respirators are not selected and used with
prior knowledge of the contaminant size distribution existing in a given work-
place.”® Thus purchasers and users have essentially no way to protect against un-
knowingly using a NIOSH-certified DM or DFM filter against a contaminant with a
size equal or near the high-leakage-size aerosol (e.g., 0.05 to 2.0 ym count median
diameter). For example, as was discussed earlier in this evaluation, four NIOSH-
certified DM filters have shown to have hazardous leakage through the filter element
as high as 74% at heavy work rates.?* This amount of gross leakage would yield an
individual protection factor (PF) for a user of under 1.5 for a halfmask or fullface
mask even if the face-seal fit was perfect. A PF under 1.5 is strikingly lower than an
APFoflOforaﬁltorhdﬁnukormAPFofSOforaﬁﬂlfmmpintor,whichm
accepted values for professional practice. e

To compute the APFs recommended in Table P for DM- and DFM- filter respira-
tors certified under 30 CFR Part 11, NIOSH concluded that it must consider hazard-
ous leakage through DM and DFM filters at small contaminant sizes. That is,
NIOSH used known leakage values for higher-leakage contaminant sizes to calculate
the recommended APF's for filter-mask respirators.

'S

*#'Refer to discussion presented in this evaluation under Evaluation of a Possible Hazard to Respirator
Wearers Due to Leakage Through DM and DFM Filters.

”‘RofcrtoFi.uanintbiswduaﬁonmdmbnmtdixudouundnEuMionofaMh
Hazard to Respirator Wearers Due to Leakage Through DM and DFM Filters.
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14—General basis for APFs recommended in Table P.

Except for some respirators used against dusts, fumes, and mists (filter masks),
NIOSH is considering APFs that were previously recommended in the 1987 NIOSH
Respirator Decision Logic (RDL).%5. A majority of the 1987 NIOSH recommenda-
tions (Tables J and K of this evaluation) were unchanged from those recommended in
1976 (Tables E and F of this evaluation).?®® However, for APF recommendations in
NIOSH’s 1987 RDL, NIOSH considered data from both WPF

*NIOSH Respirator Decision Logic, DHHS (NIOSH) Publication # 87-108, Cincinnati, OH (May,
1987), Tables 1-3, pp. 24, 13-18, and 27-29,

*NIOSH: A Guide to Industrial Respiratory Protection, DHEW (NIOSH) Publication No. 76-189,
Cincinnati, Ohio (June 1976), Appendix F, pp. 137-148.
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studies?$7.28.289.290,291.202.293,204 1 ducted in the 1980s and from
laboratory studies performed on anthropometric panels in the 1970s.2%

In general, NIOSH considered only those studies published in peer-reviewed jour-
nals, since those studies were known to have undergone scientific review. For esti-
mation of APFs recommended in 1987, when WPF data existed NIOSH considered
point estimates of lower 5th percentiles from WPF sample distributions. Confidence
intervals for these point estimates were not computed and not considered.

A recent review of the peer-reviewed literature and other reliable studies indicates
that, except for DM and DFM filter respirators, there is minimal information from
the period 1987-1991 to substantiate changes to the 1987 NIOSH APF recommenda-
tions.?%6:2972% However, note that earlier in this evaluation NIOSH present-

#7Myers, W.R. and M. J. Peach,: Performance Measurements on a Powered Air-Purifying Respirator
Made During Actual Field Use in a Silica Bagging Operation, Ann. Occup. Hyg. 27(3):251-259 (1983).

#%Bentley, RA., G. J. Bostock, D. J. Longson, and M. W. Roff: Determination of the Quantitative Fit

Factors of Various Types of Respiratory Protective Equipment, J. Int. Soc. Respir. Prot. 2(4):313-337
(1984).

*Dixon, S.W. and T. J. Nelson: Workplace Protection Factors for Negative Pressure Half-Mask
Facepiece Respirators, J. Int. Soc. Respir. Prot. 2(4):347-361 (1984).

**Lenhart, S.W. and D. L. Campbell: Assigned Protection Factors for Two Respirator Types Based
Upon Workplace Performance Testing, Ann. Occup. Hyg. 28(2):173-182 (1984).

¥'Linauskas, S.H. and F. Kalos: Study of Efficiency and Current Use of Respiratory Protection Devic-

es. [Report prepared for the Atomic Energy Control Board. Ottawa, Canada.] Atomic Energy of
Canada Limited (1984).

#¥*Myers, W.R.,, M. J. Peach, III, K. Cutright, and W. Iskander: Field Test of Powered Air-Purifying
Respirators at a Battery Manufacturing Facility, J. Int. Soc. Respir. Prot. 4(1):62-89 (1984).

*“Myers, W.R., M. J. Peach, III, and J. Allender: Workplace Protection Factor Measurements on

Powered Air-Purifying Respirators at a Secondary Lead Smeltar—Test Protocol, Am. Ind. Hyg. Assoc. J.
45(4):236-241 (1984).

#SMyers, W.R., M. J. Peach, I1I, K. Cutright, and W. Iskander: Workplace Protaction Factor Measure-
ments on Powered Air-Purifying Respirators at a Secondary Lead Smelter—Results and Discussion, Am.
Ind. Hyg. Assoc. J. 45(10):681-688 (1984).

#%Refer to discussion presented earlier in this evaluation under Review and Evaluation of Professional

Practices Used During the 1970s and 1980s for Respirator Face-Seal Evaluations and APF Determina-
tions.

" Reed, L. D., S. W. Lenhart, R L. Stephenson, and J. R. Allender: Workplace Evaluation of a Dispos-
able Respirator in a Dusty Environment, Appl. Ind. Hyg. 22):53-56 (1987).

(3
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ed an evaluation of APF-determination methods used during the 1970s and
19808** and an evaluation of face-seal leakage for some non-powered, air-purify-
ing halfmasks.’® When considered together, these two NIOSH evaluations also
bring into question whether the “face-seal-leakage only” APF of 10 for non-powered,
HEPA-filter halfmasks is sufficiently protective. If the 10 is invalid and is errone-
ously high, then the two APFs for non-powered, filter halfmasks recommended by
NIOSH in Table P are erroneously high.

The APF's recommended in this evaluation reflect only the protection that might be
achieved under the conditions of an ideal or optimal respirator program combined
with correct wearing by every user. The recommended APFs do not consider whether
certain types of respirators certified by NIOSH can be reliably fit tested periodically
and reliably fit checked by a wearer each time they don their mask. The recom-
mended APF's cannot be considered to be the typical protection that will be achieved
under most routine respirator programs. NIOSH expects that only a small minority
of users wear respirators under optimal-program conditions. Thus only a minority of
users are expected to actually achieve those APFs recommended in Table P. There is
always some possibility that the protection factor attained by a particular wearer
with a particular mask will be less than the class APF for the mask.

The APF's recommended in this evaluation are based solely on respirator capabil-
ities for a few models from each respirator class that were measured under ideal
laboratory or ideal field conditions. They do not necessarily indicate performance at-
tained during actual working conditions in many American workplaces.

NIOSH's certification-test methods do not incorporate nor evaluate the many com-
binations and permutations of fit tests and fit checks that must be used in the work-
place to assure each respirator’s proper fit on individual wearers as required by
OSHA in 29 CFR 1910.134. For example, if an air-purifying, filter mask is con-
structed such that it cannot be reliably fit checked by the wearer each time it is
donned, then an APF less than the NIOSH APF might be indicated. If faceseal leak-

7(.. continued)

#Coben, H. J.: Detarmining and Validating the Adequacy of Air-Purifying Respirators Used in
hdm,?ml—ﬂﬂu&;h?ﬁommdawoﬂuphmfwmmum-
ry Vapor, J. Int. Soc. Respir. Prot. 2(3):296-304 (1984).

MGalvin, K., S. Selvin, and R. C. Spear: Variability in Protection Afforded by Half-Mask Respirators
Aguinst Styrene Exposure in the Field, Am. Ind. Hyg. Assoc. J. 51(12):625-631 (1990).

%mmwmuummwmﬁmmmwm&mqmm
Practices Used During the 1970s and 1980s for Respirator Face-Seal Evaluations and APF Determina-
tions.

" Refer to discussion in this evaluation under Evaluation of Face-Seal Resuits from Nine Studies of Non-
Powered, Air-Purifying Halfmasks.
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age was a significant contributor to a mask's computed APF, then an APF less than
the NIOSH APF would be strongly indicated.

Continuing the example, the U. S. Court of Appeals for the District of Columbia
Circuit ruled in 1987 that OSHA had correctly assigned an APF of 5 to those “dis-
posable respirators” that could not be fit checked by wearers for adequate inhalation
Protection against cotton dust.””’ That is, certain filtering-facepiece halfmasks for
which it is “difficult, if not impossible, for the wearer to cover the entire (filtering]
surface area, but not the seal between the respirator and the wearer'’s face” during
the fit check recommended by the manufacturer.’®® The federal court stated that

OSHA recognized that, in the case of (certain filtering-facepiece] disposable respirators, the
worker’s hands cannot effectively block intended air intake, and that intake only, while leaving
unobstructed air taken in because of the respirator’s improper fit.’®

The federal court also noted that

Absent assurance of a respirator’s proper fit, the NIOSH and ANSI ratings can reliably indicate
on.lj‘rm‘ the efficiency of the filter, not the effectiveness of the entire respirator as it is used on the
job.

A second control strategy that might have been used by NIOSH for determining
the values in Table P would have attempted to determine levels of protection typi-
cally attained by most users in actual respirator programs. That is, protection levels
similar to the program protection factors (PPF's) proposed by Myers et al. in
1983.% In contrast to APF', for which only respirator hardware capabilities are
considered under optimal use conditions, by definition PPFs incorporate the adverse
effects on personal protection levels due to factors such as, but not limited to,

%INational Cottonseed Products Association v, Brock and Minnesota Mining and Manufacturing v.
Occupational Safety and Health Administration, 825 F.2d 482 (D.C. Cir. 1987)

%bid., p. 489, footnote 6.
Mbid., p. 492.
9Tbid., p. 493.

"%Myers, W. R., S. W. Lenhart, D. Campbell, and G. Provost: The Forum—Latter to the editor, Am.
Ind. Hyg. Assoc. J. 44(3):B25-26 (1983), p. B-26.
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® respirator sel-ection

* respirator design and protection potential

¢ variability, suitability, and acceptability of respirator fit on each wearer's face
¢ pericdic fit testing by the employer

* fit checks performed by wearers

® training of supervisors and wearers

® user motivation to properly don and wear their mask

® respirator maintenance and storage

® supervision of wearer’s to ensure correct use

® program administration and monitoring

and any other program variable that affects effectiveness of personal protection af-
forded each and every wearer. It appears that this type of protection factor would be
most relevant and indicative of protection that most users will actually attain.
NIOSH anticipates that this second control strategy would likely yield protection
values that are lower than the APFs recommended in Table P. However, at this

time there is a notable lack of information upon which to base PPFs. The necessary
type of research data to determine PPFs is years to decades away. Thus the Insti-
tute was not able to pursue this second control strategy for determining the values in
Table P.

For at least two decades, as extensively discussed earlier in this evaluation, the
accepted standard of professional practice for determination of respirator-class APF's
has been performance levels exhibited by the poorer-performing devices in each
class.’® Class APFs have not been determined by use of “typical,” “representative,”
or “average” respirator protection in each class. Unfortunately, this approach pre-
vents purchasers and users from benefiting from superior protection available from
most masks in any given class. When using class minima to define class APFs, the

9%Refer to discussion presented in this evaluation under Review and Evaluation of Professional .Pme-
tices Used During the 1970s and 1980s for Respirator Face-Seal Evaluations and APF Determinations.
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Potential protection afforded by most mask models in a class will exceed the class
APF under ideal conditions. This approach to class APF's also eliminates a major
incentive to respirator manufacturers to produce more protective devices in each
respirator class, since class APFs are in effect “held hostage” to lower values pro-
duced by poorer performing devices of one or two manufacturers (particularly for the
air-purifying masks).
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15—Computation of APF values for DM- and DFM-filter masks recom.-
mended in Table P.

For a given user wearing a given mask, equation (16) derived earlier in this eval.
uation”’’ estimates the PF,,, for: (1) a specified user face-seal PF PP (a3
obtained from a quantitative fit test on the mask as equipped with a HEPA filter) in
combination with (2) a specified filter leakage (Lpyuen (e.g., for a DM or DFM filter).
To compute APF values for DM- and DFM-filter masks, one must have an estimate
for the relevant PF,, ... This specialized PF value is computed from a face-seal
leakage value for each specific facepiece and operating mode (e.g., obtained from a
quantitative fit test on a mask as equipped with a HEPA filter).

For example, a HEPA-equipped, non-powered, air-purifying halfmask respirator is
used with an APF of 10, which is the currently accepted value for professional prac-
tice. Since APFyrp, 210r mass €quals PF fopseais the latter term is considered to be 10
(or a maximum face-seal leakage of 10% for this facepiece and operating mode). This
value was recommended by Hyatt with the following comment:

BuodonthemultlinTablondthcabovodiuuuion,ﬂman!’leformph‘-
tors A,C, D, E, F, and G, which Practically constitute all [NIOSH)] approved half-mask respira-
tors ﬁgjpped with a high-efficiency filter. It is emphasized that this is based on face seal
only.

Thus it is a simple step to substitute a HEPA-filter-mask APF value into the term
PF,, o) to obtain an APF ) mas function for any filter-mask APF as follows

Y’Refer to material wmuwummmwmofmm
Function Modeis for Describing a User’s Protection Factor While Wearing a DM- or DFM-Filter Mask.

"%Hyatt E.C.: Respirator Protection Factors. Los Alamos Scientific Laboratory, Informal Repart No.
LA-6084-MS (1976), p. 14.
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APF 1i0r mask = (APF 504 f1ier mast)™ + Lpitier)
= LfinerYAPFyeps fitier masi)) ™ 17

Note that equation (17) is based on the improved model leakage function derived
earlier in this evaluation.”” Use of the improved model yields slightly lower APF,,,
mask Values than those that would result from use of the simple-additive model (equa-
tion (2) of this evaluation).

To compute the APF Values for DM- and DFM-filter masks recommended in Table
P, it was then necessary for NIOSH to determine relevant Lgyer values for use in
equation (17). NIOSH evaluated recent DM- and DFM-filter-leakage data from four
research teams, which were presented earlier in this evaluation.’’’ For experi-
mental studies involving filter leakage measurements, measurement biases can occur
due to the complex nature of test equipment, test aerosols, and leakage measure-
ments. Because similar hazardous filter-leakage results were obtained in four inde-
pendent laboratory studies, NIOSH concluded that the DM- and DFM-filter resuits
presented in Figures IV and V were suitable for computing the filter-mask APFx

As discussed earlier in this evaluation, respirator volumetric flow rates for filter
testing of about 35 to 100 L/min/mask are the most relevant flow rates for evaluating
the effect of hazardous filter leakage during actual workplace usage of these filter
masks at medium to heavy work rates.’!! Filter-leakage results at medium work -
rates should be determined at volumetric flow rates of about 35 to 55 L/min/mask,
while heauy work-rate leakages should be determined at about 75 to
100 L/min/mask. |

For the 17 DM-filter data sets A through I, Figure IV indicates that four filters (B,
C, F, and O) fall in a hazardous “high-leakage” band distinct from the other 13 DM
filters. Because the hazardous high-leakage filter results in the upper band were
reported from three different research teams (HK, LF, and WC), they do not appear
to be possible aberrations or outliers. NIOSH decided that it was reasonable to use
the four high-leakage test results to determine the characteristic Ly,,,, value for com-
puting DM-filter APF's. )

For the four high-leakage DM-filter data sets B, C, F, and O, Figure IV indicates
that at 35-55 I/min/mask (medium work rate) these test filters yielded about 45 to

%ummupmmmwummmﬁmwsummnofmm
Function Models for Describing a User’s Protection Factor While Wearing a DM- or DFM-Filter Mash.

*!%Refer to material presented in this evaluation under Results Reported from Four Recent Studies of
DM- and DFM-Filter Leakage.

!'Refer to discussion presented in this evaluation under Evaluation Factors for DM- and DFM-Filter-
Leakage Data.

IS
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almost 60% leakage, i.e., a characteristic value of about 50% filter leakage at medium
work rates for the highest-leakage contaminant sizes. For these data sets over the
range 75-100 L/min/mask (heavy work rate), these four test filters yielded about 55
to 75% leakage or a characteristic value of about 65% filter leakage at heavy work
rates at the highest-leakage contaminant sizes. Thus NIOSH selected a characteris.
tic Ly, value of 50% for DM filters (at medium work rates) for use in equation an
of this evaluation.

Unlike the DM-filter results in Figure IV, the nine DFM-filter data sets A through
I shown in Figure V do not show a separate high-leakage grouping. Only DFM-data
set H is substantially higher than the other 8 DFM-data sets. Because DFM-data
set H constitutes leakage results from a single model filter reported by a single labo-
ratory, NIOSH concluded it would not be reasonable to use it as the basis for the
relevant L, value for DFM.-filter APFs,

For 8 DFM-filter data sets A through G plus I, Figure V indicates that at
35-55 L/min/mask (medium work rate) these test filters yielded about 2.5 to 7.5%
leakage or a characteristic value of about 6% leakage at medium work rates for the
highest-leakage contaminant sizes. For these data sets over the range 76-100 L/min
these 8 filters yielded about 5 to 12% leakage or a characteristic value of about 9.5%
leakage at heavy work rates at the highest-leakage contaminant sizes. Thus NIOSH
selected a characteristic Lgy,, value of 6% for DFM filters (at medium work rates) for
use in equation (17).  After the two characteristic Lpy.r values of 50% (DM filters)
and 6% (DFM filters) were determined by NIOSH, they were then used in equation
(17) of this evaluation to compute the recommended APFs of Table P for DM and
DFM filters used on non-powered and powered filter masks. Table P of this evalua-
tion summarizes the specific values of the input variable values used to compute the
APF /e maax Values leading to the recommended APF values for DM and DFM filters
in Table P. These are the APFHEp fter mask Values and the characteristic Ly, values
discussed in this evaluation, which were then used in equation (17). The last column
of Table P presents the APF value recommended in Table P. NIOSH rounded each
computed APF,,. ..., value up or down to the negrest integer. For example, in the
first row of Table P for a non-powered, quarter or halfmask with DM filter(s),
A'PFHEPA-ﬁIh? mash is 10, Lﬂlb V..lu’ is 0.50, and A.PFﬁl-.u is computod as

APFp4y gy = (107 + 0.50 ~ (0.50) A10)]"". (18)

These values yield an APFp .. vou = 1.82, which was then rounded to the nearest
integer, for a recommended APF of 2.

Note that use of a rounding procedure results in the same APF as if a lower L,
of 0.44 had been used in equation (17). Additionall » at high Ly, values such as
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occurs for DM filters, the simple and improved models for PF,,,, yield essentially the
same result. Thus a recommended APF of 2 for non-powered, DM-filter halfmasks is
insensitive to which leakage-function model is chosen for the computations.

Determination of the two characteristic L 1er values of 50% leakage (DM filters)
and 6% leakage (DFM filters) was based on NIOSH's conclusion that filter leakages
at medium work rates were the most relevant values for APF computations. NIOSH
concluded that the use of heavy-work-rate leakages would be unrealistic and unrea.
sonable due to the limited number of users that will use DM- and DFM-filter masks
at heavy work rates. For DM filters, the use of a 65%-leakage value for characteris-
tic filter leakage at heavy work rates would reduce the computed APF for these fil-
ters to 1.46 from the 1.82 (non-powered halfmasks) computed for a 50% filter-leakage
value. For DFM filters, the use of a 9.5%-leakage value for characteristic filter leak-
age at heavy work rates would reduce the computed APF for these filters to 5.39
from the 6.49 (non-powered halfmasks) computed for 50% filter leakage.

When determining the relevant characteristic Lgiqr values for computing its rec-
ommended APFs, NIOSH would be following a control strategy of anticipating severe
filter-use conditions. However, as discussed in the preceding paragraphs, the
assumed filter-use conditions underlying the selected L4y, values are those that can
be reasonably anticipated in American workplaces. That is, the contaminant sizes, *
user work rates, face-seal leakages, and filter loadings considered by NIOSH during
its characteristic L4y, determinations are not unlikely, improbable, questionable, or
implausible.

Lastly, the filter-leakage data presented in Figures IV and V also indicate that
some respirator manufacturers have been able to design and market DM and DFM
filters that exhibit a substantially less hazard to users than do most other filters in
their class. These data indicate to NIOSH that the high filter leakage shown by
most of the tested filters canmtbentuibuudtothomhaicporfomanamddodzn
restrictions in the current 30 CFR Part 11 regulations. That is, the data indicate
some manufacturers have been able to design and manufacture filters with relatively
low leakage values and still obtain certifications under 30 CFR Part 11 requirements
(e.g., undergo the unrealistically high filter loading of 30 CFR 11.140—4 and still be
able to pass the maximum-resistance requirements of 30 CFR 11.140-8(b)). If all of
the DM and DFM filters tested in the four studies had exhibited filter leakage as low
as the most protective filters in each class, NIOSH would have been able to propose
an APF of about 6 for non-powered, DM-filter masks and about 8 for DFM-filter
masks instead of the values 2 and 6 respectively.

For over 15 years respirator manufacturers have had the ability to produce DM-
filters that yield less than 5% leakage. Held et al. reported in 1974 regarding the
results of research funded in part by NIOSH:
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LASL tested 50 dust-mist respirator filters from each production lot of filters obtained from the

respirator manuf The results of the initial aeroso] particle penetration tests are given in
Table X.... -

penetration requirement involving the 0.6 um MMAD (about 0.15 um CMD) NaCl aerosol parti-
cle, but instead, these respirator manufacturers had developed the filters to meet the previously
mentioned silica dust particle and silica dust penetration criteria . . . It is thought that the test

results in Table X show that the respirator manufacturers have the capability of producing dust-
mistmiutorﬁltanwhmhym&&.r&mm-mmm&mﬂﬁmaﬂl
particle penetrations less than 5.09.%/2

NIOSH recognizes that an APF of 2 for some non-powered, DM-filter halfmasks
may effectively eliminate these filters as a practical choice for respirator purchasers
and users. Since an APF of | represents a totally ineffective respirator (zero protec-
tion), restricting DM-filter-mask usage to the narrow APF range of 1 to 2 may sub-
stantially reduce the use of all DM filters. However, in the absence of specific and
reliable information as to which particular DM and DFM filters and use conditions
will result in hazardous leakage and which will not, NIOSH concludes that an APF
decrease from 10 to 2 for non-powered, DM-filter halfmasks is fully warranted. This
is because of the hazardous filter leakage exhibited by some of these filter types in
four research studies.

However, reducing the class APF from 10 to 2 for all non-powered, DM-filter half-
masks will prevent purchasers and users from benefiting from the superior efficacy

masks eliminates a major incentive to respirator manufacturers to market their me-
dium-to-high-efficacy filter halfmasks. Halfmask manufacturers with superior DM
filters are in effect “held hostage” to the APF of 2 generated by poorer performing
filters of a few manufacturers. This results in a few DM.-filter manufacturers con-
trolling the APF for this class as stated in 1975 by the 3M Company.’’?

Similarly, NIOSH recognizes that an APF of 6 for non-powered, DFM.-filter half-
msksmyﬁlnjﬁanﬂydiminiahtheulocﬁonmduuofthmﬁltoninmmy
workplaces. Roducin;DFM—ﬁltarhalﬁnukuuptonmtricudAPFungoofl to 6

Y%Held, B. J. et al.: Respirator Studies for the National Institute for Occupational Safety and
Health—July 1, 1973 through June 30, 1974, Los Alamos Scientific Laboratory, Progress Report,
#LA-5805-PR (December 1974), pp. 32-33.

J93M Company: Comments—Standards Completion Project, Ketone Hearings, Inflationary Impact.
Comments submitted to OSHA Docket SCP-1, St. Paul, Minnesota (December 1, 1975), p. 7
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will eliminate some current uses of these filters where APFs of 6 to 10 are required.
However, NIOSH concludes that an APF decrease from 10 to 6 for non-powered,
DFM-filter balfmasks is fully warranted due to the hazardous filter leakage exhibit-
ed in four research studies by some of these filter types.

The only reasonably safe way that all NIOSH-certified DM filters on non-powered
halfmasks could be used at an APF of 10 would be to perform contaminant-size mon-
itoring in the environments where the filters will be used. This would enable pur-
chasers and users to identify those environments with contaminant sizes that could
result in hazardous DM.-filter leakage. However, as previously discussed in this
evaluation, less than 30% of employers perform exposure-level monitoring before as-
signing respirators to their employees despite federal regulatory requirements to do
so. Thus it is highly doubtful that employers would do the necessary contaminant.
size monitoring if it were required in addition to exposure-level monitoring. Hence
NIOSH concludes that size-monitoring requirements as a condition for use of DM-

filters would not adequately assure protection of employees from hazardous DM-filter
leakage.




WORKING DRAFT 9.15.92—Performance Evaluation of OM and DFM Fiter Respirators 129

Table P—Input Variable Values and Intermediate Values for APFs Recommended for
DM- and DFM-Filter Masks Certified Under 30 CFR Part 11.

APF for
HEPA-filter
Mk || o mer | e
Respirator Type (considers Figures mask mended
onyface | wandv | (Ean 17 a2
seal

leakage)
Non-powered, quarter or half- 2
mask with DM filter(s)
Non-powered, fullface mask
with DM fitter(s) I 50 0.50 1.96 2
Non-powered, quarter or haif-
mask with DFM filter(s) I 10 0.08 6.49 6
Non-powered, fullface mask
with DFM filter(s) 50 0.06 12.7 13
Powered, quarter or halfmask
with DM filter(s) S0 0.50 1.96 2
Powered, fullface mask with
DM filter(s) 50 0.50 1.96 2
Powered, loose-fitting helmet or
hood with DM fitter(s) 25 0.50 1.92 2
Powered, quarter or halfmask 13
with DFM fitter(s) 50 0.068 12.7
Powered, fullface mask with 13
DFM filter(s) 50 0.08 127
Powered, loose-fitting helmet or 1d
hood with DFM filter(s) e g0 L

CDC
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16—Evaluation of the ANSI 1991 APF-determination strategy.

NIOSH evaluated a second APF-determination Strategy that was recently used by
the ANSI Subcommittee Z88.2 (Practices for Respiratory Protection) to develop APFs
for the ANSI Z88.2-1991 American National Standard Practices for Respiratory Pro-
tection.’415 The ANSI.proposed 1991 APF's have been presented earlier as Table D
in this evaluation. As noted earlier in this evaluation,’? this ANSI nonregulatory
standard has been submitted to the ANSI Board of Standards Review for their ap-
proval.

The ANSI Subcommittee’s APF-determination strategy was based on the general
knowledge that NIOSH-certified DM and DFM filters provide adequate protection for
“larger” contaminant sizes. This strategy must assume that a contaminant-size cri-
terion can be established above which purchasers and users can be assured that haz-
ardous filter leakage will not occur through any NIOSH-certified DM or DFM filter
during use according to a manufacturer’s instructions. Additionally, to benefit from
this strategy an employer must conduct initial and periodic contaminant-size moni-
toring in addition to the initial and routine exposure-level monitoring required in an
adequate respirator-use program.

The following decision sequence outlines the steps required for filter-mask selec-
tion under the 1991 ANSI Z88.2 strategy for determining APFs for masks certified
under 30 CFR Part 11. Note that this is a simplified explanation, since other impor-
tant considerations are involved such as, but not limited to:

4Da Roza, R. A. and P. R Steinmeyer: The New ANSI 288.2, Respiratory Protection Newsletter
6(6):1-7 (September/October 1990).

JISANSI 288 Committes on Respiratory Protection: American National Standard Practices for Respira-
tory Protection, ANSI Z88.2-1991, submitted by Z88 Secretariat for ANSI approval, Livermore, Califor-
nia (March 6, 1991), Table 1, pp. 19-22.

%Refer to material presented in this evaluation under Nonregulatory APF Values Used During the
19708 and 1980s.
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. Is the contaminant a dust, fume, or mist?

. Is the applicable exposure control limit less than 0.05 milligrams per cubic
meter or does it equal or exceed 0.05 milligrams per cubic meter?

. Is the contaminant concentration less than its [DLH concentration? Other

selection considerations of a respirator decision logic also must be complied
with.

Step #1—START: Given that a particulate-filter respirator is appropriate for the
given contaminant, work environment, and prospective user, go to Step #2.

Step #2—DETERMINE: Is the contaminant size known? That is, has at least
initial monitoring for contaminant-size distribution(s) been performed? If NO, go to
Step #3. If YES, go to Step #8.

Step #3—DECIDE: Is it feasible and desirable to conduct an initial monitoring
program for contaminant-size distributions? If NO, go to Step #4. If YES, go to Step
#5.

Step #4—ACTION: Use only a HEPA filter at an APF = 10 for a non-powered
halfmask; APF = 25 for powered air-purifying mask with loose-fitting hood or helmet A
facepiece; or APF = 50 for non-powered fullface mask or powered mask with half-
mask or fullface facepiece. Periodically conduct routine exposure-level monitoring.

Step #5—ACTION: Conduct initial and periodic contaminant-size monitoring in
addition to the initial and routine exposure-level monitoring required in an adequate
respirator-use program. Then go to Step #6.

Step #6—DECIDE: Is contaminant size > adequate-filter-protection criterion? If
NO, go to Step #4. If YES, go to Step #7.

Step #7—ACTION: As appropriate, use a NIOSH-certified DM- or DFM- filter
mask at an APF = 10 for a non-powered halfmask; APF = 25 for powered air-purify-
ing mask with loose-fitting hood or helmet facepiece; or APF = 50 for non-powered
fullface mask or powered mask with halfmask or fullface facepiece. Periodically
return to Step #5 and conduct periodic contaminant-size monitoring in addition to
routine exposure-level monitoring.

NIOSH has concluded that it is undesirable and unreasonable to require the con-
duct of initial and periodic contaminant-size monitoring to determine if the contami-
nant size exceeds some adequate-filter-protection criterion in order to assign an APF
to NIOSH-certified DM and DFM filters (i.e., APF = 10). There are several reasons
supporting this decision.

As noted earlier in this evaluation, since so few employers currently perform expo-
sure-level monitoring required by OSHA regulations, it is highly doubtful that they
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distributions and interpret the results is not generally available to employers. Be-
cause of reasons number two and three, it is likely that the ANSI proposal would
compromise the health and safety of respirator users. Lastly, there are two serious
technical deficiencies in the adequate-filter-protection criterion for contaminant size
of 2 um MMAD required in the 1991 ANSI standard. These technical deficiencies
could compromise the health and safety of respirator users.

The ANSI standard contains the following requirements regarding filter selection
in order to use the standard’s APF values:

The first technical deficiency with this requirement is that it creates the incorrect
perception for respirator purchasers and users that any contaminant with one half
its total mass contained in sizes less than 2 um (i.e., less than its MMAD) will be
incapable of hazardous leakage through a NIOSH-certified DM or DFM filter. A

0.2tolpm.dopondjn¢onthevnﬁahﬂity(300m¢tﬂcmnduddoﬂnﬁon)dthcdu
and mass distributions. That is, half of the particles would be smaller than 0.2 to
lumdiamotcr,whichisthosiunnaofhuudoulnkmthmughDMmdDFM
ﬁltenulhowninFicumVIthwughXInofthhonlunﬂon.
Mmimpoﬂmﬂy,ﬁmmmm indicate that at least three NIOSH-certi-
ﬁedDMﬁltorcwilloxhihitum-PF-lmthmIOforpuﬁclcsimupto4nmdim¢-




134  Performance Evaiuation of DM and DFM Fiter Respirators—WORKING DRAFT 9.15.92

and cumulative mass distributions were about 2.5 to 3.0, then the required minimum
MMAD would be equal to 4 ym times the GSD, which is at least a 10 um and 12 ym
minimum MMAD respectively. If one desired even less than 16% of an inhaled con-
taminant’s mass in less than 4 um-sized particles, then even larger minimum
MMADs would be required, depending on the count and mass GSDs.!* |

Based on Figures XVI and XVII, the ANSI criteria should be revised so that most
of a contaminant’s mass (e.g., 95%) resides in particles with diameters above at least
4 ym. The ANSI MMAD criteria value of 2 pym is substantially too low. Additional-
ly, an MMAD criteria is inappropriate because 509 of a contaminant’s mass resides
in particle sizes less than the MMAD.

However, note that selection of 4 pm for a non-MMAD acceptable-size criterion
would leave no margin of safety to account for the fact that the data presented in
Figures XVI and XVII are neither based on a representative sample of all NIOSH-
certified DM filters nor are the plotted data necessarily from the worst-performing
filters certified under 30 CFR Part 11. It must be recognized that Figures XVI and
XVII are based on filter-leakage data reported from a restricted number of manufac-
turers, a limited number of different filter lots from each filter make and model, and
limited sample sizes tested by each research team. Thus it is highly probable that
other NIOSH-certified DM-filters are available that exhibit worse protection than =
indicated by Figures XVI and XVII at contaminant sizes above 4 um. Any APF-de-
termination strategy similar to that used by the ANSI Subcommittee must take the
preceding considerations into account.

The second technical deficiency in the ANSI requirement quoted above is that it
incorrectly assumes that a NIOSH-certified DFM-filter will provide adequate protec-
tion against any fume regardless of its size. Fumes are generally less than 1 ym
diameter in size’” and DFM filters, as with DM filters, exhibit their highest hazard-
ous leakage in the size range of about 0.1 to 0.4 ym particle diameter. As discussed
earlier in this evaluation, NIOSH has concluded that DFM filters exhibit a charac-
teristic leakage of 6% at medium work rates.’®! For this reason NIOSH concluded
these filters should be limited to an APF of 6 (Table P of this evaluation), not the 10
permitted in the ANSI standard. Any APF-determination strategy similar to that
used by the ANSI Subcommittee should not permit the use of DFM filters at an APF
of 10 against fumes of unknown particle size. If an APF of 10 is needed for a non-

**Hinds, W. C.: Aerosol Technology, John Wiley & Sons, New York (1982), pp. 87-96.
IPbid., p. 6.

*'Refer to discussion presented in this evaluation under Computation of APF Values for DM- and
DFM-Filter Mashs Recommendad in Tabie P.
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powered halfmask, only HEPA filters should be used against unknown particle sizes
for an ANSI-type APF strategy.

Additionally under the ANS] proposal, not only will more wearers have to use
HEPA filters, but those more expensive filters will have to be replaced more frequent.
’y. To obtain the excellent protection that HEPA filters provide, filter-design trade.
offs have resulted in poor filter-loading capacities. That is, compared to DM or DFM

filters, HEPA filters will more quickly reach the point of unacceptable breathing
resistance for the user (i.e., they will clog faster).
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Table Q—Summary Evaluation of ANSI Z88.2-1991 Approach to APFs for Filter
Respirators.

ANSI 283.2-1991 APFs for Filter Respirators

ADVANTAGES
1—APFs of 10 for DM and DFM fiters for non-powered, halfmask facepieces.

2—Nohmmhmwpurd1muwhmmm-to-mwmwwmdnmm
can be wom (e.g., PFs < 10).

DISADVANTAGES

1—Pmd1mnwilhanmuwmomudumnxpmﬁwHEPAMimmmaﬁuwhw
performed by empioyer.

2—HEPAﬁRﬂhcruuthcwurhgwunmmmdhmmtopum.

3—An adequately-protective size criterion must be determined.
mammmmmmmomﬂmm“wummud
receiving hazardous exposures.
Hndﬂ@AMthhmﬁmMMnmmm
M.MMMbNWmMMDMwDFMMMMm&Q
frequently.

mmosmwhmmmm:mmhmmm
APFquMmdDFMMMmHuﬂmdwnphuwiham-ﬁum

CDC
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Figure XVI—Effect of Particle Size on User Protection Factors for a Face-Seal PF of
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Figure XVII—Effect of Particle Size on User Protection Factors for a Face-Seal PF

of 10 at a Characteristic 50 L/min for DM Filter WC-D Certified Under 30 CFR Part
11.



