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.asic elements of ruspiratory protectios.

Jreface

This booklet is intended for anyone
woncerncd with estadlishing ang
maintaining A respiratory protcction
program. It presents certain basic
informalion lor guidance purpeses.
However, it docs not purpert to be
all inclusive in content or scope. For
more complete information on spe-
cific problems the reader is referred
to the following documents:

1. American National Standard
Practices lor Respiratory Protection,
ANS/! 788.2-1969—Available fram the
Ametican Nalonal Standards Insti-
le, Inc.,, 1430 Broadway, New York,
New York 10018.

2, Respiratory Protective Devices
Manyal = Available from Lommittee
on Respirators. P.O. Bpx 435, Lansing,
Michigan 48902,

3. 8reathing Apparatus tor the Fire
Service—Available from National Fire
FProtection Associstion, 470 Atlantic
Avenue, Boston, Massachusetis 02110,

4, Threshold Limit Values =— Avail-
adbie from Secretary-Treasurer, The
American Confecence ot Governmen-
tal Industrial Hygienists, 1014 Broad-
way, Cincinnati, Ohio 45202.

Far more complele information on
the respiralory protective equipment
described in this booklet, contact
Mine Salely Appliances Company,

400 Penn Center Bivd,, Pittcburgh, Pa.

15235.

Only qualified, lrained personnet
chould use any respirstory protective
davice.

introduction

A successful respiratory protection
Program must contain eight basic ele-
rmonis,. These are listed dbelow not nec-
essarily in order of impeortance:

1. Administration,

2. Knowledge of respiratory
hazgeds.

3. Asscssment of respiratory
hazards.

4. Control respiratory hazsrds.

5. Selection ol proper rezpiralory
proteclive equipment,

6. Traimng.

7. Inspeclion, maintenance and re-
pair of equipment.

8. Mcdical surveillance,

Administration

Responsibility and autherily for ad-
minisiration of & respiratary protec-
.on program must be assigned 1o one
individual who may and prodably will
have assistince. The nccessity lor
ceniral authorily and responsibility is

to insure that there is ccordinalion
and direclion, The respiratory prolec-
tion program w:ill vary vndcly depend-

enl upon many faciors and may in- .

volve specialists such as salcty per-
sannel, industrial hygranists, health
physicists, and phys:ctans or a single
individual with ao spegial training. tn
any case, overall responsibility must
reside in a single indivicdual if the pro-
gram is to achieve opumum resulls:

Respiratory Hazards

Toxic materials can enter the body
in three ways: (1) through the gasiro-

intestinal tract, (2) through the skin,

and {3} through the lungs. Of these
three moces of entry, the human res.
piratory system presents the guickest
engd most direct avenue of entry be-
cause of its intimate association with
the circutatory system and the con.
stant need o oxygenate our tissve
cells o sustain life processes. Hence,
there are two basic respiratory
hazards:

1. Oxygen deficient air.

2. Air laden with contaminants.,

Oxygen Deficiency

The normal ceatent of oxygen in
the air is 20.Y per cent by volums,
Oxygen concentrations below 16 per
cent will not support combustion and
are considered unsale for human
exposure because of harmful elfects
on bedily lunciions, mental processes,
and cootdination. At low oxygen
concentrations, collapse can be im-
mediate, without warning and death
can ensue within minutes. While 18
per cent oxygen (al sea level) is gen-
erally considered the lower timit for
safe human exposure, the pariial pres-
sure of oxygen within the lunjp is the
importantfacior. Therefore, under con-
ditions of significantly reduced aimos-
pheric pressure, which occur at high
altiludes, the tuw safe limit is higher
than 16 per cecnt by volume. Current
legislation requires that the oxygen
percenlage in a working place be not
less than 195

in assessing exposure condihions,
it is important to rcmember that oxy-
gen deliciency can eccur in confined
spaces by displacement of air by other
gascs and vapors; or by means of
oxidalion procrszes such as lire, rusts
Ing. acrobic bactaria, efc., whare oay-
gen is consuined.

Air Contaminants

Air contammants include parlicu-
late matter n the fonm of ¢iscriete
porticies of solids or hguids, gascous
material in the form of @ truc gas or

vapor, or 2 combination ©f both gase
cous and particulate malter,

Particulate Hazards

Particulate contaminants may bde
classificd accarding to their physical
and chemical characleristics and
their biological cftect on tha body.
The particie ciamcter in microns
(Y micron=1/725.400 inch) is of yutmest
importance. Particles below 10
microns n diameler have @ grealer
opportunity to enler the respirgiory
systcm and particics below S microns
n diameter are more apt to reach the
deep lung o¢ aiveolar spaces. In the
heaithy lung, particies from & to 10
microns in diameter are gencraily re~
moved from the respiratory systcm by
the constant cleansing action of the
ciliated epithelium in the upper reg.
piratory tract. Hov-ever, wilth exces-
sive “gdust™ exposures of diseased
sysiems the efficiency of the cleans-
ing action can be markedly reduced,

Types of Particulate Matier

The various types of airbome par-
liculate contaminants (sometimes
called “aerosols” or “gispersowds’)
may be classified as follows:

Dust—hiechanically generated solid
panticulate matter {usually found in
the harmtul size range of from 0.5 to
10 microns).

Mist and Fog — Liquid perticulate
matter (usvally found in the gize range
from § to 100 microns) .

Fumes—-Solid condensation parti-
¢les of line diameter, commonly gener-
ated {rcm mollen metal as meta; fumes
{size range from 0.1 to 1.0 micron).

Smoke—Chemically generated par-
ticulale matter of organic origin, (Usu-
ally found in the size range from 0.01
10 0.3 microan},

Living Orgznisms — Airborne bac-
leria and virus (vsually found in the
size range from 0.001 to 15 microns).

Classificalion of Particutate Malter
Accordirig to Biological Eltects

The {ate of particles which reach
the deep lung or alveolar spaces de-
pends {0 a laige dogree on their soius
bility. particle size, chemical charac.
teristics, and melatolism in the body.
Hence, particylate contaminants can
be classitied sccorcing 10 their bio-
logical effects ay fotlows:

Ineri Aerosols — Which produce
minor irritation or discomfort. dut in
sulficienl quantily can overwhelm the
prolective mechanism of the upper
respiratory tract

Allergy Produceres — Which can
CAUSC SOVere re3cions with scme sen-
sitized individuals.

RSY
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Chemicatlrritants ~Whiehcandam-
#5¢ the sensitive mucous membranes
or lung lissue by chemical reaction,

Fibrosis Producers — Wnien can
cause the deveiopment of scar Lissue
in the lung such as silicosis feom
quarlz (silicon dioxide} eapasures and
asbestosis from asbeslos exposures.

Cancer Producers—Such as asbes-
tos, chromates and radioactive parti-
culate matter.

Systemic Poisans — Such as lead,
c€admium, arsenic which can damage
cenain crilical organs and systems.

Fever Producers —Such as the
fumes of zinc and copper.

Gascous Contaminanis

Gaseous contaminants occurring as
frue gases such as sullur dioxige,
carbon manoxide, elc., 0f vapors from
organic liquids can likewise be classi-
fied according to their chemical char-
sclerisics and diological eifect on the
bodty.

Types of Gaseous Contaminants
-Chemically, gaseous contaminants
may be classilied as tollows:

Inert Gases—Such as helium, argon,
neon, eic. which do not metabolize in
the body but procuce an oxygen deli-
ciency by displacement of air,

Acidie Gases—Such as sulfur diox-
ide, hydrogen sulfide, hydrogen chlor-
lde ete. which are acids or produce
scids by reaction with water,

Alkaline Goscs—Such as ammonis,
phosphine etlc., which are alkalis or
producce atkalis by reaction with water,

Organic Compounds — Which can
exist 8s true gases or vapors from or-
panic tiquids. '

Organomelallie Compounds—Com-
prised of metals attached to organic
groups such as tetraelhyl lead and
organic phosphates,

Classification of Gaseous
Contaminanis According to
Biological Effects

Gaoscous contaminants may be clas-
silicd accord:ing to biological elfecls
8s follows: .

Asphyzianis—Which interfcre with
tha uptake, transport or utilization of
oxyacn in the body. Simple asphyx-
fants such as nilrogen, methane, hy-
drogen. cic. can creatc an oxygen
deficiency by air disptacement,

Chemical Asphyziants — Such as -

carbon monoxide inlericre with the
uptake and trarspon of oxynen by the
hemoglotin of \he red blood cefis
whily hydrogen Cyanidenieriores with
*internal respiration™ of oxidation of
the hissue colls,

Chemical Irrifants — Such as acid
and alkaline gascs which can irritate

the respiralory system and cause the
development of puimonary edema ¢r
fiuid in the lung,

Anesthetics~—Such as ehioroform,
ether, carbon tetrachionde which can
‘cause loss of leeling, unconscious-
ness, and death,

Systemic Poisons—~Such as mctal-
lic mercury vapor, hydrogen sulfide,
#rsinc elc. which can damage entical
organs and systems of the body.

Threshald Limil Yalucs

The degree of eftect of both gas-
eous and particulate contaminants
depends largely upon the airborne
concentralion and the amount of
exposure.

Accardingly, a listing of Threshald
Limit Values {T.L.V.'s) aro published
yearly by the American Conterence ot.
Governmental Industrial Hygienists as
guides for exposure concentration
whieh 8 healthy indivicdual normally.
can tolerate {or 8 hours a day, live-
days a week without harmiul etfects.
Airborne parliculate concentrations
are gencrally listed as milligrams per
cubic meter ot air {m3z/m’} and gase-
ous conccniralions are listed as parts
per million {pom) by volume,

The latest listing of Tareshold Limit
Values can be oblained at nominal cost
fromthe American Conlerence of Gov-
ernmental Indus:rial Hygsenists, 1014
Broadway. Cincinnati, Qhio 45202,

Hazard Assessment

Proper assessment of the hazard

is the first important sicp 1o protec
tion, This will require thorough knowl-
edge of the process, retaied equip-
ment, raw maltenals, end-procuc's,
and by-products which can nossibly
Crestc an exposure hazard. Ailr
samples must be taken with proper
sampling instryments during all con-
ditions of operation 10 assess the at.
mosphere for oxygen contenl and con-
centration tevels of particulate and/or
gaseocus contaminants, The sampling
dcvice and the type and lrequency of
sampling {continuous or 3,0¢) will be
diclated by the exposure and operat-
ing conditions, Breathing zone sam-
ples are recommonded and sampling
frequency should be sufficient 10
assess |he average cxpoture under
the variablc operating and exposure
conditions,

Should exposure concenirations
excecd the recommenced hime's, haz-
ard contrcl procedures should be im-
plemented prompily,

Also, in pssessing the overall haz-

ard polential, considaration chou'ld be
given to possibie emcrgency coandie
tions which can anse n order 1o as-
sure that proper cmergency control

- RSV

equipment and procedures are avai-
abio and thoroughly uncerstood by
altected personnal,

Hazard Control

Obviously. hazard control should
starl at the process, equipment, And
plant design levels where effluents
can be cifectively conttrolied at the
oulset. With operating processes, the
probiem dbecomes mare Jitficult. How-
ever, in Sl cases, coasideration should
be given © the use of efleclive engi-
neering controls to eliminate and/or
reduce exposure to respiratory haz-
ards. This would include considers-
tion of process encapsulation or iso-
lation, use of less toxic materials in
the process and suilable exhaust ven-
lilation, lilters and scrudbers (0 con-
trol the effiyents.

However, since it is not always
practical to eflect and maintain engi-
neering conlrols, proper respiralory
prolective devices should be mace
available and used for respiratory pro-
tection when required. Since there
are many types of such devices, it is
important that they be seiccted with
utmost care 0 ensure that the proper
protection is aflorded and that per-
sonnel be thoroughly trained in their
use and limitations. Only equipment
approved by the National Institute for
Qccupational Satety and Heallh
(NIOSH} /7 Mining Enforcement and
Safety Administraticn (MESA) should
be selecled where possible.

. Selection .

Respiratory protective dovices vary
in design, appiication, and protective
capability. Tho user must, therefore,
assess the inhalation hazard and une
derstand the specific use and limita-
tions of available equipment 10 atsure
proper selection.

Respiratory protective devices are
tested and approved by NIOSH/MESA
for protection against a wide rangs of
inhalation hazards, from oxygen-de-
ficient and/or highly toxic atmos-
pheres to those containing “nuisance"™
dusts. While not all types of respira-
tory protective devices are covercd
under the current NIOSH approval re-
quirements, it is desirgble 10 seicct
NIOSIH/YIESA-approved equipment
whenever possible.

Respiratory protective devices 13!
into three classes: air-purifying, sup-
plied-sir, and sell-contained breath-
ing apparatus.

Alr Purifying Devices

Air-purilying devices remove con-
taminants trom the atmosphere and

0005278 3
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can bae used only in atmospheres con-
taining sullicicnt oxygen (0 sustain lite
{(al loast 19.5 percent by voluma at sea
wevel} and wilhin specificd concentra-
tion limitations ol the speciiic davice.
Various chomicals remave specilic
gases and vapors, and mechanical
tilters remove particulate matter. The
useful lile of an air-putilying device
is dependent upon the concentry:izn
of the contaminanis, the breathing
volume of the wearor, and Ihe capac-
ity of the air purifying medium.

The basic types of asir-purifying
devices are:

Mechanical Fiter Respiralors pro-
vide respiratory protection against
particulate matter such as nonvolatie
dusts, misis, or melal fumes. Selec-
tion of the appropriate respirator is
based on the type, toxicity, and par-
ticle size of the particv’“i® matter.
Specilic types of mechanical filter
respirators are approved under
NIOSH/MESA 30 CFR Part 11, Sub-
pantik.

Chemical Cariridge Respirators
provide raspiralory protection against
cariain gases and vapors in concen-
trations not in oxcess of 0.1 percant by
volume. Specilic types of chemical
cartridge respirators are approved un-
der NIOSH/MESA 30 CFR Part 11,
Subpart k.

Combinations of Chemical Car-
tridge and Mechanical Filter Respira-
fors provide respiratory protection
where ¢xposure is both gaseous and
particutate.

Gas Masks providg respiratory pro-
tection against certain specific gases
and vapors in concentrations up to 2
percent by volume or 8s specilied on
‘the canister label and against particu-
jate matter. Specitic gas masks are
epproved under NIOSH/MESA J0CFR
Part 11, Subpart i. NIOSH/MESA are
eccepting for lesting and approval
vinyl chloride gas masks and certain
chin-style masks.

Supplied-Air Devices

Supplied-air Jevices deliver Lreath-
ing air through a supply hose con-
nected 1o the wearer’s facepiece. |t
iz imperative tha! the air delivered be
free of contaminants. The air source
must bo locatad in ¢lean air and moni-
tored frequently. With tho exception

of Hose Masks with Eiowers, these .

devices should Lo used only in atmos-
phercs not immedialely dangerous to
tile or h_cailh.

_ The basic types of suppiicd-air de-
vices are:;

Air-Line Respirators with constant
fions, demand, ©Of pressurc-demand
flow.

‘Hose Masks wilh or withoul blower.

Supplied-air devices are approved
under NIOSH/MESA 30 CFR Part 11,
Subpart J.

Self-Contained Breathing Appzratus

Sed-contained breathing apporatus
provide complete breathing protection
for various periods of Limg based on
the amount ol breathing air or oxygen
supplied and the breathing demand of
the wearer.

The basic types ot self-contained
breathing apparatus are:

Oxygen Cylinder Rebreathing Typa.

Chemical Oxygen Rebdresthing
(sall-generating) Type.

Demand and Pressure-demand
Types.

Seif-contained breathing apparatus
are approved under NIOSH/MESA 30
CFR Part 11, Subpart .

There is one limitation applicabla to
ail respiralory proteciive equipment.
Certain gases are capabie of harming
Ihe body by means other than through
the respiratory {ract. For example,
ammonia, n concenltrations of ap-
proximately 3 perceni or highar, can
cause skin bums—particularly on
moist skin. To avoid that possibility,
protective clothing should bd worn in
addition to the proper sespiratory pro-
tection. Similarly, protective ciothing
shouid be worn when appreciable
amounts of gases such as hydrocyanic
acic are present. Hydrocyanic acid,
a gas st slightly sbove room iempera-
ture, is capable of penelretng the skin
and causing sysiemic poisoning, al-
though to do so, concenlrations con-
siderably higher than those required
for poisoning through lhe respiratory
tract must be present.

.,

g

\;

o .
i P

Figure 1—=Dustioe™ 77 Respirator is @
single-fiiter onil providing respirslory proe
{ection againsl dusls and mists having
Threshold Limil Vaive not less than 0.05
milligeam per cubic meter of 2.0 million
particikes per cubic loot.
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Figure 2—Comfo- # Respirator wilh Type
"M Ullra Filter* Cartrigges is 8 twinefiller
unil  providing respiralory protection
against radionuclides and dusts. fumes.
and mivis having A Threshold Limit Yatue
lese than 0.05 milligrem per cubic meter,
where Lhe contaminant concentration does
not exceed 10 times e coacenirstion
timit for the radionuciide invoilved or 10
{imes the TLV.,

Mechanical Filter
Respirators

Mechanical filler respirators ofter
tespiralory proteclion =against air-
borne particulate matler including
dusts, mists, metal flumes, and smokes,
They consist essenlially of a soft resil-
ient facepieca of either hali-mask or
{uli-face design, to which is directly
sitached one of several types of me-
chanical filters made up of some li-
brous matcrial which removes the
harmlul particles by physical trapping
0s air is inhaled through the material.
Gaseous matter such as air itself wrill
pass through the fitter, but solid or
liquid particlcs are irapped in much
the same manner as rocks and peb-
bics are separatcd from sand in a
screening process. The filter musl be
highly eilicient, how:ever, 10 stop the
small haimtul pasticles. Mechanical
filter respirators do not provide pro-
tection agninst gascs. vapors, or oxy-
gen deliciency.

Figute J—Ultra-Twin'" Resnirator is a8 full
facopiece wnil with receptacles for two
Type H Utiea Filter Carindges providing
protection pgainst inhaigion of dusts,
fumcs, and misls having a Threshold Limit
Value less than 0.05 milligram per cubdie
meter, snd against radionucliden.

There are many classes of mechan-
ical fliller respiralors consisient with
the various classes of airborng partic-
ulate matter. Although one respirator
can be made to provide cliective pro~
tection against all true particulates, in
most cases it will be 100 expensive
and perhaps too cumbersome for the
great majority of exposurcs. Hence,
many speciat-purpose respirators are
olfered 10 provide the mosl economi-
cal and eflicient protection against
specific particuiate hazards.

Nole: .

Not all particufate matter is slabla. Some
wili hydrohize and relcase acid ganes vhile
others are voialile, producing vagors.
Mechanical klter respriraic:s ay such will
not ofler protection 3gains! gases of vapors.,

NIOSH/NMESA. the afticial approval
agency for re:zpiralory prolective
equipment. tesls and ccrtifics me-
chanical filter ¢cspirators under 30
CFR Part 11, Suhpart K. Thay will ap-
prove respirators for on® of any com-
dination ol the following particulate
hazards' nuisance, fibresis-producing
and/or toxic dusts. msts and tumes,
radon daughiers and radionuclides.

Figure &==Ultra Filtar? Resplrator is s full
faccplece unit with 8 single oval Catiridge
providing respiratory protaction sgainsi
redionuctides and dusls, fumes, and mists
haring 8 Threshotd Limit Value less than
0.0 miligram per cudbic meler.

Other than the dilference between
& hall-mask facepiece end a full face-
piece, which is used when the particu-
late exposure is harmful or irritaling
to the eyes as well as the respiratory
tract, the filter is the most essential
distinction among classes with re-
spect to broathing sres (size), resist-
ance 1o breathing, efficiency in filier-

-ing particulates of specificsize ranges,

and time required 10 clog the filter.

For example, in choosing a respira-
tor for protection against particulates
more toxic than cadmium which will
have 1o effectively filter particles as
small as tobacco smoke, the user must
accept an increase in bulk, weight,
and cost of the product as compared
to ihe need for a respiralor to proiect
against so-called nuisance dusts.

In selccling 8 mechanicatl fitinr res-
pirator, it is important that the right
type be chosen: and it is equally im-
poriant that tho respiralor ba ap-
proved. The illustralions and caplions
will sarve as a Quide in tha selection
ol proper rospirators (Figures 1 to 4).

RSV 0005280




Chemical Cartridge
Respirators

Chemical cartridge respiralors af-
ford protection against light concan-
irations (10 ppm to 100Q ppm by vole
ume, depending upon the contami-
nant) of certain acid gases, slkaline
gases, organic vapors, and mercury
vapors by utilizing various chemical
filters 1o purily the inhaled air. They
dilter from mechanical filler respira.
lors only in that they use cariridges
conlaining chemicals {0 remove harm-
iul gases and vagors,

Many gases and vapors are dar-
gerous or irrilating lo breathe. Some
<re hazardous or discomlforting, or
Lolh, in extremely low concentrztions.
Although not usually immedialcly
raemiul to lile or health, light concen-
trations of these gascous materials
may causc nausca and headache that
reduce worker output and sometimes
produce chronic disorders which may
evenlually be fatal. Warker health as
well as elficiency is invotved.

Organic vapors, such 2s the vapors
of acetone, alcohol, benzenc, carbon
talrachiorido, and gasoline; acid
gases, such a3 chlorine and sullur
cdioxide: and other gaseous materials,
such as gases of ammonia and mcr-
Cury vapor, are the contaminants with

......._......
-,
*
.l. .

Y
' ,:\ '
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Figure 8—Comio? Ii Chemical Carlridge
Respisator with lloating-yoke suspension,

which we are concemed.

The simplest and most convenient
type of respiratory protective cquip-
ment to usc in these cases is the
chemical respirator (Figure S)
equipped with the proper chemical
filtering elements,

These liltering elements are usually
called “cartridges,” anc. the most
common types are listed below:

GMA Cartridgse, for protection
against certain organic vapors; pro-
vides for concentrations up to 1000
ppm (0.1 percent by volume). ’

GMB Cartridge, for 10 pom ¢chlorine
and 50 ppm suitur dioxice snd hy-
drogen chloride.

GMC Cartridpe, for pioloction
against certain acid gascs and/or or-
ganic vapors.

GMD Cartridge, for protection
against ammonia, in ¢concantralions
up 1o 300 ppm.

The Mersorb Cartricge is satisfoc-
fory for use against ail exposurcs to
melallic mercury vapor under condi-
tions of normz! temperaiures and
pressures. Under these conditions, the
air is s3lurated with mercury vapor at
a concentration of about 4 pam, This
chemical carlridge respitator witl af-
ford a fong service lile at this concens
tration, but the cartriciges should bo
changed after each B hours of use 10

.,,,..._.-,..._..
I’ '

re $—MSA? Liouthpisce Respirator
for escaping irom gaseous stmospheres,

provide for an adequate salety factor.

NIOSH/MESA Subpart L covers
chemical cartridge rospirators,
NIOSH/MESA will issue carlificates of
approval to manufacturers whose
products meet their performance re-
quirements, and the approval number
will be shown on the respirator and/
or packing carton. It is good practice

to use only NIOSH/MESA-approved .

equipment whenever possible.,
"Mouthpiece-type chemical car-
iridge respiralors (Figure 6} ofler pro-
tection against intormittenl exposure
1o light concentrations of gases and
vapars or may be used for scll-rescua

in times of catastrophe. The mouth- *

piecc design promotes compaciness
~-siich 8 respirator can be conven.
lently carried by the workman during
all working hours of stored convene
iently near the work location for im-
mediate availability,

Chemical Cartridge Respirators are
fon-cmergency respiralory protective
devices an¢ chould never dba used in
immediately dangerous atmospheres,
except for escope purposes,

Howaver, to clarily this genera!
statement, it will be well 0 tist four
oihier major ncaative rulcs which ap-
ply to Chemical Cartridge Respirators:
A. Do not use Chemical Cartridge

Respiralors for protection againsi
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Figure 7—MSA Beli-Mounted Respirator
Is a combination mechanical-chamical
Sller respirator.

minute without satisfactory eye
protection.

Obviously, Chemical Cartridge
Respiraiors cannot be used for
protection against gaseous mate-
rial which is not etieclively
.sicpped by chemical tills utilized,
regardliess of concentration, Ex-
ample! carbon monoxide.

The following is a partial lisl of gas-
eous material for which Chemical
Cartrigge Respiralors shouid not be
recommended for respiraiory prolee.
tion regardiess of concentration oOr
lime of exposure;

‘gaseous malerial which is ex-
tremely toxic in very small concen-
trations. Example: hydrogen cyan- D,
ide. A concontration of 100 parts
per million is very dangerous
within one hour. The loxicity is en-
tirely 100 groat to chance the mini-
mum proieclion atforded by Chem-
cal Cartridge Respirators.

B. Chemical Cartridge Respirators
should not be used for exposures
1o harmful gaseous matier which
cannot cicarly be detected by
odor. Example: methyt chloride
and hydrogen sulphide. The for-
mer is odoriess: and the lalter,
although foul smelling, paralyzes

the ollaclury ncrves so quickly inat 1. Acrolein

deleclion by odor is unrcdiable. 2. Aniline
C. Chemical Cartrigge Respirators 3. Arsino

should not be uscd against any 4, Broming

5. Carbon disulfide

gaseous matcrial in concentra-
6. Carbon monoxide

tions which are highly irritating to
the cyes. Exampic: aithough a 7. Dimethylaniline

Chemical Cariricge Respirator 8. Dimethyl sulfate

can be made 10 atlord good res- 9. Hydrogen cyanide

piratory proteciion 2zainst sullur 10. Hydrogan Nuoride

dioxide in concentrations up o 11. Hydrogen Selenide

500 parts per million, scrious eyc 12, Hydrogen sultide

irritation deginsg in the range of 13. Methanol

belween 20 and 30 parts per mil- 14, Methyl bromide

lion, and it iz impossible 10 remain 15. Methy! chioride

in an atmosphcte centaining 200 16. Methylene bisphenyl isocyanale
parts per milhion for more than one 17. Nicket carbany!

RSV

respiratory
protection

18, Nitro compounds:
Nitrobenzene
Nitrogen oxides
Nitroglycerine
Nitromethane

19.Ozone

20. Phosgene

21, Phosphine

22.Phosphorus trichloride

23.Stibine

24, Sulfur chloride

25. Toluene diisocyanate

26. Vinyl chloride

" Nole: The above Nist is far from compieta

and is olfered only as a guide 10 proper
avatustion of lhe many conldminants ound
In industry.

Combination meehanical filter/
chemical tilter respirators (Figurs 7)
ulilize dust, misy, or fume filters with a
chemicat cartridga lor dual or multiple
exposure. Respirators with indepen-
dently reploccabio mechanical filters
arc sometimes used for this type
beeavso the dust filler normally plugs
before the chemical cartridye is cx-
haysted. One combination mechane
fcal/chemical filter respirator eom.
ploys a back-mounted filter element
and is especially well suited tor spray
painting end welding opcrations,
whore the air contaminant is concen-
rated in front of the worker.

0005282 7
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Figute 8~MSA Industrial Gas Mask.

Gas Masks °

Application and Limifations

Gas masks have becn used effec-
tively for many years for respiratory
protection ngainst certain gases,
yapors, and parliculate maler which
otherwiso might ba harmful to lile or
heaith, They provide simplicity of op.
erallon, compaciness, casa of main-
tenanco, and cconomy. However, be.
causo pas masks arc air-puritying
devices, designed solely to remove
specilic conlaminants from the air, it
is cssentlal thot their use be restricted
to almospheres which ¢onlain sufli-
clent oxygen to support life (at least
19.5 percent by voluma 21 sca lavel)
and which contain generalily ro more
than 2-pereent concentrations of toxic
gases and vapors by volumae. It is im-
parative that the user assess the ex-
posure conditions carefully before
selocting a specific mazk for respird-
tory protection. It is recommended
thal inslrumeanis b3 uccd where prac.
ticable in any situation to meazure tho
concenlration o oxygen and harmiul
gases and vapors present in the at.
mosphcere under the various exposure
and operaling conditions. If (he spo.
cific exposutte concenlralions aro
suspecicd of excecding the srl:'ciﬁc
limitations—oniy a scif-containcd
Lreathing apparaius or 3 huse mask
with blovrer chould bo uscd,

Froin o practicd slandpoint, gas
masks aro generaliy suitable for ven-
tilated arcas not subject 1o rapid

Figure 8—MS5A Super Size Gas Mask.

change, but should never ba used in
conlined spaces below or abovs
ground where oxygen deficiency end
high gas concen'rations may eceur.

Types of Gas llasks

Various gas masks wilh conven-
tional-sized conisters are tested and
approved by the U.S. Burcau of hines
under Schedule 14 for respiratory pro-
tection against specific gases and
vapors in concentrations up to 2 per.
cent by volume (3 percent ammonia),
or as specified on the canister labetl
(Figures 8, 9. 10). Each canister is
specifically iabeled and color coded
fo indicale the type of proteclion
a‘lorded (Figure 13). The Type N Gas
Mask is the onty one which prolects
against carbon monoxide (Figuro 10)
with the exccplion of a sell-rescue
device designcd for escape from car-
bon monoxide m underground mining
operations (Figure 11). NIOSH/MESA
will accept for testing and approval
vinyl chlonde and certain ch:n-siyle
masks under 30 CFR Farl 11, Sub-
part I,

Chin-lype canisters, because of
their smatler sizo, should te himiled
lo concentrativng not in cacess of 0.5
pereent by volume (Figure 12). Most
canitters contin a hiltar for the re-
moval of dust and other particulate
matier, indicaled by a gray or orange
stripe around the canister,

Service Lifle
The service li‘e of an ait-purilying

. . .

Figure 10—MSA Type N Gas Mesk with
Windon-Calor > Canister.

device depends on the following
factors:

1. The design, Including the qualily
and emount of chemical fill, packing
uniformity ang density.

2. Variabla exposure conditions, in.
cluding concentration of contaminants
in the sir, breathing rate of the wearer,
temperature and humidity. Generally,
higher concentrations, breathing rates
end humidity condilions adversely
atfect service life. Since the erposuro
condilions are subect to wide varia-
lion, it is mos! dilficult to eslimate the
service life of a gas mask canister,
However, for guidance purposes,
actual man tesis performed under
Bureay of Mines Schedule 14F stipu-
fate \he tollowing minimum service re-
Quirements at an average breathing
rate of 25 liters per minute in concen-
trations of 2 per cent for most gases
and vapors or 3 per cent ammonia:

fndustrial Size
Canisters ..... . ene.30 Minutes
Type N. Canister
Acid Gases .........15 Minules
Organic Vapors .....25 Minules
Ammonia ........,,15Minutes
Curbon Monoxide .. .30 Minules
Super Size Caniclers, because of
their greater volume of ¢chemical {1,
will lasl approrimately twice as Tong
as the cquivalent Industrial Size Can-
istcr, Chin Style Canisters, becauso of
their smzll sire, should be used in
concentrations notl in excess of 0.5
per cent,

RSV
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respirator;
protection

;.‘ ure 11—MSh Seil-Rescuer Respitator
‘J‘bm mo"ol‘dﬂj;

1 musi be emphasized, however,
that the above times gre far guidance
purposes only and are not to be taken
as asaurcd sery{cl tife qndcr aclual
expozuro conditions which vary as

slaled.

Canister Replacement

U iz gencrally recommended that
gas rmask canisters used for emer-
gency purposes should be replaced
after cach use. Specilic indications for
canister replacement and/or return to

ir are: .
“c{h |; canisiers with window indica-
fors chow the spccitieq color changes.

2, It any leakage is detected b'y
smell. tasie, eyes, nose or throat irri-

tation.

3, ¥ high breathing resistance de-
lops. .
“:pu the canfster shell lile is
excecdoed. .

Warning Signs

Spceitic warning signs which re-
quire immediate return to fresh air are:

1, Uncemlortable heat in the in-
hated air. (A properly operating canis-
ter will hecome warm on cxpozure to
certain AAsCS OF vapors, but a canister
which becomes exiremely hot indie
cates thal concentrations above the
canister linit have been encountered.)

2. It pasea, dizziness or signs of
disiross develop.

Figure 12—M35A Chin-Type Gas Mask,

Figure 13—Color Code for Cartridges and Gas Magk Canisters
(ANSI K13.1-1973)

Atmospheric Contamingnts

to be Protected Agains! Color Assigned
Acid gases White
Organic vapors Black
Ammonia gas Green
Carbon monoxide Qas Blue
Acid 9ases and organic vapors ~ Yellow
Acid gases, ammoma. and organic vapors Brown
Acid gases, ammonia, 150N Mondxida, ang Organic vapors Red
Other vapors and gases not lisieg above Olive
Radioaclive materials (except (ri'tum and noble gases) Purple
Dusls, fJumgs, ang misis {other than ragioaciive materials} Orange

Nofes:

(V) A purple stripe shan be vsed 10 identily radiosctive malerials in combination wiin any
Yapor or Qas. .

{2) An Olgﬂqu stripe shafl be used 1o idontity dusts, lumes, and miats in comdination with
8NY vapor or ooy, .

(3) Wherc iabery only are colored to conform with (hig tabie, (he canister or cartridee body
shall bo gray or & me) C3mis.er or Carltidge brody My be iaft in ity natyes! Mmetatlic color.
{4) The uset snalt rgrer 1o 1he wording of the label to dotermng the type ang degrew of
proteciion fha camisier or carlridge will aftord,
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Figure 14—MSA Constani Flow Air-Line
Respirator.

Air-Line Respirators

Alr-ling tespicators shzll be used
only in atmospheres nof immediately
dangerous to life or health or from
which the wearer can escape without
the uso of the respirator, This limita-
tion Is necessary because the air-line
respirator is entirely derendent upon
on air supply which is nct carried by
the wearcr of the respirator. !f the air
supply falls. the wearer is without
respiratory protection and might not
escape rom (he immediately danger-
ous atmogspliere, Anrther limitation of
air-line respitators is that the air-sup-
ply hose limits the wearer to a fixed
distance lrom the air-sypply source,

The airlina respirator is connected
to a suitabie compresscd-air source
by a hoso of small inner diametor, gnd
air i delivered ta the user conlinu-
ously or intcrmiitently in sutlicient vol-
uyme to mcct tha wearer's breathing
requircmenls.

Accessory cquipment such as pres-

sure rcgulators, pressure-reliet valves, -

*n
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Figure 15—MSA Demand Flow Ai-Line
Respicater.

and air liltcrs may be necessary lo
ensure thal the air is at the p:oper
pressure and quality 1or breathing,
Air-line respiralors are jurnished In
many lypes, but there ara three basic
classes. There are constant low, de-

" mand {low, and pressure demand o,

with the respiralors equipped wilh
hait-masks or full facepizces, !f eye
protection is required, a (ull facepieco
must be used,

Constant tiow units {Figuie 14) are
normally used where there is an ample
air supply such as provided by an air
compressor. Demand type (Figure 15)
and pressure demand typa (Figure 18)
are generaily used where only com-
pressed-air cylinders are avaiilable,

NIOSH/NESA approves air-line res-
pirators under 30 CFR Part 11, Sub-
part 4, which has the follwring sige
nificant requirements. Tpne maxbnum
hose lenngth for which approval is
granicd is 320 fect, and the marzimum
pormissibie irlot preesure is 125 psig.
Approval i sought for specilic hose
lengths and inl2t pressures. Vilh tho

Figure 18—Bissitoe' Abrasive Helimel

longest hose length for which ap-
proval is sought assembled (o the res-
pirator and the lowest inlet pressure
introduced to the air-supply hose,
constant flow units must deliver at
least four (1) cubic {eet per minute
{cfm) measured at the facepiece. Tha
exhalalion resistance at 85 liters per
minute shall not excecd one (1} inch
of waler-column height,

When helmets or hoods are used,
the same requiremeants must be met
except that the flow rate must be at
leas! six (6) cubic feet per minule, For
both types of assemblies with the

. highest inlet pressure and shortest

hose lenglh, the maximum low shait
not exceed 15 cubic feel por minute,
Constant Flow Air-Line Pecspirators
wilh lacepieces alone are used where
respiratory proteclion only is needed.
A hood can be added tor proleclion
against sandbiast or shot blast and
trequcntly a helmet is used lor this
apptication with a hood or cape fitted
to it (Fiqure 16). Similar unils are used
also for lead grinding (Figure 17).
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. Figure 17-—4ssdioe™ Hood. gure 15-—MSA Pressure Demand Al

Demand type air-tine respirators
wilh half masks or full facepieces
dcliver air flow only during inhalation
wilh exhafation to the atmosphere,
Such rospirators are normally used
where Lthe air supply is restricied 10
high preasure compreased air cylin-
ders, A suitable pressure regulalor is
required to insure that the air is at the
proper pressure for breathing. The

- $&8me requirements (or spproval apply
to the demand type as to the constant
flow unils, except the minimum (low
a8l & maximum resistance ol iwo (2)
inches of water-column height meas-
ured at the lazgpicce shall be at feast
four {4) cubic fcet a minule and not
more than flifteen (15} cubic fect a
minute with alt hose lengths within
the inlct pressure ranga for which
approval is souah!. The exhulation
resisiance al 85 lilcrs per minute shall
not excecd one (1) inch of water,

For those condilions where the pos-
sible irawvard leakage cavsed by the

Line Respirator.

negalive pressure during inhalalion
always present in demand systems is
ungcceplable gnd there can'l be the
relatively high air consumption of the
constant flow units, & pressure de-
mand air-line respirator (Figure 18)
may be the best choice, I provides a
positive pressure during both irhala-
tion and exhaiation and must meet the
same requirements for cdemand sys-
tams excepi that the stalic pressure
in.the facepiece shall not cxceed 1.5
inches of water, the exhalalion resist-
ance at 85 liters per minute thail not
exceced the static pressure in the tace-
piece by more than 2.0 inches of waler
and that there be at least 4 CFM air
flow during inhalation before & nega-
tive pressurc is devectopced in the lace-
picce.

The air supply i the responsibility
of the user, and tha air-line respirator
is approved for yca only when it sup-
plias respirabie air at the correct pres-
sure end tiow. Tho cownpressed oir

(V7 S“':t' [ﬂ.\’

respiratory
protection

shail meet the most recent require-
ments ol Compressed Gas Associa-
fion Specification G7.1 (ANSI 288.1-
1973) for Type 1, Class D gaseous air.
This currently requires that the carbon
monoxide level not oxceed 20 parts
per million (ppm), the cerbon dioxide
content not exceed 1000 ppm, and
condensed hydrocatbons not exceed
S milligrams per cubic meter.

With intemally lubricated piston-
type compressors, overhealing may
produce carbon monoxide, £0 rouline
testing for carbon monoxida or the
inslallation of s constant monitoring
analyzer is desirable, .

Saome air compressors are manufac-
tured spccifically {0 provide respir-
able air. They use comgpression seal
tiquids such as water or diaphragms
for delivering the air,

The air supply hose for which ap-
proval is granied muslt be used for the
approval to be maintained.
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Hose Masks

Hose masks, which supply outside
air to the wearzt throush a length of
hose, are available either with or with-
out blowers, Those vith blov-ers may
be approved by NIOSH/MESA for res-
pirztory protection in any atmosphare
regardiess of the degree of contam-
inalion or uxygen deliciency, provid-
ing ¢lean, breathable air can be
reached within the distance of the
permissitia hgse fength, {(Up to 320
fect of hose ¢an be used on (his type
ol ecquipment) The blower should
always be uced with such unils,

NIOSH/NVESA will approve either
hand-driven or motor/hand-driven
bloweors.

The air hose must have a large in-
side  diamoter, approximaiely one

inch, 80, in case of biower {ailure, Ihe
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Figure 19—MSA Utitity Mose Mask.

wearer can breathe through the hose
while escaping from Lhe contaminated
arca; and it must be highly resistant
1o petroleum vapors as veell as be eb'e
to withstand crushing weight. That

- accounts for the heavy viire-reinforced

conslruction of hosc-mack hoscs.

The entice hose-mask 2ssnmbly, in-
cluding facepieces, harness, air lose,
and blower, is usuaity packagcd in a
poriabie trunk (Migure 19}, The braaver
operalor scrves 3120 as 2 standby ot
guard, ready to aid the workman in
case ol mishap.

Hose masks wiltoutl blowcis are
used vhen unconlanunated air can bo
teached within a distance of 75 leat,
Those units, howeover, carry only lim-
ited approval and cannotl be uscd in
almospheres unmediately ¢angrious
tn hfe or heaith, 30 CHFR Hasl 11, Sub-
parl J, covers this ¢lass of cquipiment,

Self-Contained Apparatus .

Sell-contained breathing apparatus
provide complcic rezpiratory protece
tion in {oxic puses and wherp thero s
oxygen deficiency, Tho wearer s in-
dependent of the surrounding dimos-
phere Lecause he is breathing with &
system admilting no outside oir, Tho
oxygen or air supply of the apparalus
ilsell 1akes care of respiratory re-
quirenients,

Scil-contained becathing apparatus
are divided into three basic types:
oxygen cylinder rebreathing, demand
or pressure demand, and seil.generat.
ing.

Special forms of self-conlained
breathing apparatus ae availubig lor
usc underwaler, Such apparatus aro
generally referred to as SCUBA (Seit.
Contained Undorwaler Breathing Ap-

rsy 0005287
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Figure 20—McCaa® Orygen Rebresthing-Type Apparatus.

pataius). The sell-contained breathing
apparalus described in this bockiet
should never be used underwater.

Oxygen Cylinder Rebrealhing Type

The oxygen cylinder rebreathing
types in use today are constant NMow,
“lung-governcd™ type which auto-
matically compensales for the vary-
ing breathing dernand of the user, or a
combinalion of the two. It consists of
a relatively small cylinder of com-
pressed oxygen, reducing and regu-
lating valves, a bre2thing bag. face-
picce or mouthpicce plus noseclip,
and a chemical container to remove
carbon dioxide {rom Lha exhaled
breath.

The celf-generating type uscs lhe
principic of rcbreathing; but it hasg no
mechanical operaing ccmponents,
The typesol cylinder rebreathing units

now manulaclurcd are spproved by .

the Bureay of Mings or NIOSH/HIESA
for 45-minute, two- (Figure 20), three-
or lour-hour duration. They function
in the same manner and will be dil-
cussed tagether,

The lngh-pressure oxygen from 1he
cylinder s reduced in pressure 10 8
breathung level by means of a reduc-
ing and tequlating vaive. In some units
there is a constant fiow plus &« lung.
conlrollcd valve which adds any re-
quired additional flows. Other appa-
ratus have only an agmission valve
v.hich dclivers the oxygen from the
breathing b2g 1o the wearer's lace,

Exhaled brealh passes down an-
other tube into the containet holding
the carlon dioxide-rgmoving chem-
ical and then Uwough 3 ¢ooler. Finally,
the purilied exhalation ficews into the
breathing bag whure H mixes with the

(=g

respiratory
protection

Incoming oxygen from the cylinder.

The rebreathing principle permits
the most efficient utilization of the
oxygen tupply. The exhaled breath
conlains both oxygen and carbon di-
oxide as the human body extracts
only @ small part of tho oxygen ine
haled.

As lhe user exhales into the con-
tainer, the carbon dioxide is removerd
by the chemical and the oxygen which
is teft reused. That method of opera-
lion applies 1o all oxyycn cylinder re-
breathing-lypo apparntus as weil as 10
the sell-generating typa,

Ths oxygen cylinder must be re-
fifled and the carbon dioxide-remov-
ing chemical replaced alter each yso.
As ic tru2 of ail rospitatory proteclive
equipment, traimng in proper uso and
maintenance is essentisl {for tha most
elficient oparation.




Figute 21=-JASA Air Escape Mask.

Demand-Type Apparetus

Demand-type apparatus are avail-
ablc in dilferent models for specific
applications. All consist of 8 high-
pressure cylinder, a8 demand regu-
lator connecled either directly or by &
high-pressure hoso to the cylinder, a
facepicce and breathing tube as-
sembiy with exhalation valve, and a
method of mounting the complete ap-
paratus on the body. In uso, the wearer
turns on the cylindzr valve aller pul-
ting on the facepiece, inhales to ob-
tain desired air llow through the de-
mand requlator lo thn facopiece, and
then exhales throush 8 valve in The
faccpicce to the surrounding atmos-
phere.

The term “"demand regulator”
means 1hat the air flow is on inhala-
tion demand, autom:tically reguiut-
ing itsclf to the desired level fo comn-
ponsale lor variations in breathing
needs.

All demand apparatus are relatively
ineificient when compated with the re-
breathing type, because the exhalfud

Figute 21 —MSA Siing Mask.

oxygen Is relcased lo Lhe stmosphere -

Instead of being reused.

Of parlicuiar sapplication o some
industries {3 & short-duration unil
known as an “escape mask” (Figure
21). It is normally worn by a worker at
times when he is in an area where a
potentially toxic atmosphcre, above
the capacity of a gas mask, exists.
Areas 1o which high-pressuro gases
are piped fall into this calcgory. An-
other type of short-duration unit (Fig-
ure 22) is put on at the lime escape
is necessary.

A work mask lype ol apparalus
{Figure 23) is used for planned main-
tenance vrork. It is not an emergency
apparatus as it requires sc<lling up
some 3uxibiary equipmnent for use, it
has a connccting hose which limits
the free movement o! the wearer to
the ienathv of the hose. The apparatus
is actually a two-loid unil:

1. A scil-contamned apparalus with
which the wearcr can move [reely
about by using a smoal cylinder to
leave the loxic atmospherc—~-csther
routinely or in the failure of the main
breathing suppty.

2. There is & provision for connect.
ing & hose 1o the demand reogulstor
30 that ihe wearer can breathe during

* the work period from a large cylinder

which has a pressure regulator ate
tached 1o provide low pressura for
the connecting hose. Manilold as-
scmblies can be provided to permit
more than cne worker 10 work from a
common breathing source. It is im-
perative that thoa emergency cylinder
be used with this type of apparalus;
otherwise, a failure of the supply from
the large cylinder would expose \he
wearer to the toxic atmosphere.

Warning Davice
Demand-type apparatus d=peond
upon watching @ pressure gauge to

Figure 24—Audi-Larm'* warning device.
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Figurs 25—Ake Cub '™ 15-ninule unil.

tearn when the breathing supply has
dropped 0 a point where the user
must retum to fresh air. Except for
escape-typd of work mask-iype units,
& sell-acluating warning device is re-
quired for NIOCSH/MCSA approval.
The waming devicg can either be
sudible (Figure 24) or use inCreased
biocathing resistance 1o alert the
wearer 1o return (o fresh air, bul
must be soif-actuating.

Tho apparatus shown in Figure 25
Is approved by NIOSH/MESA for 18
minutes and that shown in Figure 26
is approved for 30 minutes under 30
CFR Parl 1%, Subpairt M, lor entry into

and escape lrom lrrespirablo atmos- .

phares. Theao service hifc ratings are
based on tcs'a on men perfarming
moderate 10 hcavy work m each ol
the dilterent lypes of work tests or
breathing mactine tosis ot 3 12 of 40
liters per minute. The uzer should not
eapect 10 obilin ihe £xact raled serv-
ice hiu on cach usd. The werk beng
potlotmud may bo nmigre or less steen-
uovus than that used in tho fleosts.
ywhore wotk I3 mary strenuous, the
duration may be shotler. The duralion
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Figure 26—Ak Mach '* 30-minute unit,

of the spparatus will depend upon
factors such as:

(a) the degree of physical activity
of the user;

(b} the physical condition of the
user;

{c) the degree {o which the uscr's
breathing is increased by ex-
citement, fcar, or other emo-
tional factors:

{d) the degree of training or ox-
perience which the user has had
with this or similar cquipment;

{e) whether or nol Iha cylinder is
fully charged al (he starl of the
work period;

{f) the possible presence in the
compreszcd air of carbon di-
oxide concentrations grealer
than the 004 percenl naimaily
found ¢ atmosphuric ais;

(g) the almosphenc pressure: f
used in a precsyrizad lunnel or
caisson a! 2 aimospheres {15-
psi gaugc), the duration will be
onc-hait as long as whan used
at 1 almospherc, and 3 ctmos-
pheras vaill be une-thirg as long:

(M) Lhe condilion of the apparatus.

Figure 27—MSA Presaws Demand Ap-
poratus,

Three-, five-, or tcn-minule-duration
units can be approved for escapas
only. Combination apparatus, combin-
Ing an escape unit with an airline
respiralor, are approcved aiso.

Pressure demand apparatus (Fig-
ure 27) using the same principle as
describad previously under pressure
demand air-line respireiors are ap-
proved and used where the toxicity
s such that the potential back leak
of domand spparatus is not tolerable.
Undzr Subpart H all demand-type ap-
paratus have met tosts conducted al
—259F, atthough low-temperature
components such as nosecups to re-
duce log3ing may b2 added il neaded.
Under the latest approval require-
ments, the manufacturer selects the
minimum lemperalure for which he
sceks approval.

RSV 0005290
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i‘mn 28—MSA Cascade Recharging
Sysiom,

Recharging Cvlinders
There are several methods for refifl-
ing or recharging high pressure air or
oxygen cylinders, Compressors are
. sometimes vsed, but the simplest and
most convenient method is to cascade
from large supply to small apparatus
cylindars. Such a system is shown in
Figure 29.

Figure 29—Chemox? seli-genersting-type
apparates .

Self-Generaling Apparatus

The self-generating type apparatus
has a nominal service life of one hour
{Figure 29). This one hour service life
fs based on specific test procedures
and in use 2 icszer or lonper protec-
tion period may result bazed on the
user and his level o! exertion.

This spparalus dillers from conven-
tional cyhnder rebreathing apparatus
in that it utilizes a chemical canisler
which evolves oxygen and removes
the exhaicd carbon dioxide in accord-
ance with breathing requircments. 't
aliminates high pressure cylinders,
requiating valves, and other mechan-
ical components.

The canister, which conlains potas-
slum supcroxide, evolves oxygen
when conlacted by the moisiure and
carbon droxide in the ezhalat bLreath,
and relaing tho carbon divandy and
moisture. Relaining moisture is im-
poriant as it aids n preventing lens
fogging. '

In use, the self-generating unit-op-
erates as other rereathing apparalus
‘except that the wearer, using the czn-
isier, makes his own oxygen instead of
drawing from a compressed gas cyi-
indet, The oulstanding features of this
type are jis simplicily of construction
and use, and lesser need for mainte-

© nance when compared with high pres-

surc apparatus.

NIOSH/MESA 30 CFR Part 11, Sub-
part H. covers self-containcd breath-
ing apparatus. Except for som2 gpe-
cial application equipmen! not cov-
ered by the Approval Schedule, all
sell-contained breathing apparatus
should bear Burcau ol Mines or
NIOSH/MESA spproval.
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quuu A0-=Vlitravue ! Facepiece with pro-
vislon tor prescriplion speciacies.

Use of Spectacles and
Audible Communicztions

Certain facepieces enable the
wearcr {0 aiso wear prescription
spectacles without disturbing the
{acepiece seal (Figure 30).

Most respiralory protective eguip-
ment can be furnished with a speak-
ing diaphragm mounted in the face-
piece. Without such a speaking dia-
phragm, audible communication be-
tween vrearers of respiratory protec-
tive equipment is inadecuale at best
and st tinies may be impossible, Face-
pieces wilh an exhalation valve pro-
vide some mcasure of voice trans-
mission through Lhis valve, and even
those without exhalation vaives permit
sn exiremely limiled transinission
through the facepiecs. However, 8
much greater degree of sudible trans-
mission is provided by the modern,
scienlifically designed speaking dia-~
phragm, thus enabling voice com-
munication belween wearers of such
equipmeni vhare otherwise visible
communication might be tho only
mothod possidle.

Figure 31—Maskione™ Sound Powaered
Communication

Also, sound-powered telephone .

equipment (Figure 31} can be used
with facepieccs equipped with a
speaking diaphragm or in some
models built inlo (he facepiece. Such
equipment provides audible communi-
calion for long distances over a con-
necting cable but requires no power
source other than human voice, The
usual installation of these inz!rumenls
provides a transmitter mounted in the
facepiece and earphones mounted in
a8 hcad harness {or each user of re-
spiralory protective equipmant who is
lo de connceied to the system,

The person who is to direct the op-
eralions of those wilh respiratsry gro-
tection is lozaled in fresh ar with a
handsoet simdar to that used with tele-
phones. The connccting cable in con-
ventently mounted on a recl 10 provide
tapid winding and unwinding.

Figm 32=ClasrCom'® Voice Amplitying

Voice Amplification Unit

Another tyoe of voice transmission
equipment that can dbe used with taco-

" pieces containing a speaking dia-

phragm is the hatiery-powered ampli-
fication unit {Figure 32). These devices
arc particularly eflective in overcom.
ing high background noisc levels and
enable mask wearers to communicale
with other workers,
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Tralning

For sale use of any respiratory pro-
tective device, it is essential that the
user be properly instructed in jts se-
tection, use and maintenanca. Bolh
suporvisors and workers shall be so
Instructed by competent persons.

Minimum Lraining shall include the
following: :

1. Instruction In the nature of the
hazatd, whether acute, chronic, or
both, and an honesi appraisal of what
may happen if the proper device is
not used.

2. Explanatlon of why mare posi-
tivo conirol is not immediately feasi-
bie. This shall include recognition
that every reasonablo eifort is being
made to reduce or viiminate the need
for respiraiory protection,

3. A diccussion of why this is the
propet lype of unit for the panticulaf
putposo.

4, A discussion of the device's
capabititics and limitalions,

&. Inafruction and lraining In sctual
usc {cspecially a recpiradtory protec-
tive device 1or emciygency usc) and
close and frequent cupervision to
assure that it continves to be properly
used.

8. Classroom and ficld training to
recognizc and cope with emergency
silualions.

Training shait provide the men an
opporturity 10 hand'e the device, have
it lilled properly, test ils facepicce-
lo-lace soal, wear it in normal air tor

@ long familiarity period. and, finally,
to wear it in a test aimosphere.

Respiratory prolective davices
should necver be worn when a satis-
factory face seal cannot be ubtained.,
There are many conditions which may
pravent a satisfactory lace scal such
as cxcessively long sidaburng, 8
beard, tomples on gissses, of an
unusually structured face.

Inspection, Maintenznce and
Repair of Respiratory
Proteclive Equipment

Proper inspeclion, mainlenance,
and repair of respira‘cry protective
equipment is mandatory 10 insure
success of any respiratory proteciion
program, The precise nature of the
program will vary wicoly based on
vansabies as piant size and the equip-
ment invoived. Hawever, the goal s
to maintain the equipment in a condi-
lion providing the same effectivencess
it had when manufaciured.

Inzpection: All equipment must ba
inspccled periodically belote use and
aher each ucze. For equipmeont used
only or emurgencice the period bes
lween irspections ¢con bo as individs
vally dosired, but shovid be no more
than one month. A reocord shall be
kept of ali inspections by dale with
the results tabuiated. There are many
ditferences in the tygos of cquipment
used and between the samie types of
squipmenl made by cilferent manue

A Jhoeonad? %
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respiratory

protection

facturers. The best rule Is to follow
procisely the recommendations of the
manulacturer,

Maintenanca: All respifratory pro=
tective equipment shall be cleared
and disinfected after each uze. Other
maintenance includes reptacement of
disposable elemecnts such as fittors
ang cariridges whenaover such re-
piacement is necocsary,

Repaie: Roplacement of other than
disposabie parts and any repair shall
bs done only by personnel with ade-
quate fraining 1o Insure the equipe
mont Is functionally sound atler the
work Is accomplished, Only pans sup-~
plicd by the manufacturer for the
product being rapaired shall be used.

Medical Surveillance

Workers should never be assigned
fo any operations requiring rrspira-
tory protection until a physician has
determined that they ara capabio
physically and psychologically to par.
form the work using the reepiratory
protectiva equipment. Many plants
have presmployment physical exam-
nations which aid in such evaluation,
bul additional checks may be necus.
sary 10 determine suitability for a spo-
cilic assignment.

Shouid an employue have exposure
to centain toxic materials periodic oxe
aminations such as a urinatysis or bio-
8338y may be nccessary even though
tho worker wears the proper reepira.
lory protectiva eauiament,
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- aud of Mines
Approval Schedules

Tho Burcav of Mines, U.S. Depart-
rrent of the Interior, prepatad 8 sercs
». Appraval Schedules sotting forh
e minimum requiraments that vari-
Gus typas of respiratory prolective
nquipment shouit ™m=net lo be con
aidared safo and t:iialu.. oty lor uso
in certain hazards of unhuaithiyul gon-
dilions. .

Provisions wers made for festing
end approving the following types o!
respiralary protective davices: Self-
Contained Breathing Apparatus
{Schedule 13), Supplied-Air Aespira-
tors (Schadule 19), G as Masks (Sched-
ule 14), Mechanical Filter Raspiratore
{Schedule 21), Chemical Cartridge
Raspirators {Schedule 23). These
devices were losted 2t the Bureay of
Mines at Pitlsburgh, Pennsyivania.

Wilh the sxception of cerisin sece
tlons of Schedule 13, Bureau of
Minos approvals of respiratery pro-
lective doviccs were based upon pers
formancao tests raiher than upon spec-
liications as to how the devices must
be built. This policy allows manufsc-
turers wide lalitude of choice in de-
sign and allowed the Bureau to ap-
prove changes and improvements in
the devices without {requent revision
of the Schedulea, Each Schedule con-
tains a statement to tho effect that: (1)
the devicc musl be constructed, in alt
of lts paris, of materials suitable for
the purpose they must serve, and (2)
the design, mechanical eanstructicn,
curability, and workmanship myust be
satisfaclory from the standpoint of
solety of the wearer, freedom of move-
ment, lield and clearness of vision, fit
ol the taccpiece, and comtort ynder
¢ll conditions ot use. This statement
gave the Bureau of Mines certain dis-
cretionary powers that permit |he
denial of approval of a device that may
meet the performance requirements of
the specific Schedule yet may be ex-
tremncely uncnmniortable to wear, flim-
sily built, or construcied of materials
that are nol suitadle for conditicns the
device will encounter in service,

The submission of respiratory pro-
tzctive devices to the Bureau ol Mines
was cutircly voluntaty on the parl of
the manufacturer, The Bureau had no
rcqulatory power requiring (hat all
tespualory pra'cclive cjuipment be
submitted fur approval lesting it acled
mercly 82 an impartial {esting agency
that sewved Ly making availaule to the
public @ list of rezpiratory protective

20

dovices that have met dolinile pers
formance requiremonts,

A manulacturer covid visit or com-
municate with the Burcau of Mines at
Pittsburgh 10 obisin criticisms of pro-
posed dosigns or to dizzuss test ro-
Quirements inconnection with adayico
o be submitted. No eharas was mads
for this consuitation, and no wrilton
report made (o the manuiacturer.

The Bureau of Minas appioval ap-
plies only to the device 2s a unit and
not 1o its inlegral parts. For instance,
suppose that agprovi's had been
granted to four manuiacturers, A, B,
C. and D, on four entirely dillerent gas
masks of the same type. An assembly
of A's canister harness, B's canister,
C's check vaive, and D's facopiece
would not constitute an approved as-
sembly. even though these individual
itemns are parts of approved gas masks.
This approval of complcte devices ap-
plies throughout the entire Bureau of
Minos aspproval system and is not
peculiar to those Schedules that doal
with respiratory proleciive cquipmant,

All spproved dev:ces mucl bear the
approval label issued 10 the manuiac-
turers by tho Bureau. Theso labels
contain much more informalion than
the bare fact that the device has been
scproved by the Burcay of Mines.
They give ihe limitations of tho ap-
proval, list the spproval markings on
the parts that maxe up the approved
assembly, and have statemcnts re-
garding special precautions that
shouid be taken in the uso of the de-

vice. The approval labcls should by
studied carefully so thal tho devices
may be used in an approved manner.
Even though 8 device is approved, if
it is used improperly or undor condi-
tions other than those covered by the
approval label, the approval is invall
dated.

Bureau of Mincs spprovals wero
issued with the understanding that
the manufaclurer voutd make his de-
vice according to drawings, designs
and specimens that he submitled to
the Bureau and that had bcen con-
sidered and included in the approval.
i ho desired to make any changes in
lhe design of a permmissible device, he
had to first obtain the Burcav’'s ao-
proval of the change. The Burcay
checked approved edunpmen! that is
on the market frorn tme (o 1imo to os-
cettan whether or not it conlormed
1o the aporoved device in physical
makcup and periormance.

From the proceding in‘ormation, it
is clear thal Bureav of Mines approval

o lruly significant 88 a saleguard
1u tho purchascr of respiratory protec-
tivo cquiptnent and witl ensura to him
thal guch cquipment is dependable
and sale.

NIOSH/MESA Approvals

Recently, iesting for approval was
transferred lrom the Buresy of Mines
10 tho Tesling and Certification Lab-
oratory {TCL) of the Nationat institute
for Occupational Safety ang Health
(NIOSH) at Mtorgantown, West Virginia,
The current approval requirements
are outlined in Coado of Federa! Regu-
fations, Title 30, Parl 11, usuaily re-
terred to as 0 CFR Part 11, and sre
similar 10 those of the Bureau ol
Mincs. Howveever, additional dovices,
such as chin-lype ges masks, various
typos of chemicsl cariridge respirators
other than ofganic vapor types, and
pesticide respirators, are covered by
the Subparts of 30 CFR Part 11, All
approvals are issued jointly by NIOSH
and the Mining Enforcement and
Salety Administration (MESA),

The Subparts of 30 CFA Part 11
correspond to the Bureav of Mines
Approval Scheduies. Bureau of Mines
Schedule 13 (Breathing Apparatus) is
Subparl H; Schedule 14 (Gas Masks)
Is Sudpart 1; Scheduls 19 (Alr-Line
Acspirators end Hose M=sks) Is Sub-
part J; Schecufe 21 (Dust, Fume, and
Mist Respirators) s Subpart K: and
Schedule 23 (Chemical Cartridge Res.
piratore) is Subpart L. A new Subpart
M covers pesticide respirators and
a3 masks with the approvals granied
as appropriate under cither Subgart |
or L. Such devices wers previously
listed by the Depariment of Agricul-
ture.

Bureau of Mines approval numbers
were BM with the appropriate Ap-
proval Schedulo Number and the ap-

-proval number in sequence. For ex-

ample, &8 demand-type breathing ap-
paratus would be BM 13E-10, etc.
Under the NIOSH/MESA joint sp-
proval, the lotters “TC™ (meaning
Teosting ang Certilication) are used
tather than “BLi" with the balance ot
the approval number being the same,
For example, the breathing apzaratus
referred to above now bears appraval
number TC 13F-29,

Since all approvals are now joint
NIOSH/MESA, ail devices recently ap-
proved or approved in the future will
be NIOSI4/MESA jont approvals with
the TC prefix.
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