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INTRODUCTION

The primary neans of protecting workers against respiratory hazards are

engi neering controls, admnistrative rules, and proper work practices.
However, whenever energencies occur or whenever the prinmary nmeans of
protection are infeasible, while they are being put into effect, or if they
are inadequate, then respirators nust be utilized to protect workers agai nst
i nhal ati on of harnful atnospheres.

MI1lions of respirators are in use in industry today. The utilization of
respirators by enployers to protect enployees against inhalation of

contam nants in workplace atnospheres is increasing rapidly. As nedical
research on air contam nants progresses, evidence frequently denonstrates that
many contam nants occurring in workplace atnospheres are hazardous to the
health of workers when present in very |low concentrations. This evidence
requi res governnent agencies, which are responsible for promulgating and
enforci ng occupational health and safety regulations, to issue occupational
exposure standards for these contam nants which contain very |ow perm ssible
exposure limts. Many enployers are required to provide respirators to

enpl oyees for protection agai nst inhalation of these air contam nants because
they often find that it is not possible to utilize engineering controls,

admi nistrative rules, and proper work practices to insure that enployees are
not exposed to concentrations of these air contaninants above the very |ow
perm ssi bl e exposure limts. Therefore, the inportance of respirators as a
means of protecting workers is increasing at a rapid pace and will continue to
do so in the future.

The investigation of the facts involving the conplaints of resirator wearers
concerning the stress placed on wearers by respirators, a study of alleged
i nadequacy of protection provided by respirators, and exam nation of product

liability lawsuits which allege failure of respirators to provide proper
protection frequently denonstrate that these problens are due to the failure
of enployers to establish and inplenment proper respirator prograns. However ,
the results of laboratory studies and field investigations of the performance
of respirators do indicate that nmuch research is necessary to inprove the

| evel s of protection provided by the various types of respirators to workers
and to inprove the acceptability of the wearing of respirators by workers.
Research is needed to establish inproved test procedures and performance
criteria for use in approving respirators since nany current test procedures
and performance criteria are obsolete, inadequate, or do not cover new

i nnovative types of respirators. There is a great necessity for research to
devel op sound methods for evaluating the performance of respirators in

wor kpl aces.  Miuch research nust be carried out to result in commercially

avai l abl e respirators which are acceptable to workers and whi ch provide very
high levels of protection.

There are a nmultitude of research projects which should be carried out to

i nprove the technology of respiratory protection. However, it will not be
possible to cover all of these projects in this presentation. An attenpt wll
be nade to discuss only major respirator research needs.
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STUD ES OF PHYSI .03 CAL AND PSYCHOLOGE CAL STRESSES
APPLIED BY RESPI RATCRS ON WEARERS

There is a great need to study the physiol ogical and psychol ogi cal stresses
applied by respirators on workers. Infornmation on these stresses is needed to
establish nedical limtations for respirator wearers, to devel op neaningfu
respirator performance criteria, to design respirators acceptable to wearers,
and for use in selecting the proper types of respirators for specific
applications involving various workplace conditions.

Stresses exerted by respirator on wearers involving resistance to breathing,
tenperature of inhaled air, oxygen and carbon dioxide concentrations of
inspired air, fatigue caused by excessive repirator mass, vision restriction,
limtation of novenent of wearer, a feeling of claustrophobia or isolation
and a belief that respiration is adversely affected should be investigated.

I NVESTI GATI ON CF EFFECTI VENESS CF RESPI RATCRS | N WORKPLACES

Many studi es have been carried out to deternine the performance of the various
types of respirators in the laboratory and reports presenting the results of

t hese studi es have been published. This |aboratory work has included
investigations of the function of specific respirator conponents and conplete
respirators and has included tests where persons wear respirators in test

at nospheres to pernit the measurenment of protection factors. Unfortunately,
relatively few investigations have been carried out in the field to deternine
the effectiveness of the various types of respirators in providing protection
to workers in actual workplaces and very few reports giving the results of
these investigations have been published.

There is a great need for nore studies to be made to deternine how ef fective
the various types of respirators are in offering protection to workers agai nst
a wide variety of respiratory hazards under actual conditions that exist in
wor kpl aces. The results of such investigations will have many uses. These
results will be helpful in determning the proper types of respirators for
application in protecting workers agai nst various types of respiratory
hazards. These results are needed to deternine whether or not current

| aboratory test procedures and performance criteria are adequate or should be
nmodi fied. A conparison of the respirators protection factors neasured in the
wor kpl ace with respirator protection factors neasured in the |laboratory will

i ndi cate whether or not the results of quantitative respirator fitting tests
carried out in the laboratory have validity in the real world. The results of
wor kpl ace studies are useful in pointing out if constructional changes are
needed in respirators.

RESPIRATOR FI T TESTI NG

In qualitative respirator fit testing, the respirator wearer is exposed to an
irritant snoke, an odorous vapor, or other suitable test agent which can be
detected by a person by sensing irritation, odor, or taste. Wen an
air-purifying respirator is used in qualitative fit testing, it nust be

equi pped with an air-purifying el enent(s) which effectively renoves the test
agent fromthe inspired air. During a qualitative respirator fitting test, if
the respirator wearer is unable to detect the penetration of the test agent
into the respirator, then it is assuned that the wearer has obtained a
satisfactory fit with the respirator
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During a quantitative respirator fitting test, the respirator wearer is
exposed to a test atnosphere containing a test agent in the formof an
aerosol, vapor, or gas. Wen an air-purifying respirator is used in
quantitative fit testing, it nust be equi pped with an air-purifying el enent(s)
which effectively renoves the test atnmosphere and the air inside the
respiratory-inlet covering the respirator, is utilized to nmeasure
guantitatively the penetration of the test agent into the respiratory-inlet
covering.

Respirator fit testing should be used by an enployer in selecting specific
nmakes and nodels of the proper type of respirator for a given respiratory
hazard for assignnent to particular enployees. This is especially true for
negative pressure type respirators which pernmt a negative air pressure to
exist inside the respiratory-inlet covering during inhalation. However, up
until recently, few enployers have utilized respirator fit testing
qualitative or quantitative, for respirator selection. MNow, OSHA is
attenpting to nmandate that enployers utilize fit testing in selecting specific
makes and nodel s of negative pressure respirators for assignment to particul ar

enpl oyees.

There has been nuch controversy concerning the validity of the results of
qualitative respirator fit testing. A few investigations have been carried
out to correlate the results of qualitative respirator fitting tests with the
reuslts of quantitative respirator fitting tests. Mst of these studies
indicate that qualitative respirator fit testing is safe to use if
conservative values are selected for nmaxi mum respirator protection factors for
the application of respirators selected by means of qualitative respirator
fitting tests. However, nore studies are needed to prove conclusively whet her
or not qualitative respirator fit testing is safe for use in respirator

sel ecti on.

During a respirator fitting test, qualitative or quantitative, the respirator
wearer carries out a series of exercises which are supposed to simulate the
novenents of workers engaged in performng tasks in the workplace. Although
certain exercises have been nore or less accepted for use in carrying out
respirator fitting tests, very little has been done to determine if these
exerci ses have statistical significance. Studies should be carried out to

sel ect a set of exercises for use in fit testing of respirators equi pped with
tight-fitting respiratory-inlet coverings and to select a set of exercises for
use in fit testing of respirators equi pped with loose-fitting
respiratory-inlet coverings which have statistical significance. Quantitative
respirator fit testing is preferable to qualitative respirator fit testing
since it gives nunerical results concerning the adequacy or inadequacy of the
fit of a specific nake and nodel respirator on a particular person while
qualitative respirator fit testing only provides a yes or no answer on whet her
a specific nake and nodel respirator fits a particular person. However,
quantitative respirator fit testing is not a panacea because of the many

probl enms encountered in carrying out this testing. Problens of quantitative
respirator fit testing include non-reproducible test results, conplex test
apparatus requiring extensive training of operators, frequent calibration and
ext ensi ve mai ntenance of instrunentation, and the high costs of purchasing the
apparatus, training persons to operate the test apparatus, and carrying out
the tests. At the present tine, several OSHA occupational exposure standards
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mandat e that enployers use quantitative respirator fit testing for selection
of specific makes and nodel s of negative pressure respirators for assignment
to particular enployees. Various CSHA officials have stated that it would be
desirable to require that all enployers who provide negative pressure
respirators to enployees utilize quantitative respirator fit testing in
respirator selection. However, the problens pointed out concerning
quantitative resprator fit testing nmake such testing to be feasible only for
large enployers. Research is needed to develop quantitative respirator fit
testing apparatus that is sinpler to operate, calibrate, and nmaintain than
present apparatus and also which is lower in cost than current apparatus in
order to permt medium size and snmall size enployers to nmake use of
quantitative respirator fit testing

Several years ago NIOSH funded a project to establish the requirenents for a
panel of persons having anthroponetric measurenents representing the adult
work population, nale and fermale, for use in carrying out quantitative fitting
tests on respirators to insure that approved respirators would adequately fit
nost workers. However, N CBH has never used an anthroponetrically selected
panel for quantitative fit testing of respirators submtted to NCBH for
approval. Currently, NCSH carries out qualitative fit testing on some types
of respirators using snall nunbers of human test subjects selected at random
when approving certain types of respirators, and N CBH presently approves sone
respirators without performng any fit testing. There has been sone criticism
that the requirenents for the anthroponetric panel for use in respirators fit
testing established by the nentioned NISOH-sponsored project does not truly
represent the adult work population since the project utilized anthroponetric
data for military personnel who nostly are young and heal t hy persons. It is
recommended that a study be nmade of the adult work population in the United
States to permt the establishment of requirements for a panel of persons
truly representative of this population for use in respirator fit testing. |If
the requirenents for such a panel of persons are established, then perhaps

N C8H woul d perform quantitative respirator fit testing using a panel of
persons neeting these requirenents as part of the respirator approva

program Undoubtedly, if NCSH carried out quantitative respirator fit
testing using appropriate fitting criteria for various types of respirator as
a standard procedure when approving respirators, the manufacturers of
respirators would have incentive to inprove the fitting characteristics of
respirators which they manufacture and market.

PGSl TI VE PRESSURE RESPI RATCRS

A positive pressure respirator is a respirator in which the air pressure
inside the respiratory-inlet covering during both exhalation and inhalation is
positive relative to the air pressure of the atmopshere surrounding the
respirator wearer. Positive pressure respirators include: pressure-denand
open-circuit self-contained breathing apparatus, sonme nodels of closed-circuit
sel f-cont ai ned breat hi ng apparatus, some nodels of hose nmasks with bl owers,
continuous flow airline respirators, pressure-demand airline respirators, and
powered air-purifying respirators. It is assumed that this type of respirator
wi Il prevent |eakage of contam nated atnospheric air into the
respiratory-inlet covering of the respirator and assure a wearer of a very

hi gh protecton factor. Unfortunately, the current respirator test and
approval requirements for positive pressure respirators do not insure that a
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positive air pressure always exists inside the respiratory-inlet coverings of
these devices under all use conditions. Tests have shown that sonme approved
so-called positive pressure respirators provide low protection factors under
certain use conditions which are far below the values of protection factors
whi ch have been listed for these respirators in various published docunents.
Unfortunately, both OSHA and NIOSH have utilized these high protection factor
val ues in recommending the use of positive pressure respirators for protection
of workers against inhalation of very hazardous atnosheres.

Research should be carried out to devel op test procedures and performance
criteria for positive pressure respirators which assures that these
respirators provide high protection factors under all possible use

conditions. The results of this research should be used by NCBH in
establishing test procedures and performance criteria for positive pressure
respirators which are nore realistic than current test procedures and
performance criteria listed in the respirator test and approval docurent. The
manuf acturers of positive presure respirators should make use of such research
results in the design of new positive pressure respirators which of fer higher
levels of protection to wearers under actual use conditions than products
presently produced and marketed.

FACEPI ECES

Wrkers have conpl ai ned about respirator facepieces for many years.
Conpl ai nts include wearing discomfort, poor fit, difficulty of donning and
renovi ng, unsatisfactory neans of adjusting tension in headharness straps
excessive perspiration, dermatitis, restriction of speech transm ssion
fatigue, and deterioration of the face-sealing surface by body oil and
perspiration. These conplaints are the synptons of the poor acceptance of

f acepi ece- equi pped respirators by workers and they are indications that
respirator facepieces frequently fail to function properly. These conplaints
often result in the refusal of workers to wear facepi ece-equi pped

respirators. Unfortunately, when workers who conpl ain about respirator
facepi eces are forced to wear such respirators, these workers frequently wear
the respirators inproperly and this has detrinmental effects on the health of
these workers. Since nost respirators used in industry today are equi pped
with facepieces, these conplaints are very serious. Respirator manufacturers
have the obligation to carry out research to result in the design of
respirator facepieces which would elimnate the nentioned conplaints. Such
facepi eces would increase the acceptance of wearing facepiece-equi pped
respirators by workers and would inprove the wearing of these respirators by
workers. The final results to this research would be inproved protection
attained by the wearers of facepi ece-equipped respirators.

RELI ABI LI TY OF RESPI RATOR PERFCRVANCE DURI NG CONTI NUED WVEARI NG

The present respirator test and approval programdoes not take into account
the reliability of the proper funtioning of nost types of respirators when
worn continuously for long periods of time. The consequences of this l|ack of
required reliability of the performance of approved respirators worn
continuously for long periods of time occasionally results in the availability
of approved respirators which performwell when first worn but which
deteriorate in perfornmance as wearing continues. Soretimes when this
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happens, the marketplace will mandate that changes be made in the construction
of respirators to inprove their reliability in providing proper protection
when worn continuously for long periods of tinme. However, there is no
guarantee that such correctional action will occur since respirator wearers
may not be aware that the performance of respirators nmay be decreasing as the
are bei ng worn

There is a need for an investigation of how respirators performwhen worn
continuously for long perids of tinme. The results of this work should be used
to establish test procedures and performance criteria for incorporation into
the respirator test and approval programto assure that approved respirators
function properly when worn continuously for long periods of tinme. Respirator
manufacturers can utiiize the results of such an investigation to inprove
respirator designs.

DURABI LI TY OF REUSABLE RESPI RATORS

The durability of a reusable type respirator to wthstand repeated use and
function properly is not covered by the current respirator test and approval
program A study sould be undertaken to detern ne how well approved reusable
type respirators performwhen used repeatedly. The results of this study
shoul d be enployed to set up durability test procedures and perfornmance
criteria as part of the respirator test and approval program

EFFECTS CF SH PMENT AND STCRAGE ON RESPI RATCR AIR-PURIFYING ELEMENTS

Respirator air-purifying elements nmay be exposed to conditions during shipnent
and storage which adversely affect the perfornance of these devices.

Soreti nes respirator users have becone aware that the function of respirator
air-purifying respirators has been inpaired by various conditions of shipnent
and storage and these users have taken action to insure that the affected
products are not used. Unfortunately, some respirator users may not be

cogni zant that certain conditions of shipment and storage nay reduce the
performance of respirator air-purifying elenents and this can result in the
wearing of air-purifying respirators by workers that are not providing proper
protection. The present respirator test and approval programdoes not contain
requi rements which insure that respirator air-purifying el enents are
adequately protected during shipnent and storage

Work should be carried out to determne the effects of various conditions of
shipnment and storage on the performance of respirator air-purifying el enents.
The findings of this work should be used to establish test procedures and
performance requirenents for respirator air-purifying el enents which insure
that approved products are properly protected during shipnent and storage.

SCRATCH NG CF LENS I N RESPI RATCR USED | N ABRASI VE BLASTI NG

Excessive scratching of the lens in a respirator used for protection in an
abrasi ve bl asting operation can be hazardous to the respirator wearer since
such scratching may inpair the wearer's vision. The present respirator test
and approval programdoes not contain a test procedure and a quantitative
performance criterion concerning the resistance of the lens in a respirator
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approved for use by a person engaged in abrasive blasting to scratching by
rebounding abrasive particulate natter. Research should be carried out to
establish the nentioned test procedure and quantitative performance criterion

SELF-CONTAINED BREATH NG APPARATUS

At a public neeting held three years ago concerning the respirator test and
approval programand at a public neeting held several weeks ago concerning
this program a nunber of persons representing fire fighting organizations

poi nted out the need for special test procedures and performance criteria for
sel f-contained breathing apparatus used by fire fighters. These peopl e gave
evi dence why such test procedures and perfornmance criteria are needed.

Subj ects nentioned by these people included poor operation of the apparatus at
high and low tenperature extremes, the flammability of material used in the
apparatus, the perneation of elastoneric material used in the apparatus by
various chemcals, the nalfunction of regulators caused by high velocity water
streans, the corrosion of metal conponents of the apparatus, and inadequate
performance of end of service life alarns.

Fire fighters routinely are exposed to extremely dangerous atnospheres. Thei r
lives and their health depend upon the proper functioning of self-contained
breat hi ng appar at us. Anpl e evidence exists that approved self-contained
breat hi ng apparatus may not always provide adequate protection to fire
fighters. Thus, there is an urgent need to carry out research to result in
the devel opnent of special test procedures and performance criteria for

sel f-contai ned breathing apparatus for use by fire fighters.

AIR-PURIFYING RESPI RATCRS

Most of the performance tests listed in the current respirator test and
approval docunent for particulate-filtering respirators involve the use of
aerosol s having high concentrations of particulate matter which rapidly plug
the fibrous particulate-filtering el enents enployed in respirators and involve
the measurement of the integrated penetration of these fibrous
particulate-filtering el ements over long periods of time. These perfornance
tests were devel oped many years ago when high concentrations of airborne
particul ate matter in workplace atnospheres were common. Today, nost
particulate-filtering respirators are used were conditions do not result in
rapid plugging of fibrous particulate-filtering el enents by retained
particles. It is possible that under present workplace conditions,
significant penetraticn of fibrous particulate-filtering el ements by airborne
particles may occur. Certain storage and use conditions nmay adversely affect
the functioning of sone types of fibrous particulate-filtering material, but
such conditions are not taken into account by the present respirator test and
approval program Particulate-filtering respirators sometinmes are used for
protection of persons against inhalation of airborne fibrous particul ate
matter such as asbestos fibers, but the current respirator test and approval
docunment does not l|ist any test procedures and perfornmance criteria which
assure that particulate-filtering respirators provide adequate protection to
wearers against airborne fibrous particulate matter. Research should be
carried out to develop test procedures and perfornance requirenents involving
the instantaneous penetration of particulate-filtering respirators by
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respirable Size particles during the use periods of these respirators, to
insure that particulate-filtering respirators offer adequate protection

agai nst airborne fibrous particulate natter, and to assure that
particulate-filtering respirators do not contain fibrous particulate-filtering
naterials adversely affected in regard to function by various storage and use
conditions.

A though published test reports have shown that the service lives of organic
vapor-renoving cartridges and canisters vary w dely depending on the organic
vapors used in the tests, the present respirator test and approval docunent
lists only a single organic vapors which is readily adsorbed by the sorbent
nmaterial used in these cartridges and canisters as the sole representative of
the many thousands of volatile organic substances. Research should be carried
out wth the purpose of establishing a set of organic vapors as
representatives of the various classes of organic conpounds for use in the
perfornance testing of organic vapor-renoving cartridges and canisers. The
respirator test and approval docunent should be amended to list this set of
organic vapors for use in approving air-purifying respirators for protection
of persons against inhalation of organic vapors.

Medi cal research is producing evidence that exposure of persons to |ow
concentrations of vapors and gases of specific substances results in serious
heal th hazards. Testing of standard vapor-/gas-removing cartridges and
canisters used in various approved air-purifying respirators agai nst several
of these vapors and gases indicates that these cartridges and canisters
readily permt penetration of these vapors and gases. |f osHA promul ates
occupational exposure standards for these vapors and gases which |ist
extrenely |ow permssible exposure limts there wll be an increasing need for
air-purifying respirators for protection of workers exposed to |ow
concentrations of these vapors and gases. Thus, there will be a great need
for research to be carried out by respirator nanufacturers and sorbent
nanufacturers ained at the devel opnent of special sorbent nmaterials for use in
vapor-/gas-removing cartridges and canisters that wll effectively renove
these vapors and gases fromair. A so, research should be carried out to
establish test procedures and perfornmance criteria for vapor-/gas-removing
cartridges and canisters for use in air-purifying respirators for protection
of persons against inhalation of these vapors and gases and these procedures
and criteria should be added to the respirator test and approval docunent.

The present respirator test and approval docunent |ists carbon tetrachl oride
vapor, |ead oxide fume, and silica dust as the test agents for use in

eval uating the performance of air-purifying respirators which are approved for
protection of persons against inhalation of airborne pesticides. Persons are
exposed to airborne pesticides that vary wdely in chemca conposition and
these airborne pesticides may be in the formof vapor and particul ate matter,
both solid and liquid. It is not known if currently approved pesticide
air-purifying respirators provide adequate protection to persons exposed to
ai rborne pesticides which vary in conposition and form S nce nmany thousands
of persons exposed to toxic airborne pesticides nust depend upon the use of
air-purifying respirators for protection of their health, it is urgent that
research be perforned to devel op test procedures and perfornance criteria for
use in approval testing of pesticide air-purifying respirators which are nore
realistic then the test procedures and perfornmance criteria presently listed
in the respirator test and approval docunent. '
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ESTABLISHMENT CF AN | MED ATE RESPONSE RESPORATOR RESEARCH LABCRATCRY

The |l evel of research in occupational health now is much greater than it has
been in the past. This activity has led to the discovery that many substances
present in the air at very low concentrations are hazardous to the heal th of
exposed per sons. It should be expected that nany additional discoveries of
this type will be made in the future.

Industrial technology is constantly changing. |Industrial research and

devel opnent continues to result in new materials, products, and processes.
Many of these new naterials, products, and processes generate new respiratory
hazards. This situation will continue in the future.

Qccupational safety and health standards issued by OSHA are required to cover
the use of personal protective equi pment including respirators for protection
of workers agai nst hazards whi ch nmay occur in workplaces. Cten, it is not
known if the various types of approved respirators offer adequate protection
against air contanminants covered by these new C8HA standards. Sonetines, it
is known that new test procedures and perfornance criteria are needed for use
in approving respirators for protection of persons exposed to air contan nants
covered by new CSHA st andards.

Wnhfortunately, a respirator research |aboratory which can respond immedi ately
to cope with the nentioned probl ens does not exist. It is proposed that NIOSH
establish a respirator research |aboratory which has adequate equi pnent and
staff to respond i mmedi at el y whenever new probl ens ari se concer ni ng
respiratory protection.



