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? CHAPTER 1
“INTRODUCTION

1.1 PURPOSE

This manual has been prepared to supplerent Regulatory Guide 8.15,
"Acceptable Programs for Respiratory “rotection," and to provide technical
information to licensees of the Nuclear Regulatory Commissfon (NRC) on the
application of respirstory protective devices for protection sgainst
airborne radioactive naterials, as provided in § 20.103, "Exposure of
individuals to concentrations of radioactive material in air in restricted
areas" of 10 CFR Part 20 (Ref. 1). 1%he various elements of a respirator
program, including seleccion and mairtenance of equipmcat and training of
personnel, are described in this manual to assist licensees in establishing
adequate programs.

1.2 SCOPE

This manual provides bro-d guicance for the planned use of respirators

to protect indivicuals from aivLorne radioactive materials that might he
encountered duriny ce-tain orcrationrs. ine guicdance is intended for use by
maudgenent in estalliinbing and supervieine programs and by operating per-
sonnel in Tplesenting preciams,

Guidance 1e pramarily directed to the 1se of respirators to prevent the

‘whalztion of airborne radicactive materisi. Protection against other

vodes of intake (e.g., absorrtic., swallowing, wound injection) 1e, in

sencral, pot covered here tor is the use of peotectlive equipment for head,
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eye, or skin protecticn., When such additional modes of intake or comcurrest
hazards are present, they must also be cousidered, and equipment capalle of
providing protectica against the combisation of hazards encountered must be
chosen. For examgle, 1f a high conceniratice of airborue radicactive
material i{s present in an oxyges-deficient atmcsphere, it i3 necessary to
select equipment that both protects against the radicactive meterisl and
furnishes an adeguate svpply of oxygem or breathing quality air.

Subgequent chapters frequently refer to requirements specified in RRC
or other Federal regulctions; these reguirements are generaily differen-
tiated from other tachnical {uformaticn by the use of the words “shall™ aad
"mst” instead of "should™. "I uld™ is used .o refer to other acceptable
practices within the provisions of Regulatory vuide 8.15, “Acceptadle
Prograss for Respiratory Protecticn.”

1.3 BAC 5200ND

“smerican National Standard Practices for Respiratory Protection,”
ANST 2B8.2-1969, (Ref. 2) was developed azd issued by the Americas
Nationsl Standards Institute, loc. (ANSI) {n 196% under the sponsorship of
the U.S. Department of Imterior, Pr-esu of Mines. This standard has been
adopted by reference in the U.f, Department of Labor's Occupational Safety
and Health Standards (29 CFR Part 11, § 1510.134, "Pespiratory Protectioca™).
ANST 798,2-196% covers the geseral use of respiratery protective equipsent
apainst industrial hazards and inclufes som: guidsoce oo the use cf such

devices against airborme radisactive sateria’s. The U.S. Buresn of Nines
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and the National Institute for Occupational Safety and Health (NIOSH), U.S.
Department of Health, Education, and Welfare, use schedules and certifica~
tion requirements (discussed further in Chapter 3) for testing and approving
specific types of respiratory protective cevices. Until the issuance of
Schedule 21B (Ref. 3) by the U.S. Bureau of Mines in 1965, the previously
effective schedvles did not include any provision for approval schedules
and tests applicable to the use of respiraters for airborne radicactive
materials. However, since the 1940s, both the U.S. Bureau of Mines and the
nuclear industry, in particular the contractors of the AEC (now the Energy
Research and Development Administration, ERDA), have develcped considerable
guidance in the form of manuals, guides, and other data regarding such use.

In May 1963, the AEC Division of Licensing and Regulation sponsored a
Respiratory Protactive Equipment Conference a* ..e Harvard School of Public
Health to examine and evaluate practices and other information on the use of
respirators for protection agaiast airborne radiocactive hazards. After the
conference, the AEC decided to prepare a guide covering the aspects of
respiratory protection peculiar to the needs of its licensees., A draft was
rrepcred with the assistance ol the Harvard Umivereity Graduate School of
Public Health and a review conference, sponsored by the AEC Division of
Safety Standards, was held in April of 1965 at AEC Headquarters.

also in 1963, the American Industrial Hygiene Association (AIHA) and

the American Conference of Covernmental Irdustrial Hygienists (ACCIH)

L s, T Ty S Sew v gupeps |



published a Respiratory Protective Devices Manual (Ref. 4) as a guide for

hz2alth physicists, industrisl hygienists, and other health and safety

specialists.

The results of the conferences, together with i{nformation from the
ATHA-ACGIH manual, inr¢ mation from the AEC's Division of Operational
Safety regarding the practices of AEC prime contractors, and information
from a draft of a United States of America Standards Institute (now ANSI)
code of recommended practice for respiratory protection then being prepared
were used extensively in a second draft of this guide, dated October 1967.
The second draft of the guide was made available for review and comment in
connection with an AEC Notice of Proposed Rulemsking concerning use of
respiratory protective equipment (32 FR 15432). Comments received on the
proposed rule and draft guide demonstrated a need for development of addi-
tional technical information on the use of respirators.

Since 1969, the NPC Office of Standards Development has sponsored a
respiratory protection studies project in the Respirator Research and
Development Section, Industrial Mygieune Croup, at Los Alamos Scientific
Laboratory to develop necessary information for final preparation of this
manual. As additional significant information is developed, 1t will also be

made available for the gui‘dance of licensees.
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CHAPTER 2
BASIC POLICY RECARDING USE OF RESPIRATORS

2.1 USE CONDITIONS

The primary objective of respirator programs considered in this usnual
is to limit the iahalation of airborne radicactive materials. This objec-
tive is normally accomplished by the application of engineering controls,
including process, containment, and ventilation equipment. When cuch cen-
trols are not feasible or cannot be applied, the use of respiratory pro-
tective devices may be appropriate. In general, the use of respirators is
less desirable in providing respiratory protection than is the use of pro-
cess, containment, and ventilation techniques. The use of respirators as a
substitute entails both greater likelihood of accidental exposures and
greater likelihood that such exposures may go undetected. .It might also
subiect the wearer to additional stress and increase his risk of injury by
interfering with his vision, freedom of motion, and ability to comaunicate.
The provision and use of respiratory protective devices are subject to the
following considerations regarding circumstances under which respiratory
protection may be needed.

2.1.1 Routine Operations

Routine operations are planned activities that are grnerally repeti-
tive and occur with various frequencies. For such cperations, potential
sources of airborne radicactive materials should be identified so that

respiratory protection may be accomplj.hed by the use of process, containment,

A i S o b e S, 4
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and ventilation measures and by preplanning of work. The use of respirators
as a substitute for practicable enyineering coutrols in routine operations
is inappropriate. Respirators may be considered for use, however, while
engineering controls are being instituted or evaluated.

2.1.2 Ronroutine Operations

Nonroutine operations are activities that are either nonrepetitive
or else occur so infrequently that adequate limitation of exposures by
engineering controls is impractical. To the extent that process, contain-
ment, and ventilation controis are not reasonably feasible in nonrautine
operations, the use of respirators to avoid excessive exposure to airborne
radicactive materials is appropriate.
2.1.3 Esmergencies

Emergencies are unplanned evenrs characterized by risks sufficiert to
require immediate acticn to aveid or mitigate an abrupt or rapidly deterio-
rating situation. Although emergencies are, of course, unplanned, prepara-
tions must be made for coping with potential emergencies. Such preparations
properly include a program for providing necessary and sufficient respira-
tory protection for use in potential emergencies that are likely to entail
respiratory hazards. The advance preparations appropriate to a particular
potential ezergency will depend on both Its possible consequences and the
probability of its occurrence.

Plans for dealing with emergencies should include consideration of

postulated durations; quantities od kinds of materials against which
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protection must be provided; sizes and other phy.ical characteristics of the
hazardous areas; access requirements; nuzbers of people and technical skills
needed; amounts, types, and locations of equipment necessary; and need for

and availability of backup and replenishzent supplies for use in emorgencies.

2.1.4 Other Considerations

Mnst operations can be readily categorized as "routine,” "nonroutine,"
or "emergency."” However, a few activities might be difficult to asslign to
one categery or another. Persons who are responsible for establishing and
waintaining respiratory protection programs must exercise sound judgment by
providing and using engineering contrcls where feasible and by avoiding
unwarranted use of respirators.

2.2 WORK _PERIODS

The periods of time respirators are worn continuously and “he overall
durations of use should each be kept to a minimum. It is necescery to allow
respirator users adequate relief from wearing respiratorr at reasonable
intervals and to limit total time of use. However, it is difficult to
realistically assign specific time 11'.ite on respirator use hecause of wide
variations in job requirements and in the physical capacities aad psychologi-
cal attitudee of individuals. Such factorc must be taken into account in
establishing a respirator program. Provision is tc be made foi the respira-
tor users to leave areas where respirator use is required for relief in case
of equipment malfunction, undue physical or psychological distress, pro-
cedural or communication failure, siguificant deterioratio. of operational

conditinong, or any other condition that might require such relief.
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CHAPTER 3

FLEMENTS OF AN ACCEPTABLE PROGRAM

— e At e .

i i A i o A iy Sk B

Respiratory protection programs of KRC licensees are primarily reg- :
ulated by the NRC "Standards for Protection Against Radiation,” 10 CFR
Part 20, which includes provisions for respiratory protection against radio-
active mater.ols, and by the Department of Labor's Occupational Safety and
Health Administration's (OSHA) Standards, 29 CFR Part 1910, which includes
requirements for respiratory protection against other hazards. Omission
from this manual of any sfecific requirements of OSHA standards or any
other Federal or State regulations governing use of respiratorr for pro-
tection against materials or situations other than those licensed by the
Commission does not constitute permission for the licensee to nezlect such
requirezents., Each licensee is obligated to know and follow all such reg-
ulations that may govern his operations.

Federal regulations currently in effect are listed in this chapter.
(see Section 1.2 for use of "shall” and "should".) No attempt has been made
to investigate or t> incorporate in this chapter State requirements that
might be im effect.

3.1 RECULATIONS PERTAINING TO RESPIRATOR USACE

3.1.1 GCeneral Respirator Program Regulstions and Recommendations

3.1.1.1 Occupational Safety and Bealth Administraticn

Occupational Safety and Health Administration Title 29, Code

of Feseral Regulations, Part 1910 (29 CFR Part 191C) sets forth respiratory
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protcction requirements in Subpart 7, "Personal Protective Equipuent,” of

§ 1910.134, “"Respiratory protection."” Requirements are set forth covering

“"Permissible practice, Requirements for a minimal acceptable program, Selec-

tion of respirators, Air quality, Use of respirators, Maintenance and care
of respirators, and Identification of gas mask canistars.”

Contained in § 1910.134 are references to certain consensus
standa ds. The referenced recommendations contained in these standards are
considered to be part of the rule. The following standards are referenced.

3.1.1.2 American National Standards Institute (ANSI) Z88,2~-1969,
"Practices for Respiratory Protection"

This standard covers all major aspects of a minimum respirator
program. Complete familiarity with this standard is essential to anyone
superviging a respirator progran.

3.1.2 Breathing Air Specifications

3,1.2.1 ANST 248.1-1954, "Method of Marking Portable Compressed Gas
Containers to Identify the Material Con.ained"

This standard is referenced in 29 CFR Part 1910, § 19610,134(d),
«' (ch concerns air qualiry. Coppressed air cylinders for breathing must be
d in accordance with
as ANST 248,1-1954, or
b. Federal Specification BB-A-1034a, June 21, 1968, "Air, Compressed
for Breathing Purpusses,” or
Interim Federal Specification GG-B-00675b, April 27, 1965,

Ireathing Apparatus, Self-Contained." The applicable standard
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or specification should be specified on any purchase orders for
such equipment or service contracts.

3.1.2.2 Compressed Gas Association Commodity § ecification G-7.1-19¢6,
"Commodity Specification for Air" (Also designated ANSI 286.1-1972)

Breathing air in gas cylinders must meet the requirement, as a

minimum, of Grade D as given in G-7.1 (see Section 5.2.4.1).

3.1.2.3 Department of Transportation, 49 CFR Part 178, "Shipping Con-
tairer Specification Regulations"

These regulations specify the testing and maintenance require~

ments for compressed breathing air cylinders.

3.1.3 Bureau of Mines/National Institute for Occupational Safety and Health

Title 30, CFR, Part 11 (30 CFR Part 11), "Respiratory Protective
Devices; Tesis for Permiseibility; Fees," Federa: Fegister Volume 37,
No. 59, March 23, 1972, replaced Parts 11, 12, 13, 14 and l4a, Subchapter B,
Chapter 1, Tirle 30, CFR (Bure~u of Mines Schedules 13E, 14F, 19B, 21B, and
23B). The new 30 CFR Part 11 prescribes the approval procedures, establishes
the fees, and consolidates and extends the requirements for getting joint
approval of respirators by the Bureau of Mines, Department of the Interior,
and the Natiocnal Institute for Occupational Safety and Health (NIOSH),
Department of Health, Education, and Welfare.

Only those respicators approved under the requirenseats of 30 CFR
Part 11 way now be sold as approved devices. However, respirators manu-
factured under the old bureau of Mines approvals may be used until the

follecwing dates:




Bureau of Mines Terminal Date
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Type of Respirator Approval Schedule For Approved Use

Self-contained 13 - 13 March 31, 1979 ‘
Cas mask 14F March 31, 1977 ;
Supplied-air 198 March 31, 1980 ?
Dust, fume, mist 21B March 31, 1976

Chemical-cartridge 23B March 21, 1976

Respirators approved under the former Eureau of Mines schedules have
approval numbers preceded by the letters "BM". Respirators approved
(tested and certified) under 30 CFR Part 11 have numbers preceded by the
letters "TC". Those respirators with approval numbers that bear the
prefix "TC" may be used for their norrmal 1ifetimes; respirators with
approval numbers that bear the prefix "BEM" are approved for use only until
the dates listed above.

While 30 CFR Part 11 is not directly applicable to a licensee's
respirotor program, it is necessary for him to conduct his program in such
a way that the respirator approvals are not voided. The approval for a
respirator is automatically voided 1if:

a. The respirator is not the same in all respects as the respirators
that have been approved by meeting the minimum requirements for
performance and respiratory protection prescribed in 30 CFR
Part 11, and

b. The respirator is not maintained is an approved condition,



SR SR

e R T . et A o -g e

3-5

3.1.4 U.S. Nuclear Regulatory Commission (10 CFR Part 20)

Where respiratory protection is used to control individual exposures

to radioactive materials, all provisions in 10 CFR Part 20, § 20.103 must be

followed by the licensee.

3.1.5 Minimum Acceptable Program Requirements Summary

The following are minimum general requirements for any respirator

program (details are given in subsequent chaptere of this manual and in the

regulations previously cited)-

Written standard operating procedures and a policy statement (see
Sections 3.2 and Chapter 12);

Proper selection of equipmeat, based or. the hazard (see Sections &
and 5);

Proper training and instruction of users (see Section 8);

Proper fitting, use, cleaning, stcrage, inspection, quality
assurance, and msintenance of equinment {see Chapter 9);
Appropriate surveillance of work area conditions, degree of
employee exposure to stress (see Sectioms 2.2, 4.2, and 3.4.2);
Regular inspection and evaluatica to determine the continued
program effectiveness (see Section 12.3);

Program responsibility shall be vested in one qualified individual
(see Section 12.1);

An adequate medical surveillance progras for respirator users (see

Section 7.4);




i. Use of only Bureau of Mines/NIOSH-certified or NRC~authorized

equipment (see Section 3.1.3 and Chapter 5); and
j. Maintenance of a bilorssay program (see Chapter 11).

3.2 POLICY STATEMENT

No respiratory protection program is considered adequate without a
written policy statement on respirator usage issued from a sufficiently high
management level to ensure t.at its provisions may be adequately enforced.
Items in Chapter 2 are to be covered in the stitement. Strong management

backing is essential to an adequate respiratory protection progranm.
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CHAPTER 4

EVALUATION OF RESFIRATORY HAZARDS

in general, the degree of protection against specific respirato.y
hazards varies with the design of the respirator. Some respirators provide
a bigher degree of protection than others. Some designs protect only
against a single respiratory hazard or 1 limited nusber of hazards; others
provide protection against a broad class of hazards. Thus, proper selection
of respirators requires adequate identification of all respiratory hazards
present.

4.1 CLASSIFICATION OF HAZARDS

Respiratory hazards may be classified as follews:
z, Oxygen Deficiency
b. Texic and Nuisance A*mospheree
(1) Gasevus Contaminants (gases and vapors)
(2) Particulate Contaminants (dusts, fogs, fumes, mists, smoke,
and sprays)
(Combinations oi these hazards are, of cours?, possible.)
hadioactive air contaninants may be present either as gases or par-
ticulates., Concurrent hazards, such as oxygen deficiency or the presence of
nonrad{oactive toxic airborne concamicants, may also exist, Although this
guide deale mainly with airborne radisactive hazards, the use of respiratcers
may involve protection against concurrtent chemical and physical hazards.,
Ceasequently, it appears appropriate to exznine the various types of respira-

wr W Aa S0 »n e {1
tory hazards in more getall.
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4.1.1 Oxygen U-ficiency

Hormal air contains abeut 21X oxygen (02) by volume. An atmosphere
with ai oxygen contont less than gbout 16X by vi lume (at sea level) is
insufficient for huvan needs. Xt aecreased .tmospheric p'essures or
increared altitudes, greater per._entages of 02 are required for human needs,
For example, at an ulrdtule o/ 7000 feet, a winimum of 18% 02 content is
required. Lreathing gas used to supply approved supplied-air respirators is
required to contain not less than 19.5 volume percert of oxygen (see Sec-
tion 5.2.4.1).

Sufficient oxygen or breathing-quality af~ aust Le eupplied to avoid
the adverse physiological effects of oxygen defisiency. Oxygen deficiency
may vesult from (1) depletion of oxyyen by combustion, chemical reaction,
or absorption, (2) displacement of air by otlier gases or vapors, or (3)
use of inert atmospheres. It may alsc result from the failure of
breathing air or oxygen supplies or from rebreathing air in a confined
space. Particular care must be taken to avuid the use of air-purifying
respirators (e.g., filter types) in .xygen-deficient atmospheres.,

Table 4-1 gives the symptoms of 02 ‘eficiency s a function of oxygen
content and altitude.

4.1.2 Toxic and Nuisance Atmospheres

The harards in toxic and nuisance atmospheres may consist of ridio-
active centaminants, nonradiocactive contaminants, or both. Standards for
protection against radicactivity hazarde ard those for nonradioactivity

hazards differ in several dmportant aspects:



NIRRT TR R PR e o ST g 4 A AR NS B G L A MO AT T e T G e 4= B, A A W W

} |
! ‘
i :
{
4=3 |
1
TABLE 4-1 '

SYMPTOMS OF OXYGEN DEFICIENCY ve OXYGEN CONTENT AND ALTITUDE

Sea Level® 5000 £¢ 700 £¢2°°
Oxygen Oxygen Oxygen
. Symptoms Vol. % Vol. % Vol. %
Breathing and pulse rate increased 12-16 15-19.5 16-21
Abnormal fatigue upon exertion, 10-14 12.5-17.5 13.5-18.5
disturbed respiration,
consciorsness continues
Nausea and vomiting, 6-10 7.5=12.5 8-13.5
inability te move freely,
loss of consciousness may occur
Cenvulsive movements, Below 6 Below 7.5 Below 8

gasping respiration,
respiration stops, death

Arrom F. A. Patty, "Industrial Hyglene and Toxicology," 2nd Ed., interscience
Publishers, Inc., N.Y. (Interscience Publishers, Ltd., London), 1958.

bCalculated, Based on data from "Physiology of Man in Space," J. H. U. Brown,
Ed., Academic Press, N.Y., 1963.

¢ ’
Does not take into account acclimatization, which cccurs in 4 to 6 weeks.

a. They are hased on different dose-effect relationships.
b. They involve different types or degrees of risk,
¢c. They are expressed in different and unrelated units.

4.,1.2.1 Dose-Effect Relationships

Standards for protec.’on against nonradioactive chemical
hazards in industrial atmospheres are generally based on a threshold concept

postulating that, although all substances may be toxic or {rritant at

sufficiently high concentrations, the e is some limiting "threshold"
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concentration (the "threshold limit value” or “TLV") below which an indi-

3 S e A+ AT B -y

vidual may be exposed repeatedly wvithout any resultant injury (Ref. 5).
In contrast to standards for protection against =hemical hazards, where the
emphasis is on a threshold limit, standards for vadiation protectiom take
into consideration a “no-:hreshold” concept, i.e., it is assumed that every
increment of radiatioun doze, however small, contributes to risk.
Concentration limits for airborme radicactive materials are
designed to keep cumulative radiation doses sufficiently low to prevent
immediate effects and to make the risk of delayed effects so small as %o be
acceptable to the exposed individual and to competent medical authorities
{Refs. 6~8). "Acceptable" is used in the sense that the risks iavolved
are no greater thin those commonly accepted in ordimary activities. This
concept has been more fully examined by the National Council on Radiation
Protection and Measurements and others (Ref, 9).

4,1.2.2 Differences in Risk Associated with Ixposures Over Limits

Generally, the ranner in which concentration limits for
radicactive and .onradiocactive contaminants in air are determined results
in levels of risk that differ greatly when #ndivideals are exposed to
concentrations substantially in excess of the linits. Concentration limits
fur hazards other than radioactivity are wsuzlly not more than an order of
magnitude below those levels of exposure that produce adverse effects
{ranging wilely fiom =ere disconfort to severe dirritation or rapid death)
On the other hand, concentraticn limits for radicactivity hazards relate

to levels of exposure that are far below those st vhich any observable

R
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effect would be expected. Thus, exposure for an hour to airborne radioactive
materials at levels two or three ordere of magnitude above the maximum
permissible concentration would not be expected to result in any acute
effects; whereas similar exposure in excess of the threshold limit value
for many nonradioactive contaminants would be likely to result in severe
irritation, injury to health, or death. Note that these examples are used
only to compare the differences in risk represented by the different types
of limits. They do not imply that exposure to either hazard would be
acceptable, even though acute effects would not be expected from exposures
to the radfoactive concentrations discuseed. Within the recommended limits,
actual exposures to radioactive contaminants must be kept as low as is
reasonably achievable (Ref. 10).

4.1.2,3 Llimits of Airborne Concentrations and Their Related Units

%.1,2.3,1 Threshold Limit Values, These are limits on afrberne con~

centrations of a number of chemical and physical agents. Threshold limit
values (TLVe) are developed by the Threshold Limits Committee of the
American Conference of Covernrental Industrial Hygicnists (ACCGIM) and are
published (Fef. 11) with yearly revisions by the ACCIH., Respective limits
for gases and vapors are listed iu parts per million by volume of the

substance in air {ppm at 25°C and 760 e Hg); limits for liquids and selids

as milligrams per cubjc meter of air (rg/="); and lizits for mineral dusts
as willions of particles per cuhic font of alr (wppef) as determined by

micrescopie light Tield count techniques. The TLVs are published along with




precautionary notes and explanations that are important te thelr proper use
and that wmust be taken into account.

Before 1963, all TLVs were defined as time~weighted average
concentration limits; i.e., the concentrations night vary above and below
the TLV over a working day 1if the average value did not ~=ceed the TLV.
However, in 1963, the ACCIE changed certain of the TLVs to upper "ceiling”
1izits, 1.e., an absoli te limit below which concentration might fluctuate {f
the "ceiling” itself were not exceeded. So scme TLVs are given in terms of
time-wwighted average value and others are ceiling lizits (listed with & "C"
before thems in the ACCIH tables). As shown in Table 4=2, TLVs are givea "C"
rating if exposure for 15 minutes in excess of the TLV would result in
certain immediate adverse effects, such as intolerable irritation, chrenic
or irrevercible tissue change, or narcosis sufficient te impair self rescue,
increase accident-proneness, or materially reduce work efficiency. If the
“test factor™ sultiplied by the TLV would produce these effects in I35 zin-
utes, the TLV is given a ceiling rating.

TABLE 4-2°

CEILING LIMIT TEST CRITERIA

o3 i o
TLV Range (ppm or mp/n”) LV Test Factor
i FL Bl LS
0~-1 3
1 = 10 2

»>10 = 100

.o
-

b
L
ot
n

»100 = X

a, =
See Teference 5,



4.1.2,3.2 Maxioum Acceptable Concentrations. These are ceiling limits

on airborne concentrations of a nusber of chezical and physical agents.
They are developed by the American National Standards Institute (ANSI).

The chief distinction between the TLV and the maxinua
acceptable concentrations (MAC) is that the MAC is alvays a ceiling lieit?
below which concentrations may fluctuate whereas the TLV may be either a
ceiling value or an averaged value. MACs and TLVs are expressed in the same
units; and the types of risk to which they pertain are almost alvays toxic
or irritant effects. Even for TLVs that are not "¢" listings, exposure to
concentraticus somewhat in excess of the TLV for a working day might result
in imnediately observed effects.

Since the TLVs and the MACs pertain to such a wide range of
effects (from mere discomfort to rapid death), they do net represent uniforn
degrees of risk, For example, the TLV nusber may represent for one sub-
ftance 3 risk of death if the TLV is exceeded by a factor of ten for a short
time, For another substance, the same numerical value for its TLV may
sinply represent a risk of skin irritation if the number is exceeded by a
considerably higher factor for a much longer period of time.

$.1.2.3.3 Maxioun Permissible Concentrations. For occupational expo~

sure, these are recounended limits on concentrations of radionuclides to

'ANSI has been considering other lizits that are not ceildng valies. These
include concepts such as “acceptable eight~hour tire-veighted average,"
“"acceptable maxitu=m for 'pesiks’ above acceptable base line for continuous
exposure,” “acceptable concestration te avoid discomior:,” and "rdnisum
level for sensory response.”



RS Y IR T — e .

which workers may be exposed. They are issued by groups such as the Inter=-
national Commission on Radiological Protection (Ref. 6) and the National
Louncil on Radiation Protection and Measurements (Ref, 12). Such
reconmendations may be used as the basis for limits in the regulations of
agencies such as the NRC. Maximum permissible concentrations (MPCs)
established for air and water are designated as HPCa or Mrcv. reapectively.,
In this manual the term MPC is used instead of HPCa for simplicity. MPCs
are generclly expressed in microcuries per cubis centiveter or microcuries
per milliliter (uCi/cm3 or yCi/ml). They ave generally used as averaged
values, although they may sometimes be used as "ceiling," "peak," or "instan~
tancous" values. For example, in NRC licensing programs:

a. Averaged values over a calendar quarter are specified for
reporting individual exposures in excess of limits.

b. Averaged values over not more than / corsccutive days are used
precautionarily te control airborne concentrations and individual
exposures,

B3 Peak values are specified for selection of respirators.

In contrast to TLVs and MACs, the MPCs are intended to
represent a uniform degree of risk for any airborne radioactive material, to
the extent that present knowledgpe permits, It {s intended that control to
the level of tiie MPC will limit annual radiation doses :5 maximum permissible
levels, even after exposure to airborne radfoactive materials throughout a

working lifetime. Such exposures would not b cxpected to result in any
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observable effect on the exposed individual., Further discussion of TLVs and
MPCs may be found in Reference 5.

One note of caution to be observed in using MPC. and TLVs is that
they are intended for use by people experienced in the field who are fully
avare of the range of use, developmental background, and technical implica-
tions and limitations inherent in the concepts. Further discussion of
respiratory hazards other than radiation is beyond the scope of this manual
(Ref. 4,5).

4.1.2.4 Relation of MPC to Mode of Exposure

#n most cases, the airborne concentration limits are based on
internal dose from the amount of 2 radionuclide retained in the body (ot
critical organ) following inhalation., However, airborne concentration
Mnits for large clouds of noble gases or other relatively inert gases are
based on the external dose an individual would receive if he were surrounded
by a semispherical infinite cloud of radicactive gas. Under these circum~
stances, the dose to the whole body or to the skin from the radioactive
cloud would be higher than that from gas within the lungs or other body
organs, The radiocactive gases of major significance that have MPCs based
on submersion dose to the whole body are argon-41, the kryptons, the xencns,
and carbon-14 as COz. Lower~energy particle emitters such as argon-37 and
hydrogen-3 (as tritium gas) have MPCs based¢ on submersion dose to the skin.

Tritium {n the oxide form as HIO vapor (less commonly as UTO

vapor) in air presents an additional problem since angroximately as swch
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tritium enters the body by absorption through the skin as enters by inhala-
tion, The airborne concentration limits for tritium oxide vapor are there-
fore based on this dual mode of entry into the body.

4,2 AIR-SAMPLING PROGRAM

A comprehensive air-sampling program is essential to evaluate the
hazards associated with work situations involving potentially toxic materials.
In many instances, air-sampling data can also provide the baris for develop~-
ment and evaluation of control prucedures and can indicate whether or not
operational changes are necessary to provide adequate protection for the
worker. In conjunction with a respiratory protection program, air-sampling
data are necessary to define the air concentration levels =zo that the proper
respiratory proteciive equipment can be selected,

Since respirator protection factors vary over several orders of magni-
tvde, 1t 4s very important that an initial estlinate be made of the air
concentration levels, relative to specified regulatory limits. Thus, ade~
quate protection can b~ provided while necessary inconvenience to the worker
wearing a respirator is minimized. Air-sampling programs may also be
designed to estimate the release of contaminants to the general work area
and to the outside environment,

An air~-sampling program directly related to respiratory protection
would:

A Provide an estimate of the potential Intake of airborne radio-

active materials and resulting exposure of the individual worker.
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equipment may creute additional in:onvenience, and the low sampling {low
rate might lizit analytical sensitivity. However, these personal samplers
detect contaminant concentrations considerably better than do well-located
fixed area samplers.

Potentlal errors of 2- to 30-fold have beel measured between per-
sonal and fixed air samplers; the fixed samplers tend to read lower. These
errors may be even greater for a contaminant released from a point source.
Fixed air samplers indicate general area contamination levels or changes in
these levels provided that careful attention is directed to their location
and mounting relative to the contaminant sources and the working area.

4.2,3 Sampling Procedures

Considerable information is available regarding air-sampling pro-
cedures, throry, equipment characteristics and limitations, measurement
techniques, and duta interpretation., Jn general, high-efficiency filter
media (glass, c2llulose, asbestos, and membrane) are vsed to provide an
estimate of gross particulate concentrations. Considerable attention
should be directed to the limitations inherent in this type of sample
relative to the previously described concept of lung deposition as a func-
tion of particie size. Respirable fraction can be estimated by use of pre-~
samplers that have been calibrated to separate respirable from non-
respirable particles, Detailed particle size information can be obtained by
using impactor samplers. Pariicle size information can then be compared

with the more recent lung deposition model proposed by the ICRP in 1866,
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Samples of gases can be obtained by using charcoal or other solid
sorbents followed by either (1) radiometric counting or (2) desorption and
the appropriate analytical chemistry techniques. In some procedurcs such as
the sampling of noble gases, charcoal may be used under low-temperature
conditions provided that sampling efficiency for each noble gas has been
established (since adsorption of such gases on charcoal is highly varizble).
Direct-readout instruments have been developed for some contamirants of
concern (e.g., carbon monoxid~, ozone, nitrogen oxides), but f.equently
these instruments are nonspecific and respond also to other materials
present.,

For some wurk situativ.e, measurement of the oxygen concertration is
of major importance., Several portable direct-reading instruments are
available that indicate an abnormal oxygen concentration, Monitoring of
this situation is especi ™'+ critical since air-purifying respirators
provide no protection age...t oxygen deficiency and since a lack of oxygen
h.s adverse effects very rapidly that are, of course, extremely dangerous,

When possible, the use of rapid-response instruments is desirable in
work situations that might result in a highly variable level of contamina-
tion and where short duravion exposures constitute 2 significant risk., In
all cases, the efficlency of air sampling and th: associated analytical pro=-
cedures must be evaluated, High-efficiency filter mediaz are extremely r2lie
abkle for the measurenent of airborne particulate concentrations. The collec~

tion efficdency f sorbents such as activated charcoal may vary, depending

e — A . b s & it . S it
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on the chemical state of the ‘ontaminant and environmental conditions.
However, the efficiency of charcoal used in air sampling need not be as high
as it mue® be when charcoal is used for air purification.

tr-sampling data should be related to actusl exposures by other
techniques, including bioassay pr grams, and correlation of fixed or port-
able general air samplers .ad breathing zone samplers. When sampling results
are interpreted, it is most important that consid-ration be given to {1) the
variations inberent in ai. sampling data due to changes in airborne contami-
nant concentration as & furction of sampler location, (2) apparent losses
due to burial ol alpha-emitting particulates in the filter matrix, and
(3) the variation inherent when sampling a relatively small number of
particles.

Irstrumentation techniques and other specifics related to air sam-
pling and data interpretation constitute a separate topic and are not

detailed in this manual,
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CHAPTER $§
CLASSIFICATION, OESCRIPTION, AND LIMITATIONS OF RESPIRATORS

The degree of protection afforded against radiocactive materials by a
respirator that is properly fitted and worn depends chiefly on its design
wnd mode of operation.

It should be kept in mind that there are limitations as well as
advantages in the use of each of the various types of equipment. The
advanta.es and limitations are summarized in ANS1 286.2-1969 (Ref. 2).
More detailed descriptions of equipment are given in the "Respiratory
Protective Devices Manual' (Ref, 4).

5.1 FACEPIECES, HOODS, AND SUITS

Most respirators have an enclosure such as a facepiece, hood, or
sult to ensure that the respirable atmosphere furnished by the respirator
is conducted to the nostrils and mouth of the user and that the irrespirable
astmosphere is excluded. These enclosures are sometimes referred to as
Yrespiratory inlet coverings."

Some respirators utilize a clip to close off the nostrils and a
mouthpiece or bit, through which the wearer breuthes, connected to a
cartridge, canister, or bottled air supply. These devices are intended to
be wora where quick exits in emergency-escape situations might be necessary;
they are considered unsuitable for any other use against radioactive
materials., All other respirators cousidered here are designed to te used

with one or more »f the enclosures deseribed in Sections 5.1,1 through 5.1.3,

-

P
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5.1.1 Facepieces

A faceplece 48 a tight-fitting enclosure over all or a pertion of
the face. Two types of facepieces are commonly used: the half mask and
the full facepiece mask, (Note: Quarter masks that fit on rather than
wider the chin are commercially available. However, they are not &.ceptable
for protection against radicactive materials.)

The half maek that fite wider the chin and encloses the wearer's
nose and mouth (Figure 5-1) is the only respirator that is not a full-face
type and that is acceptable for protection agoinst radios:tive particulates.
The faceplece is supported by twc headbands with an adjustable four-point
suspension, (Note: Two-point suspensicn is not acceptable because it
does not provide a stable and reliable method of maintaining an adequate
seal against the face.) Woven elartic headbands are generally more
desirable for Fulf masks than rubber because of ease in adjustment and
less rapic deterioration,

The full facepiece maek completely encloses the wearer's eyes,
nose, mouth, and chin (Figure 5-2). This facepiece is supported by a head
harness,

Facepleces are generally constructed of rubber or flexible plastic,
and full facepleces have one or two transparent lenses for viewing. A
full facepiece has a head harness that 1s attached to the lfacepizce at
five or six points or has an adjustable seairigid “welder's type" suspension

attached at the temples at two points.
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Io an air-purifying facepicce, the airflow is inward through a
cartridge or canister and through an imhalation valve that prevents back-
flow of air through the cartridge during exhalation., An exhalation valve
allows release of the exhaled breath to the atmosphere and prevents flow
of contaminated asbient air imto the facepiece during inhalation.
sdditionally, there is usually an exhalation valve cover that traps a
small asount of clean exhaled air. This trapped clean air serves as a
reservoir and is drawn into the facepiece as the exhalation valve closes
at the very beginning of the inhalation cycle., Atmcsphere-supplying
devices generally have only an exhalaticn valve.

5.1.2 Hoods and Helmets

A hood is a loose-fitting enclosure over the head, neck, and the
entire shoulders, gathered around the neck or below the shoulders to
ensure a snug fit (Figure 5-3). The hood is generally comstructed of
14zht nonrigid plastic or coated or impregnated fabric and has a large
transparent viewing window,

A helzmet is a similar device of more rigid construction providing
sose ispact proitection to the eyes, face, and other parts of the head.

Not all helsets are approved as hard hats,

Alr *o a2 hood or helmet is introduced incto the head enclosure., The

air fiows past the breathing zone and escapes around the gathering perioeter.

Tnis desiga silgwbates the need for an exhalacionm valve.
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The hood or helmet acts as a positive pressu.e chauber that is

continuously purged with respirable air at low velociiv., There must be
enough airflow to prevent contaminants from being aspirated into the heod
by a "bellows effect" from the wearer's movements. ~..h £7me 100ds or
helmets, this effect may be lessened by placin ‘nuide 2n ovter gaiment
hood material reaching below the shoulders (Ref. N

Bureau of Mines/NIOSH regulations for approve” 'w¢ . .. “elmets in
30 CFR Part 1] require a minimum air supply of 6 cubic feet per idnute
(cfm) and & maximum not to exceed 15 cfm. Flow rates of 8-10 clm may well
be required to provide reasonable thermal comfort depending on cmbient
temperatures, circulation of air irside the hood or helme:, and work rate.
However, it should be noted that alr impact on the face at theee higher
flow rates is frequently uncomfortable,

Noise from the airflow within a hood or helmet may be a hazard.
Hoods must be designed to reduce the noise to acceptable levels (less than
80 dbA) while maintaining the airflow rates required for adequate protection,
respiration, and thermal comfort (References 3, 1%).

An air-control valve, if provided, is penerally located on the
vearer's belt in a position where the user may regulate his own supply.
However, each air-concrol valve must be tested to ensure that a minis:m
flow rate of 6 ciwm is provided irrespective of the wearer's setting of the

valve's control In actual use.
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An air-line suit (supplied-air suit) consists of a suit of plastic
or of coated or impregnated fabric that is maintained under positive
pressure by an air-line supply (Figure 5-4). In general, the air ie
distributed within the suit by a system of ducts to the head, trunk, and
extremi*ies, exiting either through the suit closures or through special
exhaust valves. Sufficient air must be provided both for bLreathing and
cooling to avoid heat exhaustion. Cooling equipment, such as a vortex
tube or a refrigerated air supply may also be required at high ambient
temperatur¢s.

The need for an adequate continuous supply of respirable air to
such suits is more important than with other air-line respirators. Such a
need stems from the potential lack of adeguate warning in casc of loss of
air supply and the difficulties that would be encountered by the wearer in
extricating himself from the sult while carben dlioxide, moisture, and heat
build up. and oxygen be.omes deficiant inside the suit., A loss of a
continuous air supply and a consequent deficiency of cxygen as a result of
rebreathing con rause rapid onset of uncomsclousness and death (Ref. 16).

i ;s 3 5 . s 3 2
For this reascn, qrd Decauae CLPMERS caNoes N walteh reacue i@

required might inelude extreme respiratory hazards, a secomd individual
equipped with velf-emtained breathing apparatus ghall be etationed in
respirable air outeide the comtanirated area. Thio individual shall
prepared and trained 1o revder ¢ K stanpe to the wndividul
the euit in e F fatlure of the c a7 ghall be in viecua.,
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ONE-PIECE SUPPLIED-AIR SUIT
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It should also be recognized that suit materials may have some
permeability to chemicals and an associated retention of toxic matecials.
Such permeability may ultimately result in the exposure of the wearer to a
contaminant, even though the suit 1s continuously maintained at positive
pressure (Refs., 17-25).

5.2 RESPIRATOR TYPES, DESCRIPTIONS, AND LIMITATIONS

5.2.1 Air-Purifying Rerpirators

An air-purifying respirator is one that removes contaminants from
the ambient air., The purification of the air is accomplished by mechanically
filtering out particulate contaminants with fibrous media or by removing
contaninating gases and vapors by chemical means. Cartridges and canisters
are available that are capable of removing both types of contaminants.,
Throughout this manual, “cartridges" refers to the smaller types of air-
purifying fllters used generally on half-mask respirators, "canisters"
refers to the larger capacity devices used on full-facepiece respirators,
either attached to the respirator facepiece (chin style) or carried on the
chest or back and attached to the facepiece with a flexible hose (Type N
or industrial size). The word “filter" generally refers to a mechanical
device used to remove particulate contaminants.

Alr-purlfying respirators generally operate in the negative pressure
(NF) wode; that is, a nepative pressure is created ir the facepiece during

inhalation. An exception {s a special type of powered air-purifying

APEREETR SR
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respirator that operates continuously in the positive pressure (PP) mode
by using a motor-driven blower to drive the contaminated air through an
air-purifying filter and/or sorbent cartridge.
5.2.1.1 Adr-Purifying Respi = Negative Pressure Mode

This common type of air-purifying respirator is used with a
tight-fitcing facepiece. The motive force for passage of contaminsted air
thrcugh the air-purifying media is provided by the wearer's breathing,
During inhalation, the facepiece ie under negative pressure, This negative
Pressure results in various degrees of penetration of contaminants by
inward leakage through the seal area between the facepiece and the wearer's
face (assuming there are no other potential sources of leakage). Full
facepieces generally have less penetration through the seal area than
half-mask facepieces, Puring exhalation, the mask interior is at positive
pressure., Since the leakage through the filters is generally much less
than the potential leakage around the facial seal, the limitations placed
upon rae several types of air-purii ing respirators are based primarily
upon the ability te obtain an initfal fit of the facepiece and to maintain
the quality of the fit during wvearing.

5,2.1.2 Alx-Purifying Respirator - Fositive Pressure Mode

This special type of alr-puriiying respirator may be used
either with a tight-fitting faceplece or with a hood or belzet. The
wotive force for passage of the contanminated sir through afr-purifying
media (s provided by a b.ower. The blower nsy be driven by a battery or

by a line-powered motor. The interfor of the faceplece or hood is

-
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maintained at pressures positive with respect to the ambient atmosphere at

all times during blower operation. Thus, inward leakage around the facial

—— i

seal area is minimized, Respirators of this type, furnished with a tight-
fitting facepiece, may be designed to be operated in the negative pressure
mode in the event of a power failure.

5.2.2 Filters and Sorbents (Air-Purifying Media)

Air-ourifying media consist of fiber filters or sortents used
individually or in combination and contained in a suitable protective
casing that is desipgned for attachment to the respirator facepiece or
breathing tube. Since the efieiencies of sorbents are gemerally rot well
eatablished, no eredit may be tcken for the use of sorbent canisters or
eartridzes for protection againet radicactive gasce or vapore. (See
Sections 5.2,2.2 and 5.6.6.)

5.2.2.1 Filters

A filter is a fibrous medium used for the removal of
airborne solid or ligquid particulates from the airstream entering the
respirator enclosure. It may be designed for a single type of particulate
or for various combinations of parti-ulates such as dust, fumes, and
piste. Filter media used for protection against radiocactive particulate
contasinants shall be of the high-efficiency type (greater than 95.972
effective by thermally generated 0.3 micrometer dicctyl phthalate (DOP)

test), Thay are nor sffective against gases and vapors.
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5.2.2.2 Sorbeats ;
Sorbents are used for chemically removing toxic gases and
vapers from the airstream entering the rerpirator eaclosure, They consist
of chemicals that attract and hold the gas molecul:s.
Sorbents may be used singly or in mixture and multiple
lavers to give protection against a single gaseous contaminant, a class of r
contaminants f{e.g., organic vapors or ascid gases), or ccmbinations of
gases and vapors, They are not, of themselves, effective against particulates.
They are not approved for use for protection against radicactive gases or
vapors unless their efficiency against the gas or vapor of interest has
been well established. Ncte: 1f the odor or other warning thresheld is
above the MPC, as is generally the case for radioactive materials, eorbent
cartridges or canisters may not be used.

$.2.2.3 Combination Filter - Sorbent Canisters

Canisters used for protection against particulates as well

as gases and vapors consist of various combinations of filters and scurbents
appropriate to the hazards for which protection is dcsired. For radiocactive
particulate contaminants, the filter wedia shall be c¢f the high-effictency i
type.

5.2.3 Limitations on Air-Purifying Respirators

The ar,‘ication of air-purifying respirators for protection 2zainst
alrborne radicactive contamination is subject to the following additional

limitations:
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5.2.3.1 Oxygen Deficiency
Air-purifying respirators remove a specified contaminant
from the inhaled air. These devices do not supply oxygen; therefore, they
may rot be used in atmospheres deficient {n oxygen.

5.2.3.2 Nature of Cortaminant

Adr-purifying respiraters offer protection to the wearer
by rumoving & specific contaminant from the inhaled air by means of a
particulate filter or sorbent, or both, contained in a canister. The
canister me lia are designed for removal of specified vapor(s) or gas(es),
and the components of the canister are chosen to fulfill this purpose.
The canister media are, therefore, not universal sorbents and it is vitel
to ernsure that the canister selected i¢ appropriate to the hazard.

Unless a particulate filter elewent is added, as in the
case of the combination filter-sorbent canister, protection against
particulat:s is not provided by a8 canister designed for gases and vapors.
Only a high-efficiency~type canister shall be used for protection against
airborne radioactive particulates,

When air-purifying respirators are wern in atmospheres
containing substances such as hydrocyanic acid that may be absorbed through
the unbroken skin, adequate skin protection must be provided.

5.,2.3.3 Fhysical and Chemical State of Contaminant

The chewmical and physical state of the contaminant
must be considered in the seleccion of an air-purifying respirator canister

(sea Chapter 6 for details on sclection). Fur example, the radionuclide

P D
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chlorine-36 may be present as airborne radioactivity in any of the foilowing
forms: gaseous (as chlorine gas), vapor (as a chlorinated hydrocarbon
vapor), or particulate (as a hydrochloric acid mist or fume or as a dust
of a chlorine salt).

A canister containing only a particulate filter may be
inappropriate for use with radionuclides that decay from a particulate to a
gaseous state or from a gaseous to a particulate state, For example, a filter
used to protect against fresh fission products might allow the decay
product {odine-131 to pass as a gas through the filter into the lungs.

5.2.3.4 Concentration of Contaminant

Experience has shown that there are maximum concentrations
above which a person may not be safely expused while wearing an air-
purifying respirator. Air-purifying respirators shall not be wsed in
atmogphercs immediately hazardous to life or health., As defined in American
National Standards Institute recommendations, conditions "{immediately
dangerous to life and health" include ".,.conditions that pose an immediate
threat to life or health and conditions that pose an immediate threat of
severe exposure to contaninants such as radiocactive materials which are
likely to have adverse delayed effects on health," This limitation on the
use of air-purifying respirators is effectively provided for radiocactive
materials by limiting tle use of such respirators to within peak concentra-
tions that do not exceed specified multiples of the MPC (sece Chapter 6

and footnote f to Table 6-1).
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The limiting concentration for many particulates would be
the one that causes rapid plugging of filter media with resultant increase ?
in breathing resistance. However, for airborne radicactivity, rapid plugging !
is not generally a problem unless other hazards (e.g., chcnic‘ln. dust)
are also present.

5.2.3.5 Service Life

Service lives of the filter media of air-purifying respirators
are directly related to the capacity of the filter for the contaminant,
the concentration of the contaminant in the air, and the respiratory
winute volume (amount of air breathed in per minute) of the wearer, as
determined by his work rate.

The service life of a particulate filter is limited by the
amount of materiul that can be retained before the resistance to inhalation
increases significantly. A second limitation rrsults from the radiation
and potential contamination hazard due to the material deposited on the
filter,

Sorbent cartridges and canisters may be used only for
nonradicactive gases and vapors and should always be kept sealed until
installed on the respirator because exposure to high humidities might
shorten their useful lifetimes. Unsealed, unused cartridges and canisters
way be kept for use for 1 year 1if attached to a respirator and sealed in a

plastic bag. Unsealed cartridges or canisters not so stored shall be
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discarded even though unused. The date of removai of the seal should be
clearly marked on the cartridge or canister.

Particulate filters used for protection agairst radicactive
particulates may be reused if a quality assurance program (see Chapter 10)
is in effect to ensure that the filters meet the requirements for efficiency
and resistance to breathing specified for unused filters and that a means
is available to determine the extent of radioactive contamination of the
filters. If these criteria are not met, particulate filters shall not be
reused.

Sorbent cartridges and canisters that might have been
used for nonradiocactive gases and vapors in cirewmstaices in which
the sorbent capacity might be diministed shall never be reused, since
there is no way of determining the useful service life remaining after
use.,

5.2.3.6 FKnitted Cloth Covers (Facelets)

Enitted cloth covers (facelets) have been used on half-
mask respirators for sanitary purposes. They shall not be uscd eince they
cause signifiecant leakuge with submicron aerosols.

5.2.4 Atmosphere=Supplying Respirators, Descriptions, and Limitations

An atmosphere~supplying respirator is one that furnishes respirable
air or oxygen to the wearer from an uncontaminated supply such as a
compressed-breathing air or oxygen cylinder, an oxygen-generating canister,
ot a breathing-alr compressor that draws its supply from an uncontaminated
apbient atmosphere. his type includes air-line respirators and selfs-

contained breathing apparatus,
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$.2.4,1 Air-Line Respirators: Continucus Flow Pressure

An air-line respirator provides protection against contaminants
by providing an adequate supply of respirable air by any of the following
three modes of operation:

a. Continuous flow
b. Demand
¢. Pressure demand.

Air is supplied in an air-line respirator through a hose
to a facepiece, hood, helmet, or suit. The source of respirable air may
be either a cylinder of compressed pure breathing air, or a breathing-air
compressor located so that the air supplied is uncontaminated and respireble.
1f the air-supply system pressure for demand-type air~line respirators at
the hose coanection exceeds 125 psip, a pressure-reduction stage must be
used with a pressure-relief device in cass of valve lallure.

For continuous~flow 1ni:s additional pressure reduction
’ under the wearer's control may be provided with an air-regulating valve
} worn at some conveniently reached position., Under current Bureau of Mines/

! NIOSH approvals, such an air-regulating valve, at any setting, must not
reduce the flow of atr to less than & cfm for tight-fitting facepleces or

to less than 6 cfm for loose-fitting hoods or helmets with the maxipum

| specified length of hose and the minicum specified alr-supply pressure.
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Detailed requirements on air-supply lines, lengths of
hose, airflows, and other componeuts may be found in Table 8 of 30 CFR
Part 11, Subpart J., §11.124-7.

While the American National Standards Institute's "Standard
Practices for Respiratory Protection" (Ref. 2) recommeads that breathing
air meet at least the requirecwents for the specification for Crade D air
as described in Compressed Gas Association (CCA) "Commodity Specification
for Air," G=7.1-1966, (Ref. 25), it is good practice to supply breathing
quality air  hat meets the requirements for Crade E air in the CGA specifica~
tion, Grac: D specifications should be considered as the limits for air of
deteriorating quality. The following are the limiting characteristics for

Grade E and Crade D air:

Crade E Crade D
b4 02 {v/v) (balance mainly NZ) Atmospheric (v21%) Atmospheric
02 limits for syntheslzed air 19-23%" 19-232°
Condensed hydrocarbons in mg/m3 of gas 5 5

@NTP (Max.)
Carbon monoxide, ppm (v/v) (Max.), 10 20
Carbon dioxide, ppm (v/v) (Max.) 500 1000

The CCA specifies that breathing air must have no pronounced odor,
Compreased oxygen anall rever be used in supplied-air

. : y 1L " 5N s ; S T 2 . 4
or open-cirguit self-comtained breathing apparatus in wvhich pompresecd air

hae previously been woed, Oxygen shall never be used with air-line

-

respiratore,

a . : ) ' .
Bureau of Mines/NIOEH approvals require a winimum of 19.52 oxygen by volume.



5.2.4.1.1 Continuous Flow Type. The continuous-flow air-line respirator

may be used witn a half-mask facepiece, full facepiece, hood, helmet,
or suit. The minimum airflow for a persor doing moderate work is 4 cfm
for tight-fitting facepieces, such as the half masks and full-face masks,
and 6 cfw for a person wearing a hood as specified in the Bureau of Mines/
NIOSH approvals. A suit requires a flow of 6 cfm, or more, cepending on
the suit design.

5.2.4.1,2 Demand Types., The demand regulator is usually located
between the breathing tubes leading to the facepiece and the small-diameter
pressure line from a high-pressure air source, such as a compressor (~100
psi) or a breathing-air cylinder (2400 psi). Sometimes this regulator is
mounted directly on the mask. The regulator has a diaphragm~actuated
valve that opens on inhalation and permits air to flow into the facepiece
only as long as a negative pressure exists, The ncgative pressure can
cause leakage of contaminants into the facepiece where it seals to the
{ace. Therefore, a demand-type device provides no higher degree of protection
against contaminants than does an alr-purifying respirator with the same
faceplece,.

During exhalation, the regulator valve shuts off the air
supply and the pressure in the facepiece returns to that present in an
alr-purifyiiy respirator facepiece during exhalation. This pressure
condition creates rhe added hazard of possible invard leakage during

inhalacion that is not present in the pressure-demand types.,
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5.2,4.1.3 Pressure=Demand Types. In a pressure-demand air-line

respirator, a spring-loaded regulator and exhalation valve c-mbinati.n
provides a flow of air into the facepiecc which maintains a slight positive
gressure at all times, Any outward leakage around the facepiece seal
results in a greater air consumption than for the demand types. However,
1f the facepiece fits properly, there is no increase in air consumption.
Some pressurc-demand regulators are supplied with a
control so that che respirator may be operated in either the pressure-
demand or demand mode. Where such a control is provided, care must be

exercised to ensure that the regulator is operating in the appropriate

mode.

A pressure-~demand device requires a special exhalation
valve that is available only on full facepieces. A facepiece fitted with
a demand-type exhalation valve cannot be used with a pressure~demand

regulator.

§.2.4,1.4 Limitations on Air-Line Respirators. Although most

atmosphere-supplying respirators are capable of providing protection
against high concentrations of many toxicants, no device is 100% efficicat.
Some leakage into the facepiece may occur, particularly with apparatus
operated in the demand mode where there 12 regative pressure in the mask
during part of the breathing cycle, Many of the air-line devices employing
a vieht-titt/ng facepiece use the same facepleces as many of the air~

purifying half-mask and full facepiece respiratora. Limitations on their

B i, 2 iR




5-22

use by persons with beards, eyeglasses, etc., are identical to the
limitati.ng on similar use of air-purifying facepieces of the same design
(see Chapter 13). Also, respiratory protection fails 4f the oxygen or air
supply fails, unless an auxiliary supply is available.

Air-line rcspirators generally furnish no protection, other
than to the face, against centaminants irritating to the skin or mucous
membranes, nor any protection against materials such as tritium oxide vapor
or hydrocyanic acid gas that can be absorbed through the unbroken skin.
Even supplied-air suits, which may afford more protection against the
latter hazards, are permeable to varying degrees, depending on factors such
as concentration of contaminant, time of exposure, and the properties of
the suit macerial,

Alr-line respirators that rely on an external air source
connected by a length of hose or similar device to the facepiece, hood, or
suit shall not be usad for emcrgency rescue or escape. The restricticn to
wovement iwmposad by the hose and the possibility of rhysizal damase to the
hoese 1if used in an arca where there right be sharp objects (for example,
after an explosion or fire) would make the use of an air-line respirator a
dangerous procedure. A positive-pressure self-contained breathing apparatus
shall be used instead.

The wearer's travel is limited by the length of the air-
Bupply hoss* ond he must retrace his route in the contaminated atmesphere

to return to fresh air while wearing the respirator unless an auxiliary air
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ried by the weare This apparatus usually
'

equipped with a demand valy nd a prespoure-~
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A loaded regulator and exhalation valve combination maintains
a positive pressure in the faceplece slightly above atmospheric pressure at
all t'mes. Therefore, any leakage is cutward.

Because of the high degree of protection provided by the
pressure-demand SCBA, thie type of unit ig recommended for emergency use,
eecape, and rescue.

5.2.4.2.3 Recirculating, Closed Circuit. In the recireculating or

closed-circuit self-contained breathing apparatus, conservation of oxygen
or air supply 1s obtained by recirculation between the facepicce and a
breathing bag or reservoir. Carbon dioxide in the exhaled breath is
removed by an absorber. Oxygen is added to the closed circuit as needed
from a cylindcr of compressed or liquid oxygen. Units of this type can be
cbtained that have useful lifetimes up to & hours.

5.2,64.2.4 Limitations of Self-Contained Breathing Apparatus. The

lengths of time that these devices may be used are limited by the air or
oxygen ocupply that the wearer can carry. Units are given nominal ratings
for the length of time they would protect an average person doing moderately
heavy work., However, these ratings are only a guide; and oxygen or air may
be used . re rapidly than a rating Indicates, particularly under the streas
cf an emergency. Thus, these units must be provided with a warning gevice
that indicates to the wearer when the remalning rervice life has been

reduced to the point that he should leave the area or replace the supply.
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The Bureau of Mines has published informatinsn (Table 5-1)
on factors affecting the service life of a 30-minute self-contained compressed-
air breathing apparatus approved under its scheduies.

The demand typ-s cof self-coniiined Lreathing apparatus rely
on a negative pressure being created in the facepicvze to act.ate the air
or oxygen supply. Although thcse types of apparatus dc supnly respirable
air to the facepiece, thereby protecting agaicsst oxygen deficieucy, they
are no more ~fficient than an air-purifying respiraisr emnloying the sume
facepiece. Therefore, thr'y should not be used as emcrgency device..
Concentrations of airborne ~ontaminants can become unpredictably high in
an emergency situation.

Further limitations on the use of these devices may result
from their size and welght when work is to be done in a very confiued
space.,

5.3 COMBIKATION RESPIRATORS

A combination respirator is any respirator that affords the wearer
the option of changing frum cne basic type of respirator operation to
another, either by operation of a selector valve or by disconnecting a
source of respirable air supply. The desree of protection afforded by the
compination respirator is detcrmined by its operating characteristics for
the mode being used and the type of facepilece being used. Combination

respirators may be categorized in one of the fcllowing three classes

described in Sections 5.3.1 threugh 5.3.3,

-

-
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TABLE 5-1
SERVICL LIFE OF

THIRTY-MINUTE SELF-CONTAINED COMPR!SSED-AIR BREATHING APPARATUS®
This equipment is approved by the U.5. Bureau of Hines as a "1/Z-hour
duration" unit, btased on the fact that the equipmert, when tested by the
Bureau on men performing moderate~to-heavy worl:, was found to last 9
minutes or more In each of the differect :ypes of work tests,
The user should not expect to cbtain exactly 30 minutes service life from
this apparatus ou each use. Tre work beiag performed may be more or less
strenuous than that uvsed in the Bureau ol Mines tests, Where work is more
strenucus, the duration may be shorter, possibly as short as 15 minutes.
The duration of the unit will depend on factors such as:

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

{b) the physical condition of the uscr;

(¢) the degree to which the user's breathing is increased by
excitement, fear, or oti.er emotional factors;

(d) the degrec of training or experience that the user has had
with this or similar equipment;

(e) whether or not the cylinder is fully charged at the start
of the work period;

(f) the possible presence in the compressed air of carbon dicxide
concentrations preater than the ,04% normally found in
atmospheric ai ;

(g) the atmospheric pressure; if uscd in a pressurized tunnel
or caisson at 2 atmospheres (15 psi gage), the duration
will be one-half as long as when use?d at 1 atmosphere;
and at 3 atmospheres will be one-third as long.

(h) the condition of the apparatus.

o, d "
From the U.8, Bureau of Mines.
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5.%.1 Air-Line Respirator = Air-Purifying Respirator

This type of combination resplrator is designed to be operated
either (1) as a continuous~flow or as a demand air-line respirator, or
(2) as an air-pucifying respirator, negative pressure (NP). The selector
switch may be manually operated or may operate automatically if there is a
fatlure of the air-line supply.

$.3.2 Self-Contained Breathing Apparatus = Air-Purifying Respirator

This type of combination respirator vtilizes a full facepiece and
consists of a self-contained breathing apparatus of the demand or pressure=
demund type with appropriate valving so that the respirator may be operated
in the air-purifying (NP) mode. The ovperation of the selector switch may

be manual or automatic.

5.3.3 Seli-Contained Breathing Apparatus - Adr-Line Respirator

This type of combination respirator uses a full er half-nask
facepiece. It generally consists of a depand- or constant-flow air-~line
respirator with additional valving so that a small cylinder of compressed
air, attached to the unit, may be used to supply respirable air 1if the
air-line supply is interrupted. GCenerally, the small cylinder (5 to 7 f:a)
is suitable only for escape purposes,

5.4 HOSE MASKS WITH AND WITHOUT BLOWER

This tvpe of =zash censists of a full facepiece connected by one or
more flexible breatining tubes to a large-diameter hose (approximately 1 inch
irside diameter). In a hose mask with blower, the large-diameter hose 1s
connected to a blower gperated in respirable air] in the hese mask withe-*

blower, the inlet eud of the large dilameler hose has a filter screen an

red in respirable alr. ose rmasks are generally unsuitable for
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protection against radicactive materials owing to the difficulty of keeping i
the inlet ends of the short hoses in uncontaminated air. %
5.5 EMERGENCY USE, ESCAPE, AND RESCUE DEVICES !

Because an emergency is an unplanned event (see Section 2.1.3), it j
must be assumed when contaminant air concentrationg can not be evaluated
that they may be "immediately dangerous to life" (ANSI 288.2-1969, Section
4, Table 1). Therefore, devices for use during escape, firefighting,
rescue, and emergency re-entry should provide a high level of protection
(Figure 5-5).

5.5.1 Self-Contained Breathing Apr . -atus
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