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CHAPTER 1

NIOSH AND RESPIRATORYPROTECTION

This report is intendedto provide respirator users with a single sourceof
respiratorinformation. It coversthe selection,use,andmaintenanceof
respiratoryprotectivedevicesavailablein 1987,and thereforeservesas an
updateto the 1976 Guide to Industrial RespiratoryProtection.

When the National Institutefor OccupationalSafetyand Health(NIOSH) was
establishedin 1971, the professionalstaff recognizedthe crucial needfor
establishingthe correct role of respiratoryprotectionin workplaces.
While dedicatingthe majority of its resourcesto the fundamentalconceptsof
industrial healthand safety,NIOSH hasdevoteda significantpart of those
resourcesto threeareasof respiratoryprotection——research,training, and
certification.

NIOSH hashad an ongoingrespiratorresearchprogramsincethe early 1 970s.
Most of the recentresearchhasbeendedicatedtoward improving the quality and
reliability of respiratorsthrough developmentof newand revisedperformance
requirementsfor respiratorcertification.

Respiratortraining hasbeena focalpoint of the NIOSH activities in
respiratoryprotection. The basicrespiratortraining courseswhich are
availablefrom severalsourcestodayare basedon the respiratorcourse
developedby NIOSH personnel.

NIOSH andOSHA establisheda Joint RespiratorCommitteein 1973, for the
purposeof developingstandardrespiratorselectioncriteria andtablesfor the
approximately400 hazardousmaterialsregulatedby OSHA. This committee,
assistedby contractorsfrom Los Alamos ScientificLaboratoryand Arthur D.
Little, Inc., developedthe respiratorselectiontablesthat appearin NIOSH
criteria documentsand in the initial NIOSH/OSHAPocketGuideto
ChemicalHazards. The committeealsoparticipatedin developmentof the initial
RespiratorDecisionLogic, which hasbeenrevisedfor this publication.

The respiratorcertificationwork of NIOSH is a directoffshootof the approval
of mine rescuebreathingapparatusby the Bureauof Mines. Underauthorization
of the Coal Mine Healthand SafetyAct of 1969 and the FederalMine Safety and
HealthAct of 1977, NIOSH hasestablishedan evaluationandcertification
programfor respirators. All certificationsare issuedjointly with the Mine
Safetyand HealthAdministration(MSHA).

The goalof the certificationprogramis to help increaseworkerprotection
from airbornecontaminantsby certifying respiratorsthat meet the minimum



performancerequirementswhich appear in Title 30, Code of Federal
Regulations,Part 11(30CFR 11). NIOSH certification evaluationsinclude a
laboratoryevaluationof the respirator,anevaluationof the manufacturer’s
quality control (QC) plan,audit testingof certified respirators,and
investigationsof problemswith MSI{A/NIOSH certified respirators.
In accordancewith 30 CFR 11, MSHA/NIOSH certificationsare issued for
respirators specifically for usein minesand mining. However,the wide
variety of respiratorsusedin minesand mining ensuresthe availability of
certifiedrespiratorsfor mostotherapplications.

NIOSH has proposed significant revisions to 30 CFR 11. Once revised
regulationsare in effect, NIOSH expectsto push vigorously for other
improvements in respirator performance standardsover the ensuingseveral
years.

NIOSH also monitors respirators over the lifetime of their certification.
Samplesof “off the shelf” respiratorsareevaluatedin NIOSH laboratories to
seeif they continueto meetapplicableminimum performancerequirements.In
addition, NIOSH performsin-plant QC audits in order to determine if
manufacturersare complying with the QC planssubmittedin their approval
applications. Reportsof problemsreceivedfrom regulatoryagencies,labor
organizations,respiratorusers,and respiratormanufacturersare
investigatedand resolved.
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CHAPTER2

TYPES OF RESPIRATORS

The basicpurposeof any respiratoris, simply, to protectthe respiratory
system from inhalationof hazardous atmospheres. Respirators provide
protectioneither by removingcontaminantsfrom the air beforeit is inhaled
or by supplying an independent source of respirable air. The principal
classificationsof respiratortypesare basedon thesecategories.

A respirator that removes contaminants from the ambientair is called an
air-purifying respirator. A respiratorthat providesair from a source
otherthanthe surroundingatmosphereis an atmosphere-supplying
respirator. Both typescanbe further subclassifiedby thetype of inlet
coveringand the modeof operation. Figures2-1 through2-6 detail the
subclassificationsof respiratorsthat will be discussedin this chapter.

I. RespiratoryInlet Coverings

The respiratory inlet covering serves as a barrieragainstthe contaminated
atmosphereandas a frameworkto which air-purifying or atmosphere-supplying
elementsmay be attached.

A. Tight—fitting coverings

Tight—fitting coverings,usually called “facepieces,”aremadeof
flexible molded rubber, silicone, neoprene, or othermaterials. Present
designsincorporaterubberor wovenelasticheadstrapsthat are attached
at two to six points. They buckletogetherat the backof the head,or
mayform a continuousloop of material.

Facepieces are available in three basic configurations. The first,
calleda “quarter-mask,”coversthe mouth and nose, and the lower
sealing surfacerestsbetweenchin and mouth (Fig. 2-7). Good
protectionmay be obtainedwith a quarter-mask,but it is moreeasily
dislodgedthanother types. Quarter-masksare•most commonly found on
dustand mist respirators.

A secondtype, the “half-mask,” fits over the noseand under the chin
(Fig. 2-8). Half-masksare designedto sealmore reliably thanquarter-
masks,so theyarepreferredfor use againstmore toxic materials.

A third type, the “full-fàcepiece,” covers from roughly the hairline to
below the chin (Fig. 2-9). On the averagethey provide the greatest
protection,usually sealmost reliably, andprovide someeyeprotection

—3—



AIR-PURIFYING RESPIRATORS

j
PARTICULATE

REMOVING

Single-Use

COMBINATION PARTICULATE REMOVING VAPOR AND GAS

AND VAPOR AND GAS REMOVING REMOVING

Replaceableor ReusableFilter

Non-Powered Powered

Particulatefilters for
protectionagainspneu-
moconiosisand fibrosis

producingdusts Mouthpiece
QuarterMask

Half Mask
Full Facepiece

Hood or Helmet

Facepiece,hood or helmet
usually equippedwith
breathingtubeandelectri-
cally poweredblower to
which replaceable or reuse-
able filter is attached.

Combinations

Figure 2—1.Particulateremovingrespirators

I

Mouthpiece
QuarterMask

Half Mask
Full Facepiece

Facepiece equipped
with replaceable
or reusable filter(s)

Particulatefilter for protectionagainst
the following:

Dusts Mists Radondaughters

Metal fumes Highly toxic dusts Asbestosdustand mist

-4-



AIR-PURIFYING RESPIRATORS

PARTICULATE COMBINATION PARTICULATE REMOVING VAPOR AND GAS
REMOVING AND VAPOR AND GAS REMOVING REMOVING

Single—Use ReplaceableCartridgeor Canister

Mouthpiece’ Powered Non-Powered
Half Mask

Single usedisposable
respirator. Sorbentbed Half Mask Mouthpiece’
is permanentlyattached Full Facepiece Half Mask
to facepiecebody. Hood or Helmet Full Facepiece

GasMask

Facepiece, Facepieceequipped
Hood or Helmet with replaceable
equippedwith cartridge(s)
electrically
poweredblower
with attached
canister. Facepieceequipped

with chest,back,or
chin mountedcanister.

Sorbent(s)for protection Sorbent(s)for protection
againstvapor(s)andgas(es) againstvapor(s)and gas(es)

1 EscapeOnly

Figure 2—2. Vapor and gas removingrespirators
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AIR-PURIFYING RESPIRATORS

PARTICULATE COMBINATION PARTICULATE REMOVING VAPOR AND GAS
REMOVING AND VAPORAND GAS REMOVING REMOVING

Single—Use ReplaceableCartridge,Canister,and Filter

I I
Mouthpiece1 Powered Non-Powered
Half Mask

Mouthpiece Mouthpiece’
Half Mask Half Mask

Disposable Full Facepiece Full Facepiece
Respirator Hood or Helmet GasMask

Full Facepiece
Facepiece,hood or Facepieceequipped equippedwith
helmetequippedwith with replaceable chest,back,or
electrically powered combination filter(s), chin mounted
blower to which and cartridge(s) canister.
replaceablecombina—
tion filter and cartridge
is attached

Particulatefilter
______ in combination with

sorbent(s)for protection

againstparticulates,
vapors,and gases,carbon
monoxide

Particulatefilter in combination
with sorbent(s)for one or more
vapor(s)and gas(es)for protection
against the following:

Particulates I
PaintSpray vapors& gases Pesticides

1 Escape Only

Figure 2—3. Combinationparticulateand vapor and gas removing respirators
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ATMOSPHERE-SUPPLYING RESPIRATORS

SELF-CONTAINED
BREATHING APPARATUS

Closed Circuit
CompressedOxygen
ChemicalOxygen

Liquid Oxygen
L

Demand

ll.53(a)(l) to (4)
11.70 (c)

COMBINATION
SELF-CONTAINED

BREATHING APPARATUS

Mouthpiece1

Half Mask
Full Facepiece

30 minutes or more

Auxiliary Mine Rescue

11 .53(a)(5),(6)
11.70(d)

Figure 2—4. Self-containedbreathingapparatus

SUPPLIED AIR
RESPIRATORS

OpenCircuit
CompressedAir

I
Hood or Helmet

1-houror more

I II
Pressure Continuous
Demand

(ServiceTime)

Mine Rescue

Flow

3—15 minutes

‘EscapeOnly

EscapeUseOnly

11.53 (7)—(1O)
11.70 (d)
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ATMOSPHERE-SUPPLYING RESPIRATORS

COMBINATION
SELF-CONTAINED SELF-CONTAINED SUPPLIEDAIR

BREATHING APPARATUS BREATHING APPARATUS RESPIRATORS

HoseMask

QuarterMask QuarterMask
Half Mask Hoodor Helmet Half Mask Hoodor Helmet

Full Facepiece Full Facepiece

I’ . 1
With Without With I I I

Blower Blower Blower Demand Pressure Continuous Continuous
Demand Flow flowI ___ I

11.ilO(a)(1) ll.llO(r4(2) 11.11O(afle)
Type A typeA __________________ Type C orType CE

1i.11O(a)(5)
Type C orType CE

11.110(a)(3)
Type B

* TypeCE respiratorsmust havea meansof protectingthewearer’sheadand neck againstimpactand
abrasionsfrom reboundingabrasivematerialandwith shielding materialsuchas plastic, glass,woven
metal wire, etc.

Figure 2-5. Supplied-airrespirators
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ATMOSPHERE-SUPPLY1NG RESPIRATORS

SELF-CONTAINED
BREATHING APPARATUS.

COMBINATION
SELF-CONTAINED

BREATHING APPARATUS

~1
J

Type C or CE Supplied Air

Demand

3,5, or 10 minute
service time
I l.7O(b)’~

Respiratorwith Auxiliary
Air Supply

Half Mask
Full Facepiece

Hood or Helmet

Continuous
flow

> 15 minute
servicetime
1 1.70(b)(2)

* SCBA can be used for egress only.

Figure 2—6. CombinationSCBA and supplied-airrespirators

SUPPLIED AIR
RESPIRATORS

Pressure
Demand

Auxiliary
Compressed
Air Supply
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FIGURE 2-7. Typical quarter-maskrespirator

r
Air-Purifying Element

ExhalationValve



FIGURE 2-8. Typical half-mask respirator

Face pie ce Headbancjs

Air-Purifying Element

Exhalation Valve
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Facepiece

Air Directing Inlet

Air—Purifying Element

FIGURE 2—9. Typical full-facepiece respirator

Eyepiece —._........~

ExhalationValve
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aswell. Full—facepiecerespirators,bothair-purifying and atmosphere-
supplying,are designedfor use in higherconcentrationsof toxic
materialsthan are quarter—or half-maskrespirators.

Themouthpiececonsistsof a mouthpieceheld in the teeth(the lips seal
aroundit) anda clamp that closesthe nostrils (Fig. 2—10). Mouthpiece
respiratorsshould providea good seal,but theyeliminate
communication,maycausefatigue, and provide no eyeprotection.
Therefore,mouthpiecerespiratorsarecertified for useas escape—only
respirators.

B. Loose—fitting coverings

Loose-fittingcoveringsinclude hoods,helmets,suits, andblouses.
Thewide variety of designsprecludesany simple description,but Fig.
2-.1I showsa blousewhich typifies the basicprinciplesof construction
andoperationof all suchdevices.

Generally,loose-fitting respiratorsencloseat leastthe head. A light
flexible devicecoveringonly the head and neck,or head,neck,and
shouldersis calleda hood. If rigid protectiveheadgearis
incorporatedinto the design,it is calleda helmet. Blousesextend
down to the waist, and somehavewrist-lengthsleeves. The enclosure
includesa systemthroughwhich cleancompressedair is distributed
aroundthe breathingzone.

A specialtypeof loose—fitting coveringin commonuse is the abrasive—
blasting hood (Fig. 2—12). The hood material is designedto withstand
reboundingparticlesof abrasivematerial. Also, thereis usually an
impact-resistantglassor plastic viewing lens with additionalplastic,
glass,or wovenwire shielding that deflectsthe reboundingparticles.

11. Air-Purifying Respirators

A. ParticulateFiltering Respirators

Particulatefiltering respiratorsareusedfor protectionagainstdusts,
fumes,and/ormists. A dust is a solid, mechanicallyproduced
particle. A fume is a solid condensationparticulate,usuallyof a
vaporizedmetal. A mist is a liquid condensationparticle.

Presently,all particulatefiltering respiratorsusefibrous material (a
filter) to removethe contaminant. As a particle is drawnonto or into
the filter, it is trappedby thefibers. Theprobabilitythat a single
particlewill be trappeddependson suchfactors asits size relative to
the fiber size;its velocity; and, to someextent,the composition,
shape,and electricalchargeof both particleandfiber. With current
filter media,any filter designedto be 100% efficient in removing
particleswould be unacceptablydifficult to breathethrough.

—13—



FIGURE2—10. Typical “mouthpiece” respirator

NoseClamp

Mouthpiece K
Valve

Air-Purifying Element

ExhalationValve

RespiratorBody
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Facepiece

FlexibleTube

Air Flow Control Valve

Quick Connect-Disconnect

FIGURE 2—11. Loose-fitting blouse

Lens andScreen

ExhalationValve

Hood and Cape
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Circular PerforatedAir Diffuser

Quick Connect-DisconnectCouplii

FIGURE 2—12. Typical abrasive blasting hood

Metal Helmet

t I
~ ‘ \ ‘ I

9$’

Adjustable

Hood andCape

flexible Tube

Line

Air Flow Control Valve
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Manufacturerstry to producethe most efficient filter with the lowest
breathingresistance.As the particulaterespiratoris usedparticulate
materialcollectson the filter and the openingsbetweenfibers become
smaller. This resultsin an increasein thebreathingresistance.The
filter may alsobecomemoreefficient.

Thereareseveraldesignsof respiratorfilters. Eachcanbe described
by its filtration mechanism(s),productionmethodsor type,the aerosol
againstwhich it is designedto provideprotection,and the filtering
efficiency.

1. Filtration Mechanisms

Particulatefilters are of two types: absoluteand non-absolute.
Absolutefilters usescreeningto removeparticlesfrom the air;
that is, they exclude the particleswhich are larger than the
pores. However,mostrespiratorfilters are non—absolutefilters,
which meansthey containporeswhich are larger than the particles
to be removed. They usecombinationsof interceptioncapture,
sedimentationcapture,inertial impactioncapture,diffusion
capture,and electrostaticcaptureto removethe particles. The
exactcombinationof filtration mechanismswhich comeinto play
dependsupon the flowrate throughthe filter and the size of
particle. Brief descriptionsof thesefiltration mechanismsfollow.

a. InterceptionCapture

As the air streamsapproacha fiber lying perpendicularto their
path, they split and compressin order to flow aroundthe fiber and
rejoin on the otherside (Figure 2—13). If thecenterof a
particle in theseairstreamscomeswithin oneparticleradiusof
the fiber, it encountersthe fiber surfaceandit is captured. As
particlesize increases,the probabilityof interceptioncapture
increases.The particlesdo not deviatefrom theiroriginal
streamlinein this mechanism.

b. SedimentationCapture

Only largeparticles(2 ~i and larger) are captured by
sedimentation.Since this type of capturerelieson gravity to
pull particlesfrom the airstream,flowrate throughthe filter must
be low (Figure 2—14).

c. Inertial ImpactionCapture

As the airstreamssplit and changedirection suddenlyto go around
the fiber, particleswith sufficient inertia cannotchange
direction sufficiently to avoid the fiber. Thus they impacton the
surfaceof the fiber (Figure2—15). A particle’ssize, density,
speedand shapedetermineits inertia.

-17-



Interceptioncapturemechanism1

‘ Japuntich, Daniel A. Respiratory Particulate Filtration. J. Ind. Soc. Respir.
Prot. 1984; 2(i):l37—169.

FIGURE 2-13.

FIGURE 2—14. Sedimentation capture mechanis&

FIGURE 2—15. ImpactIon capture mechanism1

—18—



d. DiffusionCapture

The motion of smallerparticlesis affectedby air molecules
colliding with them. The particlesthencan randomlycrossthe
airstreamand encounterthe fiber as they pass(Figure 2-16). This
randommotion is dependenton particlesize and the air
temperature.As the particlesize decreasesandair temperature
increasesthe diffusive activity of the particle increases.This
increasesthe probability of capture. Lower flowrate throughthe
filter also increasesthe probability of capturebecausethe
particlespendsmore time in the areaof the fiber.

e. ElectrostaticCapture

In electrostaticcapture,the particle is chargedandthe filter
fibers havethe oppositecharge. Therefore,the particlesare
attractedto the fibers (Figure 2—17). The electrostaticcapture
mechanismaidsthe othercapturemechanisms,especially
interceptionanddiffusion.

As wasmentionedpreviously,the exactcombinationof capture
mechanismstaking placedependsupon severalfactors. However,
somegeneralizationscanbe made. Largeheavyparticlesare
usually removed by inertial impaction and interception. Large
light particles are removed by diffusion and interception.
Diffusion removes very small particles.

2. Typesof Filters

Three types of particulate filter predominate. The most common type
presentlyavailableis a machinemadeflat disk of randomlaid
non-wovenfiber material which is carefully controlled to produce
maximumfilter efficiency and minimum resistance.

Anothertype (Figure 2-18)is a flat disk of compressednaturalwool
or syntheticfiber felt, or a blend, to which an electrostatic
chargeis imparted during manufacture by impregnating the material
with a resin and mechanicallybeatingor ~need1ingNit. This
chargeincreasesthe filter efficiency by electrostatically
attractingthe particlesto thefibers. Thesefilters protect
adequatelyagainstmost industrial dusts,butone precautionshould
be observedin their use. Certain agents,such as oil mists, and
storagein very humidair removetheelectrostaticcharge.
Therefore this type of filter should be storedin its original
package, kept out of oil mists and high (>80%) humidity, and used
assoonas possibleafter purchase.

-19-



FIGURE 2—16. Diffusion capture mechanism1

tharged Particules

FIGURE 2-17. Electrostatic capture

I Japuntich, Daniel A. RespiratoryParticulateFiltration. 3. md. Soc. Respir.
Prot. 1984; 2(1~.l37-169.

0~

Qiarged Fiber
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Filter Cover
Filter Pad

Filter Holder

Facepiece Body

FIGURE 2—18. Typical resin-impregnated felt dust filter

r

Inhalation Valve

-21~-



The resin impregnatedfelt filter is readily identifiedby rubbing
it between the fingers and then rubbing the fingers together. The
fingers will feel slightly sticky.

Another type of dust filter is shownin Figure2-19. Thefiltering
mediumis only loosely packedin the filter containerso it is much
thicker thanthe compressedtype. Such filters aregenerallymade
of fibrous glass,althoughnonfelted,resinimpregnatednatural
wool fibers havebeenused. They arenot ascommonasthe felted
type. Typical dust respiratorsare shownin Figure2-20.

Figure 2-21 showsa typical high efficiency dust, fume, and mist
filter and Figure2—22 showshigh efficiency respirators. The
filter is a flat sheetof material that is pleatedand blacedin
the filter container. The pleatingprovidesa largefiltering area
to improvethe particle loading capacityand lower the breathing
resistance.When viewedfrom the top, this type of filter showsa
seriesof concentricrings or rows of pleats. This configuration
is common,but othermethodsof constructionare alsoused.

3. ParticulateRespiratorClassifications

For the 30 CFR 11 SubpartK certification testsparticulate
respiratorsareclassified as designed for protection against a
varietyof dusts,fumes,mists. The following typesarepresently
certified by MSHA/NIOSK

a. Replaceableor ReusableDustand Mist

Respirators, either with replaceable or reusable filters, designed
asrespiratoryprotectionagainst(1) dustsandmists havingan exposure
limit not less than 0.05 milligram per cubicmeterof air, or (2)
dustsand mists havingan exposurelimit not less than 2 million particles
percubic foot of air.

b. ReplaceableFume

Respirators, with replaceable filters, designed as respiratory
protectionagainstfumesof variousmetalshavingan exposurelimit
not less than 0.05 milligram per cubicmeter.

c. ReplaceableDust.Fume,andMist

Respirators,with replaceablefilters, designedasrespiratory
protectionagainstdusts,fumes,and mists of materialshaving an
exposurelimit less than0.05 milligram per cubic meteror
2 million particlespercubic foot of air.
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FIGURE 2-19. Typical dust filter with loosepackedmedium
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FIGURE 2—21. Typical high efficiency filter
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PhotographCourtesyof Willson SafetyProducts

FIGURE2L22. Typical half— and full-facepiece high efficiency respirators

PhotographCourtesyof U.S.SafetyService

S --~

-26-



d. Single-use

Respiratorsdesignedasrespiratoryprotectionagainst
pneumoconio~is-and fibrosis-producingdusts,or dustsandmist.
In the single-userespirator,the filter is either an integralpart
of the facepieceor it is the entire facepieceitself (seeFigure
2—23).

4. Filter Efficiency

Filter efficiency maybe classifiedasfollows:

a. High Efficiency

The highestefficiencyfilters (99.97percentagainst0331 dioctyl
phthlate particle) areusedon high efficiency respirators
certifiedfor protectionagainstdusts,fumes,and mists having an
exposurelimit less than 0.05 milligram per cubic meteror 2
million particlesper cubicfoot of air.

b. Lower Efficiency

Respiratorsfor dusts,fumes,and mists having an exposurelimit not
less than 0.05 milligram per cubic meter,havelower efficiency
filters as classified in 30 CFR 11 (approximately99 percent
againsta leadfume aerosol).

Dust, mist, single~.usedustand mist respiratorsalsohavelower
efficiency filters as classifiedin 30 CFR 11 (approximately99
percentagainsta silica dust particlewith a geometricmean
diameterof 0.4 to 0.611 and a standardgeometricmeandeviation
not greaterthan2).

B. VaporandGasRemovingRespirators

The othermajor classof airbornecontaminantsconsistsof gasesand
vapors. Air—purifying respiratorsareavailable for protectionagainst
both specific gasesandvapors,suchas ammoniagasand mercuryvapor,
andclassesof gasesand vapors,suchasacid gasesandorganicvapors.
In contrastto filters, which areeffective to somedegreeno matter
what the particulate,the cartridgesand canistersusedfor vapor and
gasremovalare designedfor protectionagainstspecificcontaminants.
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FIGURE 2—23. Typical single userespirators

PhotographCourtesyof Moldex-MetricInc.

PhotographCourtesyof Louis Al. Gerson Co.. Inc.
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1. RemovalMechanisms

Vapor and gas removingrespiratorsnormally removethe contaminant
by interactionof its moleculeswith a granular,porousmaterial,
commonlycalled the sorbent. The generalmethodby which the
moleculesareremovedis called sorption. In addition to sorption,
somerespiratorsusecatalystswhich reactwith the contaminantto
producea less toxic gasor vapor.

Threeremovalmechanismsareusedin vapor and gasremoving
respirators.

a. Adsorption

Adsorption retainsthe contaminantmoleculeon the surfaceof the
sorbentgranuleby physicalattraction. The intensity of the
attractionvarieswith the type of sorbentandcontaminant..
Adsorptionby physicalattractionholds the adsorbedmolecules
weakly. If chemicalforcesare involved, however, in the process
calledchemisorption,thebondsholdingthe moleculesto the
sorbentgranulesaremuchstrongerand can be brokenonly with
greatdifficulty.

A characteristiccommonto all adsorbentsis a largespecific
surfacearea,up to 1500 m2/g of sorbent. Activated charcoalis
themost commonadsorbent. It is usedprimarily to removeorganic
vapors,although•it doeshavesomecapacityfor adsorbingacid
gases.Activatedcharcoalalsocan .be impregnatedwith other
substancesto makeit moreselectiveagainstspecific gasesand
vapors. Examplesareactivatedcharcoalimpregnatedwith iodine to
removemercuryvapor,with metallic oxides to removeacid gases,
and with saltsof metalsto removeammoniagas. Other sorbents
which could be usedin vapor and gasremovingrespiratorsinclude
molecularsieves,activatedalumina,and silica gel.

b. Absorption

Absorbentsmayalso be usedto removegasesand vapors. Absorbents
differ from adsorbentsin that, althoughthey are porous,they do
not haveaslargea specific surfacearea. Absorption is also
differentbecausethe gasor vapormoleculesusually penetrate
deeplyinto the molecularspacesthroughoutthe sorbentand are
held therechemically. Probably,.absorptioncannotoccurwithout
prior adsorptionon thesurfaceof the particles. Furthermore,
adsorptionoccursinstantaneously,whereasabsorptionis slower.
Most absorbentsareusedfor protectionagainstacid gases. They
include mixturesof sodiumor potassiumhydroxidewith lime and/or
causticsilicates.
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c. Catalysis

A catalystis a substancethat influencesthe rateof chemical
reactionbetweenothersubstances.A catalystusedin respirator
cartridgesandcanistersis hopcalite,a mixtureof porousgranules
of manganeseand copperoxideswhichspeedsthereactionbetween
toxic carbonmonoxide and oxygen to form carbondioxide.

As appliedto respirators,the foregoingprocessesare essentially
100% efficientuntil the sorbent’s capacityto adsorbgasand vapor
or catalyzetheft reactionis exhausted.Thenthe contaminantwill
passcompletelythroughthe sorbentand into the facepiece. This
is in contrastto mechanicalparticulateremovingfilters which
becomemoreefficient asmattercollectson them and plugs the
spacesbetweenthe fibers. This differenceis importantto
remember. Watervapor reducesthe effectivenessof somesorbents
andincreasesthat of others. For example,increasingmoisture
contentof a sorbentdesignedto sorbacid gasesmayincrease
sorbentefficiency sincemostacid gasesnormally dissolvein
water. Vaporand gasremovingcartridgesshouldbe protectedfrom
the atmospherewhile in storage.

2. Cartridgesvs. Canisters~

a. SorbentVolume

The basicdifferencebetweencartridgesandcanistersis the volume
of sorbentcontained,not its function. Cartridgesarevaporand
gasremovingelementsthat may beusedsingly or in pairs on
quarter-andhalf-masksandon full-facepieces.The sorbentvolume
of a cartridge is small, about50-200cm3, so the useful lifetime
is usuallyshort, particularly in high gasor vaporconcentrations.
Therefore,useof respiratorswith cartridgesgenerallyis
restrictedto low concentrationsof vaporsandgases. The user
shouldrefer to NIOSH recommendations,certification labels,or
specificstandardsset forth by regulatoryagenciesfor specific
maximumuseconcentrations.

Canistershavea largersorbentvolumeandmay be chin-, front- or
back-mounted.Respiratorswith canisterscanbeusedin higher
vapor andgasconcentrations(up to the immediatelydangerousto
life or healthlevel) than thosewith cartridges. Chin-style
canistershavea volumeof about250-500cm3 and areusedon
full—facepiecerespirators. Front— or back—mountedcanistersare
held in placeby aharnessand connectedto the facepieceby a
corrugated,flexible breathingtube. Theyhavea sorbentvolumeof
1000-2000cm5. Front- or back-mountedand chin-stylecanisters
areusedwith full-facepiecesaspartof “gas masks.” The “gas
mask” is certified for single or specificclassesof gasesand
vapors. It differs from the chemicalcartridgerespiratoronly in
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its largersorbentvolumeand the higherconcentrationsof

vapors and gasesagainstwhich it provides protection.

b. Labeling

As vapor and gas removing cartridges and canistersaredesignedfor
protectionagainstspecific contaminants,or classesthereof,how
doesthe user know he has the proper device? The printed
certificationlabel clearly lists thesecontaminants.An American
NationalStandard,ANSI Kl3.1-l973, establisheda color codefor
the various typesof sorbent cartridges and canisters which
identifies the contaminantsthey aredesignedto protectagainst.
Users shouldnot rely onmemorizingthe color code,but should
always READ THE LABEL! This is the only foolproof way of ensuring
useof the correctcartridgeor canister. The color codeof the
ANSI K13.j standardhasbeenincludedverbatim in the OSHA
regulations,29 CFR 1910.134(g).

c. Construction

The type of sorbentfoundin vaporand gasremovingcartridgesand
canistersfor useagainsta particularsubstancemay vary from
manufacturerto manufacturer.However,cartridgeandcanister
constructionvarieslittle. The basicconstructionproblemsare
the same: to provideenoughsorbentbed depthandvolume to ensure
that I) the contaminantis totally removedin the times specified
in 30 CFE. 11 benchtests,and2) the sorbentremainsmechanically
stable in the container.

Figure 2-24 showsa typical chemicalcartridgecertifiedfor use
with a half-mask. The bedof sorbentgranulesis retainedin the
cylindrical “can” by a screenand coarsefilter pad at the top and
by a coarse particulate filter pad and a screen at the bottom
(Figure 2-25). The pads only keep the fine granules in the sorbent
from escapingfrom the cartridge;they arenot designedfor
protectionagainstparticulatecontaminants.Variousprecautions
for useof thesecartridgesare discussedin Chapter5, Respirator
UseUnderSpecialConditions.

Oneproblemin designandmanufactureof sorbentcanistersis to
preventpassageof largequantitiesof air throughsmall areasof
the bed of packedsorbentgranules. Suchair channelingthrough
the canisterreducesits usefulservicelife. Selectionof the
propersorbentgranulesize andcarefulpacking in thecanister
minimize air channeling. Thereis a tendencytowardchanneling
wherethe irregular sorbentgranulestouchthe smoothcanister
wall. Sometimeschanneling.is preventedby forming ridges in the
canistershell like those in Figure 2—26. The retainingscreens
andpadshold the granularsorbentbed in place. The spring
ensuresthat the sorbentremainstightly packed.
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FIGURE2-25. TypIcal chemicalcartridge

PhotographCourtesyof GlendalEProtectiveTechnology

FIGURE 2-24. Typical half-maskchemicalcartridge
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Evenwith theseprecautions,sorbentcanistersmay be damagedby
dropping. This cancrushthe granules,disturb the retaining
screensor pads,or createchannelsbetween the sorbent granules
and the canisterwall. Cartridgesand canistersshouldalso be
storedupright. In short, treatsorbentcanisterswith care.

3. VaporandGasRespiratorClassifications

a~ChemicalCartridgeRespirators

Figure 2-27 showsa typical chemicalcartridgeair-purifying
respiratorwith anarrayof variouscartridgesthat canbeused
with it. Chemicalcartridgerespiratorscan be either poweredor
non-powered,andeither disposableor with replaceablecartridges
or canisters.A listing of the vaporsand gasesand maximum
concentrationsfor which chemicalcartridgerespiratorsare
certified is includedin 30 CFR 11.150. Note the accompanying
restrictionson maximumuse. Theseconcentrationspertain to the
cartridgeandthusare the limiting concentrationfor the
respiratorregardlessof whethera full or half facepieceis used.

In addition to thegasesandvaporslisted, 30 CFR 11.150 also
allows MSHA/NIOSH to certify chemicalcartridgerespiratorsfor
gasesandvaporsother thanthoselisted. Fox example,MSHA/NIOSH
havecertified respiratorsfor useagainst

Gas/Vapor MaxjnmnzUseC~mcentration

Mercuryt 0.5 mg/rn3
Hydrogensulfide 100 partsper million
Chlorinedioxide I part per million
Formaldehyde 30 partsper million

Respiratorsmaybe certified for gasesand vaporswith poorwarning
propertiesif thereis a regulatoryagencystandardwhich permits
theiruseand aneffectiveend—of—service-lifeindicator is
provided(Reference:FR 49 No. 140 pages29270-29272,July 19,
1984).

F,. GasMasks

The following typesof gasmaskshavebeencertified by MSHA/NIOSTh

Front- or back-mountedcanisters
Chin-stylecanisters
Escape
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PhotographCourtesyof SurvivAir

FIGURE 2—27. FuII—facepiecechemicalcartridgerespirator

with alternatecartridges
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Front- or back-mounted. Front- or back-mountedcanistersare
usuallycertified for usewith a full—facepiece. However,some
half-maskor mouthpiecegasmasksarecertified. A “supersize” or
“industrial” size canisteris fastenedto the user’sbody, anda
breathingtubeconnectsthe canisterto the facepieceinlet. A
typical front-or back-mountedcanisteris shownin Figure 2-28.
Note that the constructiondoesnot differ markedly from that of
the chemicalcartridgeshownin Figure 2-24. Other than thevolume
of sorbentcontained(1000—2000cm3), the greatestdifferenceis
that the canister,ratherthan the facepiece,usuallycontainsthe
inhalationvalve. Figures2-29 and 2-30show.typicalfront- and
back-mountedcanistergas masks.

Canisterscan be designedfor one or more type(s)of gas(es)or
vapor(s). Severalspecificgasesand vaporsfor which MSHA/NIOSH
can issuecertificationsare listed in 30 CFR 11.90. In addition,
MSHA/NIOSH havecertified gasmasksfor gasesandvaporsnot listed
but which haveadequatewarningproperties(e.g., hydrogen
fluoride, formaldehydeand phosphine).MSHA/NIOSH havealso
certified gasmasksfor ethyleneoxide. However,sinceethylene
oxidehaspoor warningproperties,thesecanistersare requiredto
havean end—of-service—lifeindicator.

Canistersdesignedfor protectionagainstmorethan one vapor or gas
havetheir sorbentseither arrangedin layersor intermixed.
Figure 2-31 showsthesetwo arrangementsaseither might appearin
a chin-stylecanister. In certaininstances,one type of
constructionhasan advantageover the other, but mostly it is a
matterof manufacturingconvenience.

Chin-style. Chin-style gasmasks typically havea medium-sized
(250-500cm3) canisterrigidly attachedto a full—facepiece
(Figure2—32). The useful lifetime is less than that of a front—
or back-mountedcanister(owing to the smallersorbentvolume),but
greaterthanthat of chemicalcartridges. Gasmaskscaneither be
poweredor non-powered.The maximumuseconcentrationfor both the
front- or back-mountedand chin stylegasmasksis the immediately
dangerousto life or health(IDLH) level of the substance.

Escapemasks. Gasmasksfor useduring escapefrom (not entry or
reentryinto) atmospheresimmediatelyhazardousto life and health
arecertified under30 CFR 11, SubpartI. Theyconsistof a
facepieceor mouthpiece,a canister,and associatedconnections.
Where eye irritation is a consideration,a full-facepiecogasmask
is necessary.An exampleof anescapegasmaskis the “filter”
self—rescuerfor carbonmonoxideusedin escapingfrom mines
(Figure 2-33).
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FIGURE 2-28. Typical front- or back—mountedcanister
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Directing Air Inlet Tube
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FIGURE 2—29. Typical front- andback-mountedcanistergasmask

FIGURE2—30. Typical back-mountedcanistergasmask

Eyepiece

PhotographCourtesyof Mine SafetyAppliances
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PhotographCourtesyof SurvivAir

FIGURE 2—35. Combinationparticulate-,gas- and vapor-removingrespirator

PhotographCourtesyof North
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Figure 2-37 showsa typical front-mountedType N canisterattached

to a full—facepiece.

C. PoweredAir-Purifying Respirators

The poweredair-purifying respirator(PAPR) uses-a blower to pass
contaminatedair throughan elementthat removesthe contaminantsand
suppliesthe purifiedair to a respiratoryinlet covering. The purifying
elementmay be a filter to removeparticulates,a cartridgeto remove
vaporsand gasesor a combinationfilter and cartridge,canisteror
canisterandfilter. Thecoveringmaybe a facepiece,helmet,orhood.
Theserespiratorsarecertified under30 CFR 11, SubpartsI, K, L, andM.

Poweredair-purifying respiratorscomein severaldifferent - -

configurations. Oneconfigurationconsistsof the air-purifying - -

element(s)attachedto a small blower which is worn on the belt and is
connectedto the respiratoryinlet coveringby a flexible tube as shown
in Figure2-38. This type of device is usually poweredby a small
battery (either mountedon thebelt separatelyor as partof the
blower), althoughsomeunits arepoweredby anexternalDC orAC source.

Another type consistsof the air-purifying elementattachedto a
stationaryblower, usually mountedon a vehicle,poweredby a battery or
an externalpowersourceand connectedby a long flexible tube to the
respiratoryinlet covering.

The third type of poweredair-purifying respiratorconsistsof a helmet
or facepieceto which the air-purifying elementand blower are
attached.Only the battery is carriedon the belt.

The respiratoryinlet coveringfor a poweredair-purifying respiratormay
bea tight fitting half-mask(Figure2—39) or full-facepiece,or a loose
fitting hoodor helmet(Figure2-40). A poweredair-purifying
respirator.with a fight fitting facepiecemustdeliver at leastfour
cubic feetof air perminute(115 liters perminute). A poweredair—
purifying respiratorwith a loosefitting hoodor helmetmustdeliver at
leastsix cubic feetof air (170 liters perminute) at all times.

Onepotentialdisadvantageof poweredair-purifying respiratorsis that
sincethereis a constantflow throughthe air-purifying elementinstead
of flow only during inhalation the useful servicelifetimes of the
air-purifying elementson poweredair-purifying respiratorscould be -

shorterthan the servicelifetimes of comparableelementsattachedto a
negativepressurerespirator. In order to overcomethis problem,some
poweredair-purifying respiratorshavea spring loadedexhalationvalve
assembly. This causesthe blower assemblyto slow down whenthe wearer
exhales. This helps to extendthe servicelifetime of the air—purifying
elements.
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PhotographCouresyof Mine SafetyAppliances

FIGURE 2—37. Typical front-mountType N caiilstergasmask
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PhotographCourtesyof KascoInc.

FIGURE 2-38. Poweredair-purifying respiratorwith cbemical
cartridgesand breathing-tube
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PhotographCourtesy of Neoterik

FIGURE 2—39. Tight fitting half—maskpoweredair-purifying respirator
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FIGURE 2—40. Helmetedpoweredair-purifying respirator
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PoweredS-purifying respiratorsusingchemicalcartridgesand canisters
havethe samelimitations, insofar as the air-purifying elementsare
concerned,asthe negativepressurerespiratorsapprovedfor the same
gasesor vapors.

In the past,poweredair—purifying respiratorswere consideredpositive
pressurerespirators,sincethey normallysuppliedair at positive
pressure.It was assumedthat any leakagewasoutwardfrom the
facepiece. They weregiven correspondinglyhigh protectionfactors.
However,recentfield studiesby NIOSH andothershave indicatedthat
the level of protectionprovidedby theserespiratorsmaynot be ashigh
as previouslyreported. Becauseof the potential for overbreathingat
the minimum airflow rates,NIOSH now recommendsmuch lower protection
factors.

ft AdvantagesandDisadvantagesof Air-Purifying Respirators

Air-purifying respiratorsare generallysmall and areeasilymaintained.
(The exceptionsto this are the combinationType C supplied-airand
air-purifying respiratorand poweredair-purifying respirator.)They
restrict the ~ movementsthe least. Themany combinationsof
facepieces,mouthpieces,filters, cartridgesand canistersallow the
userto matchthe respiratorto the particularsituation.

Air-purifying respiratorsshould not be usedin atmospherescontaining
less than 19.5 percentoxygennor in atmospheresimmediatelydangerous
to life or health(exceptescapegasmasks). They shouldnot be-used
for protectionagainstgasesor vaporswith poor warning properties
exceptfor escapeonly or wherepermittedby a regulatoryagencyandthe
respiratoris equippedwith an end of servicelife indicator for that
particularsubstanáe.The cost of replacementelementsfor
air-purifying respiratorscan be high. Chemicalcartridgerespirators
havefairly low maximumuseconcentrations,evenwhenusedwith a
full—facepiece.

I. ParticulateRespirators

Theadvantagesof particulatefilter respiratorsinclude their light
weight, small sizeand easeof maintenance.In general,these
respiratorswill not affect the mobility of the worker and may
presentlittle physiologicalstrain to the wearer. The air flow
resistanceof a particulate-removingrespiratorfilter element
increasesasthe quantity of particlesit retainsincreases.This
resistanceincreasesthe breathingresistanceofferedby a
nonpoweredrespiratorand mayreducethe rateof air flow in a
poweredrespirator. Filter elementpluggingby retainedparticles
may also limit the continuoususetime of a particulatefilter type
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respirator. Rapid pluggingmeansthat the elementhasto
be replacedfrequently. Elementsshould be replacedat
leastdaily or moreoften if breathingresistancebecomes
excessiveor if the filter suffersphysicaldamage
(tears,holes, etc.). Filter elementsdesignedto be
cleanedandreusedalsoshould be cleanedat leastdaily
in accordancewith the manufacturer’sinstructions.
Betweenuses,reusablerespiratorsshould be packagedto
reduceexposureto conditionswhich causefilter
degradation,suchashigh humidity.

Performanceof somefibrous filter materials(electrostaticfelts)
is hurt by storagein very humid atmospheres,so careshould be
takenin storingfilter elements. Performancealsomay deteriorate
duringusebecauseof watervapor or oil mists in the workplace
atmosphere.Airborne liquid particles(aqueousandnonaqueous)and
extremelysmall solid particlesmaydeterioratethe functioning of
thesematerials. Solid particlesplug fibrous filter materials
(including electrostaticfelts), and,althoughthis plugging
increasesthe resistanceto air flow and hencemayexacerbate
respiratorfacesealleakage,significantplugging increasesthe
materials’efficiency in removingparticlesfrom air.

2. Vapor wad GasRemovingCartridgesandCanisters

Gasandvapor removingcartridgesand canistershavethe same
advantagesasparticulatefilter respirators. Certaincartridges
and canistershavehigherbreathingresistancethanparticulate
filter respiratorsandthus will presenta slightly higher
physiologicalburdento the wearer.- If a vaporor gaslacks
adequatewarning properties(odor, taste,irritation) in a
concentrationabovethe establishedbreathingtime-weightedavenge
concentration(TWA), a vaporand gasremovingair-purifying
respiratorshould not be usedunlessthe respiratorincorporatesan
adequateendof servicelife indicator -

Another disadvantageis the limited capacityof the cartridgesand
cathstersin theserespiratorsto removevaporsand gasesfrom air,
or to catalyzea reactionconvertingtoxic vaporsor gasesto
nontoxic productsor productsthat can be removedfrom air.
Theoretically,cartridgesand canisterscontainingsorbentsare
totally efficient againstvaporsand gasesuntil theircapacityfor
adsorptionor catalysisis exhausted.Then, the vaporor gas
passesthroughthe sorbentbedof the cartridgeor canisterand
into the facepiece. If the wearerdetectsan odor or tasteof gas.
in the inspiredair, or feelseyeor throatirritation, he/she
shouldleave the hazardousareaimmediatelyandgo to a safe area
that containsrespirableair. Then the wearershould replacethe
cartridgeor canister. Becauseof the limited usefulservicetime
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of canistersand cartridges,they should be replaceddaily
or after eachuse,or evenmoreoftenif the wearer
detectsodor, taste,or irritation. Discardingthe
cartridge/canisteris recommendedat the endof the day,
evenif the wearerdoesnot detectodor, tasteor
irritation. This is dueto the possibility of desorption
of the gasor vapor occurringduring overnightstorage.

If a respiratorwearerdetectsanodor, taste,or irritation for a
very short time and then the sensationdisappears,penetrationof
anair contaminantinto the respiratoryinlet coveringhasnot
necessarilyceased.The nerveendingsthat causea sensationof
odor, taste,or irritation often arefatiguedor their responseis
dulled by low concentrationsof substances.Thus, one may fail to
detectlow concentrationsof somesubstancesin air. This often
happenswhenthe concentrationincreasesvery slowly.

In addition to odorthresholds,userscan institutechange-out
schedulesbasedon reliableservice-lifedata. Usersshould be
warnedto replacecartridgeswheneverthey detectthe odorof the
substanceandat the endof the servicetime indicatedby the
change-outschedule.

Somesorbentsusedin cartridgesand canistersareharmedby high
humidity, whereasothersareharmedby very dry atmospheres.
Therefore,whenreplacingtheseelements,unsealedcartridgesand
canistersshould not be used. Also, rememberthat if the hazardous
atmosphereis very moistor dry, the useful servicetime maybe.
markedly reduced.

3. NonpoweredAk-Purifying Respirators

In additionto thoselimitations imposedby respiratoryinlet
coverings(seeChapter2), particulatefilter elements,and sorbent
cartridgesand canisters,further limitationsof nonpowered
aft-purifying respiratorsshould be considered.

An importantdisadvantageis the negativeair pressurecreated
inside the respiratoryinlet coveringduring inhalationwhich can
causeair contaminantsto penetratethe coveringif it fits
poorly. Careshould be takento provideeachwearerwith a
respiratorthat fits properly. This can best be accomplishedby
individual fittings andfit tests.

Otherdisadvantagesof nonpoweredair-purifying respiratorsinclude
resistanceto breathingand needfor frequentreplacementof
air—purifying elements(exceptfor disposablerespirators).
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4. PoweredAir-Purifying Respirators

Oneadvantageof poweredair-purifying respiratorsis that they
provide anairstreanto the wearer. This airstreamhasthe
advantageof providing a cooling effect in warm temperatures,but
can presenta problemin cold temperatures.The decreased
inhalation resistancemakesthe respiratorpossiblymore
comfortableto wear. Poweredair-purifying respiratorswith loose
fitting hoodsor helmetshavethe advantagethat sincethereareno
largesealingsurfaceson the face,somepeoplewho cannotweara
tight-fitting facepiecefor sucha reasonasfacial scarsor facial
hair canwear them.

Poweredair-purifying respiratorsnormally do not restrict
mobility. In addition, theserespirators•offer minimal breathing
resistancesincethe blower suppliesthe filtered air to the
breathingzoneof the wearer. Poweredair-purifyixig respirators
havelimitations in addition to thoseimposedby respiratoryinlet
coverings,particulatefilter elementsand cartridgescontaining
sorbents.A poweredrespirator’sbatteryshould be recharged
periodically to ensurethat the blower will deliver enough
respirableair to the respiratoryinlet covering. A batteryhasa
limited useful life and cannotbe rechargedindefinitely. Battery
replacementcanbe expensive.

The blower in most poweredrespiratorshasa high speedmotorwhich
will eventuallywearout. Therefore,the blower will haveto be
replacedperiodically, If the blower fails, the wearerof a
poweredrespiratorshould go to the nearestsafearea.

Other disadvantagesinclude weight, bulk, complexdesign,the need
for continualmaintenance,at leastdaily replacementof
air-purifying elements,andperiodic replacementof batteriesand
blowers. Out-of-doorsusepresentsspecialproblemsif hot or very
cold air is suppliedto the respiratoryinlet covering.

Until recently,poweredair-purifying respiratorswere considered
positive pressuredevices. Field studiesby NIOSH aswell as
others,haveindicatedthat thesedevicesarenot positive
pressure,andthat theirassignedprotectionfactorsare
inappropriatelyhigh.

ilL Atmosphere-SupplyingRespirators

Examplesof respiratorsthat providebreathinggas from asourceindependent
of the surroundingatmosphereinsteadof purifying the atmosphereare shown
in Figures2-4 thru 2—6. Thedifferent typesare classifiedaccordingto the
methodby which the breathinggasis suppliedand usedand the methodusedto
regulatethe gassupply.

-54-



A. Sell-ContainedBreathingApparatus

The distinguishingfeatureof all self-containedbreathingapparatus
(SCEA) is that the wearerneednot be connectedto a stationary
breathinggassource,suchas anair compressor.Instead,enoughair or
oxygenfor up to 4. hours,dependingon the design,is carriedby the
wearer. As Fig. 2—4 shows,SCBAs are classifiedas“closedcircuit” or
“opencircuit.”

I. ClosedCircuit

Anothernamefor closed-circuitSCBAs is “rebreather”device,
indicative of the modeof operation. The breathinggasis
rebreathedafter the exhaledcarbondioxide hasbeenremovedand
the oxygencontentrestoredby a compressedor liquid oxygensource
or an oxygengeneratingsolid. Descriptionsand certification
testsfor the closed-circuitapparatusaregiven in SubpartH of 30
CER 11.

Thesedevicesaredesignedprimarily for I to 4 hour usein oxygen
deficientand/orIDLH atmospheressuchas might beencountered
during mine rescuesor in confinedspaces. They havebeenused
sincethe early 1900’s when the Gibbs and McCaadeviceswere
developed. Few major designchangeshavebeenmadesincethen,a
significantcommentaryon their acceptanceand good performance.
[NOTE: 30 CFR 11 prescribescertification for mine rescueonly
devicesthat give I—hour or moreperformance.Devicesthat give
30—minuteor longerperformancemay becertified for auxiliary mine
rescueservice.]

Becausenegativepressureis createdin the facepieceof
non—positivepressureapparatusduring inhalation, thereis
increasedleakagepotential. Therefore,negativepressure
closed-circuitSCBA should beusedin atmospheresimmediately
dangerousto life or health(IDLH) only wheretheir long term use
capabilityis necessary,as in mine rescue. For usein oxygen
deficientatmospheresover long periods,dosed—circuitSCSA are
satisfactory. Positive pressureclosed-circuitSCBA area
significantnew respiratordevelopmentandaredescribedin Chapter
6, New Developmentsat NIOSH.

Two~basic typesof closed—circuitSCBA are presentlyavailable. One
usesa cylinder of compressedoxygenand theothera solid oxygen
generatingsubstance.Figure 2—41 showsa typical closed—circuit
SCRA with a small cylinderof compressedoxygen. Breathableair is
suppliedfrom an inflatable bag. The exhaledair passesthrougha
granularsolid adsorbentthat removesthe carbondioxide, thereby
reducingthe flow backinto the breathingbag. The bag collapses
so that a pressureplate bearsagainstthe
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admissionvalve,which opensand admits morepure oxygen
that reinflatesthe bag. Thus, the consumedoxygen is
replaced.The advantageof the rebreathingprocessis
that only the oxygensupply needbe provided,asall the
otherair constituentsexceptthe wastecarbondioxide
are recirculated. The advantageof this type of device
is its long term(1- to 4-hour)protection.
Disadvantagesinclude the bulk of the SCBA and the
negativepressurecreatedin the facepieceduring
inhalation from some closed-circuitSCEA. As previously
discussed,it is now possiblefor certificationof
positive pressuredeviceswhich offer a higher level of
protection. Figure 2-42showsa closed-circuitSCBA in
use.

The secondtype of closed—circuitSCBA (Fig. 2—43) usesan
oxygen-generatingsolid, usuallypotassiumsuperoxide(K02). The
H30 and CO2 in theexhaledbreathreactwith the K02 to
release02.

2 K02 + CO2 + H20 --> K.2C03+ 1.5 02 + H20,
2 K02 + 2C02 + I1~O--> 2KH CO3 + 1.5 02.

The 02 is not releaseduntil the wearer’s exhaledbreathreaches
the canister. Thus, thereis ashort time lag betweenwhenthe
canisteris initiated and02 flow begins. This hasbeenovercome
in somedevicesby providing a “quick start” featureknown asa
chloratecandle,a canistersectionfilled with mixed sodium
chlorateand iron. Oxygenflow is startedby striking the device,
somewhatlike lighting a match. This is designedto provideenough
oxygenuntil the potassiumsuperoxidein the canisterbeginsto
function.

Oxygenis continuallyreleasedat a high flow rate into the
breathingbag(s)which actsasa reservoirto accommodatebreathing
fluctuations. A pressurerelief valve andsalivatrap releasethe
excesspressurecreatedin the facepieceby oxygen flow and
nitrogenbuildup.

This closed—circuitapparatusis lighter and simpler than the
cylinder type. However,it s useful for only aboutonehour and,
onceinitiated, cannotbe turnedoff. Theprecautionsare the same
asfor the compressedoxygenunit.

Recently,as a resultof regulationspromulgatedby MSHA underthe
Coal Mine Health andSafety Act, a newdevice of closed-circuit
SCBA, known as a self-containedself-rescuer(SCSR)was certified
for usein undergroundmines in emergencysituations. These
devicesare similar in designand operationasthosealready
described.They include both compressed-oxygenandoxygen-
generatingtypesand offer a durationof one hour.
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SCSRare muchsmallerandweigh considerablyless thanclosed-
circuit SCBA for entry. Their weights rangebetween7 and 16
pounds. The SCSRareescapeonly apparatusand neednot meetall
theentry unit requirementsof 30 CER ii. Factorscontributingto
~izeand weight reductioninclude: a mouthpiecein placeof a
facepiece;the elimination of structuralbreathingbag protection;
filamentwound pressuregas vessels;smallercandles;lighter
breathingbag materiatsingle pendulumflow breathingtube; the
eliminationof bypassvalve and warning whistle requirements;a
moreefficient utilization of carbondioxide sorbentand/or
oxygen-generatingchemicals;lighter weight packagingmaterial;and
others. Figure 2-44shows an oxygen-generatingSCSR. These
devicesarenot usually worn by the miner during mining operations
aswerethe former filter self-rescuers(CO scrubbingonly or
air-purifying respirators),becausethey are largerand heavier
thanthe filter self—rescuer. MSHA hasstrict enforceablestorage
and locationrequirementsfor SCSR. Sincetheyaresealedand may
not be openedexceptfor emergencyuse,therearespecific daily
and 90 thy requiredSCSRinspectionperiodsand inspection
procedures.SCSRwith pressurevesselsuseactivepressuregauge
indicators. The chemicalSCSRusepassivestoragelife color
indicatorsand inspectioncriteria.

2. OpenCircuit

An open-circuitSCBA exhauststhe exhaledair to the atmosphere
insteadof recirculatingit. 30 CFR LI doesnot specifywhich
breathinggasmust be usedfor thesedevices,but it is almost
alwayscompressedair. Compressedoxygen cannotbe usedin a
devicedesignedfor compressedair becauseminuteamountsof oil or
other foreign matterin the devicecomponentscancausean
explosion. In fact, 3Q CFR 11 prohibitscertification of any
devicedesignedto permit interchangeableuseof oxygenandair.
It is an acceptedsafetyrule that:

OXYGEN NEVER BE USED IN A DEVICE INLESS IT IS
SPECIFICALLY DESIGNED FOR THAT PURPOSE.

Figure2-45.showstypical open-circuitSCBA. A cylinder of high
pressure(2000-4500psi) compressedair suppliesair to a regulator
that reducesthe pressurefor delivery to the facepiece. This regulator
a’soservesasa flow regulatorby passingair to the facepieceon
demand. The regulatoris either mounteddirectly to the facepiece
or a flexible corrugatedhoseconnectsthe regulatorto the
respiratoryinlet covering,usually a full-facepiece.
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FIGURE2-44. Oxygen-generatingself-containedself—rescuer
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Becauseit hasto provide the total breathingvolumerequirements,
sincethereis no recirculation,theservicelife of the
open-circuitSCBA is usuallyshorterthanthe closed-circuitSCBA~
Most open-circuitSCBA havea servicelife of 30 minutesto 60
minutesbasedon NIOSH breathingmachinetestsasprescribedin 30
CER 11(11.85—10). MOSt! certifiesunits with less than 1 hour,
but not less than30 minutesservicefor auxiliary mine rescue.
Open-circuitSCBA arewidely usedin fire fighting and for
industrial emergencies.SCBA with less than30 minutesservice
time arecertified,generallyfor escapeuseonly. EscapeSCBAs
are also certified in combinationwith supplied-air,airline
respirators.

Two types of open-circuitSCBA are available,“demand” or“pressure
demand.” The differenceis very importantand bestexplainedby
describingthe operationof a typical open-circuitSCBA regulator.
In a ‘demand”or negativepressuretype regulator,air at
approximately2000psi is suppliedto the regulatorthroughthe
main valve (Fig. 2-46). A bypassvalvepassesair to the facepiece
in caseof regulatorfailure. Downstreamfrom the main valve,a
two-stageregulatorreducesthe pressureto approximately50—100
psi at the admissionvalve,which is actuatedby movementof a
diaphragmand its associatedlevers. The admissionvalvestays
closedaslong aspositive pressurein the facepiece(during
exhalation)forcesthe diaphragmaway from the valve assembly.
Inhalationcreatesnegativepressurein the facepiece,and the..
diaphragmcontracts,openingtheadmissionvalveand allowing air
into the facepiece. In otherwords,air flows into the facepiece
only on “demand” by the wearer,hencethe name.

Recentstudiesindicate that ademand-typeSCBA is no more
protectivethananair-purifying respiratorwith the same
facepiece.Therefore,a demand-typeopen-circuitSCBA should not
beusedin IDLE atmospheres.Like closed-circuitSCBA, however,
they maybeadequateagainstoxygen-deficientatmospheres.

A pressure-demandor positive pressureregulatoris very similar to
a demandtype exceptthat thereis usually a springbetweenthe
diaphragmand the outsidecaseof the regulator. This spring tenth
to hold the admissionvalve slightly open, theoreticallyallowing
continualair flow into the facepiece. This would be trueexcept
that all pressure-demanddeviceshavea specialexhalationvalve
that maintainsabout 1.5—3 inchesH20 positive backpressurein
the facepiece,andopensonly whenthe pressureexceedsthat
value. This combinationof modified regulatorandspecial
exhalationvalveis designedto maintain positivepressurein th.e
facepieceat all times. Undercertainconditionsof work a
momentarynegativepressuremayoccur in the wearer’sbreathing
zone,althoughthe regulatorstill suppliesadditionalair on
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“demand.” Becauseof the positive pressure,any leakageshould be
outward; therefore, a pressure-demand SCBA providesvery good
protection. Contraryto commonbelief, the pressure-demandSCBA
hasthe sameservicetime asa demandversionof the samedevice,
if it sealswell on the wearer’sface. Any leakageincreasesair
consumptionand decreasesservicetime.

A FACEPIECEWHOSEEXHALATION VALVE IS
DESIGNEDFOR DEMAND OPERATIONCANNOT
BE USED WITH A PRESSURE-DEMANDREGULATOR,
AS AIR WILL FLOW CONTINUALLY AND QUICKLY
EXHAUST THE ARt SUPPLY.

Someopen-circuitSCBA canbe switchedfrom demandto pressure-
demandoperation. The demandmodeshouldbe usedonly for
donningandadjustingtheapparatusin order to conserveair and
should be switchedto “pressuredemand”for actualuse.

Severalrequiredsafetyfeatureson all certified entry (both
closedand opencircuit) SCBA provideadditionalprotection.
Among theseare:

o pressuregaugesor liquid level gaugesvisible to thewearer
which indicatethe quantityof gasor liquid (air or oxygen)
remainingin the cylinder

o remainingservicelife indicatorsor warning devicesthat
signal alarmwhenonly 20-25%of servicetime or service
volumeremains

o bypassvalves,in casethe first andsecondstagereduceror
regulatorfails and it is necessaryto conserveor provide
respirableair

o fittings on devicesthat usecompressedor liquid oxygen
which are incompatiblewith compressedqr liquid air
fittings.

The choiceof demandor pressure-demandopen-circuitSCBA should
be basedon thoroughevaluationof the respiratoryhazards.MSHA
and NJOSHcontinueto issuecertificationsfor both types since
the demandtype is still uSed in many industrial applications.
In a potentiallyIDLH atmosphere,a pressure-demandSCBA should
most certainlybe used.

In addition to entry, SCBA are also certifiedfor escapefrom
IDLH. Theseescape-onlySCBA aregenerallyof shortduration,
that is, 3, 5 or 10 minutes,andare small in both size and
weight. The compressed-aircontaineris usuallyhip- or
back-mountedwith the air valve in a readily accessibleposition
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for immediateactivation. The facepiecemaybe donned
quickly by simply tightening theheadbandstrapsor a
hood maybe furnishedfor quick donningof the escape
SCBA. Figure 2-47shows two hood-type,escape-only
SCBA.

B. Supplied—Air Respirators

1. Airline respirators(TypesC and CE)

Airline respiratorsasdescribedin 30 CFR 11, SubpartJ use
compressedair from a stationarysourcedeliveredthrougha hose
underpressure.30 CFR 11 specifiesthat the pressureshall not
exceed125 psi at the point wherethe hoseattachesto the air
supply. A manufacturersubmittingan airline respiratorfor
certificationmustspecify theoperatingpressureandthe hose
length, from 25 to 300 feet. At the lowest pressureand longest
hoselength, the devicemustdeliverat least 170 Lpm to a helmet
or hood. At thehighestpressureand shortesthoselength the
flowrate mustnot exceed425 Lpm to a helmetor hood. The
equivalentairflows to a tight-fitting facepieceare 115 Lpm and
425 Lpm, respectively.

Airline respiratorsare availablein demand,pressure-demand,and
continuous—flowconfigurations(seeFigure 2—5). The respiratory
inlet coveringmay be a facepiece,helmet,hood, or complete
suit, althoughthereare presentlyno approvaltests for suits.

A demandor pressure-demandairline respiratoris very similar in
basicoperationto a demandor pressure-demandopencircuit SCEA,
exceptthat the air is suppliedthrougha small diameterhose
from a stationarysourceof compressedair ratherthan from a
portableair source. Becausethe air pressureis limited to 125
psi, regulatorsfor demandand pressure-demandairline
respiratorsneedonly singlestagereduction. Otherwise,the
demandand pressUre—demandairline regulatorsaresimilar in
operationto the demandandpressure-demandSCEA regulators
respectively. Figure 2-48shows a typical demandtype
regulator. Figure 2-49showsa typical pressure-demandairline
respiratorwith a tight-fitting facepiece. Note that the
regulatorsometimesis mountedon thefacepieceor worn on the
wearer’schest.

Continuous-flowairline respiratorsmaintainair flow at all
times, ratherthanonly on demand. In placeof a demandor
pressure-demandregulator,an air flow control valve or orifice
partially controlsthe air flow. Accordingto 30 CFR 11, a flow
of at least 115 Lpm to a tight fitting facepieceand 170 Lpm to
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a loose-fitting hoodor helmetmust be maintainedat lowestair
pressureandlongesthoselength specified. This meansthat by
design,either the control valve cannotbe closedcompletely,or
a continuallyopenbypassis providedto allow air to flow
aroundthevalve and maintain the requiredminimum rates.

Somespecialvalvesknown as vortex tubesare availablewith some
certifiedairline respirators. Thesevalvesfractionatethe
airstreaminto two high speedairflow components. Onecomponent
becomescool from adiabaticexpansionwhile the othercomponent
becomeswarm from adiabaticcompression. Either componentcan
be utilized in valvedesignto cool or heatthe respirableair
providedto the userfor comfort andphysiologicalsupport.

Figure 2-50depictsa typical continuous-flowairline respirator
with a tight-fitting facepiece. Notice the air-purifying
elementon the air—supply line. Figure 2—51 shows typical
airline respirators,which maybe obtainedwith half masksand
full—facepieces. Figure 2-52shows continuous—flowairline
respiratorswith hoOds.

Although additionof anair-purifying elementin the supply line
upstreamof the air-supplyhoseattachmentcanhelp clean the
air, otherprecautionsalsoshould be takento ensurebreathing
air quality. The air supply to airline respiratorsis required
to meetthe requirementsfor Type I gaseousair (GradeD or
higherquality) setforth by the CompressedGasAssociation
CommoditySpecificationfor Air, G—7.l. Furthermore,OSHA
requiresthat a breathingair compressorhavecertainsafety
devicesto protect the air quality (seeChapter3).

Airline respiratorswith specialitems to protect the wearer’s
headandneck from reboundingabrasivematerialmay have
facepieces,helmets,or hoods. Plastic,glass,and metalwire
screenareusedto protectthe lensesof facepiecesand the
windows of helmetsandhoodsagainstthe reboundingmaterial.
Theserespiratorsare known as abrasive-blastingairline
respiratorsor Type SCE~supplied—airrespirators.

Figure 2—53 shows:Type “CE” respiratorsin use. Note the protective
screenover the lens and theheavyapronon the abrasive-blasting hood.

Full suit airline respiratorsare available. They provideair
not only for breathingbut alsoto isolate the whole body from
the surroundingatmosphere.Theyare usedagainstsubstances
that irritate or corrodethe skin or which may penetratethe
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FIGURE 2-53. Typical Type CE abrasive-blastairline respirator
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skin to producetoxic effects. Presently,30 CFR 11 doesnot

providefor certificationof airline suits.

2. HoseMasks

Hosemaskssupplyair from anuncontaminatedsourcethrougha
strong, largediameterhoseto a respiratoryinlet covering. Two
types are available. Onehasa handor motoroperatedair blower
that pñsheslow pressureair throughthe hoseto the respiratory
inlet covering. The blower is designedso that air flows freely
throughit whenit is not in operation. Therefore,if the blower
fails, the wearercanstill inhale respinbleair by normal
breathing. Theothertype of hosemaskhasno blower and requires
the wearerto inhalethroughthe hose.

Thehosemaskwith a blower is categorizedby 30 CER 11 SubpartJas
a Type “A” supplied-airrespiratorandis certifiedfor usein
atmospheresnot immediatelydangerousto life or health. The hose
maskwithout a blower is categorizedasType “B” and is certified
for use only in atmospheresnot immediatelydangerousto life or
health. The hosemaskwith blower may havea facepiece,helmet,or
hood, but the hosemaskwithoutblower must havea tight fitting
facepiece.Hosemasksmay havespecialequipmentto protect the
wearer’sheadand neckfrom reboundingmaterialduringabrasive
blasting. Such a hosemaskwith blower is classifiedasa Type
“AE” supplied-airrespirator,and the one without blower is
classifiedasType “BE.” . -

A certified hosemaskwith blower mayhaveup to 300 feet of air
supply hosein multiplesof 25 feet,but one without blowermay
haveonly up to 75 feet in multiplesof 25 feet. The handor motor
operatedblowermustdeliver air throughthe maximum length of hose
at not less than 50 Lpm. The motor operatedblower of a device
with 50 feetof hosemustdeliver no morethan 150 Lpm. However,
no maximum air flow rate is specified for the handoperated
blower.

Currentlythere.are only threehosemaskscertified. They are not
widely usedin industrialapplications. They are heavy,cumbersome
andoffer only a very low protectionfactor.

C. CombinationRespirators

MSHA/NIOSH may certify respiratorsassembledfrom two or more typesof

respiratorsin combinationasprescribedin 30 CFR 11.63(b).

To dateMSHA/NIOSH havecertifiedseveraltypesof air-purifying units or

SCBA in combinationwith the Type C supplied-airrespirator.
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I. CombinationSupplied-Air/Air-Purifying Respirator

One type of combinationrespiratorthat MSHA/NIOSH hascertified is
theflType C supplied-airand air-purifying respiratoras shownin
Figure 2-54. Thesedevicesare certified under the classof the
air-purifying elementsinceit is the componentin the combination
which providesthe leastprotectionto the user. This type of
respiratorconsistsof facepiece;regulatoror control valve, if
necessarybreathingtube, if necessary;belt or harness;
supplied-airhose;andair-purifyingelement. Theair-purifying
elementmaybe a canister, chemicalcartridge,or particulate
filter. it is mountedeitherdirectly on the facepieceor on an
adapterwhich is worn on the belt.

The supplied-airportion of the respiratorcan be eitherTypeC
continuous-flow orpressure-demand.

- An advantageof this type of respiratoris that the wearerhas
respiratory protectionwhile entering(in somecases)and leaving
without beingconnectedto an airline. The air-purifying element
weighsless thana self-containedbreathingapparatuscylinder.
The disadvantageis that theyhavethe limitations of the
air—purifying element,and therefore,canbe used only for specific
conditions. Dependingupon the specificrespirator,the
air—purifying elementwill haveone of the following restrictions
(consultthe certificationlabel of the respiratorto determine
which applies):

a. no restrictions

b. air—purifying elementcanbeusedonly to: (I) enterprior to
connectingto air supply,(2) egressafter disconnectingor loss of
air, or (3) to movefrom one air supply to another

c. escape only after loss of air.

2. Combination Supplied-Air/SCBARespirator

To be usablein an IDLH atmosphere,anairline respintormusthave
an auxiliary air supply to protectagainst potential failure of the
primary supply. This is providedby addinga self-contained
cylinder of high pressurecompressedair to a Type “C” or “CE”
airline respirator. The auxiliary air supply maybe certifiedfor
3-, 5—, or 10-minuteservicetime, or for 15 minutes or longer (see
Figure 2—55). The certificationtests for thesecombination
devicesare found in 30 CFR 11, SubpartH, “Self-Contained
BreathingApparatus?The devicesshownin Figure 2-55 are only
representativeof this generalclass; designsvary widely.
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FIGURE2—55. Combinationsupplied-air/SCRA
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Because of the shortservicetime of the self-containedbreathing
air supply, combinationunits generally are usedfor emergency
entry into and escape from U)LH atmospheres.The self-contained
portion of thedevice is usedonly whenthe airline portion fails
and the wearermustescape,or whenit may be necessaryto
disconnectthe air line temporarilywhile changinglocations. A
combinationairline and SCBA may be used for emergencyentry into a
hazardousatmosphere(to connectthe airline), if theSCEA part is
classifiedfor 15 minutesor longerserviceand not more than 20%
of the air supply’s ratedcapacity is used during entry. It is
seldomusedas a routinemeans of protection,asthe open-circuit
SCBA might be.

D. AdvantagesandDisadvantagesof Atmosphere-SupplyingRespirators

I. Airline Respirators

A greatadvantageof the airline respiratoris that it may be used
for long continuousperiods. Other advantagesare minimal
breathingresistanceanddiscomfort,light weight,low bulk,
moderateinitial cost, andrelatively low operatingcost.

The biggestdisadvantage of supplied—airrespiratorsis that loss of
the sourceof respirableair suppliedto the respiratoryinlet
coveringeliminatesany protectionto the wearer. Such lossmay be
causedby cutting,burning, kinking, or crushingthe supply air
hose,by air compressorfailure, or by depletionof the respinble
air in a storagetank. Possibleloss of respirableair supports
the NIOSH recommendationagainstairline respiratoruse in IDLH
atmospheres.However,an airline respiratorwith an auxiliary
self-containedair supply could beusedin suchatmospheresbecause
the auxiliary self-contained air supplyalwayscan be used in
escape.

The trailing air supplyhoseof the airline respiratorseverely
restricts thewearer’smobility. This may make the airline
respiratorunsuitablefor thosewho move frequentlybetweenwidely
separatedwork stations. A combination airline andself-contained
breathingapparatus may be suitableif the supply of self-contained
breathingair is adequatefor the time requiredto move from place
to place. A coiled airline hoseprovidedwith someMSHA/NIOSH
certifieddeviceswill furtherpromotewearermobility at the
worksite.

Airline respiratorsthat operatein the demandmodehavenegative
air pressureinside the respiratoryinlet coveringduring
inhalation which permits the contaminatedatmosphereto leak into
the respiratoryinlet coveringif it fits poorly. However,airline
respiratorsthat operatein the pressure-demandmodeare designed
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to havepositive air pressureinside the respiratory
inlet coveringwhich helps to ensurethat contaminated
air will not leak in. Thus, an airline respirator
operating in thepressure-demandmode providesmuch
betterprotectionthan onethat operatesin the demand
mode.

2. HoseMasks

Advantagesof the hosemaskwithout blower are its theoretically
long use periodsandits simple construction,low bulk, easy
maintenance,and minimal operatingcost. An advantageof the
hosemask with blower is its minimal resistanceto breathing.

Obviously,air pressureinside the respiratoryinlet coveringof
the hosemask with no blower is negativeduring inhalation,socontaminatedair may leak in if the coveringfits poorly.

Therefore,hosemasks, with andwithout blower, arecertified
only for usein non-IDLH atmospheres.

The trailing air supply hoseof the hosemaskalso severelylimits
mobility, so it may be unsuitablefor thosewho move frequently
amongwidely separatedwork stations.

A severerestrictionof the hosemaskwithout blower is thatit is
limited to a maximumhoselength of only 75 ft. Also, it
requiresthe wearerto inhale againstthe resistanceto air flow
offeredby the air hosewhich maybecomesignificantduring heavy
work. Inhaling againstthis resistancestrainsthewearerand
may causefatigue.

3. Self-ContainedBreathingApparatus

BecausetheSCBA wearercarrieshis own supplyof respirableair,
he is independentof the surroundingatmosphere.A great
advantageof suchapparatusis that it allows comparativelyfree
movementover an unlimited area.

Thebulk and weight of most SCBAs make themunsuitablefor
strenuouswork or: usein a constrictedspace. The limited
servicelife makesthemunsuitablefor routineuse for long
continuousperiods. The shortservicelife of open-circuittype
devicesmaylimit them to use wherethe wearercan go
convenientlyand quickly from a hazardousatmosphereto a safe
atmosphereto changethe tank of supplyair.

Open-circuitSCRA are normally lessexpensiveto purchaseand.use
than closed-circuitSCBA. Additionally, theopen-circuitSCBA
requiresless maintenanceand fewer inspections.
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The demand-typeopen-circuitSCRA andmost closed-circuitSCBA have
negativeair pressureinside the respiratoryinlet coveringduring
inhalation so contaminatedair can leak in if they fit poorly. The
pressure-demandtype open-circuit SCBA and thoseclosed-circuit
SCBA that are positive pressure devicesprovidevery good
protectionbecause the air inside the respiratoryinlet coveringis
normallyat positive pressurewhich helpsto keepthe contaminated
atmospherefrom leaking in.
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CHAPTER 3

RESPIRATORSELECTION

I. Regulatory Requirements

The selection,use,and maintenance of respirators in the United States is
presentlyregulatedby severalFederalagencies. Theagencies,theactswhich
authorizetheir activities, and the currentregulationsrelating to selection,
use,and maintenanceof respirators,are as follows:

Act Agency Regulption(sI

FederalMine Safetyand . Mine Safetyand Health Title 30 CFR
HealthAct of 1977 Administration;Department Parts 11 , 70

of Labor

NationalInstitute for Occu- Title 30 CFR
pationalSafetyand Health, Part 11
Centersfor DiseaseControl,
Departmentof Healthand
HumanServices

OccupationalSafetyand Occupational Safety and Title 29 CFR
HealthAct of 1970 Health Administration, Part 1910

Departmentof Labor

Toxic SubstancesControl EnvironmentalProtection Title 40 CFR
Act Agency Part750

Title II of the Energy NuclearRegulatory Title 10 CFR
ReorganizationAct of . Commission Part20
1974

The Federalregulationscitedaboveand Guidelinesissued in accordance
with thoseregulations,with few exceptions,call for selectionanduseof
respiratorsthat havebeencertified by MSHA and NIOSH. Exceptionsto
that principle include theMSHA allowanceof useof certainBureauof
Mines-approvedmine rescuebreathingapparatus,the OSHA acceptanceof
cylinder interchangeand“buddy breathingsystems”for useby fire
fighters in 29 CFR 1910.156,andthe NRC acceptanceof supplied-airsuits
testedby Los Alamos NationalLaboratory.
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Since 1972, with promulgationof Title 30 CFR 11, MSHA and NIOSHhave
testedand certified various types of respiratoryprotectivedevices. The present
regulationsin Part 11 are the resultof amendmentof the 1972 regulation.
NIOSH currently recognizesthat certainrequirementsof Part 11 are
inadequateand incomplete,and a proposedrevisionof Part 11 hasbeen
publishedfor public commentasa Notice of ProposedRulemaking

42 CFRPart 84. Final publicationis expectedfollowing a public hearing
andfurtherrevisionof Part 84.

II. GeneralSelectionInformation

NIOSH recommendsthat respiratorsonly beusedwhenengineeringcontrols are
not feasibleor effective,while controlsare being installed or repaired,or
for emergencyandothertemporary (intermittent)situations. Respirator
selectionis very complexand should be performedby an IndustrialHygienist
or otherprofessionalknowledgeablein respiratoryprotectivedevices.

In 1975, 1’IIOS}I and the OccupationalSafety andHealth.Administration(OSHA)
as part of the Standards CompletionProgramdevelopeda RespiratorDecision
Logic. That Logic incorporatedfit factor datadevelopedby the Los Alamos
NationalLaboratory(LANL) undercontractto NIOSH and incorporated
requirementsfrom 30 CER 11.

The DecisionLogic was modifiedby NIOSH in 1987 to include:

1. the NIOSH respiratorcarcinogenpolicy,

2. respiratoryprotectivedevicesdevelopedsince1975,and

3. a revisionof assignedprotectionfactors for thoserespiratorsfor
which valid workplaceprotectionfactorstudieshad beenperformed.

The selectionof a specific respiratorshould be madeby individuals
knowledgeableof the limitations associatedwith eachclass of respirator
(seeChapter2), and familiar with the actual work environmentincluding job
tasksto be performed.For example,mobility of the workerand temperature
and humidity of the work environmentshould all be consideredin making an
adequaterespiratorselection.

m. NIOSH RespiratorDecisionLogic

The NIOSH RespiratorDecisionLogic is reproducedaspartof Appendix E of
this document. This Logic contains a setof questionswhich will leadthe
user to the properrespiratorselectiontable and identifiesthe criteria
necessaryto determinethe classesof respiratorswhich will provideadequate
protection.
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IV. NIOSH CertifiedEquipmentList

The NIOSH Certified EquipmentList (NCE) is publishedannuallyand
lists thecoal mine dust personalsamplerunits and respiratorscertified by NIOSH as well as
providesupdatedinformation on the products,certifications,
respiratorcomplaintsand problems,and NIOSH respiratorpolicy.

In 1985, the formatof this publication wasmodified. Respiratorsarenow
listed by specificcertificationclass. Generalcautionsand limitations for
eachcertificationclassare listed (seepage84).. However,these
limitations are by no meansall inclusive. The respiratormanufacturermay
also identify further limitations or cautionsfor their respirators. In
addition, regulatoryagenciesmay also placea limit on the useof
respiratorsin their standards.An exampleof the listing for entry into and
escapeopen-circuitSCBA is given on page 85.

Single,complimentarycopiesof theNCE will be providedby NIOSH while the
supply lasts. Multiple copiescan beorderedfrom the GovernmentPrinting
Offide (GPO). Requestsfor single copiesshould be sent to:

PublicationDissemination,DSDTT
NIOSH

4676 ColumbiaParkway
Cincinnati, Ohio 45226-1998
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EXAMPLE OF LISTING FROM NIOSH CERTIFIED EQUIPMENTLIST

A. Self-containedBreathingApparatus

1. Entry Into and Escape

a. Opencircuit pressuredemand

Approval

Certified as approvedfor respiratoryprotectionduring entry into or escape

from oxygen deficientatmospheres,gasesand vapors.

Limitations

Use only for temperaturesabovethe temperaturelisted on approvallabel.

Approvedonly whencompressedair reservoir is fully chargedwith air meeting
therequirementsof the CompressedGasAssociationSpecificationG-7.l for
Type 1, GradeD air, or equivalentspecifications.

Theair containershallmeetapplicableDOT specifications.

Useadequateskin protectionwhenworn in gasesor vaporsthat poisonby skin
absorption.

Refer to certificationlabel and instruction and maintenancemanuals for
additional informationon use and maintenanceof theserespirators.

In making renewalsandrepairs,parts identicalwith thosefurnishedby the
manufacturerunderthepertinentapprovalshallbe maintained.

Demandmode shall be usedonly whendonningapparatus.

This respiratorshallbe selected,fitted, usedand maintainedin accordance
with Mine Safety andHealthAdministrationandotherapplicableregulations.

Recommendations

NIOSH recommendsthat SCBA be inspectedweekly if storedand immediately

beforeuse,if usedregularly, for breathinggas pressure.
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CHAPTER4

RESPIRATORUSE

I. FederalRegulatoryRequirements

OSHA1910.134statesthat wheneffectiveengineeringcontrolsare not feasible,
or while they arebeing i9stituted,appropriaterespiratorsshall be used
pursuantto the following requirements:

o respiratorsshallbe providedby the employerwhensuchequipmentis
necessaryto protectthe healthof the employee

o the employershallprovide the respiratorswhich are applicableand
suitablefor the purposeintended

o the employershallbe responsiblefor the establishmentand
maintenanceof a respiratoryprotectionprogram.

The respiratorprotectionprogramprescribedby OSHA containsprovisionsfor

the following:

o written standardoperatingprocedures

o respiratorsselectedon basisof hazards

o instructionand training of user

o cleaningand disinfection

o storage

o inspection

o surveillanceof work areaconditions

o evaluationof respiratorprotectionprogram

o medicalreview

o use of certified respirators.
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A. EmployerResponsibility

I. Determinationof Wearer’sExposureto Hazards

Appropriatesurveillanceof work areaconditionsand of worker
exposureto respiratoryhazards should be carriedout using good
industrial hygienepractices. This means that the concentrationof
the respiratory hazard to which workersare exposedshouldbe
determinedperiodically,using NIOSH samplingmethodswhere
available,and recordsshould be kept. The monitoring should cover
conditions throughouta full work shift asactivities in the work
area vary during the shift and changethe hazardconcentration.
The time-weightedaverageconcentrationand ceiling (peak)
concentrationof thehazardduring the work shift should be
determined.Preferably,the air in the work areashouldbe sampled
in the workers’ breathingzones.

2. Fit TestingBeforeUse

In order to obtainadequaterespiratoryprotection,thereshould be
a propermatchbetweenrespiratorand wearer. To assureselection
of the bestfitting respirator,the wearershould be fit tested
using a quantitativefit testprocedure. Quantitativefit testing
proceduresare includedin AppendixB of this document.

Respiratorfacepiecesshould be testedfor fit eachtime they are
worn. The wearercanmakeeither thepositive or the negative—
pressuretestbeforeenteringa hazardous atmosphere,but a
qualitativecheckusing either isoamyl acetate or irritant fume is
muchpreferred. Qualitativefit testingproceduresare includedin
AppendixB of this document.

3. Random Inspection

Respiratorsin useshould be randomlyinspectedfrequently to ensure
that thoseselectedfor the job are beingusedand that theyare in
good condition. Respiratoryprotectionis no betterthanthe
respiratorin use. Periodicmonitoring of respiratoruse should
include:

o determinationthat the properrespiratorsare beingused

o determinationthat respiratorsare beingworn properly
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o consultationwith wearersabout

-discomfort
-resistanceto breathing
-fatigue
-interferencewith vision
—interferencewith communications
-restrictionof movement
-interferencewith job performance
—confidencein the respirator.

In addition to generalassessmentof overall respiratoryprotection,
specific evaluationsshould also be conductedof cleaning,
inspection,maintenanceandstorage. Problemsdiscoveredduring
the inspectionsshouldbe rectified.

B. EmployeeResponsibility

Propersupervisionof respiratoruseshould ensurethat eachworker
understandsthat he/shehas certainresponsibilities. Eachworker
should:

o check the respiratorfit aftereachdonningasinstructed

o use the respiratoras instructed

o guardagainstdamagingtherespirator

o go immediately to anareahaving respirableair if the respirator
fails to provideproperprotection

o report any respiratormalfunctionto a personresponsiblefor the
• respiratorprogram.

III. ProgramElements

A. ProgramAdministration

Providing suitable respirators to workersseemssimple, but issueof an
unsuitable respiratormayresult in worker injury or death,so the
mattercannotbe treatedlightly. The personresponsiblefor issuing
respiratorsshould be adequatelytrained to makesurethat the correct
respiratoris provided for eachjob. The respiratorprogramadministra-
tor should havethe technicaland professionalbackgroundin order to
make soundjudgmentsbasedon hazard evaluationinput from the workplace.

Without a definite chainof supervision,thereis no assurancethat
writtenstandardoperatingprocedureswill be followed. Therefore,
responsibilityfor the entire respiratorprogramshouldbe assignedto
one person.
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The largeusermay find it practical andeconomicalto have a staff of
personnelinvolved in the respiratorprogram,eachwith his own area of
responsibility. Eachof thesepeopleshould report to the one
adminigtratorwho hasoverall responsibility for the program. The
administrator’stechnicaland profeèsionalbackgroundshould enablehim
or her to make soundjudgmentsbasedon hazard evaluation input from the
workplace. The Administratormaybea safety engineer, industrial
hygienist,healthphysicist,or physician. The Administrator should
havethe full supportof higher level management;without it, an
effectiverespiratorprogramis difficult to initiate and maintain.

Respiratorpurchasingshould becontrolledby theprogramadministrator
for goodreasons.Several respiratormanufacturersproducea wide
variety of devicesfor protectionagainstspecifichazards. Although
most manufacturerstodayproduceseveralsize facepiecesto choosefrom,
not all workersmay be ableto receiveanadequatefit if only onebrand
of respiratoris purchased.However, if more than one brandof
respiratoris purchased,thus providing a variety of facepiecesizes,it
is possible to fit most of a working population. Sometimes more than
one type of respiratormay be adequateagainsta particularhazard. The
programadministratorshould selectwhathe/sheconsidersto be the best
typesof devices,consideringcomfort and workeracceptance,andensure
that theyarepurchased.it is unwiseto selecta respiratoron the
basisof price alone. A programadministrator,with comprehensive
knowledge,shouldhavea strong influenceon, if not absolutecontrol
over, respiratorpurchases.

Small volume respiratorusersoftenfeel theycannotafford (andmay not
need) to involve severalpeoplespecifically in a respiratorprogram.
However,they haveto meetthe same requirementsastheprogram
administratorfor the large user becausethe hazards do not
differentiatebetweenlargeandsmall volume users. In a small firm,
whereonly a few workerswearrespiratorsfor protectionagainst one or
very few different hazards, the programadministrator may be a foreman
or othersupervisor. Whereonly one or two workerswearrespirators,
theentireprogrammaybe the responsibilityof the companyowner. In
anextremelysmall operation,the entire programmay be the
responsibilityof the worker.

Theadministratorshould keepthe respiratorprogramasflexible as
possible. Although the written operatingproceduresmeet today’s
situation,theymay not meettomorrow’s. New hazardsare continually
being identified,and allowableexposurelimits oftenarerevisedas
moreknowledgebecomesavailable. The programadministratorshould stay
abreastof thesechangesby subscribingto pertinentpublications,and
should not hesitateto modify the programto meetchangingconditions.
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Thus, the administrator,of a large or small program,should establish a
respiiatorprogramthat meetscurrentneeds,ensurethat it is carried
out satisfactorily,and ensurethat it remainseffectiveby continual
examinationandmodification to meetchangingconditions.

In summary, the programadministratorcanbe a highly trained
professionalwho overseesseveralemployeesresponsiblefor specific
phasesof the respiratorprogram,or a single employeeresponsiblefor
the employee’sown respirator. Like the written operatingprocedures,
the exactadministrationof the respiratorprogramshould be tailored to
the individual situation.

B. ProgramComponents

Unfortunately,respiratorscan be misusedor takentoo much on faith,
primarily becauseof lack of knowledge. Such misusecan be avoidedby
establishingwrittenproceduresfor respiratorselectionand useand
throughpropersupervisionof all aspectsof the respiratorprogram.
Following are detailed methods for ensuringthat a respiratorprogram
remainseffective.

I. Written StandardOperating Procedures

The importanceof writtenstandardoperatingproceduresis
emphasizedin OSHA 29 CFR Part 1910.134which gives the first
requirementfor a “minimal acceptable(respirator)program”as
establishmentof “written standardoperatingproceduresgoverning
the selectionanduse of respirators.” Part 1910.134,which is
currently undergoingrevision,doesnot provideany guidanceon
preparationof theseproceduresand doesnot differentiatebetween
largeand small users. However,the generalcontentof written
procedureshasbeenestablished,and from that informationas
providedby NIOSH andothers,any user,large or small, can
formulateprocedures.

The written standard operatingproceduresshould containall
informationneededto maintainan effectiverespiratorprogramto
meetthe user’s individual requirements. They shouldbe writtenso
as to be usefulto thosedirectly involved in the respirator
program,the programadministrator,thosefitting the respirators
and training the workers,respiratormaintenanceworkers,and the
supervisorsresponsiblefor overseeingrespiratoruseon the job.
It is not necessarythat,the operatingproceduresbe written for
the wearer,althoughin a very small programit may be desirableto
direct theircontentto the wearer. Only analysisof the
individual programwill show to whatextent information for the
wearershouldbe included.
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The procedures should contain all information neededto ensure
properrespiratoryprotectionof a specific groupof workers
against a specific hazard or severalparticularhazards.The
hazard(s) should havebeenassessedthoroughly; otherwisethe
writtenprocedureswill haveonly limited validity. Generally, the
proceduresshouldcontainthefollowing:

o guidance for selectionof the approvedrespirator(s)for
protectionagainstparticular hazard(s)

o detailed instructions for trainingworkers in properuse of the

respirator(s),including respiratorfitting

o detailedmaintenanceproceduresfor

-cleaningand disinfection
-drying
-inspection
—repair or replacementof worn or defectivecomponents
—storage

o administrative proceduresfor.

-purchaseof approvedor acceptedrespirator(s)
-controlof inventoryof spareparts,new respirators,and
respiratorsready for reissueafter maintenance

-issuanceof respiratorsto ensureuseof the proper one for a
givenhazard

-guidance of supervisory personnel in continued surveillance of
respiratoruse and determinationof workers’exposureto
respiratoryhazards

o instructions for respirator use during emergencies, including
fire, which can create an atmosphere immediately hazardous to
life or health

o guidelinesfor medicalsurveillanceof workers,including
pre-employmentphysicalexaminationsto eliminatethose
physicallyor psychologicallyunfit to wear respirators,and
periodic physicalexaminationsto review the overall
effectivenessof the respiratorprogramon the basisof
physiologicalfactors

o proceduresfor evaluatingthe respiratorprogram’seffectiveness

Obviously, the above essentially restates the OSHArequirements for
a minimal acceptablerespiratorprogram. The point is that all the
informationneededto establishand maintainan adequaterespirator
programshould be written down.
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The exactformat of writtenstandardoperatingproceduresmayvary
widely. The largeuser who has many workerswearingrespirators
and,perhaps,severalrespiratoryhazards to consider,n~ay
formulate separate procedures for selectionanduse of respirators
for eachhazard. For a small user, who has only a few workersto
protectfrom only one or very few hazards,a muchsimplified
documentmayserve;but it must cover the samesubjects. In
general,the complexity of the proceduresincreasesas respirator
use increases. Theproceduresalso becomemore extensive•as the
toxicity of therespiratoryhazard(s)increases,demandingbetter
and morereliableprotection. It is better to be overly detailed
in developingwritten operatingproceduresthannot detailedenough.

Somefirms havedevelopedan elaboratesystemwhereineachweareris
issueda card that specifieswhat typeof respiratorthe wearercan
be issuedfor protectionagainsta particularhazard. The wearer
is requiredto showthis card to the issuer,who canissueonly the
type of respiratorlisted. Often, sucha card lists a particular
brandof respiratoron the basisof fitting tests.

When practical,a respiratorshould be assignedto eachworker for
exclusiveuse,andshould be permanentlymarkedto indicateto whom
it is assigned. Careshould be takento ensurethat the marking
doesnot affect the respiratorperformance.If possible,records
should be kepton the issuanceanduse of eachrespirator. To do
so, eachshould be permanentlyidentified. Recordsshould include
the dateof initial issue,the datesof reissue,and a listing of
repairs.

Particularlyimportant are proceduresfor respiratoruse during
emergenciessuchas fire, largespillageof toxic material,
accidentalreleaseof a potentially lethal substance,or failure of
a ventilationsystem. All possibleemergenciesshouldbe
consideredin advanceand preparedfor in the written procedure.
In the stressof an emergency,memoriesmay be faulty. Furthermore,
these emergency procedures should be usedin training emergency
responseteams. A sampleof and a checklist for a respirator
standardoperatingprocedureare includedin Appendix A.

2. Medical Surveillance

OSHA 29 CFR 1910.134statesthat no one shouldbe assigneda task
requiringuseof respiratorsunlessfoundphysically ableto do the
work while wearingthe respirator. In addition, someregulatory
standardsfor specific substancesand occupationsmay also contain
requirementsfor medicalexaminations. Both typesof standards
declarethat a physicianshould determinewhathealthand physical
conditionsare pertinent,and that respiratorwearers’medical
statusshould be reviewedperiodically.
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Pre-placementmedicalexaminationsshouldscreenout thosewho are
physically or psychologicallyunfit to wearrespirators. As
anotherpart of this examination,medicaltestspertinentto the
respiratoryhazardsthatworkersmay encountershould be madeto
get baselinedata. againstwhich to assessphysiologicalähangesin
respiratorwearers. In addition, the workers’previousmedicaland
employmenthistory shouldalso be considered.

The typesof informationwhich should be obtainedfrom the worker
include:

a. History of respiratorydisease--identifiesworkeñwith a
history of asthma,emphysema,or chroniclung disease.These
peoplemay beat risk whenwearinga respirator.

b. Work history--identifiesworkerswho havebeenexposedto
asbestos,silica, cotton dust, beryllium,etc., within the past ten
years,or workerswho haveworkedin occupationsor industries
wheresuchexposurewas probable. If pastexposuresare
identified,medicaltestscan beobtainedfor comparison. Someof
the specific itemsof informationwhich might be obtainedinclude:

o previousoccupations
o problemsassociatedwith breathingduring normalwork activities

o pastproblemswith respiratoruse.

c. Any other medical information -which might offer evidenceof the
worker’s ability or inability to wear and userespirators,suchas:

o psychologicalproblemsor symptomsincludingclaustrophobia

o any known physicaldeformitiesor abnormalities,including
those whichmay interfere with respiratoruse

o pastandcurrentusageof medication

o toleranceto increasedheartrate, which canbe producedby

heatstress.

Periodicroutinemedicalexaminationsshould bemadeto determine
whetherrespiratorwearershavebeenexposedto harmful levelsof
respiratoryhazards. Examinationfrequencyshouldbe tailoredto
particularsituationsand in accordancewith specificsubstance
standards.Tests to determinewhetherharmfulamountsof hazardous
substanceshavebeentaken into the body should be used. The
resultsof theperiodic examinationsshould be comparedwith those
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of the pre-employment examinationsandpreviousperiodic
examinationsto determinewhetherthe respiratorsused
are adequate.If possible,periodicbiochemicaltests
should bemadeto measurerespiratorwearers’exposures
to respiratoryhazards.

3. Training

a. Elementsof an adequatetraining program

Selectingtherespiratorappropriateto a givenhazardis important,
but equally importantis using the selecteddeviceproperly.
Properusecanbe ensuredby carefully training both supervisors
and workers in selection,use,and maintenanceof respirators.
This implies that thereshouldbe a trainingprogram.

Like the overall respiratorprogram,the contentof the training
programcan vary widely, dependingon circumstances.However,OSHA
29 CFR 1910.134requiresthat training of both workersand
supervisorsinclude the following, no matterwhat the circumstances:

o an opportunity to handlethe respirator

o proper fitting

o testof facepiece—to—faceseal,and

o a long familiarizing periodof wear in normalair.

Furthermore,OSHA requiresthat the wearerreceivefitting
instructionsincluding demonstrationsand practicein wearing,
adjusting,anddeterminingthe fit of the respirator.

Training of supervisorsand workersalso shouldinclude:

o discussionof the engineeringand administrativecontrolsin

useand why respiratorsalso areneeded

o explanationof the natureof the respiratoryhazardandwhat

happensif the respiratoris not usedproperly

o explanationof why a particulartypeof respiratorhasbeen

selected,and

o discussionof how to recognizeand handleemergencies.

Thesetraining requirementsapply to largeandsmall organizations,
with no differentiationto meet individual needs. The training the
supervisorneedsmaydiffer from that for the individual worker,
and bothmaydiffer markedly from that neededby membersof
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emergencyresponseteams. This chaptersummarizesmethods
for satisfyingthe OSHA requirementsandsuggestsways
that respirMoryprotectiontraining may be tailored to
individual needsbasedon job function.

Theexactformat of the training programwill vary widely, depending
uponthe organization. The largeusermay needa full-time
professionalinstructor. At theotherextremeis the very small
userwho may be forcedinto a do it yourself training program.
Respiratortraining coursesare availablefrom NIOSH and others.
It mustbe emphasizedagain,however, that the OSHA requirements
apply to largeand small usersalike.

2’. SupervisorTraining

Supervisors,at leastthose who overseethe daily activities of one
or more workerswho wearrespiratorsfrequently,should havea
reasonablycomprehensiveknowledgeof respiratorsand respiratory
protectionpractices. Their training should include,but not
necessarilybe limited to, knowledgeof the following:

o worker training and instruction

o basicrespiratoryprotectionpractices

o selectionand useof respiratorsto protecteachworker against

every respiratoryhazardto which the workermay be exposed

o the naturôandextentof the respiratoryhazardsto which the

workersmaybe exposed

o the structureand operationof the entire respiratorprogram,

and

o the legal requirementspertinentto useof respiratorsin their

respectivesituations.

The supervisorshould understandthe responsibilityto facilitate
functioning of the program,including maintenancethat the worker
maybe expectedto do, issuanceof respirators,control of their
use,andevaluationof the program’seffectiveness.

Thesesuggestionsobviouslyapplyto the largeorganization. A
smallerorganizationmay haveto combinethe supervisortraining
with that of the workers. This benefitsthe workersas they
receivemore comprehensivetraining.
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c. Worker Training

The extentand frequencyof the workers’ training dependsprimarily
on the complexity of the respirator,natureand extentof the
hazard. Training for respiratoryprotectionagainsthighly toxic
chemicalsmayneedto be morestringentthanfor lesstoxic
chemicals, If the hazardis anuisanceparticulate,for example,
the dangerfrom misuseof the respiratoris not likely to be as
seriousas with a highly toxic particulatewhere a single misuse
mayhaveseriousconsequences.The sameholds true,of course,for
gasesandvapors, if the respiratoris to be usedin anemergency,
training in its useshould be very thoroughand complete. In any
case,the workershould be given someinstruction in respiratory
protectionpractices.

As a bare minimum,both workerandsupervisorshouldbe trained in
basicrespiratoryprotectionpractices. Also, eachshould be
trainedin useof the respiratorsselectedfor a particular
situation. Becauseproperrespiratorusedependsespeciallyupon
the wearer’smotivation, it is important that the needfor the
respiratorbe explainedfully. ANSI StandardZ88.2 (1969),Section
7.4 lists the following points to be includedin a minimal
acceptablerespiratorprogram:

“(1) Instruction in the natureof the hazard,whetheraáute,
chronic,or both, and an honestappraisalof whatmay happenif the
respiratoris not used.

(2) Explanationof why more positivecontrolis not immediately
feasible. This shall include recognitionthat every reasonable
effort is beingmadeto reduceor eliminatethe needfor
respirators.
(3) A discussionof why this is the proper typeof respiratorfor
the particularpurpose.
(4) A discussionof the respirator’scapabilitiesand limitations
(5) Instructionandtraining in actualuseof the respirator
(especiallya respiratorfor emergencyuse)andcloseand frequent
supervisionto assurethat it continuesto be properlyused.
(6) Classroomand field training to recognizeandcopewith
emergencysituations.
(7) Other specialtrainingasneededfor specialuse.”•

A major thrustin this trailing is toward explainingasmuch as
possibleaboutthe needand reasonsfor wearinga respirator.
This, of course,is to motivatethe user to acceptthe fact that
protectionis necessary,andto instill the desireto wear and
maintaina respiratorproperly. Justhandinga respiratorto a
worker with ordersto wear it becauseOSHA saysso is one of the
easiestways to ensureits misuse.
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At best,a respiratormaycausediscomfortand inconvenience,so
thereis a natural resistancetoward wearingit conscientiously.
Much of this natural resistancecan be overcomeby taking the time
and effort to inform the weareras thoroughlyas possiblewhy the
respiratoris necessary.This effort will createacceptanceof
respiratorsand contributeto correctuse.

4. Fitting

All the care that goesinto the design,manufactureand
certificationof a respiratorto ensureits maximumefficiency will
not protect thewearerif thereis an impropermatchbetween
facepieceandweareror improperwearingpractices. The problemis
twofold. Assuming that morethan one brandof a particulartype of
facepieceis available,the first problemis to determinewhich
fits best. The secondproblemis to ensurethat the userknows
whenthe respiratorfits properly. Both problemscanbe solvedby
useof somesort of fitting test,which is one of the OSHA
requirements.

Determinationof facepiecefit should involve both qualitativeand
quantitativetestS. A qualitativetestrelieson the wearer’s
subjectiveresponse.A quantitativetestusessomeothermeansof
detectingfacepieceleakage. The generaladvantagesand
disadvantagesof eachareas follows:

Advantagesof Qualitative Tests:

Usually, qualitative testsare fast, requireno complicated,
expensiveequipment,and are easilyperformedin the field.

Disadvantagesof QualitativeTests:

Most qualitative testsrely on the wearer’ssubjectiveresponse,so
they may not be entirely reliable.

Advantagesof QuantitativeTests:

The greatestadvantageof a quantitativetest is that it doesnot
rely on a subjectiveresponse.Thequantitativetest is
recommendedwhenfacepieceleakagemustbe minimized for work in
highly toxic atmospheresor thoseimmediatelydangerousto life or
health.
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Disadvantagesof QuantitativeTests:

Quantitativefitting testsrequireexpensiveequipmentthat can be
operatedonly by highly trainedpersonnel. Eachtest respirator
mustbe equippedwith a samplingprobeto allow removalof a
continuousair samplefrom the facepiece,so the samefacepiece
cannotbe worn in actualservice.

In addition, recentNIOSH studieshaveindicatedthat the sampling
bias for the currentquantitativefit teststechniqueis
unsatisfactory. NIOSH is performingresearchinto probelocation
and probedesignin an effort to decreasethis samplingbias (see
Chapter6).

Selectionof a qualitativeand/orquantitativefitting testdepends
upon circumstancessuchas the severityand extentof the
respiratoryhazardand the size of the organization. Ideally, both
qualitativeand quantitativetestsshould be used. A quantitative
test can be usedin selectingthe best respiratorfor eachworker
during training. To supplementthe periodic quantitativefitting,
a qualitativetest can beusedbeforeeachentry into a
contaminatedatmosphere.Again, this is only a suggestedprocedure
that canbe modified on the basisof an objectiveprofessional
evaluationof thecircumstances.

Quarter-and half—masks,andfufl-.facepieceshaveinherently
different fitting characteristics.Moreover,severalbrandsof
eacharemarketed,eachhavingslightly different fitting
characteristics.Although everymanufacturerdesignsfacepiecesto
fit asbroada sectionof the working populationaspossible,no
respiratormarketedwill fit everyone. Therefore,morethan one
brandof a given type of respiratorshouldbe purchasedto take
advantageof the different fitting characteristicsof each. In
this way, the chancesof properlyfitting all workersare
increased. Having morethan one facepieceto choosefrom also
gives the workera betterchanceof finding a respiratorthat is
reasonablycomfortablewhile providinggood protection. It is in
this processof matchingthe respiratorto the individual userthat
the fitting test,particularly the quantitativetest,has the
greatestimpact.

Respiratorfit testing proceduresare includedin Appendix B.

5. RespiratorInspection.Cleaning.Maintenance,andStorage

Scrupulousrespiratormaintenanceshould be madean integralpartof
the overall respiratorprogram. Manufacturers’instructionsfor
inspection,cleaning,and maintenanceof respiratorsshould be
followed to ensurethat the respiratorcontinuesto function
properly. Wearingpoorly maintainedor malfunctioningrespirators
maybe more dangerousthan not wearinga respiratorat all. The
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worker wearinga defectivedevicemay falselyassumethat
protectionis beingprovided. Emergencyescapeand
rescuedevicesareparticularlyvulnerableto inadequate
inspectionand maintenance,althoughthey generallyare
usedinfrequently,and then in the most hazardousand
demandingcircumstances.The possibleconsequencesof
wearinga defectiveemergencyescapeandrescuedevice
are lethal.

The OSHA standardsstrongly emphasizethe importanceof an adequate
maintenanceprogram,but permit its tailoring to the type of plant,
working conditions,andhazardsinvolved. However,all programs
are requiredto include at least

o inspectionfor defects(including a leak check)

o cleaningand disinfecting

o repair,and

o storage.

A propermaintenanceprogramensuresthat the worker’s respirator

remainsas effective aswhenit was new.

a. Inspectionfor Defects

Probablythe mostimportantpartof a respiratormaintenanceprogram
is frequentinspectionof the devices. If conscientiously
performed,inspectionswill identify damagedor malfunctioning
respiratorsbeforethey canbe used. The OSHA requirementsoutline
two primarytypesof inspection,that while the respiratoris in
useand that while it is being cleaned. In a small operation,
whereworkersmaintain their own respirators,the two typesof
inspectionbecomeessentiallyoneand the same. In a large
organizationwith a centralrespiratormaintenancefacility, the
inspectionsdiffer. A samplerespiratorinspectionrecordis
includedin AppendixA.

b. Frequencyof Inspection

OSRA requiresthat “all respiratorsbe inspectedbeforeand after
eachuse,” and that thosenot usedroutinely, i.e. emergencyescape
and rescuedevices,“shall be inspectedafter eachuseand at least
monthly...” NIOSH, however,recommendsthat all storedSCBA be
inspectedweekly. In one case,the respiratoris to be inspected
both beforeand aftereachuse,in the other case,only afteruse.
However, it is highly unlikely that anyoneneedinga respiratorin
a hurry,asduring an emergency,is going to inspectit. In fact,
it could be dangerousto taketime to do so.

- ioo-



c. InspectionProcedures

Inspectionproceduresdiffer dependingupon whetherair-purifying or
atmosphere-supplyingdevicesare involved, and whetherthe
inspectionis to be conductedin the field during use,or during
routine cleaning.

The OSHA standardsrequirethat respiratorinspectioninclude:

o a checkof thetightnessof the connections,

o a checkof the facepiece,valves,connectingtube,canisters,
and

o a checkof the regulatorand warningdeviceson SCBA for prope:
functioning.

d. Field inspectionof air-purifying respirators

Routinely usedair-purifying respiratorsshould be checkedas
follows beforeand aftereachuse:

i. Examinethefacepiecefor

o excessivedirt

o cracks,tears,holes,or distortion from improperstorage

o inflexibility (stretchand massageto restoreflexibility)

o crackedor badlyscratchedlensesin full-facepieces

•o incorrectlymountedfull-facepiecelens or brokenor

missingmountingclips, and

o crackedor brokenair—purifying elementholder(s),badly

worn threads,or missinggasket(s)(if required).
ii. Examinethe headstrapsor headharnessfor

o breaks

o loss of elasticity

o brokenor malfunctioningbucklesand attachments,and

o excessivelyworn serrationson the headharnesswhich

might permit slippage(full—facepiecesonly).
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iii. After removingits cover,examinethe exhalationvalve for

o foreignmaterial,suchasdetergentresidue,dust
particles,or humanhair under the valveseat

o cracks,tears,or distortion in the valve material

o improperinsertionof the valve body in the facepiece

o cracks,breaks,or chips in the valve body, particularly
in the sealingsurface

o missingor defectivevalve cover,and

o • improperinstallationof the valve in the valve body.

iv. Examinethe air-purifying elementsfor

o incorrectcartridge,canister,or filter for the hazard

o incorrectinstallation,loose connections,missingor worn
gaskets,or cross—threadingin holder

o expiredsheIf—life dateon cartridgeor canister

o cracksor dentsin outsidecaseof filter, cartridge,or
canister,and

o evidenceof prior use of sorbentcartridgeor canister,
indicatedby absenceof sealingmaterial,tape,foil,
etc.,over inlet.

v. If thedevicehasa corrugatedbreathingtube,examineit for

o brokenor missingend connectors,gaskets,or 0-rings

o missingor loose hoseclamps,and

o deterioration,determinedby stretchingthe tubeand
looking for cracks.

vi. Examinethe harnessof a front- or back-mountedgasmaskfor

o damageto wear to the canisterholderwhich may prevent
its beingheld securelyin place,and

o brokenharnessstrapsor fastenings.
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e. Field Inspection of Atmosphere-Supplying Respirators

For a routinely usedatmosphere-supplyingdevice,usethe following

procedures.

i. If the devicehasa tight—fitting facepiece,use the procedures
outlined abovefor air—purifying respirators,exceptthose
pertainingto the air-purifying elements.

ii. If the device is a hood, helmet,blouse,or full suit, usethe
following procedures:

O • Examinethe hood, blouse,or full suit for rips andtears,
seamintegrity, etc.

o Examinethe protectiveheadgear,if required,for general
condition,with emphasison the suspensioninside the
headgear.

o Examinethe protectivefaceshield,if any, for cracksor
breaksor impairedvision dueto reboundingabrasive
particles.

o Make surethat the protectivescreenis intact andsecured
correctly over the faceshieldof abrasiveblasting hoods
and blouses.

iii. Examinethe air.supply systemfor

o integrity andgood condition of air supply lines and

hoses,including attachmentsand endfittings, and

o correctoperationand condition of all regulators,valves,

• or otherair-flow regulators.

On SCBA, determinethat the high pressurecylinder of compressedair
or oxygen is sufficiently chargedfor the intendeduse,preferably
fully charged(mandatoryon an emergencydevice). On closed
circuit SCBA, makesurethat a freshcanisterof CO2 sorbentis
installedbeforeuse,or in accordancewith manufacturers
instructions. On open—circuitSCBA, rechargethe,cylinder if less
than80% of the usefulservicetime remains. However,it is much
preferredthat an open-circuitSCBA be fully chargedbeforeuse.
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Whenanair-purifying or atmosphere-supplyingdevice is used
nonroutinely,all the aboveproceduresshould be followed after
eachuse. OSRA requiresthat devicesfor emergencyusebe
inspectedoncea monthandthat “a recordshallbe kept of
inspectiondatesand findings for respiratorsmaintainedfor
emergencyuse.” NIOSH recommendsthat suchinspectionsbe
conductedat least weekly,becauseof the hazardthat undetected
loss of breathinggasfrom emergencySCBA will presentto the
wearer.

If defectsare found during any field inspection,two remediesare
possible. If the defect is minor, repairand/oradjustmentmay be
madeon the spot as in Figure 4-1. If it is major, the device
should be removedfrom serviceuntil it canbe repaired.
UNDER NO CIRCUMSTANCESSHOULD A DEVICE
THAT IS KNOWN TO BE DEFECTIVE BE USED
OR STOREDFOR FUTURE USE.

f. Inspectionduring cleaning

Becauserespiratorcleaningusually involvessomedisassembly,it
presentsa goodopportunityto examineeachrespiratorthoroughly.
Figure 4-2 shows inspectionof the valve. The proceduresoutlined
above for a field inspectionshould beused,but only afterthe
respiratoris cleanedand reassembledprior to returningit to
service.

During this inspection,the respiratorshould be leak checked,as
OSHA requires. The exactmeaningof “leak check” hasbeenmuch
discussed,but no universaldefinition hasemerged. Generally,a
“leak check” is an examinationof the freshly cleanedand
reassembledrespiratorto determinethat the completeassemblyis
gastight.

Severalmethodscouldbe devisedfor meetingthis requirement.One
is worthyof mentionasit is being usedin severalexisting
respiratorprograms. Therespiratorfacepieceis placedover a
machinedmetal headform with an inflatedsealingsurface. The
strapsare fasteneddown,and the inflatable sealbuilt into the
headformis pressurizedto provide gastightsealbetweenthe
headformandthe facepiece. A continuousair sampleis withdrawn
from inside the facepiece,throughthe headform,andis passed
throughan aerosoldetectorlike that describedin Appendix B. An
aerosolstreamis directedthrough asmall diametertubearound the
potential leak pointsin the facepiece. Any leaksare shownby the
penetrationmeteror recorderof the aerosolanalyzingsystem,if
it is seton the mostsensitivescale.
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FIGURE 4—1. Repairof a Helmet
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FIGURE4-2. Inspectionof the Valve
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This procedurewill detectleaksourcesand indicatethe magnitude
of the leak. However,it mustbe considereda qualitative,rather
thanquantitative,test. Someusershavebuilt a small test
chamberaroundthe headform. Insteadof the aerosolbeingpassed
aroundthe facepiece,the chambercontainsan aerosol—laden
atmospherethat permits actualquantitativedeterminationof
leakagein a mannersimilar to a quantitativefitting test.

This test requiresuseof the expensiveaerosolsystemwhich is
practicalonly for largeorganizations.The small respiratoruser
is in the difficult positionof not beingable to afford this
sophisticatedequipment,althoughboundby the samerequirementsas
the largeruser. The bestadvicefor the small useris to use
ingenuity and devisea method that will satisfy the basicpurpose
of the leak checkwithout adverselyaffecting the filter element,
andassurethat the reassembledrespiratoris leak free.

g. Cleaningand disinfecting

The OSHA requirementsin 29 CFR 1910.134arenot specific about
cleaningand disinfecting procedures,statingthat “routinely used
respiratorsshall be collected,cleaned,and disinfectedas
frequentlyas necessaryto insurethat properprotectionis
provided.” and that emergencyuserespirators“shall be cleanedand
disinfectedaftereachuse.”

In a largerespiratorprogramin which respiratorsareused
routinely, they should be exchangeddaily for cleaningand
inspection. In a small programinvolving only occasional
respiratoruse, this period could be weekly or monthly. Each
workerwho maintainsa respiratorshouldbe thoroughlybriefedon
cleaningand disinfectingit. Althougha worker may not be
requiredto maintain the respirator,briefingson the cleaning
procedurewill encourageacceptanceof the respiratorby providing
assurancethat the worker will receivesa clean,disinfected,
properlymaintaineddevice. This is particularly importantwhere
respiratorsarenot individually assigned. Whererespiratorsare
individually assigned,they shouldbe durably identified to ensure
that the workeralwaysreceivesthe samedevice. Identification
markersshould neitherpenetratethe facepiecenorblock filters,
cartridgeports, or exhalationvalves.

In a small respiratorprogram,or whereworkerscleantheirown
respirators,washingwith detergentin warm water usinga brush,
thorough rinsing in cleanwater,and air drying in a cleanplace is
generallyacceptedassoundprocedure.Precautionsshould be taken
to preventdamagefrom roughhandlingduring this procedure.
Precautionsshould also be takento preventexposureof the person
cleaningthe respiratorto the contaminantin the respiratorand to
cleaningagents.
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In a largeprogram,theremay bea centralizedcleaningand
maintenancefacility with specializedequipmentandpersonnel
trainedin respiratormaintenance.Figure 4-3 showsa typical,
hypothetical,largerespiratormaintenancefacility. Good features
are the separateareasfor disassemblyof usedrespiratorsand
assemblyof freshly cleanedandmaintaineddeviceswhich ensure
that the cleanrespiratorsdo not becomecontaminated.
Also, thereis amplestoragespacefor the cleanrespirators,and
spare parts (filters, exhalation valves, headbands, etc.) are
readily available. Thereis alsoa testbenchfor checkingthe
operationof SCEA regulatorsas well as a leak testsystem. A
facility of this type would takeup about500 ft2.

In the following discussionof cleaningand maintenanceprocedures,
referenceto Figure 4-3 shouldhelp in understandingthe overall
process.

h. Disassembly

The usedrespiratorsare collectedanddepositedin a central
location, (A) of Figure 4-3. Theyare takento anarea(C) where
the filters, cartridges,or canistersare removedand discarded.
Canistersand cartridgesshouldbe intentionallydamagedto prevent
reuse. If the facepiecesareequippedwith reusabledust filters,
theymay be cleanedwith compressedair in a hood (B) that prevents
dust from gettinginto the room andaffecting the maintenance
personnel. The air tanksfrom SCBA are removedandconnectedto
the chargingstation (I), and the rest of the unit is sent to the
SCBA testbench(I) wherethe regulator is tested. SCBAfacepieces
are cleanedlike air-purifying respiratorfacepieces.

CAUTION: Improperdisposalof an oxygen-generatingcanisterfrom a
closedcircuit SCBA is dangerous.Mine SafetyAppliancesCompany
suggeststhe following procedurefor disposingof their “Chemox”
oxygengeneratingCanister

“Punch a hole in the front, back,and bottom of the canister,and
gently place it in a bucketof cleanwaterdeepenoughto cover it
by at least3 inches. When bubblingstops,any residualoxygenhas
beendissipatedandthe canisteris expended.Pourthe water,
which is caustic,downa drain or disposeof it in any other
suitablemanner.” This procedureis safe. Not following this
procedurerecommendedby the manufacturer,particularly,cancause
a violent explosion.
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i. Cleaning andsanitizing

The Manufacturer’sinstructionsshould be followed for cleaningand
sanitizing respirators,especiallyin regardto maximum
temperatures.

The actualcleaningmaybe donein a variety of ways. In Figure
4-3, it is assumedthat a commercialdishwasher(D) is used. A
standarddomestictypeclotheswasheralso maybe usedif a rack is
installedaroundthe agitatorto hold the facepiecesin fixed
positions, if the facepiecesareplacedloose in a washer,the
agitatormaydamagethem. A standarddomesticdishwasheralso may
be used,but it is not preferredbecauseit will not immersethe
facepieces.

Any gooddetergentmay be used,but cleanerandsanitizersolutions
that cleaneffectively andcontaina bactericideare available.
The bactericideis generallya quaternaryammoniumcompound,which
hassomedisadvantages,becauseits concentrationmustbeadjusted
to the compositionof the local water to provide a constantdegree
of disinfection. Also, thereis a possibility of dermatitisif the
quaternaryammoniumsaltsarenot completelyrinsedfrom the
respirator.

An alternativeis to washthe respiratorsin detergent,followed by
a disinfectingrinse. Disinfection is not absolutelynecessaryif
the respiratoris reusedby thesameworker. However,where
individual issueis not practiced,disinfectionis strongly
recommended.Reliable,effectivedisinfectantsmaybe madefrom
readily availablehouseholdsolutions,including:

o Hypochloritesolution(50 ppmof chlorine)madeby adding
approximately2 ml of hypochlorite(laundry) bleachto 1 liter
of water. A 2-minute immersiondisinfectsthe respirators.

o Aqueoussolution of iodine (50 ppmof iodine)madeby adding
approximately0.8 ml tincture of iodine per liter of water.
The iodine is approximately7% ammoniumand potassiumiodide,
45%alcohol, and 48% water. Again, a 2-minute immersionis
sufficient.

If the respiratorsarewashedby hand, a separatedisinfecting rinse
may beprovided. If a washingmachineis used,thedisinfectant
should be addedto the rinse cycle, andthe amountof water in. the
machineat that time will haveto be measuredto determinethe
correctamountof disinfectant.
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To avoid damagingthe rubberandplastic in the respirator
facepieces,thecleanerand disinfectanttemperaturesshould not
exceed140°F,but they should not be less than 120°Fto ensure
adequatecleaning.

j. Rinsing

The cleanedand disinfectedrespiratorsshouldbe rinsedthoroughly
in cleanwater(140°Fmaximum)to removeall tracesof detergent,
cleanerand sanitizer,anddisinfectant. This is very importantto
preventdermatitis.

k. Drying

The respiratorsmay be allowedto dry by themselveson a clean
surface. They,also may be hungfrom a horizontal wire, like drying
clothes,but caremustbe takennot to damagethe facepieces.A
bettermethodis to usea commerciallyavailable,electrically
heatedsteelstoragecabinet,Figure4-3(E), with a built—in
circulating fan, and replacingthe solid shelveswith steelmesh,
if necessary.

1. Reassemblyand Inspection

Thecleandry respiratorfacepiecesshould be reassembledand
inspectedin an area,Figure 4-3(F), separatefrom the disassembly
areato avoidcontamination. The inspectionprocedureshavebeen
discussed,but theremaybe morethings to look for becauseof the
cleaning. The mostcommon is detergentor soapresidueleft by
inadequate,rinsing. This appearsmostoften under the seatof the
exhalationvalve, andcan causevalve leakageor sticking.

At this time, the respiratorsshouldbe thoroughlyinspectedand all
defectscorrected. New or retestedfilters, or newcartridgesand
canistersshould be installed,and the completelyreassembled
respiratorshould be testedfor leaks,Figure 4-3(M).

The facepieceof a SCBA can now be combinedwith the tested
regulatorfrom (I) and a full chargedcylinder from the storage
rack (K), and an operationalcheckcan be performed.

m. Maintenanceand Repair

The OSHA standardsstatethat “replacementor repairsshallbe done
by experiencedpersonswith partsdesignedfor the respirator.”
Besidesbeingcontraryto OSHA requirements,substitutionof parts
from a different brandor type of respiratorinvalidatesMSHA/NIOSH
bertificationof the device. The~efore,the userwould be wearing
anuncertifieddevice, in violation of the OSHA requirement.
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Maintenancepersonnelshouldbe thoroughlytrained.. They should be
awareof their limitations andnevertry to replacecomponentsor
makerepairsand adjustmentsbeyondmanufacturer’srecommendations,
unless they havebeenspeciallytrainedby the manufacturer.

Theserestrictionsapply primarily to maintenanceof the more
complicateddevices,especiallyclosedand opencircuit SCBA, and
evenmorespecifically their reducingor admissionvalves
(regulators)which “... shall be returnedto the manufactureror to
a trainedtechnicianfor adjustmentor repair.” Figure 4-4 showsa
complicatedinspectionbeingperformedat the factory prior to
delivery of the respiratorto a user. Thereshouldbe no problems
in repairingand maintainingmost other respirators,parficularly
the mostcommonlyusedair-purifying types.

An importantaspectof any maintenanceprogramis havingenough
sparepartson hand. Only continualsurveillanceof replacement
ratewill determinewhatparts in what quantitiesshouldbe kept in
stock. It is desirableto havesomesort of recordkeepingsystem
to indicatesparepartsusageandthe inventoryon hand.

n. Storage

All the carethat hasgoneinto cleaningand maintenanceof a
respiratorcanbe negatedby improperstorage. OSHA requiresthat
respiratorsbe storedto protect against

o dust

o sunlight

o heat

o extremecold

o excessivemoisture,and

o damagingchemicals.

What is omitted,though implied in a later statement,is protection
againstmechanicaldamage. Leaving a respiratorunprotected,ason
a workbench,or in a tool cabinetor tool box amongheavywrenches,
etc.,maydamageit.

it is strongly recommendedthat freshly cleanedrespiratorsbe
placedin heat-sealedor reusableplastic bagsuntil reissue. They
should be storedin a clean, dry locationaway from directsunlight.
They shouldbe storedin a single layer with the facepieceand
exhalationvalve in a moreor less normalposition to preventthe
rubberor plastic from taking a permanentdistorted“set.”
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e. Field Inspection of Atmosphere-Supplying Respirators

For a routinely usedatmosphere-supplyingdevice,usethe following
procedures.

i. If the devicehasa tight-fitting facepiece,usethe procedures
outlined abovefor air—purifying respirators,exceptthose
pertainingto the air-purifying elements.

ii. If the device is a hood,helmet,blouse,or full suit, usethe
following procedures:

o Examinethe hood, blouse,or full suit for rips and tears,
seamintegrity, etc.

o Examinethe protectiveheadgear,if required,for general
condition,with emphasison the suspensioninside the
headgear.

o Examinethe protectivefaceshield,if any, for cracksor
breaksor impairedvision due to reboundingabrasive
particles.

o Make surethat the protectivescreenis intact and secured
correctly over the faceshieldof abrasiveblasting hoods
andblouses.

iii. Examinethe air supplysystemfor.

o integrity and good condition of air supply lines and

hoses,includingattachmentsand end fittings, and

o correctoperationand condition of all regulators,valves,

or other air—flow regulators.

On SCBA, determinethat the high pressurecylinderof compressedair
or oxygen is sufficiently chargedfor the intendeduse,preferably
fully charged(mandatoryon anemergencydevice). On closed
circuit SCBA. makesurethat a freshcanisterof CO2 sorbentis
installedbeforeuse,or in accordancewith manufacturers
instructions. On open-circuitSCBA, rechargethe cylinder if less
than 80% of the usefulservicetime remains. However,it is much
preferredthat anopen-circuitSCBA be fully chargedbeforeuse.
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Whenan air-purifying or atmosphere-supplyingdevice is used
nonroutinely,all the aboveproceduresshould be followed after
eachuse. OSHA requiresthat devicesfor emergencyusebe
inspectedoncea monthandthat “a recordshall be kept of
inspectiondatesand findings for respiratorsmaintainedfor
emergencyuse.” NIOSH recommendsthat suchinspectionsbe
conductedat leastweekly, becauseof the hazardthat undetected
lossof breathinggasfrom emergencySCEA will presentto the
wearer.

If defectsare found during any field inspection,two remediesare
possible. If the defect is minor, repairand/oradjustmentmay be
madeon the spotasin Figure 4-1. If it is major, the device
should be removedfrom serviceuntil it can be repaired.
UNDER NO CIRCUMSTANCES SHOULD A DEVICE
THAT IS KNOWN TO BE DEFECTIVE BE USED
OR STORED FOR FUTURE USE.

f. Inspectionduring cleaning

Becauserespiratorcleaningusually involvessomedisassembly,it
presentsa good opportunity to examineeachrespiratorthoroughly.
Figure 4-2 shows inspectionof the valve. Theproceduresoutlined
abovefor a field inspectionshould be used,but only after the
respiratoris cleanedand reassembledprior to returningit to
service.

During this inspection,the respiratorshould be leak checked,as
OSHA requires. The exactmeaningof “leak check” hasbeenmuch
discussed,but no universaldefinition hasemerged. Generally,a
“leak check” is an examinationof the freshlycleanedand
reassembledrespiratorto determinethat the completeassemblyis
gaslight.

Severalmethodscould be devisedfor meetingthis requirement. One
is worthyof mentionasit is being usedin severalexisting
respiratorprograms. The respiratorfacepieceis placed overa
machinedmetalheadform with an inflatedsealingsurface. The
strapsare fasteneddown, andthe inflatable sealbuilt into the
headformis pressurizedto provide gastightsealbetweenthe
headformandthe facepiece. A continuousair sampleis withdrawn
from insidethe facepiece,throughthe headform,andis passed
throughan aerosoldetectorlike that describedin Appendix B. An
aerosolstreamis directedthrougha small diametertubearoundthe
potentialleak pointsin the facepiece. Any leaksare shownby the
penetrationmeteror recorderof the aerosolanalyzingsystem,if
it is seton the mostsensitivescale.
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FIGURE 4-2. Inspectionof the Valve
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This procedurewill detectleak sourcesandindicatethe magnitude
of the leak. However, it mustbe considereda qualitative,rather
thanquantitative,test. Someusershavebuilt a small test
chamberaroundthe headform. Insteadof the aerosolbeingpassed
aroundthe facepiece,the chambercontainsanaerosol-laden
atmospherethat permits actualquantitativedeterminationof
leakagein a mannersimilar to a quantitativefitting test.

This test requiresuseof the expensiveaerosolsystemwhich is
practicalonly for largeorganizations.The small respiratoruser
is in the difficult positionof not beingable to afford this
sophisticatedequipment,althoughboundby the samerequirementsas
the largeruser. The bestadvicefor the small useris to use
ingenuity and devisea methodthat will satisfy the basicpurpose
of the leak checkwithout adverselyaffecting the filter element,
and assurethat the reassembledrespiratoris leak free.

g. • Cleaningand disinfecting

The OSHA requirementsin 29 CFR 1910.134arenot specific about
cleaningand disinfectingprocedures,stating that “routinely used
respiratorsshall be collected,cleaned,and disinfectedas
frequentlyas necessaryto insure that properprotectionis
provided.”and that emergencyuserespirators“shall be cleanedand
disinfectedafter eachuse.”

In a largerespiratorprogramin which respiratorsareused
routinely, they should be exchangeddaily for cleaningand
inspection. In a small programinvolving only occasional
respiratoruse,this periodcould be weekly or monthly. Each
workerwho maintainsa respiratorshould be thoroughlybriefedon
cleaningand disinifecting it. Although a workermay not be
requiredto maintain the respirator,briefings on the cleaning
procedurewill encourageacceptanceof the respiratorby providing
assurancethat the workerwill receivesaclean,disinfected,
properlymaintaineddevice. This is particularly importantwhere
respiratorsarenot individually assigned. Whererespiratorsare
individually assigned,theyshould be durablyidentified to ensure
that the worker always receivesthe samedevice. Identification
markersshould neitherpenetratethe facepiecenorblock filters,
cartridgeports, or exhalationvalves.

In a small respiratorprogram,or whereworkersclean their own
respirators,washingwith detergentin warm water usinga brush,
thoroughrinsing in cleanwater,and air drying in a cleanplace is
generallyacceptedassoundprocedure.Precautionsshould be taken
•to preventdamagefrom roughhandling during this procedure.
Precautionsshouldalso be takento preventexposureof the person
cleaningthe respiratorto the contaminantin the respiratorand to
cleaningagents.
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In a large program,theremaybe a centralizedcleaningand
maintenancefacility with specializedequipmentandpersonnel
trainedin respiratormaintenance.Figure 4-3 showsa typical,
hypothetical,largerespiratormaintenancefacility. Good features
are theseparateareasfor disassemblyof usedrespiratorsand
assemblyof freshlycleanedand maintaineddeviceswhich ensure

- that the cleanrespiratorsdo not becomecontaminated.
Also, thereis amplestoragespacefor the cleanrespirators,and
spareparts(filters, exhalationvalves,headbands,etc.) are
readily available. Thereis alsoa test bench for checkingthe
operationof SCBA regulatorsaswell as a leak test system. A
facility of this type would takeup about 500 ft2.

In the following discussionof cleaningand maintenanceprocedures,
referenceto Figure 4-3 shouldhelp in understandingthe overall
process.

h. Disassembly

The usedrespiratorsare collectedand depositedin a central
location,(A) of Figure 4-3. Theyaretakento an area(C) where
the filters, cartridges,or canistersare removedand discarded.
Canistersandcartridgesshouldbe intentionallydamagedto prevent
reuse. If the facepiecesare equippedwith reusabledust filters,
they may be cleanedwith compressedair in a hood (B) that prevents
dust from getting into the room and affecting the maintenance
personnel. The air tanksfrom SCEA are removedandconnectedto
the chargingstation (J), and the restof the unit is sent to the
SCBA testbench(I) wherethe regulatoris tested. SCBA facepieces
arecleanedlike air—purifying respiratorfacepieces.

CAUTION: Improperdisposalof anoxygen-generatingcanisterfrom a
closedcircuit SCBA is dangerous.Mine SafetyAppliancesCompany
suggeststhe following procedurefor disposingof their “Chemox”
oxygengeneratingcanister

“Punch a hole in the front, back,and bottom of the canister,and
gently place it in a bucketof cleanwaterdeepenoughto cover it
by at least3 inches. When bubblingstops,any residualoxygenhas
beendissipatedand the canisteris expended.Pourthe water,
which is caustic,down a drain or disposeof it in any other
suitablemanner.” This procedureis safe. Not following this
procedurerecommendedby the manufacturer,particularly,can cause
a violent explosion.
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i. Cleaning and sanitizing

The Manufacturer’sinstructionsshouldbe followedfor cleaningand
sanitizingrespirators,especiallyin regardto maximum
temperatures.

The actualcleaningmaybe donein a variety of ways. In Figure
4-3, it is assumedthat a commercialdishwasher(D) is used. A
standarddomestictype clotheswasheralso may be usedif a rack is
installedaroundthe agitatorto hold the facepiecesin fixed
positions, If the facepiecesare placedloose in a washer,the
agitatormaydamagethem. A standarddomesticdishwasheralso may
be used,but it is not preferredbecauseit will not immersethe
facepieces.

Any good detergentmaybe used,but cleanerand sanitizersolutions
that cleaneffectively andcontaina bactericideare available.
The bactericideis generallya quaternaryammoniumcompound,which
hassomedisadvantages,becauseits concentrationmustbe adjusted
to the compositionof the local water to providea constantdegree
of disinfection. Also, thereis a possibility of dermatitisif the
quaternaryammoniumsaltsare not completelyrinsedfrom the
respirator.

An alternativeis to washthe respiratorsin detergent,followed by
adisinfectingrinse. Disinfection is not absolutelynecessaryif
the respiratoris reusedby the sameworker. However,where
individual issueis not practiced,disinfectionis strongly
recommended.Reliable,effectivedisinfectantsmaybe madefrom
readily availablehouseholdsolutions, including:

o Hypochioritesolution (50 ppmof chlorine) madeby adding
approximately2 ml of hypochlorite(laundry)bleachto 1 liter
of water. A 2-minute immersiondisinfectsthe respirators.

o Aqueoussolutionof iodine (50 ppm of iodine) madeby adding
approximately0.8 ml tinctureof iodine per liter of water.
The iodine is approximately7% ammoniumand potassiumiodide,
45% alcohol, and 48% water. Again, a 2-minute immersionis
sufficient.

If the respiratorsarewashedby hand,a separatedisinfectingrinse
may be provided, If a washingmachineis used,the disinfectant
shouldbe addedto the rinsecycle,- and the amountof water in the
machineat that time will haveto be measuredto determinethe
correctamountof disinfectant.

-110-



To avoiddamagingthe rubberand plastic in the respirator
facepieces,the cleanerand disinfectanttemperaturesshould not
exceed140°F,but theyshould not be less than 120°Fto ensure
adequatecleaning.

j. Rinsing

The cleanedand disinfectedrespiratorsshould be rinsedthoroughly
in cleanwater (140°Fmaximum)to removeall tracesof detergent,
cleanerand sanitizer,anddisinfectant. This is very importantto
preventdermatitis.

k. Drying

Therespiratorsmay be allowed to dry by themselveson a clean
surface. They also may behung from a horizontalwire, like drying
clothes,bit caremust be takennot to damagethe facepieces.A
bettermethodis to usea commerciallyavailable,electrically
heatedsteelstoragecabinet,Figure 4-3(E),with a built—in
circulating fan, and replacingthe solid shelveswith steelmesh,
if necessary.

1. Reassemblyand Inspection

The cleandry respiratorfacepiecesshould be reassembledand
inspectedin an area,Figure4-3(F), separatefrom the disassembly
areato avoidcontamination. The inspectionprocedureshavebeen
discussed,but theremaybe more things to look for becauseof the
cleaning. Themost commonis detergentor soapresidueleft by
inadequaterinsing. This appearsmostoften under the seatof the
exhalationvalve, andcan causevalve leakageor sticking.

At this time, the respiratorsshould be thoroughlyinspectedand all
defectscorrected. New or retestedfilters, or newcartridgesand
canistersshouldbe installed,and the completelyreassembled
respiratorshould be testedfor leaks,Figure 4-3(M).

The facepiiceof a SCBA cannow be combinedwith the tested
regulatorfrom (I) anda full chargedcylinder from thestorage
rack (K), andan operationalcheckcan be performed.

m. MaintenanceandRepair

The OSHA standardsstatethat “replacementor repairsshall be done
by experiencedpersonswith partsdesignedfor the respirator.”
Besidesbeingcontraryto OSHA requirements,substitutionof parts
from a differentbrandor type of respiratorinvalidatesMSHA/NIOSH
certificationof thedevice. Thefefore,the userwould be wearing
an uncertifieddevice, in violation of the OSHA requirement.
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Maintenancepersonnelshouldbe thoroughlytrained. They should be
awareof their limitations and nevertry to replacecomponentsor
makerepairsand adjustmentsbeyondmanufacturer’srecommendations,
unlessthey havebeenspeciallytrainedby the manufacturer.

Theserestrictionsapply primarily to maintenanceof the more
complicateddevices,especiallyclosedandopencircuit SCBA, and
evenmorespecifically their reducingor admissionvalves
(regulators)which “... shallbe returnedto the manufactureror to
a trainedtechnicianfor adjustmentor repair.” Figure 4-4 showsa
complicatedinspectionbeingperformedat the factory prior to
deliveryof the respiratorto a user. Thereshould be no problems
in repairingand maintainingmost other respirators,parficularly
themost commonlyusedair-purifying types.

An importantaspectof anymaintenanceprogramis having enough
sparepartson hand. Only continualsurveillanceof replacement
ratewill determinewhatpartsin what quantitiesshould be kept in
stock. It is desirableto havesomesort of recordkeepingsystem
to indicatesparepartsusageandthe inventoryon hand.

n. Storage -

• All the carethat hasgone into cleaningandmaintenanceof a
• respiratorcanbe negatedby improperstorage. OSHA requiresthat

respiratorsbe storedto protectagainst

o dust

o sunlight

o heat

o extremecold

o excessivemoisture,and

o damagingchemicals.

What is omitted,thoughimplied in a later statement,is protection
againstmechanicaldamage. Leavinga respiratorunprotected,ason
a workbench,or in a tool cabinetor tool box amongheavywrenches,
etc.,maydamageit.

It is stronglyrecommendedthat freshlycleanedrespiratorsbe
placedin heat—sealedor reusableplastic bagsuntil reissue. They
should be storedin a clean,dry location away from directsunlight.
Theyshould be storedin a singlelayer with the facepieceand
exhalationvalve in a more or lessnormalposition to preventthe
rubberor plastic from taking a permanentdistorted“set.”
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Air-purifying respiratorskeptreadyfor nonroutineor emergencyuse
should bestoredin a cabinetin individual compartments.A steel
wall-mountedcabinet,with six compartmentsis shownin Figure
4-5. Note thateachcompartmentis clearly labeledwith theuser’s
nameand that the respiratorsare in plasticbags. Note also that
therespiratorin the lower right compartmentis stored
improperly. Anotheracceptablemethodof storagein a standard
steelstoragecabinetis shownin Figure4-5. Note that the
respiratorsarestoredin a singlelayer.

The storagecabinetshould be readily accessible,and all workers
should be madeawareof its location,as is donefor fire
extinguishers.Avoidanceof seriousinjury from inhalationof a
toxic substancemay dependentirelyon how quickly workers canget
to the emergencyrespirators.This type of storageshould be
encouragedfor routinely usedrespiratorsif it doesnot interfere
with thenormal work routine. A little inconveniencehere is
justified to preventuseof a respiratordamagedby improper
storage.

A chestor wall mountedcase,Figure4-6, maybe purchasedfrom the
respiratormanufacturerfor storing a SCBA for use in emergencies.
Again, the locationsof SçBA shouldbewell known and clearly
marked. Unlike fire extinguishers,however,they should be located
in an areathat will predictablyremainuncontaminated.Even
highly trainedworkerstake 30 secondsto 1 minute to put on these
devices. In a highly contaminatedatmospheresuchasmight be
createdby massivereleaseof a toxic material,this may be too
long a time to staysafely in thearea. Therefore,the first
reactionshould be to escapeto anuncontaminatedarea,then put on
the SCBA which should be locatedthereand re-enterthe hazardous
areafor whatevertask must be done. Thereareundoubtedly
exceptionsto this generalrule, and only thoroughevaluationof
the potential hazard,taking into accountthe physical
configurationof the work area,will permit a final decisionabout
thecorrectstoragelocationfor a SCBA.

Routinely usedrespiratorsmaybe storedin a variety of ways if
they areprotectedagainstthe substancesandconditionslisted at
the beginningof this section. This meansthat whena respirator
is not in use,it should be storedin a plastic bag insidea rigid
container. The OSHA requirementssuggestthat respiratorsbe
storedin the cartonsin which they came,but theseusuallyprovide
only minimal protectionfrom mechanicaldamage.

The ade~uatelytrainedworkershould developa respectfor
respiratorswhich will automaticallyprovideincentiveto protect
it from damage.Besidesproviding betterassuranceof adequate
protection,this trainingwill lower maintenancecosts becauseof
decreaseddamage.
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FIGURE4-6. Wail-mountedStorageCabinetfor SCBA
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6. Surveillanceof Work Area Conditionsand Worker Exposure

OSHA 29 CER 1910.134states,“appropriatesurveillanceof work area
conditionsanddegreeof employeeexposureor stressshall be
maintained.” This necessitatesperiodic monitoring of the air
contaminantconcentrationto which the respiratorwearer is
exposed. Many thingssuch as changesin the operationor process,
air movement,temperature,or humidity, affect the concentrationof
a substancein the work areaatmosphere.Therefore,the air
contaminantshouldbe sampled. Preferably,samplingshouldbe in
the respiratorwearer’sbreathingzone. Both the time—weighted
averageand peakôoncentrationsof the contaminantshould be
determined. Comparingthe measuredtime-weightedaverage
concentrationwith the maximumuse concentrationdeterminedfor the
type of respiratorbeingusedis a-meansof checkingthat the

-properrespiratorhasbeenselected.

7. RespiratorProgramEvaluation -

OSHA 29 CFR. 1910.134states,“There shall be regularinspectionand
evaluationto determinethe continuedeffectivenessof the program.”
Periodicmonitoringis necessaryto ensurethat workersare
adequatelyprotected. The programshould be evaluatedat least
annually,and the writtenoperatingproceduresshould be modified
to reflect the evaluationresultsif necessary.A samplerespirator
programand checklistare includedin Appendix A.

Frequentinspectionof respiratorusewill determinewhetherthe
correct respirators-arebeingusedandworn properly. Examination
of respiratorsin useand in storagewill indicatehow well they
aremaintained. Wearersshould be consultedperiodically about
their acceptanceof respirators,including the discomfort,
resistanceto breathing,fatigue,interferencewith vision and
communication,restrictionof movement,and interferencewith job
performance,and their confidencein the respirator’seffectiveness.-

The resultsof periodic inspectionsof respiratoruse,consultations
with wearers,measurementsof hazardlevels in work areas,and
medicalsurveillanceof wearersshouldbe reviewed,studied,and
analyzedto determinethe effectivenessof the respiratorprogram.
Evidenceof excessiveexposureto hazardsshould be followed up to
determinewhy inadequateprotectionwas provided,and action should
be takento remedythe problem. The resultsof the program
evaluationshould be presentedin a written report that lists plans
to correct faults and the targetdatesfor their implementation.
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CHAPTER5
RESPIRATORUSEUNDER SPECIAL CONDITIONS

The following are specialproblemswhich may be encounteredin thewearing

and useof respiratoryprotectiveequipment

A. Facial Hair -

Facial hair that lies along the sealingareaof the respirator,suchas
beards,sideburns,moustaches,or evena few daysgrowth of stubble,
should not be permittedon employeeswho are requiredto wear
respiratorsthat rely on a tight facepiecefit to achievemaximum
protection. Facial-hair betweenthewearer’sskin and the sealing
surfacesof the respiratorwill preventa good seal. A respiratorthat
permitshegativeair pressureinside the facepieceduring inhalationmay
allow leakageand, in the caseof positive pressuredevices,will either
reduceservicetime or wastebreathingair. A worker should not entera
contaminatedwork areawhenconditionspreventa goodsealof the
respiratorfacepieceto the face. - -

B. EyeGlasses

Ordinaryeye glassesshould not be usedwith full—facepiecerespirators.
Eye glasseswith templebarsor strapsthat passbetweenthe sealing
surfaceof a full-facepieceand the worker’s facewill preventa good
seal,andshould not beused.- Specialcorrectivelensescanbe mounted
insidea full—facepiecerespiratorandare available from all
manufacturersof full-facepiecerespirators. To ensuregoodvision,
comfort, andpropersealingof the facepiece,thesecorrectivelenses
should be mountedby an individual designatedby the manufactureras
qualified to install accessoryitems.

Eye glassesor gogglesmay interferewith the half facepieces.When
interferenceoccurs,a full—facepiecewith specialcorrectivelenses
should be provided and worn.

C. ContactLenses

Severalfactorsmayrestrict or evenprohibit theuseof contactlenses
while wearingany type of respiratorydevice. This is especiallytrue
of atmosphere—supplyingrespirators. With full-facepieces,incoming air
directedtoward the eyecan causediscomfortfrom dirt, lint, or other
debris lodging betweenthe contactlens and the pupil.
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OSHA is consideringa changein their respiratorystandard,with regard
to useof contactlensesunderrespirators. Datageneratedby Lawrence
LivermoreNational Laboratoryis being takeninto consideration.

I). Facial Deformities

Facialdeformities,suchasscars,deepskin creases,prominent
cheekbones,severeacne,and thelackof teethor dentures,canprevent
a respiratorfrom sealingproperly.

E. Communications

Talking while wearinga respiratorequippedwith a facepiecemaybreak
the sealof the facepiece. When communicationis necessarywithin a
contaminatedarea,it should be donewith the help of special
communicatingequipmentobtainedfrom the manufacturerof the respirator.

F. in DangerousAtmospheres

Written proceduresshould be preparedfor safe respiratorusein IDLH
atmospheresthat may occur in normaloperationsor emergencies.
Personnelshouldbe familiar with theseproceduresand respirators. At
leastone standbyperson,equippedwith properrescueequipment
including an SCBA should be presentin the nearestsafeareafor
emergencyrescueof thosewearing respiratorsin an IDLH atmosphere.
Communications(visual,voice, signal line, telephone,radio, or other
suitabletype)should be maintainedamongall personspresent(thosein -

the IDLH atmosphereand thestandbypersonor persons). The respirator
wearersshould be equippedwith safetyharnessesand safetylines to
permit their removal from the IDLH atmosphereif they are overcome.

Confinedspacesare enclosuresthat aredifficult to get out of, suchas
storagetanks,tankcars,boilers,sewers,tunnels,pipelines,pits, and
tubs. The atmospheresin a confinedspacemaybe immediatelydangerous
to life or healthbecauseof toxic air contaminantsor lack of oxygen.
Beforeanyoneentersa confinedspace,testsshould be madeto determine
the presenceand concentrationof any flammablevapor or gas,or any
toxic airborneparticulate,vapor,or gas,and to determinethe oxygen
concentration.

Theconfinedspaceshould be force-ventilatedto keepthe concentration
of a flammablesubstanceat a safe level. No one should enterif a
flammablesubstance- exceedsthe lower explosivelimit. No one should
enterwithout wearingthe proper type of respiratorif anyair
contaminantexceedsthe establishedpermissibleexposurelimit or if
thereis an oxygendeficiency. Even if the contaminantconcentrationis
below the establishedbreathingtime—weightedaveragelimit and thereis
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enoughoxygen, the safestprocedureis to ventilatethe entire space
èontinuouslyand to monitor the contaminantand oxygen
concentrationscontinuouslyif peopleare to work in the confined
spacewithout respirators.

Airline and hosemasktype supplied-airrespiratorsor appropriate
air-purifying respiratorsmaybe worn in a confinedspaceonly if tests
show that theatmospherecontainsadequateoxygenand that air
contaminantsare below levels immediatelydangerousto life or health.
While peoplewearingthesetypesof respiratorsare in a confinedspace,
its atmosphereshould bemonitoredcontinuously.

If the atmospherein aconfined spaceis immediatelydangerousto life or
healthowing to a high concentrationof air contaminantor oxygen
deficiency,thosewho mustenterthe spaceshouldwear a pressure—demand
SCBA or a combinationpressure-demandairline and self-contained
breathingapparatusthat alwaysmaintainspositiveair pressureinside
the respiratoryinlet covering. This is the bestsafetypracticefor
confinedspaces.

While personnelare in a confinedspace,at leastone standbypersonwith
properrescueequipment,including an SCBA, should be presentoutside
for emergencyrescue. Communications(visual, voice, signal line,
telephone,radio, or othersuitabletype) should be maintainedwith
thoseinside. Also, thoseinside the spaceshould be equippedwith
safetyharnessesand safety lines to allow their removal in casethey
are overcome.

G. in Low and High Temperatures

Low temperaturesmay fog respiratorlenses. Coating the innersurfaceof
the lens with the anti-foggingcompoundnormallyavailablefrom the
respiratormanufacturershould preventfoggingdown to 32°F,but severe
fogging may occurbelow 0°F. Full facepieceswith nosecupsthat
direct the warm,moistexhaledair throughthe exhalationvalve without
its touching the lens,are available. They should providesatisfactory
vision at as low as _300F. At very low temperatures,exhalationvalves
mayfreezedueto moisture. Dry respirableair shouldbe usedwith
airline respiratorsand with the type of SCBA that hasan air cylinder
whenthey areusedin low temperatures.

NIOSH performscold temperaturetesting on SCBA. The minimum temperature
that the SCBA - hasbeentestedto andapprovedfor is listed on the
approvallabel.
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A personworking in high temperatureair is understress. Wearinga
respiratorcausesadditionalstresswhich shouldbe minimizedby using a
light-weight,respiratorwith low breathingresistance.In atmospheres
that arenot immediatelydangerousto life or health the airline type
supplied-airrespiratoris recommended.Such a respiratorusedin low
or high temperatureatmospheresmay be equippedwith a vortex tubeto
eitherwarm or cool the air supplied.

H. PhysiologicalResponseof RespiratorUse -

Wearingany respirator,aloneor in conjunctionwith othertypesof
protectiveequipment,will imposesomephysiologicalstresson the
wearer. Weight of the equipment,for example,increasesthe energy
requirementfor a giventask. Selectionof respiratoryprotective
devicesshouldbe basedon the breathingresistance,weightof the
respirator,thetype andamountof protectionneededaswell asthe -

individual’s toleranceof the given device.

Useof respiratorsin conjunctionwith protectiveclothing cangreatly
affect the humanresponseandendurance,especiallyin hot
environments.Normally, in-hot environmentsor during heavy work, the
body reliesa greatdealon heatloss throughthe evaporationof sweat.
With impermeableclothing, the heatloss by waterevaporationis not
possible. Additionally, the weight of the respirator(up to 35 pounds
for an SCHA) addsto the metabolicrateof workers,increasingthe
amountof heatthebody produces.The neteffect -is one of heatstress.

NIOSH studiesof workerswearingchemicalprotectiveclothing (CPC)and
firefighters’ ensembleshaveindicatedthat heatstressis a serious
consideration.Significant physiologicalstresswas observed,evenat
low work intensities(30% of maximumwork capacity--levelwalking at 3.4
miles per hour)in a neutralenvironment(23°Cand 55% R.H.). With the
chemicalprotective(CPC) ensemble,worker tolerancetime wasreducedby
56% as comparedto light work clothing only. Elevatedrectal
temperatures(in excessof 39.0°C)were observedin threeof the nine
subjects. With the heavierfirefighters’ ensemble,tolerancetime was
reducedby 84%ascomparedto light work clothing only and heartrates
averaged25-50 beatsperminute higher thanwith lightweightwork
clothing. At higherwork intensities(60% of maximum),tolerancetime
wasdecreased-by asmuch as 96%.

Baseduponthis limited research,the following recommendationsare made:

1. Selectthe lightestweightprotectiveensemblesand respiratory
protectivedevicesthat adequatelyprotect the worker. This will
minimize the physiologicaldemandsplaced on the workerby carrying
theweight of this equipment
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2. If available,selectprotectiveclothing madeof material that
will allow evaporationof watervapor, while providing skin
protectionfrom the contaminant.

3. Reducework rateby:

a. adjustingthe work/restschedules,

b. usingautomatedproceduresand/ormechanicalassistancewhere
possible,and

c. minimizing the work intensity,

4. Educateworkerson the symptomsand preventionof heatillness
and scheduleperiodic fluid replacementbreaks,

5. Reduceheatstressby schedulingwork at night or early morning
or by providingexternalcooling, where possible(either through
cooling garmentsand/orby providing cool respirablebreathingair
throughpressure-demandair suppliedrespirators),and

6. When conductingpipe/boilerlagging removal,ensurethat steam
lines arecool to minimize heatexposurefrom thesesources.
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CHAPTER6.

NEW DEVELOPMENTSAT NIOSH

While conductingthe MSHA/NIOSH-certificationprogramfor respirators,NIOSH
hasbeenactively interestedin new developmentsin respiratoryprotection.
To supportsuchdevelopmentwork, which is dedicatedtowardimprovementof
workerprotection,NIOSH hasfundedrespiratorresearchthroughcontractsand
grants,hassponsoredmeetingsandworkshopson respiratorresearch,andhas
conductedin-houseresearchprojects. Most of the NIOSH respiratorresearch
projectshavebeendirectedtoward improving the performanceof respirators
throughdevelopmentof newand more severerequirementsfor 30 CFR 11.
However,somefundamentalresearchprojectsin respiratoryphysiology,
filtration mechanics,sorptiontechnology,andquantitativerespirator
efficiency testing,havebeenundertaken.

A. RespiratoryPhysiology

To developguidelinesfor workerswearingrespiratorsandassociated
protectiveclothing, NIOSH hasundertakenseveralresearchprojects
examiningphysiologicalresponseand worker toleranceat a variety of
work ratesand temperatures.Theinitial studiesexaminedtheeffects
of wearing four typesof clothing/respiratorensembleswhile the
subjectswere performingat 30 and 60 percentof their individual
aerobiccapacity. Thermal,cardiovascular,respiratory,andsubjective
parameterswere measured.Furtherwork hasrecentlybeenconducted
examiningresponsesat 10, 20 and30 degreesCentigrade. Additional
typesof protectiveensembleshavealsobeenstudied. Preliminary
resultsshow that significantstressoccurswith workloadand
temperature.Thesefactors,aswell astype of ensembleshould be
consideredin determiningsafe work practices.

B. Filtration Mechanics -

Researchprojects-areunderwayand areplannedto study the effectsof
severalparameters,suchas particlesize,particleweight, particle
shape,and material,on the efficiency of various filter materials. A
study with a leadaerosolindicatedthat particle weighthad no
significanteffecton filter efficiency. A studyof fibrous aerosolsis
beginning. A filtration study with variably sizedlatex spheresis
nearlycomplete. -
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C. Sorption Technology

In addition to conductingtestsof MSHA/NIOSH-certifiedrespirator
cartridgesagainsta variety of organicvapors,to determinethe -

relationof theservicetimesand resistancesto the carbon
tetrachloridetestnow in 30 CFR 11, NIOSH is studyingthe applicability
of theJonasKinetic Model for predictingorganicvaporpermeation.
Testdataindicatethat sorbentstestedagainstcarbontetrachioride
haveabove averageservicelife, in comparisonwith otherorganicvapors
testedthus far.

D. QuantitativeRespiratorEfficiency Testing

MOSH is presentlyconductingresearchstudiesto evaluatepublished
assignedprotectionfactorsand to determinethe causesof known
variability in quantitativefit testing. Quantitativeworkplacefit
testsof poweredair-purifying respiratorshavedemonstratedthat the
previouslyassignedprotectionfactorsfor that type of respiratorwere
too high. Thelower assignedprotectionfactorsfor powered
air-purifying respirators,prescribedin this publication,reflect this
research.A similar studyof pressure-demandself-containedbreathing
apparatusduring firefighting operationshasbeeninitiated in 1987.
NIOSH hasdeterminedthat severalfactors variouslyaffect the magnitude
of a respiratorleak,during quantitativefit testing,both in the
laboratoryandin workplacestudies. The greatesteffectshavebeen
found to be from leaksite and probelocation.

E. Certificationof New Types of Respirators

Acting in accordancewith the authority in 30 CFR 11 Section 11.30(b),
which permits MSHA/NIOSH to certify other typesof respirators-not
describedin 30 CFR ii, NIOSH hasissueda numberof specialminimum
requirementsdocumentswhich permit thetesting andcertificationof
specialrespirators. NIOSH issuessuchrequirementsonly after thorough
investigationof the respiratorsand theiruse,and afterextensive
discussionand reviewby users,regulatoryagenciesand respirator
manufacturers.

Other typesof respiratorswhich havebeenor may be certified under -

thesespecialrequirementsinclude vinyl chloride, formaldehydeand
otherchemicalcartridgerespirators,and combinationhigh-efficiency
filter and supplied-airrespirators.

On November18, 1985, a FederalRegisterNoticewaspublisheddetailing
the requirementsfor certificationof positive pressureclosed—circuit
self-containedbreathingapparatus.Basically, thereare two types
which may becertifie±(I) apparatuswhich usea breathinggasof pure
oxygen,and(2) apparatuswhich usea breathinggasin which the oxygen
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concentrationis not greaterthan 30 percentby volume. The following
requirements,limitations, and cautionsapply underpresent30 CFR 11
Federalregulations:

Requirementsfor Certification of Positive-PressureClosed-Circuit
Self-ContainedBreathing Apparatus

I. Wherethe apparatususesa breathinggas(other thanpure oxygen)
- the breathinggaswill be respirabieandnot containmorethan 30

percentby volumeof oxygen.

2. The positive- pressureclosed—circuitself—containedbreathing
apparatuswill meetall applicablerequirementsof 30 CFR 11 as
prescribedfor closed-circuitself-containedbreathingapparatus,
including thosedesignedas demandflow devices.

3. The positive-pressure closed—circuit self—contained breathing
apparatuswill maintaina positive pressurein the facepieceduring
all pressureand flow tests.

Certification LabelSpecifications -

The following minimum limitations andconditionsapplyto positive
pressureclosed-circuitself-containedbreathingapparatusand will
appearon the certificationlabel for eachdevice:

Limitations - -

1. Do not usethis apparatuswherethereis directexposureto open
flamesor in high radiantheat. (This limitation appliesto 100
percentoxygenapparatusonly.)

2. Provide- propercare, training,andmaintenanceof the apparatus
as specifically describedin the manufacturer’sinstructionsand
maintenancemanuals.

3. After eachUse of this apparatus,a fully chargedbreathinggas
containerand a rechargeof carbondioxide scrubbershall be
installed.

4. Thoroughcleaninganddisinfectingof facepiece,breathingtube,
and breathingbag must be done in accordancewith the
manufacturer’s- instructions.
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Cautions

1. Keep exposedhair to a minimum whenusing apparatusnearopen

flamesor in high radiantheat.

2. A good facepieceseal is importantsincefacepieceleakagewill

seriouslyreduceservicetime.

3. Useof pure oxygenor oxygenenrichedair increasesflnmmabiiity

and lowersthe ignition temperatureof most materials.

In addition,presentlyavailableinformation indicatesthat the useof
pure oxygenduring direct exposureto openflamesand/orhigh radiant
heatshouldnot bepermitted. Further,MOSH hasdeterminedthat until
it hasbeendemonstratedsatisfactorilythat thesedevicescan be worn
safelyundersuchconditions theyshould be presentlylimited to use
which do not involve exposureto open flamesor high radiantheat.
Therefore,the oxygenconcentrationin a mixed gassystemis limited to
between23 and 30 percentfor use undertheseconditions. These
limitations are basedon what is physiologicallysafefor the necessary
oxygenlevel at the lower end and on the effectsof increasedoxygen
concentrationson both combustioüand ignition temperaturesat the upper
end. Theserequirementsare in addition to those presentlylisted in 30
CFR 11, bothof whichmust be metby the SCBA prior to certification.

Consequently,whenpositive pressureclosed-circuitbreathingapparatus
becomeavailableascertified devices,thenthepresentclosedcircuit
limitations and recommendationswill be expandedto give usersmore
selectionguidancefor safeapplication. That is, apparatusselection
couldbecomemoreperformanceorientedversusdesignorientedas present
considerationsand practicesrequire.

F. NIOSH RespiratorProblemInvestigation

SinceJuly 1, 1982, NIOSH hasbeeninvestigatingreportsof problemswith
MSHAJNIOSH-certifiedrespirators. Thesereportsare from NIOSH audits
of certifiedrespirators,andfrom regulatoryagenciesand usersand
manufacturersof respirators. As of August 1, 1987, a total of 215
reportswere received. The total includes15 fatalities of employees
who werewearingself-containedbreathingapparatusat the time of their
deaths. -

The goalsof the programare to increasinglyjustify the user’sreliance
on the MSHA/NIOSH respiratorcertificationprogramand to indicateto
respiratormanufacturersthat NIOSH is sincerein its desireto increase
the safetyand reliability of certified respirators.
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During the lastyearof theprogram,NIOSH hasnotedthat more
manufacturersare receivingand directly investigatingreportsof
problemson theirown. Theyare advisingNIOSH of the receiptof each
problemandare providingNIOSH with follow-up informationconcerning
the investigationandresolutionof eachproblem. NIOSH regardsthis as
an advantageousdevelopment,sinceit promotesmorepromptresponseto
and resolutionof problems,increasescustomersatisfaction,andoffers
the manufactureropportunitiesto learnaboutusers’needs- and wisheson
a first-handbasis.

NIOSH will continue this programandencouragesusersto contact
respiratormanufacturersand NIOSH concerningproblemswith
MSHA/NIOSH-certifiedrespirators.
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APPENDIX A

SAMPLE RESPIRATORPROGRAM

RESPIRATORPROGRAM EVALUATION CHECK LIST
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Thefollowing is a samplerespiratorprogram:

A B C COMPANY

RESPIRATORPROGRAM

Purpose: -

The purposeof this operatingprocedureis to ensurethe protectionof all
employeesfrom respiratoryhazards,throughproperuseof respirators.
Respiratorsare to be usedonly whereengineeringcontrol of respirator
hazardsis not feasible,while engineeringcontrolsarebeing installed,or
in emergencies.-

Responsibility

The companySafetyOfficer is ____________________________________

_________________________________________________He/sheis solely
responsiblefor all facetsof this programand hasfull authorityto make
necessarydàcisionsto ensuresuccessof this program. This authority
includeshiring personneland equipmentpurchasesnecessaryto implementand
operatethe program. The SafetyOfficer will developwritten detailed
instructionscoveringeachof the basicelementsin this program,and is the
solepersonauthorizedto amendtheseinstructions.

The ABC Companyhasexpresslyauthorizedthe Safetyofficer to halt any
operationof the companywherethereis danger-of seriouspersonalinjury.
This policy includesrespiratoryhazards.

Program Elements

1. The SafetyOfficer will developdetailedwritten standardoperating
proceduresgoverningthe selectionand useof respirators,using the
NIOSH Respirator.DecisionLogicasa guideline. Outsideconsultation,
manufacturer’sassistance,andotherrecognizedauthoritieswill be
consultedif there-is any doubt regardingproperselectionand use.
Thesedetailedprocedureswill be includedas appendicesto this
respiratorprogram. Only the SafetyOfficer may amendtheseprocedures.

2. Respiratorswill be selectedon the basisof hazardsto which the worker
is exposed. All selectionswill be madeby the SafetyOfficer. Only
MSHA/NIOSH—certified respiratorswill be selectedand used.

3. The userwill be instructedand trainedin the properuseof respirators
and their limitations. Both supervisorsand workerswill be so
instructedby the SafetyOfficer. Training shouldprovide the employee
an opportunity to handlethe respirator,haveit fitted properly, test
its facepiece—to—faceseal,wear it in normalair for a long familiarity
period,and finally to wear it in a testatmosphere.Every respirator
wearerwill receivefitting instructions, includingdemonstrationsand
practicein how the respiratorshould be worn, how to adjustit, and how
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to determineif it fits properly.

Respiratorsshould not beworn whenconditionspreventa goodfaceseal.
Such conditionsmay be a growthof beard,sideburns,a skull cap that
projectsunder the facepiece,or templepieceson glasses. No employees
of A B C, who are requiredto wear respirators,maywearbeards. Also
the absenceof one or both denturescanseriouslyaffect the fit of a
facepiece. The worker’sdiligence in observingthesefactors will be
evaluatedby periodicchecks. To assureproper protection,the
facepiecefit will be checkedby the wearereachtime thewearerputson
the respirator. This will be doneby following the manufacturer’s
facepiece-fittinginstructions.

4. Wherepracticable,the respiratorswill be assignedto individual workers
for theirexclusiveuse.

5. Respiratorswill be regularlycleanedanddisinfected. Thoseissued for
the exclusiveuseof one worker will be cleanedaftereachthy’s use,or

- moreoften if necessary.Thoseusedby more than one workerwill be
thoroughlycleanedand.disinfectedafter eachuse. The SafetyOfficer
will establisha respiratorcleaningand maintenancefacility and
developdetailedwrittencleaninginstructions.

6. The centralrespiratorcleaningandmaintenancefacility will store
respiratorsin a cleanand sanitarylocation.

7. Respiratorsusedroutinely will be inspectedduring cleaning. Worn or
deterioratedpartswill be replaced. Respiratorsfor emergencyusesuch
asself-containeddeviceswill be thoroughlyinspectedat leastoncea
monthandafter eachuse. Inspectionfor SCBA breathinggaspressure
will be performedweekly.

8. Appropriatesurveillanceof work areaconditionsanddegreeof employee
exposureor stresswill bemaintained.

9. Therewill be regularinspectionand evaluationto determinethe
continuedeffectivenessof the program. The SafetyOfficer will make
frequentinspectionsof all areaswhererespiratorsareusedto ensure
compliancewith ~therespiratoryprotectionprograms.

10. Personswill not be assignedto tasksrequiringuseof respiratorsunless
it hasbeendeterminedthat they are physically ableto performthe work
andusethe equipment. The ABC Companyphysicianwill determinewhat
healthand physicalconditionsarepertinent. The respiratoruser’s
medicalstatuswill be reviewedannually.

11. Certified respiratorswill be used.

JohnDoe
President,ABC Company
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The following is a samplerespirator program evaluationchecklist:

RespiratorProgramEvaluationChecklist

In general,the respiratorprogramshould be evaluatedfor eachjob- or at
leastannually,with programadjustments,as appropriate,madeto reflect the
evaluationresults. Programfunctioncan be separatedinto administration
and operation.

A. ProgramAdministration -

(I) Is therea writtenpolicy which acknowledgesemployer
responsibilityfor providing a safe and healthful workplace,
and assignsprOgramresponsibility,accountability,and
authority?

(2) Is programresponsibilityvestedin one individual who is
knowledgeableand who cancoordinateall aspectsof the
programat the jobsite?

(3) Can feasibleengineeringcontrols or work practiceseliminate
the needfor respirators?

(4) Are therewrittenprocedures/statementscoveringthe various
aspectsof therespiratorprogram,including:

designationof an administrator;
respiratorselection
purchaseof MSHA/NIOSH certified
medical aspectsof respiratorusage;
issuanceof equipment;
fitting;
training;
maintenance,storage,and repair,
inspection;
useunderspecialcondition;and
work areasurveillance?

equipment;

B. ProgramOperation

(1) Respiratoryprotectiveequipmentselection

Are work areaconditionsand worker exposuresproperly surveyed?
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Are respiratorsselectedon the basisof hazardsto which the
workeris exposed?

Are selectionsmadeby individuals knowledgeableof proper
selectionprocedures?

(2) Are only certified respiratorspurchasedandused;do they
provideadequateprotectionfor the specifichazardand
concentrationof thecontaminant?

(3) Hasa medicalevaluationof the prospectiveuserbeenmadeto
determinephysicalandpsychologicalability to wearthe
selectedrespiratoryprotectiveequipment?

(4) Wherepractical,haverespiratorsbeenissuedto the usersfor

theirexclusiveuse,and are thererecordscoveringissuance?

(5) Respiratoryprotectiveequipmentfitting

Are the usersgiven the opportunity to try on several
respiratorsto determinewhetherthe respiratortheywill
subsequentlybe wearing is the bestfitting one?

Is thefit testedat appropriateintervals?

Are thoseuserswho requirecorrectivelensesproperly fitted?

Are usersprohibitedfrom wearingcontactlenseswhenusing
respirators?

Is the facepiece—to—faceseal testedin a test atmosphere?

_________ Are workersprohibitedfrom wearingrespiratorsin contaminated
work areaswhenthey havefacial hair or othercharacteristics
maycausefacesealleakage?

(6) Respiratorusein the work area

Are respiratorsbeingworn correctly (i.e., headcoveringover

respiratorstraps)?

Are workers keepingrespiratorson all the time while in the

work area? - - -
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(7) Maintenanceof respiratoryprotectiveequipment

Cleaning andDisinfecting

Are respiratorscleanedand disinfectedaftereachusewhen
different peopleusethe samedevice,or as frequentlyas
necessaryfor devicesissued to individual users?

Are proper methodsof cleaningand disinfectingutilized?

Storage

Are respiratorsstoredin a mannerso as to protect themfrom
dust, sunlight,heat,excessivecold or moisture,or damaging
chemicals?

Are respiratorsstoredproperly in a storagefacility so asto
preventthem from deforming?

_________ Is storagein lockersand tool boxespermittedonly if the
respiratoris in a carryingcaseor carton?

Inspection

Are respiratorsinspectedbefore and after eachuseand during

cleaning?

_________ Are qualified individuals/usersinstructedin inspection

techniques?

Is respiratoryprotectiveequipmentdesignatedas“emergency
use” inspectedat leastmonthly (in addition to aftereach
use)?

Are SCBA incorporatingbreathinggascontainersinspected
weekly.for breathinggas pressure?

Is a recordkeptof the inspectionof “emergencyuse”

respiratoryprotectiveequipment?

Repair

Are replacementpartsusedin repairthoseof the manufacturer
of the respirator?

Are repairsmadeby manufacturersor manufacturer—trained
individuals? -
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(8) Specialuse conditions

Is a proceduredevelopedfor respiratoryprotectiveequipment

usagein atmospheresimmediatelydangerousto life or health?

_________ Is a proceduredevelopedfor equipmentusagefor entry into

confinedspaces?

(9) Training

Are userstrained in properrespiratoruse,cleaning,and

inspection?

Are userstrained in thebasisfor selectionof respirators?

Are usersevaluated,using competency-basedevaluation,before

and aftertraining?
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SAMPLE RESPIRATORINSPECTIONRECORD

1. TYPE________ 2. NO.

3. DEFECTSFOUNTh

A. Facepiece___________________________

B. InhalationValve__________________

C. ExhalationValve Assembly_________

IX Headbands______________________

E. CartridgeHolder -

F. Cartridge/Canister_________________

0. Filter -

H. HarnessAssembly________________

I. HoseAssembly-___________________

J. SpeakingDiaphragm_______________

K. Gaskets___________________

L. Connections_______________________

M. Other Defects ______
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FIT TESTING PROCEDURES
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APPENDiX B.1. PROCEDURESFOR FiT CHECKING

The sealof a respiratorshouldbe testedprior to enteringa contaminated
atmosphereby proceduresrecommendedby the manufactureror by the following
fit checks.

Irritant or Odorous ChemicalAgent

The weareris exposedto an irritant smoke,isoamylacetatevapor,or other
suitabletestagenteasilydetectableby irritation, odor, or taste. An
air-purifying respiratormustbe equippedwith the appropriateair-purifying
element. If the weareris unableto detectpenetrationof the testagent,
the respiratoris probablytight enough.

FIGURE B—I. Odorousvapor checktest
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NegativePressureTest

The wearercanperformthis test by himself in the field. The wearershould
usethis test (FigureB-I) just beforeenteringany toxic atmosphere.It
consistsmerely of closingoff the inlet of the canister,cartridge(s),or
filter(s) by coveringwith the palm(s)or replacingthe seal(s),or of
squeezingthe breathingtube so that it doesnot passair; inhaling gently so
that thefacepiececollapsesslightly; and holding the breathfor 10
seconds.If the facepieceremainsslightly collapsedand no inward leakage
is detected,the respiratoris probablytight enough. This test,of course,
can be usedonly on respiratorswith tight fitting facepieces.

FIGURE B-2. Negativepressuretest
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PositivePressureTest

This test is very like the negativepressuretest,and it has the same
advantagesand limitations. It is conductedby closing off the exhalation
valve andexhalinggently into the facepiece. The fit is considered
satisfactoryif slight positivepressurecan be built up inside the facepiece
without any evidenceof outward leakage. For somerespirators,this method
requiresthat the wearerremovethe exhalationvalve cover and thencarefully
replaceit afterthe test,often a difficult task. Removing and replacing
the exhalationvalve cover oftendisturbsthe respiratorfit evenmore than
doesthe negativepressuretest. Therefore,this -test should be used
sparinglyif it requiresremovingandreplacinga valve cover. The test is
easyfor respiratorswhosevalve coverhasa single small port that can be
closedby the palm or a finger. The wearershouldperformthis test (Figure
B-2) just before enteringany hazardousatmosphere.

FIGURE 8—3. Positivepressuretest
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APPENDIX B.2. QUALITATIVE FiT TESTPROCEDURES

[NoteS. The following proceduresare found in theOSHALeadStandard(29 CFR

1910.1025)Appendix Dj

This appendixspecifiesthe only allowablequalitativefit test protocols

permissiblefor compliancewith paragraph(f)(3)(ii).

I. Isoamyi AcetateProtocol

A. Odor ThresholdScreening

1. Three 1—liter glassjars with metal lids (e.g. Masonor Bell
jars)- are required.

2. Odor—freewater(e.g.distilled or spring water)at
approximately25°Cshallbe-usedfor the solution.

3. The isoamyl acetate(IAA) (alsoknown as isopentyl acetate)
stock solution is preparedby adding 1 cc of pure IAA to 800
cc of odor freewater in a 1-liter jar and shakingfor 30
seconds.The solution shall be preparednew at leastweekly.

- 4. The screeningtest shall be conductedin a room separatefrom
the room usedfor actualfit testing. The two rooms shallbe
well: ventilatedbut may not be connectedto the same
-recirculatingventilation system.

5. The:odortest solution is preparedin asecondjar by placing 4
-cc of the stock solutioninto 500 cc of odor free waterusing
a.cleandropperor pipette. Shakefor 30 secondsandallow to
standfor two to threeminutesso that the IAA conôentration
above the liquid may reachequilibrium. This solution may be
usedfor only one day.

6. - A testblank is preparedin a third jar by adding500 cc of
odorfree water.

7. The-odor test-and testblank jars shall be labeled I and 2 for
jar identification. If the labels areput on the lids they
can be periodically dried off andswitchedto avoid people
thinking-thesamejar alwayshastheIAA.

8. The following instructionsshall be typed on a cardand placed
on the table in front of the two testjars (i.e. 1 and 2):
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“The purposeof this test is to determineif you can smell
bananaoil at a low concentration.The two bottles in front
of you containwater. Oneof thesebottlesalso containsa
small amountof bananaoil. Be surethe covers areon tight,
thenshakeeachbottle for two seconds. Unscrewthe lid of
eachbottle,one at a time, andsniff at themouthof the
bottle. Indicateto the test conductorwhich bottle contains
bananaoiL”

9. The mixtures usedin the IAA odordetectiontestshall be
• preparedin an areaseparatefrom wherethe test is performed,
in order to preventolfactory fatigue in the subject.

10. If the testsubjectis unableto correctly identify thejar
containingthe odortest solution, the IAA QLFT maynot be
used.

11. If the testsubjectcorrectly identifies thejar containingthe
odor testsolution he may proceedto respiratorselectionand

fit testing.

.8. RespiratorSelection

1. The test subjectshall be allowedto selectthe most
comfortablerespiratorfrom a largearrayof varioussizesand
manufacturersthat includesat leastthreesizesof
elastomerichalf facepiecesand units of at leasttwo

- manufacturers.

2. Theselectionprocessshallbe conductedin a room separate
from the fit testchamberto preventodorfatigue. Prior to
the selectionprocess,the test subjectshallbe shownhow to
put on a respirator,how it should be positionedon the face,
how to set straptensionand how to assessa “comfortable”
respirator. A mirror shall be availableto assistthe subject
in evaluatingthe fit and positioningof the respirator. This
maynot constitutehis formal training on respiratoruse,only
a review.

3. The testsubjectshould understandthat he is being askedto
selectthe respiratorwhich providesthe- mostcomfortablefit
for him. Eachrespiratorrepresentsa different size and
shapeand, if fit properly,will provideadequateprotection.
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4. The test subjectholds eachfacepieceup to his faceand
eliminatesthosewhich are obviouslynot giving a comfortable
fit. Normally, selectionwill begin with a half—maskand if a
fit cannot-be found here,thesubjectwill be askedto go to
the full—facepiecerespirators. (A small percentageof users
will not be able to wear anyhalf-mask.) -

5. The more-comfortablefacepiecesare recorded;the most
comfortablemask is donnedand worn at leastfive minutesto
assesscomfort. Assistancein assessingcomfort can be given
by discussingthe points in #6 below. If the test subjectis
not familiar with using a particularrespirator,he shallbe
directedtO don the maskseveraltimes and to adjustthe
strapseachtime, so that he becomesadeptat setting proper
tensionon thestraps.

6. Assessmentof comfortshall includereviewingthe following
pointswith the testsubject

o Chin properlyplaced.
o Positioningof maskon nose. -

o Strap tension.
o Fit acrossnosebridge.
o Room for safetyglasses.
o Distancefrom noseto chin.
o Room to taik.
o Tendenàyto s11p.
o Cheeks-filled out.

o Self-observationin mirror. -

o Adequatetime for assessment.

7. The testsubjectshallconductthe conventionalnegativeand
positive-pressurefit checks(e.g. seeANSI Z88.2—l980).
Beforeconductingthe negative—orpositive-pressurechecks,
the subjectshall be told to “sear his maskby rapidly moving
the headside-to-sideandup anddown, taking a few deep
breaths. - -

8. The testsubject-is now readyfor fit testing.

9. After passingthe fit test, the testsubjectshall be -

questionedagainregardingthe comfort of the respirator. If
it hasbecomeuncomfortable,anothermodelof respiratorshall
be tried.

10. The employeeshall be given the opportunity to selecta
different facepieceandbe retestedif during the first two
weeksof on—the-jobwear the chosenfacepiecebecomes
unacceptablyuncomfortable.
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C. Fit test.

1. The fit testchambershallbe substantiallysimilar to a clear
55 gallon drum liner suspendedinvertedover a 2 foot diameter
frame,so that the top of chamberis about6 inchesabove the
testsubject’shead. The inside top centerof the chamber
shallhavea small hook attached.

2. Eachrespiratorusedfor the fitting and fit testing shall be
equippedwith organicvapor cartridgesor offer protection
againstorganicvapors. The cartridgesor masksshall be
changedat leastweekly.

3. After selecting,donning,and properlyadjustinga respirator
himself, the test subjectshall wearit to the fit testing
room. This room shall beseparatefrom the room usedfor odor
thresholdscreeningand respiratorselection,andshall be
well ventilated,asby anexhaustfan or lab hook, to prevent
generalroom contamination.

4. A copy of the following test exercisesand rainbow(or equally
effective)passageshall be tapedto the insideof thetest
chambet

TestExercises

i. Normal breathing

ii. Deepbreathing. Be certainbreathsaredeepand regular.

iii. Turningheadfrom side-to-side.Be certainmovementis
complete. Alert the testsubjectnot to bumpthe
respiratoron the shoulders. Have the testsubject
inhalewhenhis headis at either side.

iv. Noddingheadup-and-down.Be certainmotionsarecomplete
and madeaboutevery second. Alert the test subjectnot
to bump the respiratoron the chest. Have the test
subjectinhale whenhis headis in the fully up position.

v. Talking. Talk aloudandslowly for severalminutes. The
following paragraphis called the RainbowPassage.
Readingit will result in a wide rangeof facial
movements,and thus be useful to satisfy this
requirement.Alternativepassageswhich servethesame
purposemayalso be used.
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RainbowPassage

When the sunlight strikesraindropsin the air, theyact
like a prism and form a rainbow. The rainbow is a
division of white light into many beautiful colors.
Thesetakethe shapeof a long roundarch,with içs path
high above,and its two endsapparentlybeyondthe
horizon. Thereis, accordingto legend,a boiling pot of
gold at one end. Peoplelook, but no one every-finds
it. When aman looks for somethingbeyondreach,his
friends sayhe is looking -for the pot of gold at the end
of the-rainbow.

vi. Normal breathing.

5. Eachtestsubjectshallwearhis respiratorfor at least10
minutesbeforestarting the fit test.

6. Upon entering the test chamber,the testsubjectshallbe given
a 6 inch by 5 inch pieceof papertowel or otherporous
absorbentsingle ply material,folded in half and wettedwith
three—quartersof one cc of pure IAA. The testsubjectshall
hangthe wet towel on the hook at the top of the chamber.

7. Allow two minutesfor the IAA test concentrationto be reached
15eforestarting the fit testexercises.This would be :an
appropriatetime to talk with the test subject,to explainthe
fit test, the importanceof his cooperation,the purposefor
the headexercises,or to demonstratesomeof the exercises.

8. Eachexercisedescribedin No. 4 aboveshall be performedfor
at leastoneminute. -

9. If at any time during the test, thesubjectdetectsthe
banana-likeodorof IAA, he shall quickly exit from the test
chamberandleave the testareato avoidolfactory fatigue.

10. Upon returningto the selectionroom, thesubjectshall remove
the respirator,repeatthe odor sensitivity test,selectand
put on anotherrespirator,return to the test chamber,etc.
Theprocesscontinuesuntil a respiratorthat fits well has

- beenfound. Should the odor sensitivity testbe failed, the
subjectshallwait about5 minutesbeforeretesting. Odor-

sensitivity will usuallyhavereturnedby this time.
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11. If a personcannotbe fitted with the selectionof half-mask
respirators,includefull—facepiecemodelsin the selection
process. When a respiratoris found that passesthe test, its
efficiency shall be demonstratedfor the subjectby havinghim
breakthe facesealand takea breathbeforeexiting the
chamber.

12. When the test subjectleavethe chamberhe shall removethe
saturatedtowel, returningit to the test conductor. To keep
the areafrom becomingcontaminated,the usedtowelsshall be
kept in a self-sealingbag. Thereis no significantIAA
concentrationbuildup in the testchamberfrom subsequent
tests. -

13. Personswhohave successfullypassedthis fit testmay be
assignedtheuseof the testedrespiratorin atmosphereswith
up to 10 times the PEL of airbornelead. In other words this
IAA protocolmay be usedto assigna protectionfactorno
higherthan 10.

IL SACCHARIN SOLUTION AEROSOL PROTOCOL

A. TasteThresholdScreening.

1. Thresholdscreeningaswell as fit testingemployeesshall use
anenclosureaboutthe headandshouldersthat is
approximately12 inchesin diameterby 14 inchestall with at
leastthe front portion clearand that allows free movementof
the headwhen a respiratoris worn. An enclosure
substantiallysimilar to the 3M hoodassemblyof part #FT 14
and FT 15 combinedis adequate.

2. The testenclosureshall havea three-quarterinch hole in
front of the testsubject’snoseandmouthareato accommodate
the nebulizernozzle.

3. The entire screening-andtesting procedureshall be explained
to the test subjectprior to the conductof the screeningtest.

4. The test subjectshalldon the test enclosure. For the
thresholdscreeningtest,he shall breathethroughhis open
mouthwith tongueextended.

5. Usinga DeVilbiss Model 40 InhalationMedicationNebulizer,the
testconductorshallspraythe thresholdchecksolution into
the enclosure. This nebulizershall be clearly markedto
distinguishit from the fit test solutionnebulizeror
equivalent.

-156-



6. The thresholdcheck solutionconsistsof 0.83 gramsof sodium
saccharin,USP in water. It canbepreparedby putting 1 cc
of thetest solution(seeC6 below) in 100 cc of water.

7. To producethe aerosol,the nebulizerbulb is firmly squeezed
so that it collapsescompletelythenreleasedandallowedto
fully expand.

8. Ten squeezesare repeatedrapidlyand thenthe testsubjectis
askedwhetherthe saccharincanbe tasted.

9. If thefirst responseis negative,ten moresqueezesare
repeatedrapidly and the testsubjectis againaskedwhether
the saccharinis tasted.

10. If thesecondresponseis negative,ten more squeezesare
repeatedrapidly and the test subjectis againaskedwhether
the saccharinis tasted.

11. Thetestconductorwill take noteof the numberof squeezes
requiredto elicit a tasteresponse.

12. If the saccharinis not tastedafter 30 squeezes(Step 9), the
test subjectmay not performthe saccharinfit test.

13. If a tasteresponseis elicited, the-test subjectshall be
- askedto takenoteof the tastefor referencein the fit test.

14. Correctuseof the nebulizermeansthat approximately1 cc of
liquid is usedat a time in the nebulizerbody.

15. The nebulizershall be thoroughlyrinsedin water, shakendry,
and refilled at leasteachmorningand afternoonor at least
every four hours.

B. RespiratorSelection.

Respiratorsshall be selected-as describedin sectionlB above,except
that each-respiratorshallbe equippedwith a particularfilter
cartridge~

C. Fit TEst. -

1. The fit test usesthe sameenclosuredescribedin B 1 and B2

above.
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2. Eachtestsubjectshallwearhis respiratorfor at least10
minutesbeforestarting the fit test.

3. The testsubjectshall don the enclosurewhile wearingthe
respiratorselectedin sectionA above. This respiratorshall
be properlyadjustedandequippedwith a particular filter
cartridge.

4. Thetest subjectmaynot eat,drink (exceptplain water),or
chew gum for 15 minutesbeforethe test.

S. A secondDeVilbiss Model 40 InhalationMedicationnebulizeris
usedto spraythe fit testsolution into the enclosure. This
nebulizershall be clearly markedto distinguishit from the
screeningtestsolutionnebulizeror equivalent.

6. The fit test solution is prepared-byadding83 gramsof sodium
saccharinto 100 cc of warm water.

7. As before,thetestsubjectshall breathethroughthe open
mouthwith tongueextended.

8. The nebulizeris insertedinto the hole in front of the
enclosureand the fit testsolution is sprayedinto the
enclosureusing thesametechniqueas for the tastethreshold
screeningand thesamenumberof squeezesrequiredto elicit a
tasteresponsein the screening. (SeeBlO above).

9. After generationof the aerosolthe testsubjectshallbe
instructedto performthe following exercisefor one minute
eacit

a. Normal breathing.

b. Deepbreathing. Be certainbreathsaredeepand regular.

c. Turningheadfrom side-to-side. Be certainmovementis
complete. Alert the testsubjectnOt to bump the
respiratoron the shoulders.Have thetest subject
inhale whenhis headis at eitherside.

d. Nodding headup-and-down. Be certainmotionsarecomplete
andmadeabouteverysecond. Alert the testsubjectnot
to bump the respiratoron the chest. Have the test
subjectinhale whenhis headis in the fully up position.
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2. Eachtestsubjectshall wearhis respiratorfor at least10
minutes beforestarting thefit test.

3. The test subjectshalldon the enclosurewhile wearingthe
respiratorselectedin sectionA above. This respiratorshall
be properlyadjustedandequippedwith a particularfilter
cartridge.

4. The test subjectmaynot eat,drink (exceptplain water), or
chew gum for 15 minutesbefore the test.

5. A secondDeVilbiss Model 40 InhalationMedicationnebulizeris
usedto spray thefit testsolution into the enclosure. This
nebulizershallbeclearly markedto distinguishit from the
screeningtest solution nebulizeror equivalent.

6. The fit testsolution is preparedby adding83 grams of sodium
saccharinto 100 cc of warm water.

7. As before,the testsubjectshall breathethroughthe open
mouthwith tongueextended.

8. The nebulizeris insertedinto thehole in front of the
enclosureand the fit test solutionis sprayedinto the
enclosureusing the sametechniqueasfor the tastethreshold
screeningand the samenumberof squeezesrequiredto elicit a
tasteresponsein the screening. (SeeBlO above).

9. After generationof the aerosolthe test subjectshall be
instructedto performthe following exercisefor one minute
eaclz -

a. Normal breathing.

b. Deepbreathing. Be certainbreathsaredeepand regular.

c. Turningheadfrom side-to-side.Be certainmovementis
complete. Alert the testsubjectnot to bumpthe
respiratoron the shoulders. Have the test subject
inhale whenhis headis at eitherside.

d. Nodding headup-and-down. Be certainmotionsare complete
and madeabouteverysecond. Alert the test subjectnot
to bump the respiratoron thechest. Have the test
subjectinhale whenhis headis in the fully up position.
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e. Talking. Tilk aloud andslowly for severalminutes. The
following paragraphis called the RainbowPassage.
Readingit will resultin a wide rangeof facial
movements,and thus be useful to satisfy this
requirement.Alternativepassageswhich servethe same
purposemay also beused.

RainbowPassage -

When-the sunlight strikesraindropsin the air, they act
like a prism andform a rainbow. The rainbowis a
division of white light into manybeautiful colors.
Thesetakethe shapeof a long roundarch,with its path
high above,and its two endsapparentlybeyondthe
horizon. Thereis, accordingto legend,a boiling pot of
god at one end. Peoplelook, but no one every finds it.
When-a manlooks for somethingbeyondreach,his friends
sayhe is looking for the pot of gold at the end cf the

- rainbow.

10. Every 30 seconds,the aerosolconcentrationshall be
replenishedusing one-halfthe numberof squeezesas initially

(C8). -

11. The testsubjectshallso indicateto the test conductorif at
any time during the fiat testthe tasteof saccharinis
detected.

12. If the sacôharmnis detectedthe fit is deemedunsatisfactory
anda different respiratorshall be tried. -

13. Successfulcompletionof the testprotocolshall allow the use
of the testedrespiratorin contaminatedatmospheresup to 10
times the PEL. In other words this protocolmay beusedto
assignprotectionfactorsno higher than ten.

UI. IRRITANT FUME PROTOCOL

A. RespiratorSelection.

Respiratorsshall be selectedas describedin sectionlB above,except

that eachrespiratorshallbe equippedwith high efficiencycartridges.

B. Fit Test. - -

1. The testsubjectshall be allowed to smell a weak concentration
of the irritant smoketo familiarize him with its

- characteristicodor.
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2. The testsubjectshallproperlydon the respiratorselectedas
above,and wear it for at least 10 minutesbefore startingthe
fit test.

3. The test conductorshall review this protocolwith the test
subjectbeforetesting.

4. The testsubjectshall performthe conventionalpositive
pressureand negativepressurefit checks. Failureof either
checkshallbe causeto selectan alternaterespirator.

5. Breakboth endsof a ventilation smoketubecontainingstannic
oxychioride, suchasthe MSA partNo. 5645, or equivalent.
Attach a short length of tubing to one endof the smoketube.
Attach the otherendof the smoketube to a low pressureair
pumpset to deliver 200 milliliters perminute.

6. Advise the test subjectthat the smokecan be irritating to the
eyesandinstruct him to keephis eyesclosedwhile the test
is performed. -

7. The testconductorshalldirect the streamof irritant smoke
from the tubetowardsthe facesealareaof the test subject.
He shall beginat least12 inchesfrom the facepieceand
graduallymove to within one inch, moving aroundthe whole
perimeterof the mask.

8. The following exercisesshall beperformedwhile the respirator
sealis beingchallengedby the smoke. Eachshall be
performedfor one minute.

a. Normalbreathing

b. Deepbreathing. Be certainbreathsaredeepandregular.

c. Turningheadfrom side—to—side. Be certainmovementis
complete. Alert the test subjectnot to bump the
respiratoron the shoulders. Have the testsubject
inhale whenhis headis at eitherside.

d. Nodding headup-and-down. Be certainmotionsarecomplete
andmadeaboutevery second. Alert the testsubjectnot
to bump the respiratoron the chest. Have the test
subjectinhale whenhis headis in the fully up position.

e. Talking--slowly anddistinctly, countbackwardsfrom 100.
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f. Normal breathing

9. If the irritant smokeproducesan involuntaryreaction(cough)
by the testsubject,the test conductorshall stop the test.
In this casethe test respiratoris rejectedand another
respiratorshall be selected.

10. Eachtest subjectpassingthe smoketestwithout evidenceof a
responseshallbe given a sensitivity checkof the smokefrom
the sametube to determinewhetherhe reactsto the smoke.
Failureto evokea responseshallvoid thefit test.

11. StepsB4, B7, B8 of this protocolshall be performedin a
locationwith exhaustventilation sufficient to prevent
generalcontaminationof the testingareaby the irritant
smoke.

12. Respiratorssuccessfullytestedby the protocolmay beusedin
contaminatedatmospheresup to ten times the PEL. In other
words this protocolmaybe usedto assignprotectionfactors
not exceedingten.
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APPENDIX 3.3. QUANT1TATWE FIT TESTPROCEDURES

Except for procedurespeculiarto instrumentoperationand calibration,
quantitativerespiratorfitting testsarepracticallyidentical. The
following is a suggestedprocedurefor use in all typesof test systems.

I. PRELIMINARY CHECKOUT PROCEDURES

A. Startup and calibratethe testsystemaccordingto manufacturer’s
instructions. Be surethat the systemis stableand that the
aerosolor gas concentrationin the enclosurehasreached
equilibrium.

B. Inspectall respiratorsto be usedin the testsfor defectsand
cleannessaccordingto the proceduresdescribedin this guide.

IL QUANTiTATIVE :flTflNG TEST PROCEDURES

A. Recheckthe respiratorbeforehandingit to the test subject,paying
particularattentionto the samplingprobe and line attachedto the
facepiece. -

B. Describethe testto thesubject,making surethat the subjectfully
understandsits purpose,the procedures,and the actionsexpected.

C. If thesubjectis not familiar with wearingrespirators,demonstrate
correctwearingprOcedures.The subject’slevel of expertise
usually becomesapparentasthe subjectputs on the respirator.
The untrainedorpOorly trained subjectwill put the respiratoron
incorrectlyor be hesitantin movements.

D. Have thesubjectput on the respirator,accordingto manufacturer’s
instructions. Be surethe subjectdoesnot tightenthe headstraps
to the point of discomfort. Rememberthat this testshould
approximateworking conditionsin which thesubjectmight haveto
wearthe respiratorcontinuouslyfor anhour to two at a time.

In testing a half- or quarter-mask,checkits compatibility with
safetyglasses. If the subject’ssafety glassesinterfere,try
otherbrandsof respiratorsof the sametype. The subjectmayhave
to weara full-facepiece,which provideseyeprotection,if a half- -

or quarter-maskcompatiblewith safetyglassescannotbe found.
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B. Once it hasbeendeterminedthat the respiratoris worn properly,
the fit can be checkedquickly using a qualitativefitting test.
Makesurethat the correctfilter, cartridge,or canisterfor the
particulartestis installed,in the respirator. Also makesure
that the subjectpinchesoff the samplinghose. If leakageis
detected,try to determineits sourceandcause. If the leakageis
from a poorly fitting facepiece,try anotherbrandof the sametype
of respirator. In fact, severaldifferent brandsof respirators
shouldbe madeavailableso the subjectcan choosethe most
comfortable,a very importantaspectof fitting respirators.

F. After the bestpossiblequalitativefit hasbeenobtained,the
subjectentersthe test enclosureand connectsthesamplinghose.
If necessary,and without disturbing the facepiecefit, replacethe
filter, cartridge,or canisterusedduring the qualitativetest
with theair—purifying elementrequiredfor the quantitativetest.
To minimize filter leakage,use high—efficiencyparticulatefilters
when the testagentis an aerosol. Allow enoughtime (2—3 minutes)
at this point for the testenclosureconcentrationto stabilize.
Thenrecheckthe testsystemcalibration.

G. In responseto verbalinstructions,the subjectbegins headand
facial movementssimulatingthosemadeduring normalwork.

(1) Normal breathingwith headmotionlessfor I minute;

(2) Deepbreathing(simulatingthat during hard work) with head
motionlessfor 30 seconds.Do not prolong this exercise
becauseof the dangerof hyperventilation;

(3) Turning headslowly up and down while breathingnormally,
pausingfor at leasttwo breathsbeforechangingdirection.
Continuefor at least 1 minute; -

(4) Moving headslowly up anddown while breathingnormally,
pausingfor at leasttwo breathsbeforechangingdirection.
Continuefor at least 1 minute;

(5) Readingfrom a preparedtext, slowly and clearly,and loudly
enoughto be heardand understoodby the testoperator.
Continuefor 1 minute;

(6) Normalbreathingwith headmotionlessfor at least1 minute.

Theseexercisesaremoreor less tstandard”and havebeenfound to
providea meaningfulevaluationof respiratorperformance.
Therefore,if theyareused,the datacan be comparedwith
publishedinformation. Thetimes suggestedfor eachare minimal
and may beextendedif neededto obtain betterdata.
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H. After the test, the subjectleavesthe testenclosureand removes
the respirator. The operatorshould thenaskaboutthe respirator
comfort andnote any markson the subject’sfacewhich indicate
pressurepoints, If thetestindicateda goodfit, anydiscomfort
may be due to a mismatchbetweenthe subjectand thefacepieceor
to headstrapsthat are too tight. Every effort shouldbe madeto
provide the most comfortablerespiratorpossible.

I. The testresultsmay be analyzedand the protectionlevel determined
by one of two methods. Thefirst involveswatchinga meter during
the test to determinethat penetrationdoesnot exceeda certain
value, -

The second,muchpreferred,methodis to recordthe entire test
using -a strip chartrecorderoperatedat a chartspeedof about2
inchesper minute.

The first informationshould uniquely identify the testby number,
date,subject,and typeof respirator. Next comesthe test system
calibrationsafter the subjecthasenteredthe testenclosure,to

establish the maximumspanof the penetration-measuringinstrument
(100%calibration). This should be doneat leasttwice to ensure
that the calibration is correct.

Next -follow the five exercises,separatedby horizontallinesacross
the chart. As the penetration-measuringinstrumenthasseveral -

ranges,the rangeshould be shownnextto ‘the right marginof the
chart. When it becomesnecessaryto changethe penetrationrange,

as in the exampleunderturning headfrom side to side (TB),, makea
shortmark wherethe changewas madeand indicatethe new scale
setting.

Each exerciseshould be identifiedby somenotation. For example,
the following notationcould be usedon thestrip chart recording:

- Normal Breathing NB

Deep Breathing 1DB

Turning Headfrom Side to Side TH

Moving BeadUp andDown UD

Talking - T

Theseare.suggestednotations;othersmay be used,but they

should be consistent.
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All the abovenotationsshould be madeduring thetest. However,
it is neithernecessarynordesirableto calculatethe
penetrationsuntil later. The operatorshould pay full
attentionto runningthe equipmentand notingthesubject’s
actionsduring thetest.

The cyclic natureof the recordertraceis a functionof the
subject’sbreathingcycle. As this exampleshows,in an
air-purifying respiratorwith a half-mask,negativeair pressure
createdin the facepieceduring inhalation increasesthe
leakage. Exhalationcreatesslightly positive air pressure,
reducingthe leakage. Also, the lungs absorbsomeof the test
agent,especiallyif it is an aerosol,thusreducingthe
quantity of testagentin the exhaledbreath. Consequently,the
maximumpenetrationduring inhalation indicatesthe fraction of
ambientconcentrationwhich has penetratedthe facepiece.
Thereforerespiratorperformanceis basedon theavengeof the
peakpenetrations.

After the test, the operatormayanalyzethe recording. This is
done, treatingeachexerciseseparately,by drawing a line
through the inhalation peaksto approximatetheiraverage. The
midpointof eachline is the“avengepeakpenetration”for the
exercise. This numbershould be enteredon the chartfor each
exercise. Wherethe penetrationchangesabruptly,it is usually
advantageousto split the datainto -more thanone sectionand
treateachseparately.

For example,if five chartdivisions underUD showa penetration
of 2.55% andthreeshow3.75%, theavengepeakpenetrationfor
the entire exerciseis calculatedas follows:

5 divisionsx 2.55 = 12.75
3 divisions x 3,75 = 11.25
8 divisions 24.00

24.00/8= 3.00%peakavengepenetration.

After the avengepeakpenetrationhasbeencalculatedfor each
exercise,the datamay be enteredon a fitting testrecord. The
recordshould include the information from the recorderchart
which uniquely identifies the test. The recordshould indicate
resultsof the qualitativepretest,theavengepeak
penetrationscalculatedfor eachexercise,the testcriterion
expressedasthe maximumallowable averagepeakpenetration,the
testavengepeakpenetrationobtainedby averagingtheaverage
peakpenetrationsfor eachexercise,and whetherthe overall
performancewas satisfactoryor not. This determinationis
basedon the qualitativefit, compatibility with safetyglasses,
andavengepenetration.
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The subjectevaluationof the comfort of the particular

respiratoris basedon the following criteria:

1. VERY COMFORTABLE

Mask canbe worn for an indefinite periodwithout becoming
unbearablybothersomeor painful. No pain points: mask
feelscomfortable.

2. COMFORTABLE

Maskcanbe worn for 2 to 4 hourswithout unduediscomfort.
Somepressurepoints with slight discomfort.

3. BARELY COMFORTABLE

Mask can-beworn for approximately1/2 to 1 hourwithout
intolerablediscomfort. Somediscomfortfrom pressure.

4. UNCOMFORTABLE - -

Mask canbe toleratedfor the periodof the testonly.

5. INTOLERABLE - - -

Mask cannotbeworn at all without discomfort.

All other-factorsbeing equal,final choiceof a respirator
should be basedon comfort. A workershould not be requiredto
-weara device:he considers“uncomfortable”or 9ntolerable” He
may weara “barely comfortable” respiratorif the proposedusage
is intermittentfor short periods.

In summary,the above is a suggestedprocedurefor conductinga
quantitativerespiratorfitting test,evaluatingthe results,
-andrecording:thethta meaningfully,without laboriousrecord
-keeping. Moreover,the datawill becompatiblewith thosefrom
otherwork. -
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PhotographCourtesyof North Safety Products

FIGURE 8—4. Checkingfit prior to doing quantitativefit testing
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PhotographCourtesyof GersonCo., Inc.

FIGURE R—5. Quantitativefit testingof a single-userespirator
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- APPENDIX C

sELEaED NIOSH RESPIRATOR USER NOTICES
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DEPARTMENTOF HEALTH & HUMAN SERVICES Public Health Service

1~~ Centers for Disease Control
National Institute for Occupational
Safety and Health — ALOSI-3
944 Chestnut Ridge Road
Morgantown, WV 26505

January 15, 1982

NIOSR EMERCENCY INFORMATION BULLETIN
1)14 THE USE OF SELF—CONTAINED BREATHING -

APPARATUS IN LOW TEMPERATURES

Extreme caution should be exercised by all persons using open circuit
self—contaiâed breathing apparatus (SCBA) in hazardous environments during
sub—freezing weather. SCBAs are widely used by fire fighters combatting
winter fires. All users who wear -SCBAs in cold temperatures should take
particular note of the following important precautions:

1. Moisture in the air cylinders must be kept at an absolute
minimum since small amounts of moisture in the air
supply may- freeze and result in failure of the breathing
apparatus.

2. Always use- a nosecup in the SCBA facepiece when temperatures
are below freezing. Failure to use a nosecup under such
circumstances can result in facepiece fogging and severely
impaired vision. Chemical anti—fog agentsmay not perform
adequately- in low temperatures.

3. Carefully read the approval label on the respirator to -

determine if it is necessary to install special accessories
prior to use of the SCBA in sub—freezing weather. Certain
older U.S. Bureau of Mines approved SCBAs require such low
temperature accessories (SCEAs approved prior to March 25,
1972).

4. When leaving an extremely hot environment, such as a fire
scene, and- entering cold air (below or near freezing), always
place the SCBA facepiece in your turnout coat to keep it
warm if it. is to be quickly reused. SCBAS when not being
actively breathed can freeze—up very quickly.
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Page 2 — 1410511 EMERCENCYINFORMATION BULLETIN

5. Use special care after washing SCBA facepieces and breathing
tubes to remove all moisture to prevent water drainage
and freeze—up of the regulator.

6. SCMalarms can fail in low tenperatures; therefore, visual
checks of remaihing service time should be made when
SCEAs are used in sub—freezing conditions.

7. Be familiar with procedures on how to copewith exhalation
valves which can freeze open or closed in low temperatures.
(Contact the manufacturer or the State Fire Training Officer
for specific instructions.)

8. SCEAs are 1410511 laboratory approved for use in temperatures
down to _250 F. Therefore, if SCBAS are to be used in
temperatures below ~25° F, extreme caution should be used.- -

9. Also observe the following general precautions:

a. Use 0—7.1, Type I, Grade D air or air of
equivalent specification.

b Follow all information listed on the NIOSH/
MSRAor BOMapproval label for the
specific SCBA in use.

c.- Follow the manufacturer’s reconmiendations included
in their instruction and maintenancemanual accompanying
the SCBA.

- d. Follow all applicable Federal, State, and Local
regulations concerned with the use of SCBAs.

e. Keep SCBAs ma warm location between uses.

ames A. Oppold,s4fl., PE

Director

Division of Safety Research
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

- Centers for Disease Control
National Institute for Occupational

Safety and Health — ALOSH
944 Chestnut Ridge Road
Morgantown. WV 26505—2828

NovSber 15, 1982

- RESPIRATOR INFORMATION NOTICE

- ON
MM Powered Air Purifying Respirator

Mine Safety Appliance Company, Pittsburgh, PA
Model- Numbers: 463354, 466607, 466608

Approval Number: TC—21C—186

On April 24, 1981, NIOSH issued a Respirator InforMation Notice which
described the results of a NIOSH study of the MMhigh efficiency powered
-air purifying respirator (PMR) during use in a silica flour mill. The
observed workplace protection factors (defined as the ratio of the
concentration of contaminant outside the facepiece to the concentration
of contaminant -inside the facepiece measured while the respirator is
worn) were significantly below the anticipated workplace protection
:factor of 1000. As a result, 1410511 stated that workers wearing the MSA
EAPR may not receive the protection they anticipated. NIOSH stated
further than the Institute had no evidence that the problem discovered in
-that study existed in other industries or situations of use. NIOSH also
stated that the Institute would conduct further studies to evaluate the
performance of the MSAPeR against substances physically and chemically
different from silica flour to determine whether results with silica
flour were indicative of a problem associated with conditions of exposure

or related to the malfunction of equipment. -

Staff of NIOSH subsequently conducted a field evaluation of the half—mask
145k high efficiency PAPR at a primary lead smelter. The challenge
aerosols contained predominantly lead dust and or lead fume. From this
and other NIOSH studies, additional information itas beer developed and

-this Notice supersedes the Notice of April 24, 1981.

This field evaluation of the MSA PAPR produced the following preliminary
results. The workplace protection factors associated with the respirator
was found to be approximately lognormally distributed. The lISA PAPR
produced a geometric mean workplace protection factor of 376 with a
geometric standard deviation of 2.64 against lead fume and lead dust.
Approximately 95% of the observed workplace protection factors for the

143k PAPR exceeded 77 while 84% of the observed workplace protection

factors -were below 1000. During this study no wearer of the MSA PAPR was
exposed to concentrations of lead exceeding the permissible exposure
-limit (PEL). -

Subsequent to issuance:of the Respirator Information Notice of April 24,
1981, NIOSH and MSHAcommenced proceedings to withdraw the certification
of the NSA PANt. That action was predicated upon the determination by
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NIOSH that the NSA PAPR, during use in a silica flour taill, apparently
did not provide the anticipated level of protection, i.e., a workplace
protection factor of 1000. That action was subsequently voluntarily
dismissed by the agencies pending the results of further studies. This
study and additional studies of the PAPR class conducted by NIOSH
indicate that the previously anticipated protection factor of 1000
expected of the entire class of PAPRs is inappropriately high. In view
of this, the certification withdrawal proceedings against the NSA PAPR,
which were previously dismissed will not be reinstituted. However, NIOSH
recommends that users of PANts not rely upon then to consistently provide
a workplace protection factor of 1000.

The results -of the additional PAPR studies will be addressed in a
subsequent Respirator Information Notice. For more information on this
subject, contact the Testing and Certification Branch, Division of Safety
Research, NIOSH, 944 Chestnut Ridge Road, Morgantown, West Virginia
26505, (304) 291-4331. -

A. opp! •~Ph.D., PE, csp
Director

Division of Safety Research

—176—



( DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Centers for Disease Control
- National Institute tot Occupational

- Safety and Health — ALOSH
944 Chestnut Ridge Road
Morgantown. WV 26505—2888

- March 3, 1983

RESPIRATOR INFORMATION NOTICE

ON

3M PoweredAir Purifying Respirator
3M, St. Paul, Minnesota

Model Number: W—344
Approval Number: TC—21C-246

Racal PoweredAir Purifying Respirator
Racal Airstreaxn, Inc., Frederick, Maryland

Model Number: AH3
Approval Number: TC—2lC—2l2

In a Respirator Information Notice dated November 15, 1982, NIOSH
recommendedthat powered air purifying respirators (PAPRs) with high

efficiency filters not be relied upon to consistently provide a workplace
protection factor of 1000. That recommendationwas based upon the
results of the two studies of PANts with tight fitting facepieces
described in that Notice as well as the additional NIOSH study of
helmeted PAPRs described in this Notice.

The NIOSH study of helmeted PANts with high efficiency filters was
conducted by NIOSH on the 3M W—344PAPR and the Racal A113 PANt at a
secondary lead smelter. In this study the challenge aerosols contained
lead dust and/or lead fume.

-This study produced the following preliminary results. The workplace
protection factors associated with both respirator models were found to

be approximately lognormal1~ distributed. The results of the t—tests
~ate that there is no significant difference (P <.05) between the

mean workplace protection factors of the 3M and Racal PAPRs under the
particular circumstances of these studies. For both the 3M and Racal
PAPRs, approximately 98% of the observed workplace protection factors
were below 1000. Approximately 95% of the observed workplace protection
-factors for both the 3M and Racal PANts exceeded 33. The geometric-mean
workplace protection factor for 3M and Racal PAPRs was 182 with a
geometric standard deviation of 3.2.
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Page 2 — Respirator Information Notice

As stated in the November 15, 1982, Respirator Information Notice, the
preliminary results of the NIOSH studies of the NSA, 3M and Racal PAPRS
indicate that the protection factor expectedfrom this class of -

respirators is inappropriately high.

For more information on this subject, contact Clendel J. Provost,
Division of Safety Research, NIOSH, 944 Chestnut Ridge Road, Morgantown,
West Virginia 26505. Commercial telephone number is (304) 291—4595 and
the FTS number is 923—4595.

~ (~7~il
/~4ames A. Oppold, Ph.D:C~ CSP
(I Director
.1 Division of Safety Research
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Heatth Service

centers for Disease Control
National Institute for Occupational
Safety and Health — ALOSIf
944 Chestnut Ridge Road
Morgantown. WV 28505—2888

- December 16, 1983

- RESPIRATORUSER’S NOTICE

Effects of Chemicals on Rubber and Plastic Parts
of Self—contained Breathing Apparatus -

The National Institute for Occupational Safety and Health (NIOSH) has received
several reports of damage to parts of self—contained breathing apparatus that
have apparently been exposed to concentrations of chemicals. These exposures
have occurred during emergency response activities after accidental chemical
vapor release and/or chemical discharge. The most recent report concerned a
leak of dimethyl amine in Benicia, California, on August 12 and 13, 1983.
Self—contained breathing apparatus and other equipment used during control of
this leak were reportedly rendered unserviceable after exposure.

In view of these reports, fire fighting personnel who are engaged in emergency
response activities should be equipped with proper chemical protective
clothing in addition to respiratory protection. Information on the protective
capabilities of such clothing should be obtained from the clothing
manufacturer. -

NIOSH is conducting a study of permeation of protective clothing materials by
chemicals. Part of this study involves preparationof a data baseof
information on that subject. As part of this database,NIOSH would
appreciate receiving information on further cases of reported damage to
self—contained breathing apparatus by chemicals. Reports should be addressed
to the Testing and Certification Branch, Division of Safety Research, NIOSH,
944 Chestnut Ridge Road, -Morgantown, Wv 26505—2888. Reports should include
the name of the chemical, Chemical thstracts Service (CAS) Registry number, if
known, identification and/or type of material damaged, extent of damage, and
either the approximate concentration of the chemical or details of the
exposure (e.g., exposure to liquid and/or vapor, temperature, wind conditions,
and degree of enclosure of exposure).

,7~CJ.42~aL
Thomas C. Purcell, Ph.D.

Acting Director,
Division of Safety Research
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public HealthService

Centersfor Disease Control
National Institute for Occupational
Safety and Health — ALOSH
944 Chestnut Ridge Road
Morgantown. WV 26505—2888

December 16, 1983

RESPIRATOR USER’S NOTICE -

Effects of Heat and Flames on Rubber and Plastic
- Parts of Self—contained Breathing Apparatus

The National Institute for Occupational Safety and Health (NIOSH) has received
several reports of damage to parts of self—contained breathing apparatus that
have apparently been exposed to excessive heat and/or flames during fire
fighting activities. A preliminary investigation of these reports indicates
that development of new turnout gear for fire fighters permits them to enter
and remain in higher temperatures and flame exposures. These higher
temperaturesand flame exposurescan apparently damage some presently—used
rubber and plastic parts of-self—contained breathing apparatus.

NIOSH is proposing to include requirements for high—temperature performance of
self—contained breathing apparatus in title 30, Code of rederal Regulations,
Part 11 (30 CER 11), the regulations governing approval of respirators. NIOSH
has been advised by self—contained breathing apparatus manufacturers that they
are developing new materials with greater resistance to heat and flames.
NIOSH recommends that fire fighters avoid overexposure of breathing apparatus
parts to high heat and/or flames, where possible.

NIOSH requests that fire fighting personnel and others report further
incidents of heat and flame damage of self—contained breathing apparatus.
Such reports should be sent to the Testing and Certification Branch, Division
of Safety Research, NIOSH, 944 Chestnut Ridge Road, Horgantown, WV 26505—2888.

Thomas C. Purcell, Ph.D.

Acting Director,
Division of Safety Research
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( DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

- Centersfor Disease Control
National Institute for Occupational
Safety and Health — ALOSH
944 Chestnut Ridge Road

- Morgantown, WV 26505—2888

November 6, 1984

-- REPIRATOR USERS’ NOTICE

USE OF UNPPPROVED SUBASSEMBLIES -

The National Institute for OccupationalSafety and Health (NIOSI-I) has received
many questionsand complaintsin regard to interchangeabilityof respirator

- subassemblies-and unapprovedmodifications to MSIA/NIOSH certified respirators.
Further, some problemsreported to NIOSH have, upon investigation, been found
to have been caused by user’s modifying certified respiratorswhich have
resulted in the modified.~spi~’atorfailing to perform as anticipated, thus
jeopardizing the respiratoruser.

MSHA/NIOSH respiratorcertification regulations, Title 3D Code of Federal
RegulationsPart II (30 ~FR 11), state that approved respirators are ones that
“are maintainedin an approvedcondition and are the same in all respectsas
thoserespiratorsfor which a certificate has been issued.” [30 CFR 11,
11.2(b)] In addition, the regulationspermit NIOSH/MSl-IA to only approve
completerespirator- assembliesand prohibit the approval of respirator
subassembliessuch ascylinders or air supply hoses. Theserequirementsare
intendedto insure that one manufacturerhas overall control and -

responsibility for the integrity of the approvedrespirator. -

In some caseseven minor modifications to respiratorsmay make significant
changesin the performanceof the respirator. Manufacturerswho modify
certified respiratorsmust test the modification to determineif the
respiratorcontinuesto meet the- minimun requirementsof 30 CER 11, and must
submit the modifications to NIOSH. A user who modifies a certified respirator
may not be able to determinewhethera changewill decreaserespiratory
protection. Severalcaseshave been reported to N1094 whereunapproved
modifications or useof an unapprovedsubassemblyhave resultedin respirator
failures. Therefore, usersof NIOSH/MSI-IA approvedrespiratorsare cautioned
against interchangingsubassembliesor making unapprovedmodifications to
their respiratory.protectivedevices.

/i~n B. Moran
--/Director

~ Division of Safety.Research
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DEPARTMENT OF HEALTH & HUMAN SERVICES - Public Health Service

Centers for Disease Control
National Institute for Occupational

Safety and Health — ALOSH944 Chestnut Ridge Road
Morgantown. wv 26505—2888

June 28, 1985

RESPIRATOR USERS NOTICE

Use and Maintenance of pressure—demand
Self—contained Breathing Apparatus

Since July 1, 1983, the occupational Safety and Health Administration (0511k)
Fire Brigade Standard, Title 29, Code of Federal Regulations, Part 1910.156,
has required that pressure—demand or other positive pressure self—contained
breathing apparatus be won by fire brigade members performing interior
structural fire fighting. Although this standard is only applicable to all
industrial fire brigades and to municipal fire departments in states with
state—OSRA plans, other fire service organizations and industrial users of
self—contained breathing apparatus (SCM) have also recognizedthe superior
protective capabilities of positive—pressure SCM. As a result, there has
been a steady change from demand to pressure—demand SCM in the United States.

To provide the increased respiratory protection afforded by pressure—demand
SCM, it is generally necessary to increase the static pressure within the
facepiece. The complex mechanicé necessary to maintain this increased
pressure and to control air flow when the facepiece is removed, together with
the wearer’s physiological response to the pressure—demand system, have
presented problems to SCM users.

Pressure demand SCM requires more careful maintenance and different training,
than is required for demand SCM. Manufacturers have been providing
maintenance and use instructions and training for purchasers of
pressure—demand SCM. The National Institute for occupational Safety and
Health (NIOSH) recommends that users of pressuredemand SCM read those
instiuctions, follow them carefully in apparatus use and maintenance, and take
advantage of the manufacturer’s training assistance. In addition to the
manufacturers, training courses are offered by Fire Service organizations and
by private organizations.

In the area of pressure—demand SCM maintenance and repair, NIOS}I strongly
recommends that users have this service performed by a manufacturer—trained
representative. This service is required to assure continued safe performance
of pressure—demand SCM.

Please advise NIOSH of any problems encountered in maintenance and use of
pressure—demand self—contained breathing apparatus. Call the MIOSH Respirator
Problem Coordinator, (304) 291—4595 (YES 923—4595).
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Use and Maintenanceof Pressure—DemandSCM/Page 2

To assist you, NIOSH has prepared the following list of manufacturer’s and
fire service organization personnel who can provide further information on
pressure—demand breathing apparatus training:

Clifton Precision
5100 State Road
Drexel Hill, PA 19026
Mr. Robert Gray (215) 622—1718

Globe Safety Equipment, Inc.
P.O. Box 7248
Dayton, OH 45407 -

Mr. Steven Bates (513) 224—7468

International Safety Instruments, Inc.
P.O. Box 846 -

Lawrenceville, GA 30246
Mr. Donald flawson (404) 962—2552

MSA
600 Penn Center Boulevard
Pittsburgh, PA 15235
Mr. Jay Meats (412) 2735145

North Safety Equipment
2000 Plainfield Pike -

Cranston, RI 02920
Mr. Richard T. Flynn (401) 943—4400

Rexnord
45 Great Valley Parkway
Malvern, PA 19355
Mr. Justin Mills (215) 647—7200 *

Scott Aviation
225 Erie Street
Lancaster, NY 14086
Mr. Dennis Browner (716) 683—5100

U. S.D.
3323 West Warner Avenue
Santa Ana, CA 92702
Mr. Brian Miller (714) 241—4601

National Draeger, Inc.
P.O. Box 120
Pittsburgh, PA 15230 -

Mr. Les Boord/Ms. Karen Cox/Mr. Richard Weaver (412) 787—8383

International Association of Fire Chiefs
1329 18th Street, NW
Washington, DC 20036 -

Mr. Jan Thomas (202) 833—3420

International Association of Fire Fighters
1750 New York Avenue, NW
Wishington, DC 20006 - -

Mr. Richard fluffy (202) 737—8484

International Society of-Fire Service Instructors
20 Main Street -

Ashland, Mk 01721 -

Mr. Ed McCormack (617) 881—5800

7 olrn B. Moran
/,/Director

Division of Safety Research

* New contact for reporting res~iratorqj3blems (replaced Hr. John Moffa)
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Healib Service

‘—‘S

Centers for Disease Control
National Institute for Occupational
Safety and Health — ALOSH

- 944 Chestnut Ridge Road
Morgantown, WV 26505—2888

January 17, 1986

RESPIRATOR USERS NOTICE

Inspection of Certain Aluminum Cylinders for Breathing—gas Pressure

The light weight and high charging pressure of aluminum cylinders have
resulted in their widespread acceptance and use with self—contained breathing
apparatus (SCM). The National Institute for Occupational Safety and Health
(NIOSH) estimates that more than half of the SCM of 30— and 60—minute
duration in regular use today are equipped with aluminum cylinders.

Since first receiving reports of defective fiber—glass wrapped aluminum
cylinders in 1983, NIOSH has advised users of potential hazards associated
with use of certain fiber—glass wrapped aluminum cylinders. At this time,
NIOSH believes there is sufficient evidence to warrant issuance of this NOTICE
regarding inspection of fiber—glass wrapped aluminum cylinders.

The presently available evidence indicates that fiber—glass wrapped aluminum
cylinders manufactured under Department of Transportation (DOT) exemptions
DOT—E7235 and DOT—E8059 (including 2216 and 4500 psi) may, upon aging,
develop neck cracks and may leak breathing gas during storage and use. This
may result in significant loss of breathing gas from an unattended cylinder.
If undetected, this loss of breathing gas could be dangerous to the user.

Based on this, NIOSH recommends that where SCM are equipped with fiber—glass
wrapped aluminum cylinders, inspection for cylinder pressure should be made at
least weekly, for stored units. When used on a daily basis, as in fire
fighting, cylinder pressure should be checked daily and immediately before use.

If a leak is suspected, the cylinder and cylinder valve should be tested as
prescribed in American National Standard, Z88.5—198l, Practices for
Respiratory Protection for the Fire Service, Section 6.2.4.2.

Leaks in cylinders should be reported to the SCBA manufacturer -who will, in
turn report them to the cylinder manufacturer. The numbers and charging
pressures of leaking cylinders should also be reported to DOT (Mr. Art Mallen,
DOT Office of Hazardous Materials, 400 7th St. SW, Washington, DC 20590) and
to NIOSH (Mr. John Moran at the address shown at the top of this letter).

Aluminum cylinders used with SCM, with exemption numbers other than DOT—E
7235 and DOT—E8059 are not covered in this notice. Self—contained self
rescuers used in mines are also not included.

MORE
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- REMINDER

January 17, 1986

Manufacturersof MSHk/NIOSH—approvedSCBA
Incorporating DOT—E 7235 4500 Fiberglass Wrapped Aluminum Cylinders

The following manufacturersincorporateDOT—E 7235 4500 cylinders in their
MSHA/NIOSH—approvedSCBA:

o Bendix o Siebe Gorman
o Clifton Precision o Scott
o Draeger o U.S.D. (SurvivAir)

DOT—E7235 4500 cylinders must be retrofitted by Luxfer (Telephone:
714—684—5110) with steel neck rings, to prevent explosive rupture. DOT
regulations prohibit charging of any DOT—E7235 4500 cylinder that has not
been fitted with a steel neck ring. Any apparatus utilizing a DOT—E7235 4500
cylinder without a neck: ring, is considered unapproved by MSHAJNIOSH. -

Change in Address of Manufacturer’s Contact

The following address change has been reported to NIOSH for manufacturer’s
personnel who ate responsible for handling reports of problems with -

MSHA/NIOSH—approved respirators:

Clifton Precision: New Address: 750 West Sproul Road, Springfield, PA

- 19064—4084 -

Contact: Mr. Martin Ziegler -

,9John B. Moran
P Director, Division of Safety Research
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SAMPLEMSHA/NIOSRAPPROVALLABELS
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Figure 1. Sample MSHA/NIOSH Approval Label
for Pressure Demand SCBA.

PERMISSIBLE
30 Minute

Self Contained PressureDemand
CompressedAir Breathing Apparatus

United states Department oi Labor

SHA
MineSafetyand Health Adnilnistration

MINE SAFETYANDHEALTHADMINISTRATION
NATIONAL INSTITUTE FOROCCUPATIONAL

SAFElY ANDHEALTH

APPROVAL NO..TC-13F-000
- ISSUED TO t.

ABC Company
- Anywhere, USA

- LIMITATIONS

Approved for respiratory protection during the entry into or escape from oxygen deficient
atmospheres, gasis and vapors at temperatures above -22°F.Approved only when compressed
air reservoir is fully charged with air meeting the requirements of the Compressed Gas
Association -Specification G-7-1 for Type 1. Grade D air or equivalent specifications. The
container shall meet applicable DOT specifications. Demand mode shall be used only when
donning aparatus. At temperatures above 32°Fuse without nosecup is permitted.

- CAUTION

Use adequate skin protection when worn in gases or vapors that poison by skin absorption (for
- example, hydrocyanic adicgás). In making renewals and repairs, part identical with those

furnished bythe manufacturer under the pertinent approval shallbe maintained. This respirator
shall be selected, fitted, used, and maintained in accordance with Mine Safety and Health
Administration, and other applicable regulations.

Vt ~ •S~~— —

C,..... I.. ~.. C—,.S

NIOSH
— —

— o~-~ 3d.~ — —

‘eta?
spy.-

MSHA— NIOSH Approval TC-13F-000

Issued to ABC Co., February 31, 2000

The approved assembly consists of the following part numbers:

000-000
000-000

etc.
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Figure 2. Sample MSHAINIOSH Approval Label
for Pressure-Demand SAR

PERMISSIBLE
Combination Ten Minute Self-Contained CompressedAir

Breathing Apparatus for EscapeOnly
PressureDemandType C Supplied Air Respirator

rSStat~De~rtmentofLabor Vt ~ S S — — —~

IMSHAI
fefvand~ahhis

t
r~J ——

— o__ IS-. — —

MINESAFETYAND HEALTHADMINISTRATION -

NATIONAL INSTITUTE FOROCCUPATIONAL
SAFETYANDHEALTH

APPROVAL NO. TC-13F-000
ISSUED TO

ABC Company
Anywhere, U.S.A.

- LIMITATIONS

Approved for respiratory protection during entryand escape from oxygen deficientatmospheres.
gas, and vapors, when using air-line air supply. Approved for escape only, when using self-
contained air supply. Approved for use at temperatures above -25°F.
Approved only when compressed air reservoir is fully changed with air meeting the -require-
ments of the Compressed Air Gas Association Specifications 6-7-1 fortype 1, Grade D air, or
equivalent specifications. The containers shall meet applicable DOT specifications.

This approval applies only when the device is supplied with respirable breathing air through
12.5 to 300 feet of hose at air pressures between 78 and 80 pounds per square inch gage or
from self-contained air supply. If the supplied.air fails, open cylindervalve and proceed to fresh
air immediately. -

- CAUTION -

Use with adequateskinprotection when wornin gases and vaporsthat poison byskin absorption
(for example: hydrocyanic-acid gas). In making renewals and repairs, parts identical with
those furnished by the manufacturer under the pertinent approval shall be maintained. This
respirator shall be selected, fitted, used, and maintained in accordance with Mine Safety and
Health Administration, and other applicable regulations.

MSHA — NIOSH Approval TC-13F-000 -

41% Issued to ABC Company. February 31. 2000

S
The approval assembly consists of the following pan numbers:

000-000
000-000

etc.
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